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COUNCIL DECISION POINTS & COMMITTEE RECOMMENDATION
Joint meetings of the Planning, Housing, and Economic Development Committee and Transportation
and Environment Committee resulted in a recommendation to approve ZTA 20-01 with
amendments. The amendments are generally aimed at environmental protection and allowing for a
different type of agriculture under solar panels.
DESCRIPTION/ISSUE
ZTA 20-01 would revise the Solar Collection System use standards to allow larger facilities in the
Agricultural Reserve (AR) zone. The total amount of collection systems on all parcels would be
limited to 1,800 acres. Any collection system constructed under the proposed text amendment must
be designated pollinator-friendly under the Maryland Pollinator-Friendly Designation Program or be
planted with crops suitable for grazing. Facilities larger than that need to meet 200% of on-site
energy needs and would require site plan approval.
SUMMARY OF KEY DISCUSSION POINTS
Solar panels are only allowed in the AR zone as an accessory use; the Zoning Ordinance defines that
as a facility that produces no more than 120% of on-site electrical needs. ZTA 20-01 would expand
the opportunities for solar power in the Agricultural Reserve zone. The Committee recommended
prohibiting solar facilities on environmentally-sensitive areas and Soil Classification I soils.
Amendments to the joint committee recommendation will be proposed to require conditional use
approval and limit annual approvals.

This report contains:
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Solar stakeholder work group joint recommendations
Separate (Minority) Reports
– Environmental and Solar Farm stakeholders (with attachment)
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Councilmember Rice Conditional Use proposal in clean text (additions underlined)
Exploring Farming and Solar Synergies - Arjun Makhijani, Ph.D.
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MEMORANDUM
January 21, 2021
TO:

County Council

FROM:

Jeffrey L. Zyontz, Senior Legislative Analyst

SUBJECT:

Zoning Text Amendment 20-01, Solar Collection System – AR Zone Standards

PURPOSE:

Approve or amend the joint committee recommendations concerning ZTA 20-01

Potential Participants:
Casey Anderson, Chair, Montgomery County Planning Board
Robert Kronenberg, Deputy Director, Planning Department
Ben Berbert, Zoning Coordinator, Planning Department
Adriana Hochberg, Climate Change Coordinator, Office of the County Executive
Stan Edwards, Division Chief, Department of Environmental Protection
Doug Lechlider, Stakeholder Co-Chair
Leslie Elder, Stakeholder Co-Chair
Jeremy Criss, Director, Office of Agriculture
Mike Scheffel, Director of Planning and Promotions, Office of Agriculture
Committee Recommendation: On July 22, 2020, and then revised on January 14, 2021, the Planning,
Housing, and Economic Development Committee and the Transportation and Environment Committee
(4-1, Councilmember Friedson opposed) recommended approval of ZTA 20-01 with the following
amendments:
1)
2)
3)
4)
5)
6)

Restrict the limited use solar facilities to Maryland’s net metering program, including all
COMAR references.
Expand the definition of AR zoned accessory solar facilities from 120% of on-site use to
200%.
Delete the code’s current provision of facilities larger than 2MW and prohibit such
facilities in the AR zone.
Prohibit solar facilities in stream buffers and wetlands.
Prohibit solar facilities on slopes steeper than 15%.
Specifically prohibit stripping topsoil from the site.
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7)

Expand the required plants under solar panels to include all agrivoltaic plants and to ensure
that the land under the solar facilities are used for agricultural purposes.
Specify necessary findings concerning forest conservation and tree protection.
State the site plan requirement for stormwater management.
Add a requirement to minimize tree loss, consistent with forest conservation.
Limit the use of concrete to electrical and transformer pads.
Require screening within 200 feet of a neighboring house, with an opportunity for the
Planning Board to waive the planting requirement.
Delete the requirement for fencing.
Prohibit limited use solar facilities on Soil Classification I soils.
Amend the total acreage monitoring responsibility from DPS to Planning staff to specify that
it must include any required setbacks and all acreage within the fenced or shrubbed
area of the solar facility.

8)
9)
10)
11)
12)
13)
14)
15)

On July 22, 2020, the joint committee discussed, but did not recommend amendments for:
•
•
•
•

any special consideration of scenic easements;
limiting the coverage of a solar facility to a percentage of a parcel’s land area;
changing any text regarding the classification of a limited use solar facility as either a principal
or accessary use; and
prohibiting solar facilities on soil classifications other than Category I soils.

Councilmembers Riemer and Katz appointed a stakeholders group. Each Councilmember appointed four
participants. 1 The stakeholder group produced a majority report (©11-12) and 2 minority reports
(©13-30). 2 Both minority reports were supported by half of the appointed stakeholders. On
January 14, 2021, the joint committee discussed the recommendations of the Stakeholder Group. 3 The
joint committee agreed to support all of the recommendations in the majority report. 4 Amendments
recommended by a majority of stakeholders are identified in bold in the list of joint committee
recommended changes above.
Background
ZTA 20-01, lead sponsors Councilmember Riemer and Council Vice President Hucker and co-sponsor
Councilmember Rice, was introduced on January 21, 2020. ZTA 20-01 would revise the Solar Collection
System use standards to allow larger facilities in the Agricultural Reserve (AR) zone. The total amount
of collection systems on all parcels would be limited to 1,800 acres. Appropriate vegetation is permitted
Doug Lechlider, Co-Chair; Leslie Elder, Co-Chair; Randy Stabler; Caroline Taylor; Lauren Greenberger; Al Bartlett; Douglas
Boucher; and Frances Yuhas.
2
In spite of the shortcomings of Zoom meetings and the interruption by a pandemic, Thanksgiving, Christmas, New Years,
two Senate races in Georgia, and an insurrection at the Capitol Building, the stakeholders produced three documents. Staff
stands in awe of the group’s dedication. Despite all the internal pressures, external pressures, and strongly held opinions, the
stakeholders upheld the County’s tradition of civil discourse.
3
The staff report for that meeting, which addressed all of the Stakeholder recommendations (majority and minority
recommendations), can be found at:
https://www.montgomerycountymd.gov/council/Resources/Files/agenda/cm/2021/20210114/20210114_PHEDTE1.pdf.
4
The Stakeholder recommendation to restrict personal property taxes received from solar facilities to programs that support
agriculture is being addressed in a separate Bill 5-21, Agricultural Land Preservation - Solar Collection System - Dedication
of Business Personal Property Tax Revenue, sponsored by Councilmember Friedson and introduced on January 19, 2021.
2
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and encouraged under and around the solar panels, with a focus on adhering to the Maryland PollinatorFriendly Designation Certificate criteria or on including grazing of livestock, apiculture, and similar uses.
Solar panels are currently allowed in the AR zone as an accessory use. The Zoning Ordinance defines
accessory use as a facility producing no more than 120% of on-site electrical needs. ZTA 20-01 would
expand the opportunities for solar power. The joint committee recommendation would allow a solar
facility (in the AR zone) rated at 200% of on-site energy needs without a requirement for site plan
approval. It would allow solar facilities as a principal use with a Planning Board-approved site plan.
Facilities in the AR zone that exceed accessory use standards must obtain site plan approval. The site plan
approval for solar facilities in the AR zone would allow for the designation of Maryland’s PollinatorFriendly Designation Certificate criteria or on usage to include grazing of livestock, apiculture, and similar
uses to continue the maintenance and care of the land. Whether the facilities would be used in conjunction
with crop production, grazing herds, regenerative farming or a similar use, site plan approval would
require grading and soil removal to be minimized.
An uncodified provision of the ZTA would require the Planning Director to annually report on the number
of total acres used for Solar Collection Systems. The purpose of this reporting would be to alert the
Council on the difference between the acreage used for solar in the AR zone and the 1,800-acre limit.
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ZTA 20-01 applies to solar facilities that produce less than 2 megawatts. 5 It responds to solar facilities
allowable under the Maryland net metering program. As of 2016, net metering is available statewide until
the aggregate capacity of net-metered systems reaches 1,500 MW (megawatts), which is roughly about
equal to 10% of Maryland’s peak demand for electricity in 2014.
Public Hearing
The Council conducted a public hearing on March 3, 2020. 6 The testimony did not reflect any grand
consensus. One constituency said it was premature to allow industrial uses in the AR zone, at least until
other options have been researched. 7 Other testimony supported an immediate reduction in carbon
emissions to minimize climate change and to meet County and State clean energy goals. A number of
amendments to ZTA 20-01 were recommended in testimony. A full summary of public hearing testimony
may be found in the October 13, 2020 memorandum to Council. 8
Joint Committee-Recommended Amendments to ZTA 20-01
1. Restrict facilities to solar facilities within Maryland’s net metering program.
The Maryland Residential Community Solar program allows Maryland residents to purchase subscriptions
for energy from community solar arrays, gaining the same economic advantages as having solar modules
directly on their residences. In support of this program, the Maryland Energy Administration developed
the Residential Community Solar Grant program. The program provides a monetary incentive for
Maryland residents who wish to purchase (own) the energy benefits of the array. Low-to-moderate income
(LMI) residents who subscribe to a community solar array under an ownership model are incentivized at
a higher rate than other subscribers. Subscriptions must be to a community solar array within the
subscriber’s electric utility service area. 9
The Community Solar program requires a solar facility to be subscribed to users in the same utility service
area as the facility. The County is served by 3 power companies: Potomac Electric Power Company
(PEPCO), Potomac Edison, and Baltimore Gas and Electric. Most of the AR zone is served by Potomac
Edison. The urbanized area of the County is served by PEPCO.

The Maryland Court of Appeals ruled that, under State law, the County’s zoning and subdivision regulations are preempted
by the Maryland Public Service Commission (PSC) for large solar facilities. The Court’s decision in Board of County
Commissioners of Washington County v. Perennial Solar means that the PSC has the final say on the location of solar projects
that require a Certificate of Public Convenience and Necessity from the PSC. This certificate requirement applies to projects
of at least 2 megawatts (roughly 10 acres) in size. In the absence of a change in State law, the County is powerless to regulate
large solar facilities. The PSC must consider local zoning but, as in the situation that provoked the Court’s decision, the PSC
may overrule zoning.
6
The Council met face-to-face in an open meeting. It seems like a lifetime ago.
7
Soil Conservation Service, Agricultural Preservation Advisory Board, Agricultural Advisory Committee, Montgomery
Countryside Alliance, Montgomery Agricultural Producers, Sugarloaf Citizens Association, Montgomery County Farm
Bureau, Conservation Montgomery, Bethesda-Chevy Chase Chapter Izaak Walton League, Montgomery County Chapter –
Climate Mobilization, Rustic Roads Advisory Committee.
8
https://www.montgomerycountymd.gov/council/Resources/Files/agenda/col/2020/20201013/20201013_10.pdf.
The memorandum does not repeat material in the Council’s October 13, 2020 memorandum (hyperlink in #5) footnote related
to the merits of proceeding with ZTA 20-01 with or without any amendments.
9
https://energy.maryland.gov/residential/Pages/Community-Solar.aspx.
4
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The Aggregate Net Energy Metering (ANEM) program is also part of the program. This program allows
the interconnection of a solar facility on a piece of property to specific customers. The only entities that
qualify for ANEM are:
•
•
•

non-profit;
agriculture; or
local or State government.

Both the Community Solar program and Aggregate program benefit the customers of the local electric
power companies. (Facilities that produce no more than 200% of on-site energy use are also part of the
net metering program.)
The joint committee recommends defining solar facilities as those that comply with the requirements of
the State’s net metering program under Maryland Code §7-306 COMAR 20.50.10 and COMAR 20.62,
including Community Solar Energy Regeneration Systems, Aggregate Net Metering, and projects limited
to a percentage of on-site energy use. 10
2. The state net metering program limits land holdings at a single location to be limited to a
maximum rating of 2 megawatts (AC). A landowner who also owns an abutting or confronting
property must include the facilities on all of the owner’s property when determining if the site
complies with the maximum size. Expand the definition of accessory solar facilities from 120%
of on-site use to 200%.
Solar panels as an accessory use is currently limited to 120% of on-site energy consumption (baseline
annual customer energy use). There are limits on structure heights. ZTA 20-01 as introduced would not
change that limitation. Maryland net metering policy allows a maximum of 200% of on-site energy
consumption to take advantage of net metering. 11
Solar panels as an accessory use do not require site plan approval. There is no maximum height for
accessory solar panels.
The joint committee recommended allowing solar facilities that produce up to 200% of on-site energy
used as an accessory use.
3.

Facilities larger than 2 MW

The Maryland Court of Appeals ruled that, under State law, the County’s zoning and subdivision
regulations are preempted by the Maryland Public Service Commission (PSC) for large solar facilities.
The Court’s decision in Board of County Commissioners of Washington County v. Perennial Solar means
that the PSC has the final say on the location of solar projects that require a Certificate of Public
Convenience and Necessity from the PSC. This certificate requirement applies to projects of at least 2
MW (roughly 10 acres) in size. In the absence of a change in State law, the County is powerless to regulate

https://codes.findlaw.com/md/public-utilities/md-code-public-util-sect-7-306-2.html;
http://mdrules.elaws.us/comar/20.50.10.
11
Net metering is an electricity billing mechanism that allows consumers who generate some or all of their own electricity to
use that electricity anytime, instead of when it is generated. When solar panels produce more electricity than needed, that energy
is sent to the grid in exchange for credits.
5
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large solar facilities. The PSC must consider local zoning but, as in the situation that provoked the Court’s
decision, the PSC may overrule zoning.
Currently, the zoning code indicates that larger facilities are to be approved under the same standards as
a public utility. Testimony suggested retaining this requirement as guidance to the PSC on what it must
consider. ZTA 20-01, as introduced, would amend this provision (lines 74-77) to acknowledge that these
larger facilities are exempt from zoning. This was done to put readers on notice of the State law.
From the standpoint of giving the PSC notice of what standards would apply, retaining the current code
makes some sense.
The joint committee recommended deleting the current code provision concerning facilities larger than
2 MW and specifically prohibiting facilities larger than 2MG in the AR zone. The purpose of the
prohibition in the face of state preemption is to provide guidance to PSC that such larger facilities are
undesirable in the County’s master plan and comprehensively zoned agricultural area.
4.

Planting under solar panels

As drafted, ZTA 20-01 would allow plants and crops conducive to agrivoltaic systems, pollinator-friendly
plants, or plants suitable for grazing. Some testimony noted that Maryland’s pollinator-friendly
certification is still in a draft stage. The Pollinator-Friendly Designation Program Bill (SB 1158) was
signed by Governor Hogan in May 2017. 12 SB 1158 established a pollinator-friendly designation program
for commercial ground-mounted solar facilities. That program is now in effect and a State employee with
the Department of Natural Resources is working closely with individuals interested in pursuing the
pollinator-friendly designation.
Other testimony communicated that, whatever the State’s program requires, the County should require
that at least 75% of the plants be native to Maryland. 13 Some speakers wanted more latitude in using other
plants that increase agricultural output. Based on research in multiple states, both crops and pollinatorfriendly plants are able to co-exist with solar facilities. Crops that have successfully been grown directly
under solar panels include, but are not limited to, tomatoes, peppers, beans, carrots, chard, kale, and herbs.
Appendix II includes a list of agrivoltaic applications in Maryland.
The County Executive supports the co-location of solar arrays with agricultural crops, even though this is
still very much in the experimental stages throughout the country. He recommends installation of solar
panels 6-8 feet off the ground to allow crops to benefit from proper sunlight and rainfall. Proposals for
solar projects should include a plan for establishing and sustaining agricultural activities.
The joint committee recommends expanding the list of allowable plantings to include any other agrivoltaic
plant material and requiring a Planning Board finding that the land under the solar panels will be used
for agricultural purposes. As proposed by the joint committee, the finding would ultimately read as
follows:
For property zoned AR proposed for use as a Solar Collection system:
*

12
13

*

*

http://mgaleg.maryland.gov/2017RS/chapters_noln/Ch_372_sb1158E.pdf.
A list of native trees, shrubs, and flowers, as well as non-native plants, can be found in Table 1 of Appendix II.
6

d.

must provide evidence that the area under the solar facility will be actively used for farming
or agricultural purposes by satisfying one of the following requirements:
i.
designated pollinator-friendly under the Maryland Pollinator-Friendly Designation
Program;
ii.
planted, managed, maintained, and used for grazing farm animals; or
iii.
planted, managed, maintained, and used for any other agrivoltaic plant material;

The joint committee was informed by Arjun Makhijani, Ph.D. on the synergies between farming and solar
facilities. The research paper he authored and the PowerPoint slides he presented to the joint committee
are included in the material attached to this memorandum at the request of Councilmember Riemer on
©37-123.
In addition to requiring agricultural uses under the panels, the joint committee recommends prohibiting
the use of concrete, except for pads for electrical equipment and transformers. The prohibition on
concrete is to maximize the area for plant material and, in the event that the solar facility is no longer used,
to minimize the cost of converting the area back to traditional agriculture.
5.

Consideration of prohibiting solar facilities based on trees, steep slopes, and wetlands

The joint committee addressed concerns about keeping solar facilities off of environmentally-sensitive
features. ZTA 20-01’s requirement that larger facilities require site plan approval triggers a requirement
for compliance with forest conservation and stormwater management approvals. In addition, the Planning
Board’s Environmental Guidelines must be respected. The joint committee recommended specifying
necessary findings concerning forest conservation and stormwater management, required by site plan
approval and adding an additional requirement to minimize tree loss. The attached draft includes the
following necessary finding for site plan approval:
E.

Necessary Findings
* * *
5.
For property zoned AR proposed for use as a Solar Collection system:
* * *
e.
removing of trees or landscaping otherwise required or attached as a
condition of approval of any plan, application, or permit for the installation
or operation of a Solar Collection System is prohibited:
i.
the forest conservation requirements of Chapter 22A must be
satisfied;
ii.
any tree in or on a floodplain, stream buffer, steep slope, critical
habitat, contiguous forest, or historic site, and any champion tree
or other exceptionally large tree must be left undisturbed unless a
disturbance is allowed under Section 22A-12(b)(1);

The Executive suggested that this text did not afford forests sufficient protection. He points out that the
proposed ZTA imposes no limits on the amount of trees/forests that could be removed to accommodate
solar projects; his preference is for a clear statement that prohibits the removal of forested land (©124).
Section 22A-12(b)(1) allows the Planning Director some discretion:
The primary objective of the forest conservation plan should be to retain existing forest and trees
and avoid reforestation in accordance with this Chapter. The forest conservation plan must retain
7

certain vegetation and specific areas in an undisturbed condition unless the Planning Director finds
that:
(A)
the development would make maximum use of any available planning and zoning options
that would result in the greatest possible forest retention;
(B)
reasonable efforts have been made to protect the specific areas and vegetation listed in the
plan; and
(C)
the development proposal cannot be reasonably altered.
If the Council has a problem with this level of Planning Director discretion, the last phrase “unless a
disturbance is allowed under Section 22A-12(b)(1)” could be deleted.
The Planning Board recommended prohibiting solar facilities on slopes greater than 15%. Planning staff
recommended a restriction on slopes greater than 8%.
The joint committee recommended an amendment prohibiting solar facilities on slopes greater than 15%.
6.

Screening, including fencing

The current code requires site plan approval for solar installations, except when the use is an accessory
use. ZTA 20-01 extends that requirement to the AR zone. When visible from a residential use or a road,
screening that satisfies Section 59.6.5.3.C.8 (Option A) is required. Option A requires a 30-foot planting
area and a 6-foot fence. The Rustic Roads Advisory Committee requested the option for a screening
waiver by the Planning Board. The Planning Board also made that recommendation.
A 6-foot fence around solar facilities is currently a requirement for limited use approval in non-AR zones
and is a proposed requirement in ZTA 20-01. The Planning Board recommended deleting the fence
requirement. Industry representatives reported in testimony that a fence is required by insurance
companies.
The joint committee recommends deleting the fence requirement without authorizing the Planning Board
to prohibit a fence.
The joint committee recommended that screening only be required within 200 feet of a neighboring house.
7.

Consideration of prohibiting solar facilities based on soil classification

Testimony was concerned about the use of agriculturally-productive soils in the AR zone for solar
facilities. The Executive recommends prohibiting solar facilities on all Soil Classifications I, II, and III.
The Planning Board recommended discouraging the use of solar facilities on “prime soils”. 14
The joint committee recommended prohibiting solar on the best agricultural soils (Soil Classification
Category I soils). In the view of the majority, exclusions on additional soil types, in addition to the other
restrictions recommended by the Committee, would so limit the possible placement of solar facilities as
to make the placement of 1,800 acres of solar facilities impossible. The non-soil restrictions (tree/forest

14
The Committee spent some time reviewing the differences between Soil Classifications I, II, and III and prime soils. After
excluding parkland, steep slope areas, and land covered by easements, there are 14,000 more acres classified in categories I, II,
and III than in prime soils.
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conservation, steep slopes, stream valley buffers, and wetlands) limits solar in the AR to a maximum of
45,145 acres.
Staff was informed that Councilmember Friedson will offer an amendment to prohibit solar facilities on
Classification II soils in addition to the joint committee’s recommended prohibition on Classification I
soils. That recommendation would allow solar facilities on approximately 20,300 acres of the 101,500
acres of AR zoned land.
The outline shapes of soil categories resemble an amoeba.

A solar facility rate at 2 megawatts would require about 15 acres. (The area required will vary with the
topography, the separation between rows of solar panels, and the efficiency of the panels.) When parcel
outlines are overlaid on that shape, the number of parcels with a contiguous 15-acre area on non-protected
soils is significantly diminished. The joint committee’s recommendation would retain the opportunity for
15-acre solar facilities on 377 parcels. Using Soil Classifications I and II, 110 parcels in the AR zone
would have at least 15 acres of contiguous area. Of those possible properties, many are too far from
electrical lines to make a solar facility feasible.
During the first joint committee meeting, Councilmembers Friedson and Jawando pursued amendments
to prohibit large solar facilities on more than Classification I soils but did not succeed in persuading a
majority of the joint committee.
The County Executive is concerned about placing no restrictions on the location of solar collection
systems other than exempting Class I soils. He continues to support the exemption of Class II soils unless
the full Council can limit incursions into those soils by allowing a review of soil conditions and impacts
on a case-by-case basis (©124).
8. Office of Agriculture review of site plan application for solar facilities in the AR zone
The joint committee, based on a majority recommendation of the Stakeholders Group, recommends
including the Office of Agriculture as a reviewing County agency in the Planning Department’s
Development Review Committee process for solar facility use site plan applications in the AR zone.

