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Re: In the matter of the application of GLACIER MEADOWS SOLAR, LLC for a Renewable Energy or 
Storage Siting Certificate to construct a solar energy facility. Case No. U-22044. 

Dear Ms. Felice, 

Pursuant to the Commission’s October 10, 2024, Application Filing Instructions and Procedures for PA 233 
cases, attached for filing in the above referenced matter is Staff’s Fee Exhibit (Exhibit S-1). 

 

 

 

 

 

 

 

 

 

 



Click or tap to enter a date. 
[Recipient] 
Page 2 

   Exhibit: S-1 
   Witness: MPSC Staff 
   Case No.: U-22044 
   Date: 5/19/26 
PA 233 Fee Exhibit    
    
    
Project Name: Glacier Meadows Solar, LLC   
    

Subject Area Contractor Estimated 
Hours Estimated Fees 

Sound Report and Monitoring Grid Strategies, LLC 130 $24,700  
Decommissioning Weston, LLC 169 $30,535  
Total Estimated Fees   $55,235  
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Staff Proposed Conditions – Redlined  

1. An agreement from the applicant to obtain and comply with construction or building 

permits from the ALU for the renewable energy and energy storage facilities; or The 

Applicant is required to enter into a Tthird-Pparty Iindependent Mmonitor (TPIM)  

agreement, funded by the applicant, where the monitor is selected in consultation with 

the MPSC Staff to be onsite during the periods when construction is taking place on a 

weekly basis to monitor the construction activities. The independent monitorTPIM 

would be granted authority to resolve complaints and request immediate cessation of 

activities that the monitor can document are in material breach of any plan, permit or 

agreement pertaining to the construction of the facility.  The third-party independent 

monitor Applicant’s TPIM shall is required to provide periodic monthly  reports to the 

Staff and , the ALU on the progress of construction and , and the applicant from the 

start of construction and continuing through the first 3 months of commercial operation. 

The cadence of the reports will be determined by the independent monitor in 

consultation with the Staff. 

2. An agreement from Tthe Aapplicant is required to participate in a pre-construction 

meeting with the Staff and either the ALUs. who has issued a construction or building 

permit, or a third-party independent monitor, to ensure the Staff has access to the most 

recent information and final documentation prior to construction for use in answering 

questions and assisting with complaints.  The Applicant must extend iInvitations to 

attend the pre-construction meeting should be extended to representatives of  each 

ALU(s), however, their attendance would not be required. Prior to the pre-construction 

meeting, the Applicant is required to: The certificate may also be conditioned on the 

applicant’s agreement to file the final drawings, plans, and permits received in the 

docket prior to the start of construction. The filing of final drawings, plans, and permits 

received are for completeness and transparency in the record and the pre-construction 

meeting serves to ensure that the final plans conform with the certificate approved by 

the Commission.   

a. File final drawings, plans, compliance and permits received into the E-docket for 

this case consistent with AFIP Section 8.1(a)(1-3). 

b. Provide final versions of the Emergency Response Plan (A-1.9) and Fire Response 

Plan (A-1.10). 

c. Provide the final version of the Unanticipated Discoveries Plan (A-1.14), including 

a mutually agreed upon turnaround time and/or process for the State Historic 

Preservation Office (SHPO) to respond to discoveries and avoidance plans 

submitted by the Applicant; and materials resulting from SHPO’s completed review 
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of the project, including evidence that any identified impacts to cultural resources 

have been addressed according to SHPO’s recommendations in the final site plan. 

d.  File an updated decommissioning plan, an updated third-party decommission cost 

estimate, and a demonstration of financial assurance acquired to date. Such 

materials must reflect the planned facility layout, equipment quantities, disturbed 

acreage, and participating parcels; must follow the requirements of AFIP Exhibit 

A-13 and Section 8 and be cross-consistent in commitments, plans, and financial 

estimates; and must account for the land enrolled in the Michigan Farmland Open 

Space Preservation Program (commonly referred to as PA 116), consistent with the 

requirements of other conditions of this certificate. The decommissioning plan shall 

also include the following: 

i. Address how damage from extreme weather events or damage from 

human causes will be addressed, and/or how they might lead to 

applicant-initiated decommissioning.  

 

ii. Include additional soil sampling at a rate of no less than one (1) sample 

per 40 acres for the following: 

 

A.   Phosphorus, potassium, calcium, magnesium, sodium, sulfur, 

manganese, copper, and zinc; pH and acidity; soil organic matter 

content, cation exchange capacity, and topsoil depth. 

 

B.   Any hazardous substances contained in equipment which is 

introduced to the site by the Company. 

 

iii. Include “the reasoning and agreement with [each] property owner” for 

all project related facilities and equipment intended to be kept in place, 

including specific locations and affected property owners. 

 

iv. Include procedures to address issues of dust, noise, and traffic in 

accordance with 6.3.13(a)1 of the AFIP. 

 

v. Include removal methods and site clearance activities for the project 

substation, O&M building, gen-tie line, and points where underground 

collection lines enter or exit the ground at a depth less than four feet.    

 

vi. Include the locations of the inverters, substation, and collection line 

entrance and exit points as part of the 100% design set anticipated 

immediately prior to commencement of construction consistent with the 
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Company’s response to discovery request GM-6-7 and 8 of Exhibit S-

6.1. 

 

vii. Include a list of all hazardous substances including those in facility 

equipment (including, but not limited to solar panels and switchgears), 

and all information as provided in response to discovery request GM-6-

11 of Exhibit S-6.1, as well as any updated information as applicable. 

 

viii. Include the following commitments and information in its final 

decommissioning plan and agreement, as well as a description of how it 

will meet such commitments:  

A. A commitment to repeat its pre-application soil sampling, in a 

manner consistent with the baseline soil health survey plan, at 

decommissioning. 

B. A commitment to restoration of the project area, including soils, to 

a useful condition similar to that which existed before construction. 

C. Perform remediation of any hazardous substances introduced by 

project activities through a release, as defined 

by the Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA) 42 U.S.C. § 9601(14) and (22). 

 

D. Utilize, at minimum, the Generic Residential Cleanup Criteria in R 

299.46 under Part 201 of the Natural Resources and Environmental 

Protection Act (NREPA) as necessary to ensure the soil restoration 

standard in PA 233 is met with regard to the identified hazardous 

substances of concern. 

 

E. Comply with any applicable federal environmental laws or 

environmental laws of this State regarding remediation which are 

more stringent than the criteria set forth in R 299.46. 

 

F. Describe how required soil decompaction and grading will be 

identified and performed as provided in response to question 17 of 

Exhibit S-6.1. 

 

ix. Regarding commitments and agreements with property owners, the 

Company is required to replace the language in Section 6.b. of Exhibit 

A-13.1, with “The restoration measures agreed to by individual 
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landowners will conform to the terms of each written landowner 

agreement. The land will be returned to its pre-construction condition 

leaving any desirable infrastructure as requested by the subsequent 

landowner.”  

 

x. The Company is required to update the language in Section 6.c. of 

Exhibit A-13.1, by either removing the phrase “to the extent possible” 

entirely, or use language that might apply to specific situations where 

planning and coordinating with landowners is not possible.  In addition, 

the Company is required to include a plan, per AFIP section 

6.3.13(a)5.iii, including the method of how landowners, ALUs, and 

local governments will be coordinated with and timelines and methods 

of communication. 

 

e. At least 60 days prior to the pre-construction meeting, the Applicant is required to 

file the following: 

i. Final Noise Modeling Report – a final noise modeling report demonstrating 

compliance using the final facility layout and final make and model of all 

operational sound sources, including inverter and transformer cooling systems 

and any auxiliary equipment, consistent with AFIP Attachment D requirements. 

The final report must include the final source sound-power data and associated 

source-data uncertainty or a conservative uncertainty allowance, and the final 

substation sound-barrier design information, including height, length, location, 

material, transmission loss or insertion loss, absorptive treatment, and any 

openings or penetrations, with confirmation that the final barrier design is 

acoustically equivalent to, or more protective than, the modeled design. The 

final report  must also include a complete and internally consistent final source 

inventory and coordinate table confirming all modeled operational sound 

sources and disclose unrounded modeled results and source-category 

contributions at the controlling receptor and any receptor modeled at 53 dBA or 

higher. The final report must either retain the +5 dB tonal penalty for the 

inverters or substantiate its removal consistent with AFIP Table 1, including 

underlying one-third-octave-band or narrowband source data, receptor-level 

tonal-prominence calculations, and measured background sound (lowest hourly 

L90). If the Applicant seeks to remove the inverter tonal penalty, the final report 

must also include a sensitivity run retaining the penalty. 
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ii. Baseline Sound Monitoring Report – a baseline sound monitoring report, 

consistent with AFIP Attachment D pre-construction monitoring requirements.  

iii. Construction Noise Control Plan – a plan describing major construction 

activities/equipment; standard work hours; exceptions/notice procedures; 

equipment maintenance/mufflers; idling limits; and specific controls for any 

high-noise activities, if applicable. When a complaint reasonably indicates 

material construction noise impacts, the Applicant must promptly investigate 

and implement corrective actions consistent with the construction noise control 

plan. If effective corrective actions cannot be implemented promptly, the 

Applicant is required to implement reasonable interim controls and adjust 

operations as necessary to address the complained-of impacts until controls are 

implemented.  

f. Provide the signed and executed project labor agreement or collective bargaining 

agreement consistent with Condition 20. 

g. Provide any plans required under the Natural Resources and Environmental 

Protection Act (NREPA), upon completion by the Applicant. This includes Spill 

Prevention Control, and Countermeasure Plan (SPCC), Pollution Incident 

Prevention Plan (PIPP), Soil Erosion and Sedimentation Control (SESC) plans, and 

Stormwater Pollution and Prevention Plans (SWPPP), as applicable.  

h. Provide the final version of the Michigan State University Pollinator Scorecard for 

Solar Sites, and any vegetation and/or soil management plans.  

i. If the Applicant is unable to execute host community agreement(s) after good-faith 

negotiations with an ALU or ALUs, it must provide a plan identifying one or more 

community-based organizations providing benefits within or serving the residents 

of the applicable ALU(s), with which the Applicant may execute a community 

benefits agreement. The Applicant must thoroughly explain how the community 

benefits agreement executed with the community-based organization(s) will 

prioritize benefits to the communities in which the energy facility is to be located.  

j. The following costs are required to be included as line items in the 

decommissioning cost estimates: 

i. Costs associated with insurance (bond and commercial liability, property, 

workman’s compensation and environmental). 

ii. Costs associated with soil assessment and remediation. 

iii. Costs associated with decommissioning of the substation, gen-tie lines, 

O&M Building and access roads. 
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k. To address deer entrapment, the Applicant must develop a facility-specific fencing 

and entrapment plan prior to the start of operations, including the following: 

 

i. Regular inspections of fences for damage that could allow deer to enter over 

or under the fence. 

ii. Frequent inspections for entrapped deer. 

iii. Protocols that minimize the time that gates to the facility are left open. 

iv. Contingency plans for removing deer that have become entrapped. 

i.v. Contact numbers for the local Department of Natural Resources Wildlife 

Division Office. 

a.l. The Applicant is required to submit the decommissioning cost estimate model input 

parameters with the revised decommissioning cost estimate required by Proposed 

Minimum Condition No. 2.j.  

 

 

3. An agreement by Tthe Aapplicant is required to repair or replace all public and private 

drainage systems damaged from construction or decommissioning processes. except 

for those Ddrainage systems that are already specifically addressed in lease separate 

agreements with the Applicant will be repaired or replaced pursuant to those pre-

existing or other agreements in place. This shall include county or intercounty drains 

in the event there are established county or intercounty drains that are part of the public 

drainage system. 

 

4. An agreement by Tthe Aapplicant is required to file a mechanical completion 

certificates for the facilities in the MPSC docket assigned to the projectdocket for Case 

No. U-22044.  

5. An agreement by Tthe Aapplicant is required to implement a complaint resolution 

process provided in Exhibit A-1.16. The Applicant is required to keep up to date the 

following information: as approved by the Commission as a condition of certificate 

approval that includes the name of a designated developer/operator representative 

provided with the authority to resolve local complaints, a dedicated phone number for 

complaints, an email address for complaints, and website information instructing the 

public on the complaint resolution process.    

6. An agreement by Tthe Aapplicant is required to provide emergency contact information 

for the facility representative of the proposed facility in the MPSC docket assigned to 

the projectin Case No. U-22044. Initial emergency contact information must be filed 

prior to commencing construction,, and then  and to file updated emergency contact 
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information at a minimum on an annual basis, and at the time a change is made to the 

designated emergency contact(s).  or as necessitated by applicant personnel changes.  

7.  An agreement by Tthe Aapplicant is required to implement vegetative screening as 

described in its application and responses to Staff discovery, presented in Exhibits S-

5.1 and S-5.2, and amended as follows:  including, but not limited to, vegetation, walls, 

and fencing berms, as approved by the Commission as a condition of the siting 

certificate.    

a. The Applicant is required to plant evergreen shrubs as at least 50% of the plantings 

in its understory, as identified in Exhibit A-1.1, Sheet no. C.506; 

b. The Applicant is required to plant evergreen trees that are between 5ft and 6ft in 

height at the time of planting;   

c. The Applicant is required to replace all dead and dying vegetation within the next 

appropriate growing season; and, 

d. The Applicant is required to solicit the screening preferences of adjacent non-

participating residences among the screening described here, the “no screening” 

option with payment in lieu of screening, and a “no screening” option with no such 

payment; and the Applicant is required to implement screening for each such 

residence consistent with its expressed preference. If no preference is indicated by 

a residence, the Applicant may choose to implement screening for that residence.    

 

8.  An agreement by Tthe Aapplicant is required to implement vegetative ground cover in 

consideration of Michigan State University’s “Michigan Pollinator Habitat Planning 

Scorecard for Solar Sites”, and avoiding invasive species in its project area, by 

implementing at least the steps described in its application and responses to Staff 

discovery in Case No. U-22044, presented in Exhibit S-5.1 and S-5.2.as approved by 

the Commission as a condition to the siting certificate. 

9. An agreement by Tthe Aapplicant is required to bury underground infrastructure to a 

minimum depth of 4 feet or as approved by the Commission as a condition to the siting 

certificate. 

10. Prior to commencement of commercial operation, An agreement by tThe Aapplicant is 

required to contract with and pay for a qualified, independent, third-party acoustics 

expert. Such expert is required  to conduct post-construction sound measurements 

monitoring in accordance AFIP Attachment D, ensuring that facility operation is 

assessed in a variety of conditions, including those associated with maximum sound 
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emissions from the facility. Post-construction sound monitoring shall be conducted 

within one year after commercial operation, unless otherwise directed with sound 

modeling and measurement procedures adopted by the Commission.   and file the 

results in a report in the MPSC docket assigned to the project. The post-construction 

sound monitoring report must be submitted within 60 days of the end of the field data 

collection. The Applicant is required to file the results in a report to the MPSC docket 

in Case No. U-22044. An agreement that if the post-construction sound measurements 

do not meet the statutory requirements, noise mitigation plans will be implemented, 

and the post-construction sound measurements will be repeated and the results will be 

filed in a subsequent report in the docket.  

If the post construction sound measurements or complaint-triggered monitoring 

demonstrate an exceedance of the statutory requirements, the Applicant is required to: 

a. file to the docket in Case No. U-22044, within 30 days, a corrective action plan 

identifying source(s), mitigation measures, and schedule; 

b. implement reasonable interim operational controls, including, where necessary to 

restore compliance, low-noise operating modes, curtailment, or temporary 

shutdown of the specific sound-emitting equipment while permanent mitigation is 

designed and installed; 

c. implement permanent noise mitigation as expeditiously as practicable, not to 

exceed 90 days unless otherwise approved by the Commission; 

d. repeat measurements, consistent with AFIP Attachment D, with mitigation 

measures in place until the statutory limits are met; and 

7.e. file the results in a subsequent report to the docket in Case No U-22044.  

11. An agreement by Tthe Aapplicant is required to design and operate the facility in 

demonstrate compliance with MCL 460.1226(8)(a)(iv), and to demonstrate compliance 

with that statutory requirement in accordance with sound modeling and measurement 

procedures adopted by the Commission with the sound provisions in the statute upon 

request by the Commission MPSC in response to customer complaints and to maintain 

compliance with the sound provisions in the statute by implementing additional noise 

mitigation measures during facility operations should the sound levels be non-

compliant with the statute.. 

12.  For a wind project, an agreement by the applicant to mitigate shadow flicker that does 

not meet the statutory provisions, report to the Commission on the mitigation plans, 

and report to the Commission on the results of the mitigation to reduce the shadow 
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flicker. Such reports shall be filed in the MPSC docket assigned to the project. Not 

applicable.  

13. An agreement by the applicant to, at the applicant’s cost, contract with a third party to 

conduct a pre-construction study of radio reception near planned installation of wind 

facilities and to remedy, at the applicant’s cost, any impacts to reception caused by the 

wind energy facility and restore reception to at least the levels present before the wind 

energy facility began operations. If no impact is expected, provide support for why this 

is not necessary to include.Not applicable.  

14. For battery storage projects, an agreement by the applicant to provide annual training 

for local fire departments and other first responders. For wind and solar projects, an 

agreement The Applicant is required to conduct or provide funding for additional 

training for local fire departments and other first responders prior to beginning 

commercial operations, and then upon request, but no more than once annually. 

15. Approval contingent upon receiving The Applicant is required to receive approval for 

all necessary applicable state, federal, and local permits and all permits need to be 

obtained before beginning construction on the portion of the project for which the 

permit is necessary.   

a. Within the Completion Report, the Applicant is required to submit all agency-

required plans created after the issuance of the certificate. 

16. The Applicant is required to execute the Approval contingent upon the execution of a 

decommissioning agreement approved by the Commission. The Applicant is required  

and an agreement by the applicant to demonstrate that financial assurance has been 

acquired and will be maintained throughout the operational life of the facilities, as 

outlined in the decommissioning agreement.  

17. An agreement by the applicant to comply with all other applicable (non-zoning) 

ordinances throughout the operational life of the facilities that were in effect at the time 

the MPSC certificate was issued. Removed. 

18. An agreement by Tthe Aapplicant is required to file annual reports to the docket in Case 

No. U-22044, with the first report due at the end of the calendar year in which the 

project reaches commercial operations. The Annual Report shall contain the following: 

to comply with the provision of periodic reports over time (as specified by the 

Commission as a condition of approval) on the amount of electricity produced per 

turbine or per parcel, a report listing complaints received during the time period as well 

as the developer/operators’ response including resolution and/or plans for mitigation, a 

report outlining the operating condition and performance of the facilities on the site 
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(including non-producing ancillary equipment, structures, fencing, locks, gates, 

screening, vegetative ground cover and other items specifically listed in the condition), 

a report listing any failures of equipment or structures that took place during the period 

as well as repairs that have been made during the time period or are planned or 

underway, and a report of  any improvements made to the site or facilities during the 

period as well as any planned improvements or planned changes to the site or facilities 

including changes to fencing or ancillary equipment during the reporting period, to be 

filed in the docket.  

a. A report showing the amount of electricity produced for the project per 

parcel 

b. A summary of complaints received during the time period as well as the resolution 

and/or plans for mitigation; 

c. A report outlining the operating condition and performance of the facilities on the 

site; 

d. A report listing any equipment or structural failures that took place during the 

period, as well as repairs planned or underway; 

e. A report listing any improvements to the site or changes to site facilities, as well as 

those planned or underway; 

f. Annual Maintenance Plans, including the Applicant’s lighting maintenance 

records (Note, this item was originally listed independently as PMC No. 19, 

however, Staff suggests efficiency by providing the plan as part of this 

Annual Report.); 

g. Annual Inspection Results (Note, originally part of PMC No. 19.); and, 

a.h. Proof that the financial assurance remains in effect and sufficient, as well as 

any other updated decommissioning materials required by the terms of the 

Decommissioning Agreement including Decommissioning Cost Updates 

and Decommissioning Plans.  

19. An agreement by the applicant to provide annual maintenance plans and annual 

inspection results in the MPSC docket assigned to the project. Incorporated above as 

subparts 18f and 18g. 

20. An agreement by Tthe Aapplicant is required to utilize a project labor agreement or 

operate under a collective bargaining agreement for the construction and maintenance 

work to be performed.   
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21. An agreement by Tthe Aapplicant is required to enter into an agreement with the 

Lenawee County Road Agency Commission  regarding reimbursement for the repair 

and restoration of County roads modified or damaged during the construction process. 

If the Lenawee County Road Commission determines that such In lieu of an agreement 

with a County Road Agency, a signed letter from the County Road Agency indicating 

that an agreement is not necessary may be submittedthe Applicant must provide a letter 

to the docket in Case No. U-22044 signed by a representative of the County to verify 

this determination. 

 

22. Within 90 days of achieving the project Commercial Operation Date (COD), the 

Applicant must submit an ALTA/ACSM (American Land Title  Association/American 

Congress on Surveying and Mapping) as-built survey in the Case No. U-22044 as well 

as a letter in the case docket that confirms the same as-built survey was submitted to 

the Affected Local Unit(s) in the same docket. 

23. Upon any transfer in ownership of project property or facilities, the Company is 

required to identify the new entity responsible for decommissioning of such property 

or facilities, through a letter submitted to the docket in the instant case, in addition to 

the Applicant’s commitments as provided in Exhibit A-13.1, page 4, “Change of 

Ownership”. 

24. The Applicant is required to comply with the conservation measures as stated 

in Exhibit A-4.4, p 51 and copied below: 

Summary of conservation measures for your project You agreed to the 

following conservation measures to avoid adverse effects to listed species and 

our concurrence is only valid if the measures are fully implemented. These 

must be included as permit conditions if a permit is required and/or included 

in any contract language.  

Eastern massasauga: Materials used for erosion control and site restoration 

must be wildlife friendly. Do not use erosion control products containing 

plastic mesh netting or other similar material that could entangle eastern 

massasauga rattlesnake (EMR). Several products for soil erosion and control 

exist that do not contain plastic netting including net-less erosion control 

blankets (for example, made of excelsior), loose mulch, hydraulic mulch, soil 

binders, unreinforced silt fences, and straw bales. Others are made from 

natural fibers (such as jute) and loosely woven together in a manner that 

allows wildlife to wiggle free.  
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Eastern massasauga: To increase human safety and awareness of EMR, those 

implementing the project must first review the EMR factsheet (available at 

https://www.fws.gov/media/easternmassasauga- rattlesnake-fact-sheet), and 

watch MDNR’s “60-Second Snakes: The Eastern Massasauga Rattlesnake” 

video (available at https://www.youtube.com/watch?v=-PFnXe_e02w).  

Eastern massasauga: During project implementation, report sightings of any 

federally listed species, including EMR, to the Service within 24 hours.  

Eastern massasauga: The project will not result in permanent loss of more 

than one acre of wetland or conversion of more than 10 acres of EMR. 

 

25. The final Stormwater Mitigation Plan must not be inconsistent with the 

requirements as described in the “Rules of the Lenawee County Drain 

Commissioner”. 

26. Upon notice to the Commission within a letter uploaded to the docket in Case 

No. U-22044, the Applicant is authorized to make the following changes to 

the project, even if the changes would otherwise not fall within the discretion 

provided under the AFIP: 

a. Changes to locations for the collection line crossings of existing 

infrastructure, waterbodies, cultural resources, county drains, and/or 

intercounty drains, including associated horizontal directional drilling bore 

pits, bore lines, and associated temporary workspaces, to the extent that 

such changes: 

i. Are within the locations described in Exhibit A-1.6, Change 2;  

ii. Would only be considered non-minor on the basis of being outside 

the approved project footprint; and, 

iii. Are required by the Department of Environment, Great Lakes, and 

Energy; the State Historic Preservation Office; and/or the Lenawee 

County Drain Commissioner’s Office. 

b. Changes to the location of the generator tie-line, including length of wire 

and number of poles, to the extent that such changes: 

i. Are constrained to the yellow-hatched area depicted in the 

application, Exhibit A-1.6, Figure 3; 

ii. Would only be considered non-minor on the basis of being outside 

the approved project footprint; and, 

https://www.youtube.com/watch?v=-PFnXe_e02w
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i.iii. Are consistent with industry-standard design principles, and 

otherwise minimize the length of the feature and area of 

disturbance except to avoid impacts, as described in the 

Company’s responses to Staff discovery, presented in Exhibit S-

5.4. 

27. The Applicant is required to enter into a host community agreement with each 

of the ALUs. The host community agreements must, at a minimum, guarantee 

$2,000 per megawatt of nameplate capacity located within the respective 

ALU. Such payments must be made upon commencement of operation of the 

facility. The Applicant must submit each executed host community agreement 

to the docket in Case No. U-22044. Should the Applicant be unable to execute 

host community agreements after good-faith negotiations with each ALU, the 

Applicant is required to enter into community benefits agreements with one or 

more community-based organizations providing benefits within or serving the 

residents of each ALU without a signed host community agreement. The 

community benefits agreement must, at a minimum, guarantee $2,000 per 

megawatt of nameplate capacity located within the respective ALU in the 

form of payments to be used for community benefits. Such payments must be 

made upon commencement of operation of the facility. The Applicant must 

submit the executed community benefits agreement to the docket in Case No. 

U-22044. 

28. Within 60 days of the commencement of operation of the Facility, the 

Applicant is to have the project’s tax value assessed, and is required to provide 

updated tax revenue estimates based upon the assessment, which must include 

any construction costs to date and any applicable administrative fees under the 

Property Tax Administration Fee of MCL 211.44, for each of the ALUs based 

upon the most updated millage rates from all eligible local taxing jurisdictions 

available. The estimates must detail the tax revenue generated year over year 

through each specific millage rate to which the project would be subjected. 

The Applicant must submit the updated estimates to the docket in Case No. U-

22044. 

 

29. If the Applicant chooses to fulfill its financial assurance obligations under 

Public Act 230 of 2023 through provision of financial assurance to the 

Commission, the Applicant is prohibited from subtracting salvage value from 
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the cost to decommission facilities on land enrolled in Michigan’s Farmland 

and Open Space Preservation Program in all future decommissioning 

materials produced for the project. This includes updates to decommissioning 

cost estimates and decommissioning financial assurance, and within the 

Decommissioning Agreement.   

30. The Applicant shall not use dust suppressant products with petroleum-based 

binders or hazardous constituents as defined by state and federal regulations. 
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Staff Proposed Conditions – Redlined  

1. The Applicant is required to enter into a Third-Party Independent Monitor (TPIM)  
agreement, funded by the applicant, selected in consultation with the MPSC Staff to be 
onsite during the periods when construction is taking place on a weekly basis to monitor 
the construction activities. The TPIM would be granted authority to resolve complaints 
and request immediate cessation of activities that the monitor can document are in 
breach of any plan, permit or agreement pertaining to the construction of the facility.  
The Applicant’s TPIM is required to provide monthly reports to the Staff and the ALU 
on the progress of construction and continuing through the first 3 months of commercial 
operation.  

2. The Applicant is required to participate in a pre-construction meeting with the Staff and 
the ALUs. The Applicant must extend invitations to attend the pre-construction meeting 
to  each ALU(s), however, their attendance would not be required. Prior to the pre-
construction meeting, the Applicant is required to:  

a. File final drawings, plans, compliance and permits received into the E-docket for 
this case consistent with AFIP Section 8.1(a)(1-3). 

b. Provide final versions of the Emergency Response Plan (A-1.9) and Fire Response 
Plan (A-1.10). 

c. Provide the final version of the Unanticipated Discoveries Plan (A-1.14), including 
a mutually agreed upon turnaround time and/or process for the State Historic 
Preservation Office (SHPO) to respond to discoveries and avoidance plans 
submitted by the Applicant; and materials resulting from SHPO’s completed review 
of the project, including evidence that any identified impacts to cultural resources 
have been addressed according to SHPO’s recommendations in the final site plan. 

d.  File an updated decommissioning plan, an updated third-party decommission cost 
estimate, and a demonstration of financial assurance acquired to date. Such 
materials must reflect the planned facility layout, equipment quantities, disturbed 
acreage, and participating parcels; must follow the requirements of AFIP Exhibit 
A-13 and Section 8 and be cross-consistent in commitments, plans, and financial 
estimates; and must account for the land enrolled in the Michigan Farmland Open 
Space Preservation Program (commonly referred to as PA 116), consistent with the 
requirements of other conditions of this certificate. The decommissioning plan shall 
also include the following: 
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i. Address how damage from extreme weather events or damage from 
human causes will be addressed, and/or how they might lead to 
applicant-initiated decommissioning.  
 

ii. Include additional soil sampling at a rate of no less than one (1) sample 
per 40 acres for the following: 
 

A.   Phosphorus, potassium, calcium, magnesium, sodium, sulfur, 
manganese, copper, and zinc; pH and acidity; soil organic matter 
content, cation exchange capacity, and topsoil depth. 

 
B.   Any hazardous substances contained in equipment which is 

introduced to the site by the Company. 
 

iii. Include “the reasoning and agreement with [each] property owner” for 
all project related facilities and equipment intended to be kept in place, 
including specific locations and affected property owners. 

 
iv. Include procedures to address issues of dust, noise, and traffic in 

accordance with 6.3.13(a)1 of the AFIP. 
 

v. Include removal methods and site clearance activities for the project 
substation, O&M building, gen-tie line, and points where underground 
collection lines enter or exit the ground at a depth less than four feet.    
 

vi. Include the locations of the inverters, substation, and collection line 
entrance and exit points as part of the 100% design set anticipated 
immediately prior to commencement of construction consistent with the 
Company’s response to discovery request GM-6-7 and 8 of Exhibit S-
6.1. 
 

vii. Include a list of all hazardous substances including those in facility 
equipment (including, but not limited to solar panels and switchgears), 
and all information as provided in response to discovery request GM-6-
11 of Exhibit S-6.1, as well as any updated information as applicable. 
 

viii. Include the following commitments and information in its final 
decommissioning plan and agreement, as well as a description of how it 
will meet such commitments:  
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A. A commitment to repeat its pre-application soil sampling, in a 
manner consistent with the baseline soil health survey plan, at 
decommissioning. 

B. A commitment to restoration of the project area, including soils, to 
a useful condition similar to that which existed before construction. 

C. Perform remediation of any hazardous substances introduced by 
project activities through a release, as defined 
by the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) 42 U.S.C. § 9601(14) and (22). 

 
D. Utilize, at minimum, the Generic Residential Cleanup Criteria in R 

299.46 under Part 201 of the Natural Resources and Environmental 
Protection Act (NREPA) as necessary to ensure the soil restoration 
standard in PA 233 is met with regard to the identified hazardous 
substances of concern. 

 
E. Comply with any applicable federal environmental laws or 

environmental laws of this State regarding remediation which are 
more stringent than the criteria set forth in R 299.46. 

 
F. Describe how required soil decompaction and grading will be 

identified and performed as provided in response to question 17 of 
Exhibit S-6.1. 

 
ix. Regarding commitments and agreements with property owners, the 

Company is required to replace the language in Section 6.b. of Exhibit 
A-13.1, with “The restoration measures agreed to by individual 
landowners will conform to the terms of each written landowner 
agreement. The land will be returned to its pre-construction condition 
leaving any desirable infrastructure as requested by the subsequent 
landowner.”  
 

x. The Company is required to update the language in Section 6.c. of 
Exhibit A-13.1, by either removing the phrase “to the extent possible” 
entirely, or use language that might apply to specific situations where 
planning and coordinating with landowners is not possible.  In addition, 
the Company is required to include a plan, per AFIP section 
6.3.13(a)5.iii, including the method of how landowners, ALUs, and 
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local governments will be coordinated with and timelines and methods 
of communication. 

 
e. At least 60 days prior to the pre-construction meeting, the Applicant is required to 

file the following: 

i. Final Noise Modeling Report – a final noise modeling report demonstrating 
compliance using the final facility layout and final make and model of all 
operational sound sources, including inverter and transformer cooling systems 
and any auxiliary equipment, consistent with AFIP Attachment D requirements. 
The final report must include the final source sound-power data and associated 
source-data uncertainty or a conservative uncertainty allowance, and the final 
substation sound-barrier design information, including height, length, location, 
material, transmission loss or insertion loss, absorptive treatment, and any 
openings or penetrations, with confirmation that the final barrier design is 
acoustically equivalent to, or more protective than, the modeled design. The 
final report must also include a complete and internally consistent final source 
inventory and coordinate table confirming all modeled operational sound 
sources and disclose unrounded modeled results and source-category 
contributions at the controlling receptor and any receptor modeled at 53 dBA or 
higher. The final report must either retain the +5 dB tonal penalty for the 
inverters or substantiate its removal consistent with AFIP Table 1, including 
underlying one-third-octave-band or narrowband source data, receptor-level 
tonal-prominence calculations, and measured background sound (lowest hourly 
L90). If the Applicant seeks to remove the inverter tonal penalty, the final report 
must also include a sensitivity run retaining the penalty. 

ii. Baseline Sound Monitoring Report – a baseline sound monitoring report, 
consistent with AFIP Attachment D pre-construction monitoring requirements.  

iii. Construction Noise Control Plan – a plan describing major construction 
activities/equipment; standard work hours; exceptions/notice procedures; 
equipment maintenance/mufflers; idling limits; and specific controls for any 
high-noise activities, if applicable. When a complaint reasonably indicates 
material construction noise impacts, the Applicant must promptly investigate 
and implement corrective actions consistent with the construction noise control 
plan. If effective corrective actions cannot be implemented promptly, the 
Applicant is required to implement reasonable interim controls and adjust 
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operations as necessary to address the complained-of impacts until controls are 
implemented.  

f. Provide the signed and executed project labor agreement or collective bargaining 
agreement consistent with Condition 20. 

g. Provide any plans required under the Natural Resources and Environmental 
Protection Act (NREPA), upon completion by the Applicant. This includes Spill 
Prevention Control, and Countermeasure Plan (SPCC), Pollution Incident 
Prevention Plan (PIPP), Soil Erosion and Sedimentation Control (SESC) plans, and 
Stormwater Pollution and Prevention Plans (SWPPP), as applicable.  

h. Provide the final version of the Michigan State University Pollinator Scorecard for 
Solar Sites, and any vegetation and/or soil management plans.  

i. If the Applicant is unable to execute host community agreement(s) after good-faith 
negotiations with an ALU or ALUs, it must provide a plan identifying one or more 
community-based organizations providing benefits within or serving the residents 
of the applicable ALU(s), with which the Applicant may execute a community 
benefits agreement. The Applicant must thoroughly explain how the community 
benefits agreement executed with the community-based organization(s) will 
prioritize benefits to the communities in which the energy facility is to be located. 

j. The following costs are required to be included as line items in the 
decommissioning cost estimates: 

i. Costs associated with insurance (bond and commercial liability, property, 
workman’s compensation and environmental). 

ii. Costs associated with soil assessment and remediation. 
iii. Costs associated with decommissioning of the substation, gen-tie lines, 

O&M Building and access roads. 
 

k. To address deer entrapment, the Applicant must develop a facility-specific fencing 
and entrapment plan prior to the start of operations, including the following: 
 

i. Regular inspections of fences for damage that could allow deer to enter over 
or under the fence. 

ii. Frequent inspections for entrapped deer. 
iii. Protocols that minimize the time that gates to the facility are left open. 
iv. Contingency plans for removing deer that have become entrapped. 



Case No. U-22044 
Witness: S. Mullkoff 

Exhibit: S-2.1 
Page 6 of 12 

 
 

v. Contact numbers for the local Department of Natural Resources Wildlife 
Division Office. 

l. The Applicant is required to submit the decommissioning cost estimate model input 
parameters with the revised decommissioning cost estimate required by Proposed 
Minimum Condition No. 2.j.  

 
3. The Applicant is required to repair or replace all public and private drainage systems 

damaged from construction or decommissioning processes. Drainage systems already 
addressed in separate agreements with the Applicant will be repaired or replaced 
pursuant to those pre-existing agreements. This shall include county or intercounty 
drains in the event there are established county or intercounty drains that are part of the 
public drainage system. 
 

4. The Applicant is required to file a mechanical completion certificate for the facilities 
in the MPSC docket for Case No. U-22044.  

5. The Applicant is required to implement a complaint resolution process provided in 
Exhibit A-1.16. The Applicant is required to keep up to date the following information: 
the name of a designated developer/operator representative provided with the authority 
to resolve local complaints, a dedicated phone number for complaints, an email address 
for complaints, and website information instructing the public on the complaint 
resolution process.    

6. The Applicant is required to provide emergency contact information for the facility 
representative in the docket in Case No. U-22044. Initial emergency contact 
information must be filed prior to commencing construction, and then on an annual 
basis, and at the time a change is made to the designated emergency contact(s).    

7.  The Applicant is required to implement vegetative screening as described in its 
application and responses to Staff discovery, presented in Exhibits S-5.1 and S-5.2, and 
amended as follows:   

a. The Applicant is required to plant evergreen shrubs as at least 50% of the plantings 
in its understory, as identified in Exhibit A-1.1, Sheet no. C.506; 

b. The Applicant is required to plant evergreen trees that are between 5ft and 6ft in 
height at the time of planting;   

c. The Applicant is required to replace all dead and dying vegetation within the next 
appropriate growing season; and, 
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d. The Applicant is required to solicit the screening preferences of adjacent non-
participating residences among the screening described here, the “no screening” 
option with payment in lieu of screening, and a “no screening” option with no such 
payment; and the Applicant is required to implement screening for each such 
residence consistent with its expressed preference. If no preference is indicated by 
a residence, the Applicant may choose to implement screening for that residence.    

 
8.  The Applicant is required to implement vegetative ground cover in consideration of 

Michigan State University’s “Michigan Pollinator Habitat Planning Scorecard for Solar 
Sites”, and avoid invasive species in its project area, by implementing at least the steps 
described in its application and responses to Staff discovery in Case No. U-22044, 
presented in Exhibit S-5.1 and S-5.2. 

9. The Applicant is required to bury underground infrastructure to a minimum depth of 4 
feet or as approved by the Commission as a condition to the siting certificate. 

10. Prior to commencement of commercial operation, the Applicant is required to contract 
with and pay for a qualified, independent, third-party acoustics expert. Such expert is 
required to conduct post-construction sound monitoring in accordance AFIP 
Attachment D, ensuring that facility operation is assessed in a variety of conditions, 
including those associated with maximum sound emissions from the facility. Post-
construction sound monitoring shall be conducted within one year after commercial 
operation, unless otherwise directed by the Commission.  The post-construction sound 
monitoring report must be submitted within 60 days of the end of the field data 
collection. The Applicant is required to file the results in a report to the MPSC docket 
in Case No. U-22044.  

If the post construction sound measurements or complaint-triggered monitoring 
demonstrate an exceedance of the statutory requirements, the Applicant is required to: 

a. file to the docket in Case No. U-22044, within 30 days, a corrective action plan 
identifying source(s), mitigation measures, and schedule; 

b. implement reasonable interim operational controls, including, where necessary to 
restore compliance, low-noise operating modes, curtailment, or temporary 
shutdown of the specific sound-emitting equipment while permanent mitigation is 
designed and installed; 

c. implement permanent noise mitigation as expeditiously as practicable, not to 
exceed 90 days unless otherwise approved by the Commission; 



Case No. U-22044 
Witness: S. Mullkoff 

Exhibit: S-2.1 
Page 8 of 12 

 
 

d. repeat measurements, consistent with AFIP Attachment D, with mitigation 
measures in place until the statutory limits are met; and 

e. file the results in a subsequent report to the docket in Case No U-22044.  

11. The Applicant is required to design and operate the facility in compliance with MCL 
460.1226(8)(a)(iv), and to demonstrate compliance with that statutory requirement 
upon request by the Commission  in response to complaints. 

12.  Not applicable.  

13. Not applicable.  

14. The Applicant is required to conduct or provide funding for additional training for local 
fire departments and other first responders prior to beginning commercial operations, 
and then upon request, but no more than once annually. 

15. The Applicant is required to receive approval for all necessary applicable state, federal, 
and local permits and all permits need to be obtained before beginning construction on 
the portion of the project for which the permit is necessary.   

a. Within the Completion Report, the Applicant is required to submit all agency-
required plans created after the issuance of the certificate. 

16. The Applicant is required to execute the decommissioning agreement approved by the 
Commission. The Applicant is required to demonstrate that financial assurance has 
been acquired and will be maintained throughout the operational life of the facilities, 
as outlined in the decommissioning agreement.  

17.  Removed. 

18. The Applicant is required to file annual reports to the docket in Case No. U-22044, with 
the first report due at the end of the calendar year in which the project reaches 
commercial operations. The Annual Report shall contain the following:  

a. A report showing the amount of electricity produced for the project per 
parcel 

b. A summary of complaints received during the time period as well as the resolution 
and/or plans for mitigation; 

c. A report outlining the operating condition and performance of the facilities on the 
site; 
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d. A report listing any equipment or structural failures that took place during the 
period, as well as repairs planned or underway; 

e. A report listing any improvements to the site or changes to site facilities, as well as 
those planned or underway; 

f. Annual Maintenance Plans, including the Applicant’s lighting maintenance 
records (Note, this item was originally listed independently as PMC No. 19, 
however, Staff suggests efficiency by providing the plan as part of this 
Annual Report.); 

g. Annual Inspection Results (Note, originally part of PMC No. 19.); and, 

h. Proof that the financial assurance remains in effect and sufficient, as well as 
any other updated decommissioning materials required by the terms of the 
Decommissioning Agreement including Decommissioning Cost Updates 
and Decommissioning Plans.  

19. Incorporated above as subparts 18f and 18g. 

20. The Applicant is required to utilize a project labor agreement or operate under a 
collective bargaining agreement for the construction and maintenance work to be 
performed.   

21.  The Applicant is required to enter into an agreement with Lenawee County Road 
Commission  regarding reimbursement for the repair and restoration of County roads 
modified or damaged during the construction process. If the Lenawee County Road 
Commission determines that such an agreement is not necessary the Applicant must 
provide a letter to the docket in Case No. U-22044 signed by a representative of the 
County to verify this determination. 

22. Within 90 days of achieving the project Commercial Operation Date (COD), the 
Applicant must submit an ALTA/ACSM (American Land Title  Association/American 
Congress on Surveying and Mapping) as-built survey in the Case No. U-22044 as well 
as a letter in the case docket that confirms the same as-built survey was submitted to 
the Affected Local Unit(s) in the same docket. 