9

9. Keeping track of the acreage limit
The joint committee recommends having the Planning Director monitor the acreage of land used for site
plan-approved solar projects. The Planning Department administers site plan approval and all of the
projects to be counted against the 1,800-acre limit require site plan approval. At the recommendation of
the Stakeholder Group, the joint Committee’s recommendation would have the Planning Department
include any required setbacks and all acreage within the fenced or shrubbed area of the solar facility in
calculating the area limit.
Councilmember proposed amendments not recommended by the joint committee –known to Staff
10.

Conditional Use Approval for facilities that produce more than 200% of on-site energy use

A requirement for conditional use approval of facilities larger than required to produce 200% of on-site
energy needs was a significant point of discussion in the Stakeholder deliberations. It was supported by
the Agricultural Reserve stakeholders (©26-30) and opposed by half of the stakeholders (©13-25).
Councilmember Rice proposes an amendment to ZTA 20-01 to make a conditional use approval
requirement for solar facilities larger than 200% of on-site use. Under his proposal, site plan approval
would still be required with all of the standards recommended by the joint committee. The “clean” text
of his proposal may be found on ©31-36.
Some land use classifications require conditional use approval. These uses require a subjective finding
that the use would be compatible with its surroundings. All conditional uses require a detailed
application 15, a quasi-judicial hearing, and approval of the Hearing Examiner based on the findings
Section 59.7.3.1.B
The applicant must submit the following for review:
a. application form and fees as approved by the District Council;
b. proof of ownership or authorization;
c. statement of how the proposed development satisfies the criteria to grant the application;
d. certified copy of official zoning vicinity map showing the area within at least 1,000 feet surrounding the subject
property;
e. list of abutting and confronting property owners in the County tax records;
f. list of any civic, homeowners, and renters associations that are registered with the Planning Department and located
within 1/2 mile of the site;
g. Traffic Statement or Study, accepted for review by the Planning Director;
h. map showing existing buildings, structures, circulation routes, significant natural features, historic resources, zoning,
and legal descriptions on the proposed development site and within 500 feet of the perimeter boundary;
i. existing and proposed dry and wet utility plan if changes to these facilities are proposed;
j. written description of operational features of the proposed use;
k. if exterior changes are proposed, plans of the proposed development showing:
i. footprints, ground-floor layout, and heights of all buildings and structures;
ii. required open spaces and recreational amenities;
iii. layout of all sidewalks, trails, paths, roadways, parking, loading, and bicycle storage areas;
iv. rough grading;
v. landscaping and lighting;
vi. approved Natural Resources Inventory/Forest Stand Delineation, if required under Chapter 22A;
vii Forest Conservation Plan application, if required under Chapter 22A, or an approved preliminary forest
conservation plan; telecommunication tower applications must include an approved Forest Conservation Plan or
a letter from the Planning Department confirming that a Forest Conservation Plan is not required under Chapter
22A;
viii. Stormwater Management Concept or Water Quality Plan application, if required under Chapter 19 ; and
10

15

required by the Council. 16 The decision of the Hearing Examiner can be appealed to the Board of Appeals
and the Circuit Court. As introduced, ZTA 20-01 would not require conditional use approval.
It is not necessary to make solar facilities in the AR zone a conditional use for the purpose of requiring a
finding of conformance with the Functional Plan for the Preservation of Agriculture and Rural Open
Space. Site plan approval requires a Planning Board finding that the plan “substantially conforms with
the recommendations of the applicable master plan and any guidelines approved by the Planning Board
that implement the applicable plan”. 17
There are no hard and fast rules for determining which uses in the Zoning Ordinance require a conditional
use approval. The same land use may require conditional use approval, depending upon certain
circumstances. 18 It does give jurisdiction to the Hearing Examiner to make the initial determination of
ix. supplementary documentation showing or describing how the application satisfies previous approvals and
applicable requirements.
l. development program and inspection schedule detailing any construction phasing for the project; and
m. for a telecommunication tower application, photographic simulations of the tower and site seen from areas with a
direct view of the tower, including a minimum of at least 3 directions.
16
Section 59.7.3.1.E
1. To approve a conditional use application, the Hearing Examiner must find that the proposed development:
a. satisfies any applicable previous approval on the subject site or, if not, that the previous approval must be amended;
b. satisfies the requirements of the zone, use standards under Article 59-3, and to the extent the Hearing Examiner finds
necessary to ensure compatibility, meets applicable general requirements under Article 59-6;
c. substantially conforms with the recommendations of the applicable master plan;
d. is harmonious with and will not alter the character of the surrounding neighborhood in a manner inconsistent with the
plan;
e. will not, when evaluated in conjunction with existing and approved conditional uses in any neighboring Residential
Detached zone, increase the number, intensity, or scope of conditional uses sufficiently to affect the area adversely or
alter the predominantly residential nature of the area; a conditional use application that substantially conforms with
the recommendations of a master plan does not alter the nature of an area;
f. will be served by adequate public services and facilities including schools, police and fire protection, water, sanitary
sewer, public roads, storm drainage, and other public facilities. If an approved adequate public facilities test is
currently valid and the impact of the conditional use is equal to or less than what was approved, a new adequate public
facilities test is not required. If an adequate public facilities test is required and:
i. if a preliminary subdivision plan is not filed concurrently or required subsequently, the Hearing Examiner must
find that the proposed development will be served by adequate public services and facilities, including schools,
police and fire protection, water, sanitary sewer, public roads, and storm drainage; or
ii. if a preliminary subdivision plan is filed concurrently or required subsequently, the Planning Board must find that
the proposed development will be served by adequate public services and facilities, including schools, police and
fire protection, water, sanitary sewer, public roads, and storm drainage; and
g. will not cause undue harm to the neighborhood as a result of a non-inherent adverse effect alone or the combination
of an inherent and a non-inherent adverse effect in any of the following categories:
i. the use, peaceful enjoyment, economic value or development potential of abutting and confronting properties or
the general neighborhood;
ii. traffic, noise, odors, dust, illumination, or a lack of parking; or
iii. the health, safety, or welfare of neighboring residents, visitors, or employees.
2. Any structure to be constructed, reconstructed, or altered under a conditional use in a Residential Detached zone must be
compatible with the character of the residential neighborhood.
3. The fact that a proposed use satisfies all specific requirements to approve a conditional use does not create a presumption
that the use is compatible with nearby properties and, in itself, is not sufficient to require conditional use approval.
4. In evaluating the compatibility of an agricultural conditional use with surrounding Agricultural or Rural Residential zoned
land, the Hearing Examiner must consider that the impact does not necessarily need to be controlled as stringently as if it
were abutting a Residential zone.
17
Section 59.7.3.E.2.g.
18
Those circumstances may be the zone, the neighboring zone, the size of the use or the land use on the neighboring site.
11

approval. Site plan approval by the Planning Board would still be required if the conditional use is
approved.
From the standpoint of an applicant, conditional use approval adds uncertainty to a project beyond the
conditions that may be imposed by site plan approval. Section 7.3.1.E.3 states:
The fact that a proposed use satisfies all specific requirements to approve a conditional use does
not create a presumption that the use is compatible with nearby properties and, in itself, is not
sufficient to require conditional use approval.
On the other hand, the provisions for approving conditional uses recognizes the unique circumstances of
such uses. Section 7.3.1.E.4 states:
In evaluating the compatibility of an agricultural conditional use with surrounding Agricultural or
Rural Residential zoned land, the Hearing Examiner must consider that the impact does not
necessarily need to be controlled as stringently as if it were abutting a Residential zone.
Site plan approval includes a subjective finding such as “substantial master plan conformance” and
“compatibility” with existing and proposed adjacent development. It does not include the same negative
presumption provision as exists in the conditional use approval.
The Office of Agriculture found that Howard and Baltimore Counties required conditional use approval
for solar facilities in agricultural areas. Prince George’s and Frederick Counties did not require conditional
use approval.
In the past 2 years, the typical (median) conditional use approval has taken 6.2 months from the time of
application to the Hearing Examiner’s written decision. 19 An appeal to the Board of Appeals with a
granted request for oral argument would add approximately 3 months to the process.
The County Executive supports the recommendation by the members listed in the Agriculture and
Preservation subgroups to require that solar collection systems producing more than 200% of onsite use
in the Ag Reserve be allowed as a conditional use with participation in the review process by the Office
of Agriculture (©124). In making this recommendation, the Executive seems to suggest removing the
requirement for site plan approval.
11.

Administration of 1,800-acre limit

At the Council meeting, Councilmember Jawando will recommend lowering the limit to 1,200 acres and
limiting the rate of site plan approvals:
j.

19

the land area within the site plan application, in addition to all other site plan approvals for
solar facilities in the AR zone, will not exceed 400 acres within one year of [effective date],
800 acres within 2 years after [effective date] and up a total maximum 1,200 acres no
sooner than 3 years after [effective date].

The shortest time to approval was 3.7 months; the longest time was 15 months.
12
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Zoning Text Amendment No.: 20-01
Concerning: Solar Collection System –
AR Zone Standards
Draft No. & Date: 8 – 1/14/2021
Introduced: January 21, 2020
Public Hearing: March 3, 2020
Adopted:
Effective:
COUNTY COUNCIL FOR MONTGOMERY COUNTY, MARYLAND
SITTING AS THE DISTRICT COUNCIL FOR THAT PORTION OF
THE MARYLAND-WASHINGTON REGIONAL DISTRICT WITHIN
MONTGOMERY COUNTY, MARYLAND
Lead Sponsors: Councilmember Riemer and Council Vice President Hucker
Co-Sponsor: Councilmember Rice
______________________________________________________________________________
AN AMENDMENT to the Montgomery County Zoning Ordinance to:
-

revise the Solar Collection System use standards to allow larger facilities in the
AR zone;
amend the provisions for Solar Collection Systems in other zones; and
amend the provisions for site plan approval in the AR zone.

By amending the following sections of the Montgomery County Zoning Ordinance,
Chapter 59 of the Montgomery County Code:
Division 3.7.
Section 3.7.2.
Division 7.3.
Section 7.3.4.

“Miscellaneous Uses”
“Solar Collection System”
“Regulatory Approvals”
“Site Plan”

EXPLANATION: Boldface indicates a Heading or a defined term.
Underlining indicates text that is added to existing law by the original text
amendment.
[Single boldface brackets] indicate text that is deleted from existing law by
original text amendment.
Double underlining indicates text that is added to the text amendment by
amendment.
[[Double boldface brackets]] indicate text that is deleted from the text
amendment by amendment.
* * * indicates existing law unaffected by the text amendment.

(1)

OPINION
ZTA 20-01, lead sponsors Councilmember Riemer and Council Vice President Hucker and cosponsor Councilmember Rice, was introduced on January 21, 2020. ZTA 20-01 would revise the
Solar Collection System use standards to allow larger facilities in the Agricultural Reserve (AR)
zone.
In its report to the Council, the Montgomery County Planning Board and Planning staff
recommend the following (differences from the Planning staff recommendations are noted):
• Discourage (Planning staff would prohibit) solar on prime agricultural soils.
• Prohibit solar on 15% slopes (Planning staff would say 8%) or on highly-erodible soils.
• Add all agrivoltaic crop production to the list of plants that can be grown under solar
facilities.
• Prohibit solar on soils that are seasonally flooded.
• Delete the fencing requirement.
• Protect scenic views (Planning staff would prohibit disturbance) through site plan review.
The Council conducted a public hearing on March 3, 2020. The testimony did not reflect any
grand consensus. One constituency said it was premature to allow industrial uses in the
AR zone, at least until other options have been researched. Other testimony supported an
immediate reduction in carbon emissions to minimize climate change. A number of amendments
to ZTA 20-01 were recommended. A full summary of public hearing testimony may be found in
the October 13, 2020 memorandum to Council.
The Council referred the text amendment to the Planning, Housing, and Economic Development
(PHED) Committee and the Transportation and Environment Committee (meeting together as
the “joint committee”) for review and recommendation.
On July 22, 2020 and then amended on January 14, 2021, the Planning, Housing, and Economic
Development Committee and the Transportation and Environment Committee (4-1,
Councilmember Friedson opposed) recommended approval of ZTA 20-01 with the following
amendments (Changes made on January 14 are indicated in bold.):
1)
2)
3)
4)
5)
6)
7)
8)
9)

Restrict the limited use solar facilities to Maryland’s net metering program,
including all COMAR references.
Expand the definition of AR zoned accessory solar facilities from 120% of on-site
use to 200%.
Delete the code’s current provision of facilities larger than 2MW and
prohibit such facilities in the AR zone.
Prohibit solar facilities in stream buffers and wetlands.
Prohibit solar facilities on slopes steeper than 15%.
Specifically prohibit stripping topsoil from the site.
Expand the required plants under solar panels to include all agrivoltaic plants and
to ensure that the land under the solar facilities are used for agricultural purposes.
Specify necessary findings concerning forest conservation and tree protection.
State the site plan requirement for stormwater management.
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10)
11)
12)
13)
14)
15)

Add a requirement to minimize tree loss, consistent with forest conservation.
Limit the use of concrete to electrical and transformer pads.
Require screening within 200 feet of a neighboring house, with an opportunity for
the Planning Board to waive the planting requirement.
Delete the requirement for fencing.
Prohibit limited use solar facilities on Soil Classification I soils.
Amend the total acreage monitoring responsibility from DPS to Planning staff to
specify that it must include any required setbacks and all acreage within the
fenced or shrubbed area of the solar facility.

The joint committee believes the changes would require agricultural uses under the panels and
would assure a better fit into the environmental fabric of the area zoned AR. The increased
opportunity for solar facilities would help meet new State and County clean energy goals.
After worksessions on October 13, 2020 and January 26, 2021, the Council agreed with the
amendments made by the joint committee.
For these reasons, and because to approve this amendment will assist in the coordinated,
comprehensive, adjusted, and systematic development of the Maryland-Washington Regional
District located in Montgomery County, Zoning Text Amendment No. 20-01 will be approved as
amended.
ORDINANCE
The County Council for Montgomery County, Maryland, sitting as the District Council for
that portion of the Maryland-Washington Regional District in Montgomery County, Maryland,
approves the following ordinance:

3
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Sec. 1. DIVISION 59-3.7 is amended as follows:

1
2

Division 3.7. Miscellaneous Uses

3

*

4

Section 3.7.2. Solar Collection System

5

A.

*

*
Defined

6

Solar Collection System means an arrangement of panels or other solar

7

energy devices that provide for the collection, inversion, storage, and

8

distribution of solar energy for electricity generation, space heating, space

9

cooling, or water heating. A Solar Collection System includes freestanding

10

or mounted devices. Solar Collection Systems are facilities that comply with

11

the requirements of the State’s net metering program under Maryland Code

12

§7-306, COMAR 20.50.10, and COMAR 20.62, including Community Solar

13

Energy Generating Systems, Aggregate Net Energy Metering Systems, and

14

projects limited to a percentage of on-site energy use. Solar Collection

15

Systems larger than 2 megawatts (AC) are prohibited in the Agricultural

16

Reserve Zone.

17

B.

Use Standards

18

Where a Solar Collection System is allowed as a limited use, it must satisfy

19

the following standards:

20

1.

In the Agricultural Reserve zone, [[all of the standards in Subsection

21

3.7.2.B.2.b. and]] the following standards in either Subsection

22

59.3.7.2.B.1.a or 59.3.7.2.B.1.b apply:

23

[a.

in Section 3.1.3.]

24
25

A Solar Collection System must be an accessory use as defined

a.

Systems producing 200% or less of on-site energy use

4
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26

A Solar Collection System is allowed as an accessory use

27

where the system produces up to 200% of annual baseline

28

energy use on-site and must satisfy the following requirements:

29

[b][[a]]i.

Solar panels may encroach into a setback as

30

allowed under Section 4.1.7.B.5.c and may exceed the

31

maximum height as allowed under Section 4.1.7.C.3.b.
ii.

32

Written authorization from the local utility company

33

must be provided for a Solar Collection System that will

34

be connected to the utility grid.
[c][[b]]iii.

35

Removal of trees or landscaping otherwise

36

required or attached as a condition of approval of any

37

plan, application, or permit for the installation or

38

operation of a Solar Collection System is prohibited.

39

[d.

Solar panels may encroach into a setback as allowed under

40

Section 4.1.7.B.5.c and may exceed the maximum height as

41

allowed under Section 4.1.7.C.3.b.]

42

[e.

A freestanding Solar Collection System is allowed only as an

43

accessory use where the system produces a maximum of 120%

44

of on-site energy consumption and must satisfy the same

45

development standards as an accessory structure.]

46

b.

Systems producing more than 200% of on-site energy use

47

Except for the screening and fence requirements in Subsection

48

59.3.7.2.B.2.b.iv.C and 59.3.7.2.B.2.b.v.C, a Solar Collection

49

System must satisfy the requirements of Subsection

50

59.3.7.2.B.2 and 59.7.3.4.E.5.

5
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[[c.

51

Except as allowed under Subsection 59.7.3.4.E.5.b, the site

52

must be designated pollinator-friendly under the Maryland

53

Pollinator-Friendly Designation Program.]]
[[d.

54

of land may be covered by solar panels.]]

55
56

Cumulatively, on all AR zoned land, a maximum of 1,800 acres

2.

In Rural Residential, Residential, Commercial/Residential,

57

Employment, and Industrial zones, where a Solar Collection System is

58

allowed as a limited use, [it must either satisfy Subsection

59

59.3.7.2.B.1.a through Subsection 59.3.7.2.B.1.e or] it must satisfy the

60

following standards in either [[subsection a or b]] Subsection

61

59.3.7.2.B.2.a or 59.3.7.2.B.2.b:

62

a.

Systems producing 120% or less of on-site energy use

63

The Solar Collection System [[must]] may be an accessory use

64

[[as follows]] under the following standards:

65

i.

the system produces [[a maximum of]] up to 120% of
annual baseline on-site energy [[consumption]] use;

66
67

ii.

encroachment allowed under Section 4.1.7.B.5.C; and

68

iii.

a maximum height allowed under 4.1.7.C.3.b.

69

b.

Systems Producing more than 120% of on-site energy use

70

The Solar Collection System must satisfy the following

71

standards:

72

[a]

i.

Site plan approval is required under Section 7.3.4.

73

[b]

ii.

The site must be a minimum of 3 acres in size.

74

[c]

iii.

The system may produce a maximum of 2 megawatts
(AC).

75
76
77

[d]

iv.

All structures must be:

[i]

[[A.]] (a)

20 feet in height or less;
6
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[ii]

78

[[B.]] (b)

located at least 50 feet from any property

line; and

79
80

[e]

81

[iii]

[[C.]] (c)

v.

If a structure for a Solar Collection System is located in

surrounded by a minimum 6-foot-tall fence.

an area visible to an abutting residential use or a road:

82

[i]

83

[[A.]] (a)

only solar thermal or photovoltaic panels or

shingles may be used;

84

[ii]

85

[[B.]] (b)

the panels or shingles must use textured

glass or an anti-reflective coating; and

86

[iii]

87

[[A.]] (c)

screening that satisfies Section 59.6.5.3.C.8

88

(Option A) on the sides of the facility visible from

89

the residential use or road is required.
[f]

90

vi.

The Solar Collection System must be removed within 12

91

months of the date when the use is discontinued or

92

abandoned by the system owner or operator, or upon

93

termination of the useful life of the system. The Solar

94

Collection System will be presumed to be discontinued

95

or abandoned if no electricity is generated by the system

96

for a period of 12 continuous months.
[[[g] vii.

97

If licensed by the Public Service Commission, [A] a

98

system designed to produce more than 2 megawatts (AC)

99

[may be allowed as a public utility use under Section
3.6.7.E] is not restricted by Chapter 59.]]

100
101

*

*

*
Sec. 2. DIVISION 59-7.3 is amended as follows:

102
103

Division 7.3. Regulatory Approvals

104

*

*

*
7
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105

Section 7.3.4. Site Plan

106

*

107

D.

*

*
Review and Recommendation
1.

108

State and County Agencies
a.

109

Reviewing State and County agencies and utilities must submit

110

initial comments before the Development Review Committee

111

meeting established under the Planning Department’s

112

Development Review Manual. For any solar facility site plan

113

application in the AR zone, the Office of Agriculture must be

114

treated as a reviewing County agency.

115

*

116

E.

117

*

118
119

*

*
Necessary Findings

*

*
5.

For property zoned AR proposed for use as a Solar Collection system:
a.

the Solar Collection System is not located:
i.

120

on soils classified by the United States Department of
Agriculture as Soil Classification Category 1;

121
122

ii.

in a stream buffer;

123

iii.

on wetlands; or

124

iv.

on slopes equal to or greater than 15%;

125

b.

topsoil has not and will not be scraped from the site;

126

[[a]]c. grading and any soil removal will be minimized; [[and]]

127

[[b]]d.

evidence that the [[site must be]] area under the solar

128

facility will be actively used for farming or agricultural

129

purposes by satisfying one or more of the following

130

requirements:

8
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i.

131

designated pollinator-friendly under the Maryland

132

Pollinator-Friendly Designation Program[[, or any land

133

on which the solar generation facility is located that is

134

not designated as pollinator friendly must be]];
ii.

135

manner suitable]] for grazing farm animals[[.]]; or

136

iii.

137

planted, managed, maintained, and used for any other
agrivoltaic plant material;

138
139

planted, managed, [[and]] maintained, and used [[in a

e.

removing of trees or landscaping otherwise required or attached

140

as a condition of approval of any plan, application, or permit for

141

the installation or operation of a Solar Collection System is

142

prohibited:

143

i.

the forest conservation requirements of Chapter 22A
must be satisfied;

144

ii.

145

any tree in or on a floodplain, stream buffer, steep slope,

146

critical habitat, contiguous forest, or historic site, and any

147

champion tree or other exceptionally large tree must be

148

left undisturbed unless a disturbance is allowed under

149

Section 22A-12(b)(1);

150

f.

Stormwater Management must be satisfied;

151
152

g.

except for pad areas for transformers and electrical equipment,
the use of concrete must be prohibited;

153
154

the requirements of Chapter 19, Erosion, Sediment Control and

h.

screening that satisfies Section 59.6.5.3.C.8 (Option A) on the

155

sides of the facility within 200 feet of any neighboring house is

156

required; however, a fence may not be required or prohibited;

9
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i.

157

written authorization from the local utility company that allows

158

the Solar Collection System to be connected to the utility grid

159

must be submitted; and
j.

160

approvals, will not exceed 1,800 acres of land.