23. Upon any transfer in ownership of project property or facilities, the Company is 
required to identify the new entity responsible for decommissioning of such property 
or facilities, through a letter submitted to the docket in the instant case, in addition to 
the Applicant’s commitments as provided in Exhibit A-13.1, page 4, “Change of 
Ownership”. 
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24. The Applicant is required to comply with the conservation measures as stated 
in Exhibit A-4.4, p 51 and copied below: 

Summary of conservation measures for your project You agreed to the 
following conservation measures to avoid adverse effects to listed species and 
our concurrence is only valid if the measures are fully implemented. These 
must be included as permit conditions if a permit is required and/or included 
in any contract language.  
Eastern massasauga: Materials used for erosion control and site restoration 
must be wildlife friendly. Do not use erosion control products containing 
plastic mesh netting or other similar material that could entangle eastern 
massasauga rattlesnake (EMR). Several products for soil erosion and control 
exist that do not contain plastic netting including net-less erosion control 
blankets (for example, made of excelsior), loose mulch, hydraulic mulch, soil 
binders, unreinforced silt fences, and straw bales. Others are made from 
natural fibers (such as jute) and loosely woven together in a manner that 
allows wildlife to wiggle free.  
Eastern massasauga: To increase human safety and awareness of EMR, those 
implementing the project must first review the EMR factsheet (available at 
https://www.fws.gov/media/easternmassasauga- rattlesnake-fact-sheet), and 
watch MDNR’s “60-Second Snakes: The Eastern Massasauga Rattlesnake” 
video (available at https://www.youtube.com/watch?v=-PFnXe_e02w).  
Eastern massasauga: During project implementation, report sightings of any 
federally listed species, including EMR, to the Service within 24 hours.  
Eastern massasauga: The project will not result in permanent loss of more 
than one acre of wetland or conversion of more than 10 acres of EMR. 

 
25. The final Stormwater Mitigation Plan must not be inconsistent with the 

requirements as described in the “Rules of the Lenawee County Drain 
Commissioner”. 

26. Upon notice to the Commission within a letter uploaded to the docket in Case 
No. U-22044, the Applicant is authorized to make the following changes to 
the project, even if the changes would otherwise not fall within the discretion 
provided under the AFIP: 
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a. Changes to locations for the collection line crossings of existing 
infrastructure, waterbodies, cultural resources, county drains, and/or 
intercounty drains, including associated horizontal directional drilling bore 
pits, bore lines, and associated temporary workspaces, to the extent that 
such changes: 

i. Are within the locations described in Exhibit A-1.6, Change 2;  
ii. Would only be considered non-minor on the basis of being outside 

the approved project footprint; and, 
iii. Are required by the Department of Environment, Great Lakes, and 

Energy; the State Historic Preservation Office; and/or the Lenawee 
County Drain Commissioner’s Office. 

b. Changes to the location of the generator tie-line, including length of wire 
and number of poles, to the extent that such changes: 

i. Are constrained to the yellow-hatched area depicted in the 
application, Exhibit A-1.6, Figure 3; 

ii. Would only be considered non-minor on the basis of being outside 
the approved project footprint; and, 

iii. Are consistent with industry-standard design principles, and 
otherwise minimize the length of the feature and area of 
disturbance except to avoid impacts, as described in the 
Company’s responses to Staff discovery, presented in Exhibit S-
5.4. 

27. The Applicant is required to enter into a host community agreement with each 
of the ALUs. The host community agreements must, at a minimum, guarantee 
$2,000 per megawatt of nameplate capacity located within the respective 
ALU. Such payments must be made upon commencement of operation of the 
facility. The Applicant must submit each executed host community agreement 
to the docket in Case No. U-22044. Should the Applicant be unable to execute 
host community agreements after good-faith negotiations with each ALU, the 
Applicant is required to enter into community benefits agreements with one or 
more community-based organizations providing benefits within or serving the 
residents of each ALU without a signed host community agreement. The 
community benefits agreement must, at a minimum, guarantee $2,000 per 
megawatt of nameplate capacity located within the respective ALU in the 
form of payments to be used for community benefits. Such payments must be 
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made upon commencement of operation of the facility. The Applicant must 
submit the executed community benefits agreement to the docket in Case No. 
U-22044. 

28. Within 60 days of the commencement of operation of the Facility, the 
Applicant is to have the project’s tax value assessed, and is required to provide 
updated tax revenue estimates based upon the assessment, which must include 
any construction costs to date and any applicable administrative fees under the 
Property Tax Administration Fee of MCL 211.44, for each of the ALUs based 
upon the most updated millage rates from all eligible local taxing jurisdictions 
available. The estimates must detail the tax revenue generated year over year 
through each specific millage rate to which the project would be subjected. 
The Applicant must submit the updated estimates to the docket in Case No. U-
22044. 

 
29. If the Applicant chooses to fulfill its financial assurance obligations under 

Public Act 230 of 2023 through provision of financial assurance to the 
Commission, the Applicant is prohibited from subtracting salvage value from 
the cost to decommission facilities on land enrolled in Michigan’s Farmland 
and Open Space Preservation Program in all future decommissioning 
materials produced for the project. This includes updates to decommissioning 
cost estimates and decommissioning financial assurance, and within the 
Decommissioning Agreement.   

30. The Applicant shall not use dust suppressant products with petroleum-based 
binders or hazardous constituents as defined by state and federal regulations. 
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GLACIER MEADOWS SOLAR, LLC’S RESPONSE TO THE 

MICHIGAN PUBLIC SERVICE COMMISSION STAFF REQUEST 
SET NO. 9 

CASE NO. U-22044 

REQUEST NO. Staff-GM-9-1 

 
Please refer to Exhibit A-14: 

5. Regarding Condition No. 3, please confirm whether the Applicant’s agreement to 

repair or replace all public and private drainage systems damaged during construction or 

decommissioning includes county and intercounty drains. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “agreement” is 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Glacier Meadows’ agreement to repair or replace all public and private 

drainage systems damaged during construction or decommissioning includes county and 

intercounty drains. 

 

 
6. Regarding Condition No. 15, please confirm whether the Applicant’s agreement to 

obtain all necessary applicable state, federal, and local permits also represents agreement to obtain 

necessary permits before beginning construction on the portion of the project for which the permit 

is necessary. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “confirm,” 

“agreement,” “applicable,” “obtain,” “portion of the project,” and “necessary” are vague, 
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ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows further 

objects to the extent this Request seeks to impose or imply a burden greater than that set 

forth under Public Act 233 or the Application Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Glacier Meadows will obtain and comply with all lawfully required permits 

and conditions of approval. 

 
Please refer to Exhibit A-13.2, page 5 of 16, Table 1: 

15. Insurance was not specifically identified in Table 1 or elsewhere within Exhibit A-13.2. 
Please provide a line item to include the following types of insurance: 
 

a. Bond and commercial liability; 

b. Property; 

c. Workman’s Compensation; and 

d. Environmental liability. 

If not provided as a line item, please indicate where and how these costs are accounted for. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “insurance” is 

vague, ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows 

further objects to the extent this Request seeks to impose or imply a burden greater than that 

set forth under Public Act 233 or the Application Instructions and Procedures related 

thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The decommissioning cost estimate within Exhibit A-13.2 does include the costs of the 

various insurance types stated above. Section 4.1 discusses that the costs of insurance are 

included in the line item “soft costs.” Soft costs are not limited to insurance costs, and the 
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total for all soft costs is presented in Table 3. Soft costs are combined with mobilization costs 

and presented as a line item in Table 1. 

 

 
16. Many unit costs were provided in Exhibit A-13.2, and some project quantities were 

referenced in Exhibit A-1.1 Sheet C.005. However, no unit values were provided for labor hours 

for each category in Table 1. Since a model was used to develop the costs, please provide all model 

input parameters (i.e., number of units) in addition to unit rates. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “unit costs,” 

“project quantities,” “unit values,” “labor hours,” “model,” “costs,” “model input 

parameters,” and “unit rates” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Exhibit A-13.2 Page 7, Table 4, lists labor costs assumptions in dollars per hour, for the three 

labor types assumed to contribute during the decommissioning of the Project. Table 4 also 

includes transportation rates for all truck types assumed in the calculations. Page 5 of 

Exhibit A-13.2 lists values for scrap prices, recycling prices, and landfill prices, presented in 

dollars per ton. These labor, transportation, and disposal costs represent the unit rates used 

in the decommissioning calculations. Page 4 of Exhibit A-13.2 references the project 

quantities, used as the inputs to the decommissioning calculations, are correlated to the 

project quantities identified in Exhibit A-1.1. Glacier Meadows requests that Staff initiate a 

meet and confer if it requires additional information or updated tables in connection with 

this Request. 
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Dated: July 10, 2026 

Respectfully submitted, 
 

GLACIER MEADOWS SOLAR, LLC 
 

By: Ørsted Onshore DevCo, LLC, its sole member 
By: Ørsted Onshore North America, LLC, its sole 

member 

/s/ Marla Korpar  
Marla Korpar, Director of Development 
Ørsted Onshore North America, LLC 

 

 
DICKINSON WRIGHT PLLC 
 
/s/ Salina M. Hamilton  
Brandon C. Hubbard (P71085) 
Ryan M. Shannon (P74535) 
Salina M. Hamilton (P75296) 
123 W. Allegan Street, Suite 900 
Lansing, MI 48933 
(517) 487-4724 
Attorneys for Glacier Meadows Solar, LLC 



Staff's Second Discovery Request to Company and Responses, including Supplemental Responses 
and Attachment, Items 1 and 2

Please refer to Exhibit A-1.6: 

1. Please provide definitions for Project footprint, Project area, and Project Site and

clarify how each is measured in the application. 

RESPONSE: Glacier Meadows objects to this Request as the term “measured” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject and without waiving any objections, Glacier Meadows states as follows:  The 

terms Project footprint, Project area, and Project Site are all used to describe the Project’s 

leased acreage making up the Project boundary: approximately 2,213 acres. This represents 

the full area within which the Project has land rights to install facilities, conduct earthwork 

during construction, etc. Refer to Exhibit A-1.1, sheet C.002, in Glacier Meadows’ 

Application for the project boundary. 

Please refer to Exhibit A-1.3: 

2. The Michigan Pollinator Habitat Planning Scorecard for Solar Sites outlines a plan

to establish, but not to maintain, pollinator habitat. The application, Exhibit A-1.1, contains 

references to a “vegetation management plan” and a “vegetation and soil management plan,” but 

no such document appears to have been provided. 

a. Please provide the maintenance plan or identify which portions within the
application contain or describe such plan.

b. Please explain how the plan will ensure maintenance of the pollinator habitat
throughout the lifetime of the proposed facility.

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “ensure 

maintenance” is vague, ambiguous, and subject to multiple, subjective interpretations.  
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Subject to and without waiving any objections, Glacier Meadows states as follows:  

a. Consistent with standard industry practice at this stage of the Project lifecycle,

Glacier Meadows has not yet finalized a vegetation management plan.  As

such, no finalized vegetation management plan was included in the application

materials.  However, a draft vegetation management plan is currently being

developed and will continue to be developed in coordination with the Project’s

selected Engineering, Procurement, and Construction (“EPC”) contractor(s)

through Q2 2027. Glacier Meadows is committed to ensuring its vegetation

management plan meets all requirements and conditions imposed in

connection with a certificate issued in this matter and any requirements

necessary to meet screening and vegetation conditions imposed in connection

with same.

b. Glacier Meadows’ vegetation management plan will include a detailed

maintenance schedule, including mowing and weed control, designed to

encourage the persistence and dominance of pollinator habitat throughout the

lifetime of the Project. Maintenance will occur at regular intervals for the

duration of the Project lifecycle. The interval for such maintenance will

depend on several factors, including the type of maintenance, seasonable

impacts, and other factors.  Intensive maintenance is anticipated during the

first three to five years until sitewide vegetation has been sufficiently

established and is less susceptible to the threat of competition from drought,

invasive and non-native weed species, and other threats. Mowing is planned to

be timed prior to flowering and seed set of weed species to facilitate native
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species' blooming periods and encourage diverse array of pollinator resources. 

Weed control and monitoring will be ongoing throughout the Project's 

lifecycle.  Both mowing and weed control will be undertaken as needed based 

on growth, seasonal impacts, and other factors.  

FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, 

Glacier Meadows is producing a draft version of its in-progress vegetative management plan. 

Refer to document Bates-labeled GlacierMeadows0000066 – GlacierMeadows0000091.  As 

discussed in connection with its original Response to Request No. 2 above, this plan is still 

being developed at this stage of the project lifecycle and is subject to change—including, inter 

alia, with respect to being tailored to the needs of the Project, based on feedback and 

requirements of the Engineering, Procurement, and Construction (“EPC”) contractor, and 

based on any requirements issued as a condition to a solar siting certificate in this matter. 

Glacier Meadows is committed to meeting the requirements of PA 233 and the AFIP with 

respect to the details and content of its final vegetative management plan.  
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Staff's Third Discovery Request to Company and Responses, including Attachment, Items 1 

through 16

Please refer to Exhibit A-1.1 and A-1.2: 

1. Provide all GIS files that were used to create the maps in Exhibit A-1.1 and A-1.2.

Please ensure that the GIS files contain all relevant layers and attribute data needed to produce the 

maps as submitted in the original filing. For any responsive GIS data, please ensure: (1) any data 

provided in a shapefile format is contained within a zipped folder; (2) the data includes any 

corresponding metadata that provides context to the data.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “used” is vague, 

ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows further 

objects to this Request to the extent it seeks production of documents in a format inconsistent 

with ESI best practices or in a burdensome or inaccessible format. 

Subject and without waiving any objections, Glacier Meadows states as follows: GIS 

files for Exhibit A-1.1 and Exhibit A-1.2 are being produced herewith in true native zipped 

folders for accessibility purposes.  

Please refer to Exhibit A-1.3: 

2. Please provide the methodology that the Applicant will use to determine where pre-

existing natural vegetation obviates the need for additional screening, including, for example, the 

threshold for the minimum density of existing vegetation that would obviate the need for additional 

screening. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “methodology,” 
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“determine,” “obviates,” “additional screening,” “threshold,” and “minimum density” are 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Exhibit A-1.1, sheet C.202 outlines areas adjacent to the Project with pre-existing natural 

vegetation. For adjacent non-participating landowners who do not have pre-existing natural 

vegetative screening and express interest in screening, Glacier Meadows will attempt to work 

with those landowners on a vegetative screening plan (as described in Exhibit A-1.3). 

Please refer to Exhibit A-13.1 and Exhibit A-13.3: 

3. Please provide a current copy of the screening ordinances (or sections of relevant

ordinances relating to screening for projects of this type) for Blissfield and Deerfield Townships. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “screening 

ordinances,” “relevant ordinances,” and “type” are vague, ambiguous, and subject to 

multiple, subjective interpretations. Glacier Meadows further objects to the extent this 

Request seeks to impose or imply a burden greater than that set forth under Public Act 233 

or the Application Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Refer to Exhibit A-15, Attachment A for a copy of Deerfield Township's Zoning Ordinance; 

screening requirements are included in Section 7.26.1.b.1.f.7. Refer to attachment for a copy 

of Blissfield Township's Zoning Ordinance - Supplementary Regulations for Solar Energy 

Conversion Systems, which is being produced herewith as documents Bates-labeled 

GlacierMeadows0000139 – GlacierMeadows0000153; screening requirements are included 
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in Section 6.31.D.7.  Upon information and belief, these are the current screening ordinances 

for Blissfield and Deerfield Townships.   

4. Please confirm that the proposed landscape planting details, including locations,

are consistent with Blissfield Township Zoning Ordinance Section 6.31 and Deerfield Township 

Zoning Ordinance Section 7.26.1. If not confirming, please explain. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “consistent” is 

vague, ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows 

further objects to the extent this Request seeks to impose or imply a burden greater than 

that set forth under Public Act 233 or the Application Instructions and Procedures related 

thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows is seeking siting approval for the Project under Public Act 233, which 

imposes detailed and specific Conditions, including, but not limited to, those set forth in 

Exhibit A-14 in relation to screening and vegetation. As set forth in Exhibit A-14, and as 

further expounded in the Application materials generally, Glacier Meadows commits to 

complying with the requirements set forth in Public Act 233, as detailed in the Application 

Filing Instructions and Procedures, including such conditions imposed by the Commission 

under Public Act 233 in connection with such a siting certificate. 

Answering further, Glacier Meadows’ proposed landscaping planting detail consists 

of shrubbery, trees (including evergreens), and other non-invasive plant species to provide a 

visual screen, which, though not required under PA 233, are consistent with Blissfield 

Township and Deerfield Township Zoning Ordinances. During a public hearing on 
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September 10, 2025, the Deerfield Township Planning Commission Chair indicated that 

screening was not deemed an effective form of proper maintenance (see Exhibit A-4.3). In 

response, Glacier Meadows proposes that existing vegetation at occupied structures will 

screen the Project (see Exhibit A-1.1, sheet C.202); however, for those adjacent non-

participating landowners who do not have preexisting natural vegetation screening and 

express interest in screening, Glacier Meadows will attempt to work on vegetative screening 

plans with those landowners (as outlined in Exhibit A-1.3). 

5. Please provide the method(s) of contact that the Applicant will use to work with

adjacent non-participating landowners on vegetative screening plans for those landowners. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “method(s)” 

“work with” and vague, ambiguous, and subject to multiple, subjective interpretations. 

Glacier Meadows further objects to the extent this Request seeks to impose or imply a burden 

greater than that set forth under Public Act 233 or the Application Instructions and 

Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The Notice of Hearing, which was provided to all postal addressees within one mile of the 

Project, provided direct contact information for Glacier Meadows and notice of the 

Application and filing—which provides information regarding screening. Contact 

information for Glacier Meadows is also set forth in Exhibit A-2.  In the interests of direct 

collaboration, Glacier Meadows is also opening a Project office located at 600 W. Adrian St., 

Blissfield, MI 49228 in Q2 2026.  Glacier Meadows will provide this information to the 

Townships for ease of access by local residents in the community, including notification to 
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the Township clerks, in a local newspaper, on the Project’s website 

(https://glaciermeadowssolar.com), and on the Project’s Facebook page 

(https://www.facebook.com/glaciermeadowssolarproject/).  All adjacent non-participating 

landowners are welcome to come discuss additional vegetative screening needs—and other 

Project-related concerns—with Glacier Meadows’ local representative. 

6. Please explain how the Applicant will ensure that the outreach to adjacent non-

participating landowners, regarding vegetative screening preferences or compensation in lieu of 

screening, will reach all adjacent non-participating landowners. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “ensure,” 

“outreach,” and “reach” are vague, ambiguous, and subject to multiple, subjective 

interpretations.  Glacier Meadows further objects to the extent this Request seeks to impose 

or imply a burden greater than that set forth under Public Act 233 or the Application 

Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows incorporates its Response to Request No. 5 above.  Answering further, 

Glacier Meadows is willing to consider reasonable additional conditions regarding the 

method and timing for outreach to adjacent non-participating landowners with respect to 

screening if necessary for issuance of a certificate for the Project.  

7. Please explain how the amount of compensation in lieu of screening for non-

participating landowners will be determined on a landowner-by-landowner basis. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “compensation” 
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and “determined” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Glacier Meadows further objects to the extent this Request seeks to impose or imply a burden 

greater than that set forth under Public Act 233 or the Application Instructions and 

Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Compensation for adjacent non-participating landowners without pre-existing natural 

vegetation will be calculated on a linear foot basis (i.e., the length of the Project fenceline 

adjacent to their property that is not screened) and based upon the equivalent cost to install 

the Project’s proposed vegetative screening found on Exhibit A-1.1, sheet C.506 along that 

length of fenceline.  

8. Please confirm that the Applicant agrees, if required by a certificate condition, to

solicit the screening preferences of all adjacent non-participating landowners, and to follow its 

proposed screening plan for each residence based on those preferences (screening or compensation 

in lieu of screening), with screening as a default upon no response or agreement. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “agrees,” 

“solicit,” “preferences,” “follow,” and “default” are vague, ambiguous, and subject to 

multiple, subjective interpretations.  Glacier Meadows further objects to the extent this 

Request seeks to impose or imply a burden greater than that set forth under Public Act 233 

or the Application Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows will comply with all applicable conditions issued in connection with PA 

233 as it relates to a siting certificate for the Project. Glacier Meadows is willing to consider 
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reasonable conditions beyond those expressly required by PA 233, such as soliciting 

preferences of adjacent non-participating landowners as to screening.  Subject to review of 

the specific language of such a condition, Glacier Meadows is willing to consider same and 

will follow the proposed screening plan set forth in the Application with respect to any such 

condition. Adjacent non-participating landowners who feel they are affected and do not have 

sufficient pre-existing natural vegetation screening will have the opportunity to speak with 

Glacier Meadows regarding screening plans at the Project’s local office at 600 W. Adrian 

St., Blissfield, MI 49228, planned to open in Q2 2026. Answering further, Glacier Meadows 

incorporates its Responses to Request Nos. 5 and 6 above.   

9. Please provide the percentage of the site that is proposed to be planted with a seed

mix that is “dominated by wildflowers” according to Exhibit A-1.1, Sheet C.202. 

RESPONSE: Glacier Meadows objects to this Request as the term “percentage” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows is planning for 26-50% of the site to be dominated by wildflowers, pending 

coordination with the Project’s Engineering, Procurement, and Construction (“EPC”) 

contractor. See a copy of the Project’s Pollinator Habitat Planning Scorecard in Exhibit A-

1.1, Sheet C.507. 

10. Please confirm whether all species on the seed tags for pollinator and other

groundcover plantings will be cross-referenced against the Midwest Invasive Species Information 

Network (MISIN) database to prevent the introduction of invasive species. If not confirming, 

please explain. 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “cross-

referenced” is vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed.  Glacier Meadows will cross-reference all species on seed tags for pollinator and 

other groundcover plantings against the MISIN database to prevent the introduction of 

invasive species.  

11. Please confirm whether, and to what extent, personnel will be required to clean

equipment before entering and leaving the site, to minimize the spread of invasive species. If not 

confirming, please explain why not. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “required,” 

“clean,” and “minimize the spread” are vague, ambiguous, and subject to multiple, 

subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

During construction, equipment will be required to arrive clean and will be inspected prior 

to starting work onsite. Equipment will remain onsite until construction is done. When 

paired with the Project’s proposed weed prevention plans (see draft vegetation management 

plan), invasive species spread is anticipated to be minimized. 

Please refer to Exhibit A-1.5: 

12. Please provide a narrative discussing the Applicant’s efforts to comply with the

overlay districts of Blissfield and Deerfield Townships. 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “narrative,” 

“efforts,” and “comply” are vague, ambiguous, and subject to multiple, subjective 

interpretations. Glacier Meadows further objects to the extent this Request seeks to impose 

or imply a burden greater than that set forth under Public Act 233 or the Application 

Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The Deerfield Township overlay district is limited to parcels within 1,250' of the centerline 

of a transmission line.  The Blissfield Township overlay district is limited exclusively to 

parcels located in Section 16.  These restrictive districts are incompatible with utility scale 

renewable energy development and would not make it possible for the Project to meet the 

requirements of the Generator Interconnection Agreement (“GIA”) with the Michigan 

Electric Transmission Company and the Midcontinent Independent System Operator that 

outlines the Project location and capacity, which directly correlates to the footprint required 

for the Project. 

13. Please provide the target direct current (DC) nameplate capacity of panels to be

installed for the project. 

RESPONSE: Glacier Meadows objects to this Request as the term “to be installed” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The target DC nameplate capacity of the Project is currently 282 MWdc. 
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14. Please provide the target DC nameplate capacity of panels to be installed for the

project divided by the nominal alternating current (AC) output of the project inverters (the target 

DC/AC ratio). 

RESPONSE: Glacier Meadows objects to this Request as the term “to be installed” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The Project’s DC/AC ratio at the POI is currently targeted to be 1.41. The Project’s DC/AC 

ratio at the inverter level is currently targeted to be 1.30. 

15. Please provide the total DC nameplate capacity of panels proposed in the

application. Please indicate any changes from the plans presented in the application to current 

plans.  

RESPONSE: Glacier Meadows objects to this Request as the term “changes” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows incorporates its Responses to Request Nos. 13 and 14 above.  Answering 

further, the current target DC nameplate capacity of the Project is 282 MWdc. To achieve 

this DC capacity, 522,828 PV modules are currently proposed. Each PV module is proposed 

to have a nominal power output of 540 watts. Currently, there have been no changes to the 

plans presented in the Application. However, as the Project proceeds forward in the 

equipment selection process with its Engineering, Procurement, and Construction (“EPC”) 

contractor, the nominal power output of each module could change, which could lead to a 

change in the overall number of modules and/or a change in the overall DC capacity, among 

other things. 
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16. Please provide evidence and justification for why the Applicant’s selected project

size (capacity and footprint) is an appropriate tradeoff between increased benefits and increased 

impacts. In particular, please provide evidence and justification for why the Applicant did not 

select an alternative that occupies a smaller land area, even if such alternative would have a lower 

nameplate capacity. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “evidence,” 

“justification,” “appropriate,” “tradeoff,” “benefits,” “impacts,” and “alternative” are 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The Project has been proposed to meet the needs of both utility and corporate customers and 

support Michigan's renewable energy goals, pursuant to PA 234 of 2023, to achieve 50% 

renewable energy by 2030, 60% renewable energy by 2035, and 100% clean energy statewide 

by 2040.  The Project is anticipated to generate enough clean renewable energy to power 

approximately 50,000 homes in Michigan annually, providing sustainable, secure, and 

reliable energy to customers.  Glacier Meadows has executed a Generator Interconnection 

Agreement (“GIA”) with the Michigan Electric Transmission Company and the 

Midcontinent Independent System Operator that outlines the Project location and capacity 

which directly correlates to the footprint required for the Project.  The GIA requires the 

Project to be able to generate 200MWac of energy, which correlates to a need of over 2,000 

acres.  The Project was selected based on its proximity to the POI and minimizing impacts 

to environmental resources and utilities, as informed by extensive site characterization 
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studies and engineering efforts advanced during project development.  Appendix II, Exhibit 

A-1.5 outlines this further.

Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 12 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 13 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 14 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 15 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 16 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 17 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 18 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 19 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 20 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 21 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 22 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 23 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 24 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 25 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 26 of 27



Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.2 
Page 27 of 27



Staff's Fourth Discovery Request to Company and Responses, Items 1 through 4

Please refer to Exhibit A-1.1 and A-1.3: 

1. Please provide the methodology that the Applicant used to determine where

“Existing Vegetative Treelines” exist, as identified in Exhibit A-1.1, Sheet C.202.  RESPONSE: 

Glacier Meadows objects to this Request as overly broad and unduly burdensome. 

Glacier Meadows further objects to this Request as the terms “methodology” and 

“determine” are vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject and without waiving any objections, Glacier Meadows states as follows: 

Existing vegetative treelines were derived per aerial mapping LiDAR returns and imagery. 

2. Please provide the methodology that the Applicant used to determine the instances

in which such treelines obviate the need for additional screening. If the presence of such treelines 

are assumed to always obviate the need for additional screening, please state as such, and please 

provide a narrative explaining/supporting such assumption.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “methodology,” 

“determine,” “obviate,” and “additional screening” are vague, ambiguous, and subject to 

multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The presence of treelines is assumed to obviate the need for additional screening. As stated 

in Exhibit A-1.3, Glacier Meadows will attempt to work with adjacent non-participating 
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landowners who do not have preexisting natural vegetation and express interest in additional 

screening. 

Please refer to Exhibit A-1.3: 

3. Within the proposed screening, please provide the proposed height of evergreen

trees at the time of planting.  

RESPONSE: Glacier Meadows objects to this Request as the terms “proposed height” and 

“time of planting” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows anticipates planting evergreens that are approximately 2 feet in height, 

subject to further coordination with Glacier Meadow’s selected Engineering, Procurement, 

and Construction (“EPC”) contractor on sourcing/availability.   

4. Confirm that the amount of compensation in lieu of screening for each landowner

will be equal to the avoided cost to install the Project’s proposed vegetative screening, on a linear 

foot basis, for that landowner. If not confirming, please explain the methodology for calculating 

the amount of the compensation, providing a sample calculation.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms 

“compensation,” “avoided cost,” “linear foot basis,” and “methodology” are vague, 

ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that the amount of compensation in lieu of screening for each landowner will be 
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equal to the avoided cost to install the Project’s proposed vegetative screening, on a linear 

foot basis, for that landowner. 
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Staff's Seventh Discovery Request to Company and Responses, Items 1 through 6

Please refer to Exhibit A-1.3: 

1. Please list and describe the Applicant’s experience with planting vegetative

screening for previous solar projects in Michigan, or in other locations with similar climates. 

Specifically, for each example, please indicate:  

a. The height of evergreen trees at the time of planting,

b. The survival rate of the evergreen plantings at 3, 5, and 10 years; and,

c. The year following planting in which the evergreen trees reached 6 feet in
height, on average.

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “experience,” 

“previous solar project,” “similar climates, and “survival” are vague, ambiguous, and 

subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows does not have experience planting vegetative screening for solar projects 

in Michigan specifically; however, it has relevant experience with vegetative screening and 

evergreen planting on projects in other locations, including the following: 

North Dakota: Glacier Meadows has experience with evergreen tree planting on 

projects in North Dakota in support of local permitting requirements. While the climate 

differs from Michigan, both regions share characteristics relevant to screening design 

including cold-weather species’ hardiness requirements and wind exposure considerations. 

Arizona: Glacier Meadows has experience installing vegetative barriers on solar 

projects in Arizona. Although the climate is arid and distinct from Michigan, many of the 
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foundational considerations apply, including species selection for screening effectiveness, 

establishment, and maintenance planning, and coordination with civil and grading design. 

Answering further, Glacier Meadows will engage qualified local landscape and 

ecology professionals with Michigan-specific knowledge to inform species selection and 

planting design for Glacier Meadows, consistent with MPSC requirements and community 

screening objectives. 

Glacier Meadows’s standard is to utilize an agricultural fence to blend more 

seamlessly with surrounding properties in alignment with the selected EPC contractor, and 

to incorporate vegetative buffer on parcels according to community feedback and requests. 

This method is applied across the majority of Glacier Meadows’s 6 GW onshore North 

America operational portfolio.  

a. North Dakota: Evergreens were planted at a height of 1-2 feet. Arizona:

Evergreens were not planted due to climatic differences.

b. At this time, the screening plantings are too young to provide this

information. Research on this topic indicates that in North Dakota,

evergreen plantings generally see a 70% to 90% survival rate after 3

years, dropping to 60% to 75% at 5 years. By 10 years, survival

typically levels out around 50% to 60%. In Arizona, evergreen planting

survival is highly dependent on timing of planting and supplemental

irrigation.

c. At this time, Glacier Meadows’ screening plantings are too young to

provide this information; however, research on this topic indicates that

evergreens planted when they are 1-2 feet in height typically require 3
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to 10 years following planting to reach 6 feet in height, depending on 

the species and site conditions. Fast-growing evergreen varieties under 

ideal conditions can reach 6-feet in height within 3 years, but generally, 

evergreens are expected to mature in 6-10 years. 

Please refer to Exhibit A-1.2 and Exhibit A-9: 

2. Please provide a map, either as a PDF or GIS/KMZ files, showing all participating

parcels that have agricultural drain tile. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “agricultural 

drain tile” is vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows lacks information necessary to respond to this Request.  Answering 

further, Glacier Meadows does not yet have mapping showing participating parcels that have 

agricultural drain tile. Glacier Meadows will consult with all participating landowners prior 

to the start of construction in Q2 2027 to identify known agricultural drain tile locations. 

Please refer to Exhibit A-1.6. Note that, per the AFIP 7.6(b)(1), minor changes do not 

include any changes that would expand the footprint of the facility – in other words, the proposed 

fenced perimeter and other limits of disturbance. Note also that in previous cases, Staff has 

recommended the Commission consider specific changes to be minor, in the context of a particular 

project, when sufficient evidence has been provided to justify such recommendation. With that 

context: 
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3. Regarding Change 1, with respect to placement of photovoltaic and other (non-

substation) equipment within red-hashed area in Figure 1 that is not already part of the project 

footprint (“additional potential equipment locations”):  

a. Please discuss the extent to which the additional potential equipment
locations have been subject to desktop/field studies regarding impacts.

b. Are there any studies related to project impacts that were not conducted
across the additional potential equipment locations? If so, please list them.

c. Would use of the additional potential equipment locations create new or
additional impacts, require new permits, or run afoul of any of the criteria in 7.6(b)
from the AFIP, other than 7.6(b)(1)?

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “placement,” 

“project footprint,” “extent,” “additional,” “locations,” “impacts,” “studies,” “conducted,” 

“other equipment,” and “run afoul” are vague, ambiguous, and subject to multiple, 

subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

a. The additional locations are within the scope of the Project’s evaluated

study area and are consistent with the assumptions used in the

applicable environmental and permitting analyses.

b. If inverter or main power transformer locations shift, noise impacts

will be re-evaluated through an updated sound model. Otherwise, other

Project studies (including water resources, habitat, and cultural

resources) considered impacts across the entire Project footprint.

c. No. The additional potential facility locations would not create new or

additional impacts, require new permits, or trigger any of the criteria

in AFIP 7.6(b), other than 7.6(b)(1). Specifically, the additional
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locations would not affect water detention or retention, stormwater 

management, drainage patterns, or stormwater runoff and therefore 

do not implicate AFIP 7.6(b)(4). 

4. Regarding Change 1, with respect to placement of the substation facilities within

the blue-dotted area in Figure 1 that is not already being used for the substation facilities 

(“additional potential facility locations”):  

a. Please discuss the extent to which the additional potential facility locations
have been subject to desktop/field studies regarding impacts. Are there any studies
related to project impacts that were not conducted across the additional potential
facility locations? If so, please list them.

b. Would use of the additional potential facility locations create new or
additional impacts, require new permits, or run afoul of any of the criteria in 7.6(b)
from the AFIP, other than 7.6(b)(1)? Please specifically address 7.6(b)(4).

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “placement” 

“substation facilities,” “extent,” “subject,” “studies,” “conducted,” “impacts,” and “run 

afoul” are vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows:  

a. Desktop and field studies related to Project impacts have been

completed for all parcels within the Project footprint.

b. No. The additional potential facility locations would not create new or

additional impacts, require new permits, or trigger any of the criteria

in AFIP §7.6(b), other than §7.6(b)(1). Specifically, the additional

locations would not affect water detention or retention, stormwater

management, drainage patterns, or stormwater runoff and therefore

do not implicate AFIP §7.6(b)(4).
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5. Regarding Changes 2 and 3, please confirm that the final collection system and

HDD crossing design, for both collection line and the gen-tie line, will be designed consistent with 

typical industry practices to minimize the total length of such features and therefore the total area 

of disturbance, except where additional length may be necessary for avoidance of specific impacts. 

Please further confirm that the final version of those features will be of similar length and location 

to the features as proposed in the application, other than as changed consistent with those design 

principles and avoidance measures. If not confirming both, please explain why not.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “final,” 

“collection system,” “designed consistent,” “typical,” “industry practices,” “minimize,” 

“necessary,” “features,” “similar,” and “principles and avoidance measures” are vague, 

ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed. Both the collection line and the gen-tie line will be designed consistent with 

typical industry practices to minimize the total length of such features and therefore the total 

area of disturbance, except where additional length may be necessary for avoidance of 

specific impacts. Confirmed further that the final version of those features will be of similar 

length and location to the features as proposed in the Application, other than as changed 

consistent with those design principles and avoidance measures. 

6. Regarding Change 6, please provide any updates to the necessity of such change

since submission of the application.  
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “updates” and 

“necessity” are vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

ITC has developed a design to accommodate the Project’s interconnection into the existing 

Morocco Substation within the existing POI footprint without necessitating a bump-

out/substation enclosure expansion; thus Change 6 is not presently anticipated to occur. 
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Jurisdiction Total Area Developed Water Farmable Prime, Soils Developed & Prime Prime %
Blissfield 13454.5 1483.1 21 11950.4 5454.8 197.2 44.0%
Deerfield 16116.8 875.8 23.9 15217.1 1487.0 46.8 9.5%
Lenawee 487197 47204.5 7674.1 432318.4 116681.89 16011.0 23.3%
Unit Acres Acres Acres Acres Acres Acres %

Source or Formula Exhibit A-9 CroplandCROS CroplandCROS

=[@[Total 
Area]]-
[@Developed
]-[@Water] SSURGO

CroplandCROS + 
SSURGO

=([@[Prime, 
Soils]]-
[@[Developed & 
Prime]])/[@Farm
able]
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Exist. Gen. Exist. Gen. % Land for Specialty Crops Proj. Farmable Proj. Prime Proj. Prime % Proj. Farmland Use %
0 0.0% 721 150.4 0.0 0.0% 1.3%
0 0.0% 1161.4 939.4 0.0 0.0% 6.2%

1196 0.25% 4305.9 1089.8 0.0 0.0% 0.3%
Acres % Acres Acres Acres % %

Exhibit A-2

=[@[Exist. 
Gen.]]/([@[Tota
l Area]]-
[@Water]) CroplandCROS

Staff Calculation of 
Company GIS Fenced 
Area SSURGO

=[@[Proj. 
Prime]]/[@[Proj. 
Farmable]]

=[@[Proj. 
Farmable]]/[@Farmable]
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Proj Prime Use % Final Gen. Final Gen. %
0.0% 150.388954 1.1%
0.0% 939.364017 5.8%
0.0% 2285.752971 0.5%

% Acres %

=[@[Proj. 
Prime]]/([@[Prime, 
Soils]]-[@[Developed & 
Prime]])

=[@[Project 
Farmable]]+[@[Exist. 
Gen.]] =[@[Final Gen.]]/[@[Total Area]]
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Value Category Pixel count Area (acres) Specialty?
5 Soybeans 220516 5449.1 FALSE
1 Corn 145788 3602.5 FALSE

243 Cabbage 20331 502.4 TRUE
36 Alfalfa 10913 269.7 FALSE
24 Winter Wheat 10322 255.1 FALSE
61 Fallow/Idle Cropland 6602 163.1 FALSE
54 Tomatoes 4745 117.3 TRUE
43 Potatoes 2386 59 TRUE

216 Peppers 828 20.5 TRUE
12 Sweet Corn 425 10.5 TRUE
31 Canola 214 5.3 FALSE
44 Other Crops 179 4.4 FALSE
26 Dbl Crop WinWht/Soybeans 153 3.8 FALSE
21 Barley 143 3.5 FALSE
47 Misc Vegs & Fruits 142 3.5 TRUE
50 Cucumbers 110 2.7 TRUE
28 Oats 86 2.1 FALSE
68 Apples 76 1.9 TRUE
27 Rye 61 1.5 FALSE

6 Sunflower 54 1.3 FALSE
228 Dbl Crop Triticale/Corn 41 1 FALSE

60 Switchgrass 39 1 FALSE
229 Pumpkins 39 1 TRUE

42 Dry Beans 38 0.9 TRUE
58 Clover/Wildflowers 29 0.7 TRUE
37 Other Hay/Non Alfalfa 22 0.5 FALSE
69 Grapes 13 0.3 TRUE

4 Sorghum 9 0.2 FALSE
56 Hops 7 0.2 TRUE

221 Strawberries 3 0.1 TRUE
59 Sod/Grass Seed 2 0 FALSE
76 Walnuts 1 0 TRUE

225 Dbl Crop WinWht/Corn 1 0 FALSE
176 Grassland/Pasture 27275 674 FALSE
122 Developed/Low Intensity 25995 642.3 FALSE
141 Deciduous Forest 24600 607.9 FALSE
121 Developed/Open Space 18402 454.7 FALSE
123 Developed/Med Intensity 11595 286.5 FALSE
190 Woody Wetlands 6730 166.3 FALSE
124 Developed/High Intensity 4030 99.6 FALSE
111 Open Water 848 21 FALSE
131 Barren 409 10.1 FALSE
195 Herbaceous Wetlands 176 4.3 FALSE
143 Mixed Forest 59 1.5 FALSE
142 Evergreen Forest 48 1.2 FALSE
152 Shrubland 2 0 FALSE
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Value Category Pixel count Area (acres) Specialty?
5 Soybeans 298778 7383 FALSE
1 Corn 159133 3932.3 FALSE

24 Winter Wheat 39361 972.6 FALSE
243 Cabbage 20726 512.1 TRUE

68 Apples 10325 255.1 TRUE
54 Tomatoes 8680 214.5 TRUE

216 Peppers 4420 109.2 TRUE
61 Fallow/Idle Cropland 4066 100.5 FALSE

229 Pumpkins 1360 33.6 TRUE
36 Alfalfa 1248 30.8 FALSE
43 Potatoes 709 17.5 TRUE
12 Sweet Corn 368 9.1 TRUE
50 Cucumbers 229 5.7 TRUE
27 Rye 160 4 FALSE
60 Switchgrass 134 3.3 FALSE
76 Walnuts 72 1.8 TRUE
44 Other Crops 57 1.4 FALSE
42 Dry Beans 43 1.1 TRUE
26 Dbl Crop WinWht/Soybeans 38 0.9 FALSE
47 Misc Vegs & Fruits 24 0.6 TRUE
59 Sod/Grass Seed 24 0.6 FALSE

228 Dbl Crop Triticale/Corn 19 0.5 FALSE
6 Sunflower 16 0.4 FALSE

69 Grapes 14 0.3 TRUE
58 Clover/Wildflowers 13 0.3 TRUE
71 Other Tree Crops 13 0.3 TRUE
37 Other Hay/Non Alfalfa 11 0.3 FALSE
39 Buckwheat 7 0.2 FALSE
31 Canola 6 0.1 FALSE

4 Sorghum 5 0.1 FALSE
221 Strawberries 5 0.1 TRUE

70 Christmas Trees 4 0.1 TRUE
254 Dbl Crop Barley/Soybeans 3 0.1 FALSE

21 Barley 2 0 FALSE
28 Oats 2 0 FALSE

222 Squash 1 0 TRUE
225 Dbl Crop WinWht/Corn 1 0 FALSE
176 Grassland/Pasture 31413 776.2 FALSE
141 Deciduous Forest 27771 686.2 FALSE
121 Developed/Open Space 15576 384.9 FALSE
122 Developed/Low Intensity 14066 347.6 FALSE
190 Woody Wetlands 5562 137.4 FALSE
123 Developed/Med Intensity 4746 117.3 FALSE
124 Developed/High Intensity 1052 26 FALSE
111 Open Water 969 23.9 FALSE
131 Barren 816 20.2 FALSE
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195 Herbaceous Wetlands 95 2.3 FALSE
142 Evergreen Forest 68 1.7 FALSE
143 Mixed Forest 25 0.6 FALSE
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Value Category Pixel count Area (acres) Specialty?
5 Soybeans 6111523 151018.8 FALSE
1 Corn 3742091 92468.9 FALSE

24 Winter Wheat 1004877 24831 FALSE
36 Alfalfa 483240 11941.1 FALSE
61 Fallow/Idle Cropland 70555 1743.4 FALSE

243 Cabbage 58115 1436.1 TRUE
228 Dbl Crop Triticale/Corn 33197 820.3 FALSE

54 Tomatoes 21878 540.6 TRUE
60 Switchgrass 18738 463 FALSE
42 Dry Beans 18718 462.5 TRUE
43 Potatoes 17631 435.7 TRUE
58 Clover/Wildflowers 16453 406.6 TRUE
26 Dbl Crop WinWht/Soybeans 15316 378.5 FALSE

216 Peppers 14729 364 TRUE
68 Apples 11172 276.1 TRUE
44 Other Crops 10632 262.7 FALSE

205 Triticale 7822 193.3 FALSE
21 Barley 5570 137.6 FALSE
28 Oats 4496 111.1 FALSE
12 Sweet Corn 4428 109.4 TRUE
27 Rye 4242 104.8 FALSE

229 Pumpkins 2871 70.9 TRUE
71 Other Tree Crops 2413 59.6 TRUE
47 Misc Vegs & Fruits 2379 58.8 TRUE
50 Cucumbers 1885 46.6 TRUE

4 Sorghum 1690 41.8 FALSE
59 Sod/Grass Seed 1541 38.1 FALSE
37 Other Hay/Non Alfalfa 1454 35.9 FALSE
69 Grapes 673 16.6 TRUE

254 Dbl Crop Barley/Soybeans 579 14.3 FALSE
76 Walnuts 508 12.6 TRUE
31 Canola 465 11.5 FALSE
30 Speltz 242 6 FALSE
70 Christmas Trees 189 4.7 TRUE

221 Strawberries 147 3.6 TRUE
6 Sunflower 85 2.1 FALSE

225 Dbl Crop WinWht/Corn 45 1.1 FALSE
222 Squash 31 0.8 TRUE

56 Hops 29 0.7 TRUE
39 Buckwheat 24 0.6 FALSE
13 Pop or Orn Corn 3 0.1 FALSE

141 Deciduous Forest 2416035 59701.4 FALSE
176 Grassland/Pasture 2333863 57670.9 FALSE
190 Woody Wetlands 1174305 29017.7 FALSE
121 Developed/Open Space 809225 19996.4 FALSE
122 Developed/Low Intensity 762659 18845.7 FALSE
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111 Open Water 310559 7674.1 FALSE
123 Developed/Med Intensity 255498 6313.5 FALSE
124 Developed/High Intensity 82915 2048.9 FALSE
142 Evergreen Forest 29355 725.4 FALSE
131 Barren 23854 589.4 FALSE
143 Mixed Forest 14778 365.2 FALSE
195 Herbaceous Wetlands 8160 201.6 FALSE
152 Shrubland 100 2.5 FALSE

Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.5 
Page 8 of 10



CroplandCROS Value Crop Name
71 Other Tree Crops
42 Dry Beans
12 Sweet Corn
50 Cucumbers

229 Pumpkins
47 Misc Vegs & Fruits
56 Hops
68 Apples
14 Mint
43 Potatoes
66 Cherries
70 Christmas Trees
69 Grapes

242 Blueberries
222 Squash

53 Peas
58 Clover/Wildflowers
54 Tomatoes

216 Peppers
76 Walnuts

221 Strawberries
243 Cabbage

67 Peaches
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Area
29.52026
33.65435
59.74592

49.0592
26.65092
30.07243
17.00983
25.72292

0.04026
8.972398
10.80238
23.71229
23.68445
5.591317

3.65303
18.74633
14.94952
40.38679
17.82775
79.84312
52.93057
4.722583

1.33121
14.5138

6.784118
19.28899
0.647763
7.687974
27.93782
9.246588
13.92968
16.70111
23.22252
25.66041
37.59667

Total PA 116 Acres 781.8473 =SUM(B2:B30)
PA 116 Fraction 71.7% =B37/1089.8
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The potential land requirements 
and related land use change 
emissions of solar energy
Dirk‑Jan van de Ven1*, Iñigo Capellan‑Peréz2, Iñaki Arto1, Ignacio Cazcarro1,3, 
Carlos de Castro2, Pralit Patel4 & Mikel Gonzalez‑Eguino1,5

Although the transition to renewable energies will intensify the global competition for land, the 
potential impacts driven by solar energy remain unexplored. In this work, the potential solar land 
requirements and related land use change emissions are computed for the EU, India, Japan and 
South Korea. A novel method is developed within an integrated assessment model which links 
socioeconomic, energy, land and climate systems. At 25–80% penetration in the electricity mix of 
those regions by 2050, we find that solar energy may occupy 0.5–5% of total land. The resulting land 
cover changes, including indirect effects, will likely cause a net release of carbon ranging from 0 to 
50 gCO2/kWh, depending on the region, scale of expansion, solar technology efficiency and land 
management practices in solar parks. Hence, a coordinated planning and regulation of new solar 
energy infrastructures should be enforced to avoid a significant increase in their life cycle emissions 
through terrestrial carbon losses.

The technologies harnessing renewable energy sources are characterized by a power density several orders of 
magnitude lower than fossil fuels1. As a consequence, the transition to these sources of energy is expected to 
intensify the global competition for land2–4. For example, the sprawl of bioenergy has been already identified as 
the major driver of recent land use change (LUC) in developed regions5,6. Increasing land competition can cause 
various environmental impacts intensifying biodiversity loss, water use or indirect land use change (iLUC) emis-
sions. The latter refers to emissions produced by using cropland for energy purposes and, therefore, indirectly 
increasing land competition elsewhere in the world to meet global food demand, potentially replacing land 
with high carbon stocks, such as natural forests7–10. For example, the literature estimates that the indirect land 
competition induced by liquid biofuels in developed regions leads to global land clearing and associated iLUC 
emissions higher than the emission savings achieved by replacing gasoline by these biofuels during 30 years11–13.

For sources of renewable energy other than bioenergy, land requirements and the associated environmental 
impacts remain understudied in the literature from a quantitative point of view1,10. In the case of solar energy, the 
land competition element is usually expected to be negligible due to its higher relative energy density compared to 
bioenergy and the possibility to integrate it in urban areas or non-productive land7,14–16, and as such is currently 
excluded from official statistical reporting and integrated assessment models (IAMs). However, recent studies 
based on satellite views of utility-scale solar energy (USSE) under operation, either in the form of photovoltaics 
(PV) or concentrated solar power (CSP), show that their land use efficiency (LUE) is up to six times lower than 
initial estimates17–19. Applying such observed LUEs accordingly reduces the potential contribution of solar on 
rooftop space1,20,21.

The installation of USSE on land is subject to a diversity of constraints: solar resource constraints, which are 
related to the solar irradiance in a certain area; geographical constraints such as the slope and the existing use of 
the land; and regulatory constraints, e.g. the protected status of the land, often related to ecosystem and wildlife 
preservation21–27. Therefore, where available, deserts and dry scrubland with high solar irradiance and which are 
generally not suitable for human activities, are used or planned to be used for solar energy26–28. However, beyond 
hard restrictions, other features such as the lack of road, electricity and water infrastructures, and the distance 
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from human settlements complicate the large scale construction, operation and maintenance of solar power in 
these areas22. On top of that, spatial frictions might occur if land which is made available for solar energy by 
national or local governments is in reality a biodiversity hotspot29,30 or the home of human communities31,32. 
Recent developments show that USSE in densely populated countries is often installed on arable land that is 
used or potentially suitable for other productive uses such as agriculture or forestry17,26,33,34, intensifying land 
competition for the same reasons as the sprawl of bioenergy does. Furthermore, clearing currently vegetated 
land for USSE also has local impacts on biodiversity, carbon cycling and aestetics25,30,35.

The share of solar energy in global electricity scenarios that are largely or fully decarbonized by 2050 usually 
vary from about 20% to 60%36,37. For specific regions, these penetration levels can even range up to 90%37. Due 
to the potential relevance and relatively low power density of solar energy in a decarbonized future, and given 
that PV in urban areas will only be able to cover a share of the total demand1,21, this paper aims to quantify the 
potential land occupation of solar energy installed up to 2050, and the related direct and indirect impacts on 
carbon cycles, within a context of global climate action as proposed in the Paris Agreement. We concentrate on 
three regions with heterogeneous features where futures with a high solar energy penetration have been identi-
fied in the literature as likely to induce land competition: the European Union (EU), India and jointly Japan 
and South-Korea. Uncertainties in terms of future solar module efficiency improvements up to 2050 (20, 24, 
28%) are taken into account, as well as solar land management options and their different associated impacts 
on local carbon cycles: depending on how the land below and around solar energy installations is managed, 
and on the land use prior to the conversion to solarland, land transformation for hosting USSE can cause a net 
release of carbon that was stored in soil and vegetation, or can lead to net carbon uptake38. See Section 2 of the 
Supplementary Material (SM) for an overview of the scenarios designed for this study.

Results
A novel method has been specifically designed in this work which allows dynamically accounting for the land 
occupation of solar energy, depending on the geographical location and year of installation and based on real-
world LUE observations1,17, within a state-of-the-art Integrated Assessment Model (IAM) that links energy, land, 
socioeconomic and climate systems (see “Methods” section) and that has also been applied in other studies to 
measure the terrestrial carbon leakage induced by bioenergy in a climate change mitigation context9,39,40. Through 
this model, a range of electricity mix penetration scenarios are simulated for solar energy technologies (and bio-
energy for comparison). Based on the spatially defined LUE of solar energy, as well as the identified potential for 
solar energy in urban areas, deserts and dry scrublands, land use for solar energy competes with other land uses 
through the inherent relative profitability of each land use. The induced global land cover changes and related 
LUC emissions are then compared with scenarios where the same emission reduction targets in the electricity 
sector are achieved without solar and bioenergy, to isolate the additional land requirements, land cover impacts 
and related LUC emissions provoked by solar and bioenergy.

Solar land occupation.  Table  1 shows the obtained results for absolute and relative land requirements 
of solar energy, based on land that is (potentially) suitable for commercial production (i.e. crops, animal hus-
bandry, and forestry, so excluding the use of rooftops deserts and dry scrublands), for the simulated scenarios 
at penetration rates ranging from 26 to 79% of the electricity mix, and for the range of future solar PV module 
efficiencies. Due to the lower irradiance and higher latitude of Europe, absolute land use of per unit of solar out-
put is almost twice as high as in Japan and South-Korea and three times higher as in India (see Fig S6 in the SM). 
This ratio increases with higher penetration rates, due to the satiation of the potential to generate solar energy 
on rooftops (see also Figure S12 in the SM) in combination with the decreasing marginal returns for land-based 
solar energy. With solar energy accounting for 25 to 80% of the electricity mix, land occupation by USSE is 
projected to be significant, ranging from 0.5 to 2.8% of total territory in the EU, 0.3 to 1.4% in India, and 1.2 to 
5.2% in Japan and South-Korea. This occupation is unequally spread within each of the regions, as areas that are 
relatively attractive for solar energy are prioritized in each region, such as southern Europe, north western India, 
and southern Japan and South-Korea (see Fig. 1).

The future land requirements of solar energy obtained for each scenario and region can be put in perspective 
compared, for example, to the current level of built-up area and agricultural cropland. In the three regions, a large 
part of the total built-up area (urban and solar land) will consist of solar PV panels or CSP heliostats by 2050 if 
at least half of the produced electricity comes from solar power. Land for solar would amount to over 50% of the 
current EU urban land, over 85% for India, and over 75% in Japan and South-Korea. From a different perspective, 
a significant part of the sunlight captured for commercial use would be used for electricity generation instead of 
growing crops, especially in Japan and South-Korea (29–39%) and the EU (8–10%). The relative projected land 
area dedicated to either crops or solar energy strongly differs within each region, with potential local ecosystem 
and landscape implications (see Figure S16 in the SM).

Land cover changes.  Solar energy infrastructure currently occupies a negligible amount of land globally. 
Our results show that this changes in scenarios with a high share of solar energy in the future electricity mix. 
Figure 2 shows the obtained land cover changes related to increasing solar energy (see Table 1), within each of 
the three regions (upper part of the figure), and indirectly driven land cover changes outside of these regions in 
the rest of the world (lower part). Based on assumptions on economic and suitability constraints (see Section 1c 
in SM), solar energy expansion in the three regions is found to predominantly replace (or avoid future land con-
version to) land used for commercial purposes, such as cropland or commercial forest (e.g. for timber products 
or biomass). Instead, solar energy penetration is not found to significantly affect the cover of unmanaged land in 
each of the three regions. However, the displacement of commercial land within each of the three focus regions 
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would incentivise the use of currently unused arable land in other regions, while also boosting the commerciali-
sation of unmanaged land, indirectly leading to the loss of natural land cover. The magnitude of this indirect 
land cover impact depends on the crop and forestry productivity in regions where solar energy penetration 
takes place: relatively high crop productivities in the EU, Japan and South-Korea mean that the displacement of 
cropland from these regions to regions with lower crop productivities would indirectly increase global cropland 
cover, amplifying the impact of solar energy expansion in these regions on global land competition by up to 22%. 
This effect is lower at lower solar energy penetration levels (even negative in the EU), as solar energy is projected 
to displace the most marginal cropland first. In India, where current and projected crop productivities are below 
the global average, the impact of solar expansion on global land competition is less significant.

Figure 2 shows that, either directly or indirectly, expansion in solar energy predominantly reduces non-
commercial land cover on a global scale: for every 100 hectares of solarland in the EU, we find that, depending 
on the solar penetration level, 31 to 43 hectares of unmanaged forest may be cleared throughout all the world. 
The same amount of solarland in India would clear 27 to 30 hectares of unmanaged forest, and for Japan and 
South-Korea, the ratio is 49 to 54 hectares.

Table 1.   Land occupation characteristics at different solar penetration levels by 2050. Ranges show results for 
with different future solar module efficiencies with left values within each solar-related column representing 
28% efficiency and right values 20%. Results for bioenergy scenarios included for comparison. a These are 
realized penetration levels. See Section 1b in the SM for more information. b Land suitable for commercial 
purposes does not include the use of rooftop space, deserts or dry scrublands that are not suitable for crop, 
pasture or forest cultivation. Deserts and dry scrublands in India host about 11.5–12% of solar energy 
throughout all penetration scenarios of solar energy in India (see Figure S8 in the SM). See the “Methods” 
section and Section 2b in the SM for modelling details with respect to location choices. c These columns 
compare the “Land suitable for commercial purposes by 2050” to total land, urban land (in 2010; future urban 
expansion is not modelled) and total crop area (abstracted from the same modelled scenarios).

Focus region

Solar penetration 
by 2050a

Rooftop PV 
generation share 
of solar (2050)

Occupation of land suitable for 
commercial purposes (b) by 2050 Relative solar land occupation by 2050c

Occupation of 
land suitable 
for commercial 
purposes (b)

% of total 
electricity (PWh 
in 2050)

% of solar 
penetration by 
2050

Solar energy
Bioenergy (% 
within region) % of total land 

area

Compared to 
urban area in 
2010 (%)

Compared to 
crop area in 2050 
(%)

km2 per TWh 
solar (average 
2020–2050)1000 km2

European Union

26 (1.19) 24.3–23.0 21–28 366 (45) 0.5–0.7 20–27 1.9–2.5 19.4–24.2

53 (2.54) 12.3–11.6 53–69 614 (38) 1.3–1.7 50–66 4.8–6.3 22.1–28.0

79 (3.87) 8.1–7.6 85–111 969 (32) 2.1–2.8 81–106 7.7–10 23.5–29.7

India

30 (1.8) 10.6–9.9 10–14 596 (16) 0.3–0.5 46–62 0.6–0.9 6.4–8.2

54 (3.29) 5.9–5.5 20–26 1051 (12) 0.7–0.9 88–118 1.2–1.6 6.5–8.5

78 (4.88) 3.6–3.3 30–41 1516 (10) 1.0–1.4 137–182 1.9–2.5 6.9–8.8

Japan and South-
Korea

28 (0.5) 25.0–22.1 5–6 185 (17) 1.2–1.6 36–48 8.3–11 12.9–15.6

46 (0.8 PWh) 15.6–13.8 9–12 279 (13) 2.3–3 68–89 16–21 13.3–16.4

74 (1.3 PWh) 9.0–8.1 16–21 429 (10) 4–5.2 120–157 29–39 13.9–17.1

Figure 1.   Geographical distribution of the share of total land occupied by solar energy within each region, 
by agro-ecological zone. See “Methods” section and Figure S1 of the SM for more information on the spatial 
resolution used in this study. Source: Authors´ own elaboration with the Arc GIS 10.5.1 Desktop (Esri) software.
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Impact on terrestrial carbon stocks.  The land cover changes in Fig. 2 imply that solar expansion leads 
to LUC emissions, such as iLUC emissions related to increasing global land competition, emissions related to 
vegetation loss if forest and scrubland makes place for solarland (either directly through deforestation or indi-
rectly by avoiding future afforestation), and carbon release from soil and vegetation directly below the installed 
panels, where sunlight is much reduced35. However, an important part of the emission balance is related to the 
land management regime applied in solarland. If all vegetation is cleared and avoided to regrow through the 
application of herbicides, which is a common practice in various countries41, LUC emissions from solar expan-
sion are further amplified. In contrast, if arable land plots are converted to solar parks whose surface is managed 
as pastures, there will be a net carbon sequestration in vegetation and soil in the decades following upon the 
conversion (apart from the land directly below the panels, where photosynthesis is largely blocked)35, offsetting 
some or all of the inevitable LUC emissions caused by land competition. In reality, the application of a particular 
land management practice depends on a diversity of local factors (policies, climate, etc.). See “Methods” section 
for a detailed explanation of each land management regime.

Figure 3 and Table 2 show the obtained LUC emissions per unit of solar energy installed from 2020 to 2050 
associated to the different simulated solar penetration and module efficiency scenarios, and for different man-
agement regimes of the land in solar parks. They show that solar expansion scenarios until 2050 will most likely 
lead to net LUC emissions, although there can be a net carbon sequestration in India when managing the land 
in solar parks as pastures. The sequestration effect is amplified if delayed post-2050 impacts on local carbon 
cycles are taken into account (see Table 2). In the absence of land management practices specifically aiming at 
carbon sequestration, land cover change due to the expansion of solar energy in the EU would cause 13 to 53 g 
of CO2 per produced kilowatt-hour (kWh) of electricity, about 4 to 16% of the CO2 emissions from natural gas 
fired electricity. Solar energy in India involves significantly less land cover change per unit of output (see Fig. 2), 
and estimated LUC emissions per kWh are below 12 g of CO2 for all scenarios. In Japan and South-Korea, LUC 
emissions related to the expansion of solar energy are 11 to 35 g of CO2 per kWh. When using relatively efficient 
PV technologies such as monocrystalline and multicrystalline silicon (made from a single crystal of silicon and 
from many silicon fragments melted together, respectively) (lower range of estimated LUC emissions, higher 
range of non-land life cycle emissions), our results show that LUC emissions are comparable to about 10 to 50% 
the current non-land life cycle emissions for such technologies. Instead, when using less space-efficient but more 
resource-efficient PV technologies such as thin-film Cadmium telluride (CdTe) made by depositing one or more 
thin layers of photovoltaic material on a glass, plastic or metal substrate (higher range of LUC emissions, lower 
range of non-land life cycle emissions), we estimate LUC emissions in the range of 50 to 150% of the non-land 
life cycle emissions. If solarland is seeded with herbs and managed as pasture, net LUC emissions drop by more 
than 50% in most cases. 

Figure 2.   Global land-cover changes by 2050 due to solar expansion, for a range of solar energy penetration 
levels and for an average efficiency of installed solar modules of 24% by 2050. The upper graphs shows total land 
cover changes by 2050 relative to 2015 within each region and the lower side shows the land cover changes in 
the rest of the world (leaking), indirectly driven by the penetration of solarland within the region. Positive land 
cover changes refer to increases and negative to land cover loss. See Section 3b in the SM for aggregated global 
land cover changes. Note that land cover changes do not correspond with land use changes: this figure compares 
total land cover in different scenarios of land-based solar energy penetration, but does not show which specific 
types of land convert to solarland (or any other type of land). Note that these land cover changes are based on 
simulated land use decisions driven by economic optimisation. See “Methods” section for more details.
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Table 2 also shows the obtained emissions per m2 of land occupation by solar energy, which reflect the value 
of the used land in terms of its potential to sequester carbon: either directly by its capacity to sequester carbon in 
soil and vegetation, or indirectly by its agricultural productivity which, if being displaced by solarland, will lead 
to conversion of non-commercial land to agricultural land elsewhere. Since in our simulations land for USSE 
predominantly replaces commercial land growing crops or timber products within each region (see Fig. 2), solar 
energy expansion displaces commercial timber production to other regions, indirectly increasing carbon seques-
tration outside the region by incentivising currently degraded forest or other arable land to be commercialised 
for timber production. At higher solar penetration rates however, increasing land pressure causes more natural 
forests to be used for timber or crop production, leading to higher land use change emissions outside the region. 
This effect is best visible for solar penetration scenarios in the EU, due to the high absolute amount of land use.

Solar energy versus bioenergy.  IAMs which link energy, economy, land and climate modules tend to 
rely strongly on the cultivation of dedicated bioenergy crops (such as switchgrass and miscanthus) in global 
climate change mitigation scenarios43. As the land use impacts of bioenergy have been extensively analysed in 
other studies, using the same model9,39, we proceed to compare the land occupation and related LUC emissions 
of electricity production from solar energy and bioenergy, with the purpose of improving the comparability of 
the obtained results.

Table 1 shows that land requirements for reaching certain levels of electricity penetration with solar energy 
are about a magnitude lower than land requirements to meet those same levels with bioenergy. Comparing the 
additional global LUC emissions until 2100 as a result of reaching certain shares of bioenergy in the electricity 
mix of 2050 in the regions in this study, we observe from Table 2 that emissions per dedicated m2 are in many 
cases lower than for solar energy at the same penetration level in the electricity mix. However, the energy density 
of solar energy is a magnitude higher than that of bioenergy. By comparing the total LUC emissions from one 
unit of solar and bioenergy to the “avoided” periodical combustion emissions from natural gas fired electricity, we 
calculate the “CO2 payback period” of these renewable alternatives for electricity production, which is a common 
method to compare LUC emission impacts of different types of bioenergy13,44. Table 2 shows that the payback 
period of bioenergy is significantly higher (~ 4 years) than that of solar energy (< 8 months), as the higher land 
requirements for bioenergy more than offset the lower emissions per m2 found in most cases. However, since the 
physical characteristics of bioenergy allow for trade over large distances, comparable to fossil fuels and in contrast 
to electricity from solar energy, only a limited part of the land requirements and related LUC emissions driven 
by bioenergy expansion is projected to be within the EU, India, Japan and South-Korea. Note that these results 
do only focus at solar and bioenergy based in land with potential commercial use. Solar energy in urban areas, 

Figure 3.   Land use change emissions related to land occupation per kWh of solar energy from 2020 to 2050, for 
the three solarland management regimes applied (see “Methods” section for more details), and relative to other 
life cycle emissions of PV systems (depend on location of installation) and emissions from natural gas fired 
electricity (independent of location). Uncertainty bounds reflect solar module efficiency scenarios (reaching 
average efficiencies of 20, 24 and 28% for modules installed in 2050; see Section 2c in SM). 1 Non-land life cycle 
emissions of PV are based on a range of PV technologies, including mono and multicrystalline silicon (higher 
range), thin-film CdTe (lower range), CIS and a-Si systems as calculated in Liu & van den Bergh (2020)42, and 
based on an average global carbon intensity of electricity (0.48 kg CO2/kWh). The range is calculated by dividing 
the regionally weighted solar electricity output per m2 as used in this study, by CO2 emissions per m2 panel 
surface.
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deserts and dry scrublands, as well as bioenergy from waste or agricultural and forestry residue, are assumed 
not to contribute to LUC emissions nor carbon sequestration.

Discussion
By representing the land requirements of solar energy within an IAM that integrates energy, land, socioeconomic 
and climate systems, we were able to, for the first time in the literature to our knowledge, estimate the land cover 
impacts and related LUC emissions of solar energy within climate change mitigation scenarios up to 2050. The 
obtained results represent a contribution to the novel field of research which analyses the environmental impacts 
of significantly up scaling renewables other than biomass45,46.

A combination of technical and geopolitical reasons complicates the installation of solar energy far from 
consumption points. Therefore, a high share of solar generation in the energy mix in relatively densely populated 
regions with high per capita energy demands can require a significant share of domestic land, comparable to the 
current built-up area in these regions. The most relevant factors influencing the land use per unit of solar energy 
are solar irradiation, latitude, and future solar module efficiencies. At the domestic level, solar energy is found 
to predominantly compete for land with cropland and managed forests, while on a global scale, 27 to 54% of 
the land required for solar energy is found to indirectly displace unmanaged forests, predominantly outside the 

Table 2.   Land use change emissions and payback periods for solar penetration and solarland management 
scenarios. Ranges show results for with different future solar module efficiencies with left values within 
each solar-related column representing 28% efficiency and right values 20%. Results for bioenergy scenarios 
included for comparison. a CLEAR: permanently clearing land vegetation; MAINT: Maintain/restore previous 
vegetation (up to 30 cm); SEED: Seeding and management as pastures. See “Methods” section for a detailed 
description of these land management scenarios. b Dividing all LUC emissions from 2020 to 2050 to the total 
amount of generated electricity (including non-land-based sources, such as solar rooftops, unproductive land 
or waste-to-energy plants for bioenergy). c Dividing all LUC emissions from 2020, including delayed carbon 
release or sequestration until 2100, by the total land area dedicated to solar and bioenergy by 2050 (maximum 
point). Negative values indicate net carbon sequestration for every m2 of solarland. d Calculated assuming a 
thermal efficiency of 50% for natural gas power plants. Only taking account direct combustion emissions.

Solar penetration 
level

Land management 
scenario in 
solarlanda

Direct and indirect land use change (LUC) 
emissions due to solar energyb

LUC emissions per 
occupied m2c

LUC CO2 payback period 
when replacing gas-fired 
electricity d

% and PWh in 2050 
elect. mix

Within region Outside region Total Solar energy Bio-energy Solar energy Bio-energy

Grams of CO2 per kWh of solar electricity output 
between 2020 and 2050 (average)

kg CO2 (2020–2100) per m2 
of dedicated land in 2050 Months

European Union

26% (1.19 PWh)

CLEAR 28.1 to 38.6

− 6.4 to − 4.6

21.8 to 34.0 4.4 to 5.2

3

4.7 to 7.1

46.9MAINT 19.7 to 27.1 13.3 to 22.5 3.1 to 3.7 3.2 to 5.2

SEED 9.0 to 12.7 5.0 to 8.1 1.1 to 1.7 1.2 to 2.4

53% (2.54 PWh)

CLEAR 33.0 to 43.5

3.3 to 4.7

36.3 to 48.3 6.7 to 6.8

3.1

6.2 to 8.2

49.2MAINT 24.0 to 30.9 27.3 to 36.6 5.3 to 5.4 4.8 to 6.5

SEED 11.7to 15.4 15.0 to 20.1  ~ 3.1 2.9 to 3.8

79% (3.87 PWh)

CLEAR 34.6 to 46.7

5.6 to 6.9

40.2 to 53.6 7.2 to 7.3

3

6.4 to 8.3

49.3MAINT 25.8 to 35.5 31.4 to 42.4  ~ 5.9 5.2 to 6.7

SEED 12.7 to 18.1 18.3 to 24.9 3.5 to 3.6 3.2 to 4.0

India

30% (1.8 PWh)

CLEAR 10.0 to 12.5

− 4.0 to − 1.6

6.0 to 10.8 1.3 to 2.4

2.3

0.3 to 0.8

41.7MAINT 8.1 to 10.0 4.1 to 8.4 0.6 to 1.7 0.2 to 0.6

SEED 1.1 to 1.3 − 2.7 to − 0.6 − 5.2 to − 6.2 − 1.5 to − 1.7

54% (3.29 PWh)

CLEAR 10.8 to 13.0

− 2.8 to − 1.3

8.0 to 11.7 2.5 to 3.1

2.3

0.6 to 1.0

43.2MAINT 9.1 to 10.8 6.3 to 9.5 1.9 to 2.4 0.5 to 0.8

SEED 3.0 to 3.2 0.4 to 1.7 − 4.5 to − 5.0 − 1.2 to − 1.5

78% (4.88 PWh)

CLEAR 9.7 to 11.7

− 2.1 to − 0.9

7.6 to 10.8 2.9 to 3.2

2.4

0.7 to 1.1

43.9MAINT 8.0 to 9.5 5.9 to 8.6 2.1 to 2.5 0.5 to 0.8

SEED 2.3 to 2.5 0.4 to 1.4 − 4.4 to − 4.8 − 1.2 to − 1.5

Japan and South-
Korea

28% (0.5 PWh)

CLEAR 18.9 to 25.8

− 3.2 to 0.8

15.7 to 26.6 4.8 to 6.8

2.7

2.9 to 5.2

47.7MAINT 12.8 to 17.5 9.6 to 18.2 2.2 to 4.1 1.4 to 3.1

SEED 6.8 to 10.0 3.6 to 10.7 − 0.3 to − 2.2 − 0.2 to − 1.3

46% (0.8 PWh)

CLEAR 23.0 to 30.6

− 2.1 to 0.6

20.9 to 31.1 6.1 to 7.2

2.6

3.3 to 5.0

47.3MAINT 16.9 to 20.5 14.8 to 21.1 3.9 to 4.3 2.1 to 2.9

SEED 9.9 to 12.5 7.7 to 13.1 − 0.2 to − 1.2 − 0.2 to − 0.7

74% (1.3 PWh)

CLEAR 25.6 to 33.3

0.0 to 2.3

25.6 to 35.6 7.1 to 7.7

2.7

3.6 to 5.0

48.9MAINT 15.6 to 20.0 15.6 to 22.2 3.5 to 3.9 1.8 to 2.6

SEED 10.0 to 12.9 10.0 to 15.2 − 0.5 to 0.0 − 0.3 to 0.0
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region where the solar energy is consumed. Note that this iLUC has been documented to happen for biofuels11–13, 
although the strength of this effect is not comparable for solar energy given that the power density of solar is 
much higher than that of biofuels. Still, we do find a non-negligible effect in this study. The obtained land cover 
change imply environmental consequences such as greenhouse gas emissions and biodiversity loss47. However, 
the impact of USSE on local environmental impacts depends strongly on how this new solarland will be man-
aged. If all previous vegetation is permanently cleared, the total (direct and indirect) LUC emissions related to 
the expansion of solar energy from 2020 to 2050 correspond to 5 to 16% of emissions from natural gas combus-
tion for power generation in developed regions such as the EU, Japan and South-Korea, and about 2.5–3.5% in 
India, where conditions for solar energy are more favourable and crop yields are lower, implying less indirect 
emissions. However, if solarland is seeded with herbs and managed as pastures, total LUC emissions per kWh of 
electricity in the studied period are 3 to 5 times lower, and could even be negative (i.e., becoming net sources of 
carbon sequestration) in India, Japan and South-Korea, if long-term effects (post 2050) are taken into account.

Numerous Life Cycle Assessments (LCA) have been performed for solar energy, estimating the life cycle 
emissions of solar energy systems depending on many factors, such as the year and location of construction, solar 
module efficiency, mounting system, location of input production, among others42,48. Comparing the non-land 
life cycle emissions from LCAs to the LUC emissions estimated in this study, we can conclude that LUC emis-
sions (which are normally not included in LCAs) increase total life cycle emissions of new USSE projects by 10 
to 150% in the absence of land management practices focused on sequestering carbon in solarland, depending 
mainly on the region where the infrastructure is installed and the type of technology used. While this is a nota-
ble increase in life cycle emissions, it is also important to consider that LUC emissions will not repeat if a solar 
plant is renewed or upgraded after the initial construction phase, and therefore average LUC emissions of solar 
energy will be lower in the future. Also, this terrestrial part of solar energy life cycle emissions could be avoided 
by applying land management practices focused on carbon sequestration in solarland.

Using an existing IAM to study the potential land impacts of solar energy expansion, we were bound to the 
limitations of this model. One of these was the division of land zones in the model (corresponding to Agro-
Ecological zones, see “Methods” section), which determine the boundaries of the geographical competition to 
host solar energy within each region. This pre-defined distribution was originally designed to capture variations 
in crop yields, and is not ideal for defining the geographical diversity of solar energy “yields” within a region. 
Although a general good correspondence is found, there are also exceptions (see Figure S6 in the SM). This 
limitation could be dampened in future work by using/developing a land cover layer that matches better with 
geographical differences in solar irradiation and latitude. We were also not able to account for the suitability of 
land for solar energy limited by the slope or the protection of the land24. Therefore, we implicitly assumed that 
those hectares that are converted to solarland in our scenarios are indeed suitable for hosting solar energy. In 
contrast, some land is suitable for solar energy and not for commercial crops or forests, such as dry scrubland 
and deserts, which are by default excluded from land competition in the applied model. The inclusion of a 
solar potential on identified “wastelands” in India (see “Methods” section) should have largely circumvented 
this inherent limitation in the applied method. To extend the analysis performed in this study to other regions, 
it is important to have a well-quantified potential for solar energy in areas that are not suitable to host other 
commercial land uses such as agriculture and forestry. Finally, we have not taken into account the potential to 
integrate solar systems in agricultural land (agrivoltaic systems), a technique that is currently in an early stage 
of research and development and of which the large-scale performance is still uncertain49.

To date, land use for solar energy is negligible compared to other human land uses. However, the obtained 
results show that in future scenarios, with a largely decarbonized electricity system, high penetration rates of 
solar energy will require significant amounts of land to be occupied by solar power plants. Further work applying 
ecological tools should be focused towards investigating the implications of these additional land occupation 
levels -including the additional transmission power lines- in terms of habitat fragmentation and ecosystem dis-
turbance. Siting policies for USSE should avoid adverse land impacts and limit land competition, for example 
by excluding high yield cropland as already performed in some countries50, maximising the use of urban areas 
and degraded arable land22, or by seeding solarland with herbs and managing these lands as common pastures 
(e.g. by allowing extensive animal grazing), converting solarland to a net source of carbon sequestration35. Such 
techno-ecological synergies are crucial for minimising the unintended consequences of solar expansion38, such 
as the potential impacts on land cover change and LUC emissions as measured in this study. The results in this 
study also indicate that minimum efficiency standards for solar modules help to reduce solar land requirements 
and limit land competition, although there might be a trade-off with non-land life cycle impacts, which tend 
to be higher for high-efficiency solar modules. Finally, the inclusion of this new type of land use in integrated 
energy-land-climate models, as has been done in this paper, will be useful to capture a larger range of implica-
tions of specific energy transition scenarios.

Methods
The Global Change Assessment Model (GCAM), version 4.3, has been used as a base for this study51. GCAM is 
a dynamic-recursive model with technology-rich representations of the economy, energy sector and land use 
linked to a climate model that can be used to explore climate change mitigation policies including carbon taxes, 
carbon trading, regulations and accelerated deployment of energy technologies. See Section 1a of the SM for 
a wider description of the model. The background scenario for the model exercises in this study consist of the 
“Middle of the Road” Shared Socioeconomic Pathway (SSP 2)52 with global CO2 reduction targets as defined by 
the Nationally Determined Contributions (NDCs) with increased ambitions after 203053.

In order to identify the effects that solar energy and bioenergy pathways have on land use and land use change 
emissions, three pathways have been modelled achieving a defined penetration level in the electricity mix from 
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2020 to 2050, using different electricity generation technologies (see Section 2b in the SM on how the different 
penetration levels have been modelled):

•	 Solar energy pathway (S): land-based PV, rooftop-based PV, CSP
•	 Bioenergy pathway (B): Conventional biomass and biomass gasification (with and without Carbon Capture 

and Storage), Biomass-driven Combined Heat and Power.
•	 Non-land-occupying pathway (NL): wind, geothermal, rooftop-based PV (and nuclear in scenarios where 

penetration level cannot be reached with the first 3 technologies together)

The land occupation of solar and bioenergy (Figs. 1 and 2, Table 1) is identified using Eq.  (1), land use change 
emissions per unit of output from 2020 to 2050 (for Fig. 3 and Table 2) from 2020 to 2050 have been calculated 
using Eq. (2), and the CO2 payback period (Table 2) has been calculated using Eq. (3). In these equations, the 
subscript r defines the region, p the electricity penetration level, i the technologies included in either the solar- 
or bioenergy pathway, NL defines non-land-occupying energy technologies and i(l) represents land-competing 
solar- or bioenergy, so not taking into account solar energy based on rooftops, deserts or dry scrublands or 
bioenergy from waste or agricultural residues. The parameter a defines the CO2 emission factor per unit of elec-
tricity output of the alternative thermal generation technology (i.e. natural gas). Scenarios are run until 2050, 
but delayed effects on carbon release or sequestration in vegetation and soils can be abstracted until 2100. The 
impact from land management regimes have been calculated through off-model calculations, as such regimes 
are assumed not to affect the allocation procedure of new solar energy. See Section 2d of the SM for more details.

Land competition in GCAM.  Land use and agricultural output in GCAM version 4.3 are calibrated for 
pre-defined Agro-Ecological Zones (AEZs), which sub-divide geo-political regions in 18 different types of land 
regions, based on differences in climate zones (tropical, temperate, boreal) and the length of growing periods for 
crops54. See Figure S1 in the SM for an overview of the AEZs within the three focus regions of this study.

Land use in GCAM has been divided in different nodes that affect the level of competition between different 
uses (see Figure S3 in SM). Those land-use categories (e.g. corn, wheat, bioenergy) belonging to the same node 
(crops in this example) are assumed to compete more directly with each other than with those land-uses in other 
nodes (e.g. forest or pasture). For each land use, assumptions on carbon stocks in the vegetation and the soil are 
made (see Table S1 in SM). A change in land cover either leads to positive or negative LUC emissions, driven by 
the difference in the assumed carbon stocks (in vegetation and soil) between the original and the new land use. 
Based on the profitability of each land use, which depends on assumed yields, production costs and commodity 
prices, land owners choose between different land uses to maximise profit. Such land use decisions are based 
on the logit model of sharing, taking into account the heterogeneity of local circumstances within each AEZ, 
and avoiding extreme “winner-takes-it-all” outcomes55. See Section 1a in the SM for more details, and see Wise 
et al.56 for a detailed explanation on the approach and design of the land module in GCAM.

Solar land‑use module.  An additional module has been developed for the GCAM model to link the con-
sumption of solar energy with land use, competing with other commercial (crops, timber and intensive pas-
tures) and non-commercial (natural forest, grassland, scrubland) land uses. Specifically, the solarland category 
is included in the “Crops” land node (Figure S3 in SM), which means that demand for solarland will primar-
ily compete with used, degraded and potential cropland (including chemically fertilised meadows). Indirectly, 
solarland also competes with other land uses such as forest, grass- and scrubland. This structure is based on 
observed tendencies for solar siting in Europe, India, Japan and South-Korea (see Table S2 in SM), showing 
that mainly arable land is used for current USSE projects, and supported by academic literature17,33,34,57,58 and 
solar industry reports59,60. Also, the optimal microclimate for solar energy production (based on insolation, air 
temperature, wind speed and humidity) is found over land that is currently used as cropland61, supporting the 
assumption that future investors will have a slight preference for cropland (in use or fallow) for the allocation 
of solar energy projects, among other factors such as flatness and connectivity in terms of roads and electricity 
grids22. Nevertheless, an important driver for land use decisions in the model is land profitability: even if land 
covered by crop cultivation is perceived as the most suitable by investors in solar energy, high observed or poten-
tial profitability of crop cultivation on such land could force investors to focus on other land types.

To define the value of land for hosting solar energy, a yield in terms of energy output per unit of land has been 
defined for every AEZ. Equation (4) defines this yield for each AEZ, which depends on average solar irradiation 
(I) per AEZ, average efficiency of solar power plants (f1) at the year of installation (t), the averaged performance 
ratio over the life cycle of the solar power plant (f2) and the land occupation ratio (f3)1,17. To estimate I per AEZ, 

(1)Land occupationi,p,r = land for ii,p,r − land for iNL,p,r

(2)LUC per output uniti,p,r =

∑2020 to 2050
p,r (LUCi − LUCNL)

∑2020 to 2050
p,r (output ii − output iNL)

(3)CO2 payback periodi(l),p,r,a =

∑2020 to 2100
p,r (LUCi − LUCNL)

output2050=max
i(l) ∗ a
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we overlapped the solar irradiance annual average data62 (tilt radiation, i.e. the position where the tilt coincides 
with the latitude, which is the optimal position of PV panels to take advantage of the solar resource at each loca-
tion) with each AEZ and geopolitical region in GCAM 4.3 using a GIS tool. The land occupation ratio, defined 
by Eq. (5), depends on the packing factor (PF) and the Generator-to-system area (GSR). PF is the ratio between 
the PV panels or heliostats and the ground area required for arrays’ installation including separation to avoid 
excessive self-shading, while GSR represents the share of the full area enclosed by the site boundary of the power 
plant which is covered by the PV panels and heliostats including the separation between them. Hence, with rela-
tion to the PF, the GSR accounts for the additional space required to host physical infrastructure such as access 
roads, substations service buildings, and other infrastructure, as well as land not being able to be directly used 
due to orography and unevenness of the plot preventing the optimization of the layout of the solar arrays. GSR 
is dependent on the size and shape of the terrain and plots and should be analysed on a case by case basis. GSR 
ranges of 0.7–0.85 have been reported63 although larger plants tend to have lower GSR due to more difficult 
use-optimization of land plots at large scale productions, hence here we take a GSR of 0.7 assuming that the 
deployment of scale of solar power plants on land will likely be based on larger-size plants due to the incentives 
of economics of scale17,19. The packing factor again depends on the average latitude of each AEZ and is defined 
by Eq. (6): the further from the equator, the more space is needed between the different panels or heliostats to 
avoid self-shading, so the lower the packing factor. The theoretical equation of PF dependent on the sun eleva-
tion, the sun azimuth and the tilt angle, which can be simplified assuming that tilt coincides with the latitude 
(β = ∅) and taking the conservative shading criterion of avoiding shading only at noon63. This formula is only 
valid for latitudes < 66.5° (to ensure PF > 0), but in this study we constrained solar deployment in high latitudes 
areas since low solar irradiance in these areas make solar power uneconomical (see Section 1c of the SM). For 
simplicity, we have based the PF estimation on fixed tracking PV systems on flat land. Solar yields can slightly 
differ (about 25% in both ways) for 1- or 2-axis PV tracking systems or for CSP systems19. See Table S5 in the 
SM for the assumed values of the parameters in Eq. (4) for the focus regions of this study.

Figure S6 of the SM defines the solar yield per AEZ. Note that this figure only represents the land inputs per 
unit of energy output. The capital inputs per unit of output depend only on IAEZ, f1

t and f2 and since capital costs 
tend to be larger than land costs, investors in solar energy tend to choose the location predominantly based on 
solar irradiance instead of the solar energy yield per land unit. Consistently exporting or importing large shares 
of solar energy between geographically and/or politically distinct regions faces both technical and geopolitical 
challenges. Therefore, we have chosen a conservative assumption that solar energy must be produced and con-
sumed in the same geopolitical GCAM region.