161
162
163

the land area approved, in addition to all other site plan

*

*

*
Sec. 3. Reporting. On April 1, 2021 and annually thereafter, the

164

[[Department of Permitting Services]] Planning Director must report to the County

165

Council the total acreage of Solar Collection System [[permits]] site plans

166

(including any required setbacks and all acreage within the fenced or shrubbed area

167

of the solar facility) approved by the Planning Board in the Agricultural Reserve

168

[[approved by the Department]] since the effective date of ZTA 20-01.

169
170

Sec. 4. Effective date. This ordinance becomes effective 20 days after the
date of Council adoption.

171
172

This is a correct copy of Council action.

173
174

________________________________

175
176

Selena Mendy Singleton, Esq.
Clerk of the Council
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Montgomery County ZTA 20-01 Farm Solar Stakeholder Workgroup Joint Recommendations
Introduction:
In response to the Montgomery County Council’s recommendation for additional stakeholder input,
a Farm Solar Workgroup was formed. Councilmembers Katz and Reimer appointed to the
workgroup two representatives from each of four stakeholder groups: the agricultural industry,
preservation and conservation groups, environmental groups, and solar industry organizations
involved in the state’s Community Solar Pilot Program.
The workgroup was asked to complete the following task:
“Discuss any amendments to ZTA 20-01 and identify whether there are amendments that are
agreeable to all participants.”
Purpose: Joint Stakeholders Report
The Farm Solar Stakeholder Group unanimously passed 5 amendments and one additional
amendment.
Members:
● Agricultural Industry
○ Doug Lechlider, co-Chair
Owner & President, Laytonsville Landscaping Inc. Turf Farm
Chairman, Montgomery County Agricultural Advisory Committee
○ Randy Stabler
Managing Partner, Pleasant Valley Farm
Board member, Montgomery Agricultural Producers
● Preservation/ Conservation
○ Caroline Taylor
Executive Director, Montgomery Countryside Alliance
○ Lauren Greenberger
President, Sugarloaf Citizens’ Association
● Environmentalists
○ Al Bartlett
Sierra Club, Maryland Chapter
Board Member, Chesapeake Physicians for Social Responsibility
Member, Public Services Commission Net Metering Working Group
○ Douglas Boucher
Board Member, Poolesville Green, retired Director of Climate Research and
Analysis, Union of Concerned Scientists
● Solar Industry
○ Frances Yuhas
Managing Director for Development, Turning Point Energy
Board Member, Maryland-DC-Virginia Solar Energy Industries Association
Member, Public Services Commission Net Metering Working Group
○ Leslie Elder, co-Chair
Mid-Atlantic Regional Director, Coalition for Community Solar Access

(11)

Recommendations:
●

UNANIMOUSLY PASSED Add COMAR 20.62 to line 12 in the ZTA

●

UNANIMOUSLY PASSED Make a strong recommendation to ensure the PSC language is
removed.

●

UNANIMOUSLY PASSED Strongly recommend to add language that Montgomery County
will not allow facilities larger than 2 MW in the Agricultural Reserve.

●

UNANIMOUSLY PASSED Solar Developers will be required to report all acres to be used
for the solar facility including any acres to adhere to the provisions required in the ZTA for
setbacks, etc in the site development plan required for permitting projects. This shall not
include only the acres under the photovoltaic panels but shall also include all acres within
the fenced or shrubbed area.

●

UNANIMOUSLY PASSED Recommend to the Council that the Office of Agriculture be
involved in reviewing and making recommendations on the approval of solar projects in the
AR. This holds whether the ZTA is designated as Conditional or Limited use.

●

PASSED 5 to 3 (We understand that the following 3-part recommendation will require
Council legislation separate from zoning.)

A. Tax resources/revenue from Community Solar and Aggregate Net Metered solar projects
developed under the ZTA should be earmarked to support farming-related services in the
county; examples are:
○ Rent relief
○

Land preservation

○

Support for young farmers

○

Promotion of table crops

○

Other agriculture related support

○

Preference will be given to Black and Hispanic farmers in allocating these tax
resources.

B. The Council will identify best farm-related use of these resources through consultation with
the farming community and the Office of Agriculture.
C. As needed, a portion of tax resources/revenue from Community Solar and Aggregate Net
Metered solar projects should be earmarked for the Office of Agriculture, the Montgomery
County Farm Bureau, and/or other entities designated by the Montgomery County Council
for program implementation.
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Subgroup Report of the Environmental and Solar Farm Solar Workgroup Members
Preamble
We submit this report with heavy hearts, but also with appreciation. Its finalization was delayed
while some of us watched the news as an unfettered mob incited by some of our country’s
highest leaders violate our nation’s Capitol, vandalizing, causing injury and a death, threatening
the safety of those who work to govern our country and those who work to protect them, and
disgracing our country before the world. We therefore appreciate the fact that while the
members of this Workgroup came to this task with strong beliefs and different perspectives, the
group carried out is work over five meetings with civil discussion, reasoned debate, mutual
respect, and openness to transparency and public input. The products were several areas of
agreement, communicated in our Joint Recommendations report, even while we continue to
disagree on other issues as reflected in the two separate reports. So, we appreciate that the
County Council gave us the opportunity to participate in this exercise in democratic process,
which reaffirms our belief in that process. We look forward to continued participation as this and
other issues are deliberated in our county and our country.
Introduction
This section of the Workgroup report was written by the Environmental and Solar members of
the Workgroup: Al Bartlett (Sierra Club), Doug Boucher (Poolesville Green), Leslie Elder
(Coalition for Community Solar Access) and Franny Yuhas (TurningPoint Energy). We were
pleased to serve on the Workgroup over the past two months and are especially gratified that it
was able to agree on six joint recommendations to the County Council; additional context is
included in Appendix B to provide our understanding of the rationale and intention of the
particular amendment or recommendation, to assist the Council in considering them.
While we believe that the draft ZTA is worthy of passage in its current form, the Workgroup’s
recommendations - some of which would modify the ZTA text, while others would require the
passage of separate legislation - respond to issues raised by various stakeholders or the public.
These recommendations will clarify and define the process by which community solar is
implemented in the Agricultural Reserve of Montgomery County.
Although the Workgroup came together with very different opinions on how to best achieve
Solar Siting in the AR zone, the Workgroup passed six amendments, five of them unanimously.
Details on each passed amendment are included on the joint report provided separately to the
Council. The environmental/solar stakeholder group gained traction on several other issues,
and some of these, included in this report, are recommended for the Council to consider.
Staff support, which we very much appreciated, was provided by Laurie Edberg of
Councilmember Katz’s office, Tom Heyboer of Councilmember Riemer’s office, and Jeffrey
Zyontz, Council legal staff.
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Between November 17 and December 29, 2020, the Workgroup conducted a total of five
recorded and publicly viewed work sessions on Zoom regarding ZTA 20-01. Workgroup
members provided relevant background documents, which were compiled in a publicly
accessible online site.
Recommendations for potential amendments were provided by Workgroup members
themselves, elements of county government including the Office of Agriculture, and the public.
After each open Workgroup session, the public dialogue (“Chat”) was examined for additional
potential amendment recommendations.
In general, proposals and recommendations focused on responding to concerns of one or more
constituencies and the public, clarifying the intent of the ZTA, strengthening protections for
agricultural and environmental resources, or maximizing the balance of limited solar
development and the agricultural character of the Agricultural Reserve.
Of note, while the Workgroup was specifically asked to consider potential amendments, the
group agreed that in some cases, achieving these intentions would require complementary
legislation in areas - such as use of revenue - that could not be implemented through zoning
legislation alone.
Climate Change is the driving issue: The context of the ZTA, and of the Council’s efforts and
the establishment of the Workgroup, is the recognition of the urgency of the global climate crisis.
This crisis, unforeseen when the Reserve was established in 1980, has grown in urgency over
the past four decades and presents a clear threat to our County – including its agriculture – as
well as to our planet as a whole. The NASA graph below, showing the increase in global
temperatures over the past century and a half, makes it clear that most global warming has
taken place since the Agricultural Reserve was created.

2
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The founders of the Reserve did not, and could not, have anticipated this crisis when they
established it. Forty years later, we have no such excuse. The effects of climate change are
already being felt by all county residents, including our farmers – growing seasons have
measurably changed, average temperatures are warmer, rainfall patterns have changed and
are more intense. We now face an urgent need to act, responding to these realities and the
county’s own greenhouse gas reduction goals and recognized need to transition to clean
renewable energy.
Additional proposed amendments/recommendations
The following proposals received the support of all four of the environment and solar industry
representatives. While they did not get support from the other four Workgroup members,
resulting in tie votes, we still believe them to be worthy of consideration by the Council, as
additional concrete strategies to further strengthen the positive impact of the ZTA, especially in
terms of building beneficial interactions between solar and agriculture. The full text of one of
these amendments is given in Appendix A at the end of this report.
Require that solar projects not just be capable of positive agricultural activities, but
actually implement these:
This amendment to the “Necessary Findings” required in the Site Plan Review was actually
proposed by a resident of the Agricultural Reserve, and is also being proposed by
Councilmember Riemer, the ZTA’s sponsor. Specifically, section 7.3.4.5.d. of the amended text
(beginning on line 118 of the present Committee draft) will read:
E. Necessary Findings
5. For property zoned AR proposed as a Solar Collection System:

...
d. must provide evidence that the area under the solar facility will [satisfy] be actively
used for farming or agricultural purposes by satisfying one of the following
requirements:
i. designated pollinator-friendly under the Maryland Pollinator-Friendly
Designation Program;
ii. planted managed, maintained, and used for grazing farm animals; or,
iii. planted, managed, maintained, and used for any other agrivoltaic plant
material.
There was general alignment over this amendment, which requires not just “suitability” but
active management for agrivoltaic crops and solar grazing. However, it failed due to not being
seconded. This was not because of the actual substance of the amendment, but rather
because it became linked to the heated debate about Limited vs. Conditional Use (see
discussion below). Additionally, one stakeholder felt that it gave too much encouragement for
pollinator-friendly vegetation, described by them as “you just plant a few flowers.”
We feel that these criticisms are incorrect, but more importantly, they are irrelevant to the actual
content of the amendment. It is the recommendation of this group to include this amendment,
3
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which we believe would benefit the intent of the ZTA and address some of the issues raised
during the Farm Solar Workgroup. (discussed 12/2 1.36.55, 1.47.07, 12/10 15.57, 12/10
1.01.19, 12/10 1.01.50, 12/10 1.45.47)
ZTA phased acreage and agrivoltaic pilot program:
We believe that the best way to ensure that solar will remain accessory to farming in the AR is
through the 1,800-acre cap . However, in response to concerns of other stakeholders, this group
worked with other members of the Workgroup to create a phased acreage and agrivoltaic pilot
program. This amendment and associated recommendations were designed to ensure that
solar did not supplant agriculture and rather worked to find an innovative solution grounded in
local control. This would allow Montgomery County to manage the implementation of solar
projects at a measured pace within the County while supporting the statewide community solar
pilot program and aggregated net metering program through learning how to combine additional
forms of productive agriculture with solar arrays. We regret that it was not adopted. (The full
content of this recommendation is included as Annex A.) (discussed 12/2 1.21.40, 12/2 1.32.32,
1.35.35, 12/10 21.54, 12/10 59.51
Payment in lieu of Taxes (PILOT):
This proposal was originally suggested by the Office of Agriculture, based on the system
implemented in Queen Anne’s County.
A standard element of lease contracts with landowners for installing solar arrays, is that the
developer will pay all the increase in property taxes resulting from the increased assessment of
the land’s value. Payment in lieu of taxes simply has the developer pay the county directly,
rather than compensating the landowner for the difference in tax obligation and then the
landowner paying the County each year.
Such a system would simplify administration, potentially benefit the County by receiving revenue
earlier, and increase the certainty of the revenue generated for the County. The revenue could
then be used (perhaps combined with other County revenue) to support planned projects or
other County initiatives. We recommend that the County Council explore implementing
Payment in Lieu of Taxes for solar projects in Montgomery County. (discussed 12/29 2.22.04)
Pesticides in pollinator-friendly vegetation:
This amendment would have limited pesticide use in pollinator-friendly vegetation to herbicides
only, and for only two purposes:
a) controlling state-defined noxious weeds, such as Johnson grass and thistles, which
landowners are required to eliminate by state law, and
b) controlling plants that are both non-native and invasive. Insecticides and fungicides would
not be allowed. Note that herbicide use to control non-native invasive species would not be
required, but simply permitted.
This amendment was suggested by the county Audubon Society chapter and Clean Water
Action, and we regret that it was not adopted. (discussed 12/2 1.40.32, 12/10 1.01.10)
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Increase accessory solar capacity to 200% of on-site energy use:
This is an increase from the current 120% limitation in the current ZTA. This would give the
agricultural industry the possibility of greater capacity to directly provide solar-generated
electricity for their own operations as electrification expands. (discussed 12/10 9.38)
Areas of Opposition (and why)
Conditional Use vs. Limited Use: For the following reasons, we strongly oppose the proposal
to require development of solar projects of 2MW (AC) and less in the Agricultural Reserve to be
a Conditional Use, rather than a Limited Use under the ZTA as written. Reasons:
▪

The ZTA as amended already establishes the specific conditions required for solar projects
in the Ag Reserve – Previous amendments made by the PHED Committee itself, and the
further recommendations agreed upon by the Farm Solar Workgroup (see “Joint
Recommendations”) have established a substantial set of environmental and agricultural
protections, some of which exceed those applied to other projects in the county. They also
establish an intentional positive and interactive relationship between these limited size solar
projects and farming. These conditions apply to all proposed projects; Conditional Use
review is only appropriate where every proposed action is unique and requires individual
assessment, making each project what was formerly designated as a “Special Exception.”
We do not believe this to be the intention of the Council, and we do not recommend this.

▪

The Conditional Use process subjugates the role of the County’s Planning Department –
Under the present “Limited Use” approach of the ZTA, the planning Board is required to
apply all the conditionality included in the ZTA Site Plan review criteria, as well as all other
mandatory criteria (state and county environmental protections, engineering and safety
assessments, etc.), and make an objective determination of compliance with those
conditions. The Planning Board is also tasked with assessing consistency of all proposals
with relevant aspects of the county’s Master Plans.
Under Conditional Use, the Planning Department is still required to carry out its review of
project applications. However, rather than ruling on proposed projects based on the Site
Plan review, the Planning Board’s role is instead to pass on the project application to the
Office of Zoning and Administrative Hearings, requiring the additional time, plan and drawing
submissions, and process described below. The approval decision resides with the Hearing
Examiner, not the Planning Dept. This approval decision may go beyond the conditions
specified in zoning, to subjective factors as perceived by the Hearing Examiner. Approval of
a project is open to appeal by any potentially interested party, resulting in further delay and
uncertainty. The Planning Dept. does not play a role in these further steps in the process.

▪

The Master Plan does NOT require projects to be subject to Conditional Use – Despite the
assertions of the proponents of Conditional Use that the Master Plan for Preservation of
Agriculture and Rural Open Space is law, that zoning must be subjugate to that law, and
therefore any use other than agriculture in the AR must be made Conditional, this is not true.
The Master Plan is not law (ref.: Maryland Dept. of Planning, “Comprehensive Plans;”
https://planning.maryland.gov/Pages/OurWork/compplans/requirements.aspx). However,
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under county code, Site Plan approval by the Planning Dept. requires that a proposed
project "substantially conforms with the recommendations of the applicable Master Plan and
any guidelines approved by the Planning Board that implement the applicable plan.”
In fact, in their official assessments of February, 2020, both Planning Board staff and
ultimately the Planning Board itself, both found that “the limited area recommended for
inclusion for potential development of Solar Collection Systems in the AR zone (1,800 acres
or approximately two percent of the total 93,000 acres of the Agricultural Reserve)
represents a small enough area of the Agricultural Reserve to not significantly compromise
the Master Plan for Preservation of Agricultural and Rural Open Space’s designation of farm
land and agriculture as the preferred land use in the Agricultural Reserve.” The Planning
Board also supported conditions to “reduce the impacts of solar collection as a principal use
in the AR zone,” including “requirements that the ground underneath the panels have
pollinator-friendly plants or is suitable for grazing or crop production, that soil and tree
removal is minimized, and that a limitation be placed on the amount of agricultural land that
can be developed as a Solar Collection System.” Notably, all these requirements are now
incorporated in ZTA 20.01 as amended.
Notably also, the Planning staff assessment memo specifically refers to ZTA 20.01 as
providing “limited use standards for solar as a principal use in the Agricultural Reserve
zone.”
(The proponents of Conditional Use zoning under ZTA 20.01 have publicly stated that they
are unhappy that the Planning Board took these positions supporting the ZTA. We therefore
note that the proposal to go from Limited Use to Conditional Use is effectively a mechanism
to take authority away from the Planning Board, whose opinion those proponents don’t
support.)
▪

Conditional Use review adds substantial time, administrative and technical burden, cost, and
uncertainty to the project review process - This added burden, and the associated
uncertainty (since uncertainty is the bane of successful commerce), have derailed many
projects including agriculture related projects. The actual steps in the complex and intensive
review and approval process that Community Solar projects already have to go through, and
the added burden of the Conditional Use process, are detailed here:
The Site Development Plan (SDP) process, which is required for development of a solar
project as Limited Use, is already a 24-30 month permitting process. The SDP process is
quite rigorous and stringent requirements are placed on the applicant’s project as dictated
by the applicable and relevant County codes and guidelines of the various departments that
have authority to review. Steps in the Community Solar and SDP development process
include:
● MD Public Service Commission (PSC)
o Submit filing to PSC for project to be placed on the “PSC Approved Project List”
o The PSC Approved Project List is sent to the Electric Distribution Company (EDC)
o Interconnection Application
▪

Once confirmation is received that the project has been approved (deemed
eligible to participate in the Community Solar program), we can submit an
interconnection application request to EDC
6
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Await receipt of PSC Conditional Approval to interconnect and explanation of
required facility upgrades
Community Solar Energy Generating System (CSEGS) Project Program Application
o Submit application to receive program capacity allocation to utility
o Receive confirmation (or waitlist or denial) of program capacity allocation
Site due diligence tasks/site investigation
o If receive program capacity, begin studies (Phase I Environmental Assessment,
wetlands review, geotechnical characteristics, etc.).
Discretionary Permitting Process (DPS)
o MNCPPC – timeframe for Site Development Plan review and approval is dependent
upon site complexity, County and State staff review schedule
▪

●
●
●

▪

Mandatory Community Meeting

▪

Submit Site Development Plan for review and approval including:
● NRI/FSD Forest Conservation Plan
● Landscape Plan
● Others as applicable to specific site

▪

Design Review Committee (must take place w/in 3 weeks of SDP application
being accepted)

▪

Planning Board Hearing scheduled/held (this Hearing must take place within 120
days of intake acceptance)
● If SDP approved
o Resolution is mailed
o 30-day appeal period
● Begin Certified Site Plan review & approval process (4-5 month process)
● Once CSP is signed can apply for construction permits
Dept. of Permitting Services requirements

o

●

▪

Stormwater/Erosion & Sediment Control

▪

Roadway entrance/Public Right of Way

▪

Others as applicable to specific site

▪ Approvals dependent of receiving signed CSP
Construction permit process will follow Certified Site Plan approval and approval of the
above DPS plan reviews (allow 2-3 months)
o Submit application and post related bonds to ensure performance of work is in
compliance w/ CSP

Generally, with these steps it will be at least two years before a project is actually built.
Although according to Community Solar program rules projects have to achieve commercial
operation within 24 months, many community solar projects have already had to request a
year extension (which costs $100,000) due to delays in permitting.
The same steps, and more, would be required under Conditional Use, except that under
Limited Use the applicant has fairly high confidence that before starting the process the
project will likely be approved if the application and project design are compliant with all
applicable requirements, guidelines as defined by zoning and other requirements.
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That is not the case for Conditional Use, where the project will be reviewed on a
case-by-case basis only after a significant amount of additional application preparation work
has been completed. The Conditional Use process requires a hearing prior to actually
submitting the SDP for review but requires that the components listed under SDP and DPS
be submitted, reviewed and approved to accompany the Conditional Use application.
Conditional Use applications may take anywhere from 4-6 months from the time of intake
acceptance - after completion of the SDP and DPS components - to be approved or denied.
The applicant is assigned a hearing date which requires significant investment for applicant
to prepare a compelling case as to why (in this case) solar should be allowed on a particular
site. So, the Conditional Use process adds several months to project approval (which the
state cannot afford more delays in getting projects approved to comply w/ CSEGS PSC
program rules) and requires a significant amount of money in preparation with NO certainty
or even a high confidence level that the project will be approved. And if approved, the
decision can be appealed for any reason, which can add another 6-24 months and mounting
legal fees.
It has been brought to our attention by a Montgomery County resident who was listening in
to each of the Workgroup meetings, that one sector of the agricultural economy was actually
“run out of the county” due to Conditional Use (formerly Special Exception) costs: a local
meat processor was used as an example, with the result that since Gladhill Meats closed,
there have been no processors for “local meat.” Montgomery County farmers now send live
animals to Frederick or other counties in Maryland and Pennsylvania because of the overly
restrictive rules. Instead of encouraging all agriculture related business, the Conditional Use
process discourages it.
▪

Our M-NCPPC partner county does not require conditional use or Special Exceptions for
solar on agricultural land – Prince George’s County has a substantially similar balance
between urban, suburban, and agricultural zones and has a similar amount of farmland
(about 60,000 acres). All of the ground-mounted Community Solar projects in the Maryland
Pepco service area are located in Prince George’s County, although many subscribers to
these projects live in Montgomery County. As confirmed by Derick Berlage, Chief of
Countywide Planning in Prince George’s County, the M-NCPPC Mandatory Referral review
is the only planning approval process required for solar facilities in that county. (The county
also reports that solar development on agricultural land there has had no effect on sale or
rental cost of farmland.)

Soil class restriction:
This “poison pill” amendment would render the entire ZTA useless, because it would reduce the
number of projects that could be built in the Reserve to single digits. This is demonstrated, in
much detail, in the analysis presented to the Council by the MDV-SEIA/CCSA, and by the
county’s own analysis, and further explained (in relation to the one-project-per-parcel limitation
imposed by state law) in the analysis by Doug Boucher. All of these analyses were posted in
the Google Drive for the Stakeholder Workgroup and also sent separately to the County
Council, and no argument was even presented that these analyses were incorrect.
Furthermore, the arguments in favor of excluding capability class 2 and 3 soils were based on
the mistaken impression that they make up the best farmland in the county. In fact, the USDA
8
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definition of these classes is that class 2 soils have moderate limitations for crop production,
and class 3 soils have severe limitations. Only category 1 soils – which are already excluded
from use by the ZTA’s current text – can be reasonably described as the “best” soils for
agriculture.
Class 2 and 3 soils actually make up 45% and 34% of the county’s land, respectively. The
exclusion of class 2 soils from limited solar projects to “protect” them from development, or to
prevent a feared increase in farmland rental rates, totally ignores the fact that there is an
1800-acre cap on solar projects. This is far less than the 131,000 acres of class 2 soils in the
county, and only 2% of the Agricultural Reserve. The experience of other Maryland counties that
have allowed solar on class 2 soils (e.g. Prince George’s) is that they have seen no significant
impact of solar on rental rates.
Thus, the soil exclusion amendment is based on false premises and would have had the effect
of rendering the ZTA totally unworkable. We strongly recommend that it continue to be rejected.
Preferential subscriptions for Montgomery County Residents, and/or exclusion of
non-county residents, from Community Solar (discussed on 12/2- 45.20, 12/10 26.38, 12/10
1.31):
It is the recommendation of this group to oppose this proposal, for several reasons.
● It is not clear that the county has the legislative authority to impose such a restriction: the
state’s CSEGS program is structured and implemented by utility service region, and the
management and billing process is established by individual utilities. So it is not actually
feasible, nor in accordance with COMAR 20.62, to try to mandate separating one part of a
utility’s service area from another.
● After careful consideration, it is clear that meeting this programmatic requirement would
violate the core principle of this Workgroup, and of the CSEGS program itself, of providing
affordable renewable energy to Montgomery County residents. Even voluntary restriction of
subscriber recruitment to Montgomery County residents by CSEGS Subscriber
Organizations would result in substantial reduction of the potential subscriber pool in the
Pepco area, where most county residents live. Based on modeling from community solar
industry leaders who do customer acquisition, this would add approximately $50,000 per
MW to each project, or a total of $4.5 million dollars in costs to the ZTA for 1,800 acres.
This will result in increased cost of electricity produced by each project. We strongly feel
that this violates the core principle of providing cost savings to consumers – especially lowand moderate-income consumers - through Community Solar.
● Also, the present reality is that all the ground-mounted Community Solar projects in the
Pepco service area are in Prince George’s County, but many subscribers are in Montgomery
County. It seems confrontational to say that our residents can take up solar from projects in
Prince George’s, but Prince George’s residents can’t subscribe to projects in Montgomery
County. However, there IS more than enough potential Montgomery County subscriber
uptake capacity in both the Pepco and Potomac Edison service areas to use all the solar
energy generated under the ZTA, and the county could promote subscription through public
communication.
Conclusion
We were pleased to work with our colleagues in the Workgroup, and happy with our ability to
disagree amiably on some issues and nevertheless reach consensus on others. We believe
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that the final result of our process was quite positive and are pleased to support the Joint
Recommendations report to the Council.
We hope that the Council will also consider the amendments discussed in the “Additional
proposed amendments/recommendations” section, above. We would note that in several cases
their failure to pass was not due to their actual content, but rather to their being linked to other
controversial issues (e.g. Conditional Use). They include amendments suggested by other
groups (e.g. Office of Agriculture, Audubon Society, Clean Water Action, Dan Savino of
Poolesville Green) and are well worthy of being considered on their own merits.
Appendix A – Detailed text of Phased Acreage/Agrivoltaic Pilot Program amendment
(recommended for consideration)
Acreage Phased and Agrivoltaic Pilot Programs - DEFEATED BY 4-4 TIE VOTE
The 1,800 acres will be divided into two separate but parallel programs:
○ Acreage Phased Program Projects built on class III soils will receive personal property
reduction of 75% and real property taxes will remain at “agriculture'' and not “commercial” to
both incentivize development on non-prime soils and help ease development challenges
with interconnection.
○ The first program will be an acreage phased program of 900 total acres to be used for
community solar or AgNEM projects and will be subjected to the provisions currently
proposed in the ZTA 20-01, with the addition of the Savino amendment The county should
be limited to permitting no more than 50MW of community solar or AgNEM facilities per
year.
○ The second will be 900 total acres reserved for solar facilities for an agrivoltaic pilot
program. Community solar and AgNEM projects will both qualify for this pilot program. The
county shall not permit more than 75MW of agrivoltaic projects per year until the 900 acres
are achieved. Any solar facility larger than 2MW(ac) will be prohibited from participation and
shall not be granted access to the county level pilot or the acreage phased programs.
○ Agrivoltaic Pilot Program:
■ Agrivoltaics shall be defined by using the NREL definitions and agrivoltaic systems can
qualify for one of the following definitions to be admitted into the pilot program:
1. Vegetation-centric approaches to solar energy developments and vegetation
are characterized by actions that serve to maximize biomass production activities
and minimize changes to existing vegetation management activities, while also
incorporating solar energy production activities;
2. Energy-centric approaches to solar energy developments and vegetation are
characterized by actions that serve to maximize solar energy output, minimize
changes to solar development standard practices, while also promoting
vegetation growth under and around the solar installation; or
3. Integrated Vegetation-Energy-Centric (or “Hybrid”) approaches that seek to
integrate both energy output and vegetation production goals. These types of
approaches are characterized by incorporating both vegetation and energy
priorities into system designs and could potentially result in lower vegetation
productivity or energy output than could be achieved without co-location, but
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○

provide additional benefits, including diversity of revenue streams, that make
co-location activities desirable.
■ Limited to the same rules and regulations under COMAR, AgNEM, and all other
requirements of the ZTA 20-01;
■ Solar developers must work with a farmer from Montgomery County, Maryland agreed
upon by the landowner unless otherwise stipulated by the agreed upon contract;
■ The Montgomery County, MD Farmer and Solar Developers will submit a basic farm
plan, supported by the County Office of Agriculture or the County Farm Bureau, with the
developer’s required permits (in accordance to the provisions of the ZTA 20-01 and all
regulations required by the state for both AgNEM and the Community Solar Pilot
Program to qualify for the Montgomery County tax incentives for this agrivoltaic pilot
program;
■ The agrivoltaic system will not interfere with the continued use of the land beneath the
canopy for agricultural purposes;
■ The agrivoltaic system is a raised structure allowing for continuous growth of crops
underneath the solar photovoltaic modules, with height enough for labor and/or
machinery as it relates to tilling, cultivating, soil amendments, harvesting, and grazing
animals, etc.;
■ The County’s Office of Agriculture, County’s Farm Bureau and other stakeholders will
develop and maintains a list of pre-approved crops for agrivoltaics based on scientifically
researched PAR values, or average shading for project selection;
■ If the project qualifies under the agrivoltaic pilot program, the project will qualify for the
following:
1. Real property taxes will remain at “agriculture” and not “commercial”;
2. Personal property taxes will be reduced by 75%;
3. Qualify for the Community Solar grant funding administered by MEA;
4. Eligible for agricultural research grants from the University of Maryland;
5. Qualify for federal clean energy incentive grant programs; and
6. Qualify for MD RPS.
■ Management and oversight of qualification of agrivoltaic applications by the Montgomery
County Office of Agriculture; and
■ Farmers will be allowed to participate in the agrivoltaic community solar program as
subscribers and the AgNEM program as offtakers.
Program Evaluation:
■ Acreage Phased Program: No later than five years after the implementation of the
ZTA 20-01, Montgomery County is directed to do a comprehensive economic
analysis of the ZTA- evaluating any economic benefits or consequences solar
installations have on the agricultural community, county residents, and any
earmarked expenditures, and tax incentives passed in relation to the ZTA 20-01.
This report should be provided to the MD PSC to help evaluate the effectiveness of
the COMAR pilot program and used to inform the development of the Community
Solar permanent program and AgNEM deployment.
■ Agrivoltaic Pilot Program: No later than six years after the implementation of the ZTA
20-01, Montgomery County is directed to start the evaluation of the agrivoltaic pilot
program and share the results with the MD PSC and MEA to help inform the AgNEM
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and Community Solar Pilot Programs. This study should evaluate successful
execution of farmer and solar developer plans, economic analysis of incentives
designed to make these programs financially feasible, any economic benefits or
consequences solar installations have on the agricultural community, county
residents, earmarked expenditures passed in relation to the pilot, and others. After
the completion of the study, the county and interested stakeholders can evaluate the
effectiveness of the program and choose to keep the agrivoltaic pilot program or
release the remaining acres to the other acreage bucket.
●

Tax resources from acreage phased program Community Solar and AgNEM
developments should be earmarked to support farming related services to include but
not limited to rent relief, ag reserve funds, or any other agriculture related resource
determined by the farming community and the Office of Agriculture.

●

Tax resources from agrivoltaic Community Solar and AgNem developments should be
earmarked for the Office of Agriculture, the Montgomery County Farm Bureau, and
Montgomery County Council for program implementation.

Appendix B – Explanatory information for jointly passed amendments/recommendations
●

UNANIMOUSLY PASSED: Add COMAR 20.62 to line 12 in the ZTA.
(The intention of this recommendation is to respond to public and stakeholder concern
that the term “Community Solar” as used in the ZTA is not by itself limited to the
parameters of the state’s pilot program; the references already provided in ZTA lines
11-12 [Maryland Code §7-306 and COMAR 20.50.10] relate to the state’s Net Metering
policy and the definition of Aggregate Net Metering projects, but do not include reference
to the Maryland Code defining the “Community Solar Energy Generating Systems” pilot
program. The recommended additional citation specifies that Code.)

●

UNANIMOUSLY PASSED Make a strong recommendation to ensure the PSC language is
removed.
UNANIMOUSLY PASSED: Add language with strong recommendations from Montgomery
County to only allow for solar projects to be sited in the Agricultural Reserve.
(These two recommendations reflect agreement with the PHED Committee’s decision to
remove from the ZTA the language in lines 97-100 that refers to the Public Services
Commission’s authority to approve solar projects larger than 2 MW that might be
proposed for our county. The language itself is not relevant to the accessory,
Community Solar, or Aggregate Net Metered projects that are the subject of the ZTA.
The recommendations reflect concern that there had been discussion of restoring this
language. More importantly, they reflect recognition that the PSC is legislatively required
to consider local jurisdictions’ zoning and land use policies and preferences in making
decisions about siting of larger projects. Based on this recognition, the group strongly
felt it is inappropriate for the county to simply give blanket acknowledgement of PSC
preemptive authority. Instead, we should clearly state our position on such larger
projects, that they should be responsive to local and municipal zoning requirements, in
order to protect the state’s agricultural asset and ensure the County will exercise their

●
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right, as an interested party, in any proceedings for projects larger than 2MW. This is in
accordance with the Governor’s Task Force on Renewable Energy Development and
Siting Report of August 2020 and SB741.)
●

UNANIMOUSLY PASSED: Solar developers will be required to report all acres to be used
for the solar facility, including any acres to adhere to the provisions required in the ZTA for
setbacks, etc., in the site development plan required for permitting projects. This report shall
include not only the acres under the panel, but shall include all acres included in the fenced
or shrubbed area.
(This amendment would clarify how the acreage of any solar project would be counted
against total acreage allowed by the ZTA.)

●

UNANIMOUSLY PASSED: Direct the Office of Agriculture to work with the Planning Board
in the application approval process for any solar facilities proposed under the ZTA.
(The intention of this amendment is to establish a formal role for the Office of Agriculture
in the application review process for solar projects in the Agricultural Reserve.)

●

PASSED 5 to 3: (The explanatory information below refers to the part of this
recommendation that pertains to giving preference to specific groups)
Preference will be given to Black and Hispanic farmers in allocating these tax resources.
(Justification:
- Black and Latinx residents are severely underrepresented in the agricultural
community of the County. Data from the Census Bureau’s 2013-2018 ACS Survey
and the USDA’s Census of Agriculture 2017 show that:
- Black residents make up 18% of the county’s population, but only 12% of the
population of the Agricultural Reserve. They are only 4% of the county’s farmers
and have only 1% of the farmland.
- Latinx residents make up 20% of the county’s population, but only 10% of the
population of the Agricultural Reserve. They are only 5% of the county’s farmers
and have only 2% of the farmland.
- Farms owned by White farmers in the county average 124 acres. Those owned
by Latinx farmers average only 42 acres, and those owned by Black farmers
average just 18 ½ acres.)
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ZTA 20-01 Work Group
Report from Agricultural Reserve Stakeholders
January 6, 2021
Introduction: This report is submitted on behalf of Doug Lechlider, Randy Stabler, Lauren
Greenberger, and Caroline Taylor, representing the stakeholders of the Agricultural Reserve. We have
attended all 5 work sessions, supplementing with separate work meetings, interviews, and research.
Research included but was not limited to Montgomery County Zoning Code, the Master Plan for
Preservation of Agriculture and Open Space (AROS), Maryland’s Smart and Sustainable Growth Act of
2009, correspondence in the hearing record, documents in the work group Google drive, white papers
on solar siting and zoning provisions for solar collection facilities in neighboring jurisdictions.
This report will make the case for conditional use being the only legal path for siting solar in
the Ag Reserve. As such, all items of agreement in the associated Joint Report of the whole work
group were, for our stakeholder group, predicated on solar siting in the Agricultural Reserve as a
conditional use.
**************
Background
The key to the Reserve’s success was originally attributed to the environment in which many
farmers sold development rights and granted easements in perpetuity to restrict the land for agricultural
uses. In return, the County gave its promise to protect the land for agriculture. That promise has been
tested through the years as it is now with this proposed zoning change. Today, we are a national model
for farmland preservation and our farming and forestry practices protect watersheds, sequester carbon,
and help clean the air. In addition to the Reserve’s importance as a source of local food and fiber, its
economic value, and its contribution to environmental quality, tourism, magnificent vistas, historic
farmsteads and villages are an unmatched cultural and recreational resource.
Unfortunately, so much land so close is hard for folks with little understanding of farming to
resist tinkering with it. The watchwords have been: adhere to the master plan, do no harm, and think
before acting. Over 40 years, we have had to address notions from offices distant from the combine that
would make our job more challenging.
Today’s threat, like the others before it, is made with the good intention of finding a better use
for farms than farming. But like sprawling development, the Outer Beltway, and huge private
institutional facilities, it is not consistent with the AROS Master Plan and the purpose clause of the
Agricultural Reserve Zone. Both designate agriculture as the primary land use in the Reserve.
The Potential Harm of the ZTA as Written
First - Contrary to the defined purpose of the Ag Reserve, this text amendment would
make the solar installations it contemplates the primary land use. This ZTA would be a de facto
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zoning change. It would be made without going through the Master Plan amendment or rezoning
process. It would be an abuse of process that would make a major land use change without full public
scrutiny. We believe it is inconsistent with the Master Plan’s policies, the purpose of the AR Zone, the
basic concept of the Reserve, and the promise of the County to protect it for agriculture.
Second - The solar installations contemplated by this ZTA are industrial in character. They
are not accessory uses. 150 or more of them encompassing 1800 acres, randomly scattered across the
Reserve will negatively impact agriculture. Be sure of that.
Third - If commercial solar facilities are to be allowed in the Agricultural Reserve, they
must be conditional uses, like other utilities and installations that are not accessory to individual
farms, such as cellular towers; broadcast towers; above-ground pipelines; and, notably, public
utility structures. That would provide appropriate scrutiny before the independent hearing examiner to
ensure master plan consistency and compatibility with the nearby uses. It is relevant to note that,
although none of our neighboring counties have master plan-protected agricultural zones; most have
chosen to require the conditional use process, or something similarly rigorous, when reviewing
applications for commercial solar installations.
Using the conditional use review process provides the only mechanism to legally evaluate and
approve commercial solar projects within the framework of the 1980 AROS Master Plan and the
legislative intent of the AR Zone. This is the viable path forward.
Fourth - the ZTA has been promoted as providing for community solar systems because
community systems have local subscribers and, thus, the power they generate would be credited to
helping meet Montgomery County’s affordable green energy goals. If adopted, it must require that any
installations be community systems with county residents as subscribers. Otherwise, the ZTA is a bait
and switch, serving no local purpose other than barely affecting the mix of power sources of the regional
grid.
Fifth - there is no scientific or sound policy basis for permitting 1800 undesignated acres of
the Reserve for 2MW solar systems. If they are to be allowed, an evaluation should occur after the first
5 years of implementation.
Sixth - It is vital to protect the Reserve’s forests, slopes, and its better soils for farming and
to protect water and air quality. We have specific suggestions to that end.
Finally - we support solar energy as an accessory use on farms. We favor increasing the
allowable energy production of accessory solar from 120 to 200 percent of on-site use. That could
supplement farm income as opposed to presenting further challenges to farm businesses and will
encourage all farms to become energy self-sufficient.

Recommendations:
1. Any non-accessory solar collection system producing more than 200% of on-site use must be a
conditional use.
2
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a. By definition, it is neither the primary use of the land, namely, agricultural production, nor
accessory to a farm or home, or even designed primarily to serve residents of the Reserve.
b. The amount of land required to generate 2MW (approximately 12-14 ac.) requires specific
attention to the impact of the specific project on neighboring properties, rather than general
regulations appropriate for limited uses.
2. Large-scale solar collection systems in the Reserve must specifically be for Community Systems
only with subscribers that live in the County.
a. The only rationale for using land in the Reserve is to help meet the County’s clean energy
goals.
b. The proposal was put forward as an opportunity to provide affordable clean energy to
Montgomery County residents who would otherwise not have access to it (such as families living
in multi-family housing) through the mechanism of community solar projects. Commercial solar
installations that simply feed the grid and serve populations outside of the County would be
entirely contrary to the intent of this bill.
3. Exclude siting solar facilities on Class I and II soils. Although the vast majority of agricultural
production occurs on Class II and III soils in the AR, we offer here a compromise: allow solar
installations on Class III and above soils, thus making available a significant swath of acreage in the AR
to site community solar projects.
4. Existing tree stands must be protected. The removal of trees in excess of one acre to install solar
installations should be prohibited without exception. The applicant shall submit a Forest Conservation
Plan that is consistent with all ordinance requirements. Whenever possible, the Forest Conservation
Plan, should be designed to contribute to the maximum extent practical to improving the water quality of
the impacted watershed. Setback and Height Restrictions of the project should comply with all setback
and height requirements of the Agriculture Reserve zone.
5. All solar projects must be co-located with some form of agricultural production. As long as
Class I and II soils are excluded, planting of crops, livestock grazing or the installation of pollinator
habitats are acceptable. These would be subject to review and recommendation by the Office of
Agriculture giving preference to projects with actual agricultural production.
6. The siting of solar projects should minimize the effect on cultural and natural resources, or
significant scenic view sheds.
7. The Office of Agriculture, with appropriate resources, will:
a. help to establish conditions for the review and approval of the proposed projects, and
b. review and provide recommendations to the Hearing Examiner for each project application
within the same timeframe provided to the Planning Board to prepare and remit their
recommendations.
8. Office of Agriculture will review and provide recommendations on applications with slopes
greater than 8% to ensure soil erosion is minimized.
3
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9. Once an application is approved, the legal legislative intent of the AR zoning plan must be
respected: (a) Applicant must provide approved USDA-NRCS Soil Conservation and Nutrient
management plans. (b) A written viable agriculture plan approved by the County Office of Agriculture
and USDA-NRCS must be submitted and approved in order to move forward.

10. Each project will require a decommissioning and restoration plan which will be updated every
five (5) years, over the life of the project. A bond will be established to cover the cost of removal of the
solar installations at the end of the project.
11. Energy technology is rapidly evolving. There is no scientific justification for preempting 1800 acres
of the Reserve for solar installations, which could result in as many as 150 projects. In light of these
conditions, after five years or the installation of 25 community solar projects, whichever comes
first, the program should be evaluated by the Office of Agriculture with recommendations to be
presented to the County Council for continuation or modification.
Example of neighboring jurisdiction requirements for solar siting:
Use Standards below are from Prince George’s County.
Where a Solar Collection System- SCS is allowed as a conditional use, it must satisfy the following
standards:
1. In the Agricultural Reserve zone:
a) Siting Preferences
Site selection and placement on the site are important for SCS projects. Project locations should
be selected in locations that do not result in loss of Class I, II, and III soils, affect cultural and
natural resources, or impact significant scenic view sheds. The remainder of these guidelines set
forth the specific standards that the Hearing Examiner will utilize to meet these goals.
b) Location Restrictions
a. The Hearing Examiner’s siting preference hierarchy is as follows, listed from most
suitable to least suitable in descending order:
i. Locations on disturbed land such as brownfields, reclaimed surface mines,
abandoned rubble fills, and closed landfills.
ii. Locations in industrial and commercial zoning districts.
iii. Locations in residential zoning districts other than AR.
iv. Proposals in the AR zone are subject to the following additional guidelines:

4
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1. The least productive agricultural soils classified as class IV through VIII
(as determined by USDA-NRCS Soil Survey) should be considered first if
buildable.
The Legal Legislative intent of the zone build concept must be followed:
(a) Applicant must provide approved USDA-NRCS Soil Conservation and
Nutrient management plan. A written viable agriculture plan approved by
The County Office of Agriculture and USDA-NRCS must be submitted.
The Hearing Examiner strongly discourages installing SCS on soils with
classification of I, II, and III as determined by USDA-NRCS Soil Survey,
as these are the most productive soils. If proposed, such projects will
provide mitigation for the loss of productive soils, to County Land
Preservation, as administered by the County Office of Agriculture.
2. Woodland Conservation: The Hearing Examiner discourages the clearing
of woodlands for the installation of SCS. The applicant shall submit a
Forest Conservation Plan that is consistent with all ordinance
requirements. Whenever possible, the Forest Conservation Plan, should be
designed to contribute to the maximum extent practical to improving the
water quality of the impacted watershed. Setback and Height Restrictions
of SCS should comply with all setback and height requirements of the
Agriculture Reserve zone.
c) Decommissioning and Restoration: The Hearing Examiner supports the PSC’s practice of
requiring a decommissioning and restoration plan which will be updated every five (5) years,
over the life of the project.

Respectfully Submitted,
○ Doug Lechlider, co-Chair - Laytonsville
Owner & President, Laytonsville Landscaping Inc. Turf Farm
Chairman, Montgomery County Agricultural Advisory Committee
○ Randy Stabler - Brookeville
Managing Partner, Pleasant Valley Farm
Board member, Montgomery Agricultural Producers
○ Lauren Greenberger - Barnesville
President, Sugarloaf Citizens’ Association
○ Caroline Taylor - Poolesville
Executive Director, Montgomery Countryside Alliance
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Zoning Text Amendment: 20-01

Sec. 1. DIVISION 59-3.1 is amended as follows:

1
2

Division 3.1. Use Table

3

*

4

Section 3.1.6. Use Table

5

The following Use Table identifies uses allowed in each zone. Uses may be

6

modified in Overlay zones under Division 4.9.