Impact of solar energy infrastructure on local carbon cycle.  The impact of USSE infrastructures 
on local microclimates is a field in early research stages, although some case studies have been performed. In 
the case of solar energy on pastures in wet climates, a significant loss of carbon in vegetation and soils can be 
expected in the land below the infrastructure that is permanently blocked from sunlight, but the year-round car-
bon cycle in gap areas between rows of solar panels will be hardly affected35. However, in semi-arid pastures with 
wet winters, opposite effects are observed, and microclimates below panels seem to enhance vegetation growth64. 
Evidence from agrivoltaic systems show that year-round leaf growth below solar infrastructure is about 20% 
lower below solar modules, and that this effect is strongest in summer65. What can be concluded from these 
studies is that local microclimates depend on many factors, which are yet too uncertain to draw robust assump-
tions from. However, it also shows that the design and management of solar parks is of high importance for 
the carbon cycle in such parks. For example, higher placed modules are beneficial for vegetation growth below 
the modules, as it allows more sunlight to reach the vegetation. But a crucial aspect for local carbon cycles is 
the decision on how to manage the land below the solar energy infrastructure. That is why we have framed the 
uncertainty related to local carbon cycle impacts on management decisions, based on three different regimes 
identified through literature review:

• Land clearing: Clearing and grubbing of soil and roots, topsoil stripping and stockpiling, land grading and
levelling, and soil compaction. Existing vegetation that supports habitat is removed and any other vegetation 
is often discouraged; weeds and other unwanted vegetation are generally managed with herbicides and by
covering the ground with gravel; this is a common practice in various countries41,66. Modules are placed at
ground level, which is cheaper, and the absence of vegetation avoids shading effects.

• Maintaining previous vegetation: Vegetation as in previous land uses is as much as possible maintained, so
arable land stays arable and pastures stay pastures. All vegetation in previous land cover above 30 cm height, 
such as trees, bushes and high grass, will be removed such that the vegetation that is left is similar to that in 
pastures. Areas directly below solar modules are cleared for the construction phase, but weeds might grow
after that phase. Modules are placed slightly higher to avoid potential shading from vegetation. This regime 

(4)ρe
AEZ

= IAEZ · f t1 · f2 · f3
AEZ

(5)f3
AEZ

= GSR · PFAEZ

(6)PFAEZ = (cosβAEZ
+

sinβAEZ

tan
(

66.55◦ · ( �
180◦

)−∅AEZ
) )

−1

;β and∅ in radians
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is based on a rationale of balancing cost minimisation (i.e. no seeding, no herbicides) with land conservation 
(i.e. minimising ecosystem disturbance).

•	 Pasture conversion: Irrespective of the previous land use, all land below and around the infrastructure is 
(re)seeded with grass before or right after the construction phase, and the land will be managed as pasture, 
allowing for extensive animal grazing around the solar modules35. Modules will be placed higher to allow 
small grazers to pass below67, and allowing some sunlight to reach vegetation below panels.

The impacts of each of these solarland management regimes on the local carbon cycle depend on the specific 
location, and the previous land use, and result from off-model calculations applied to the GCAM scenario out-
comes which provide land cover changes per year, AEZ, and scenario. Section 2d of the SM gives full details on 
all applied assumptions and derived carbon cycle impacts.

Use of non‑competing space on rooftops and in deserts and dry scrublands.  Rooftop space is 
often used for smaller scale PV systems and has the advantage of not competing for space with other uses and 
avoiding some of the losses related to electricity transmission and distribution. On the other side, rooftop spaces 
are often not optimal, and only about 2 to 3% of urbanized surface area can be used for PV systems with reason-
able efficiencies (taking into account specific factors such as roof slopes and shadows between buildings)1,21. 
Taking these constraints into account, rooftop space is limited to 3% of expected urbanized land by 2050 (end 
year of the scenarios in this study) in each geo-political region, while non-optimality of rooftop space has been 
modelled through a supply curve which represents increasing capital costs for each additional space used for 
rooftop PV systems68.

Land that is not used and neither has potential for any other productive use from a human perspective, 
such as deserts and dry scrublands, can be suitable for solar energy. By default, deserts are exempted from land 
competition in GCAM, while only 10% of current scrublands are included in the land competition module 
in GCAM v4.3, taking into account both non-fertility of scrublands as well as the protected status of some of 
these land areas. The EU, Japan and South-Korea have limited amounts of deserts and scrublands (see Table S4 
in the SM), and of which a significant share is protected69. Therefore, apart from the 10% of scrublands which 
enter by default into the land competition module, we assumed no additional availability of suitable deserts and 
scrublands for solar energy in these regions. For India, the pre-identified potential for PV and CSP capacity in 
identified “wasteland”27 is included to the model as an alternative to competitive land, under assumptions as 
specified in Section 1d of the SM.

Further background assumptions related to the modelling can be found in the SM.

Received: 1 September 2020; Accepted: 14 January 2021

References
	 1.	 Capellán-Pérez, I., de Castro, C. & Arto, I. Assessing vulnerabilities and limits in the transition to renewable energies: land require-

ments under 100% solar energy scenarios. Renew. Sustain. Energy Rev. 77, 760–782 (2017).
	 2.	 Rao, G. L. & Sastri, V. M. K. Land use and solar energy. Habitat Int. 11, 61–75 (1987).
	 3.	 Nonhebel, S. Land-use changes induced by increased use of renewable energy sources. In Global Environmental Change 

and Land Use (eds. Dolman, A. J., Verhagen, A. & Rovers, C. A.) 187–202 (Springer Netherlands, 2003). https​://doi.
org/10.1007/978-94-017-0335-2_8.

	 4.	 Scheidel, A. & Sorman, A. H. Energy transitions and the global land rush: ultimate drivers and persistent consequences. Glob. 
Environ. Change 22, 588–595 (2012).

	 5.	 Trainor, A. M., McDonald, R. I. & Fargione, J. Energy sprawl is the largest driver of land use change in United States. PLoS ONE 
11, 1–16 (2016).

	 6.	 Don, A. et al. Land-use change to bioenergy production in Europe: implications for the greenhouse gas balance and soil carbon. 
GCB Bioenergy 4, 372–391 (2012).

	 7.	 Nonhebel, S. Renewable energy and food supply: will there be enough land?. Renew. Sustain. Energy Rev. 9, 191–201 (2005).
	 8.	 Ovando, P. & Caparrós, A. Land use and carbon mitigation in Europe: a survey of the potentials of different alternatives. Energy 

Policy 37, 992–1003 (2009).
	 9.	 Calvin, K. et al. Trade-offs of different land and bioenergy policies on the path to achieving climate targets. Clim. Change 123, 

691–704 (2014).
	10.	 Gasparatos, A., Doll, C. N. H., Esteban, M., Ahmed, A. & Olang, T. A. Renewable energy and biodiversity: Implications for tran-

sitioning to a Green Economy. Renew. Sustain. Energy Rev. 70, 161–184 (2017).
	11.	 Searchinger, T. et al. Use of U. S. croplands for biofuels increases greenhouse gases through emissions from land use change. Science 

(80-. ) 319, 1238–40 (2008).
	12.	 Overmars, K. P., Stehfest, E., Ros, J. P. M. & Prins, A. G. Indirect land use change emissions related to EU biofuel consumption: an 

analysis based on historical data. Environ. Sci. Policy 14, 248–257 (2011).
	13.	 Fargione, J., Hill, J., Tilman, D., Polasky, S. & Hawthorne, P. Land clearing and the biofuel carbon debt. Science (80-. ) 319, 

1235–1238 (2008).
	14.	 de Vries, B. J. M., van Vuuren, D. P. & Hoogwijk, M. M. Renewable energy sources: their global potential for the first-half of the 

21st century at a global level: an integrated approach. Energy Policy 35, 2590–2610 (2007).
	15.	 Timilsina, G. R., Kurdgelashvili, L. & Narbel, P. A. Solar energy: markets, economics and policies. Renew. Sustain. Energy Rev. 16, 

449–465 (2012).
	16.	 Jacobson, M. Z. & Delucchi, M. A. Providing all global energy with wind, water, and solar power, part I: technologies, energy 

resources, quantities and areas of infrastructure, and materials. Energy Policy 39, 1154–1169 (2011).
	17.	 De Castro, C., Mediavilla, M., Miguel, L. J. & Frechoso, F. Global solar electric potential: a review of their technical and sustainable 

limits. Renew. Sustain. Energy Rev. 28, 824–835 (2013).
	18.	 Hernandez, R. R., Hoffacker, M. K. & Field, C. B. Land-use efficiency of big solar. Environ. Sci. Technol. 48, 1315–1323 (2014).

Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.6 
Page 10 of 12

https://doi.org/10.1007/978-94-017-0335-2_8
https://doi.org/10.1007/978-94-017-0335-2_8


11

Vol.:(0123456789)

Scientific Reports |         (2021) 11:2907  | https://doi.org/10.1038/s41598-021-82042-5

www.nature.com/scientificreports/

	19.	 Ong, S., Campbell, C., Denholm, P., Margolis, R. & Heath, G. Land-Use Requirements for Solar Power Plants in the United States 
(National Renewable Energy Laboratory, Golden, 2013).

	20.	 Denholm, P. & Margolis, R. M. Land-use requirements and the per-capita solar footprint for photovoltaic generation in the United 
States. Energy Policy 36, 3531–3543 (2008).

	21.	 Dupont, E., Koppelaar, R. & Jeanmart, H. Global available solar energy under physical and energy return on investment constraints. 
Appl. Energy 257, 113968 (2020).

	22.	 Hernandez, R. R., Hoffacker, M. K. & Field, C. B. Efficient use of land to meet sustainable energy needs. Nat. Clim. Change 5, 
353–358 (2015).

	23.	 Lopez, A., Roberts, B., Heimiller, D., Blair, N. & Porro, G. US Renewable Energy Technical Potentials: A GIS-Based Analysis. https​
://www.nrel.gov/docs/fy12o​sti/51946​.pdf (2012).

	24.	 Deng, Y. Y. et al. Quantifying a realistic, worldwide wind and solar electricity supply. Glob. Environ. Change 31, 239–252 (2015).
	25.	 Turney, D. & Fthenakis, V. Environmental impacts from the installation and operation of large-scale solar power plants. Renew. 

Sustain. Energy Rev. 15, 3261–3270 (2011).
	26.	 Hernandez, R. R. et al. Solar energy development impacts on land cover change and protected areas. Proc. Natl. Acad. Sci. 113, 

E1768–E1768 (2016).
	27.	 Mahtta, R., Joshi, P. K. & Jindal, A. K. Solar power potential mapping in India using remote sensing inputs and environmental 

parameters. Renew. Energy 71, 255–262 (2014).
	28.	 Trieb, F., Schillings, C., Pregger, T. & O’Sullivan, M. Solar electricity imports from the Middle East and North Africa to Europe. 

Energy Policy 42, 341–353 (2012).
	29.	 Lovich, J. E. & Ennen, J. R. Wildlife conservation and solar energy development in the desert southwest, United States. Bioscience 

61, 982 (2011).
	30.	 Hernandez, R. R. et al. Environmental impacts of utility-scale solar energy. Renew. Sustain. Energy Rev. 29, 766–779 (2014).
	31.	 Yenneti, K., Day, R. & Golubchikov, O. Spatial justice and the land politics of renewables: dispossessing vulnerable communities 

through solar energy mega-projects. Geoforum 76, 90–99 (2016).
	32.	 Sharma, C., Sharma, A. K., Mullick, S. C. & Kandpal, T. C. Assessment of solar thermal power generation potential in India. Renew. 

Sustain. Energy Rev. 42, 902–912 (2015).
	33.	 De Marco, A. et al. The contribution of Utility-Scale Solar Energy to the global climate regulation and its effects on local ecosystem 

services. Glob. Ecol. Conserv. 2, 324–337 (2014).
	34.	 Prados, M. J. Renewable energy policy and landscape management in Andalusia, Spain: the facts. Energy Policy 38, 6900–6909 

(2010).
	35.	 Armstrong, A., Ostle, N. J. & Whitaker, J. Solar park microclimate and vegetation management effects on grassland carbon cycling. 

Environ. Res. Lett. 11, 74016 (2016).
	36.	 Breyer, C. et al. On the role of solar photovoltaics in global energy transition scenarios. Prog. Photovolt. Res. Appl. 25, 727–745 

(2017).
	37.	 Jacobson, M. Z. et al. 100% clean and renewable wind, water, and sunlight all-sector energy roadmaps for 139 countries of the 

world. Joule 1, 108–121 (2017).
	38.	 Hernandez, R. R. et al. Techno–ecological synergies of solar energy for global sustainability. Nat. Sustain. 2, 560–568 (2019).
	39.	 Wise, M. et al. Implications of limiting CO2 concentrations for land use and energy. Science (80-. ) 324, 1183–1186 (2009).
	40.	 González-Eguino, M., Capellán-Pérez, I., Arto, I., Ansuategi, A. & Markandya, A. Industrial and terrestrial carbon leakage under 

climate policy fragmentation. Clim. Policy 17, S148–S169 (2017).
	41.	 NREL. Native Vegetation Performance Under a Solar PV Array at the National Wind Technology Center (2017).
	42.	 Liu, F. & van den Bergh, J. C. J. M. Differences in CO2 emissions of solar PV production among technologies and regions: applica-

tion to China, EU and USA. Energy Policy 138, 111234 (2020).
	43.	 Popp, A. et al. Land-use transition for bioenergy and climate stabilization: model comparison of drivers, impacts and interactions 

with other land use based mitigation options. Clim. Change 123, 495–509 (2014).
	44.	 Elshout, P. M. F. et al. Greenhouse-gas payback times for crop-based biofuels. Nat. Clim. Change 5, 604 (2015).
	45.	 Miller, L. M. & Keith, D. W. Climatic impacts of wind power. Joule 2, 2618–2632 (2018).
	46.	 Valero, A., Valero, A., Calvo, G. & Ortego, A. Material bottlenecks in the future development of green technologies. Renew. Sustain. 

Energy Rev. 93, 178–200 (2018).
	47.	 Powers, R. P. & Jetz, W. Global habitat loss and extinction risk of terrestrial vertebrates under future land-use-change scenarios. 

Nat. Clim. Change 9, 323–329 (2019).
	48.	 Ludin, N. A. et al. Prospects of life cycle assessment of renewable energy from solar photovoltaic technologies: a review. Renew. 

Sustain. Energy Rev. 96, 11–28 (2018).
	49.	 Amaducci, S., Yin, X. & Colauzzi, M. Agrivoltaic systems to optimise land use for electric energy production. Appl. Energy 220, 

545–561 (2018).
	50.	 Ministry of Housing Communities and Local Government. National Planning Policy Framework (2019).
	51.	 JGCRI. GCAM v4.3 Documentation. http://jgcri​.githu​b.io/gcam-doc/v4.3/toc.html (2016).
	52.	 O’Neill, B. C. et al. A new scenario framework for climate change research: the concept of shared socioeconomic pathways. Clim. 

Change 122, 387–400 (2014).
	53.	 Fawcett, A. A. et al. Can Paris pledges avert severe climate change?. Science (80-. ) 350, 1168–1169 (2015).
	54.	 Monfreda, C., Ramankutty, N. & Hertel, T. W. Global agricultural land use data for climate change analysis. Econ. Anal. Land Use 

Glob. Clim. Change Policy 14, 33 (2009).
	55.	 McFadden, D. Conditional logit analysis of qualitative choice behavior. In Frontiers in Econometrics (Academic Press, 1974).
	56.	 Wise, M., Calvin, K., Kyle, P., Luckow, P. & Edmonds, J. Economic and physical modeling of land use in GCAM 3.0 and an applica-

tion to agricultural productivity, land, and terrestrial carbon. Clim. Change Econ. 05, 1450003 (2014).
	57.	 Dias, L., Gouveia, J. P., Lourenço, P. & Seixas, J. Interplay between the potential of photovoltaic systems and agricultural land use. 

Land Use Policy 81, 725–735 (2019).
	58.	 Vrînceanu, A. et al. Impacts of photovoltaic farms on the environment in the Romanian Plain. Energies 12, 2533 (2019).
	59.	 Hahn, E. The Japanese Solar PV Market and Industry. Minerva Fellowship Programme. https​://www.eu-japan​.eu/publi​catio​ns/japan​

ese-solar​-pv-marke​t-and-indus​try-busin​ess-oppor​tunit​ies-europ​ean-compa​nies (2014).
	60.	 Power Technology. Japan to slash solar subsidies as feed-in tariff costs mount (2019).
	61.	 Adeh, E. H., Good, S. P., Calaf, M. & Higgins, C. W. Solar PV power potential is greatest over croplands. Sci. Rep. 9, 11442 (2019).
	62.	 NASA Langley Atmospheric Sciences Data Center. Average Monthly and Annual Direct Normal Irradiance Data, One-Degree 

Resolution of the World, 1983–2005. https​://geo.nyu.edu/catal​og/stanf​ord-fd535​zg091​7.
	63.	 Martín-Chivelet, N. Photovoltaic potential and land-use estimation methodology. Energy 94, 233–242 (2016).
	64.	 Adeh, E. H., Selker, J. S. & Higgins, C. W. Remarkable agrivoltaic influence on soil moisture, micrometeorology and water-use 

efficiency. PLoS ONE 13, e0203256 (2018).
	65.	 Dupraz, C. et al. Combining solar photovoltaic panels and food crops for optimising land use: Towards new agrivoltaic schemes. 

Renew. Energy 36, 2725–2732 (2011).
	66.	 MITECO. ESTUDIO AMBIENTAL ESTRATÉGICO PLAN NACIONAL INTEGRADO DE ENERGÍA Y CLIMA 2021–2030. https​

://energ​ia.gob.es/es-es/Parti​cipac​ion/Pagin​as/Detal​lePar​ticip​acion​Publi​ca.aspx?k=236 (2020).

Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.6 
Page 11 of 12

https://www.nrel.gov/docs/fy12osti/51946.pdf
https://www.nrel.gov/docs/fy12osti/51946.pdf
http://jgcri.github.io/gcam-doc/v4.3/toc.html
https://www.eu-japan.eu/publications/japanese-solar-pv-market-and-industry-business-opportunities-european-companies
https://www.eu-japan.eu/publications/japanese-solar-pv-market-and-industry-business-opportunities-european-companies
https://geo.nyu.edu/catalog/stanford-fd535zg0917
https://energia.gob.es/es-es/Participacion/Paginas/DetalleParticipacionPublica.aspx?k=236
https://energia.gob.es/es-es/Participacion/Paginas/DetalleParticipacionPublica.aspx?k=236


12

Vol:.(1234567890)

Scientific Reports |         (2021) 11:2907  | https://doi.org/10.1038/s41598-021-82042-5

www.nature.com/scientificreports/

	67. BRE. Planning guidance for the development of large scale ground mounted solar PV systems (2013).
	68. Denholm, P. & Margolis, R. Supply curves for rooftop solar pv-generated electricity for the United States. https​://digit​alsch​olars​hip.

unlv.edu/renew​_pubs/25 (2008).
	69. Chape, S., Spalding, M. & Jenkins, M. D. The World’s Protected Areas (University of California Press, Berkeley, 2008).

Acknowledgements
The authors thank Francis X. Johnson and Ed Dearnley for their comments, as well as Alexandros Adam and 
Alexandros Rigopoulos from CRES, partners of the LOCOMOTION project, for their computation of the alloca-
tion of current solar power capacity in the Global Database of Power Plants by land cover type analysis.

Author contributions
D.V., I.C.P., I.A. and M.G.E. prepared the topic and framing of the paper. D.V., I.C.P. and I.A. prepared the sce-
nario set-up. D.V. and I.C.P. prepared the analysis, main write-up, (non-map) figures and graphs. I.C. provided
geographically explicit inputs to the analysis and all map-based figures. P.P. provided methodological support.
All authors reviewed the manuscript.

Funding
Funding was provided by Ministerio de Economía, Industria y Competitividad, Gobierno de España (Grant No. 
MDM-2017-0714), Horizon 2020 (Grant Nos. 642260, 821105), Ministerio de Ciencia, Innovación y Universi-
dades (Grant No. RTI2018-093352-B-I00) and Eusko Jaurlaritza (Grant No. PRE_2017_2_0139).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https​://doi.
org/10.1038/s4159​8-021-82042​-5.

Correspondence and requests for materials should be addressed to D.-J.V.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

Case No. U-22044 
Witness Dr. Glass 

Exhibit S-5.6 
Page 12 of 12

https://digitalscholarship.unlv.edu/renew_pubs/25
https://digitalscholarship.unlv.edu/renew_pubs/25
https://doi.org/10.1038/s41598-021-82042-5
https://doi.org/10.1038/s41598-021-82042-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/


 
Case No.:U-22044 

Witness: J. Kroeker 
Exhibit: S-6.1 

Page 1 of 17 
 

 

 
GLACIER MEADOWS SOLAR, LLC’S RESPONSE TO THE 

MICHIGAN PUBLIC SERVICE COMMISSION STAFF REQUEST 
SET NO. 6 

CASE NO. U-22044 

REQEUST NO. Staff-GM-6-1 

 
Please refer to Exhibit A-13.1, p 3: 
 

1. How would damage from extreme weather events or damage from human causes 

(e.g., vandalism) be managed related to decommissioning? 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “human causes” 

and “managed” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject and without waiving any objections, Glacier Meadows states as follows: 

Damage from extreme weather events or human causes will be addressed on an incident-by-

incident basis. Presently, Glacier Meadows anticipates that most damage will likely result in 

equipment being repaired or replaced. If damage occurs at end of operational phase and 

prior to decommissioning phase, equipment will likely be left in place and removed during 

decommissioning phase. 

 
2. How would the Applicant intend to respond to such circumstances (e.g., repair, 

decommission)? 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “respond” is 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
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Glacier Meadows will address damage to bring the Project’s facilities back to operating state 

in the following order: (1) repair existing material, or, if necessary, (2) replace damaged 

equipment and recycle or responsibly dispose of equipment (depending on the type and 

extent of damaged components). Glacier Meadows plans to prioritize recycling over disposal 

where possible. 

 
3. What aspects of the decommissioning plan would change under such 

circumstances? 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “aspects,” 

“change,” and “such circumstances” are vague, ambiguous, and subject to multiple, 

subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows does not presently anticipate any changes to the decommissioning plan 

under either circumstance described in Request Nos. 1 and 2 above. 

 
Please refer to Exhibit A-13.1, pp 5-6: 
 

4. Please provide a list of materials that captures all of the components that will be 

used in the facility, identifying those that will be removed and those that will be kept in place. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “captures,” 

“components,” and “used” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
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Glacier Meadows presently anticipates that substation fencing and main power 

transformer components will be kept in place if a plan for re-use is identified and approved. 

If no such plan is approved, then Glacier Meadows anticipates those will be removed. 

Answering further: 

Steel – Removed. 
 

Aluminum wire – If below 4’ in depth, then kept in place; shallower pieces removed. 

Fiber Optic – If below 4’ in depth, then kept in place; shallower pieces removed. 

Copper wire – Removed. 
 

Road Base material – Removed if landowner agreements require removal. 

Concrete – Removed. 

Insulated rock – Removed. 

Aluminum fencing – Removed. 

Bare Copper/copper clad steel and or galvanized steel – Removed. 
 

 
5. Please confirm that the project substation, O&M building, and gen-tie line will be 

left in place if a plan for reuse is identified and approved, and otherwise that all those facilities will 

be decommissioned. If not confirming, please explain the decommissioning plan with respect to 

those facilities; specifically, if none, or some of the facility components listed are anticipated to 

not be decommissioned, please explain why they would not be decommissioned. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “left in place,” 

“plan for reuse,” and “identified and approved” are vague, ambiguous, and subject to 

multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
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Confirmed that if a plan for reuse is identified and approved, then the Project substation, 
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operations and maintenance (“O&M”) building, and gen-tie line will be left in place. If no 

such plan is identified and approved, then those facilities will be decommissioned. 

 

 
6. Please confirm whether the proposed project substation, O&M building, and gen-

tie line are not planned to be located on PA 116 enrolled land. 

RESPONSE: Glacier Meadows objects to this Request as the term “planned” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that the proposed substation, operations and maintenance (“O&M”) building, 

and gen-tie line are not planned to be located on PA 116 enrolled land. 

 

 
7. The plan states that underground collection lines will remain in place as they will 

be installed to a depth greater than 4 feet below grade; however, the plan does not address 

collection line entrance/exit points. How will the points where underground lines enter and exit 

the ground be addressed during decommissioning? 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “remain in place” 

and “addressed” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Collection line entrance/exit points at a depth less than 4 feet below grade will be removed. 

Removal of these components is anticipated to include de-energization, excavation, cutting 

and removal of collection lines followed by backfill and restoration. 
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8. Please confirm whether collection line entrance and exits points are visually shown 

on Exhibit A-1.1 and identify. If these points are not visually shown on the submitted Exhibit A-

1.1, please provide a map showing the anticipated locations of such points, and state when 

entrance/exit locations for collections line will be finalized. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “visually shown,” 

“anticipated locations,” and “finalized” are vague, ambiguous, and subject to multiple, 

subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Collection line entrance/exit points will be located at the inverters and the substation, as 

shown in Exhibit A-1.1, sheets C.301-334. These locations are subject to change pending 

detailed design by the Project’s Engineering, Procurement, and Construction (“EPC”) 

contractor. The exact locations of the inverters/substation and collection line entrance/exit 

points will be finalized as part of the 100% design set anticipated immediately prior to 

commencement of construction (presently estimated in Q2 2027). 

 

 
9. Please confirm that property owners will be informed on final location routes of 

proposed underground lines. Additionally, please state what the underground lines are made of, 

and describe potential impact on future land use. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “informed” and 

“potential impact” are vague, ambiguous, and subject to multiple, subjective interpretations. 
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Subject to and without waiving any objections, Glacier Meadows states as follows: 

Upon completion of construction, As-Built drawings will be completed showing the final 

location of all facilities. Underground lines will consist of aluminum wiring with a protective 

jacket, fiber optics and electrical marking tape. Location of underground lines and As-Builts 

will be provided to landowners upon request or as agreed upon within individual lease 

agreements. As standard, property owners are recommended to call MISS DIG 811 prior to 

breaking ground on land post-decommissioning. Future land use can be returned to current, 

pre-construction/pre-operation use. 

 

 
Please refer to Exhibit A-13.1, pp 6-7: 

10. Table 1 lists the facility components and their associated removal methods. Please 

confirm all items that have not been predetermined to be kept in place, by agreement with property 

owners, are included in this section. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “predetermined” 

is vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Table 1 in Exhibit A-13.1 (pp. 6-7) includes all items that have not been 

predetermined to be kept in place by agreement with property owners. 

 

 
11. Please refer to Exhibit A-13.1, p 7, the plan lists petroleum fuels, lubricants, 

hydraulic fluids, and insulating oil. This section does not appear to have considered other 

hazardous materials such as heavy metals and per- and polyfluoroalkyl (PFAS) substances inside 
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panels and insulating gases such as sulfur hexafluoride (SF6) in switchgear, circuit breakers, or 

other electrical equipment. 

a. Please provide an assessment of all hazardous materials, including the 
above, in facility equipment. 

b. Please differentiate between the hazardous materials that will be present 
only within equipment, stored on site, and both; and differentiate between those 
that will be present only during facility operation, only during 
construction/decommissioning, and both. 

c. Does Glacier Meadows intend to use electrical equipment containing SF6? 
If so, please describe how SF6 will be contained to prevent emissions into the 
atmosphere during decommissioning. 

d. Please provide a detailed description of how “[h]azardous materials will be 
stored and labeled… to prevent leaks or spills.” This description may include details 
regarding volumes and storage containers. Please specifically explain how 
hazardous materials stored on site will be protected from stormwater exposure, 
particularly to prevent ground contamination. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “considered,” 

“assessment,” “differentiate,” “intend,” and “protected from” are vague, ambiguous, and 

subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
 

a. SF6 is anticipated to be contained within the high-voltage (“HV”) circuit 

breakers located within the Project substation. Upon decommissioning, 

Glacier Meadows anticipates that the HV circuit breakers will likely be 

recycled or repurposed (depending on whether an approved re-use plan is 

established for the Project substation). SF6 will be removed in accordance with 

applicable removal procedures and disposed of as hazardous waste. 

PFAS may be contained within the solar panels, pending final panel 

selection. Upon decommissioning, the solar panels will be transported to an 
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appropriate disposal, salvage, or recycling facility as described within Exhibit 

A-13.1. 

Presently, hazardous heavy metal materials are not anticipated to 

occur at the Project. 

b. Glacier Meadows states as follows: 
 

Petroleum fuels - will be present within equipment and stored onsite; 

will be present during construction/decommissioning and operations. 

Lubricants - will be present within equipment only; will be present 

during construction/decommissioning only. 

Hydraulic fluids - will be present within equipment and stored onsite; 

will be present during construction/decommissioning only. 

Insulating oil - will be present within equipment and stored onsite; will 

be present during construction/decommissioning and operations. 

SF6 - will be present within equipment (HV circuit breakers) and 

stored onsite; will be present during construction/decommissioning and 

operations. 

PFAS - may be present within equipment (solar panels); will be present 

during construction/decommissioning and operations. 

c. As noted above, SF6 is anticipated to be contained within the high-voltage 

(“HV”) circuit breakers located within the Project substation. It is anticipated 

that SF6 will be removed from the equipment per manufacturer specifications 

utilizing an adsorbent filtration process prior to the HV circuit breaker 

equipment being recycled/disposed of. 
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d. Both hazardous waste and hazardous materials will be stored in an elevated 

covered secondary containment near the operations and maintenance 

(“O&M”) building to prevent ground contamination and stormwater 

exposure. Hazardous waste bins/used oil tank will be covered, and waste 

removed from site regularly by a certified hazardous waste disposal company. 

Hazardous materials will be stored in their original container with labels 

clearly marked identifying the substance(s) contained within, until the 

material is required to be used in its application. A transfer pump will be 

utilized to transfer the hazardous materials from the original container within 

the containment area. Employees will refer to the safety data sheets of the 

materials for proper handling, personal protective equipment (“PPE”) 

requirements and disposal instructions. The Project's Spill Prevention, 

Control, and Countermeasure (“SPCC”) plan will be the guide for any spills 

or discharges of any hazardous material. 

 
12. Please refer to the following statement from Exhibit A-13.1, p 7: “Low-grade 

material such as contaminated aggregate, concrete rubble, wood, non-recyclable materials and 

other mixed general waste will in all likelihood be sent to landfill at cost to the Project.” 

a. Please explain whether the plan considers beneficial reuse or recycling of 
concrete rubble. Has recycling of “concrete rubble” been investigated for the 
proposed project’s decommissioning? 

b. Please define "contaminated aggregate". Further please explain what this 
material is anticipated to include, specifically focusing on items deemed 
"contaminated." 

c. Please provide a more detailed description of "non-recyclable materials”; 
how will these be classified? 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “considers,” 

“beneficial reuse or recycling,” “investigated,” “anticipated,” “deemed,” and “classified” are 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
 

a. The decommissioning plan does not consider concrete rubble being sent to a 

specialized concrete recycling facility for reuse. Commercial concrete 

recycling facilities are not as prevalent as general waste landfills, especially in 

rural areas. The current decommissioning plan provides for concrete rubble 

to be separated from other materials, such as PV support piles, and sent to a 

landfill in compliance with applicable regulation. 

b. Contaminated aggregate is construction material that contains unwanted 

fines, organic matter, or pollutants, which can compromise structural 

performance and durability. There are a couple instances within a solar 

project where concrete aggregate may be “contaminated.” One instance is 

where in-grade concrete foundations are removed from the ground and large 

quantities of soil, clay, or organic material cling to the concrete. Another 

instance is with project access roads. Aggregate for access roads are typically 

placed over a geotextile fabric to help hold the aggregate in place. However, 

when the roads are decommissioned, the geotextile can become torn apart and 

hard to separate from the aggregate. The final and least likely instance is if an 

oil or lubricant spills from a transformer as that material can seep into the 

pores of the concrete. 
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c. Non-recyclable materials will mainly consist of interior finishes found within 

the O&M building, such as drywall and acoustical ceiling tiles, etc. Non-

recyclable materials will also include smaller plastic and rubber components 

of the PV equipment and electrical balance of plant system, such as gaskets, 

which may not be accepted at recycling facilities. These materials will be 

categorized along the lines of the U.S. Resource Conservation and Recovery 

Act. 

 

 
Please refer to Exhibit A-13.1, pp 8-9: 

13. The plan does not appear to address dust, noise, or traffic during decommissioning 

activities. Please explain how dust, noise, and traffic impacts will be mitigated during 

decommissioning. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “address,” 

“impacts,” and “mitigated” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The following mitigation measures are anticipated during mitigation measures, if needed: 

• Dust mitigation - apply water/dust suppressants to active work areas and 

access roads during decommissioning activities where necessary; cover 

stockpiles with tarps. 

• Noise mitigation - plan work during daytime hours Monday through Friday 

as practicable to minimize weekend/evening noise impacts. If necessary based 
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on landowner complaints, Glacier Meadows may install noise mitigation 

measures (i.e., mufflers) on decommissioning equipment and erect temporary 

noise barriers in active work zones. 

• Traffic mitigation - coordinate decommissioning road use activities with the 

Lenawee County Road Commission and MI Department of Transportation as 

necessary to plan activities around planned/emergency road closures and 

other community events with increased traffic. 

 

 
Please refer to Exhibit A-13.1, p 9: 

14. Please describe the process and criteria the Applicant will use to determine whether 

and where topsoil salvage and redistribution is needed. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “process,” 

“criteria,” “determine,” and “needed” are vague, ambiguous, and subject to multiple, 

subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Topsoil salvage and redistribution will be managed in accordance with the Project’s civil 

design and site-specific hydrology requirements. During the design phase, Glacier Meadows’ 

civil engineer will assess the site to identify areas requiring grading or soil disturbance. 

Topsoil stripping will be limited to areas where grading activities necessitate removal, 

consistent with the goal of minimizing overall soil disturbance across the project footprint. 

Where topsoil stripping is required, stripped topsoil will be stockpiled onsite in designated 

areas to preserve its viability for reuse. Stockpiles will be managed to protect against erosion 
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and degradation during the construction period. Stockpiled topsoil will be redistributed 

across disturbed project areas during final grading, reclamation, and seeding activities at 

project completion. Redistribution locations and depths will be guided by the final civil 

design and hydrology plan to support successful vegetation establishment and long-term site 

stability. 

 

 
15. Please explain how soil characteristics will be assessed to determine that the soil 

has been returned and restored to its pre-construction state. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “soil 

characteristics,” “assessed,” and “determined” are vague, ambiguous, and subject to 

multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

During decommissioning, Glacier Meadows will employ standard soil restoration techniques 

(e.g., topsoil salvage and redistribution, aeration, organic matter incorporation) to ensure 

the soil is returned to a useful condition similar to its pre-construction state, in compliance 

with PA116 lands where applicable and in compliance with Public Act 233. 

 

 
16. Please confirm whether soil sampling will be conducted by Glacier Meadows after 

decommissioning activities are complete to confirm post project conditions match the initial 

physical and chemical analysis. 

RESPONSE: Glacier Meadows objects to this Request as the terms “conducted,” “confirm,” 

and “match” are vague, ambiguous, and subject to multiple, subjective interpretations. 
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Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Glacier Meadows will undertake soil sampling after decommissioning 

activities are complete to confirm post project conditions match the initial physical and 

chemical analysis if required as a condition for a certificate for the Project. 

 
17. Regarding "Grading/Earthwork": 

 
a. Please describe the process and criteria the Applicant will use to determine 
whether and where grading will be required/necessary. 

b. Please describe the process and criteria the Applicant will use to determine 
whether and where soil decompaction is necessary. 

c. Please describe how soil decompaction will be conducted. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “process,” 

“criteria,” “determine,” “required/necessary,” and “conducted” are vague, ambiguous, and 

subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 
 

a. Glacier Meadows’ civil engineer will assess the site to identify areas where 

grading is needed to restore pre-construction contours and drainage patterns. 

Grading will be required in areas where infrastructure removal, equipment 

staging, or construction activities resulted in material changes to existing 

grade. Final grading criteria will be governed by the Project’s 

decommissioning plan and any applicable permit conditions. 

b. Areas subject to compaction from vehicle traffic, equipment staging, and 

construction laydown will be identified during decommissioning site 

assessment. Soil decompaction will be required in any such areas prior to final 
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reclamation and seeding to restore soil structure and support vegetative 

reestablishment. 

c. Soil decompaction will be performed using a deep tillage implement such as a 

subsoiler or ripper operated to a depth sufficient to break up compacted 

layers, typically 12–18 inches. Work will be conducted when soil moisture 

conditions are appropriate and will precede topsoil redistribution and seeding 

operations. 

 

 
Please refer to Exhibit A-13.1, p 10: 

18. Please explain what the Company’s approach would entail if disputes arise with 

landowners concerning site conditions during or following decommissioning. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “approach,” 

“entail,” and “disputes” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows will abide by all terms and conditions in its decommissioning plan, as 

required in an approved MPSC siting certificate, and based on the Project’s individual lease 

agreements with landowners. Answering further, Glacier Meadows refers to and 

incorporates by reference Exhibit A-1.16 (Complaint Resolution Process) in Glacier 

Meadows’ Application. 
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19. What process will be used to resolve such disputes? 
 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “process,” 

“resolve,” “disputes” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows refers to and incorporates its Response to Request No. 18 above. 

 

 
Please refer to Exhibit A-13.1, p 11: 

20. Please provide the Applicant’s intended methods of planning and coordinating with 

landowners and ALUs, including timelines and media of communication. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “intended 

methods,” “planning,” “coordinating,” “timelines,” and “media of communication” are 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Landowners will be notified prior to decommissioning in compliance with the timeline and 

communication method defined in landowner agreements. Written communication is often 

required per the landowner agreements. Communications with affected local units (“ALUs”) 

will be attempted via email or mail notification, or as appropriate per ALUs standard 

communication methods.
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Exhibit S-7.1: Staff’s Seventh Discovery Request, Items 16 through 21, and Company 

Response 

Please refer to Exhibit A-1.2: 

16.  Figure 8 depicts at least two areas in yellow where easements are located, which 

according to the legend are based on United States Fish and Wildlife Services information. Please 

provide additional information to identify what type of easements are located within the project 

area or 1000-foot buffer. This description should include whether the easements are protected and 

if so, under what circumstances. Last please describe whether these easements may have an impact 

on project design, and if actions must be taken on behalf of the Applicant to address the easements. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “based on,” 

“United States Fish and Wildlife Services information,” “protected,” “impact,” and 

“address” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The United States Fish and Wildlife Service (“USFWS”) easement areas were identified 

utilizing United States Geological Survey (“USGS”) Protected Areas Database of the US 

(“PAD-US”) data. The easement area to the north of the Project within the 1,000-foot buffer 

is a USFWS Farm Service Agency conservation easement. Because the Project is not directly 

impacting this area, specific easement details are not known (i.e., whether it is protected and 

under what circumstances). Glacier Meadows consulted with USFWS, who reviewed the 

Project area (see Exhibit A-4.4) and has not shared specific actions or concerns regarding 

the easement. The easement does not impact Project design, and no actions must be taken to 
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address the easement. To the extent Staff is seeking information regarding additional 

easements, Glacier Meadows requests that Staff specifically identify any additional 

easements for which they seek information. 
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Please refer to Exhibit A-6.2: 

17.  Regarding Section 3.3.3, please provide the following: 

a.  Confirm whether the voluntary setbacks as listed refer to both regulated and 
non-regulated wetlands and streams. 
 
b.  Indicate whether a frac-out plan will be utilized to mitigate potential impacts 
from horizontal directional drilling. 
 
c.  Provide narrative and supporting evidence to support the determination that 
project activities avoid Part 31 regulated floodplains, including whether the project 
area contains drainage areas of 2 square miles or more. 
 
d.  Identify each location where an impact to a wetland or stream/drainage 
feature is currently proposed due to the installation of access roads, crossing lines 
(including horizontal directional drilling), fencing, panel arrays, or any other 
project activity. 
 
e.  For any access roads or access road entrances impacting a wetland or 
stream/drainage feature, please describe whether any alternatives were considered 
and why the site design as submitted represents the most feasible and prudent 
design with respect to the planned roads and entrances. 
 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “frac-out plan,” 

“utilized,” “mitigate,” “impacts,” “narrative,” “determination,” “drainage areas,” “wetland 

or stream/drainage feature,” “alternatives,” “considered,” “most feasible,” and “prudent 

design” are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

a.  The voluntary setbacks apply to both regulated and non-regulated 

wetlands and streams. 

b.  Confirmed that Glacier Meadows will utilize a frac-out plan to mitigate 
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potential impacts from horizontal directional drilling if needed. 

c.  The Project Area does not contain drainage areas of 2 square miles or 

more, as demonstrated within the Project’s Exhibit A-6.2, Attachment 

A: Wetland and Stream Delineation Report. The location of the Part 31 

regulated floodplain is depicted in Figure 3 of Exhibit A-6.2, 

Attachment A. Project infrastructure is not overlapping with the 

floodplain area, as demonstrated in Exhibit A-1.1, Sheet C.002, and it 

is not planned to overlap with the floodplain area, as demonstrated in 

Exhibit A-1.6, Figure 1. 

d.  Preliminary wetland/stream HDD crossings are shown on Exhibit A- 

1.1, Sheets C.310. C.314, C.315, C.317, C.320, C.321, and C.323 as 

indicated by the “Proposed Bore Pit (Typ.)” and “Proposed Bore Line 

(Typ.)” callouts. Preliminary drainage feature impacts from access 

road entrances are shown on Exhibit A-1.1, Sheets C.315 (EC-05), 

C.317 (EC-04), C.323 (EC-04), C.325 (EC-02), and C.329 (EC-03) as 

indicated by the “Proposed Entrance Culvert Location” call-outs, 

which are identified as “EC-XX.” Direct impacts to 

wetlands/streams/drainage features from access roads (outside of 

entrance locations), collection lines, fencing, panel arrays, or other 

project activities are not anticipated. 

e.  Alternatives were considered and will be further detailed in the 

Project’s MI EGLE Minor Permit application, which Glacier Meadows 
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anticipates submitting between Q4 2026-Q1 2027. 
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18.  Regarding Section 4.2, please indicate whether a 660-foot buffer from Bald Eagle 

nests will be implemented as described in the United States Fish and Wildlife Service’s National 

Bald Eagle Management Guidelines (May 5, 2007). 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “implemented” is 

vague, ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows 

further objects to the extent this Request seeks to impose or imply a burden greater than 

that set forth under Public Act 233 or the Application Instructions and Procedures related 

thereto. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

There are no bald eagle nests present within 660-feet of the Project site. As such, there is no 

basis to require a 660-foot buffer for bald eagle nests. Glacier Meadows commits to 

complying with required guidance and direction from U.S. Fish and Wildlife Service if any 

bald eagle nests are identified. 
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19.  Regarding Section 6.2, please confirm whether the project will comply with 2.11 

of the Wildlife Conservation Order, under the Michigan Department of Natural Resources 

(MDNR), including whether prevention and response measures for entrapped or injured wildlife 

will be implemented, and whether the MDNR will be contacted if a large animal becomes 

entrapped by fencing. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “comply,” 

“prevention,” “response measures,” “entrapped,” “injured,” and “large animal” are vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states that it is 

preparing information responsive to this Request and will supplement its Response once it 

has information responsive to this Request. 
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20.  Regarding Section 7.4, please provide the following information: 

a.  Describe the referenced standard best management practices for dust 

suppression and equipment maintenance. 

b.  Verify whether dust suppression will be included within the Soil Erosion 

and Sedimentation Control Plan. 

c.  Indicate whether chemical dust suppressants may be utilized, and if so, 

please provide a representative Safety Data Sheet for the potential product(s) or 

product type(s) planned for use. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “dust 

suppression,” “equipment maintenance,” and “chemical dust suppressants” are vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

a.  Dust suppression best management practices (BMPs) are anticipated to 

include the application of water/dust suppressants to active work areas 

and access roads during construction activities where necessary, and 

covering stockpiles with tarps. Equipment maintenance BMPs are 

detailed in the Response to Request No. 20(b) below. 

b.  Dust suppression is not typically addressed within the Soil Erosion and 

Sedimentation Control Plan, which is primarily focused on stormwater 

and sediment controls. Dust mitigation during construction will be 

addressed through the Project’s construction management procedures 
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and contractor requirements. Standard dust suppression measures will 

include water application on exposed soil surfaces and unpaved haul 

roads during dry or windy conditions, speed restrictions on unpaved 

site roads, and stabilization of inactive disturbed areas in accordance 

with the Project’s erosion control plan. Glacier Meadows will confirm 

whether dust suppression measures will be formally incorporated into 

the SESC Plan or addressed in a separate construction environmental 

controls document as the Project progresses through final design. 

c.  Chemical dust suppressants may be utilized during construction. The 

specific product(s) will be determined by the engineering, procurement, 

and construction (“EPC”) contractor following contract award and 

development of the site-specific construction management plan. The 

EPC contractor will confirm that any chemical dust suppressants 

employed are appropriate to Project permit conditions and applicable 

environmental standards. Representative Safety Data Sheets for the 

selected product(s) will be available once the EPC contractor has 

finalized the site-specific dust suppression approach. Typical products 

may include magnesium chloride or similar compounds, but no product 

selection has been made at this time. 