*

*

7
8

Key: P = Permitted Use L = Limited Use

9

Cell = Use Not Allowed
USE OR USE GROUP

*

*

Definitions

and Standards

C = Conditional Use Blank
Ag

Rural Residential

AR

R

RC

RNC

*

MISCELLANEOUS
Noncommercial Kennel

3.7.1

P

P

P

P

Solar Collection System

3.7.2

L/C

L

L

L

10

*

*

11

Sec. 2. DIVISION 59-3.7 is amended as follows:

12

Division 3.7. Miscellaneous Uses

13

*

14

Section 3.7.2. Solar Collection System

15

A.

*

*

*
Defined

16

Solar Collection System means an arrangement of panels or other solar

17

energy devices that provide for the collection, inversion, storage, and

18

distribution of solar energy for electricity generation, space heating, space

19

cooling, or water heating. A Solar Collection System includes freestanding

20

or mounted devices. Solar Collection Systems are facilities that comply with

21

the requirements of the State’s net metering program under Maryland Code

22

§7-306,COMAR 20.50.10, and COMAR 20.62, including Community Solar

23

Energy Generating Systems, Aggregate Net Energy Metering Systems, and

(31)

Zoning Text Amendment: 20-01
24

projects limited to a percentage of on-site energy use. A Solar Collection

25

Systems larger than 2 megawatts (AC) are prohibited in the Agricultural

26

Reserve Zone.

27
28

B.

Use Standards
1.

Where a Solar Collection System is allowed as a limited use, it must

29

satisfy the following standards:

30

a.

In the Agricultural Reserve zone,

31

a Solar Collection System is allowed where the system

32

produces up to 200% of annual baseline energy use on-site and

33

must satisfy the following requirements:

34

i.

Solar panels may encroach into a setback as allowed

35

under Section 4.1.7.B.5.c and may exceed the maximum

36

height as allowed under Section 4.1.7.C.3.b.
ii.

37

Written authorization from the local utility company

38

must be provided for a Solar Collection System that will

39

be connected to the utility grid.
iii.

40

Removal of trees or landscaping otherwise required or

41

attached as a condition of approval of any plan,

42

application, or permit for the installation or operation of a

43

Solar Collection System is prohibited.

44

b.

In Rural Residential, Residential, Commercial/Residential,

45

Employment, and Industrial zones, where a Solar Collection

46

System is allowed as a limited use, it must satisfy the following

47

standards in either Subsection 59.3.7.2.B.2.a or 59.3.7.2.B.2.b:

48

i.

49

The Solar Collection System may be an accessory use under the

50

following standards:

Systems producing 120% or less of on-site energy use
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51

(a)

the system produces up to 120% of annual baseline

52

on-site energy use;

53

(b)

54

and

55

(c)

encroachment allowed under Section 4.1.7.B.5.C;
a maximum height allowed under 4.1.7.C.3.b.

56

ii.

Systems Producing more than 120% of on-site energy

57

use

58

The Solar Collection System must satisfy the following

59

standards:

60

(a)

Site plan approval is required under Section 7.3.4.

61

(b)

The site must be a minimum of 3 acres in size.

62

(c)

The system may produce a maximum of 2

63

megawatts (AC).

64

(d)

All structures must be:

65

(1) 20 feet in height or less;

66

(2)located at least 50 feet from any property line;

67

and

68

(3)surrounded by a minimum 6-foot-tall fence.

69

(e)

If a structure for a Solar Collection System is

70

located in an area visible to an abutting residential use or

71

a road:

72

(1)

only solar thermal or photovoltaic panels or

73

shingles may be used;

74

(2)

75

glass or an anti-reflective coating; and

the panels or shingles must use textured
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76

(3)

screening that satisfies Section 59.6.5.3.C.8

77

(Option A) on the sides of the facility visible from

78

the residential use or road is required.

79

(f)The Solar Collection System must be removed within

80

12 months of the date when the use is discontinued or

81

abandoned by the system owner or operator, or upon

82

termination of the useful life of the system. The Solar

83

Collection System will be presumed to be discontinued

84

or abandoned if no electricity is generated by the system

85

for a period of 12 continuous months.
2.

86

Where a Solar Collection System is allowed as a conditional use in the

87

AR zone, site plan approval is required under Section 7.3.4. The use

88

may be permitted by the Hearing Examiner under Section 7.3.1.

89

*

*

*
Sec. 3. DIVISION 59-7.3 is amended as follows:

90
91

Division 7.3. Regulatory Approvals

92

*

93

Section 7.3.4. Site Plan

94

*

95

D.

96
97

*
*

*
*
Review and Recommendation
1.

State and County Agencies
a.

Reviewing State and County agencies and utilities

98

must

submit

99

Development

initial
Review

comments

before

Committee

the

meeting

100

established under the Planning Department’s

101

Development Review Manual.

102

facility site plan application in the AR zone, the

For any solar

(34)
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103

Office of Agriculture must be treated as a

104

reviewing County agency.

105

E.

106

*

107
108

Necessary Findings
*

*
5.

For property zoned AR proposed for use as a Solar Collection system:
a.

the Solar Collection System is not located:
i.

109

on soils classified by the United States Department of
Agriculture as Soil Classification Category 1;

110
111

ii.

in a stream buffer;

112

iii.

on wetlands; or

113

iv.

on slopes equal to or greater than 15%;

114

b.

topsoil has not and will not be scraped from the site;

115

c.

grading and any soil removal will be minimized;

116

d.

evidence that the area under the solar facility will be actively

117

used for farming or agricultural purposes by satisfying one or

118

more of the following requirements:

119

i.

Pollinator-Friendly Designation Program;

120

ii.

121

planted, managed, maintained, and used for grazing farm
animals; or

122

iii.

123

planted, managed, maintained, and used for any other
agrivoltaic plant material;

124
125

designated pollinator-friendly under the Maryland

e.

removing of trees or landscaping otherwise required or attached

126

as a condition of approval of any plan, application, or permit for

127

the installation or operation of a Solar Collection System is

128

prohibited:
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i.

129

the forest conservation requirements of Chapter 22A
must be satisfied;

130

ii.

131

any tree in or on a floodplain, stream buffer, steep slope,

132

critical habitat, contiguous forest, or historic site, and any

133

champion tree or other exceptionally large tree must be

134

left undisturbed unless a disturbance is allowed under

135

Section 22A-12(b)(1);
f.

136

the requirements of Chapter 19, Erosion, Sediment Control and
Stormwater Management must be satisfied;

137

g.

138

except for pad areas for transformers and electrical equipment,
the use of concrete must be prohibited;

139

h.

140

screening that satisfies Section 59.6.5.3.C.8 (Option A) on the

141

sides of the facility within 200 feet of any neighboring house is

142

required; however, a fence may not be required or prohibited;
i.

143

written authorization from the local utility company that allows

144

the Solar Collection System to be connected to the utility grid

145

must be submitted; and
j.

146

approvals, will not exceed 1,800 acres of land.

147
148
149

the land area approved, in addition to all other site plan

*

*

*
Sec. 4. Reporting. On April 1, 2021 and annually thereafter, the Planning

150

Director must report to the County Council the total acreage of Solar Collection

151

System site plans (including any required setbacks and all acreage within the

152

fenced or shrubbed area of the solar facility) approved by the Planning Board in

153

the Agricultural Reserve since the effective date of ZTA 20-01.

154
155

Sec. 5. Effective date. This ordinance becomes effective 20 days after the
date of Council adoption.
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I absolutely love the idea of dual use of land: solar + agriculture.
Based on your figures and ideas, I think it has real potential to
support/save mid-size family farms.
Susan Schoenian, Sheep and Goat Specialist
University of Maryland Extension

"There is a lot of hope in joining solar and agriculture. Thank
you for shining a beautiful light on a complex situation."
Ellen Polishuk
Plant to Profit
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Preface and Acknowledgements
This report explores synergies between farming and solar, with the premises that agricultural production
on farmland should be maintained and farm profitability and soil health should be increased. Therefore,
instead of focusing on solar siting, this report explores whether a strong case can be made from a public
policy point of view for developing solar so that helps to preserve and improve farmland and the
ecosystem in which it is located, while enabling achievement of both energy system and food system
goals.
Food security and food production capacity are imperatives that cannot be subsumed under a purely
dollars-and-cents calculation. Therefore, this report explores whether the challenges of food security,
protection of farmland, and improving soil health can be made compatible with improving farm
operation profits and economic resilience with solar energy generation. In that framework, the
ecological and environmental benefits, like less air pollution or reduced carbon dioxide emissions, would
be collateral benefits consequent upon achievement of the farm economic and soil health objectives.
There is now considerable interest in the United States and in other countries in developing renewable
energy and farming systems jointly. While the focus of the present report is on solar and farmland, the
approach applies more widely, including specifically to wind power on farmland, which is already quite
widespread in several states, like Iowa, Kansas, Minnesota, and Nebraska. The National Renewable
Energy Laboratory, for instance, is exploring synergies between food and renewable energy systems. 1
Such developments indicate that the framework of this report is more broadly applicable, though the
specific numbers are based on Maryland data.
Joining the farming and renewable energy systems could become much more important for the
agricultural system in the coming years. Tens of millions of acres are currently used to grow corn as a
feedstock for ethanol plants; the vast majority of this ethanol is used for automotive fuel, displacing
about ten percent of gasoline. Battery prices are falling fast, leading to a correspondingly rapid increase
in the adoption of electric vehicles. Could a systematic joining of the agricultural and renewable energy
systems across the country create new opportunities to make family farms more economically robust
while making soil and ecosystems healthier?
A number of terms are used to describe the dual use of land for solar installations and agriculture:
agrivoltaics, agro-photovoltaics, agro-voltaics, and dual-use. This report uses the term “farmingcentered” solar since its primary focus is farmland, farm profits, and healthy soils, with the climate
benefits of solar energy being collateral benefits. The terms “agrivoltaics” and “dual-use” are also used.
Quotations that are inset are in smaller font than the body of the text.
A number of reviewers provided comments on drafts of this report (at different stages), including
Michele Boyd, Kenny Braitman, Emily Cole, Shannon Dill, Mitch Hunter, Ellen Polishuk, Corey Ramsden,
Terry Sankar, Drew Schiavone, Susan Schoenian, Greg Wilson, and several staff members of
organizations in the Million Acre Challenge collaborative, including Amanda Cather, Erik Fisher, Lisa
Garfield, and Alan Girard. I also want to thank Randy Ferguson of Ernst Conservation Seeds for

1

NREL 2019.
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permission to use the name of their trade-marked seed mix for grazing with pollinator friendly plants,
Fuzz & Buzz™. One reviewer wished to remain anonymous. Amanda Cather gave a late draft of this
report a thorough review; Morgan Johnson helped with some regulatory research. And Christian Meyer
of Next2Sun provided photographs of and cost estimates for that company’s vertical solar configuration.
I am especially grateful to Lexie Hain who provided many insights into solar grazing as well as
introductions to other experts. I am grateful to all the reviewers; their comments have helped improve
this report. As the author, I take full responsibility for any errors, omissions, and problems that may
remain and for the report’s contents generally, including its conclusions and recommendations.
This report grew out of a background memorandum I prepared for a 2017 meeting between the Eastern
Shore Land Conservancy and some Maryland solar industry leaders; it was arranged by Stuart Clarke,
then Executive Director of the Town Creek Foundation. I did further work, in 2020, as part of the Million
Acre Challenge, also funded by the Town Creek Foundation as one of its last grants before it closed its
doors in December 2019. I am very grateful to the Foundation for its support, which enabled this report
and much other work by the Institute for Energy and Environmental Research (IEER).
Arjun Makhijani
President, Institute for Energy and Environmental Research
January 2021
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Executive Summary 2
Food and energy security need not be competing objectives. In fact, taking a holistic, integrated
approach to food-energy-water decision making can increase resiliency of both food and energy
systems.

National Renewable Energy Laboratory (NREL) 2019
Maryland laws and policies have the promotion of in-state solar energy and healthy soils as important
goals. The state has made significant investments in protecting prime farmland, incentivizing cover
crops to promote soil health, and promoting solar energy. 3 In general, solar energy and healthy soils
have been promoted on separate tracks. This has resulted in farm and food constituencies becoming
wary of ground-mounted solar posing a risk to food and fiber production capacity. It has also resulted in
major missed opportunities. As the quote above from the National Renewable Energy Laboratory
indicates, the approach of seeing farming and energy in a holistic way could benefit both.
While climate change mitigation is a principal reason that solar energy is promoted in Maryland and
worldwide, the present analysis of ground-mounted solar is not primarily from the perspective of energy
system requirements. Rather, this report explores the possible synergies in Maryland mainly from the
point of view of promoting farm profitability, farm economic resilience, and creating opportunities for
improving soil health by incentivizing healthy soils when solar is sited on farmland.
The exploration in this report is approached at the level of farm operations (a corn-soybean operation,
a dairy farm, and a small, intensive vegetable farm) and also from the overall point of view of possible
solar development in light of Maryland’s climate and energy goals. Two scenarios are examined – for
the year 2030 (for which the state has a specific solar target: 14.5% of electricity sales) and for 2040, for
which there is an aspirational goal of an emissions-free electricity sector. These goals for energy provide
the context but not the imperatives for the assumptions about the use of agricultural land for solar. The
scenarios are oriented to estimating the extent to which farm profits can be supported by the
development of solar while promoting dual use of that land for farming activities in ways that improve
soil health. The assumption in the analyses in this report is that solar would be on a small fraction of the
land of any farm operation; the findings are within that framework.
A wide variety of farming activities are possible on farmland with solar; many have been demonstrated
(Section IV.c.). However, the economic track record of dual use of land for farming and solar in the
United States is mainly associated with (i) grazing sheep and (ii) apiaries sited on or adjacent to solar
installations with pollinator friendly plants.

2

References and definitions are in the main body of the report except for those cases where a reference is
needed for a quote or a specific statement that is only in this summary.
3
$184 million was spent on Solar Renewable Energy Credits between 2013 and 2018, a sum that was passed on to
electricity ratepayers. PSC 2019, Table 5. In addition, the state provides rebates for solar energy; specific amounts
have varied over the years. The current rebate for residential solar photovoltaics is $1,000 per project. MEA
Incentives 2020. Expenditures on conservation easements have totaled $752 million; MALPF 2019, p. 1.
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a. Findings
1. A farm-centered approach to siting solar on farmland can result in significantly higher overall farm
profitability and economic resilience, and simultaneously open up opportunities for promotion of
healthy soils practices. The goals of increasing farm profits, making them more resilient to the
vicissitudes of climate and markets, and of encouraging widespread adoption of healthy soils
practices can be achieved simultaneously. A variety of farming activities, including by third parties,
on solar installation land can improve soil health, while increasing total farm operation profits, even
when the solar is on a small fraction of the farm. For example, well-managed rotational sheep
grazing on suitable pollinator friendly mixes meets all five soil health principles as enunciated by the
Natural Resource Conservation Service: “soil armor, minimizing soil disturbance, plant diversity,
continual live plant/root, and livestock integration.” 4
2. A variety of farming activities are possible on solar installation land. Almost all the land – on the
order of 95% -- of a solar photovoltaic installation – remains available for some type of cultivation or
farming, though, as a general matter, commodity crop cultivation (or equivalent crops) would not be
feasible. Rotational sheep grazing, cultivating pollinator-friendly plants with apiaries, vegetable
cultivation, berries, cattle grazing, mushroom production, and even saffron production (from crocus
flowers) have all been done, although, as described below, crop production is regionally specific and
influenced by climate and conditions. Only grazing sheep and apiaries with pollinator-friendly seed
mixes and, increasingly both, have been adopted at some scale as of 2020. In some cases, for
instance, when panels need to be raised for the specific crops being produced, a site-specific
optimization of solar and farming costs and revenues needs to be done.
3. Solar can reduce the pressure to convert farmland to urban and suburban development. Between
2001 and 2016, a total of 102,800 acres of farmland were lost to dense urban development or lowdensity residential development, totaling about 4% of Maryland farmland, according to the State of
the States survey by American Farmland Trust. Commodity crop gross revenues in Maryland are
under $1,000 per acre, while the retail value of solar electricity in Maryland is $25,000 to $30,000
per acre. The value of solar electricity on just 4% of farmland would be more than double the value
of all the crop production in Maryland and almost equal the value of all agricultural production,
including poultry production. When land is under intense urban/suburban development pressure
due to its location, solar on a modest fraction of that land could help keep it in agriculture. With
suitable policies, thousands of farms could benefit.
4. Solar on a small fraction of a farm operation can substantially increase overall farm profitability
and economic resilience. Reliable profits from solar on 2% to 10% of a farm operation can
significantly and reliably improve farm finances. Profits per acre depend on whether the farm
operation owns the solar or simply leases the land for solar. Lease revenues range from $500 to
$2,000 per acre, depending mainly on farm location relative to a suitable substation. Ownership
profits can be $5,000 per acre or more under Maryland’s aggregate net metering law, which allows
farmers to sell electricity at retail prices to other farmers, government institutions, schools, colleges,
and non-profits. Figures S-1, S-2, and S-3 show the three cases examined in this report: (i) a cornsoybean operation with 900 acres of corn and soybeans and 100 acres of solar compared to 1,000
4

NRCS Soil Health
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5.

6.

7.

8.

acres without solar; (ii) a dairy farm with 16 acres in solar (with grazing sheep) and 284 in dairy
compared to 300 acres in dairy only; and (iii) a one-acre solar installation on a 10-acre diversified
vegetable farm. The calculations assume commercial rates for cost of capital. Farm-owned solar
can yield even higher profits if low-interest loans were made available.
Public support for enabling farm operations to own highly profitable aggregate net-metered solar
could be used to incentivize healthy soils practices on the entire farm, notably for commodity
crops and grazing operations. Solar profits from ownership of aggregate net metered solar range
can be on the order of $5,000 per acre; they could be much more if supported by low-interest loans
to build the solar. In such cases, just 5 to 10% of a farm operation in dual-use solar can increase the
net profits of a farm operation several fold. Public support that increases farm profits could provide
the occasion for requiring healthy soils practices throughout the farm operation. The term public
support includes a variety of public policies and financial incentives that would make it simpler, most
cost effective and secure for farm operations to have solar on farmland with agricultural activities.
They include low cost financing and direct investment of tax dollars or funds from electricity
ratepayers for the public purposes served by the dual use of farmland.
Solar can make farm operations more economically resilient. Profits from commodity crop
production, which accounts for most of Maryland’s harvest cropland, are typically on the order of
$100 or $200 per acre. They are of the same order of magnitude for grazing operations. Profits
tend to be volatile, being subject to fluctuations in commodity crop prices, trade policies, climate
extremes, and disruptive events such as the COVID-19 pandemic. Economic volatility causes loss of
family farms and pressure to sell farmland for urban and suburban development. In contrast,
revenues from solar electricity are steady and involve little risk, especially if policies for farm
ownership of solar are designed to reduce the risk. When the land is leased for solar development,
it generally carries little risk. As a result, solar revenues can make farms more economically
resilient, helping them remain as sources for food, feed, and fiber production through the varying
vicissitudes of agricultural production and marketing. Increased resiliency, combined with higher
profits, also reduces pressures to sell agricultural land for urban and suburban development in
difficult times. Figure S-4 shows whole-farm profits per acre for a corn-soy rotation with 10% of the
land in solar as a function of lease revenue, which does not vary with farm-related parameters,
compared to a farm with only a corn-soy rotation.
Even a very ambitious program of ground-mounted solar in Maryland would require about 4% of
farmland. For the purposes of this evaluation, an “ambitious” program is defined in the context of a
fully renewable electricity system in Maryland, with mostly electrified transportation and buildings;
half of the electricity would be solar; half of the solar (25% of the total electricity) would be groundmounted on farmland. Since the actual construction footprint of a solar installation is a small
fraction of its area (2% or less), almost the entire farm would, with appropriate policies, still be used
for farming activities. Cumulative land for solar in a 100% renewable electricity scenario for
Maryland is shown in perspective of other land data in Figure S-5.
Joint agricultural and solar sector development can result in large benefits for both and for rural
communities more generally. The renewable electricity sector scenario, with a significant farmcentered component, would create thousands of steady jobs in rural communities in Maryland,
besides greatly strengthening the agricultural sector and making it more resilient.
8
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9. Dual use of solar installation land for farming activities could promote equity by allowing young,
limited resource farmers and farmers from Black and Indigenous communities access to land. The
cost of land is a principal barrier for new entrants into farming, including for young farmers, and
Black and Indigenous farmers who have also lost land or been deprived of it over the last century
and more. To realize this possibility a number of other factors including access to capital, would
need to be considered, as also the rights of landowners and lessees, who may want to take up the
agricultural activities on the solar land. Solar developers who build on farmland lease the land in
any case. Solar owners can reduce maintenance expenses if there are suitable farming activities on
the site, while those who do the farming can earn a living on land they do not have to own or lease.
Indeed, it is the practice, for instance, in grazing of sheep on solar land to pay the shepherds to
graze their sheep. For the solar owners, such payments are offset by reduced maintenance
expenses.

b. Recommendations
A farm-centered approach to siting solar on farmland can result in significantly higher farm operation
profitability and economic resilience, and simultaneously in opportunities for widespread promotion of
healthy soils practices. This section provides a set of recommendations for farm-centered solar
development that are oriented to accomplishing those objectives simultaneously.
1. Ensure, through policies and incentives, the dual use of farmland that has solar photovoltaics
on it in a manner that supports soil and broader ecosystem health. Farmland with solar should
be required and incentivized to have farming activities on it. Since the construction footprint of
solar photovoltaics is generally 2% or less, almost all the land can be put to dual use – solar plus
agricultural activities like grazing sheep, growing mushrooms, growing a limited variety of shade
crops, and a range of crops including vegetables. Given that dual use solar provides significant
economic and ecological benefits to the community, a requirement for such use on as much of
the land as technically feasible should be accompanied by an investment tax credit for expenses
needed to accomplish dual use, such as watering facilities for sheep, restoring any top soil
removed during construction, and reseeding with appropriate seed mixes. Other incentives
could include public support for added payments needed to locate solar on land not close to a
suitable grid-connection point, low interest loans when farmers want to own aggregate netmetered solar, and long-term contracts by government agencies to purchase the solar electricity
from them. Solar installations of 2 acres or less on farmland can be exempted from the
requirement of engaging in commercial dual-use agricultural activities. Permanent cover,
including pollinator friendly plants, flowering perennials, etc., should be required to improve soil
health while leaving any commercial activity – apiaries, grazing, vegetables or flowers – up to
the farmers themselves to adopt, should it be feasible for them, or to lease it to third parties for
such activities if that is practical. There may also be circumstances where solar on more than 2
acres may be feasible but not with agricultural activities, even if the land is still classified as
agricultural. This may occur, for instance, due to salt water intrusion. An exemption may be
granted under these if the solar developer can show, as part of process of obtaining the
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necessary Certificate of Public Convenience and Necessity (CPCN), that dual use is not feasible.
Public investment to remediate the land should be considered as part of the CPCN process.
2. Develop guidelines and requirements for farming-centered solar on farmland: Solar on
farmland should be required to be dual-use, with agricultural activities on the land. At present,
there are no such requirements, though guidelines for making the installation friendly to
pollinators exist. This is insufficient to ensure agricultural activities when solar is located on
farmland or to improve the soil there when it is. Ensuring dual-use solar installations
necessitates the development of straightforward guidelines as well as a variety of options for
solar developers and farmers to adopt, as well as the institutional infrastructure to enable easy
adoption. For instance, managed grazing of sheep and an official pollinator-friendly designation
with apiaries are both being done as part of a dual-use approach to solar. In fact, they are often
being done simultaneously; this should be encouraged so as to improve food and/or fiber
production.
3. Fund the Agricultural Extension Service of the University of Maryland to provide technical
support for joining solar with farming and soil health improvement, including the
development of soil health guidelines, and to conduct research and development to widen the
scope of joining solar with regenerative agriculture. Joining solar with farming in a systematic
way is a relatively new endeavor, especially if economic and soil health objectives are to be
achieved simultaneously. Consistent funding to expand the capacity of Maryland’s Extension
programs is necessary to support these goals and to develop a large range of options for farmers
to pursue farming-centered solar development. Expansion of the capacity of Extension to
provide technical support is one of the keys to institutionalizing the agrivoltaic approach to
solar. This is because, in many situations, solutions to farming activities on the solar installation
land site-specific and/or region specific optimization of the economic and ecological benefits.
There is so far significant experience in only two areas of joining agriculture with solar
installations – solar grazing (sheep) and suitable pollinator friendly planting with apiaries. But
the scope is far wider. Raising the panels increases sunlight, increasing the scope of farming, for
instance, to include vegetables. But it also increases the cost of the solar installation. East-West
facing bifacial vertically installed panels may allow vegetable and cultivation of other specialized
crops as well as grazing cattle without significantly increasing the cost of the solar (Figures S-7
and S-8 below). Additional potential could be realized in relation to remediating land with high
phosphorous loads, with solar providing the core profits. Research, pilot projects, and economic
and ecological optimization are needed to find what combinations can best restore land while
enabling farming in the variety of situations that occur in the state’s agriculture.
4. Provide public support for farm operations to own dual-use solar on a small fraction of their
farms and sell surplus electricity based on the state’s aggregate net metering rules. Increasing
farm profits significantly with medium and small dual-use solar (2 megawatts (MW) 5 or less)
should be encouraged by
A megawatt, abbreviated MW, is a unit of power; it the unit to describe the capacity of power plants – that, is the
rate at which they generate electricity. One MW equals 1,000 kilowatts (kW). A 2 MW-ac (alternating current)
single axis solar tracking installation will generate about 4,000 megawatt-hours of electricity in most of Maryland
(in round numbers). That is enough to supply about 330 average Maryland households for one year. Solar panels
generate direct current (DC) electricity; this is converted to alternating current (AC) to make it compatible with
5
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a. Providing low interest loans for the solar system financed with tax-free bonds,
something that is already done in the energy sector for public institutions;
b. Encouraging government institutions, including departments, schools, colleges and
universities purchase solar electricity at a discount from farm-located aggregate net
metered installations;
c. Providing an option of utility billing and collection (for an appropriate fee), as is done
currently for corporations selling retail electricity in the deregulated electricity market;
this would lift the burden of billing from the farm operation – a significant obstacle to
farmer-owned aggregate net metering implementation at scale.
This public support can also be used to incentivize healthy soil practices on the entire farm
operation, not just on the dual-use solar portion.
5. Proposals for large solar plants on farmland (more than 2 MW) that adopt pre-approved
agricultural activities under the inter-agency process should have a more streamlined
approval process for getting a Certificate of Public Convenience and Necessity (CPCN). Electric
power plants larger than 2 megawatts require a permit from the Public Service Commission
called the Certificate of Public Convenience and Necessity (CPCN). Solar installations larger than
2 megawatts on farmland should only be permitted if there is a plan for dual use of the land.
The Power Plant Research Program of the Department of Natural Resources coordinates the
input of public agencies to the Public Service Commission, which issues Certificates of Public
Convenience and Necessity for power plants larger than 2 megawatts. A list of acceptable dualuse options should be developed for ease of adoption and approval of dual-use in the CPCN
process. Soil sampling every three to five years should be required of the solar owner and made
part of the CPCN to ensure that soil health indicators such as soil organic matter and aggregate
stability are improving.
6. Restrict solar on farmland to a maximum of 400 acres or 20% of a farm operation, whichever
is smaller. Limiting the solar to a small fraction of any farm operation would ensure that most
of the land on such farms could continue to be in traditional farming production; it would also
protect lessee interest in continued farming. Limiting the maximum size will also enable much
wider distribution of the benefits of solar. Landowners and lessees should be offered the right
of first refusal to carry out suitable agricultural activities on solar installation land. Exemptions
from size limitations may be granted under special circumstances, as for instance when solar
might help remediate land with high nutrient loads while maintaining farm profits and food
production. Another example would be when extra high voltage lines run through large farms
making smaller size installations economically unfeasible but with larger ones offering the
opportunity of economically stabilizing farming operations. However, there should be no
exemption from the requirements of agricultural activities and soil health improvement in such
situations.

grid-supplied electricity. Prices of solar construction are usually cited in dollars per watt-dc; regulations regarding
capacity, for instance about net metering, are generally set in terms of AC capacity. We follow this convention in
this report. We have used a factor of 1.2 to relate the two: 1.2 watts-dc = 1 watt-ac. The terms “DC” and “AC” are
capitalized when used by themselves and in lower case when used in conjunction with watt (W), kilowatt (kW), or
megawatt (MW).
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7. Require an escrow fund for complete decommissioning or similar third party bond or guaranty
to ensure decommissioning: Decommissioning solar on farmland after the end of generation
(including any contract extensions) should be ensured so as to restore the land to a condition
that allows unrestricted farming. This can take the form of an escrow fund or bond guaranties
to the County where the solar is located to preclude abandonment without decommissioning at
the end of the lease period (including any lease extensions). Decommissioning should include
removal of all structures, footings, platforms, and foundations and restoration of those areas to
a state where any type of farming previously possible could again be done.
8. Invest in and incentivize infrastructural support to fully realize synergies between solar energy
and farming: Development of infrastructure, such as small local processing plants for sheep,
storage, and farm to table marketing support, will be needed to fully realize the potential for
solar energy and farming synergies to develop the rural areas of the state. Such infrastructure is
also needed to improve food system resilience and shorten supply chains – both indicated by
disruptions induced by the COVID-19 pandemic.
9. Explore a variety of sources of revenue to support farm-centered solar development: A
number of sources of revenue could be used to support farm-centered solar, even considering
the more strained fiscal circumstances created by the COVID-19 pandemic. A key basis for
public investment is that the public at large would derive ecological benefits from dual-use solar,
including achieving the objectives of preserving farmland for agricultural activities, increased
farm economic resilience, and better soil health. The potential sources include putting added
expenses of grid-connection into electricity rate base of utilities, increased general revenues
from income or wealth taxes, a small gasoline tax – one cent a gallon would raise about $30
million a year.
10. Establish a joint Agrivoltaics Committee of the Mitigation Working Group of the Maryland
Commission on Climate Change and the Soil Health Advisory Committee to develop broad
proposals for agrivoltaic development in Maryland. The Mitigation Working Group of the
Maryland Commission on Climate Change considers ways to reduce greenhouse gas emissions
and to sequester carbon. The Soil Health Advisory Committee, staffed by the Maryland
Department of Agriculture (MDA) considers issues related to improving soil health. MDA also
has representatives on the Mitigation Working Group of the Climate Commission. A joint
Agrivoltaics Committee of the Mitigation Working Group and the Soil Health Advisory
Committee should be established to examine agrivoltaic development in the state and the
policies and incentives needed to accomplish both renewable energy and healthy soils
objectives. The charter of the Agrivoltaics Committee should include development of proposals
that would provide increased land access to young farmers and Black and Indigenous farmers
well as farmers from other under-represented communities.
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Profit $/acre per year

Corn-soybean rotation, annual average profit per
acre, 1000-acre farm with 100 acres solar, 900
acres crops or 1,000 acres crops only
$200
$150
$100
$50
$0

With solar

No solar

Favorable grain prices

Adverse grain prices

Figure S-1: A three-fold increase in farm profitability is indicated when 10% of a commodity crop farm is
leased for solar and the rest maintained in commodity crops.

Profit. $/acre per yaer

Annual average dairy farm profit, present value $/acre
with solar (16 acres, 5.3% of land) and without solar
$500
$450
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$200
$150
$100
$50
$0

annual
average first
15 years

BGE/Delmarva

Pepco

annual
average over
25 years

Potomac Edison

Milk (284 acres) + solar (16 acres)

Milk only (300
acres)

Figure S-2: A dairy farm with 300 acres of pasture, with and without 2 megawatts of aggregate netmetered solar owned by the farm operation. Annual average profitability for two time periods: over the
15-year loan term (blue) and 25-year solar farm life (orange).
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Revenues, costs, and profits on one acre of solar on a small
farm
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Figure S-3: Costs, revenues and net profits on one-acre of aggregate net-metered solar, 10% of a 10-acre
farm. Revenues assume 2% inflation.

Lease rate impact on whole-farm profit, $/acreyear with 10% of the farm in solar
$300
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$1,000/acre lease
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No Solar

Figure S-4: Impact of solar lease rates on whole farm profit per acre, 10% of farm operation in solar and
the rest in a commodity corn-soy rotation
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FARMLAND

CROPLAND

AMBITIOUS
SOLAR,
CUMULATIVE

102,800

1,600

80,000

1,426,671

1,990,122

SOLAR LAND AREA IN PERSPECTIVE.
ACRES

CONSTRUCTION LOST TO URBAN
FOOTPRINT, MAX AND EXURBAN
DEV. 2001-2016

Figure S-5: Total Maryland agricultural land (including woodland and pasture land) and cropland in 2017,
cumulative land for solar by the year 2040 for an ambitious renewable energy scenario, the cumulative
construction footprint of the solar installations, and land lost to urban and exurban development
between 2001 and 2016

Figure S-6: The construction footprint of solar is a very small fraction of the solar installation – 0.2% to
2%. Sheep can graze almost everywhere else, including under the panels.
Photo courtesy of The American Solar Grazing Association, with permission
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Figure S-7: Lush vegetation on a solar grazing farm
Photo courtesy of The American Solar Grazing Association, with permission

Figure S-8: Bifacial vertically-installed solar panels: Solar Farm, Donaueschingen, Germany
Photo credit: Next2Sun GmBH, Germany, with permission
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Figure S-9: Cattle grazing near vertical bifacial solar panels: Solar Farm Foran I (Ireland)
Photo credit: Next2Sun GmBH, Germany, with permission
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I.

Introduction

This report explores whether farmland use for food and fiber production, solar energy, and farmer
prosperity could be joined to the benefit of all three. It also discusses policies that would be needed in
both the agricultural and energy sectors to create such a framework. The analysis in this report is
Maryland-focused; however, the general approach to solar on farmland is broadly applicable to farming
communities across the United States.
This report examines the potential for solar photovoltaics to generate electricity on agricultural land
while contributing to the following goals (it being understood that it has to be profitable from the solar
point of view as well):
●

It should be economically beneficial to farmers, and should protect the farming interests of
farmers who lease land;

●

It should maintain land in agriculture;

●

It should be ecologically beneficial to the farmland and the ecosystem of which it is a part, in
addition to the benefit of reducing greenhouse gas emissions in the electricity sector; in other
words, it should contribute to the preservation and enhancement of soil and ecosystem health. 6

●

It should benefit rural communities economically.

In order to clarify the potential magnitude of the land-use issue, we examine these constraints in a
scenario where solar energy would be a major contributor, about 50%, to Maryland’s electricity supply
by about the year 2040. We also look at a shorter time horizon, the year 2030 and the goal for solar
energy that is already in Maryland law – 14.5% of electricity sales. 7
Solar is the most plentiful energy resource in Maryland; the generation potential is far greater than any
potential future requirements. At present, essentially all the fuels used in Maryland, both for electricity
production and direct use in transportation, industry, and buildings, are imported from outside the
state. Petroleum-fueled transportation and use of fossil fuels for space and water heating in buildings
would have to be converted mainly to electricity supplied by renewable sources in order to achieve a
low-emissions energy sector. 8 Utility-scale solar and onshore wind are the most economical of new
electricity sources, according to the most recent evaluation by Lazard, 9 a Wall Street firm. The focus on
solar derives in part from that economic competitiveness.

a. Electricity system context
Our purpose here is to explore the conditions under which solar energy, farmer and rural community
prosperity, and ecological improvement, including healthy soils on farms, can be made compatible. The
According to the National Resource Conservation Service, “Soil health, also referred to as soil quality, is defined
as the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and humans.
This definition speaks to the importance of managing soils so they are sustainable for future generations. To do
this, we need to remember that soil contains living organisms that when provided the basic necessities of life food, shelter, and water - perform functions required to produce food and fiber.” The NRCS also defines the
foundation of soil health according to five principles: “soil armor, minimizing soil disturbance, plant diversity,
continual live plant/root, and livestock integration.” NRCS Soil Health, viewed on May 6, 2020.
7
Maryland Clean Energy 2019
8
A detailed analysis of a transition to a renewable energy system in Maryland can be found in Makhijani 2016,
which also includes data on the state’s wind and solar energy potential.
9
Lazard 2020.
6
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relevant issues are examined in the context of a Maryland energy system in which renewable electricity
will play a much larger role, for instance due to the electrification of transportation and of space and
water heating in buildings.
Hour-by-hour modeling of a Maryland electricity sector consisting primarily of solar and wind energy
indicates that seasonal balance – approximately equal generation over the summer and the winter –
optimizes the amount of load that these variable resources can directly supply, reducing the need for
storage. 10 Total electricity requirements would depend on the vigor with which efficiency is
implemented and the extent of electrification of transportation and of building space and water
heating. 11 A future requirement of renewable electricity of 80 million megawatt-hours of electricity per
year (compared to about 60 million currently) is a reasonable number for purposes of evaluating
possible land use scenarios. Technical considerations indicate that half of this, or 40 million MWh,
should come from solar energy if significant seasonal imbalances in variable energy supply are to be
avoided.
Solar electricity can be generated using panels installed on rooftops of residential and commercial
buildings as well as on ground-mounted installations. The latter can be in urban areas as well as rural
areas, in which case they may also be on agricultural land depending on policy, economic, ecological,
zoning, and other considerations. According to National Renewable Energy Laboratory estimates, the
technical potential for rooftop solar in Maryland (all technically suitable buildings) is about 30 million
MWh. 12 The technical potential for urban utility-scale solar at the same panel efficiency is estimated at
43 million MWh; 13 these would be medium- and large-scale ground-mounted installations. However,
only a fraction of the technical potential can be economically realized due to a variety of limitations,
including cost. As a result, while the combined rooftop and urban utility-scale technical potential is high,
about 70 million MWh, the economic potential can be expected to be much lower. For instance, the
National Renewable Energy Laboratory estimated in 2016 that the economic potential of residential
distributed solar was only about 18.4% of the technical potential. 14 Thus, despite the high technical
potential, ground-mounted solar in rural areas is still likely to be required for a fully renewable
electricity sector in which solar energy plays a major role. Even so, there should be good arguments for
doing ground-mounted solar on agricultural land in addition to energy-sector considerations. Those
arguments can be summarized as follows:
⮚ Larger-scale solar installations have economies of scale relative to rooftop and medium-scale
(up to a few megawatts) solar that would mean lower cost renewable energy for Marylanders;
10

Makhijani 2016.
Maryland has pursued increased electricity sector efficiency via its EmPOWER program. “The new EmPOWER
Maryland is a state-level initiative aimed at reducing Maryland’s electricity usage 25 percent by 2020” relative to a
2007. MEA 2020. The program provides incentives for better insulating homes and purchasing more efficient
water heaters and other appliances. For more details on long-term efficiency potential see also Makhijani 2016.
12
NREL 2016 estimate (Table 6, p. 35) adjusted for 20% panel efficiency.
13
NREL 2012 estimate adjusted for 20% panel efficiency.
14
Calculated from NREL Economic Potential 2016, Table 8, p. 46, “Primary Case 2” or “Primary Case 3”. The
relationship between technical potential and economic potential is not fixed; it depends on a variety of cost
factors, including costs of the renewable energy source and alternative supply sources.
11

19

(55)

⮚ The capacity of distribution feeders is limited; high saturations of solar capacity on distribution
feeders would require major new investments, making electricity more expensive for everyone;
⮚ A mix of scales is desirable: small- and medium-scale installations are essential for creating a
renewable electricity system that is also resilient; large-scale installations are important to
reduce costs and hence provide affordable electricity to households, businesses and industries
that is also renewable;

⮚ Installations distributed in urban and rural areas that meet local electricity requirements can
reduce transmission and distribution losses, other things being equal;
⮚ Land for solar in urban areas would tend to be more expensive than land rural areas.

These are important considerations, especially since economical and reliable electricity supply is critical
to the functioning of any modern economy. Despite that, there is also a good argument that there is a
significant social (and potentially economic) cost to using food- and fiber-producing land exclusively for
solar. That is the central reason that this report addresses solar energy on agricultural land with the
additional goals set forth in the introduction: farmer prosperity, ecological benefits, and enhancement
of soil health. Climate benefits from lower CO2 emissions and lower energy costs would be a result of
achieving these goals. Obviously, in order for solar to be built on farmland (or any other location), it has
to work economically for the solar developer/owner as well.

b. Agricultural land context
It is essential to put ground-mounted solar that might be put on farmland in the overall context of the
farmland in the state. Protection of prime farmland 15 has been considered critical objective; therefore,
the area of prime farmland in each of Maryland’s regions is also estimated as a matter of interest.
However, since soil health can be improved on all farmland and farms on prime farmland also need
better profitability and economic resilience, this report explores approaches that would accomplish these
objectives whenever solar is sited on any farmland, including prime farmland. No broad prohibition of
solar on prime farmland is envisioned here provided dual-use is required.
In 2017, there were 12,429 operating farms in Maryland, with a total area of 1,990,122 acres, making
average farm size about 160 acres. 16 Of the 1.426 million acres of cropland, about 1.29 million acres
were harvested. There were also 317,000 acres of woodland, less than 10% of which was grazed; there
were about 133,000 acres in permanent pasture.

The Natural Resources Conservation Service (NRCS) defines the term “prime farmland” as follows: “Land that has
the best combination of physical and chemical characteristics for producing food, feed, forage, fiber, and oilseed
crops and is also available for these uses. It has the soil quality, growing season, and moisture supply needed to
produce economically sustained high yields of crops when treated and managed according to acceptable farming
methods, including water management. In general, prime farmlands have an adequate and dependable water
supply from precipitation or irrigation, a favorable temperature and growing season, acceptable acidity or
alkalinity, acceptable salt and sodium content, and few or no rocks. They are permeable to water and air. Prime
farmlands are not excessively erodible or saturated with water for a long period of time, and they either do not
flood frequently or are protected from flooding.” NRCS Prime Farmland, viewed on 2020-07-03.
16
Census of Agriculture – Maryland 2017. Agriculture-related data are from this source unless otherwise specified.
15
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The breakdown of agricultural land is shown in Table I-1.
Table I-1: Summary of agricultural land use in Maryland, 2017
Crop

Acres (rounded)

Cropland, harvested
acres
Cropland used for
pasture
Cropland – idle, used
for cover crops, etc.
Subtotal cropland

1,290,212

5.9%

1,426,671

Permanent pasture and
grazing

133,321

Farmsteads, buildings,
livestock facilities

113,483

Over half the acreage is on the Eastern Shore

1.0%

116,744

316,647

Comments

64.8%

19,715

Woodland

Total

Percent

71.7%
15.9% Including 25,340 acres used for pasture
About half the acreage is in North Central and
6.7% Western Maryland

5.7%

1,990,122

100%

Source: Census of Agriculture for Maryland 2017

Almost half of the agricultural land in Maryland is on the Eastern Shore, which has less than 10% of the
state’s population. More than half the harvested cropland is also in this region, which also hosts a
substantial majority of row-crops, mainly corn and soybeans, grown in the state. 17 The Eastern Shore of
Maryland is also the center of Maryland’s large poultry industry, which accounts for almost half of the
value of agricultural products produced in the state. 18

c. Farmland data detail
According to the Farmland Information Center, there were 801,600 acres of “prime agricultural land” in
Maryland in 2007, down from 827,500 acres in 2002 – a decline of 25,900 acres in five years. The NRCS
Natural Resource Inventory states that Maryland’s prime farmland is concentrated on the Upper Eastern
Shore (Talbot, Caroline, Queen Anne’s Kent, and Cecil counties) and the North Central Maryland
counties of Carroll, Frederick, and Washington. 19 Overall, somewhere between 42 and 47 percent of
17

Maryland Agriculture Summary 2016, pp. 7, 20

18

Census of Agriculture, Maryland 2017, Table 2
Farmland Information Center 2020. The overall amount of farmland in Maryland is estimated at about 5% less
than the Maryland Census of Agriculture. The Farmland Information Center data on prime farmland are not
consistent with NRCS estimates for 1997 (we do not have both sets for a later year). The former estimate for 1997
19
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farmland statewide appears to be in the prime farmland category, with larger fractions in the abovementioned counties in the Upper Eastern Shore and North Central regions of Maryland.
Maryland has had a program since 1977 to protect prime farmland from development to ensure food
production capacity. A state agency, the Maryland Agricultural Land Preservation Foundation, acquires
easements to ensure this protection. By 2019 such protection covered 318,215 acres across the state. In
2019, the Foundation acquired easements for 5,430 acres. 20
In considering ground-mounted solar deployment, it is essential to have a regional breakdown since the
different types of agricultural land are unevenly distributed across the state. Table I-2 shows region by
region estimates of farmland, prime farmland, conservation reserve – and the balance of non-prime
agricultural land. We have disaggregated the estimates into the following regions:
1.
2.
3.
4.
5.
6.