21.  Regarding Attachments A and C: Wetland Delineation and Habitat Assessment 

Reports, respectively, please verify whether the study area included parcels DEO-225-4700-00, 

DEO-225-4300-00, DEO-236-RAIL-00, and DEO-225-4800-00 (near where the existing 
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substation is located). If so, please provide supporting evidence to resolve the apparent discrepancy 

between Figure 1 of the Wetland Delineation and Habitat Assessment (in Attachment A and C of 

Exhibit A-6.2, respectively) and the proposed project area as defined in Exhibit A-1.1 Site Plans. 

Provide supporting narrative for any other areas of the application that may need to be clarified in 

this regard. Snapshots with the apparent discrepancy indicated by a shaded green polygon with 

dotted border are provided below for your reference. 

             

Exhibit A-1.1, Sheet C.100 Rev A   Exhibit A-6.2, Attachments A and C, Figure 1:11 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “study area,” 

“supporting evidence,” and “apparent discrepancy” are vague, ambiguous, and subject to 

multiple, subjective interpretations. Glacier Meadows further objects to the extent this 

Request seeks to impose or imply a burden greater than that set forth under Public Act 233 

or the Application Instructions and Procedures related thereto. 

 
1 Only one figure is provided here because the figures in each report appear identical. 
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Subject to and without waiving any objections, Glacier Meadows states that it is 

preparing information responsive to this Request and will supplement its Response once it 

has information responsive to this Request. 

 



Exhibit S-7.2: National Bald Eagle Management Guidelines 

See Attachment A.
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NATIONAL BALD EAGLE  
MANAGEMENT GUIDELINES 

U.S. Fish and Wildlife Service
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INTRODUCTION 
 
The bald eagle (Haliaeetus leucocephalus) is protected by the Bald and Golden Eagle 
Protection Act (Eagle Act) and the Migratory Bird Treaty Act (MBTA).  The MBTA and the 
Eagle Act protect bald eagles from a variety of harmful actions and impacts.  The U.S. 
Fish and Wildlife Service (Service) developed these National Bald Eagle Management 
Guidelines to advise landowners, land managers, and others who share public and private 
lands with bald eagles when and under what circumstances the protective provisions of 
the Eagle Act may apply to their activities.  A variety of human activities can potentially 
interfere with bald eagles, affecting their ability to forage, nest, roost, breed, or raise 
young.  The Guidelines are intended to help people minimize such impacts to bald eagles, 
particularly where they may constitute “disturbance,” which is prohibited by the Eagle Act. 
 
The Guidelines are intended to: 
 

(1) Publicize the provisions of the Eagle Act that continue to protect bald eagles, in 
order to reduce the possibility that people will violate the law, 
 

(2) Advise landowners, land managers and the general public of the potential for 
various human activities to disturb bald eagles, and 
 

(3) Encourage additional nonbinding land management practices that benefit bald 
eagles (see Additional Recommendations section). 

 
While the Guidelines include general recommendations for land management practices 
that will benefit bald eagles, the document is intended primarily as a tool for landowners 
and planners who seek information and recommendations regarding how to avoid 
disturbing bald eagles.  Many States and some tribal entities have developed state-
specific management plans, regulations, and/or guidance for landowners and land 
managers to protect and enhance bald eagle habitat, and we encourage the continued 
development and use of these planning tools to benefit bald eagles.    
 
Adherence to the Guidelines herein will benefit individuals, agencies, organizations, and 
companies by helping them avoid violations of the law.  However, the Guidelines 
themselves are not law.  Rather, they are recommendations based on several decades of 
behavioral observations, science, and conservation measures to avoid or minimize 
adverse impacts to bald eagles.   
 
The U.S. Fish and Wildlife Service strongly encourages adherence to these guidelines to 
ensure that bald and golden eagle populations will continue to be sustained.  The Service 
realizes there may be impacts to some birds even if all reasonable measures are taken to 
avoid such impacts.  Although it is not possible to absolve individuals and entities from 
liability under the Eagle Act or the MBTA, the Service exercises enforcement discretion to 
focus on those individuals, companies, or agencies that take migratory birds without 
regard for the consequences of their actions and the law, especially when conservation 
measures, such as these Guidelines, are available, but have not been implemented.  The 
Service will prioritize its enforcement efforts to focus on those individuals or entities who 
take bald eagles or their parts, eggs, or nests without implementing appropriate measures 
recommended by the Guidelines.   
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The Service intends to pursue the development of regulations that would authorize, under 
limited circumstances, the use of permits if “take” of an eagle is anticipated but 
unavoidable.  Additionally, if the bald eagle is delisted, the Service intends to provide a 
regulatory mechanism to honor existing (take) authorizations under the Endangered 
Species Act (ESA).   
 
During the interim period until the Service completes a rulemaking for permits under the 
Eagle Act, the Service does not intend to refer for prosecution the incidental “take” of any 
bald eagle under the MBTA or Eagle Act, if such take is in full compliance with the terms 
and conditions of an incidental take statement issued to the action agency or applicant 
under the authority of section 7(b)(4) of the ESA or a permit issued under the authority of 
section 10(a)(1)(B) of the ESA.   
 
The Guidelines are applicable throughout the United States, including Alaska.  The 
primary purpose of these Guidelines is to provide information that will minimize or prevent 
violations only of Federal laws governing bald eagles.  In addition to Federal laws, many 
states and some smaller jurisdictions and tribes have additional laws and regulations 
protecting bald eagles.  In some cases those laws and regulations may be more protective 
(restrictive) than these Federal guidelines.  If you are planning activities that may affect 
bald eagles, we therefore recommend that you contact both your nearest U.S. Fish and 
Wildlife Service Field Office (see the contact information on p.16) and your state wildlife 
agency for assistance.   
 
 
 LEGAL PROTECTIONS FOR THE BALD EAGLE 
 
The Bald and Golden Eagle Protection Act 
The Eagle Act (16 U.S.C. 668-668c), enacted in 1940, and amended several times since 
then, prohibits anyone, without a permit issued by the Secretary of the Interior, from 
“taking” bald eagles, including their parts, nests, or eggs.  The Act provides criminal and 
civil penalties for persons who “take, possess, sell, purchase, barter, offer to sell, 
purchase or barter, transport, export or import, at any time or any manner, any bald eagle 
... [or any golden eagle], alive or dead, or any part, nest, or egg thereof.”  The Act defines 
“take” as “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or 
disturb.”  “Disturb’’ means:  
 

"Disturb means to agitate or bother a bald or golden eagle to a degree that 
causes, or is likely to cause, based on the best scientific information available,  
1) injury to an eagle, 2) a decrease in its productivity, by substantially interfering 
with normal breeding, feeding, or sheltering behavior, or 3) nest abandonment, 
by substantially interfering with normal breeding, feeding, or sheltering behavior." 

 
In addition to immediate impacts, this definition also covers impacts that result from 
human-induced alterations initiated around a previously used nest site during a time when 
eagles are not present, if, upon the eagle=s return, such alterations agitate or bother an 
eagle to a degree that injures an eagle or substantially interferes with normal breeding, 
feeding, or sheltering habits and causes, or is likely to cause, a loss of productivity or nest 
abandonment. 
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A violation of the Act can result in a criminal fine of $100,000 ($200,000 for organizations), 
imprisonment for one year, or both, for a first offense.  Penalties increase substantially for 
additional offenses, and a second violation of this Act is a felony. 

The Migratory Bird Treaty Act 
The MBTA (16 U.S.C. 703-712), prohibits the taking of any migratory bird or any part, 
nest, or egg, except as permitted by regulation.  The MBTA was enacted in 1918; a 1972 
agreement supplementing one of the bilateral treaties underlying the MBTA had the effect 
of expanding the scope of the Act to cover bald eagles and other raptors.  Implementing 
regulations define “take” under the MBTA as “pursue, hunt, shoot, wound, kill, trap, 
capture, possess, or collect.”   

Copies of the Eagle Act and the MBTA are available at: http://permits.fws.gov/ltr/ltr.shtml. 

State laws and regulations 
Most states have their own regulations and/or guidelines for bald eagle management.  
Some states may continue to list the bald eagle as endangered, threatened, or of special 
concern.  If you plan activities that may affect bald eagles, we urge you to familiarize 
yourself with the regulations and/or guidelines that apply to bald eagles in your state.  
Your adherence to the Guidelines herein does not ensure that you are in compliance with 
state laws and regulations because state regulations can be more specific and/or 
restrictive than these Guidelines.   

NATURAL HISTORY OF THE BALD EAGLE 

Bald eagles are a North American species that historically occurred throughout the 
contiguous United States and Alaska.  After severely declining in the lower 48 States 
between the 1870s and the 1970s, bald eagles have rebounded and re-established 
breeding territories in each of the lower 48 states.  The largest North American breeding 
populations are in Alaska and Canada, but there are also significant bald eagle 
populations in Florida, the Pacific Northwest, the Greater Yellowstone area, the Great 
Lakes states, and the Chesapeake Bay region.  Bald eagle distribution varies seasonally.  
Bald eagles that nest in southern latitudes frequently move northward in late spring and 
early summer, often summering as far north as Canada.  Most eagles that breed at 
northern latitudes migrate southward during winter, or to coastal areas where waters 
remain unfrozen.  Migrants frequently concentrate in large numbers at sites where food is 
abundant and they often roost together communally.  In some cases, concentration areas 
are used year-round: in summer by southern eagles and in winter by northern eagles.   

Juvenile bald eagles have mottled brown and white plumage, gradually acquiring their 
dark brown body and distinctive white head and tail as they mature.  Bald eagles generally 
attain adult plumage by 5 years of age.  Most are capable of breeding at 4 or 5 years of 
age, but in healthy populations they may not start breeding until much older.  Bald eagles 
may live 15 to 25 years in the wild.  Adults weigh 8 to 14 pounds (occasionally reaching 
16 pounds in Alaska) and have wingspans of 5 to 8 feet.  Those in the northern range are 
larger than those in the south, and females are larger than males. 

        3       
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Where do bald eagles nest? 
Breeding bald eagles occupy “territories,” areas they will typically defend against intrusion 
by other eagles.   In addition to the active nest, a territory may include one or more 
alternate nests (nests built or maintained by the eagles but not used for nesting in a given 
year).  The Eagle Act prohibits removal or destruction of both active and alternate bald 
eagle nests.  Bald eagles exhibit high nest site fidelity and nesting territories are often 
used year after year. Some territories are known to have been used continually for over 
half a century.   
 
Bald eagles generally nest near coastlines, rivers, large lakes or streams that support an 
adequate food supply.  They often nest in mature or old-growth trees; snags (dead trees); 
cliffs; rock promontories; rarely on the ground; and with increasing frequency on human-
made structures such as power poles and communication towers.  In forested areas, bald 
eagles often select the tallest trees with limbs strong enough to support a nest that can 
weigh more than 1,000 pounds.  Nest sites typically include at least one perch with a clear 
view of the water where the eagles usually forage.  Shoreline trees or snags located in 
reservoirs provide the visibility and accessibility needed to locate aquatic prey.  Eagle 
nests are constructed with large sticks, and may be lined with moss, grass, plant stalks, 
lichens, seaweed, or sod.  Nests are usually about 4-6 feet in diameter and 3 feet deep, 
although larger nests exist.   
 

 
         Copyright Birds of North America, 2000 
 
The range of breeding bald eagles in 2000 (shaded areas).  This map shows only the larger 
concentrations of nests; eagles have continued to expand into additional nesting territories in many 
states.  The dotted line represents the bald eagle’s wintering range.   
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When do bald eagles nest? 
Nesting activity begins several months before egg-laying.  Egg-laying dates vary 
throughout the U.S., ranging from October in Florida, to late April or even early May in the 
northern United States.  Incubation typically lasts 33-35 days, but can be as long as 40 
days.  Eaglets make their first unsteady flights about 10 to 12 weeks after hatching, and 
fledge (leave their nests) within a few days after that first flight.  However, young birds 
usually remain in the vicinity of the nest for several weeks after fledging because they are 
almost completely dependent on their parents for food until they disperse from the nesting 
territory approximately 6 weeks later.   
 
The bald eagle breeding season tends to be longer in the southern U.S., and re-nesting 
following an unsuccessful first nesting attempt is more common there as well.  The 
following table shows the timing of bald eagle breeding seasons in different regions of the 
country.  The table represents the range of time within which the majority of nesting 
activities occur in each region and does not apply to any specific nesting pair.  Because 
the timing of nesting activities may vary within a given region, you should contact the 
nearest U.S. Fish and Wildlife Service Field Office (see page 16) and/or your state wildlife 
conservation agency for more specific information on nesting chronology in your area.   
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Chronology of typical reproductive activities of bald eagles in the United States. 
  

 
Sept. 

 
Oct. 

 
Nov. 

 
Dec. 

 
Jan. Feb. March April May June 

 
July Aug. 

 
SOUTHEASTERN U.S. (FL, GA, SC, NC, AL, MS, LA, TN, KY, AR, eastern 2 of TX) 
 
Nest Building  ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
 

 
Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  

 
 

 
Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  

 
 Fledging Young ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
CHESAPEAKE BAY REGION (NC, VA, MD, DE, southern 2 of NJ, eastern 2 of PA, panhandle of WV) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟ ⎟ 

 
 

 
 Fledging Young  
 
NORTHERN U.S. (ME, NH, MA, RI, CT, NY, northern 2 of NJ, western  2 of PA, OH, WV exc. panhandle, IN, IL, 
MI, WI, MN, IA, MO, ND, SD, NB, KS, CO, UT) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟ 

 
 

 
 Fledging Young ⎟ ⎟ ⎟ ⎟ 
 
PACIFIC REGION (WA, OR, CA, ID, MT, WY, NV) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟  
 
 Fledging Young ⎟ ⎟ ⎟ ⎟ 
 
SOUTHWESTERN U.S. (AZ, NM, OK panhandle, western 2 of TX) 
 
 

 
Nest Building ⎟ ⎟⎟ ⎟⎟ ⎟  

 
 

 
Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟⎟ 
⎟⎟

 
 
 Hatching/Rearing Young ⎟ ⎟ ⎟ 

⎟⎟ ⎟⎟ ⎟ ⎟
 

 
 Fledging Young ⎟  
 
ALASKA 
 
 Nest Building ⎟ ⎟⎟ ⎟⎟ ⎟ ⎟  
 
 Egg Laying/Incubation 

 
 

 
 ⎟ 

 
 Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟⎟ 

 
Ing Young 

 
 Fledg-    

 
Sept. 

 
Oct. 

 
Nov. 

 
Dec. 

 
Jan. Feb. March April May June 

 
July Aug. 
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How many chicks do bald eagles raise? 
The number of eagle eggs laid will vary from 1-3, with 1-2 eggs being the most common. 
Only one eagle egg is laid per day, although not always on successive days. Hatching of 
young occurs on different days with the result that chicks in the same nest are sometimes 
of unequal size.  The overall national fledging rate is approximately one chick per nest, 
annually, which results in a healthy expanding population. 
 
What do bald eagles eat? 
Bald eagles are opportunistic feeders.  Fish comprise much of their diet, but they also eat 
waterfowl, shorebirds/colonial waterbirds, small mammals, turtles, and carrion.  Because 
they are visual hunters, eagles typically locate their prey from a conspicuous perch, or 
soaring flight, then swoop down and strike.  Wintering bald eagles often congregate in 
large numbers along streams to feed on spawning salmon or other fish species,  and often 
gather in large numbers in areas below reservoirs, especially hydropower dams, where 
fish are abundant.  Wintering eagles also take birds from rafts of ducks at reservoirs and 
rivers, and congregate on melting ice shelves to scavenge dead fish from the current or 
the soft melting ice.  Bald eagles will also feed on carcasses along roads, in landfills, and 
at feedlots. 
 
During the breeding season, adults carry prey to the nest to feed the young.  Adults feed 
their chicks by tearing off pieces of food and holding them to the beaks of the eaglets.  
After fledging, immature eagles are slow to develop hunting skills, and must learn to 
locate reliable food sources and master feeding techniques.  Young eagles will 
congregate together, often feeding upon easily acquired food such as carrion and fish 
found in abundance at the mouths of streams and shallow bays and at landfills.    
 
The impact of human activity on nesting bald eagles 
During the breeding season, bald eagles are sensitive to a variety of human activities.  
However, not all bald eagle pairs react to human activities in the same way.  Some pairs 
nest successfully just dozens of yards from human activity, while others abandon nest 
sites in response to activities much farther away.  This variability may be related to a 
number of factors, including visibility, duration, noise levels, extent of the area affected by 
the activity, prior experiences with humans, and tolerance of the individual nesting pair.  
The relative sensitivity of bald eagles during various stages of the breeding season is 
outlined in the following table. 

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.2 
Page 11 of 27



 National Bald Eagle Management Guidelines                                                                       May 2007 

                                                                                        8 
 

 
Nesting Bald Eagle Sensitivity to Human Activities  

 
Phase 

 
Activity 

 
Sensitivity to 
Human Activity 

 
Comments 

 
I 

 
Courtship and 
Nest Building 

 
Most sensitive 
period; likely to 
respond negatively  

 
Most critical time period.  Disturbance is manifested in nest 
abandonment.  Bald eagles in newly established territories are 
more prone to abandon nest sites. 

 
II 

 
Egg laying 

 
Very sensitive 
period  

 
Human activity of even limited duration may cause nest 
desertion and abandonment of territory for the breeding 
season. 

 
III 

 
Incubation and 
early nestling 
period (up to 4 
weeks) 

 
Very sensitive 
period 

 
Adults are less likely to abandon the nest near and after 
hatching.  However, flushed adults leave eggs and young 
unattended; eggs are susceptible to cooling, loss of moisture, 
overheating, and predation; young are vulnerable to elements. 

IV 

 
Nestling 
period, 4 to 8 
weeks 

 
Moderately 
sensitive period 

 
Likelihood of nest abandonment and vulnerability of the 
nestlings to elements somewhat decreases.  However, 
nestlings may miss feedings, affecting their survival. 

V 
Nestlings 8 
weeks through 
fledging 

Very sensitive 
period 

Gaining flight capability, nestlings 8 weeks and older may flush 
from the nest prematurely due to disruption and die. 

 
 
If agitated by human activities, eagles may inadequately construct or repair their nest, 
may expend energy defending the nest rather than tending to their young, or may 
abandon the nest altogether.  Activities that cause prolonged absences of adults from 
their nests can jeopardize eggs or young.  Depending on weather conditions, eggs may 
overheat or cool too much and fail to hatch.  Unattended eggs and nestlings are subject to 
predation.  Young nestlings are particularly vulnerable because they rely on their parents 
to provide warmth or shade, without which they may die as a result of hypothermia or heat 
stress.  If food delivery schedules are interrupted, the young may not develop healthy 
plumage, which can affect their survival.  In addition, adults startled while incubating or 
brooding young may damage eggs or injure their young as they abruptly leave the nest.  
Older nestlings no longer require constant attention from the adults, but they may be 
startled by loud or intrusive human activities and prematurely jump from the nest before 
they are able to fly or care for themselves.  Once fledged, juveniles range up to ¼ mile 
from the nest site, often to a site with minimal human activity.  During this period, until 
about six weeks after departure from the nest, the juveniles still depend on the adults to 
feed them. 
 
The impact of human activity on foraging and roosting bald eagles 
Disruption, destruction, or obstruction of roosting and foraging areas can also negatively 
affect bald eagles.  Disruptive activities in or near eagle foraging areas can interfere with 
feeding, reducing chances of survival.  Interference with feeding can also result in reduced 
productivity (number of young successfully fledged).  Migrating and wintering bald eagles 
often congregate at specific sites for purposes of feeding and sheltering.  Bald eagles rely 
on established roost sites because of their proximity to sufficient food sources.  Roost 
sites are usually in mature trees where the eagles are somewhat sheltered from the wind 
and weather.  Human activities near or within communal roost sites may prevent eagles 
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from feeding or taking shelter, especially if there are not other undisturbed and productive 
feeding and roosting sites available.  Activities that permanently alter communal roost 
sites and important foraging areas can altogether eliminate the elements that are essential 
for feeding and sheltering eagles.   
 
Where a human activity agitates or bothers roosting or foraging bald eagles to the degree 
that causes injury or substantially interferes with breeding, feeding, or sheltering behavior 
and causes, or is likely to cause, a loss of productivity or nest abandonment, the conduct 
of the activity constitutes a violation of the Eagle Act’s prohibition against disturbing 
eagles.  The circumstances that might result in such an outcome are difficult to predict 
without detailed site-specific information.  If your activities may disturb roosting or foraging 
bald eagles, you should contact your local Fish and Wildlife Service Field Office (see page 
16) for advice and recommendations for how to avoid such disturbance.   
 
 

RECOMMENDATIONS FOR AVOIDING DISTURBANCE AT NEST SITES 
 
In developing these Guidelines, we relied on existing state and regional bald eagle 
guidelines, scientific literature on bald eagle disturbance, and recommendations of state 
and Federal biologists who monitor the impacts of human activity on eagles.  Despite 
these resources, uncertainties remain regarding the effects of many activities on eagles 
and how eagles in different situations may or may not respond to certain human activities.  
The Service recognizes this uncertainty and views the collection of better biological data 
on the response of eagles to disturbance as a high priority.  To the extent that resources 
allow, the Service will continue to collect data on responses of bald eagles to human 
activities conducted according to the recommendations within these Guidelines to ensure 
that adequate protection from disturbance is being afforded, and to identify circumstances 
where the Guidelines might be modified.  These data will be used to make future 
adjustments to the Guidelines. 
 
To avoid disturbing nesting bald eagles, we recommend (1) keeping a distance between 
the activity and the nest (distance buffers), (2) maintaining preferably forested (or natural) 
areas between the activity and around nest trees (landscape buffers), and (3) avoiding 
certain activities during the breeding season.  The buffer areas serve to minimize visual 
and auditory impacts associated with human activities near nest sites.  Ideally, buffers 
would be large enough to protect existing nest trees and provide for alternative or 
replacement nest trees.   
 
The size and shape of effective buffers vary depending on the topography and other 
ecological characteristics surrounding the nest site.  In open areas where there are little or 
no forested or topographical buffers, such as in many western states, distance alone must 
serve as the buffer.  Consequently, in open areas, the distance between the activity and 
the nest may need to be larger than the distances recommended under Categories A and 
B of these guidelines (pg. 12) if no landscape buffers are present.  The height of the nest 
above the ground may also ameliorate effects of human activities; eagles at higher nests 
may be less prone to disturbance. 
 
In addition to the physical features of the landscape and nest site, the appropriate size for 
the distance buffer may vary according to the historical tolerances of eagles to human 
activities in particular localities, and may also depend on the location of the nest in relation 
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to feeding and roosting areas used by the eagles.  Increased competition for nest sites 
may lead bald eagles to nest closer to human activity (and other eagles).   
 
Seasonal restrictions can prevent the potential impacts of many shorter-term, obtrusive 
activities that do not entail landscape alterations (e.g. fireworks, outdoor concerts).  In 
proximity to the nest, these kinds of activities should be conducted only outside the 
breeding season.  For activities that entail both short-term, obtrusive characteristics and 
more permanent impacts (e.g., building construction), we recommend a combination of 
both approaches: retaining a landscape buffer and observing seasonal restrictions.  
  
For assistance in determining the appropriate size and configuration of buffers or the 
timing of activities in the vicinity of a bald eagle nest, we encourage you to contact the 
nearest U.S. Fish and Wildlife Service Field Office (see page 16). 
 
Existing Uses 
Eagles are unlikely to be disturbed by routine use of roads, homes, and other facilities 
where such use pre-dates the eagles’ successful nesting activity in a given area.  
Therefore, in most cases ongoing existing uses may proceed with the same intensity with 
little risk of disturbing bald eagles.  However, some intermittent, occasional, or irregular 
uses that pre-date eagle nesting in an area may disturb bald eagles.  For example: a pair 
of eagles may begin nesting in an area and subsequently be disturbed by activities 
associated with an annual outdoor flea market, even though the flea market has been held 
annually at the same location.  In such situations, human activity should be adjusted or 
relocated to minimize potential impacts on the nesting pair.   
 
 

ACTIVITY-SPECIFIC GUIDELINES 
 

The following section provides the Service=s management recommendations for avoiding 
bald eagle disturbance as a result of new or intermittent activities proposed in the vicinity 
of bald eagle nests.  Activities are separated into 8 categories (A – H) based on the nature 
and magnitude of impacts to bald eagles that usually result from the type of activity.  
Activities with similar or comparable impacts are grouped together.   
 
In most cases, impacts will vary based on the visibility of the activity from the eagle nest 
and the degree to which similar activities are already occurring in proximity to the nest 
site.  Visibility is a factor because, in general, eagles are more prone to disturbance when 
an activity occurs in full view.  For this reason, we recommend that people locate activities 
farther from the nest structure in areas with open vistas, in contrast to areas where the 
view is shielded by rolling topography, trees, or other screening factors.  The 
recommendations also take into account the existence of similar activities in the area 
because the continued presence of nesting bald eagles in the vicinity of the existing 
activities indicates that the eagles in that area can tolerate a greater degree of human 
activity than we can generally expect from eagles in areas that experience fewer human 
impacts.  To illustrate how these factors affect the likelihood of disturbing eagles, we have 
incorporated the recommendations for some activities into a table (categories A and B).   
 
First, determine which category your activity falls into (between categories A – H).  If the 
activity you plan to undertake is not specifically addressed in these guidelines, follow the 
recommendations for the most similar activity represented.   
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If your activity is under A or B, our recommendations are in table form.  The vertical axis 
shows the degree of visibility of the activity from the nest.  The horizontal axis (header 
row) represents the degree to which similar activities are ongoing in the vicinity of the 
nest.  Locate the row that best describes how visible your activity will be from the eagle 
nest.  Then, choose the column that best describes the degree to which similar activities 
are ongoing in the vicinity of the eagle nest.  The box where the column and row come 
together contains our management recommendations for how far you should locate your 
activity from the nest to avoid disturbing the eagles.  The numerical distances shown in 
the tables are the closest the activity should be conducted relative to the nest.  In some 
cases we have included additional recommendations (other than recommended distance 
from the nest) you should follow to help ensure that your activity will not disturb the 
eagles.   
 
Alternate nests 
For activities that entail permanent landscape alterations that may result in bald eagle 
disturbance, these recommendations apply to both active and alternate bald eagle nests.  
Disturbance becomes an issue with regard to alternate nests if eagles return for breeding 
purposes and react to land use changes that occurred while the nest was inactive.  The 
likelihood that an alternate nest will again become active decreases the longer it goes 
unused.  If you plan activities in the vicinity of an alternate bald eagle nest and have 
information to show that the nest has not been active during the preceding 5 breeding 
seasons, the recommendations provided in these guidelines for avoiding disturbance 
around the nest site may no longer be warranted.  The nest itself remains protected by 
other provisions of the Eagle Act, however, and may not be destroyed.   
 
If special circumstances exist that make it unlikely an inactive nest will be reused before 5 
years of disuse have passed, and you believe that the probability of reuse is low enough 
to warrant disregarding the recommendations for avoiding disturbance, you should be 
prepared to provide all the reasons for your conclusion, including information regarding 
past use of the nest site.  Without sufficient documentation, you should continue to follow 
these guidelines when conducting activities around the nest site.  If we are able to 
determine that it is unlikely the nest will be reused, we may advise you that the 
recommendations provided in these guidelines for avoiding disturbance are no longer 
necessary around that nest site.   
 
This guidance is intended to minimize disturbance, as defined by Federal regulation.  In 
addition to Federal laws, most states and some tribes and smaller jurisdictions have 
additional laws and regulations protecting bald eagles.  In some cases those laws and 
regulations may be more protective (restrictive) than these Federal guidelines.   
 
Temporary Impacts 
For activities that have temporary impacts, such as the use of loud machinery, fireworks 
displays, or summer boating activities, we recommend seasonal restrictions.  These types 
of activities can generally be carried out outside of the breeding season without causing 
disturbance.  The recommended restrictions for these types of activities can be lifted for 
alternate nests within a particular territory, including nests that were attended during the 
current breeding season but not used to raise young, after eggs laid in another nest within 
the territory have hatched (depending on the distance between the alternate nest and the 
active nest).   
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In general, activities should be kept as far away from nest trees as possible; loud and 
disruptive activities should be conducted when eagles are not nesting; and activity 
between the nest and the nearest foraging area should be minimized.  If the activity you 
plan to undertake is not specifically addressed in these guidelines, follow the 
recommendations for the most similar activity addressed, or contact your local U.S. Fish 
and Wildlife Service Field Office for additional guidance.   

If you believe that special circumstances apply to your situation that increase or diminish 
the likelihood of bald eagle disturbance, or if it is not possible to adhere to the guidelines, 
you should contact your local Service Field Office for further guidance.   

Category A:   
Building construction, 1 or 2 story, with project footprint of ½ acre or less.   
Construction of roads, trails, canals, power lines, and other linear utilities. 
Agriculture and aquaculture – new or expanded operations. 
Alteration of shorelines or wetlands. 
Installation of docks or moorings. 
Water impoundment.   

Category B:  
Building construction, 3 or more stories.  
Building construction, 1 or 2 story, with project footprint of more than ½ acre.  
Installation or expansion of marinas with a capacity of 6 or more boats. 
Mining and associated activities. 
Oil and natural gas drilling and refining and associated activities. 

If there is no similar activity 
within 1 mile of the nest 

If there is similar activity closer 
than 1 mile from the nest 

If the activity 
will be visible 
from the nest 

660 feet.  Landscape buffers are 
recommended. 

660 feet, or as close as existing 
tolerated activity of similar scope.      
Landscape buffers are 
recommended. 

If the activity 
will not be 
visible from the 
nest 

Category A: 
330 feet.  Clearing, external 
construction, and landscaping 
between 330 feet and 660 feet 
should be done outside breeding 
season. 

Category B: 
660 feet.   

330 feet, or as close as existing 
tolerated activity of similar scope.  
Clearing, external construction and 
landscaping within 660 feet should 
be done outside breeding season. 

The numerical distances shown in the table are the closest the activity should be conducted relative to  
the nest.   
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 Category C.  Timber Operations and Forestry Practices 
 
• Avoid clear cutting or removal of overstory trees within 330 feet of the nest at any 

time.   
 
• Avoid timber harvesting operations, including road construction and chain saw and 

yarding operations, during the breeding season within 660 feet of the nest.  The 
distance may be decreased to 330 feet around alternate nests within a particular 
territory, including nests that were attended during the current breeding season but 
not used to raise young, after eggs laid in another nest within the territory have 
hatched. 

 
• Selective thinning and other silviculture management practices designed to 

conserve or enhance habitat, including prescribed burning close to the nest tree, 
should be undertaken outside the breeding season.  Precautions such as raking 
leaves and woody debris from around the nest tree should be taken to prevent 
crown fire or fire climbing the nest tree.  If it is determined that a burn during the 
breeding season would be beneficial, then, to ensure that no take or disturbance 
will occur, these activities should be conducted only when neither adult eagles nor 
young are present at the nest tree (i.e., at the beginning of, or end of, the breeding 
season, either before the particular nest is active or after the young have fledged 
from that nest).  Appropriate Federal and state biologists should be consulted 
before any prescribed burning is conducted during the breeding season. 

 
• Avoid construction of log transfer facilities and in-water log storage areas within 

330 feet of the nest. 
 
 

Category D.  Off-road vehicle use (including snowmobiles).  No buffer is necessary 
around nest sites outside the breeding season.  During the breeding season, do not 
operate off-road vehicles within 330 feet of the nest.  In open areas, where there is 
increased visibility and exposure to noise, this distance should be extended to 660 feet.   
 
 
Category E.  Motorized Watercraft use (including jet skis/personal watercraft).  No 
buffer is necessary around nest sites outside the breeding season.  During the breeding 
season, within 330 feet of the nest, (1) do not operate jet skis (personal watercraft), and 
(2) avoid concentrations of noisy vessels (e.g., commercial fishing boats and tour boats), 
except where eagles have demonstrated tolerance for such activity.  Other motorized boat 
traffic passing within 330 feet of the nest should attempt to minimize trips and avoid 
stopping in the area where feasible, particularly where eagles are unaccustomed to boat 
traffic.   Buffers for airboats should be larger than 330 feet due to the increased noise they 
generate, combined with their speed, maneuverability, and visibility.   
 
  
Category F.  Non-motorized recreation and human entry (e.g., hiking, camping, 
fishing, hunting, birdwatching, kayaking, canoeing).  No buffer is necessary around nest 
sites outside the breeding season.  If the activity will be visible or highly audible from the 
nest, maintain a 330-foot buffer during the breeding season, particularly where eagles are 
unaccustomed to such activity.    
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Category G.  Helicopters and fixed-wing aircraft.   
Except for authorized biologists trained in survey techniques, avoid operating aircraft 
within 1,000 feet of the nest during the breeding season, except where eagles have 
demonstrated tolerance for such activity. 
 
 
Category H.   Blasting and other loud, intermittent noises.   
Avoid blasting and other activities that produce extremely loud noises within 1/2 mile of 
active nests, unless greater tolerance to the activity (or similar activity) has been 
demonstrated by the eagles in the nesting area.  This recommendation applies to the use 
of fireworks classified by the Federal Department of Transportation as Class B explosives, 
which includes the larger fireworks that are intended for licensed public display.   
 
 
 
RECOMMENDATIONS FOR AVOIDING DISTURBANCE AT FORAGING AREAS AND 

COMMUNAL ROOST SITES 
 

1. Minimize potentially disruptive activities and development in the eagles’ direct 
flight path between their nest and roost sites and important foraging areas.   

 
2. Locate long-term and permanent water-dependent facilities, such as boat 

ramps and marinas, away from important eagle foraging areas. 
 
3. Avoid recreational and commercial boating and fishing near critical eagle 

foraging areas during peak feeding times (usually early to mid-morning and 
late afternoon), except where eagles have demonstrated tolerance to such 
activity.   

 
4. Do not use explosives within ½ mile (or within 1 mile in open areas) of 

communal roosts when eagles are congregating, without prior coordination 
with the U.S. Fish and Wildlife Service and your state wildlife agency. 

 
5. Locate aircraft corridors no closer than 1,000 feet vertical or horizontal distance 

from communal roost sites. 
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ADDITIONAL RECOMMENDATIONS TO BENEFIT BALD EAGLES 
 

The following are additional management practices that landowners and planners can 
exercise for added benefit to bald eagles.   
 
 
1. Protect and preserve potential roost and nest sites by retaining mature trees and old 

growth stands, particularly within ½ mile from water.   
 

2. Where nests are blown from trees during storms or are otherwise destroyed by the 
elements, continue to protect the site in the absence of the nest for up to three (3) 
complete breeding seasons.  Many eagles will rebuild the nest and reoccupy the site. 

 
3. To avoid collisions, site wind turbines, communication towers, and high voltage 

transmission power lines away from nests, foraging areas, and communal roost sites.   
 
4. Employ industry-accepted best management practices to prevent birds from colliding 

with or being electrocuted by utility lines, towers, and poles.  If possible, bury utility 
lines in important eagle areas.  

 
5. Where bald eagles are likely to nest in human-made structures (e.g., cell phone 

towers) and such use could impede operation or maintenance of the structures or 
jeopardize the safety of the eagles, equip the structures with either (1) devices 
engineered to discourage bald eagles from building nests, or (2) nesting platforms that 
will safely accommodate bald eagle nests without interfering with structure 
performance.    

 
6. Immediately cover carcasses of euthanized animals at landfills to protect eagles from 

being poisoned. 
 
7. Do not intentionally feed bald eagles.  Artificially feeding bald eagles can disrupt their 

essential behavioral patterns and put them at increased risk from power lines, collision 
with windows and cars, and other mortality factors. 

 
8. Use pesticides, herbicides, fertilizers, and other chemicals only in accordance with 

Federal and state laws. 
 
9. Monitor and minimize dispersal of contaminants associated with hazardous waste 

sites (legal or illegal), permitted releases, and runoff from agricultural areas, especially 
within watersheds where eagles have shown poor reproduction or where 
bioaccumulating contaminants have been documented.  These factors present a risk 
of contamination to eagles and their food sources. 
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 CONTACTS 
 
The following U.S. Fish and Wildlife Service Field Offices provide technical assistance on bald 
eagle management: 
 

Alabama    Daphne   (251) 441-5181 
Alaska  Anchorage (907) 271-2888 
   Fairbanks (907) 456-0203 
   Juneau  (907) 780-1160 
Arizona  Phoenix (602) 242-0210 
Arkansas   Conway  (501) 513-4470 
California  Arcata  (707) 822-7201 

  Barstow (760) 255-8852 
  Carlsbad (760) 431-9440 
  Red Bluff (530) 527-3043 
  Sacramento (916) 414-6000 
  Stockton (209) 946-6400 
  Ventura  (805) 644-1766 
  Yreka  (530) 842-5763 

Colorado  Lakewood (303) 275-2370 
   Grand Junction (970) 243-2778 
Connecticut (See New Hampshire) 
Delaware  (See Maryland) 
Florida    Panama City  (850) 769-0552 

Vero Beach (772) 562-3909   
Jacksonville (904) 232-2580 

Georgia  Athens  (706) 613-9493 
   Brunswick (912) 265-9336 
   Columbus (706) 544-6428 
Idaho  Boise  (208) 378-5243 
   Chubbuck (208) 237-6975 
Illinois/Iowa Rock Island (309) 757-5800 
Indiana  Bloomington (812) 334-4261 
Kansas  Manhattan (785) 539-3474 
Kentucky  Frankfort (502) 695-0468 
Louisiana  Lafayette (337) 291-3100 
Maine  Old Town (207) 827-5938 
Maryland  Annapolis (410) 573-4573 
Massachusetts (See New Hampshire) 
Michigan  East Lansing (517) 351-2555 
Minnesota Bloomington (612) 725-3548 
Mississippi  Jackson (601) 965-4900 
Missouri  Columbia (573) 234-2132 
Montana  Helena  (405) 449-5225 
Nebraska  Grand Island (308) 382-6468 
Nevada  Las Vegas (702) 515-5230 

  Reno  (775) 861-6300 
 
 

New Hampshire Concord (603) 223-2541 
New Jersey Pleasantville (609) 646-9310 
New Mexico Albuquerque (505) 346-2525 
New York  Cortland (607) 753-9334 

  Long Island (631) 776-1401 
North Carolina Raleigh  (919) 856-4520 

Asheville (828) 258-3939 
North Dakota Bismarck (701) 250-4481 
Ohio  Reynoldsburg (614) 469-6923 
Oklahoma Tulsa  (918) 581-7458 
Oregon  Bend  (541) 383-7146 
   Klamath Falls (541) 885-8481 
   La Grande (541) 962-8584 
   Newport (541) 867-4558 
   Portland (503) 231-6179 
   Roseburg (541) 957-3474 
Pennsylvania State College (814) 234-4090 
Rhode Island (See New Hampshire) 
South Carolina Charleston (843) 727-4707 
South Dakota Pierre  (605) 224-8693 
Tennessee  Cookeville (931) 528-6481 
Texas  Clear Lake (281) 286-8282 
Utah  West Valley City  (801) 975-3330 
Vermont  (See New Hampshire) 
Virginia  Gloucester (804) 693-6694 
Washington Lacey  (306) 753-9440 
   Spokane (509) 891-6839 
   Wenatchee (509) 665-3508 
West Virginia Elkins   (304) 636-6586 
Wisconsin New Franken  (920) 866-1725 
Wyoming  Cheyenne (307) 772-2374 
    Cody  (307) 578-5939 

 

State Agencies 
 
To contact a state wildlife agency, visit the Association of Fish & Wildlife Agencies’ website at 
http://www.fishwildlife.org/where_us.html 

National Office 
U.S. Fish and Wildlife Service 
Division of Migratory Bird Management 
4401 North Fairfax Drive, MBSP-4107 
Arlington, VA 22203-1610 
(703) 358-1714 
http://www.fws.gov/migratorybirds 

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.2 
Page 20 of 27

http://www.fishwildlife.org/where_us.html


 National Bald Eagle Management Guidelines                                                                       May 2007 

                                                                                        17 
 

GLOSSARY 
 

The definitions below apply to these National Bald Eagle Management Guidelines: 
 
Communal roost sites –  Areas where bald eagles gather and perch overnight – and 
sometimes during the day in the event of inclement weather.  Communal roost sites are 
usually in large trees (live or dead) that are relatively sheltered from wind and are generally 
in close proximity to foraging areas.  These roosts may also serve a social purpose for pair 
bond formation and communication among eagles.  Many roost sites are used year after 
year.   