The Upper Eastern Shore: Caroline, Cecil, Kent, Queen Anne’s Talbot counties;
The Lower Eastern Shore: Dorchester, Somerset, Wicomico, and Worcester counties;
North Central Maryland: Carroll, Frederick, Montgomery, and Washington counties;
Western Maryland: Allegany and Garrett counties;
Southern Maryland: Calvert, Charles, Prince George’s, and St. Mary’s counties;
Central Maryland: Anne Arundel, Baltimore, Harford, and Howard counties.

Prime farmland is shown because discussion of solar siting is sometimes oriented to preventing solar
installations on such land. The orientation of this report is that dual-use should be required, along with
soil health improvement, whenever solar is located on any farmland, whether it is prime farmland or
not. Further, the economic orientation is toward improving farm profitability and economic resilience.
In this context, a general exclusion for any category of farmland, becomes moot. It is nonetheless of
some interest to calculate the fraction of farmland that would be needed even for ambitious solar
development.

d. Loss of agricultural land to development
Maryland, like other states, has continued to lose farmland to other uses, notably to urban, suburban
and exurban development. According to detailed data compiled in a “State of the States” report, the
American Farmland Trust has estimated that, between 2001 and 2016, Maryland lost 30,200 acres of
farmland to “urban and highly developed land use”; another 72,600 acres of farmland were “converted
to low-density residential use.” This amounts of a total of 102,800 acres of farmland lost to urban,
suburban, and ex-urban development in just 15 years. 21

was 868,000 acres of prime farmland, while the NRCS Natural Resources Inventory estimate for the same year was
1,133,400 acres. NRCS-NRI 1997. However, the Farmland information Center also has a broader category than
“prime farmland” called “Nationally Significant agricultural land.” The 2001 estimate for this category was
1,224,700 acres, which is closer to the NRCS-NRI estimate for 1997.
20
MALPF 2019, Tables 6 and 7
21
Farm Information Center 2020.
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Table I-2: Breakdown of agricultural land for the year 2017 in Maryland with estimates for prime and
non-prime farmland area by region
Upper Eastern
Shore

Lower
Eastern Shore

North Central
MD

Western
MD

Southern
MD

Central
MD

Total

Total cropland
Pastured cropland, idle, cover crops,
etc.

489,657

272,111

381,036

55,905

93,354

134,608

1,426,671

30,894

25,267

39,418

10,596

13,148

14,134

133,457

Harvested cropland

458,763

246,844

341,618

45,309

80,206

120,474

1,293,214

Woodland

64,711

77,266

55,548

44,933

45,009

29,180

316,647

Permanent Pasture

13,866

4,240

57,206

19,617

11,653

26,739

133,321

Farmstead land

24,496

25,787

26,349

5,184

12,359

19,308

113,483

Total farmland

592,730

379,404

520,139

125,639

162,375

209,835

1,990,122

Source: 2017 Agricultural Census of Maryland, Table 8. NRCS/NRI data and Farmland Information Center (footnote 17 above).
Note 1: Statewide, NRCS-NRI provides prime farmland percentage estimates of the total prime land in various areas, excluding urban, federal, and water areas of the
state. But these include forested and non-farmland areas not directly translatable farmland area. However, their relative magnitudes in the various regions and overall
can be used: statewide, 23%; Upper Eastern Shore 28% (~57% of farmland); the three North Central counties: 31% (~63% of farmland); Southern Maryland 18% (~37% of
farmland); and Western Maryland 2% (~4% of farmland). Approximate values were inferred for the Lower Eastern Shore (~50% of farmland) and Central Maryland
(~15% of farmland) as residual values. NRCS-NRI 1997
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II.

Land requirements for solar photovoltaics
a. Land per unit of solar capacity

The amount of land required per megawatt of ground-mounted solar capacity will vary by topography,
the amount of land required for buffers, and other considerations. For the purposes of assessing the
scenarios in this report are based on 8 acres of land per megawatt AC (MW-ac) of solar capacity for a
single-axis tracking system.22 One MW-ac would generate between about 2,000 and 2,100 MWh of
electricity per year, depending on where in Maryland the installation is built. 23 This means that a single
acre of solar would generate 250 to about 260 MWh of electricity per year. 24
The construction footprint – concrete or steel in the ground, concrete pads, etc. -- is much smaller; it
varies from a fraction of one percent to 2% at the higher end. 25 The vast majority of the rest of the solar
installation land can be used for a variety of agricultural purposes, except row crops, depending on the
design of the installation and other factors (see Chapter IV).
This small construction footprint relative to the overall land requirement for the solar installation is
illustrated in Figure II-1, which shows a typical ground-mounted solar grazing installation; sheep can
even graze or rest under the panels. An association has been formed to promote joining solar
photovoltaics with grazing farm animals: The American Solar Grazing Association.

The area could range from 6 to 9 acres per MW-ac. This range is based on a review of ground-mounted solar
installations from 125.5 kW to 20 MW in the Maryland, Delaware, Virginia region. SEIA Solar Map 2020. See also
NREL 2013 for solar area requirements. The Interim report of Governor Hogan’s Task Force on Renewable Energy
Development and Siting used 8 acres per MW-ac. Hogan Task Force 2019, pdf p. 138. We assume single-axis
tracking systems. This is normal spacing that could accommodate pollinator-friendly plants and grazing sheep.
Other kinds of agriculture may require greater spacing. Cultivation of vegetables, berries, etc. would generally
require site specific and crop specific optimization of the solar and agricultural aspects. It should also be noted
that increasing solar panel efficiency will decrease land requirements per unit of electricity generation, all other
things being equal.
23
We have used the PVWatts Calculator tool of the National Renewable Energy Laboratory to estimate solar
generation. Available online at https://pvwatts.nrel.gov/pvwatts.php
24
Generation per acre will grow with increasing panel efficiency. We have not taken this reduction of land area
requirements into account.
25
Estimated from photographs of ground-mounted solar installations, including those shown in the present report
and from Greentumble 2018. The size of the construction footprint in for a specific installation depends on soil
type, solar installation design, slope of the land, and whether the solar system tracks the sun or not. Tracking
systems can be single-axis or double-axis tracking. This report assume single-axis tracking solar systems for
generation and land-use estimates.
22
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Figure II-1: A Ground mounted solar installation, showing small construction footprint; the panels also
provide shade. Source: The American Solar Grazing Association; with permission.
For the land to be restored to unrestricted use after its solar generation use has ended, provision must
be made for removing all the equipment as well as the footings. In order to ensure this, a
decommissioning fund is essential. Annual payments into such a fund of about 1% of the value of the
electricity produced over a typical 25-year life of a solar farm would be sufficient. 26 Such payments are
assumed in the calculations in the report so as not to overestimate the economic benefits of solar to
farmers. Other decommissioning guaranties are also possible (see Section III.e ).
Another agricultural use is shown in Figure II-2, where the panels are raised (relative to a solar grazing
with sheep) to allow partial sunshine beneath for cultivation of vegetables on a Massachusetts solar
installation. This illustrates that a solar installation can be planted with a variety of crops; however,
when more sunshine is needed, panels must be raised. This necessitates a cost optimization procedure
to determine the balance between agricultural production and solar installation cost. Figure II-2 shows
a post-driven solar structure, which is different from that shown in Figure II-1. The post type of
structure could be used to graze cows on a solar installation land, provided the panels are suitably
arranged. Options include (i) raising the panels, which increases cost; (ii) protecting the parts under the
panels from cattle ingress with an electric fence; (iii) installing bifacial fixed vertical solar panels that are
oriented east-west, with spacing sufficient to allow grazing and agricultural machinery. 27

26

NYSERDA 2019, p. 155 (pdf p. 157), Table 1 provides an estimate for a 2 megawatt system. In the calculations in
this report, about 25% ($20,000) has been added to this cost to account for engineering, not included in the
NYSERDA table, and for unforeseen expenses.
27
This approach has been developed by a German company Next2Sun. Next2Sun Concept 2020
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Figure II-2: Raised solar PV at the University of Massachusetts to allow for cultivation under the panels,
showing post-driven, panel-mounting structure.
Photo credit: Dr. Emily Cole, personal photo archive, with permission.
Figure II-3 shows rotational grazing being done on a solar installation with the usual solar arrangement:
south-facing panels. In this arrangement generation (on a sunny day) increases steadily after sunrise,
peaks in the middle of the day, and declines thereafter. In the last few years, a new option for
agriculture with solar has been developed in Germany that appears to be more suitable for a wider array
of agricultural activities without significant increase in solar installation costs. The technology involves
the use of bifacial solar panels, which generate electricity on both faces of the panel. They are installed
vertically, in a fixed array facing east-west, so that the highest generation is in the late morning and late
afternoon hours with a dip in the middle of the day (Figure II-4). There are several installations in
Europe but none in the United States as of the date of preparation of this report.
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Figure II-3: Solar sheep farm with rotational grazing
Photo credit: The American Solar Grazing Association, with permission.

Figure II-4: Vertical, East-West solar panel configuration
Photo Credit: Next2Sun, GmBH, with permission
The design shown in Figure II-4 is likely to be amenable to a wider range of agriculture than the usual
south-facing panels, because the panels do not have to be raised, and raising panels increases solar cost.
27
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A vertical panel configuration allows direct sunshine between the rows in the middle part of the day –
that is, essentially on the whole solar installation. Its viability, relative to a south-facing system will
depend, of course, on relative cost. The costs for a 2-megawatt vertical array, quoted to this author by
the company, Next2Sun, were about $0.73 per watt-dc, plus the cost of leasing the land. The vertical
arrangement typically takes 25% more land than a south-facing array to enable the rows to be spaced so
as not to shade one another. 28 Translating these numbers into a U.S. context is complex since there are
no Next2Sun projects in the United States as yet (January 2021). U.S. costs tend to be higher than
German ones; the generation per watt using the vertical configuration will be lower than the single axis
tracking systems evaluated in this report. However, winter generation would increase in environments
with snow cover during much of the winter, due to the reflection of sunlight onto the bifacial panels and
the fact that snow would not accumulate on them; this attribute would also reduce maintenance costs.
But the vertical panel approach would reduce the capital cost of solar compared to raising panels
significantly to allow for a broad array or horticultural activities and therefore may be more promising
under some circumstances. 29 In sum, while the vertical panel approach appears promising for
expanding agrivoltaic options, demonstration projects to evaluate it, including cattle grazing and
horticulture, are needed under U.S. conditions.

b. Solar scenarios
Maryland has a solar renewable portfolio requirement for the year 2030 amounting to 14.5% of
electricity sales. Electricity declined from 2005 to 2012 butt have been steady since then (allowing for
weather-related variations) due to increasing efficiency encouraged by Maryland programs and as part
of a general national trend. However, with intensive transportation electrification, which is being
encouraged by the state, electricity sales are likely to rise even with existing uses becoming more
efficient. 30 The details are not important for the purposes of examining land use in broad brush strokes
to provide an idea of the scale of land-use that might be involved. Two scenarios for the growth of solar
energy in Maryland are used to examine the impacts on solar land needs in the state.
The two scenarios are as follows: 31
●

The 2030 Renewable Portfolio Standard Scenario: The 2019 Clean Energy Jobs Act requires that
14.5% of Maryland electricity sales in the year 2030 come from solar energy. Recent data
indicate that this translates into about 9 million megawatt-hours (MWh) of electricity per year. 32
We use 10 million MWh/year of solar to account for growth in electric transportation, combined
with pursuit of existing efficiency policies. We assume half of the solar generation in 2030, or 5
million MWh/year, would be on farmland, while the rest would on rooftops, brownfields, etc. as

Cost discussion based on personal email communication, Meyer 2020. Exchange rate used: $1.20 = 1 euro.
NREL Dual-Use Cost 2020, Chapter V. This report evaluates capital cost of ground-mounted solar by themselves
and in agrivoltaic mode, but not the overall economics of agrivoltaic operations.
30
Makhijani 2016.
31
The values for solar generation are meant to be illustrative of the amounts to be expected, given the state’s
electricity sector and overall climate goals, rather than precise scenarios. The aim is to provide order of magnitude
estimates of land required if half the solar were ground-mounted on agricultural land. A detailed roadmap for a
renewable electricity system in Maryland by 2050 is discussed in Makhijani 2016. Events since then have indicated
a need for a faster transition to a renewable electricity system.
32
Retail sales in Maryland in 2018 were 62.1 million MWh. Maryland State Electricity Profile 2018, Table 8.
28
29
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●

an example of balanced solar development.
The Statewide Solar Scenario: This assumes a fully renewable electricity system in the state, by
about 2040, with electrification of most transportation and building heating. 33 Half the
electricity would come from solar and half of that would be ground-mounted solar on farmland;
this is an illustrative fraction that provides an indication of how widespread economic benefits
to farmers might be.. In this case farmland generation would amount to one-fourth of overall
electricity requirements – about 20 million MWh per year.

Table II-1 shows the land requirements for the two scenarios in acres and as a fraction of total farmland
and also of non-prime farmland. It also includes estimates of the construction footprint in both cases.
Construction footprints vary considerably, depending on the nature of the terrain, the soil, and the
design of the solar installation, from a fraction of 1% to about 2%. We have used 2%. to be
conservative.
Table II-1: Cumulative solar installation area and construction footprint, for the years 2030 and about 2040
Fraction Fraction
Construction
of ag
of nonfootprint of
MWh/y solar Area,
Construction
land
prime ag
solar, acres,
acres
footprint %
% ground- ground
% solar

2030 RPS
100%
renewable,
around
2040

mounted

mounted

(Note 3)

land

(Note 4)

of farmland

14.50%

50%

5,000,000

20,000
(Note 1)

1.0%

2.0%

400

0.02%

50%

50%

20,000,000

80,000
Note 2)

4.0%

8.0%

1,600

0.08%

Note 1: 2030 generation assumed to be 70,000 MWh with partially electrified transportation and continued efficiency programs
Note 2: 2040 generation assumed to 80,000 MWh of renewable electricity, with mainly electrified transportation and continued
efficiency programs
Note 3: 8 acres per MW-ac and 2,050 MWh/year-MW-ac generation (first year). Total acreage is rounded.
Note 4: The construction footprint of ground mounted solar can vary from a fraction of 1% to about 2%. We have used 2% to
be conservative.

It is clear that even for extensive solar development scenarios only a small fraction of the agricultural
land is required. That holds even if solar is restricted to non-prime, non-conservation land (which we do
not recommend since soil health can be improved on all farmland) – about 1% of farmland or 2% of
non-prime land if half the 2030 renewable portfolio standard’s solar requirement is met with farmland
ground-mounted solar. The corresponding figure for a fully renewable electricity sector where half the
electricity is solar – and half of that is ground-mounted – is about 80,000 acres, which is about 4% of
farmland; if it is all on non-prime farmland, it would be 8% of non-prime farmland in Maryland. The
construction footprint for the 2040 scenario would be about 1,600 acres at most. Note that the two
scenarios do not have the same pace of solar development. A fully renewable electricity system with
electrified transportation and buildings would require about double the rate of solar that is in the
Overall electricity use is assumed to be about 80 million MWh in about 2040 with mainly electrified
transportation and continued efficiency programs plus partial electrification of buildings. Renewable peaking is
included; renewable fuels for displacement of fossil fuels in industry are not included. Based on Makhijani 2016,
Figure VIII-18, less 13 million MWh for hydrogen production for uses other than peaking generation. One-fourth of
this would be from ground-mounted solar on farmland, requiring just under 10,000 MW-ac. This would require, in
round numbers, about 80,000 acres of land. Hydrogen use for other purposes than peaking is not included.
33
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current Renewable Portfolio standard for the year 2030. For comparison, more than 100,000 acres of
farmland were lost to urban and exurban development between 2001 and 2016 (Section I.d. above).
It is important to restate in this context that it is not the aim of this analysis to advocate for any
particular amount of such construction; rather the two scenarios chosen are practical and compatible
with a renewable electricity sector in Maryland. The policies needed to achieve these goals are
discussed in Chapter V. The actual fraction of solar on farmland will depend on a great many factors,
including these policies, and the extent to which farmers see their interest as overlapping with healthy
soils practices along this particular path, relative to others.
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III.

Solar energy and farm profitability

We consider three different projects of different scales that have different economic implications as
examples of the types of projects that could be considered:
1) A corn-soybean rotation commodity crop 1000-acre farm without solar compared to 900 acres
corn-soybeans and solar on 100 acres; 34
2) A 300-acre dairy operation with no solar compared with dairy production on 284 acres and netmetered solar on 16 acres;
3) A one-acre solar installation on a small 10-acre diversified specialty crop farm.
These examples are not meant as designs for specific projects. Rather they are realistic sketches of
projects designed to estimate the value of joining solar with agriculture. Siting and farmland protection
are discussed in Chapters IV and V.
a. Corn-soybean rotation, with and without solar
Consider a 1,000-acre unirrigated farm in a typical corn-soybean rotation. The comparison would be as
follows:
•
•

Corn-soy rotation plus solar: 100 acres (10%) of the land would be used for the solar
installation and 900 acres would be used for the corn-soy rotation.
Corn-soy rotation without solar: In this case all 1,000 acres are used for a conventional cornsoy rotation.

Costs for growing corn and soybeans were obtained from University of Maryland Extension estimated
budgets for 2020. Yields vary a great deal; the calculations in the present example use a value of 170
bushels per acre for corn and 50 bushels per acre for soybeans. The prices of commodity crops are
highly variable. The impact of solar is better understood if assessed with different crop prices. The
approach used here was to use the best two-successive-year combination of corn-soy prices and the
worst combination respectively, using annual average prices in the 2016-2019 period. 35 Yields and costs
were assumed to remain the same.
Using the annual average price is a simplifying assumption. The calculations also do not take into
account any government payments, payments for conservation practices, etc. Such payments would be
available in any case. Since a large fraction of Maryland farmland is farmed using a corn-soybean
rotation, the conclusions about the role of solar are significantly affected by these assumptions. This is
especially the case since solar-related revenues on 10% of the land are larger than typical profits from
the corn-soy rotations.
In the solar case, there would be suitable provisions for healthy soils practices on the 100 acres of the
solar installation. These could include a variety of farming activities. One possibility is a suitable seed
A part of a farm of this size may be owned, while the rest is leased; thus the land may not be continuous. This is
not material to the economic calculations so long as the 100 acres assumed for solar are on one continuous parcel.
35
The profound economic shocks caused by the COVID-19 pandemic included significant declines in corn and
soybean prices in the first half of 2020. These declines have not been taken into account; prices recovered in the
latter part of 2020.
34
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mix of pollinator-friendly plants combined with rotational grazing of sheep. Details are discussed in
Chapter IV. The lease payment to the landowner is free and clear of any obligations for maintenance,
insurance, etc. That would be done by the owner of the solar farm. 36 Thus, the only material factor for
the landowner is the lease payment, which would increase revenues, and the 100 acres less in
commodity crops, which would decrease them. The profitability of the solar installation would be the
responsibility of the developer, presumably worked out before the lease is sought.
For the landowner, the most important driver in considering solar is the lease payment per acre. If solar
is to be confined to a small fraction of a farm operation’s land, then the lease payment has to be large
enough to justify giving over control of the land to the solar operation for a long period of time –
generally 20 years or more. The nature of the terrain and the value of the land are factors in the
determination of the lease payment. But a critical driver for the feasibility of megawatt-scale solar
projects is how close the land is to a substation or transformer where the electricity generated can be
fed into the electricity grid. The size of the solar installation can also make a difference:
A 10-acre site next to a substation outside of an urban area with high land prices might be
justified in asking $2,000 per acre. Even in rural areas of North Carolina or California where
demand for small solar sites is high, rent over $1,000/acre would be common by a substation
with capacity. Larger tracts over 100 acres for major power plant projects commonly rent at $300
to $500 an acre across Texas and normally around the $500/acre range across most of the
Southeast. Large tracts can fetch upwards of $800/acre in Illinois, Virginia and the Carolinas
depending on numerous factors. High priced, large tracts in California’s Central Valley often go
for $1,000 per acre. 37

The reference calculation uses $1,000 per acre for a lease rate; sensitivity calculations use a range of
$500 to $2,000. Public incentives can be provided to encourage solar on farmland that is not near a
substation, but otherwise preferable from a public policy point of view for non-solar benefits. This is
further discussed in Chapter V on policy.
The margins in commodity row crop farming are usually thin. Profits are from $100 to $200 per acre. 38
Adverse events that cause commodity prices to fall, such as during the early part of COVID-19 pandemic
crisis or extreme weather, are perilous for farmers. This lack of predictability increases pressure on
farmers and creates incentives for converting farmland to more remunerative purposes, such as
suburban and exurban development.
Table III-1 shows that with just 10% of the farm in solar (with suitable provisions and incentives for
revenue neutral agricultural practices), farm profitability can be increased about two-and-a-half times in
years of favorable grain prices and almost four times when grain prices are unfavorable. More
importantly, income from a solar lease can stabilize revenues so that there are net profits even in years
of low prices. A large part of the attractiveness for farm profitability is that solar lease revenues are
essentially risk free to the farmer; the price, of course, is that the solar fraction of the land is not
accessible to the farmer for grain cultivation for a long period. This is one important reason to limit
solar to a small fraction of any farm operation.