 
Disturb – To agitate or bother a bald or golden eagle to a degree that causes, or is likely to 
cause, based on the best scientific information available, 1) injury to an eagle, 2) a decrease 
in its productivity, by substantially interfering with normal breeding, feeding, or sheltering 
behavior, or 3) nest abandonment, by substantially interfering with normal breeding, feeding, 
or sheltering behavior. 

 
In addition to immediate impacts, this definition also covers impacts that result from human-
caused alterations initiated around a previously used nest site during a time when eagles are 
not present, if, upon the eagle=s return, such alterations  agitate or bother an eagle to a 
degree that injures an eagle or substantially interferes with normal breeding, feeding, or 
sheltering habits and causes, or is likely to cause, a loss of productivity or nest 
abandonment. 

Fledge – To leave the nest and begin flying.  For bald eagles, this normally occurs at 10-12 
weeks of age. 

Fledgling – A juvenile bald eagle that has taken the first flight from the nest but is not yet 
independent.    
 
Foraging area – An area where eagles feed, typically near open water such as rivers, lakes, 
reservoirs, and bays where fish and waterfowl are abundant, or in areas with little or no water 
(i.e., rangelands, barren land, tundra, suburban areas, etc.) where other prey species (e.g., 
rabbit, rodents) or carrion (such as at landfills) are abundant. 
 
Landscape buffer – A natural or human-made landscape feature that screens eagles from 
human activity (e.g., strip of trees, hill, cliff, berm, sound wall).   
 
Nest – A structure built, maintained, or used by bald eagles for the purpose of reproduction.  
An active nest is a nest that is attended (built, maintained or used) by a pair of bald eagles 
during a given breeding season, whether or not eggs are laid.  An alternate nest is a nest 
that is not used for breeding by eagles during a given breeding season.   
 
Nest abandonment – Nest abandonment occurs when adult eagles desert or stop attending 
a nest and do not subsequently return and successfully raise young in that nest for the 
duration of a breeding season.  Nest abandonment can be caused by altering habitat near a 
nest, even if the alteration occurs prior to the breeding season.  Whether the eagles migrate 
during the non-breeding season, or remain in the area throughout the non-breeding season, 
nest abandonment can occur at any point between the time the eagles return to the nesting 
site for the breeding season and the time when all progeny from the breeding season have 
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dispersed. 
 
Project footprint – The area of land (and water) that will be permanently altered for a 
development project, including access roads.   
 
Similar scope – In the vicinity of a bald eagle nest, an existing activity is of similar scope to 
a new activity where the types of impacts to bald eagles are similar in nature, and the 
impacts of the existing activity are of the same or greater magnitude than the impacts of the 
potential new activity.  Examples:  (1) An existing single-story home 200 feet from a nest is 
similar in scope to an additional single-story home 200 feet from the nest; (2) An existing 
multi-story, multi-family dwelling 150 feet from a nest has impacts of a greater magnitude 
than a potential new single-family home 200 feet from the nest; (3)  One existing single-
family home 200 feet from the nest has impacts of a lesser magnitude than three single-
family homes 200 feet from the nest; (4) an existing single-family home 200 feet from a 
communal roost has impacts of a lesser magnitude than a single-family home 300 feet from 
the roost but 40 feet from the eagles’ foraging area.  The existing activities in examples (1) 
and (2) are of similar scope, while the existing activities in example (3) and (4) are not.   
 
Vegetative buffer – An area surrounding a bald eagle nest that is wholly or largely covered 
by forest, vegetation, or other natural ecological characteristics, and separates the nest from 
human activities. 
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Why Local 
Wetland Protection?

This guidebook is designed for you – the local government 
official or interested citizen who faces important questions about
wetlands. Why should you consider protecting them. We hope
that the information contained in the following pages will help
you understand why wetlands are important, and provide 
information to help you make decisions about the wetlands 
in your local community.
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CHAPTER 1: Why Local Wetland Protection?

Local communities are often at the center of debates regarding changes in land use. 
How many times have you heard these comments?

“I never used to have flooding problems on my property, but since my neighbor
filled in the low spots on their property my yard floods all the time.”

“We used to have so much wildlife in this area, now we hardly have any.”

“I moved to this area to get away from the city, now all we’re seeing built are 
strip malls and parking lots.”

Local governments often hear comments like these as residents in their communities grapple
with growth and the subsequent loss of open space and wetlands. This guidebook is 
designed to help local officials and concerned citizens understand how wetlands provide
benefits to communities, and the regulations that govern wetlands. It offers effective tools
that can help local governments protect wetlands and other open spaces.

3
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Why Local Government Involvement?
As communities grow, differences can arise between landowners who would like to develop
their property and other property owners who wish to preserve wetlands, waterways, and
open space in their neighborhood or community. Because the wetland permitting process
allows for public notice and public comment, wetland issues are at the forefront of many
of these disputes. These environmental conflicts are particularly common in rapidly 
developing areas where people moved to escape from urban and suburban landscapes.
Citizens usually look to local officials first when attempting to resolve land use conflicts. For
this reason it is essential that local officials have an understanding of the intimate role that
wetlands play in their community’s environmental health.

Wetlands are a crucial part of a community’s natural plumbing system. They help protect
Michigan communities from the ravages of flooding, purify polluted runoff, and help stabilize
erodible shorelines. The ecological functions that wetlands provide help numerous property
owners. Conversely, land use alterations that disturb or alter wetland areas can create 
nuisances or cause damage to surrounding land owners (e.g., downstream flooding as 
a result of upstream wetland filling), as well as affect broader public health issues (e.g.,
wetland loss can lead to water quality impairment of lakes and streams). It is critical that
local officials understand these dynamics so they can help to prevent the environmental
consequences associated with wetland loss.

How Wetlands Protect the Community Bottom Line
Objections to protecting wetland areas are sometimes based on the premise that the 
resulting economic loss outweighs the open space, recreational, and ecological benefits
provided by wetlands. This argument has lost much of its credibility as the understanding
of the connection between wetlands, water resources, and public health grows.

Today, you are more likely to find studies detailing how suburban style development 
has a greater fiscal impact on local governments than the preservation of open space. 
In fact, time and again, research has shown that the cost of providing services to new 
development, such as roads, sewers, police, and fire is greater to the local community

than the revenues brought in by 
the increased property taxes. 
For example, a Wisconsin study
showed that for each $1 million 
in new residential development,
$30 is added to each tax bill to 
pay for the additional police,
schools, fire and utilities.
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While wetlands have been historically maligned, today they are more frequently appreciated
for the critical role they play in water resource and wildlife protection. This can be difficult to
define to the public. The most obvious functions wetlands provide communities include:

■ Flood control
■ Water quality protection
■ Shoreline stabilization
■ Wildlife/fisheries habitat

When wetlands are destroyed, communities
lose these important functions and the 
economic benefits that come with them.
The loss of these wetland functions can
create both hidden and obvious economic
costs for communities and private property
owners. (The functions and values that
wetlands provide Michigan communities is
discussed in greater detail in Chapter 2.)

When issues of land use regulations arise, local units of government often must weigh the
costs and benefits of a project. Although it is obvious that these ecosystems are valuable,
it is difficult to place a dollar value on the range of ecological functions that wetlands provide.
This difficulty is due to many inherent problems associated with evaluating the dollar value
of wetlands, three of which are discussed below.

■ The dollar value of certain wetland functions can be difficult to quantify. Wetlands are 
valuable for many different reasons. Each wetland performs many different functions,
the value of which often depends upon the person making the evaluation. Some 
functions are relatively easy to quantify (e.g., the value of the standing timber in a 
cedar swamp), while others are nearly impossible (e.g., the value of seeing a bobcat 
stalk a snowshoe hare in the same swamp). 

■ Economic benefit derived from wetland functions may not be realized by the landowner. 
Many wetland functions provide services that benefit the public as much (if not more) 
than the individual landowner. It is precisely because wetland functions are valued by
society that regulations have been passed to protect them. However, some wetland 
functions, such as the flood storage capacity provided by a wetland located in the 
headwaters of a major river system, benefit downstream property owners more than 
the actual landowner. For another example, consider the owner of a large marsh 
adjacent to a lake. The landowner does not economically benefit from the bass, 
pike, and other wetland-dependent fish that are caught in the lake by other anglers.
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■ It may take years to realize the economic benefits of wetland protection. Perhaps the 
most critical problem with attempting to quantify wetland values is the issue of time frame.
Wetlands provide ecological functions in perpetuity. Private entrepreneurs typically expect 
to recoup their investments within 10 to 30 years. Comparisons between short-term high
economic yield projects and long-term ecological functions are inappropriate because 
economic analysis typically discounts the future value. Because of this, the short-term 
decision regarding whether to convert a wetland (assuming the absence of regulations) 
will sometimes favor wetland destruction. It is important to remember that the destruction
of wetlands by permanent conversion (e.g., house construction, filling, or draining) 
removes the ecological functions forever.

Michigan’s Tradition of Home Rule
Proactive efforts by local governments to preserve the quality of life in their communities 
are part of the rich history of home rule in Michigan. In an era of budget cutting and fiscal
conservatism at the state and federal level, local governments must accept the responsibility
of environmental protection.

Local decision makers have numerous land use tools available that can help them effectively,
and with little cost, protect sensitive landscapes valuable to their community. Building permits,
zoning authority, a wetland permit program, enforcement of the sanitary code, and soil 
erosion control review all fall under the authority of local government – and within each of
these areas exists an opportunity to protect wetlands. Whether it be in the form of vigorous
site plan review or in the establishment of open space zoning techniques, local governments
have the ability, authority, and responsibility to protect their community’s character at the
same time as they are protecting the overall public and environmental health for the long term.
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7

Opportunities for Protection
There are many tools available to help local governments act in the public interest to protect
wetlands. If local officials accept their responsibility and work to protect wetlands, the future
generations will be able to experience (and surely find value in) the leap of a largemouth
bass on the end of their line, abundant game in marshes and swamps across the state,
and high quality water resources for a variety of uses. 

The following is a guide to aid local officials and interested citizens in understanding the 
biological functions that wetlands provide Michigan communities, the regulations that 
govern these landscapes, and the tools that local governments have available to better
protect wetland environments within their jurisdiction.  Protecting the water resources 
of a community does not always require elaborate or expensive regulations. The following
chapters outline the wide variety of wetland protection techniques that are available, 
from the simple enforcement of existing statutes to a comprehensive wetland 
protection ordinance.
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WETLAND LOSSES

Michigan has lost 
approximately one-half 

of its wetland resources 
since European settlement 
due to filling and draining.

- U.S. Fish and Wildlife Service

Why Are Wetlands
Important?
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CHAPTER 2: Why Are Wetlands Important?

An old farm adage, “too thick to drink and too thin to plow,” describes both the nature of
wetlands as a transitional zone between upland and aquatic habitats, as well as the lack 
of value attributed to them in the past.

When this country was first settled by Europeans, few of the functions of wetlands
were recognized, let alone valued as important to society. Prior to the mid-1970s, the 
destruction of wetlands through dredging, draining, and filling were accepted practices.
As a result, according to the U.S. Fish and Wildlife Service, Michigan has lost approximately
one-half of its wetland resources since European settlement due to filling and draining. 

Wetlands act as natural sponges, protecting water quality, attenuating flood events, stabilizing
our shorelines and stream banks, storing excess stormwater, providing bountiful fish and
wildlife habitat, recharging our ground water supplies, and creating tremendous recreational,
research, and tourism opportunities.  In short, wetlands help maintain and protect the 
economic vitality of our communities and the high quality of life that we enjoy in Michigan.
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What are
Wetlands?

MICHIGAN’S 
STATUTORY DEFINITION

“Wetland means land characterized
by the presence of water at a 
frequency and duration sufficient
to support, and that under normal
circumstances does support,
wetland vegetation or aquatic 
life, and is commonly referred to
as a bog, swamp, or marsh…”

(Section 30301(d) of Part 303, Wetland
Protection, Act 451 of 1994 as amended)
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What are Wetlands?
Wetlands are unique ecosystems found in the transitional zone between deep water and
upland habitat. 

Wetlands are typically differentiated from upland habitats by three common characteristics:
■ Wetland Vegetation: plants adapted to life in water or saturated conditions.
■ Wetland Hydrology: the presence of water at a frequency and duration sufficient to 

support wetland vegetation or aquatic life.
■ Hydric Soils: soils that form under conditions of saturation, flooding or ponding

long enough during the growing season to develop anaerobic conditions (no oxygen)
in the upper part.

When considering whether an area should be developed or protected because it is a wetland,
a delineation should be conducted by a professional. This delineation will define the edges
of the wetland and identify what sections development activity should avoid, in order to
preserve the functions and values provided by the wetland area. Some physical indications
can be used to help decide if a wetland delineation is needed. If the ground is soggy in 
the spring, or if water pools in depressions in the spring or after a rain, it is possible that 
a wetland is present on the property. If fallen leaves are black or very darkly stained, and 
if vegetation is different than in the higher ground around the area, these are also good 
indicators that a professional delineation should be conducted.

Wetland
Vegetation

Wetland
Hydrology

Hydric Soils
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Michigan is fortunate to contain a diversity
of wetland types ranging from coastal
marshes to small isolated bogs.

Aquatic Bed
Areas of shallow permanent water that are
dominated by plants that grow on or below
the surface of the water.

Vernal Pools
Small pools located in oak-hickory, beech-
maple forests, and northern hardwood-conifer
forests. They provide critical breeding habitat
for amphibians and invertebrates, and 
feeding sites for many other species.

Great Lakes Coastal Wetlands
The hydrology of these wetlands is driven by
Great Lakes water level fluctuations. There
are different types of these rare wetlands due
to substrate (sand, clay, muck) and exposure
to wind and wave action: barrier-beach
wetland, protected embayment, tombolo,
interdunal-swale, and drowned river mouth.
All are very important to the health of the
Great Lakes.

Interdunal Swale Wetland
A wetland dominated by grass-like 
vegetation that occurs in the low areas 
between sand dunes or beach ridges 
along the Great Lakes shoreline.

Examples of Wetlands Found In Michigan
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Swamp
Wooded wetland that is inundated or 
saturated periodically, such as a Cedar,
Hardwood or Shrub-scrub Swamp. In 
addition to providing flood control and
groundwater recharge, swamps provide
critical habitat for plants, birds, fish, 
and invertebrates.

Marsh
These wetlands are often associated with
lakes and rivers, and are permanently or 
periodically covered by standing or slow-
moving water and dominated by grass-like
vegetation. Because they typically contain 
a very high level of nutrients, freshwater
marshes are one of the most productive
ecosystems on earth.

Peatlands
Peat-accumulating wetland that includes
both bogs and fens. A bog is isolated from
groundwater (acidic), while a fen receives
inputs of groundwater (basic). Both contain
unique plants adapted to pH conditions. 

Wet Prairie
Wet prairies once covered the flat lakeplains
of southern Michigan, but are now consid-
ered rare. They typically experience seasonal
flooding and are among the most diverse
plant communities in Michigan.
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WETLANDS ARE 
KNOWN TO BE...

the most biologically productive 
ecosystems in the temperate 

regions of the earth.  Their 
biological productivity rivals 

that of tropical rainforests and 
involves complex nutrient 

and energy cycles. 

Wetland Functions 
and Values
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Wetland Functions and Values
Why are wetlands important? Through the work of scientists, hunters, anglers, naturalists,
and land managers, we are now better able to answer this question than ever before. 
Wetlands are complex ecosystems that provide numerous benefits to society. In Michigan
these benefits increase in significance as we continue to lose wetlands. The valuable 
ecological functions of wetlands, and the aesthetically pleasing open space they provide,
benefit local economies and enhance the quality of life for Michigan communities and 
their visitors. 

When discussing the importance of wetlands, the terms “wetland functions” and “wetland
values” are often used. Wetland functions, such as sediment control and flood storage, 
are natural processes that continue regardless of their perceived value. Value is usually 
associated with goods and services that wetlands provide. For this reason, wetland values,
such as water quality maintenance and flood protection, are the goods and services that
wetlands provide. Some common wetland functions and values are listed below.

Fish and Wildlife Habitat
Wetlands are considered “Nature’s Nurseries.” Some species spend their entire lives in
wetlands, while others utilize them intermittently for feeding or rearing their young. Most 
freshwater fish are considered wetland dependent and many important sport fishes 
spawn in or near wetlands.  Like fish, many bird species are dependent on wetlands 
for either migratory resting places, breeding or feeding grounds, or cover from predators. 
Nearly all of Michigan’s amphibians are wetland dependent, especially for breeding.
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Wetlands serve as the preferred habitat for many mammals such as muskrat, beaver, 
otter, mink, and raccoon.  In Northern Michigan, cedar swamps are critical to white-tailed
deer for many reasons, including winter browse and important thermal cover during harsh 
winters. With Michigan’s economy so heavily dependent on tourist dollars from hunting,
fishing, wildlife observation, and other forms of outdoor recreation associated with 
wetlands, this function is an economic powerhouse. 

More than one-third of all threatened or endangered animal species in the United States 
either live in wetland areas or depend on them. This is especially critical considering that
wetlands comprise only about five percent of the lower 48 United States. In Michigan, at
least 41 listed, threatened, and endangered species of animals depend upon wetlands at
some point in their life cycle. Examples of Michigan’s threatened or endangered animals
that rely on wetlands include the bald eagle, osprey, common loon, and king rail. Of 
Michigan’s total 395 rare plant species, 194 of them are found in wetland habitats. 

Water Quality Protection
A major function of wetlands is the preservation of water quality. Wetlands act as “Nature’s
Kidneys” by removing polluting nutrients and sediments from surface and ground water. 
Although less well known than providing fish and wildlife habitat, this wetland function is
very important to local units of government, particularly in watersheds that are connected
to the municipal water supply.

For example, excess inputs of nutrients, 
such as phosphorus and nitrogen, can cause
severe problems in aquatic ecosystems. 
Nutrients  are necessary, but they can be a
classic example of how “too much of a good
thing is bad.” Excess nutrients can cause an
undesirable increase in algae and aquatic
plant growth. The result is water that is 
reminiscent of pea soup, weed-choked lakes,
depleted dissolved oxygen levels, and the
rapid aging or eutrophication of a lake. In 
the Great Lakes Region, the massive algae
blooms and depleted dissolved oxygen levels
of Lake Erie in the early 1970’s is a classic 
example of what happens to an aquatic 
system under the strain of too many nutrients.
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Sedimentation Control
As sediment-laden water flows through a wetland from the surrounding watershed, the
sediments are deposited, or trapped, in the wetland. This reduces siltation into lakes, rivers,
and streams.

There is a strong tendency for heavy metals and other toxic chemicals to attach to the
sediment particles found in surface water runoff. Wetlands can trap these pollutants and
remove them from the water. However, when the natural ability of wetlands to function as
filters is over-stressed from human inputs, the wetland and its functions can be destroyed.
In fact, when overloaded, wetlands can actually become sources of pollutants, exporting
materials that have been filtered and stored for centuries.

Flood Prevention
Wetlands act as hydrologic sponges, 
temporarily storing flood waters and releasing
them slowly, thus reducing flood peaks and
protecting downstream property owners from
flood damage.

Wetlands and adjacent floodplains often form
natural floodways that convey flood waters from
upland to downstream points. These functions
become increasingly important in urban areas
where development has increased the rate
and volume of runoff.

Each year, many Michigan communities experience severe flooding and millions of dollars
in damage is caused by flooding across the United States. Due to the below market cost
of federal flood insurance and other forms of federal assistance to help flood victims, the
American taxpayer bears the majority of the financial burden of flood damage. The flood
storage and conveyance functions of wetlands can help to prevent flooding, resulting in
substantial savings to the taxpayer. The most dramatic example of how this can go wrong
occurred in August 2005, when Hurricane Katrina hit the Gulf Coast. Historically, coastal
wetlands in the region acted as buffers for communities against storm surges. Unfortunately,
years of dredging for navigation canals, oil and gas exploration, and construction of a vast
levee system all combined to devastate those wetlands and the natural storm shield they
provided.  Rebuilding the Gulf Coast will come at a tremendous cost because development
was not designed to incorporate the valuable features that wetlands provided. Fortunately,
due to Michigan’s geography, our communities are not subject to this magnitude of 
flooding. However, wetlands can still provide significant flood protection and storage
to Michigan’s communities.

Shoreline Protection
In their natural condition, wetlands function as a barrier to erosion along shorelines. The root
systems of wetland plants stabilize soil at the water’s edge and enhance soil accumulation
at the shoreline. Wetland vegetation along shorelines reduces erosion by dampening wave 
action and slowing current speed.
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Education and Research
Wetlands serve as wonderful outdoor classrooms,
providing excellent opportunities for discovery and
living examples of nearly all ecological principles.
Boardwalks and observation platforms have been
constructed in many wetlands across the state 
to facilitate educational activities. Many local
governments have featured their wetland resources
in various ways, preserving them in parks and
other recreational or educational settings.  

Recreational Opportunities
Wildlife-related recreation is a $22 billion industry in the Great Lakes states.  In Michigan alone,
anglers spend more than $1.5 billion on their sport and generate nearly $3 billion in total
economic output.  Since nearly all sport fishes, many popular game animals, and most 
fur-bearing animals depend on wetlands for their survival, healthy and functioning wetland
ecosystems are necessary to maintain the resource base for this segment of the economy.
Bird watching also is becoming an important tourist activity in the off-season.

Ground Water Recharge
Wetlands are usually found where the ground water table intersects or is close to the land
surface. They are usually sites of ground water discharge (places where ground water
seeps or flows to the earth’s surface) and are important in providing high quality water for
our lakes and streams, especially in dry months. On the other hand, some wetlands are
found where water moves into the ground water system, serving as a source of ground
water recharge. These wetlands replenish groundwater supplies, and their filtering capacity
can also help protect groundwater quality. The recharge potential of a wetland varies 
according to a variety of factors, including wetland type, geographic location, subsurface
geology, soil type, and precipitation.

Water Supply
Whether it is used for recreation, drinking water, or industrial processes, everyone needs
clean water. On the delivery side of the water equation, clean water resulting from the
water quality maintenance function of wetlands helps to keep water treatment costs low.
Ground water is vulnerable to contamination at many recharge areas. The filtering capacity
of wetlands and the absence of pollution-generating uses in wetlands serve to protect 
vulnerable aquifers. For this reason, the federal Safe Drinking Water Act contains a provision
to encourage local governments to protect wetlands and watersheds determined to be 
important to municipal water supplies. 
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Food and Fiber Production
Wetlands support many commercial activities.  They provide a variety of natural products
including blueberries, cranberries, and wild rice. Wetland grasses are hayed in many
places for winter livestock feed. Forested wetlands, such as cedar swamps, can provide
sustained yields of valuable timber if harvested with careful management and planning. 
It must be noted that many commercial activities, such as, logging, livestock grazing, 
or cranberry cultivation, can severely degrade wetlands if not done on a small scale with
the utmost care.

Aesthetic Values
The richness of the plant and animal communities found in wetlands make them some of
Michigan’s most beautiful natural environments. Rare, threatened, and endangered plant
and animal species provide added interest for naturalists. Wetlands provide valuable open
space for visual and recreational enjoyment. In many cases throughout the state, protected
wetlands have been shown to enhance the value of neighboring properties due to these
factors. Perhaps the most valued function of wetlands is the space they provide for 
introspection and quiet reflection. The stresses of a busy day seem to fade away when 
one is watching a Great Blue Heron fishing in the marsh. 

Summary
Many of the wetland functions discussed above benefit local units of government 
and members of their communities. Accordingly, local units of governments have a 
responsibility to protect these functions by maintaining wetlands.
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WHY ADD 
LOCAL PROTECTION?

■ Federal and state laws provide 
limited protection to isolated 
wetlands.

■ Isolated wetlands that are not
otherwise protected provide 
important functions and values.

■ Isolated wetlands become more 
important for habitat and flood 
storage as an area develops.

■ Local governments are well
suited to integrate wetlands 
into land use decisions.

The Existing 
Legal Framework

20

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 24 of 70 



CHAPTER 3: The Existing Legal Framework

At the heart of Michigan’s wetland regulatory program is Part 303, Wetlands Protection, of
the Natural Resources and Environmental Protection Act (Act 451 of 1994 as amended),
formerly referred to as the Goemaere-Anderson Wetlands Protection Act (Act 203 of 1979).
The Michigan Department of Environmental Quality (MDEQ) administers this statute. The
MDEQ has also assumed the administration of Section 404 of the federal Clean Water 
Act, which protects wetlands at the federal level.

Part 303 includes several provisions:
1) It establishes a state policy to protect the public against the loss of wetlands

and makes explicit findings as to the benefits wetlands provide.

2) It establishes a permit program regulating most activities that 
alter wetlands.

3) It provides enforcement language and sets maximum penalties for violations.

4) It explicitly authorizes regulation of wetlands by local governments.

The activities that are regulated by Part 303 only apply to wetlands as defined in the Act.
The definition of wetlands in the Act has two components. First, Part 303 defines a 
wetland as:

“land characterized by the presence of water at a frequency and duration sufficient
to support, and that under normal circumstances does support, wetland vegetation
or aquatic life, and is commonly referred to as a bog, swamp, or marsh.”
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Second, jurisdiction over wetlands depends on the size of the wetland and whether it is
contiguous to a water body. 

Contiguous wetlands are those found in close proximity to a lake, stream, pond, Great Lake,
and/or have a direct hydrological relationship with it. Activities in contiguous wetlands are
regulated regardless of size of the wetland because of their close relationship to lakes and
streams. According to the administrative rules promulgated for Part 303, wetlands within
500 feet of an inland lake, stream, or pond or within 1,000 feet of a Great Lake are 
considered contiguous. Non-contiguous wetlands are regulated only if they are greater 
than five acres in size. The MDEQ can regulate non-contiguous wetlands of any size, 
anywhere in the state, if the wetland is determined to be essential to the preservation 
of natural resources of the state and the landowner is notified of this determination.

WETLANDS ARE 
PROTECTED BY STATE 

AND FEDERAL LAW

■ Contiguous to the Great Lakes or 
Lake St. Clair, an inland lake or 
pond, or a river or stream.

■ More than five acres in size.

■ Determined by the MDEQ to be 
essential to the preservation of the 
natural resources of the state 
from pollution, impairment, or 
destruction, and the MDEQ has 
so notified the owner.22
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Permits
Under Part 303, a permit is required for the following activities in regulated wetlands:
deposit or place fill material in a wetland; dredge, remove, or permit removal of soil or 
minerals from a wetland; construct, operate, or maintain any use or development in a 
wetland; or drain surface water from a wetland.

Part 303 includes specific standards that must be met before a permit is issued. The 
permit standards essentially involve the application of three “tests” to each application. 

1) Is the project in the public interest?

2) Has the applicant shown that impacts are not unacceptable?

3) Is the project dependent on being placed in a wetland; 
does a feasible and prudent alternative exist?

REGULATED
ACTIVITIES IN WETLANDS

Under Part 303, a permit is 
needed to:

■ Place fill in a wetland.

■ Dredge or remove soil or minerals
from a wetland.

■ Construct, operate, or maintain any
use or development in a wetland.

■ Drain surface water from a wetland.
23
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To determine whether the activity is in the public interest, the benefit from the proposed
project is balanced against the detriments of the activity according to the following 
general criteria:

■ The relative extent of the public and private need for the proposed activity. (The 
MDEQ must give serious consideration to findings of necessity made by other 
state agencies.)

■ The availability of feasible and prudent alternative locations and methods to accomplish
the expected benefits from the activity. (Note that an analysis of alternatives is required
under this subsection even if the project is wetland dependent.)

■ The extent and permanence of the beneficial or detrimental effects on the public and 
private uses of the area, including the benefits the wetland provides.

■ The probable impact of each proposal in relation to the cumulative effect created by 
other existing and anticipated activities in the watershed.

■ The probable impact on recognized historic, cultural, scenic, ecological, or recreational 
values and on the public health or fish or wildlife.

■ The size of the wetland being considered.

■ The amount of remaining wetland in the general area.

■ Proximity to any waterway.

■ Economic value, both public and private, of the proposed land change to the 
general area.

Part 303 requires that the decision reflect the national and state concern for the protection
of natural resources from pollution, impairment, and destruction.

To determine whether impacts to aquatic resources are unacceptable, the MDEQ must
consider the pubic interest criteria and the criteria set forth in the legislative findings of 
Part 303. The legislature found that a loss of a wetland may deprive the people of the 
state of some or all of the following benefits derived from wetlands:

■ Flood and storm control by the hydrologic absorption and storage capacity 
of the wetland.

■ Protection of subsurface water resources and provision of valuable watersheds 
and recharging ground water supplies. 

■ Pollution treatment by serving as a biological and chemical oxidation basin.

24

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 28 of 70 



■ Erosion control by serving as a sedimentation area and filtering basin, absorbing silt
and organic matter.

■ Wildlife habitat by providing breeding, nesting, and feeding grounds and cover for 
many forms of wildlife, waterfowl (including migratory waterfowl), and rare, threatened,
or endangered wildlife species. 

■ Sources of nutrients in water food cycles and nursery grounds and sanctuaries 
for fish.

A wetland dependent activity is one that must have wetland conditions (wetland hydrology,
soils, and/or plants) to fulfill its basic purpose. If an activity can be undertaken on an 
upland site then it is not wetland dependent. One activity that is typically considered 
wetland dependent is peat extraction. 

The language of Part 303 establishes a presumption that there is an alternative to impacting
a wetland and that a permit cannot be issued unless the applicant demonstrates that there
is no feasible and prudent alternative. Feasible and prudent alternatives include other locations,
project size and configurations, and methods. If the MDEQ finds that an applicant has failed
to demonstrate that there are no feasible and prudent alternatives, then it must deny a permit. 

The MDEQ also administers Part 301, Inland Lakes and Streams, and Part 325, Great
Lakes Submerged Lands of the Natural Resources and Environmental Protection Act 
(Act 451 of 1994 as amended).

In situations where two or more resource management acts apply, MDEQ reviews one 
permit application under the criteria of all the applicable acts. This permit consolidation 
prevents unnecessary duplication of permits and review processes.
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Exemptions
During the legislative process when Part 303 was originally passed in 1979, some activities
were exempted from the need for a wetlands permit. These exemptions include:

■ Recreational activities such as fishing, trapping, hunting, boating, swimming and hiking.
■ Silviculture and lumbering activities including harvesting of commercial forest products.
■ Specified agricultural activities, including grazing, cultivation, and minor drainage.
■ Maintenance of county drains.
■ Specified power line or small gas pipeline construction, if impacts are minimized.
■ Forest and farm roads if Best Management Practices (BMPs) are followed.

Mitigation
If the MDEQ determines that a project meets the criteria described above and issues 
a permit authorizing wetland impacts that are determined to be unavoidable, Part 303 
authorizes the MDEQ to require the applicant to take actions to mitigate the loss of wetland
area and function. The mitigation guidelines in Part 303’s administrative rules require:

■ A no net loss of wetlands.
■ A preference for wetland restoration.
■ Mitigated wetlands be of a similar ecological type.
■ Mitigation projects near the same site as the impacted wetland or within the same

watershed in most cases.
■ Consideration be given to replacement of predominant functional values lost within

the impacted wetland.
■ Financial assurances that the mitigation will be completed. 
■ Ratios of mitigation ranging from 1.5 – 5: 1, depending on the type of wetland 

impacted, and 10:1 and special provisions for preservation as mitigation.
■ Permanent protection must be established for the mitigated wetlands.

MITIGATION

Permitting sequence: 
■ Avoid wetlands
■ Minimize impacts
■ Mitigate for unavoidable 

impacts26

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 30 of 70 



27

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 31 of 70 



Local Wetland
Ordinances

28

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 32 of 70 



CHAPTER 4: Local Wetland Ordinances

In Michigan, local government has traditionally shouldered the primary responsibility for land
use control through zoning. Local wetlands protection, in addition to MDEQ regulation, 
is consistent with this home rule tradition. Part 303 authorizes municipalities to regulate 
wetlands using the same definition, regulatory standards, and application procedures 
established in Part 303. This authority is supplemental to the existing authority of a 
municipality to enact zoning ordinances in the public interest under the County, Township,
and City, and Village Zoning Enabling Acts. Under these acts, local governments can use
various tools, including protecting native vegetation and requiring buffer strips around natural
features such as wetlands. Given the importance of the functions and values that wetlands
provide, some local governments in Michigan have adopted local wetland ordinances.
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Everyone Benefits from Local Wetland Ordinances
Many benefits result from the local regulation of wetlands in addition to the state and 
federal programs: the wetland benefits, the individual applicant benefits, and the general
public benefits.

Benefits to wetlands by filling gaps in state and federal law and increasing support:
■ Protection of small isolated wetlands not subject to state or federal regulation.
■ Local involvement allows for early integration of wetland protection during the 

development of site plans (e.g., conservation planning, see Chapter 5).
■ Difficult for MDEQ staff alone to monitor all activities that can occur throughout

the entire state.

Benefits to the applicant by addressing wetlands early in the project:
■ Reduced costs and time delays that result from improper planning.
■ Local government can provide incentives (density bonuses, variances, etc.).
■ Complete applications may expedite state and federal processes.
■ Violations/conflicts with other laws may be avoided.
■ Nature sells!

Benefits to the community by enhancing wetland protection:
■ Helps foster better land use decisions.
■ Improves water quality, reduces flood damage, protects wildlife habitat, 

and preserves valuable open space and recreational areas.
■ Reduces tax payer dollars spent replacing lost wetland functions and values.
■ Savings for individual homeowners by avoiding costs of repairing settling 

foundations and leaky basements.
■ Preserves the special features unique to the community.
■ Protects the local economy by enhancing the quality of life.
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Elements to Consider
What wetlands should be regulated?
If your local government decides to enact a wetland ordinance, you must decide what 
wetlands should be regulated:

■ Only those regulated by MDEQ?
■ Only those NOT regulated by MDEQ?
■ All wetlands regardless of size?
■ All wetlands to a certain arbitrary size?

Small wetlands provide unique benefits to wildlife and the ecosystem, including critical
breeding habitats for amphibians. Because small wetlands provide unique benefits, many
communities regulate all wetlands regardless of size or regulate down to 1/4 of an acre.
Once your community decides what wetlands to regulate, there are a number of important
elements that must be taken into account by local governments wishing to enact a local
wetland ordinance.  

Part 303 Requirements for Local Ordinances
Part 303 includes requirements for local units of government to follow if they wish to 
regulate wetlands. These include:  

■ A wetland ordinance cannot require a permit for activities exempted from regulation
under Part 303. 

■ A wetland ordinance must use the same wetland definition as in Part 303, except 
that the local government can regulate isolated wetlands smaller than 5 acres.

■ Local units of government must publish a wetland inventory before adopting a 
wetland ordinance. This inventory serves as a general guide and does not 
delineate jurisdictional boundaries.

■ Local units of government that adopt wetland ordinances must notify the MDEQ. 
■ If a local government wishes to regulate a wetland less than 2 acres in size, the 

local government must grant a permit unless it is determined that the wetland is 
essential to the preservation of the community's natural resources according to 
criteria in Part 303.

■ Local governments must make decisions on wetland permit applications in 90 days
unless waived by the applicant.

■ Local governments must forward a copy of each application to the MDEQ, along
with state application fees for projects.

■ Local governments must process wetland applications in a manner that ensures 
that the same entity makes decisions on site plans, plats, and wetlands and cannot 
require an applicant to submit to a hearing on the application before more than one
local government decision-making body.

Mapping first makes sense!
Part 303 requires a local inventory of your community’s wetlands. This is not a jurisdictional
map – it is only for planning and notification purposes. Thanks to the growth in GIS and
available data, wetland inventories are easy and relatively inexpensive to create. However,
this inventory does not substitute for on-site review.

31

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 35 of 70 



Landowners must be notified on the inventory map’s availability. Creating the wetland 
inventory map early in the process builds awareness of wetland resources in the community
and builds support for protection among stakeholders. The map is required by Part 303
but is valuable beyond just for wetland protection. It can also be used for preparing a
master plan and making planning and zoning decisions.

MDEQ Permits
If a community has a local wetland ordinance, a permit applicant must also request a 
permit from the MDEQ. The local permit review process should be conducted in the same
time frame as the state review process. Approval from both the MDEQ and the local
government are necessary in order to proceed with the project.

Perceived “Costs” to Enacting a Local Ordinance 
Some common concerns regarding a local ordinance include worries that economic, 
community, and job growth/development will be slowed or halted. Other objections 
voiced may include worries that lawsuits will bankrupt the community, or that takings
claims will be filed. However, all of these concerns can be addressed. Communities with
wetland ordinances are among Michigan’s fastest growing. Also, well-crafted and fairly 
administered wetland ordinances are very defensible and rarely challenged. To date,
there have been no successful takings claims against local wetland ordinances. Finally,
local ordinances that protect important community assets are popular—as long as they
develop ownership among community stakeholders.

An Example of a Local Wetland Ordinance is available at: 
www.michigan.gov/deqwetlands
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Additional Options 
For Local Protection 
of Wetlands
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CHAPTER 5: Additional Options
For Local Protection of Wetlands

In addition to enacting a stand-alone wetland ordinance, there are various wetland protection
tools available to local governments. Wetland protection can take many forms, and in 
most cases it should reflect the needs of the resources and the concern of the community.
Some communities integrate wetland protection provisions into their site plan review
process, while others maintain comprehensive stand-alone ordinances complete with
maps designating wetland areas. The form of wetland protection that a community is
likely to pursue is dependent on a number of variables, some of which include: political
climate, available funding or funding mechanisms, administrative capacity, etc. Some of
the most common protection options are discussed in this section, including:

Use of Local Regulatory Programs
■ Community Option #1: Natural Features Setback Ordinances
■ Community Option #2: Soil Erosion and Sedimentation Control Ordinances
■ Community Option #3: Floodplain Management Ordinances

Use of Site Planning
■ Community Option #4: Site Plan Review Regulations
■ Community Option #5: Linking Local Approval to State and Federal Permits
■ Community Option #6: Lot Split or Lot Division Regulations
■ Community Option #7: Local Stormwater Management
■ Community Option #8: Open Space Zoning and Conservation Design
■ Community Option #9: Performance Based Zoning
■ Community Option #10: Performance Guarantees
■ Community Option #11: Environmental Planning in Public Infrastructure Projects

Use of Voluntary Protection
■ Community Option #12: Partnerships Between Local Units

of Government and Landowners

At a minimum, local governments can review state and federal wetland dredge and fill 
applications that apply to their area. This should include an analysis of the local zoning 
ordinance to ensure compliance with any local provisions that might be used to protect 
the wetland. If a project violates the local ordinance, the MDEQ and the U.S. Army Corps
of Engineers, where applicable, should be notified during the public comment process. In
addition, the local zoning administrator or reviewing body should be made aware of the
proposed activity to ensure appropriate local review.  Keep in mind that local governments
have 45 days to review the application and provide comments – while citizens only have
20 days.
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COMMUNITY OPTION #1

Natural Features Setback Ordinances
Because people are drawn to the water, residential and recreational pressure to develop
properties along lakes, streams, and wetlands is immense – the same natural features that
attract people to our communities are at a high risk for being degraded or destroyed by 
adjacent development.

One way to protect important natural features in your community is to require “setbacks,”
which are intended to provide a buffer between the natural feature and development. This
can be accomplished by including a natural features setback as part of the zoning ordinance
to ensure that buildings or various activities, such as grading or cutting vegetation, are 
located a safe distance from a wetland or other natural feature.

Natural feature setbacks can protect local rivers and streams, lake shorelines, and wetlands.
They also provide additional benefits including: 

■ Protection of surface water run-off 
and water quality for pollution prevention.

■ Assistance in beneficial water recharge 
for drinking, irrigation and other purposes.

■ Provision of water storage areas during 
storm events.

■ Preservation of aesthetic views and
enjoyment of natural resources.

■ Stabilization and protection of soil resources,
including the prevention of erosion and 
prohibition of loss due to moving water.

■ Protection of wildlife habitat, including
preservation of threatened and endangered
species habitat.

Natural feature setbacks are typically 25 to 
40 feet in width, but larger setbacks (up to
200 feet) are desirable for best protection of  
the adjacent resource. Setbacks should not 
be included in a wetland regulatory ordinance. 
However, local governments can require setbacks
from wetlands in a separate zoning ordinance. 

An example of a natural feature setback ordinance can be found on the Huron River 
Watershed Council’s website at www. hrwc.org.
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Example of a Natural Features Setback Ordinance 
Intent and Purpose Clause:

It is the intent of this ordinance to require a minimum setback from natural features, and to
regulate property within such setback in order to prevent physical harm, impairment and/or
destruction of or to a natural feature. It has been determined that, in the absence of such 
a minimum setback, intrusions in or onto natural features would occur, resulting in harm, 
impairment and/or destruction of natural features contrary to the public health, safety and
general welfare. This regulation is based on the police power, for the protection of the pubic
health, safety and welfare, including the authority granted in the Zoning Enabling Act. 

It is the purpose of this section to establish and preserve minimum setback from natural 
features in order to recognize and protect the special interrelationship and interdendency 
between the natural feature and the setback area. Components of interrelationship which
this section is intended to protect include: (1) the spatial relationship; (2) interdependency 
in terms of physical location, plant species, animal species and encouragement of diversity
and richness of plant and animal species; (3) overland and subsurface hydrology; (4) water
table; (5) water quality; (6) prevention of erosion or sediment deposition.
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Soil Erosion and Sedimentation 
Control Ordinances
Sediment can be a significant contributor to the decline in wetland viability by reducing water
depths, decreasing sunlight penetration, and smothering plant and animal species. Additionally,
contaminants such as pesticides, heavy metals, oil and grease, bacteria, plant nutrients, and
other chemical wastes are often attached to the sediment and deposited into wetlands. Part 91,
Soil Erosion and Sedimentation Control (SESC), of the Natural Resources and Environmental
Protection Act (Act 451 of 1994 as amended) formerly Act 347 of 1972, was enacted to 
protect the waters of the state from sedimentation caused by unchecked soil erosion.

Part 91 gives the primary responsibility for administering the statute to the counties. The
County Board of Commissioners must designate a county enforcing agency such as the Drain
Commissioner, Road Commission, Building Department, or the local Soil Conservation District
to administer the soil erosion control program on behalf of the county. Counties may administer
this by using a resolution or an SESC Ordinance. SESC ordinances can be more restrictive than
the statute. Part 91 allows cities, villages, charter townships, and some general law townships
to assume responsibility within their jurisdictions by adopting a MDEQ-approved SESC Ordinance.
The costs of administering county/local erosion programs may be covered by charging fees for
inspections, permits, and reviewing plans.

Similar to other regulatory programs, Part 91 requires permits for all regulated activities. Permits
are required for all earth changes that disturb one or more acres OR that are within 500 feet 
of a lake or stream. Plowing, tilling, and some logging and mining activities are exempt under
Part 91. Since wetlands are often contiguous to lakes and streams, Part 91 may be a useful
tool for protecting wetlands. Given that SESC Ordinances can be more restrictive than the
statute, the county or local governmental agency may require (if desired) SESC permits within
500 feet of wetlands, lakes, or streams. Prior to receiving a permit, the applicant must complete
an application and develop a soil erosion and sedimentation control plan to minimize erosion
and off-site sedimentation.

COMMUNITY OPTION #2

Summary
■ Adopt a  county/local ordinance subject to approval from the MDEQ.

■ Designate enforcing agency (e.g., Drain Commissioner, Road Commission, 
Building Department, or the local Soil Conservation District).

■ Review and approve soil erosion and sediment control permit applications.
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Seven Principles of Erosion/Sediment Control to be 
Incorporated Into Every Plan and Construction Activity 

1. Design and construct terrain features such as slopes and drainage ways to minimize the
erosion potential of the exposed site based on the soil type, time of year, proximity to water 
ways, duration of exposure, length/steepness of the slope, and the anticipated volume and 
intensity of runoff.

2. Minimize the surface area of unstabilized soils left unprotected and vulnerable to runoff and
wind at any one time.

3. Minimize the amount of time that unstabilized soil areas are exposed to erosive forces. 

4. Protect and shield exposed soil areas with a cover of live vegetation, mulch, or approved 
erosion resistant material during the temporary and permanent control periods of construction. 

5. Avoid concentrating runoff. When concentrated runoff cannot be avoided, runoff velocities
must be reduced to non-erosive velocities. 

6. Trap eroded sediments on-site with temporary and permanent barriers, basins or other 
sediment retention devices while allowing for the controlled discharge of runoff waters 
at non-erosive velocities. 

7. Implement a continuous inspection and maintenance program.

Incorporating these principles will help prevent this.
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Floodplain Management Ordinances
Protecting floodplains from development is an urgent public health and safety matter for officials
in many Michigan communities. Floodplains are the natural low areas adjacent to surface water
bodies that hold floodwaters. Since it’s common to find extensive wetlands in the floodplains
of rivers, lakes, and streams, floodplain management generally involves wetland protection.

When floodplains are altered by development, filling, sedimentation, and/or vegetation 
destruction, their ability to handle floodwaters are greatly reduced, aggravating flooding and
subsequent flood damages, especially downstream. Communities throughout the state have
developed specific regulations to control development in floodplains. Local floodplain 
regulations generally promote the following goals:

■ Limit the alteration of natural flood plains, streams, wetlands and natural protective 
barriers (e.g., floodplain slopes) that store and attenuate flood waters. 

■ Control activities like filling, grading, and dredging, which may increase flooding. 

■ Prevent encroachment on stream channels and wetlands. 

■ Prevent construction of flood barriers that will unnaturally divert flood waters or 
may increase flood hazards in other areas.

■ Slow runoff volume and rate to reduce flooding, sedimentation, and 
channel and property damage. 

■ Promote intergovernmental cooperation (state, federal, and local coordination) through 
consistent application of regulations, so one unit of government does not transport 
flooding problems to another because of poor floodplain management.

■ Require the elevation of structures above the 100-year flood elevation 
to reduce the damage. 

■ Save community’s dollars by preserving natural flood protection features.

There are a number of options available for floodplain protection. The MDEQ has jurisdiction
over many floodplain areas, yet local governments can regulate development in floodplains
through a separate floodplain ordinance or through special provisions in the zoning ordinance
or building code. Coordinating state and local floodplain regulations is essential for appropriate
management of floodplains.

COMMUNITY OPTION #3
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Defining and Mapping Floodplains
One of the first steps in protecting floodplains is to delineate the floodplain area on an official
map. This map becomes the basis for local regulations. (Using floodplain regulations will not
protect isolated wetlands, or wetlands not found within the designated floodplain.) Many Michigan
communities already have official floodplain maps, developed by the Federal Emergency
Management Act (FEMA). These maps are known as a Flood Insurance Rate Maps.

If a hazard map does not exist for a community, then the expertise of a wetland scientist 
or hydrologist may be required. The use of the National Wetlands Inventory (NWI) Maps, 
Michigan Resource Inventory System (MIRIS) maps, soil surveys, current aerial photos,
U.S.G.S. topographic maps, and some field verification is usually required. This map will 
serve as a guide, not as a detailed site specific map. 

Zoning for Floodplain Protection 
Floodplain zoning ordinances regulate the types of land uses that are permitted in the 
floodplain. Floodplain zoning districts only allow uses that are not susceptible to flood 
damage (e.g. recreation facilities, agriculture, conservation/education areas, and planned 
unit developments that cluster buildings out of the flood prone areas). Many communities 
with flooding problems participate in the National Flood Insurance Program (NFIP). 

Planning and Public Floodplain Acquisition for Greenways and Parklands 
Pro-active planning for community greenways located in floodplain areas can create many
economic benefits for a community. Park and recreation plans often target the acquisition 
of floodplain areas for use as passive nature recreation areas or for more intensive forms 
of recreation that are not permanently damaged by flooding (e.g., soccer or softball fields).
Since floodplains are vulnerable to periodic flooding and the ability to develop these lands 
is marginal, they can often
be purchased at reduced
prices. Strategic long-range
planning for protection and
acquisition of floodplains 
by parks and recreation 
commissions can contribute
significantly to the protection
of riparian wetlands as well 
as improve the quality of life
benefits for the community.
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Site Plan Review Regulations
Good development design strengthens economic activity, improves community attitudes,
reduces nuisance impacts, decreases the cost of development, improves property values, 
and enhances public safety. For these reasons, it is in a community’s interest to conduct a 
site plan review process. Site plans are the documents and drawings that present information
showing what an applicant for zoning approval wants to achieve on a parcel of land. Because
good site plans usually include information on stormwater patterns, topography, soils, and
wetland locations, they can help local decision makers better assess what might be necessary
to protect water resources before construction begins.

Local Site Plan Review Regulations
Site plan review regulations are provisions in a zoning ordinance for the administrative review
of the physical layout of proposed projects to assure the standards contained in the zoning 
ordinance are complied with as each property is developed. Many local governments already
administer site plan review as part of their planning process, so adding wetland review often
does not add to the administrative work load.

In addition to specifying the procedures for submission and approval of site plans, site plan 
review regulations also identify the land uses subject to review and the individual or body 
responsible for administering the review. Site plan review typically requires professional 
assistance and trained decision makers if it is to be used most effectively. This may require 
hiring outside consultants with the cost borne by fees paid by applicants. Site plan review is
often applied to commercial/industrial facilities, and other uses that require a more detailed 
review to look at number of parking spaces, structure size, and development in sensitive 
environmental areas such as wetlands.

The inclusion of standards within site plan review regulations is essential to ensure effective
and legally rooted review decisions. Standards typically used include: data submittal standards,
nondiscretionary review standards, discretionary review standards, and conditional standards
to ensure ordinance conformance.

The most important of these are discretionary standards, which address issues ranging from
impacts on the environment and adjoining land uses, in conformance with any related federal,
state or county regulations. If development does not proceed according to an approved site
plan, legal means (such as performance guarantees mentioned under Community Option #10)
can be initiated to require enforcement.

COMMUNITY OPTION #4
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Local Site Plan Review and Designing Developments to Protect Wetlands
Wetland protection can be integrated into both residential and commercial development plans. 
To plan developments that protect wetlands, an assessment of the wetland should first be 
conducted. This assessment should include (at a minimum):

■ Wetland boundaries
■ Wetland size
■ Wetland type
■ Connections to other bodies of water
■ Critical upland habitat that should be protected along with the wetland

Once these are determined, the next step is to determine what type of development is most
compatible with protecting wetlands on the site.

The layout for buildings and roads should be designed to avoid wetlands altogether, or if 
unavoidable, minimize wetland crossings. How the upland adjacent to a wetland will be 
developed has important implications for the long-term health of the wetland. Important 
considerations include establishment of greenbelts and buffer zones around wetlands, 
managing the quantity and quality of stormwater in a way that does not harm the wetland,
human access and use of the wetland, and land use practices (e.g., fertilizer and pesticide 
use) as discussed in Community Option #7.
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Linking Local Approval to 
State and Federal Permits
A local government’s most basic approach to wetland protection is to tie local approval for a 
proposed development to the acquisition of the necessary state and federal wetland permits 
required for project completion. This regulatory technique links approval for all zoning and
subdivision to all local, state, and federal permits. 

The advantages of a regulatory networking approach include: 
■ It ensures wetland issues are considered early in the planning process.
■ It facilitates communication between local government and federal and state 

regulatory agencies.
■ It ensures wetlands are regulated to state and federal standards at a minimum.
■ It provides information on water resources to the local government with 

little additional cost.
■ It can help local governments better understand the environmental aspects of 

project design utilizing existing regulations rather than creating new ones.

The disadvantages to linking approvals are that it leaves some significant land use decisions 
regarding wetlands entirely up to state and federal officials, and critical isolated wetlands 
and habitats may not be protected on any level. If local governments would like to be more 
involved or more protective in the wetlands decision-making process, other options should 
be investigated.

44

COMMUNITY OPTION #5

Case: U-22044 
Witness: K. Krupp 

Exhibit: S-7.3 
Page 48 of 70 



Step 1: Encourage those in the process of planning land development to conduct a
wetland delineation prior to designing the project. This is an important way to avoid 
wetlands and wetland regulations altogether. Providing a list of wetland consultants to
property owners will facilitate this process. You can also recommend using the MDEQ
Wetland Identification Program.

Step 2: Land developers should be informed in the early stages of site planning that 
project approval is conditional on the project receiving the proper federal and state 
permits. A community may stamp on the permit something to the effect of “Permit 
Approval Conditional to the Acquisition of Necessary State and Federal Wetland Permits.”

Step 3: Provide easily accessible educational materials on wetlands to individuals 
interested in land development. MDEQ produces fact sheets on the wetland 
regulatory process, which can be accessed at www.michigan.gov/wetlands_deq.

If local governments pursue this 
easy but effective option, some 
local wetland conflicts can be
avoided altogether.
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Lot Split or Lot Division Regulations
Unchecked land division can remove forever large amounts of forests and farmland from 
production. It can also unnecessarily burden public facilities and services by the creation of 
vast “rural development.” Finally, poorly planned land divisions can create parcels that may 
require the destruction of wetlands to adequately site houses.

The Land Division Act, Act 288 of 1967 as amended (formally known as the Subdivision Control
Act) does not regulate the creation of parcels greater than 40 acres in size. The Land Division Act
requires approval from the MDEQ for the preliminary plat of any subdivision containing lots within or
affected by a floodplain, and any subdivision involving land abutting a lake or stream where public
rights may be affected. Local governments interested in having more control over land divisions in
order to protect wetlands can create local based land division and subdivision regulations.

Local Land Division Regulations
If land division trends appear to be alarming, a local government can consider adopting a land 
division regulation. Local land division regulations apply to all lands. These regulations serve 
to prevent the creation of “unbuildable parcels” with lot width, depth, area, shape and/or frontage
that do not meet ordinance minimums, and ensure that access meets minimum public safety and
drainage standards. They are also structured to prevent the unnecessary fragmentation of valuable
natural resource areas and to prevent a proliferation of strip commercial parcels along major roadways. 

Land division regulations can help prevent over-development along rural corridors and 
premature obsolescence of rural roads.

COMMUNITY OPTION #6
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Elements To Consider Locally
■ Location of natural or artificial drainage courses, lakes, streams, wetlands, critical 

sand dunes, threatened or endangered species, unusual topography, and major
stands of trees.

■ The size, shape, orientation, and existing zoning of the lots and parcels should be 
appropriate for the type of development and land use contemplated. No split should
be approved that would conflict with existing drainage ditches, natural watercourses, 
easements, or public rights-of-way. 

■ Parcel splits should minimize the division of wetland areas and other natural features. 
No parcel should be created solely of critical sand dune, wetland, lake or river bottom, 
or stream bed.
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Local Stormwater Management
Stormwater management regulations are designed to address the challenges posed by flooding
and nonpoint source pollution. The term “nonpoint” refers to pollutants that originate from diffuse
sources rather than a specific point or an easily identified source (e.g., from snow melt or
stormwater runoff versus an outlet pipe). Stormwater runoff can carry with it high concentrations
of sediment (soil particles), hydrocarbons and other hazardous chemicals, pesticides, bacteria,
nutrients, and heavy metals.

Local governments are becoming increasingly involved in the administration of stormwater
management activities, particularly in rapidly urbanizing areas where the impacts of development
on water quality and quantity are most pronounced. In many areas of Michigan, polluted runoff
from lawns, roads, and agricultural areas account for as much as 70% of the water quality
problems of a waterway.

Research shows that when an urbanizing watershed reaches a level of 10% impervious cover
(roads, parking lots, rooftops), the water quality and fish habitat problems rapidly accelerate. By
using effective site planning to manage stormwater and soil erosion, local governments can
protect wetlands and waterways from siltation, avoid the creation of excessive imperviousness,
and minimize alterations in hydrology.

Site Planning for Stormwater Management
Site planning (detailed in Community Option #4) is an invaluable tool local governments can use
when attempting to control the amount, quality, and timing of runoff to prevent its damaging 
effects on natural resources, private property, and public infrastructure. In the early stages of
the site plan process, the environmentally sensitive areas (e.g., wetlands, floodplains, and
steep slopes ) should be identified. Wetlands and wetland protection are an essential 
component in any stormwater management system. 

COMMUNITY OPTION #7

Stormwater Management Considerations
■ Consider watershed boundaries and wetlands in planning, not political boundaries.
■ Discourage use of natural wetlands to treat stormwater – instead encourage low impact

development, creation of rain gardens, green roofs, wet detention basins, and other
engineered solutions throughout the local area.

■ Control quantity, timing, and quality of runoff.
■ Limit impervious areas.
■ Encourage “green” infrastructure.
■ Require routine maintenance.
■ Treat “first flush” runoff, meaning the peak concentrations of contaminants that occur

at the initial stage of runoff events.
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The following are a few elements that should be considered when reviewing site plans for
stormwater management:

■ Protect streambank and other natural vegetation and provide setbacks.
■ Prohibit direct discharge of stormwater into wetlands.
■ Prevent fill in wetlands, floodplains, and other natural stormwater collection areas.
■ Set a limit on the percentage of impervious surfaces in a development.
■ Reduce design demands for curbs and gutters, allow replacement with 

grassed swales where appropriate.
■ Limit impervious surfaces by reducing parking area requirements.
■ Require pervious surfaces whenever possible.
■ Require a stormwater management plan at the site plan review stage for new, modified

or expanded developments.
■ Ensure proper installation and maintenance of stormwater control measures to preserve

the natural runoff system on and adjacent to development sites. An example of this
would be requiring grading plans for private road development and driveways to divert
stormwater from washing out these areas.

The U.S. EPA has developed a guide entitled Protecting Wetlands: A Guide to Stormwater
Best Management Practices, which is available at www.epa.gov/owow/wetlands/watersheds.

Urban Cooperation Agreements and Stormwater Management
Since stormwater runoff does not respect municipal boundaries, it makes sense for local 
governments to coordinate with surrounding units of government on stormwater management.
Cooperative agreements among local governments, known as urban cooperation agreements
(UCA), are legally allowed under the Urban Cooperation Act of 1967. It has become increasingly
common to manage and fund trans-boundary matters such as fire services, recreational facilities,
and water and sewer services using UCAs. Stormwater management is no different.

Prior to adopting a local plan, an area-wide
stormwater management plan can provide
the rationale and guidelines for local 
regulation. Once these regional guidelines
have been established, it is much easier
for local governments to develop their 
individual ordinances. UCAs can easily 
be applied to a public works program 
that would allow for construction of 
systems for stormwater management 
that might include area-wide retention
basins, monitoring programs, and financing
mechanisms, such as special assessments
or utility fees.

Rain gardens absorb and treat stormwatrer.
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Open Space Zoning and Conservation Design
Open space zoning regulations are techniques used by communities to accommodate growth
while preserving wetlands and other natural resources, rural character, prime agricultural and 
forest lands, scenic views, historic landmarks, and other special features that are important to the
community. Open space zoning enables communities to require a certain percentage of a site 
to be preserved as open space to protect these resouces.

There are four fundamental components of open space zoning: 

1) Special site features are inventoried and mapped. 
2) A significant portion of the site is protected as permanent open space. 
3) Building envelopes are sited to respect special features and preserve the quantity and 

quality of open space on the site.
4) Viewsheds are protected by maintaining a low visual impact, particularly along 

public roadways and waters. 

Techniques for Open Space and Conservation Design
Below is a brief description of some of the more established land use tools that can protect both
open space and wetlands.

Conservation Subdivision
Conservation subdivision allows for clustering of building sites to provide open space protection
of areas that contain wetlands, steep slopes, views, agricultural lands, and other special features.
Clustering building sites not only protects sensitive landscapes, it also provides more open space
for recreation and can preserve scenic views that contribute to higher property values. Additionally,
a more compact site design can significantly lower the costs of infrastructure, surveying, 
and engineering. 
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Traditional Subdivision Design (shown at left)

Grid layout with little regard for
natural and special features

BEACH

COMMUNITY OPTION #8

Conservation Design (shown at right)

Trees, wetlands, scenic views, and 

natural features are retained. All homes 

have lake views. All residents have equal 

access to the shoreline. Single-loaded 

roads provide more privacy and better 

views. Trails make a pedestrian and 

recreation-friendly development.
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The image of condominium complexes or tightly packed dwellings is often associated with 
conservation subdivision, but in actuality this is usually not the case in open space zoning. 
Rather, open space zoning reduces lot size, but the open space found adjacent to and 
surrounding the lots give a sense of much larger lots. 

Conservation Easements
Conservation easements can be used to provide permanent land protection. The explosive growth
of the land trust movements in Michigan and nationwide is allowing local governments to create
public-private partnerships in land protection. This topic is more thoroughly discussed under
Community Option #12.

Planned Unit Developments
Planned unit developments (PUD) are authorized under state enabling acts to provide opportunities
for more flexible land use and site development. PUDs generally encourage site designs that integrate
structures and uses with natural site characteristics to minimize impacts on the site and adjoining
properties and include planned open space. PUDs can create larger areas of open space through
clustering of units than lot-by-lot development. PUD projects must undergo a site plan review
process, and thus these regulations are administratively more complex than traditional lot area
and bulk regulations. 

Implementing Open Space Zoning
When local government pursues open space zoning, the regulations should reflect the community’s
comprehensive plan to assure legal validity. Site development regulations should be consistent with
local rural character, privacy, and open space access. Permitting should be no more difficult than
for traditional subdivisions and if substantially easier, will result in more open space projects. In
some cases, density bonuses for open space projects should be considered to increase financial
attractiveness of open space developments.

What Does Conservation 
Design Add Up To?
Preservation of natural features +

Private lots and common areas +

Increased sense of community & social opportunities +

Shoreline use concentrated in single dock area__________________________________________________________

HIGHER PROPERTY VALUES!
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Performance Based Zoning
Traditional community zoning techniques are designed to allow specific land use activities 
(commercial, residential, industrial) only in pre-defined geographic areas, or zones. Zoning 
commissions then have the task of reviewing proposed projects in reference to approved zoning
maps that detail the areas where certain land uses are prohibited, authorized, or are authorized
with certain conditions.

Performance based zoning, on the other hand, does not divide land uses into separate zoning 
districts. Instead, land use is regulated by particular performance standards that developers 
must meet. If developers agree to meet these pre-defined standards, then a project can be sited
in a broader range of geographic settings. Typical performance standards include wetland 
protection, amount of impervious surface, building density, waterfront setbacks, buffering 
requirements, and open space ratios. Examples of performance standards that protect wetlands:

■ Prevent filling of wetlands by sand, gravel, solid wastes, or structures.
■ Protect wetland water supply (quantity).
■ Protect wetland soils.
■ Maintain free circulation of wetland waters.
■ Protect wetland vegetation from cutting and grading. 

A significant benefit of performance based zoning is that it allows communities to promote infill 
in underutilized urban and suburban areas, in turn limiting the progress of sprawl. The practice 
of infilling has the tendency to revitalize economically distressed neighborhoods by providing a
greater diversity of residential and commercial uses. To ensure there is a compatibility between
land uses, buffers and setbacks should be included as in the community’s performance standards.

COMMUNITY OPTION #9
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The other significant benefit of performance based zoning is that it gives developers a certain 
flexibility in designing a plan as long as all the conditions laid out by the local government are met.
Developers then have a broad range of design options that they can pursue, many of which can
provide significant cost savings. For example, if a developer is required to limit impervious surface
and protect slopes greater than fifteen percent, the developer then can cluster buildings, mix
building types, and alter road layout to meet those performance standards. 

How is Performance Based Zoning Unique?
■ It does not divide land use into separate zoning districts (residential, 

commercial, industrial) 

■ Regulates land use by particular, pre-defined standards to which developers
must adhere (including wetland protection and waterfront setbacks)

■ Helps revitalize communities by promoting infill and limiting sprawl

■ Offers flexibility and cost savings to developers
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Performance Guarantees
Performance guarantees are traditionally used by local governments as a legal mechanism 
to ensure that developers establish predefined improvements as conditions of local project 
approval. Performance guarantees are a form of “insurance” to protect a community from 
unmarketable sites due to project abandonment or partial completion, where required public 
or environmental improvements have not been completed.

Roads, sidewalks, lighting, and utilities are all common site features for which local governments
can require performance guarantees in the form of surety bonds, cash, or cash equivalence. 
The guarantee is returned to the developer when the project improvements are completed 
within a specified timeline and an agreed upon project site plan. Performance guarantees can be

used to protect wetlands by assuring
that proposed land alterations are 
constructed as specified by community
planners. For example, if a stormwater
feature, such as infiltration swales or 
detention basins, are required to treat
runoff before it enters a wetland, a 
performance guarantee will help assure
that these stormwater treatment features
are properly constructed. Performance
guarantees enable communities to pay
the cost to protect or restore wetlands
or other sensitive features, if the
developer or contractor fails to do so.

COMMUNITY OPTION #10

Why Use Performance
Guarantees?

They are collected as
“insurance” to protect a 
community if a development
project goes wrong.
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Communities interested in utilizing performance guarantees should include in their local zoning,
PUD, condominium, or subdivision ordinances standards that have been predefined to guide
these guarantees. These standards will define timelines for project completion and the resulting
penalties if the predetermined standards are not met. If the project is completed to the satisfaction
of the municipality, then the guarantee will be released in full in a timely manner. If the developer
does not fulfill the specified obligation, then the municipality may obtain the guaranteed funds 
and hire its own contractor to complete the project.

It is important to establish reasonable and accurate estimates of the value of the improvements
when determining the amount of the guarantee. 

Predefined Standards May Include:
■ Protected areas during and after construction
■ Stormwater management
■ Project completion deadlines
■ Penalties
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Environmental Planning in 
Public Infrastructure Projects
As communities grow, it is usually necessary to upgrade and expand public infrastructure. One 
of the responsibilities of local government is to plan to improve public infrastructure with an eye 
to directing growth into areas that will have the least environmental impact. Some of the most
common growth-inducing actions that local governments undertake are road building and 
widening, sewering, water main construction, and siting the locations of schools. Typically, 
these growth-inducing actions lead to subdivision and commercial development. Consideration 
of the location of wetlands and water resources during master planning can help direct 
growth-inducing activities away from environmentally sensitive landscapes.

Of all infrastructure improvements, sewer expansion has the greatest potential to have environmental
impact when it comes to wetlands. Often times the only factor limiting building in wetlands is the
inability to site fully functioning septic systems. When sewers are installed in areas with a high
water table and abundant wetlands – areas considered unsuitable for on-site septic disposal –
it tends to direct development into those areas.

Many Michigan communities, due to their small size or limited institutional capacity, lack any type of
comprehensive planning and zoning that can help direct and control growth. In those communities
it is commonly the development of a public infrastructure plan that determines where community
growth will occur. In other communities where a master plan exists, or is in the process of being
developed, a sewer facility plan should be included in the master plan. The extent of municipal
sewers should be determined in part by the need to protect drinking water, lakes, streams, and
wetlands. Indeed, the protection of these water resources is the primary reason why sewers 
are established. 

What do public infrastructure projects
have to do with wetland protection at 
the local level?

Infrastructure typically induces residential and 
commercial development. Local government 
can plan and direct growth to areas that need 
infill and away from sensitive areas.

COMMUNITY OPTION #11
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To Sewer or Not To Sewer
Below are considerations that should be taken into account when determining where future
sewer projects should be allowed in areas where there is an abundance of water resources.
(All conditions should be met.)
■ There is an existing, documented waste treatment problem that cannot be solved by 

any other feasible and prudent on-site alternative.
■ Dense development currently exists. More that 100 homes per mile and average lot size 

of less that 0.5 acres are standard criteria identified by the U.S. EPA.
■ Areas that are environmentally sensitive (pertaining to water resources) are absent, 

or are identified and afforded adequate protection through deed restriction, zoning, 
or other types of protection methods.

■ Sewage is treated using current best management practices, and the treated effluent is
unlikely to have a negative impact on water resources in downstream communities.

■ The diversion of water will not negatively impact the hydrology or ecosystem(s) in and 
adjacent to the newly sewered area.

By assuring that all these conditions are met, communities can help prevent negative water 
resource impacts that sewering can create. 
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Partnerships Between Local Units 
of Government and Landowners
Because of their love for the land, many property owners with wetlands want to permanently
protect their property. Local governments can assist in this process by gaining a firm understanding
of the many protection options that are available to private landowners. Donations or sale of property
to a conservation organization, or the creation of what is known as a conservation easement, can
effectively protect wetlands in perpetuity. In addition to benefiting individual property owners, local
communities benefit from the voluntary and permanent protection of wetlands. Because of this,
provisions in the tax codes allow for financial benefits in the form of income and property 
tax reductions.

Donation
With a land donation, the owner gives his or her land (or a specified part of it) to a qualified 
non-profit organization or governmental agency for conservation purposes. A donor’s gift of 
land is tax deductible and each donation has different tax advantages for different individuals.
Landowners considering donation of wetland property are encouraged to retain a tax attorney 
or accountant to analyze the tax consequences.

Conservation Easements
A conservation easement is a voluntary agreement that is used to transfer certain rights 
concerning the use of land to a qualified non-profit organization, governmental body, or other
legal entity without transferring title to the land. In Michigan, Part 21 of the Michigan Natural 
Resources and Environmental Protection Act (Act 451 of 1994 as amended) (formerly the 
Conservation and Historic Preservation Easement Act; Act 197 of 1980), authorizes the creation
of voluntary conservation easements. A conservation easement under this statute can provide
limitations on the use of, or can prohibit certain acts on, a parcel of land. The easement is 
considered a conveyance of real property and must be recorded with the register of deeds in 
the appropriate county to be enforceable against a subsequent purchaser of the property. A 
common misconception about conservation easements is that the land must be open to public
access. The public does not have access to property protected by a conservation easement 
unless the landowner who grants the easement specifically allows it.

To be eligible for a tax deduction, conservation easements must be granted in perpetuity by the
landowner. Several tax benefits may be available to the grantor, including deduction of the value
of an easement as a charitable contribution, as determined by the amount by which the easement
reduces the market value of the property. In addition, the development restrictions placed on a
property by a conservation easement may also result in reducing property taxes. As with land 
donations, if a conservation easement is considered, an attorney or accountant should be 
consulted for an analysis of possible tax benefits.

COMMUNITY OPTION #12
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Deed Restrictions and Covenants
Deed restrictions are clauses placed in deeds restricting the future use of land. When property 
containing wetlands is transferred, deed restrictions can prohibit uses or activities by the new
owners that would destroy, damage, or modify wetlands. A covenant is a contract between a
landowner and another party stating that the landowner will use or refrain from using their land 
in a certain manner. Like a deed restriction, a covenant can require that landowners refrain from
activities that will damage wetlands. Once placed in deeds, covenants become deed restrictions. 

Although deed restrictions and covenants have been used across the country to protect wetlands,
their use in Michigan is not as effective as conservation easements. Unlike a conservation easement
that is granted to and signed by an organization that has a commitment and responsibility to 
resource protection, the enforcement of deed restrictions and covenants is less reliable. There is no
continuity of oversight, unlike the continuous ownership of an easement holder. It is also relatively
easy for a future landowner to petition the courts to vacate a particular deed restriction. Although
it is theoretically possible to modify a conservation easement, many changes are prohibited by
federal regulations where income tax deductions are involved and all signatories to the easement
must agree to proposed changes. It is unlikely that a qualified organization would agree to 
modifications of a conservation easement that would result in adverse wetland impacts.

Purchase of Wetland Areas
Local units of government can acquire wetlands for floodplain protection, the development of
greenways, and as part of a community-wide water quality protection program. If there is broad
community support for land acquisition efforts, and at times an educational effort is needed to
build support for funding such efforts, then the revenue can be generated through ballot proposals
for specified land parcels, bond issuance, or millages/assessments.

For more information on opportunities for public-private partnerships in land protection 
in Michigan, visit the Heart of the Lakes Center for Land Conservation Policy website at
www.heartofthelakes.org.
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Responsible Regulation:
A Recipe For Community Success
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CHAPTER 6: Responsible Regulation: 
A Recipe for Community Success

For communities interested in protecting wetlands and other sensitive environmental features,
there are strategies that should be helpful in successful passage and implementation of 
wetland regulations and ensuring that the long-term goal of wetland protection will stand 
up to legal challenge.

Wetland regulations attempt to navigate the sometimes rocky waters of determining where an
individual’s property rights end and where the public’s interest in resource protection begins.
An analogy that is sometimes helpful is the example of the fist and the nose: my individual
“right” to swing my fist is restricted by my responsibility to respect your nose. In the terms of
wetland regulation, the rights of a property owner to alter wetlands (dredge, fill, drain, etc.) is
limited by the responsibility to act in a way that does not impact their neighbors or the larger
community. Of course, there are situations when it is legally and morally acceptable for my
fist to connect with someone’s nose (e.g., self defense). Likewise, there are situations in
which activities regulated by wetland laws are permitted to occur (e.g., when all less damaging
alternatives have been utilized and impacts have been mitigated).
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The Fifth Amendment of the U.S. Constitution provides in part: “nor shall private property
be taken for public use, without just compensation.” This is known as the “Takings Clause.”
The government’s physical invasion of private land, whether by roadway, public park, or 
for the construction of city hall, entitles the owner to “just compensation.” In our system,
this private land owner’s loss has been compensated by the public treasury. The concept
of “regulatory takings” is a relatively new legal concept. If a decline in property value results
not from a physical invasion of the land, but rather from the enforcement of a regulation
then this is called a regulatory taking.

If local environmental protection measures are carefully crafted and applied fairly, it is 
unlikely that a regulatory taking will occur. On the other hand, it is likely that a regulatory
taking has occurred if the following two conditions have been met:

• The regulation does not substantially advance legitimate public interests.

• The regulation denies the landowner virtually all economical uses of the land.

Below are some of the most important considerations that will help ensure that a protection 
program will be fair, equitable, and legal.

Understand Your Options
Determine what’s best for your community based upon previous planning efforts, including
such things as existing Master Plans or Comprehensive Plans. Understand exactly what
wetland resources exist in your community, and solicit input from State and Federal Agencies
that may have jurisdiction. Also, take stock of any available funding sources and make an
attempt to gauge the political will so that educational efforts can be effective. 
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Establish Reasonable Goals
Any attempts to protect sensitive lands will fail if the goals and means to the goals are not
viewed as reasonable. One way to ensure that a protection effort is reasonable is to clearly
articulate exactly why the protection effort is necessary. In the case of wetland protection,
efforts will be more likely viewed as reasonable if it is clearly understood that by protecting
wetlands, the laws are protecting the public from harm from flooding, degraded water
quality, and the loss of fisheries and wildlife.

Educate Your Community
Use various methods to bring about an understanding in the community about the functions, 
values, and benefits provided by wetlands.  For example, wage a “coffee cup campaign,”
use word of mouth and local newspapers to highlight these issues, and do a local inventory
of wetland resources.

Involve the Public and Key Stakeholders to Build Community Support
Be sure to include members of the regulated community and all stakeholders, such as 
developers and contractors, realtors, river and/or lake associations, environmental groups,
and citizens at large. Form an advisory committee to help with these effort. Issue public 
notices and have public meetings and hearings on all drafts of any ordinance or regulatory
proposals. Reach out to all affected stakeholders and be sure to fully answer any 
questions that arise.

Make Sure Final Language is Legally Defensible
Utilize model ordinances that are available. Consult your
municipal attorney as you proceed.

Implement and Administer Fully and Fairly
Enforcement and penalties are unpopular, but they 
are important, and consistency is crucial.

Maintain Economic Viability of Properties
Another aspect of reasonableness is the ability of a
landowner to continue to utilize their land. If an aggrieved
landowner believes that a government sponsored protection
effort, or regulation, has removed the ability to utilize his 
or her land, then they may file a “takings” suit. As noted 
earlier, environmental regulations can generally stand 
the challenge of takings suits as long as the regulated 
property has not been deprived of all economic use.

How to Avoid a
Regulatory Taking
■ Carefully craft regulations 

with input from all 
community stakeholders

■ Establish reasonable goals

■ Maintain economic viability
of properties (exemptions 
alone constitute economic 
viability of most properties)

■ Consistently apply 
regulations

■ Communicate and 
educate

■ Review by municipal 
attorney
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Open Communication Between Local Officials and Landowners
Maintaining open channels of communication between local officials and landowners is a
way to ensure landowners are aware of the numerous land protection options available to
them, and the economic and environmental purposes of the regulations. Local officials will
benefit from open dialogue by gaining a better understanding of the needs of landowners. 

Local Leadership
For local wetland protection to succeed, it requires the existence of local champions.
Champions can be individuals from the local government or from any sector of the 
community. It is important that their opinions are respected by a broad range of citizens.
Without the existence of local champions, attempts to establish protection programs 
will often languish, or existing programs will lack any enforcement efforts. 

Public Support for Conservation
Wetland protection efforts require broad public support for them to be successful. Any type
of regulation will ultimately fail if residents of the community do not understand and support
the need for the protection effort. 
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Meanwhile, we welcome you to join the Local Government Wetland Network listserve..

■ Share your experiences!
■ Get your questions answered!
■ Support others who are working to protect their community assets!

To join the listserve, called the Michigan Local Government Wetland Network (mlgowetnet),

go to www.great-lakes.net. Select the Environment link, then e-mail lists, then private, then

scroll down to “General Environment” where you will find “mlgowetnet.” Click on that link

for subscription information.

For additional information contact:

East Michigan Environmental Action Council
21220 West 14 Mile Road    
Bloomfield Hills, MI  48301

(248) 258-5188
www.emeac.org

Tip of the Mitt Watershed Council
426 Bay Street

Petoskey, MI  49770
(231) 347-1181

www.watershedcouncil.org

Michigan Department of Environmental Quality
For Local Ordinance Questions

(517) 373-1170
For other wetland information:

1-800-662-9278
www.michigan.gov/deqwetlands

www.watershedcouncil.org
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Protecting Michigan’s Wetlands
A Guide for Local Governments

ISBN: 978-1-889313-12-2

A C K N O W L E D G E M E N T S
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Exhibit S-7.4 PUBLIC: Staff’s Fifth Discovery Request and Company 

Response See Attachment A. 
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Exhibit S-7.4 PUBLIC

Attachment A: Staff’s Fifth Discovery Request and Company Response 
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STATE OF MICHIGAN 

BEFORE THE MICHIGAN PUBLIC SERVICE COMMISSION 

* * * * *

In the matter of the application of ) 
GLACIER MEADOWS SOLAR, LLC ) 
for a Renewable Energy or Storage  ) Case No. U-22044 
Siting Certificate to construct a solar ) 
energy facility. ) 

)

GLACIER MEADOWS SOLAR, LLC’S RESPONSE TO THE  
MICHIGAN PUBLIC SERVICE COMMISSION STAFF’S  

FIFTH DISCOVERY REQUEST 

Glacier Meadows Solar, LLC (“Glacier Meadows” or “Applicant”), for its Response to the 

Michigan Public Service Commission Staff’s (“Staff’s”) Fifth Discovery Request to Glacier 

Meadows, states as follows:  

PRELIMINARY STATEMENT 

Glacier Meadow’s Response (“Response”) is based on its current knowledge, 

understanding, and belief as to the information and documents reasonably available to it as of the 

date of this Response.  

Glacier Meadows Solar responds to Staff’s Fifth Discovery Request without conceding 

objections to relevancy, materiality, or admissibility and without prejudice to Glacier Meadows’ 

right to object to further inquiry concerning the subject matter of any response or the use of any 

information contained therein for any purpose.  Glacier Meadows further reserves the right to 

amend and/or supplement its Response if it deems such amendment and/or supplementation to be 

appropriate. 

By submitting its answers and responses, Glacier Meadows does not in any way adopt 

Staff’s proffered definitions of words and phrases.  Glacier Meadows objects to those definitions 

to the extent that they are inconsistent with (a) the ordinary and customary meaning of such words 
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and phrases, (b) the rules governing the permissible scope of discovery, or (c) the definitions set 

forth by Glacier Meadows in its response, if applicable, or otherwise. 

Several of Glacier Meadows’ objections may apply to one or more of Staff’s requests.  To 

avoid repetition of objections that apply to several of the requests, those objections are set forth 

fully below as General Objections.  

Glacier Meadows’ Response is made without waiving any of its objections, and Glacier 

Meadows reserves the right to amend and/or supplement its Response if additional facts and 

information become known to it during these proceedings. 

Any statement herein agreeing to search for or produce documents in response to a request 

is not to be treated as an admission that responsive, non-privileged documents, in fact, exist.   

GENERAL OBJECTIONS 

1. Glacier Meadows objects to the requests to the extent that they are overly broad.

2. Glacier Meadows objects to the requests to the extent that they are unduly

burdensome. 

3. Glacier Meadows objects to the requests to the extent that they are vague and

ambiguous and improperly require Glacier Meadows to speculate as to their meaning. 

4. Glacier Meadows objects to the requests to the extent that they seek information,

documents or materials that are privileged and protected from discovery or disclosure as attorney 

work product, as prepared in anticipation of litigation or for trial, by the attorney-client privilege, 

or are otherwise protected, exempt, or immune from discovery or disclosure.  To the extent that 

any privileged or otherwise protected information, documents, or materials are disclosed or 

produced—whether inadvertently or otherwise—such disclosure or production shall not be 

deemed to constitute a waiver of any such privilege or protection. 
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5. Glacier Meadows objects to the requests to the extent that they seek information,

documents, or materials that are highly proprietary and confidential, and/or are of a highly 

commercially-sensitive nature absent a protective order governing the disclosure of same. 

6. Glacier Meadows objects to the requests to the extent that they seek information,

documents or materials that were previously provided to Staff and/or which are currently in the 

knowledge, possession, custody, and/or control of Staff. 

7. Glacier Meadows objects to each request to the extent that it goes beyond the scope

of discovery permitted under applicable rules, orders, protocols, or law. 

8. Glacier Meadows objects to each request, instruction, and definition to the extent it

seeks to impose any duty or obligation beyond those authorized by applicable rules, orders, 

protocols, or law. 

9. Glacier Meadows objects to any requests that seek the identification of “all” facts

or information, or similar requests seeking “all” documents, because such requests are overbroad 

and may be premature.  Glacier Meadows’ responses are as complete as current information and 

reasonable diligence permit.  Some of the information responsive to such requests may not be fully 

known to Glacier Meadows at the time this Response is submitted. 

10. As to the production of electronically-stored information (“ESI”), Glacier

Meadows objects to the production of documents in true-Native format except for some media 

files, Excel and spreadsheet files, and/or other file formats not easily producible in near-Native 

TIFF images.  Glacier Meadows will be producing documents in accordance with ESI best 

practices and subject to a mutually-agreeable production specification format, including load files 

specifications and producible metadata. 
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INTERROGATORIES AND REQUEST FOR PRODUCTION OF DOCUMENTS 

Please refer to Exhibit A-6.2: 

1. Please provide the product safety data sheet(s) (SDS) for photovoltaic modules to

be installed in the proposed project area. If modules have not been procured yet, provide a sample 

or similar product SDS that is representative of the anticipated modules to be installed.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “to be installed,” 

“sample,” “similar,” “representative,” and “anticipated” are vague, ambiguous, and subject 

to multiple, subjective interpretations. Glacier Meadows further objects to this Request to 

the extent it seeks production of documents in a format inconsistent with ESI best practices 

or in a burdensome or inaccessible format. 

Subject and without waiving any objections, Glacier Meadows states as follows: A 

product safety data sheet (“SDS”) is a document that provides detailed information about 

the potential hazards of a chemical, not equipment; therefore, SDS generally do not exist for 

photovoltaic modules. Glacier Meadows is producing herewith a sample environmental 

product declaration (industry equivalent of an SDS for equipment) representative of the 

anticipated modules to be installed. Refer to document Bates-labeled 

GlacierMeadows0000182 – GlacierMeadows0000190.  Note photovoltaic modules have not 

yet been procured for the Project. 

2. Please provide supporting evidence demonstrating that the panels are expected to

pass Toxic Characteristic Leaching Procedure (TCLP) analysis.  
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “supporting 

evidence” and “pass” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Refer to document Bates-labeled GlacierMeadows0000191, which is being produced 

herewith and is a sample memo demonstrating that photovoltaic modules (representative of 

those anticipated to be installed) are expected to pass TCLP analysis. 

3. Please verify whether the project includes any Waters of the United States

(WOTUS) under the jurisdiction of the United States Army Corps of Engineers.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “includes” is 

vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows does include Water of the United States (“WOTUS”) under the 

jurisdiction of the United States Army Corps of Engineers (“USACE”). WOTUS are 

identified as “jurisdictional feature(s) under Section 404 of the CWA [Clean Water Act]” in 

Exhibit A-6.2, Attachment A under Sections 4.2.1 and 4.2.2.  

Answering further, the Michigan Department of Environment, Great Lakes, and 

Energy (“EGLE”) has been granted administrative responsibilities over Section 404 of the 

Clean Water Act, which grants EGLE the opportunity to perform tasks related to Section 

404 that are ordinarily delegated to the USACE. Federal review of WOTUS in EGLE permit 
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applications is waived unless alterations to critical environmental areas or major discharges 

into regulated wetlands are anticipated. Impacts to critical environmental areas and major 

discharges are not anticipated; thus, USACE review is not anticipated. More information on 

state and federal wetland regulations/permitting responsibilities can be found on EGLE's 

website: https://www.michigan.gov/egle/about/organization/water-resources/wetlands/state-

and-federal-wetland-regulations. 

Please refer to Exhibit A-6.3: 

4. Please indicate whether the Applicant has verified if the project triggers

applicability for a Clean Water Act Section 401 Water Quality Certification as listed in Exhibit A-

6.3, Table 1.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “verified” and 

“triggers applicability” are vague, ambiguous, and subject to multiple, subjective 

interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows has not yet formally verified whether a Clean Water Act Section 401 Water 

Quality Certification is needed. Glacier Meadows plans to verify this after its pre-application 

meeting with EGLE and after it has more detailed design from its Engineering, Procurement, 

and Construction (“EPC”) contractor, anticipated in Q4 2026. 
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Dated: June 23, 2026 

Respectfully submitted,  

GLACIER MEADOWS SOLAR, LLC 

By:  Ørsted Onshore DevCo, LLC, its sole member 
By: Ørsted Onshore North America, LLC, its sole 

member 

/s/ Marla Korpar 
Marla Korpar, Director of Development 
Ørsted Onshore North America, LLC 

DICKINSON WRIGHT PLLC 

/s/ Salina M. Hamilton 
Brandon C. Hubbard (P71085) 
Ryan M. Shannon (P74535) 
Salina M. Hamilton (P75296) 
123 W. Allegan Street, Suite 900 
Lansing, MI 48933 
(517) 487-4724
Attorneys for Glacier Meadows Solar, LLC
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Exhibit S-7.5: Resilient Connected Networks 

See Attachment A 
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U-22044 Glacier Meadows Project Area and Resilient Connected Networks

Center for Resilient Conservation Science (CRCS), The Nature Conservancy,
Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap

Resilient and Connected Network TNC Customized (Detailed)

Resilient, Diffuse Flow (Climate Informed), Recognized Biodiversity Value

Resilient, Diffuse Flow (Climate Informed)

Resilient, Diffuse Flow, Recognized Biodiversity

Resilient, Diffuse Flow

Resilient, Concentrated Flow (Climate Informed), Recognized Biodiversity

Resilient, Concentrated Flow (Climate Informed)

Mostly Resilient, Concentrated Flow, Recognized Biodiversity

Mostly Resilient, Concentrated Flow

Resilient Coastal Migration Space

Resilient, Recognized Biodiversity

Additional Resilient Secured (GAP 3)

Flow and Recognized Biodiversity

Restoration Sites

Tribal lands excluded (pending review)

Project Boundary

1000ft Buffer Project

2026.05.11 Disturbance Limits

World_Hillshade

6/24/2026
0 1.5 30.75 mi

0 2.5 51.25 km

1:142,191
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U-22044 Glacier Meadows and Midwest Conservation Blueprint 2026

Sources: Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap
contributors, and the GIS User Community, Esri, NASA, NGA, USGS, FEMA

Midwest Conservation Blueprint 2026

Priority for Conservation

Medium Conservation Priority

High Conservation Priority

Highest Conservation Priority

Project Boundary

1000ft Buffer Project

2026.05.11 Disturbance Limits

World_Hillshade

6/24/2026
0 0.9 1.80.45 mi

0 1 20.5 km

1:71,095
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Exhibit S-7.7: Staff’s Third Discovery Request, Items 18, 19, and Company Response 

18.  Regarding historic and cultural sites, is the consultation with the State Historic 

Preservation Office (SHPO) expected to be completed prior to the closure of the evidentiary record 

(e.g. conclusion of cross-examination)?  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “consultation,” 

“expected,” and “completed” are vague, ambiguous, and subject to multiple, subjective 

interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The timing and completion of SHPO consultation is dependent upon SHPO's review of the 

Project’s archaeological report. If SHPO concurs with the results and recommendations 

within the archaeological report, then Glacier Meadows anticipates that SHPO consultation 

will be complete prior to the closure of the evidentiary record. If SHPO does not concur with 

the archaeological report and requires further field surveys or reporting, then SHPO 

consultation may continue past the closure of the evidentiary record. 
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 19.  Are determinations made by SHPO with respect to project impacts expected to be 

completed prior to the closure of the evidentiary record (e.g. conclusion of cross-examination)? 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “determinations” 

and “completed” are vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows incorporates its Response to Request No. 18 above. 
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Exhibit S-7.8: Staff’s Ninth Discovery Request, Items 1 through 6, and Company Response 

Please refer to Exhibit A-1.14: 

1.  Regarding the proposed 15-day turnaround time in which the State Historic 

Preservation Office (SHPO) and/or the Tribal Historic Preservation Office (THPO) must respond 

to Glacier Meadows in the event that a potentially protected cultural resource is discovered in the 

project area, please indicate whether SHPO and/or THPO have approved this requirement; if only 

one agency has approved, please specify which. Additionally, please state whether the Applicant 

would commit to a mutually agreed upon turnaround time if requested by SHPO and/or THPO. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “potentially 

protected,” “discovered,” “approved,” “commit” and “mutually agreed turnaround time” 

are vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

The proposed 15-day turnaround requirement has not been approved by SHPO and/or 

THPO; however, it represents an industry standard timeframe that Glacier Meadows will 

request SHPO and/or THPO adhere to when communicating. Glacier Meadows is 

requesting this timeframe to allow for construction to reasonably commence without 

significant delay due to lack of response. Glacier Meadows will consider alternative 

turnaround times requested by SHPO and or/THPO as necessary. 
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Please refer to Exhibit A-4.4 and Exhibit A-6.2: 

2.  Please provide evidence that the Applicant received concurrence from the 

Michigan Department of Natural Resources (MDNR) regarding the Applicant’s position of “no 

impact” to state listed threatened or endangered species. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “evidence,” 

“concurrence,” and “position” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows refers to and incorporates by reference Exhibit A-4.4, Attachment A 

(particularly pages 107-108) and Attachment B, in its Application. 

3.  Please indicate whether a finalized archaeological survey report has been submitted 

to SHPO for review as of the date of the Applicant’s response to this discovery request. If it has 

not, provide a timeline for when it is expected to be submitted. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “finalized,” 

“submitted” and “timeline” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: A 

finalized archaeological survey report was submitted to SHPO on May 27, 2026. On June 18, 

2026, Dr. Sarah Surface-Evans from SHPO sent a memo requesting additional information 

needed to fully consider and address impacts on cultural and historic sites. On July 1, 2026, 
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Glacier Meadows submitted the requested additional information to SHPO. Glacier 

Meadows is awaiting final concurrence from SHPO. Refer to documents Bates-labeled 

GlacierMeadows0000470 – GlacierMeadows0000518 and GlacierMeadows0000519 – 

GlacierMeadows0000549, which are being produced herewith. 

4.  Regarding encroachment and crossing of pipelines within the project area, please 

provide a narrative and supporting documentation, such as survey(s), report(s), or application(s) 

(i.e. submittals to Panhandle Eastern Pipeline Company and Southern Michigan Pipeline) that 

consider and address the potential impact of the project activities on pipelines within the project 

area. Please include the planned setbacks from these pipelines, and any additional measures 

proposed to avoid, minimize, and mitigate impacts to the pipelines, the environment, and natural 

resources as a result of conducting project activities withing proximity of these pipelines. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “encroachment,” 

“narrative,” “supporting documentation,” “potential,” “pipelines,” “measures,” 

“proposed,” and “conducting” are vague, ambiguous, and subject to multiple, subjective 

interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Panhandle Eastern Pipeline Company (“Panhandle”): Glacier Meadows will comply 

with all Panhandle requirements to avoid, minimize, and mitigate impacts to the pipelines. 

This includes observing a setback from the pipelines in the placement and siting of project 

surface infrastructure and installing any underground electrical lines that cross the pipelines 

via horizontal directional drilling (“HDD”) or other trenchless installation methods. At the 
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request of Panhandle, Glacier Meadows conducted a field investigation to locate and record 

the depth of the pipelines in an effort to ensure that the Project’s design meets Panhandle’s 

requirements. Glacier Meadows refers to and incorporates by reference the supporting 

documentation (i.e. submittals to Panhandle Eastern Pipeline Company) previously 

provided in Exhibit A-4.4 in its Application. 

Southern Michigan Pipeline (“Southern Michigan”): In conversations with Southern 

Michigan, the company confirmed that no subsurface utility engineering investigation was 

required by them. Southern Michigan agreed that they are comfortable moving forward 

with a Letter of No Objection that outlines all company requirements specific to setbacks, 

crossing depths, and any measures to mitigate impact to the pipeline. Glacier Meadows has 

provided Southern Michigan with its Letter of No Objection form so that they may list any 

measures that will be required of the Project at the crossing site. See also Exhibit A-4.4 in 

the Application. 
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Please refer to Exhibit A-14: 

5.  Regarding Condition No. 3, please confirm whether the Applicant’s agreement to 

repair or replace all public and private drainage systems damaged during construction or 

decommissioning includes county and intercounty drains. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “agreement” is 

vague, ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Glacier Meadows’ agreement to repair or replace all public and private 

drainage systems damaged during construction or decommissioning includes county and 

intercounty drains. 

 

6.  Regarding Condition No. 15, please confirm whether the Applicant’s agreement to 

obtain all necessary applicable state, federal, and local permits also represents agreement to obtain 

necessary permits before beginning construction on the portion of the project for which the permit 

is necessary. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “confirm,” 

“agreement,” “applicable,” “obtain,” “portion of the project,” and “necessary” are vague, 

ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows further 

objects to the extent this Request seeks to impose or imply a burden greater than that set 

forth under Public Act 233 or the Application Instructions and Procedures related thereto. 
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Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed that Glacier Meadows will obtain and comply with all lawfully required permits 

and conditions of approval. 
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Exhibit S-7.9: Company's First Supplemental Response to Staff’s Seventh Discovery 

Request, Items 19 and 21 

19.   Regarding Section 6.2, please confirm whether the project will comply with 2.11 of 

the Wildlife Conservation Order, under the Michigan Department of Natural Resources (MDNR), 

including whether prevention and response measures for entrapped or injured wildlife will be 

implemented, and whether the MDNR will be contacted if a large animal becomes entrapped by 

fencing. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “comply,” 

“prevention,” “response measures,” “entrapped,” “injured,” and “large animal” are vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states that it is 

preparing information responsive to this Request and will supplement its Response once it 

has information responsive to this Request. 

FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, 

Glacier Meadows states as follows: Section 2.11 of the Wildlife Conservation Order under 

MDNR is not believed to be applicable to the Project. The Glacier Meadows Project is a bulk 

electric system facility subject to NERC Critical Infrastructure Protection (“CIP”) 

standards, which establishes federal requirements governing physical security perimeter 

design, including fencing. Fencing design must first satisfy those federal standards. Further, 

Glacier  Meadows  has  expressly  consulted  with  MDNR  (see  Exhibit  A-4.4)  for 

recommendations and feedback including regarding fencing requirements that may be 
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applicable. Glacier Meadows is evaluating wildlife-friendly fencing measures in response to 

MDNR recommendations, including 8-foot minimum height and berms or other features to 

allow egress for entrapped deer. If a large animal becomes entrapped, Glacier Meadows will 

coordinate its response with MDNR. Regardless of the scope of Wildlife Conservation Order 

2.11 as applied to utility infrastructure, Glacier Meadows is committed to implementing 

MDNR-recommended measures to the extent consistent with federal safety and security 

requirements. 
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21.   Regarding Attachments A and C: Wetland Delineation and Habitat Assessment 

Reports, respectively, please verify whether the study area included parcels DEO-225-4700-00, 

DEO-225-4300-00, DEO-236-RAIL-00, and DEO-225-4800-00 (near where the existing 

substation is located). If so, please provide supporting evidence to resolve the apparent discrepancy 

between Figure 1 of the Wetland Delineation and Habitat Assessment (in Attachment A and C of 

Exhibit A-6.2, respectively) and the proposed project area as defined in Exhibit A-1.1 Site Plans. 

Provide supporting narrative for any other areas of the application that may need to be clarified in 

this regard. Snapshots with the apparent discrepancy indicated by a shaded green polygon with 

dotted border are provided below for your reference. 

   

Exhibit A-1.1, Sheet C.100   Rev A: Exhibit A-6.2, Attachments A and C, Figure 1:11  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “study area,” 

“supporting evidence,” and “apparent discrepancy” are vague, ambiguous, and subject to 

multiple, subjective interpretations. Glacier Meadows further objects to the extent this 

 
1 Only one figure is provided here because the figures in each report appear identical. 
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Request seeks to impose or imply a burden greater than that set forth under Public Act 233 

or the Application Instructions and Procedures related thereto. 

Subject to and without waiving any objections, Glacier Meadows states that it is 

preparing information responsive to this Request and will supplement its Response once it 

has information responsive to this Request. 

FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, 

Glacier Meadows states as follows: The discrepancy between the Study Area depicted in 

Figure 1 and the parcel coverage shown in Site Plan reflects the distinction between the 

wetland delineation and habitat assessment Study Areas and the overall Project Boundary. 
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Figure 1 Study Area from Wetland Delineation Report 

Figure 1 presents the wetland delineation Study Area, limited to areas outlined in red, which 

represent the portions of the Project evaluated during the wetland delineation and habitat 

assessment. The parcels highlighted in yellow (and shown in green in Figure 2) are included 

within the broader Project Boundary, but were not uniformly included in the delineation 

because they fall largely outside the Project’s Limit of Disturbance (LOD). Additionally, 

parcels DEO-225-4700-00, DEO-225-4300-00, DEO-236-RAIL-00, and DEO-225-4800-00 

were assessed as part of the 2022 habitat assessment (Figure 3). Parcel DEO-236-RAIL-00 
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was not included in the wetland delineation Study Area as this parcel is excluded from the 

Project Boundary, only parcel DE0-225-4800-00 that surrounds parcel DEO-236-RAIL-00 

is included in the Site Plan Project Boundary.  

 

Figure 2 Project Boundary as shown in the Site Plan 
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Figure 3 2022 Habitat Assessment Study Area 

All areas with potential for disturbance were appropriately evaluated, as summarized 

below: 

• Parcel DEO-225-4700-00 was considered during the wetland delineation and habitat 

assessment. This parcel was identified as a forested wetland exclusion area and is 

designated for complete avoidance; therefore, no impacts are proposed. 

• Parcel DEO-225-4800-00 is intersected by the LOD only in a limited area. This 

portion was included in the 2023 desktop wetland delineation (Figure 3), and no 

wetlands were identified within the area of potential disturbance. 
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Figure 4 Study Area from 2023 Desktop Wetland Evaluation 

The remaining portions of the yellow-highlighted parcels, including areas within 

Parcels DEO-225-4300-00 and DEO-225-4800-00, are located outside the LOD. These areas 

will not be impacted by Project activities and were, therefore, not subject to detailed field 

delineation, consistent with standard industry practice. 

Additionally, Attachment B of Exhibit A-6.2 includes Parcels DEO-225-4700-00, 

DEO-225-4300-00, and a portion of DEO-225-4800-00, and confirms that no aquatic 

resources were identified within these parcels. 
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In summary, the wetland delineation and habitat assessment appropriately focused on areas 

within the LOD, and all areas with potential for impact have been evaluated. 
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Staff’s Third Discovery Request to Item 25 and Company Response 

Please refer to Exhibit A-8.1: 

25. Please confirm whether the projections provided for this exhibit include any 

applicable administrative fees on all taxes paid. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “confirm,” 

“projects,” and “applicable administrative fees” are vague, ambiguous, and subject to 

multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Based on a reasonable understanding of this Request as written, administrative fees (if 

applicable) were not expressly considered in the analysis in Exhibit A-8.1. 
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Staff’s Third Discovery Request to Item 24 and Company Response 

Please refer to Exhibit A-8.1: 

24. Please provide a narrative detailing the next steps and timeline of applying for a 

Solar Energy Facility Exemption Certificate (SEFEC) for the project. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “narrative,” 

“detailing,” and “steps” is vague, ambiguous, and subject to multiple, subjective 

interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Utility scale solar energy generation facilities can often be eligible to apply for a Solar 

Energy Facility Exemption Certificate (“SEFEC”) that entitles a qualified facility to an 

exemption from ad valorem real property taxes for a term of up to 20 years. Glacier 

Meadows has not yet made any decision as to whether it will or will not seek to apply for an 

SEFEC for the Project. 
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Staff’s Fourth Discovery Request to Items 5 and 6 and Company Response 

Please refer to Exhibit A-8.3: 

5. Please confirm that the Applicant will execute a Host Community Agreement with 

Lenawee County. If the Applicant is unable to do so, please confirm that the 

$2,000.00 per megawatt of nameplate capacity payment would instead be issued 

to one or more community-based organizations within, or serve the residents of, 

Lenawee County. 

RESPONSE: Glacier Meadows objects to this Request as the terms “unable to do so,” 

“issued,” and “serve” are vague, ambiguous, and subject to multiple, subjective 

interpretations. Glacier Meadows further objects to the extent this Request seeks to impose 

or imply a burden greater than that set forth under Public Act 233 or the Application Filing 

Instructions and Procedures related thereto.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows confirms that it would be willing to sign a Host Community Agreement 

with Lenawee County, or a sufficient Community Benefits Agreement in lieu of such Host 

Community Agreement, if required by law or by the Commission as a certificate condition 

consistent with the requirements of Public Act 233. 

 

6. Please provide a narrative of the good-faith negotiations between the Applicant 

and Lenawee County to execute a Host Community Agreement. 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “narrative” is 

vague, ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows 

further objects to the extent this Request seeks to impose or imply a burden greater than 

that set forth under Public Act 233 or the Application Filing Instructions and Procedures 

related thereto. 

 Subject to and without waiving any objections, Glacier Meadows states as follows: 

Good faith negotiations with Lenawee County are ongoing. On May 7, 2026, the Michigan 

Court of Appeals issued a decision in In re Implementing Provisions of Public Act 233 of 

2023 suggesting that a non-zoning jurisdiction may nevertheless be considered an affected 

land unit (“ALU”) under Public Act 233 of 2023 (“PA 233”). This was a departure from the 

Michigan Public Service Commission’s October 10, 2024, Order and Application Filing 

Instructions and Procedures (“AFIP”). Although Glacier Meadows disagrees with the 

Court of Appeals decision, which is non-final and may be subject to further appeal, Glacier 

Meadows initiated good faith negotiations for a host community agreement (“HCA”) with 

Lenawee County on June 9, 2026 via email to Commission Chair Van Doren and on June 

12, 2026 via email to Deputy Administrator Shannon Elliott and Administrator Kim 

Murphy. See documents Bates-labeled GlacierMeadows0000154 - 

GlacierMeadows0000170, which are being produced herewith. Glacier Meadows reserves 

all rights, defenses, or arguments with respect to HCA obligations under PA 233 and 

Commission Order. Glacier Meadows has not received a response to its outreach emails 

regarding good faith negotiations for an HCA. 
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 Glacier Meadows remains committed to good faith negotiations with Lenawee 

County regarding an HCA. As set forth in Response to Request No. 5 above, however, 

Glacier Meadows commits to entering into a qualifying Community Benefits Agreement, in 

the alternative and consistent with Public Act 233 and Commission Order, if required as a 

condition to a certificate in this matter it is unable to reach an agreement as to an HCA 

with Lenawee County. 
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GlacierMeadows0000154_0000155.pdf 

 



Case No.: U-22044 
Witness: Joseph G. Lobodzinski 

Exhibit S-8.3 
Page 5 of 20 

 

 



Case No.: U-22044 
Witness: Joseph G. Lobodzinski 

Exhibit S-8.3 
Page 6 of 20 

 
GlacierMeadows0000156.pdf 
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GlacierMeadows0000157_0000159.pdf 
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GlacierMeadows0000160_0000170.pdf 
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Staff’s Third Discovery Request to Items 26 and 27 and Company Response 

Please refer to Exhibit A-8.3: 

26. Please confirm that if the Applicant is unable to enter into a Host Community 

Agreement with Deerfield Township, that the Applicant will enter into a 

Community Benefits Agreement within which the amount paid will be greater 

than or equal to, what the Applicant would have paid Deerfield Township had the 

Host Community Agreement been executed. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “confirm” and 

“unable” are vague, ambiguous, and subject to multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Confirmed. 

 

27. Please identify the community-based organization(s) with which the Applicant is 

prepared to enter into Community Benefits Agreement(s) should the Applicant 

and the Deerfield Township fail to execute the proposed Host Community 

Agreement. Include an explanation of terms detailing how the payments to the 

community-based organization(s) would provide benefits within or serve the 

residents living within the jurisdiction of Deerfield Township. 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “prepared to 

enter” and “fail to execute” are vague, ambiguous, and subject to multiple, subjective 

interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows has executed a Host Community Agreement with Blissfield Township and 

has reached verbal agreement with Deerfield Township who communicated that they would 

execute a Host Community Agreement after the Project receives its PA 233 certificate from 

the MPSC. In the unlikely event that an HCA is not signed with Deerfield Township, 

Glacier Meadows will work with its consultant Good Steward to identify qualifying local 

community-based organizations that would benefit the local community by receiving funds 

that otherwise would be allocated through the Host Community Agreements. 
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Exhibit S-9.1: Excerpts of Staff’s Eighth Discovery Request, Company’s Response, and 
Company’s First Supplemental Response (July 16, 2026) 

A. Inverter Tonal Penalty 
1. Please provide all data, calculations, assumptions, and supporting materials relied upon to 
remove the +5 dB tonal penalty for the GE Vernova Flexinverter units in Exhibit A-1.7, including: 

a. the exact inverter make, model, variant, firmware/control configuration if relevant to 
acoustic operation, noise-control configuration including whether standard ventilation 
hoods, acoustic hoods, or a reduced-noise variant are assumed, cooling-fan 
configuration, fan-speed assumptions, operating-load assumptions, and operating 
modes assumed in the acoustic model; 

b. the complete manufacturer sound-power and spectral data for the modeled inverter 
configuration, including full-octave, one-third-octave-band, narrowband, or other 
spectral data; test reports; test conditions; fan-speed and operating-load assumptions; 
measurement standard used including whether ISO 3746 or another standard was used; 
and whether the values are guaranteed, tested, preliminary, estimated, or provided for 
modeling use only; 

c. the ANSI S12.9 tonal-prominence analysis relied upon to conclude that the inverters are 
not tonal, including the standard, part, annex, and tonal-prominence criteria applied; 
the calculation method; the source spectra used; and receptor-level one-third-octave-
band or narrowband calculations at the controlling dwelling(s), at any inverter-
dominated receptors, and at any receptor modeled at 53 dBA or higher; 

d. any measured, assumed, surrogate, or prior-project background sound data, if any, relied 
upon to support removal of the +5 dB inverter tonal penalty, including any lowest 
hourly L90 value used or considered; 

e. any calculations, workpapers, or analyses showing how background sound was 
considered in determining whether the inverter sound would have tonal prominence at 
a dwelling under AFIP Attachment D, Table 1; 

f. any sensitivity run, model output, calculation, or workpaper evaluating Project sound 
levels with the +5 dB inverter tonal penalty retained. If no such sensitivity run, model 
output, or calculation exists, state that fact and explain whether Applicant contends the 
current Record is sufficient to support removal of the +5 dB inverter tonal penalty 
without such a sensitivity analysis; and 

g. any additional documents, data, correspondence, application notes, manufacturer 
evaluations, third-party acoustic analyses, prior-proceeding submittals, operating-
project measurements, consultant memoranda, or internal workpapers not otherwise 
produced in response to subparts (a) through (f) that Applicant relied upon or 
considered to support the conclusion that the GE Vernova Flexinverter units are non-
tonal at dwellings, including any materials addressing spectral characteristics, tonal 
characteristics, directivity, fan operation, noise- control configurations, reduced-noise 
configurations, discrete tones, or environmental-noise-modeling limitations. 
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RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “data,” “calculations,” 
“assumptions,” “configuration,” “standard,” “complete,” “tonal,” “analyses,” “guaranteed,” 
“tested,” “sensitivity,” “preliminary,” “estimated,” “provided for modeling use only,” “prior-
project background sound data,” “relied upon or considered,” and “limitations” are vague, 
ambiguous, and subject to multiple, subjective interpretations. Subject to and without waiving any 
objections, Glacier Meadows states as follows: 

a. The acoustic model assumes use of the GE FLEXINVERTER SLR-PS-XXX-1030-
156X with standard hoods, rated power, and 100% fan operations. See document Bates-
labeled GlacierMeadows0000192, which is being produced herewith. 

b. Glacier Meadows refers to and incorporates its Response to Request No. A.1.a above. 
Answering further, see document Bates-labeled GlacierMeadows0000192, which is 
being produced herewith. 

c. The GE 1/3 octave band sound power levels provided in document Bates-labeled 
GlacierMeadows0000192, which is being produced herewith, are the basis of the tonal-
prominence analysis. 

d. The inverter tonal penalty was evaluated based on the GE sound power level data 
provided in GlacierMeadows0000192, which is being produced herewith. When the 
sound power level does not indicate a tone, the tonal penalty was not considered. The 
potential masking provided by ambient sound levels was not considered. 

e. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

f. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

g. See document Bates-labeled GlacierMeadows0000192, which is being produced 
herewith and provides the data that was evaluated for tonal prominence. 

FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: 

c. The 1/3 octave sound power data for the modeled inverter is provided in tabular form in 
tab A.1.c in the spreadsheet being produced herewith as document Bates-labeled 
GlacierMeadows0000641. 

d. No reliance has been made on analysis of the background sound data to support removal 
of the +5dB penalty for the inverters. The analysis of the sound power spectrum (see 
response to Request No. A.1.c above) demonstrates that tonality would not be expected 
in the near field of the inverters. Therefore, tonality would not be expected in the far 
field, regardless of any masking that would potentially provided by background sound. 

e. Glacier Meadows refers to and incorporates its Response to Request A.1.d above. 
f. Refer to tab A.1.f in document Bates-labeled GlacierMeadows0000641, which is being 

produced herewith. 
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g. Tonality analysis based on Attachment A is provided in tab A.1.c of the spreadsheet 
Bates-labeled GlacierMeadows0000641, which being produced herewith. 

B. Preconstruction Background Sound Monitoring 
1. Exhibit A-1.7 states that preconstruction sound monitoring was not conducted as part of the 
assessment. Please explain the basis on which Applicant determined that the inverters would not 
have tonal prominence at a dwelling when the measured background sound of the lowest hourly 
L90 is considered under AFIP Attachment D, Table 1. Please identify and produce any background 
sound data, surrogate data, prior-project data, assumed L90 values, calculations, standards, or 
guidance relied upon for that determination. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “determined,” “tonal prominence,” 
“background sound data,” “surrogate data,” “prior-project data,” “assumed,” “calculations,” 
“standards,” and “guidance” are vague, ambiguous, and subject to multiple, subjective 
interpretations. Glacier Meadows further objects to the extent this Request seeks to impose or 
imply a burden greater than that set forth under Public Act 233 or the Application Filing 
Instructions and Procedures related thereto. Subject to and without waiving any objections, Glacier 
Meadows states as follows: The inverter tonal penalty was evaluated based on the GE sound power 
level data provided in document Bates-labeled GlacierMeados0000192, which is being produced 
herewith. When the sound power level does not indicate a tone, the tonal penalty was not 
considered. The potential masking provided by ambient sound levels was not considered. 

C. Substation Transformer Source Data and Tonality 
1. Please produce the source documentation and calculations for the substation transformer sound-
power levels used in Exhibit A-1.7, Table 4-1, including the Crocker (2007) reference values, the 
preliminary vendor data, the NEMA TR-1 85 dBA basis, and any calculations converting vendor 
or reference sound levels into modeled octave-band sound-power levels. Please state whether final 
manufacturer-guaranteed or tested sound-power and spectral data for the proposed 167 MVA 
transformers exist; if so, produce them; if not, state when they are expected. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “source documentation,” 
“calculations,” “sound-power levels,” “preliminary vendor data,” “final manufacturer-
guaranteed,” and “exist” are vague, ambiguous, and subject to multiple, subjective interpretations. 
Glacier Meadows further objects to the extent this Request seeks to impose or imply a burden 
greater than that set forth under Public Act 233 or the Application Instructions and Procedures 
related thereto. Glacier Meadows further objects to this Request to the extent it seeks information 
or documents in the possession, custody, or control of non-parties or entities other than Glacier 
Meadows. Subject to and without waiving any objections, Glacier Meadows states that it is 
preparing information responsive to this Request and will supplement its Response once it has 
information responsive to this Request. 
FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: Source documentation used for the substation transformer sound 
power levels is being produced herewith as documents Bates-labeled GlacierMeadows0000588 – 
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GlacierMeadows0000633. Final manufacturer-guaranteed or tested sound-power and spectral data 
for the transformers has not been completed yet; it is expected in mid-to-late 2028. Analysis 
presented in document Bates-labeled GlacierMeadows0000634 – GlacierMeadows0000640, 
which is being produced herewith, indicates that the sound power data derived using Crocker 
(2007) used in the noise modeling is likely to be conservative compared to modern transformers 
used in solar projects. 
2. Please produce the one-third octave-band or narrowband sound-power data for the substation 
transformers, if available, and describe the basis for applying the +5 dB tonal penalty to the 
transformers, including whether the penalty was applied to broadband sound power, each octave 
band, or receptor-level results. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “basis” and “applied” are vague, 
ambiguous, and subject to multiple, subjective interpretations. Subject to and without waiving any 
objections, Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 
FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: Glacier Meadows did not receive 1/3 octave band sound data for the 
transformer. As transformers are a recognized potential source of tonality, the +5dB penalty has 
been applied to the sound power for the transformers’ sources. Refer to Tab C.2 in document 
Bates-labeled GlacierMeadows0000641, which is being produced herewith, for the derived power 
levels of the substation transformers. Refer also to document Bates-labeled 
GlacierMeadows0000634 – GlacierMeadows0000640, which is being produced herewith and 
addresses tonality of the substation transformers. 
3. Please provide the modeled transformer-only contribution, with and without the +5 dB 
transformer tonal penalty, at R241 and at each receptor modeled at 53 dBA or higher. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “modeled” and “contribution” are 
vague, ambiguous, and subject to multiple, subjective interpretations. Subject to and without 
waiving any objections, Glacier Meadows states that it is preparing information responsive to this 
Request and will supplement its Response once it has information responsive to this Request. 
FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: Refer to tab C.3 in document Bates-labeled GlacierMeadows0000641, 
which is being produced herewith. Answering further, without the +5 dB tonal penalty, 53 dBA is 
not exceeded. 

D. Substation Sound Barriers and Other Mitigation 
1. Please produce the design basis for the 8.5-meter sound barriers around the substation 
transformers modeled in Exhibit A-1.7, including: 

a. barrier height, length, location, top elevation, modeled ground elevation, source-to-
barrier geometry, barrier-to-receptor geometry, and model inputs; 
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b. barrier material, surface density, assumed transmission loss or insertion loss by 
frequency band, and any manufacturer or engineering support for those assumptions; 

c. the assumed absorptive treatment of interior surfaces, including noise reduction 
coefficient or frequency-band absorption coefficients; 

d. any proposed openings, gaps, gates, penetrations, clearance at grade, or 
ventilation/cooling provisions, and how those features were modeled acoustically; and 

e. whether the barrier design is final. If not final, state when final design is expected and 
identify the criteria that will be used to confirm that the final design is acoustically 
equivalent to, or more protective than, the modeled design. 

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “design basis,” “support,” 
“assumptions,” “assumed,” “final,” “expected,” “criteria,” “confirm,” and “acoustically equivalent 
to, or more protective than” are vague, ambiguous, and subject to multiple, subjective 
interpretations. Subject to and without waiving any objections, Glacier Meadows states as follows: 

a. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

b. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

c. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

d. Glacier Meadows states that it is preparing information responsive to this Request and 
will supplement its Response once it has information responsive to this Request. 

e. Sound barrier design is not final. Final sound barrier design will be developed based on 
final vendor submittals for the transformers, anticipated in Q2 2027. This model will 
be used to refine the proposed design, as appropriate. Glacier Meadows is committed 
to complying with all applicable and lawful requirements of Public Act 233 and any 
conditions imposed in connection with a solar siting certificate for the Project. 

FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: 

a. Refer to document Bates-labeled GlacierMeadows0000634 – GlacierMeadows0000640, 
which is being produced herewith. Answering further, refer to the native CadnaA 
model files that are being produced herewith. 

b. Refer to document Bates-labeled GlacierMeadows0000634 – GlacierMeadows0000640, 
which is being produced herewith. 

c. Refer to document Bates-labeled GlacierMeadows0000634 – GlacierMeadows0000640, 
which is being produced herewith. 

d. Refer to document Bates-labeled GlacierMeadows0000634 – GlacierMeadows0000640, 
which is being produced herewith. 
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2. Because Exhibit A-1.7 states that the 8.5-meter substation sound barriers are the basis of the 
modeled results, sound contours, and finding of compliance, please provide the modeled facade-
adjusted sound level at R241, and at each receptor modeled at 53 dBA or higher, with the barriers 
removed, with the barriers as modeled, and with any alternative barrier or mitigation configuration 
currently under consideration. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “alternative barrier,” “mitigation 
configuration,” and “under consideration” are vague, ambiguous, and subject to multiple, 
subjective interpretations. Glacier Meadows further objects to the extent this Request seeks to 
impose or imply a burden greater than that set forth under Public Act 233 or the Application 
Instructions and Procedures related thereto. Subject to and without waiving any objections, Glacier 
Meadows states that it is preparing information responsive to this Request and will supplement its 
Response once it has information responsive to this Request. 
FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: Refer to Tab D.2 in document Bates-labeled 
GlacierMeadows0000641, which is being produced herewith. 

E. Acoustic Model Files and Modeled Receptor Results 
2. Please explain why Exhibit A-1.7, Attachment A, Table A-1 appears to include duplicate entries 
for INV-53, INV-54, and INV-56 with coordinates matching INV-1, INV-2, and INV-3, and state 
whether those duplicate entries were included in the Cadna/A model or are tabulation errors. If 
any duplicate inverter sources were included in the model, please provide corrected model results. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “tabulation errors” and “corrected” 
are vague, ambiguous, and subject to multiple, subjective interpretations. Subject to and without 
waiving any objections, Glacier Meadows states that it is preparing information responsive to this 
Request and will supplement its Response once it has information responsive to this Request. 
FIRST SUPPLEMENTAL RESPONSE: Subject to and without waiving any objections, Glacier 
Meadows states as follows: The duplicate entries in Table A-1 were tabulation errors. These errors 
were not included in the Cadna/A model. A corrected version of Table A-1 is being produced 
herewith as documents Bates-labeled GlacierMeadows0000550 – GlacierMeadows0000587. 

F. Statutory Standard 
1. Please confirm that the noise standard governing the Project is MCL 460.1226(8)(a)(iv), 
applicable to solar energy facilities, and explain the citation in Exhibit A-1.7, Section 3.1, to MCL 
460.1226(8)(c)(iii), applicable to energy storage facilities. If the Applicant contends that any 
energy-storage noise standard applies to the Project, explain the basis and identify the equipment 
to which it applies. 
RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly burdensome. 
Glacier Meadows further objects to this Request as the terms “confirm” noise standard” is vague, 
ambiguous, and subject to multiple, subjective interpretations. Glacier Meadows further objects to 
the extent this Request seeks to impose or imply a burden greater than that set forth under Public 



Case: U-22044 
Witness: H. Moaveni 

Exhibit: S-9.1 
Page 7 of 7 

Act 233 or the Application Instructions and Procedures related thereto. Subject to and without 
waiving any objections, Glacier Meadows states as follows: Glacier Meadows relies upon and 
incorporates MCL 460.1226 et seq, which speaks for itself. Answering further, Glacier Meadows 
states that it is seeking a siting certificate for a solar energy facility—not an energy storage 
facility—and confirms that only those noise standards governing solar energy facilitates are 
applicable. 
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Please refer to the Emergency Response Plan (Exhibit A-1.9) and the Fire Response Plan (Exhibit 
A-1.10):

7. Please describe the timeline and process for future updates to and finalization of the

Emergency Response Plan (ERP) and the Fire Response Plan (FRP).  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “timeline,” 

“process,” “future updates,” and “finalization” are vague, ambiguous, and subject to 

multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

During operations, Glacier Meadows’ operations and maintenance (“O&M”) contractor will 

be responsible for updating the ERP and FRP.  The ERP and FRP will be treated as a living 

document (i.e., to keep all contact information updated) and will be updated at least once 

every three years in consultation with fire departments, first responders, and county 

emergency managers. Consistent with standard industry practice at this stage of the Project 

lifecycle, Glacier Meadows has not yet hired an O&M contractor. 

Case No.: U-22044 
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8. Regarding Evacuation Control Measures for multiple contingencies, please

describe which personnel are responsible for determining whether to evacuate, and for accounting 

for personnel following evacuation and/or when gathering at a muster point.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “responsible,” 

“determining,” “accounting for,” and “muster point” are vague, ambiguous, and subject to 

multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows’ plant manager will be responsible for determining whether to evacuate 

the Project site and will work with the site manager for accounting for personnel following 

an evacuation and/or when gathering at a muster point. Additionally, every person coming 

on site will be required to go through the site orientation before being allowed on the Project 

site. During site orientation, personnel will be provided with information regarding site 

muster points for emergency evacuations and storm shelter locations for weather warnings. 

Case No.: U-22044 
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9. Regarding the Catastrophic Equipment Failure contingency and associated

measures:  

a. Please describe how the Company defines a Catastrophic Equipment
Failure and how it might occur.

b. Please describe how and where Sulphur Hexafluoride gas (SF6) could become
a hazard.

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the terms “contingency,” 

“associated measures,” “defines,” and “hazard” are vague, ambiguous, and subject to 

multiple, subjective interpretations.  

Subject to and without waiving any objections, Glacier Meadows states as follows:  

a. Catastrophic equipment failure (“CEF”) is defined as a sudden and complete

breakdown of a system or component. For example, an HV bushing failure

that causes a fire resulting in a total loss of the main power transformer would

be considered a CEF.

b. In the event of a catastrophic failure within the HV breaker, it could result in

the release of the SF6 gas within the substation. In this situation, there would

be no immediate concern for the gases causing asphyxiation, as the breakers

are stored above ground and not in a vault where the gases could accumulate.

Case No.: U-22044 
Witness: T. Warner 
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10. Please correct areas under section 4.1 which note “Error! Reference source not

found” and provide the corrected document or portions thereof.  

RESPONSE: Glacier Meadows objects to this Request as overly broad and unduly 

burdensome. Glacier Meadows further objects to this Request as the term “correct” is vague, 

ambiguous, and subject to multiple, subjective interpretations. 

Subject to and without waiving any objections, Glacier Meadows states as follows: 

Glacier Meadows refers to and incorporates document Bates-labeled 

GlacierMeadows0000193 – GlacierMeadows0000469, which is being produced herewith and 

contains an updated Exhibit A-1.9 with updated references in Section 4.1.  

Case No.: U-22044 
Witness: T. Warner 

Exhibit: S-10.1 
Page: 4 of 4
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STATE OF MICHIGAN 
 

BEFORE THE MICHIGAN PUBLIC SERVICE COMMISSION 
 

* * * * * 
 
 

 
In the matter of the application of ) 
GLACIER MEADOWS SOLAR, LLC ) 
for a Renewable Energy or Storage )      Case No. U-22044 
Siting Certificate to construct a ) 
solar energy facility. ) 
__________________________________________)    
 
 

PROOF OF SERVICE 
 
 

Michelle L. Conarton, being duly sworn, deposes and says that on July 20, 2026, A.D., 

she emailed a copy of the attached MPSC Public Testimony and Exhibits to the persons 

as shown on the attached list. 

 

________________________________ 
Michelle L. Conarton 
 
 
 

Subscribed and sworn to before me 
This 20th day of July 2026 
 
 
_________________________________ 
Jillian Bowden, Notary Public 
State of Michigan, County of Ingham 
Acting in the County of Eaton 
My Commission Expires June 19, 2032 
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Glacier Meadows Solar, LLC: 
Salina Hamilton 
Ryan Shannon 
Brandon Hubbard 
shamilton@dickinsonwright.com 
rshannon@dickinsonwright.com 
bhubbard@dickinsonwright.com  
 
MPSC Staff: 
Anna Stirling 
Amit Singh 
singha9@michigan.gov  
stirlinga1@michigan.gov 
 
ALJ: 
Katherine Talbot 
talbotk@michigan.gov 
 
Deerfield Township and Blissfield 
Township: 
Michael Homier 
Keith Brown 
Laura Genovich 
mhomier@fosterswift.com 
kbrown@fosterswift.com 
lgenovich@fosterswift.com   
 
 

  
 
  

 


	Exhibit Cover Page Public
	U-22044 S-1
	U-22044 S-2.1 - redlined
	U-22044 S-2.2 - clean
	Cordero Exhibit S-3
	Exhibit S-4.1 G.Frer 071426
	U-22044 Direct Exhibit S-5.1
	U-22044 Direct Exhibit S-5.2
	U-22044 Direct Exhibit S-5.3
	U-22044 Direct Exhibit S-5.4
	U-22044 Direct Exhibit S-5.5
	Calculations
	Blissfield Cover
	Deerfield Cover
	Lenawee Cover
	Specialty Crops
	PA 116

	U-22044 Direct Exhibit S-5.6
	The potential land requirements and related land use change emissions of solar energy
	Results
	Solar land occupation. 
	Land cover changes. 
	Impact on terrestrial carbon stocks. 
	Solar energy versus bioenergy. 

	Discussion
	Methods
	Land competition in GCAM. 
	Solar land-use module. 
	Impact of solar energy infrastructure on local carbon cycle. 
	Use of non-competing space on rooftops and in deserts and dry scrublands. 

	References
	Acknowledgements


	Exhibit S-6.1 FINAL
	S-7 Krupp Exhibits PUBLIC - Redacted
	S-7.1
	S-7.2
	S-5.1
	S-5.1 Attachment Eagles

	S-7.3
	S-5.4
	S-5.4 Attachment Wetland setbacks

	S-7.4 PUBLIC - Redacted
	S-7.5
	S-7.5
	S-KK-5 Draft

	S-7.6
	S-7.6
	S-KK-6 Draft

	S-7.7
	S-7.8
	S-7.9

	CONFIDENTIAL PLACEHOLDER S7.4
	U-22044 S-8.1
	U-22044 S-8.2
	U-22044 S-8.3
	U-22044 S-8.4
	6 - Exhibit S-9.1 - July 19 - CLEAN
	CONFIDENTIAL PLACEHOLDER S9.2
	CONFIDENTIAL PLACEHOLDER S9.3
	U-22044 Exhibit S-10.1

		2026-07-20T13:23:16-0400
	Michelle L. Conarton