We also assume in this and the other examples that the costs for making the solar land suitable for agricultural
activities would also be part of the development of the solar installation.
37
Strategic Solar Group 2018
38
Calculated from the U MD Extension 2020 crop budgets for conventional, non-irrigated corn at 170 bushels per
acre at $4/bushel and soybeans at 50 bushels per acre at $10 per bushel; rounded to one significant figure.
Government payments or subsidies not included.
36
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Table III-1: Profitability of corn with and without solar leasing revenues
Year 1
corn +
solar
Yield bu/acre
Crop Revenue $/acre
Costs $/acre
Grain cultivation costs, $
Acres in grain
Acres in solar
Price $/bu
Revenue from grain
Profit from grain
Solar lease revenue, $/year
Total profit $/year
Total profit $/acre-year
Price, $/bu
Grain revenue, $/year
Grain profit, $/year
Solar lease revenue, $/year
Total profit, $/year
Total profit $/acre-year

Annual average over
two years

Year 2

corn only

soy +
solar

soy, no
solar

Corn +soy
+ solar

Corn + soy
only

170
$655
$594
$534,222

170
$655
$594
$593,580

50
$468
$347
$311,859

50
$468
$347
$346,510

$561
$470
$423,041

$561
$470
$470,045

900

1,000

900

1,000

900

1,000

100
100
Two years with favorable grain prices
$3.85
$3.85
$9.35
$589,050 $654,500 $420,750
$54,828
$60,920 $108,891
$100,000
0 $100,000
$154,828
$60,920 $208,891
$155
$61
$209
Two years with adverse grain prices
$3.70
$3.70
$8.93
$566,100 $629,000 $401,850

-

100

$9.35
$467,500
$120,990
0
$120,990
$121

$504,900
$81,860
$100,000
$181,860
$182

$561,000
$90,955
0
$90,955
$91

$8.93
$446,500

$483,975

$537,750

$31,878

$35,420

$89,991

$99,990

$60,935

$67,705

$100,000
$131,878
$132

$0
$35,420
$35

$100,000
$189,991
$190

$0
$99,990
$100

$100,000
$160,935
$161

0
$67,705
$68

Source for costs of conventional corn in Maryland: U MD Extension 2020

Table III-2 summarizes the results showing profits per acre per year with and without solar, for years
with favorable and adverse grain prices.
Table III-2: Annual average profit per acre, averaged over a corn-soy rotation with and without solar
With solar
on 10% of
% profit relative to
land
No solar
no solar
Favorable grain prices

$190

$91

209%

Adverse grain prices
% change favorable to
adverse

$161

$68

238%

-15%

-26%

Table III-2 shows that the decline in profits is less steep when solar lease revenues provide a fixed
cushion. Moreover, profits are consistently higher with only 10% of the land taken up by the solar
installation. This provides an indication that agricultural production and farm profitability can be joined
33
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with solar energy to the benefit of farmers, including by increasing a farm’s financial resilience.
The above calculations are based on a moderate value of solar lease revenue of $1,000 per acre per
year. Table III-3 shows the impact on farm profits as a function of lease revenues ranging from $500 to
$2,000 per acre per year. There is a significant increase in farm profits even at the lower end of lease
revenues.
Table III-3: Impact of lease rate on annual farm profitability in a corn-soy rotation – solar on 10% of land
compared to no-solar for a 1,000 acre farm

$500/acre lease
$1,000/acre lease
$2,000/acre lease
No Solar

Lease
Annual
Total
Total
% profit
revenue
lease
profit per profit
relative to
$/acre
revenue
year
$/acre
no solar
$500
$50,000 $131,860
$132
145%
$1,000 $100,000 $181,860
$182
200%
$2,000 $200,000 $281,860
$282
310%
$0
$0
$90,955
$91
100%

It is to be noted that the calculations assume a fixed lease revenue in current dollars. In other words,
lease revenues would not escalate with inflation. Contracts can have escalator clauses in leases; in such
cases the positive impact on profitability of solar would be greater than shown in Tables III-1 though III3.
The above calculations are based on the assumption that the farmer owns the land on which the solar is
located and therefore gets the lease revenue. It would also apply to most farmers who own some of the
farmland they cultivate and lease the rest, provided the solar is on the land they own. 39 It does not
apply to cases where a farmer leases all the land they operate. Given the financial attractiveness of
leasing land for solar installations, protecting farmland and maintaining it in agricultural production also
involves protecting lessees and enabling them to continue to farm. This is addressed in more detail in
Chapter V on policy. Suffice it to say here that the most important policy in this regard would be to
restrict the fraction of any farm operation that can be in solar to a small fraction of the total farmland
(such as 20% or less). For the purposes of this report, a “farm operation” is defined as a contiguous land
parcel with the same owner. 40
b. A dairy operation with and without solar
There is also the option of owning a solar installation rather than leasing land to a solar developer. Such
an option can be attractive if the installation is covered by Maryland’s aggregate net metering policy,
which limits the size of eligible installations to 2 megawatts or less. This involves some risks – borrowing
the funds, operating and maintaining the solar installation, and ensuring that the purchasers of
electricity pay for it. But these risks can be minimized in a variety of ways, as discussed below. This
section analyzes a 300-acre dairy operation without solar and the same operation, but with 16 acres in

Less than 800 of the more than 12,000 farms in Maryland are fully leased. The rest are wholly or partly owned
by the farmers operating the land. Census of Agriculture for Maryland 2017, Table 53.
40
Land categorized in the agricultural census that “farmsteads, homes, buildings, livestock facilities, ponds, roads,
wasteland, etc.” is not included in the term “farm operation” for purposes of this report. It is 5.7% of the farmland
in Maryland. Census of Agriculture for Maryland 2017, Table 8. Some of this land may be suitable for smaller solar
facilities as well as rooftop solar. It is excluded here since the focus is on the ways in which solar could be joined
with food and fiber production.
39
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solar, with sheep grazing on this solar land.
Under Maryland’s “Aggregate Net Metering” rule, a solar installation connected to any farm electric
meter can also have other farms, government entities (including schools and colleges), and non-profits
(including churches) for a virtual solar connection. 41 The other entities are billed as if they are
connected to solar but do not actually have an actual electrical connection to the solar installation
(often referred to as “virtual net metering” as distinct from consumption that is physically netted at one
production and consumption location only). The maximum size of the solar array allowed under the
Aggregate Net Metering rule is 2 megawatts-ac (MW-ac), the size used in this example. The following
parameters were used in the calculation for a reference case; in addition, sensitivity analyses were also
done:
●
●

●

●

●
●

Dairy operation: A dairy operation of 300 acres of grazing land was assumed. In the solar case,
16 acres, or 5.3% of the farm, was used for solar and grazing sheep and the rest for grazing.
Without solar, all 300 acres were for grazing. 42
Solar grazing: A solar grazing model was assumed; payments by the solar owner (in this case,
the dairy farmer) to the owner of the sheep were taken to be $600 per acre of the solar
installation. 43 This offsets part of the maintenance costs due to the elimination of all or nearly
all mowing and all or almost all pesticide applications, which are often made under the panels
where mowing is difficult. Investments of $30,000 to enable the grazing, including for water and
for movable fencing to enable rotational grazing, were included in solar installation costs.
Cost of solar: The capital cost of the solar was taken to be $1.40 per watt-dc. Solar costs have
been declining and are expected to continue to decline substantially. 44 Assumed cost of capital:
8.5% per year. A degradation of solar generation of 0.5% per year was taken into account. 1% of
revenues from the sales of electricity are conservatively assumed to be put in an escrow fund
for decommissioning when solar generation ends (including potential lease extension).
Federal investment tax credit: A federal investment tax credit of 22% is assumed. Under a bill
passed in December 2020, the tax credit will be 26% for projects that start construction by the
end of 2022 and 22% for projects whose construction starts by the end of 2023. The tax credit
declines to a permanent 10% after that. See Section III.d below for a sensitivity analysis relating
to solar costs and tax credit rates.
Solar renewable energy credits: It is assumed that all solar renewable energy credits would be
sold in advance (usually at the time of commissioning) so as to reduce the initial cost and capital
requirements; they are sold at a discount relative to market value.
Tax equity investors: Many farmers may not have sufficient tax liability to benefit from the
investment tax credit as well as the accelerated depreciation available to solar investors. In such

Maryland Codes; the Aggregate Net Metering clauses are at 20.20.10.07 and 20.50.10.08
Referred to below as “dairy farm” or “dairy operation.”
43
Lewis Fox, a solar grazier, gave a $400 to $600 per acre range for payment to solar graziers. The upper end of
this range reduces solar profits; it is used here as a conservative approach to comparing a dairy farm with solar and
one without it. Lewis Fox, 2020 (personal email communication).
44
SEIA 2020 and a source in the solar industry. The National Renewable Energy Laboratory publishes projections
of the cost of various electricity generation technologies every year. The most recent projections (NREL ATB 2020)
for the capital cost of a fixed-tilt commercial rooftop system for 2022 and 2030 (moderate case) are $1,610 and
$1,032 per kW-ac respectively. The corresponding values for a single-axis tracking, ground-mounted utility scale
installation are $1,210 and $832. A 2 MW-ac ground-mounted, single-axis system would be somewhere between
these two values – the medians are about $1.40 and $1.00 per watt-dc for 2022 and 2030 (rounded up to the
nearest ten cents per watt-dc). The estimated rate of the decrease in the capital cost of solar is about 5.3% per
year between 2018 and 2025.
41
42
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●

●

cases it is normal to sell the tax benefits to “tax equity investors” at a discount, which enables
those investors to make a profit. 45 A 20% discount was used. Another option would be for
farmers to own the solar jointly in order to avail themselves of the tax benefits without involving
a tax equity partner, thus keeping all the tax benefits within the community.
Revenue from electricity sales: Aggregate net metering values solar electricity at the retail rate.
The electricity is not required to be delivered physically except to at least one building or
utilization point on the farm. The rest of the delivery can be virtual – via the electricity bill.
Profitability evidently depends on the retail rate. The variation of profitability in each major
utility territory in Maryland was examined. A 20% discount relative to the retail rate was
assumed to make the solar electricity attractive to institutional buyers like schools, universities,
local governments, and other farmers; that would enable contracts in advance of commissioning
or earlier, at the planning stage, making a farm operation-owned solar system much more
practicable. The assumption is that the discount would be maintained relative to utility rates for
the life of the contract; it lifts the uncertainty from the farmer’s shoulders associated with billing
customers and collecting from them (see Chapter V).
Inflation rate: An inflation rate of 2% in electricity rates was assumed. Sensitivity calculations
were done for 0% and 4% inflation rates. An inflation rate of 2% was also used for milk prices.
The average annual inflation rate in milk prices between 1997 and 2019 was 1.57%. 46

Overall, these assumptions tend to underestimate the profit to the farm operation from owning solar.
Still, the profits are robust. Table III-4 shows the results of the analysis in detail, including average
profits over 15 years and over the full 25 years. Solar profits are lower during the period when the loan
is being paid off. The loan period assumed is 15 years. The typical life of a solar installation is 25 years;
it is often longer. As a result the average profits in the first 15 years are lower than in the next ten. It is
clear that solar on just 5.3% of the land increases average profits significantly in all cases. The amount
depends centrally on electricity rates at which the electricity is sold to third parties – that is on the utility
electricity rate and the discount relative to that rate offered to purchasers.
Table III-4: Dairy farm revenues, costs, and profits with and without solar, 5 year-averages (Note 1)

Average annual solar revenues (Note 2)
Average annual solar costs
Net annual profit from solar
Average annual profit from milk sales (Note 3)
Total annual average net profit
Annual average profit per acre
% increase in profit, solar relative to no solar

Milk (284 acres) + solar (16 acres)
Potomac
BGE/Delmarva
Pepco
Edison
$268,003
$238,400
$211,365
($188,703) ($188,703)
($188,703)
$79,299
$49,697
$22,662
$31,662
$31,662
$31,662
$110,961
$81,359
$54,324
$370
$271
$181
231%
143%
62%

Milk only
(300 acres)

Note 1: Revenues, costs, and profits averaged over 15 years; future revenue streams discounted at 5%. Inflation in electricity
and milk prices 2%. Loan for solar at 8.5% with a term of 15 years.
Note 2: Solar leases assumed to be 25 years. Profits increase substantially after loan is paid off in Year 15. Profits averaged
over 25 years would be double those shown in the BGE/Delmarva areas, 2.5 times in the Pepco area, and 3.5 times in the

N/A
N/A
N/A
$33,481
$33,481
$112
N/A

Smaller scale projects may have to be bundled together to get suitable terms from tax equity investors. The
state could provide the assistance in such bundling, for instance via the Maryland Clean Energy Center, provided its
capacity is boosted to provide such services.
46
Prices for Milk 2020. The inflation rate cited is the consumer price index for milk.
45
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Potomac Edison area. BGE and Delmarva commercial electricity rates were about the same. The lower of the two rates was
used for the revenue calculations. BGE/Delmarva: $110/MWh; Pepco: $97/MWh; Potomac Edison: $87/MWh. As noted in the
text, the net sales revenues were assumed to be 21% lower – 20% lower because of discounts offered to electricity purchasers
and 1% for administrative costs.
Note 3: Milk data from University of Maryland Extension spreadsheets for 2011 and 2014-2016 (U MD Milk 2011, U MD Milk
2014-2016). Milk price assumed $17 per cwt. Added revenues, for instance from sale of cattle = 15% of milk revenues. Milk
per cow: 21,000 lb./year, with 1.35 cows per acre. Cost per cow $4,000/year, kept constant in current dollars to account for
increases in farm operation efficiency. We assume the cost per cow to be the same in both cases, since the number of cows is
almost the same.
Source: IEER calculations.

Figure III-1 shows the annual costs, electricity revenues, and milk revenues on a 300-acre dairy farm with 16
acres in solar in the BGE or Delmarva utility territories, which together account for more than half the
customers in Maryland. Note the jump in profits after 15 years, the assumed term of the solar loan. Figure
III-1 also shows the results for the utility areas in Maryland with well over half the total customers (BGE
or Delmarva). These are also the areas with the highest commercial electricity rates, and therefore the
highest profits for a solar owner under the Aggregate Net Metering system. Profits increase greatly
when the loan for the solar installation is paid off after 15 years. Loan payments represent by far the
largest cost element of owning and operating a solar electricity system. Milk revenues would be
reduced by about 5% due to the smaller grazing area for cattle.

Costs, revenues, and profits, milk+ solar or milk only
$600,000

Net electricity
revenues

$500,000
$400,000

Total solarrelated costs

$300,000

Net profit from
solar

$/year

$200,000
$100,000
$0
($100,000)

1

3

5

7

9

11

13

15

($200,000)

17

19

21

23

25

Total profit, milk
(284 acres) +
solar
BGE/Delmarva
Total profit, milk
only (300 acres)

($300,000)
($400,000)

Year

Figure III-1: Revenues and costs in a 300-acre dairy farm with solar on 16 acres, in the BGE or Delmarva utility
territory, and without solar in current $. The loan period ends in Year 15, after which the profit increases
significantly

Figure III-2 compares the profits over time for the same dairy farm with and without solar in the four
major utility areas in Maryland; BGE and Delmarva are shown as one since their prices for commercial
electricity are close.
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Dairy farm profits, with and without solar
$600,000

$500,000

Total profit, milk
(284 acres) +
solar
BGE/Delmarva
Total profit, milk
only (300 acres)
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Figure III-2: Dairy farm profits with and without solar at three utility rates: BGE/Delmarva, Pepco. and
Potomac Edison 284 acres milk +16 acres solar or 300 acres milk. Profits with solar jump at the end of the
loan period

Other than electricity price realized, the most important parameters for solar to contribute to dairy farm
profits with positive cash flow from the first year are the capital cost of the solar and the inflation rate in
electricity prices relative to inflation in milk prices. Table III-5 shows the sensitivity calculations at 0%,
2%, and 4% inflation in realized electricity prices, while milk prices rise at 2% per year. The illustration is
for the Potomac Edison territory because that is where, under current price assumptions, solar profits
would be lowest. Even so, the profitability of solar remains robust even under the most adverse
assumption of 0% increase in electricity revenues.
Table III-5: Sensitivity of profits to electricity price inflation rate, percentages relative to no solar
Potomac Edison region
0% inflation
2% inflation
4% inflation

Annual average profit $/acre, 15 years
% increase, 15-year average
Annual average profit $/acre, 25 years
% increase in profit, 25-year average

$127

$181

$224

8%

62%

111%

$280
172%

$297
203%

$312
235%

A zero inflation rate in electricity prices means flat revenues. As is evident from Table III-5, this is the
most adverse case. If electricity sales prices rise faster than milk prices, profitability will increase more
relative to the no-solar case. It is important to recall in this context that it is assumed that the owner of
the solar (in this case the dairy farm operation) provides the purchaser with a guarantee of 20% cheaper
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electricity relative to the standard service provided by the utility in order to secure a long-term contract
for electricity sales. A long-term sales contract with an institutional customer would be bankable in the
sense that it would enable the farm owner better loan terms or even enable a loan for the substantial
amount needed for a 2-megawatt solar installation.
Table III-5 shows profits only in the Potomac Edison region. Electricity prices in the BGE, Delmarva, and
Pepco are higher; the profits in these cases would therefore be higher than for the Potomac Edison case.

c. Solar on a small farm
More than half the farms in Maryland are less than 49 acres. 47 They produce a large variety of crops –
including vegetables, fruits, and flowers. Their economics are complex and varied. Small farms (less
than fifty acres) are highly diverse in their structure and income, making it impossible in the context of
this report to give reasonable estimates of the percentage by which revenues or profits would increase.
Some small farms raising high value produce intensively may have gross revenues in the tens of
thousands of dollars per acre. At the other end, most small farms had relatively low total sales. About
6,000 such farms, about half of Maryland’s total of 12,492, had sales of less than $5,000 in 2,017. 48 As in
the previous example of a larger solar installation on a dairy farm, the assumption is that the farmer
would sell all the Solar Renewable Energy Credits as well as the tax benefits to investors so as to
minimize the capital investment required. At the smaller scale, solar would cost more per unit of
capacity than the larger 2-megawatt installation discussed for the dairy farm. As a result, the economics
are more dependent on the utility territory in which the farm is located. The best profitability, at
current rates, would be in the BGE and Delmarva areas, followed by the Pepco area. The lower rate in
the Potomac Edison area would make the project riskier or potentially uneconomical at the $1.60 per
watt-dc price assumed. At $1.40 per watt-dc, the economics would be comparable to the situation in
the Pepco area. The National Renewable Energy Laboratory’s solar cost projections estimate a decrease
of costs at roughly 5% per year; at that rate a one-acre solar installation would be economically
attractive throughout the state in a few years.
While many small farms have small sales volumes, there are also intensively cultivated small farms that
have revenues per acre that can be many times that of a commodity crop or dairy farm. The siting of
solar on such farms would need special consideration; it may not be viable in cases where solar profits
per acre are not significantly greater than those from intensive vegetable and flower cultivation.
Figure III-3 shows that even a one acre net metered installation could produce substantial profits; their
relative impact on farm economics would depend on the specifics of the small farm operation.

47
48

Census of Agriculture, Maryland 2017, Table 9, pdf, p. 28
Census of Agriculture, Maryland 2019, Table 1, pdf p. 17
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Revenues, costs, and profits on one acre of solar on a small
farm
$40,000
$30,000
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Total solar-related costs

Net profit from solar

Figure III-3: Revenues, tax benefits and solar costs for a 125 kW-ac ground-mounted, single axis tracking
solar installation on a small farm on the Eastern Shore in the Delmarva utility region. Gross capital cost
assumed to be $1.60 per watt-dc, with maintenance costs at $12 per kW-year.

d. Sensitivity analysis
The analysis of farm-operation-owned solar has used costs on the higher side to be conservative – that
is to examine profits at solar costs somewhat more than the typical current cost and without taking into
account the steady decline in costs that continues to occur. Further, the analysis used a 22% federal
Investment Tax Credit; the credit is 26% for projects that start construction before the end of 2022, 22%
if construction begins by the end of 2023, and 10% after that. This sensitivity analysis examines farmoperation-owned solar cost at which the profits would be similar to that estimated at a 22% tax credit
were that credit to decline to 10%.
•

49

Dairy operation case: For the dairy operation example (Section III.b above), the solar cost used
was $1.40/watt-dc. Were the investment tax credit 10%, the cost would have to be about
$1.25/watt-dc to yield about the same profit. The National Renewable Energy Laboratory
estimates about a 5% reduction in cost per year for the commercial ground-mounted category
of solar; 49 on this basis, the cost of a $1.40/watt-dc installation in 2020 would decline to about
$1.20/watt-dc by 2023. As a result, solar profitability can be expected to be about the same or
greater than that shown in Section III.b starting in 2024 when the tax credit declines to 10%.

NREL ATB 2020
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•

Small farm case: The same conclusion applies to the example of a one-acre solar installation on
a small diversified farm (Section III.c above). The cost used in the analysis was $1.60/watt-dc. A
decrease of price to $1.40/watt-dc would keep profits about the same. Using the estimated 5%
per year cost decrease, the cost of a $1.60/watt-dc system would decline to $1.37/watt-dc in
2022. As a result, solar profitability can be expected to be higher than that shown in Section
III.c in 2024 and later, when the tax credit declines to 10%.

This sensitivity analysis indicates that the profits for future project would be expected to be greater than
those estimated even when the tax credit declines to 10% because of declining solar costs.
Farm profits in the example of solar on a corn-soy operation in Section III.a are unaffected by changes in
the investment tax credit since the farm operation would derive its revenues by leasing the land for
solar. In this case, increases or decreases in profits would be experienced by the owner of the solar.
This may indirectly affect lease rates; however, it is unlikely to affect them negatively, given the
continued decline of solar photovoltaic costs.

e. Decommissioning 50
Farmland used for ground-mounted solar installations is generally under long-term leases – such as 25
years. A full range of options for this land at the end of the lease period requires decommissioning –
and therefore a financial assurance of sufficient funds for that purpose at the end of the lease period.
One way to ensure sufficient decommissioning funds is to maintain an escrow account and build up the
required sum by contributing to it each year until the end of solar generation period, which would
correspond to the end of the lease, unless it is renewed. The cost of contributing to such an escrow
fund – 1% of gross electricity revenues 51 – was included in the analyses above. To enable the full range
of farming, decommissioning must include removal of the footings for the panel structures as well as
concrete pads and other similar structures. Reseeding of the area is included in the decommissioning.
Lease renewal or technology improvements may result in a decommissioning fund larger than is needed.
The solar owner should be able to adjust payments into the escrow fund based on such considerations,
as determined by, say, a county council or other (third) party responsible for ensuring decommissioning.
Other approaches to ensuring decommissioning are possible. All involve a financial guarantee by the
solar installation owner to a third party, notably to the government of the county in which the solar is
located that complete decommissioning will be carried out.

Research on adoption of agrivoltaics by farmers indicates assurance of complete decommissioning and
restoration of land is essential for the widespread acceptance of agrivoltaics by farmers. Pascaris, Schelly, and
Pearce 2020.
51
Based approximately on NYSERDA 2019, Table 1, p. 162
50
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Farmland solar: profitability, rural economic health, equity, and soil health
The three single-farm examples in the previous chapter provide vignettes of potential impact of solar on
farm profitability. This chapter explores the breadth of the potential economic impact on farming and
the possible connections with soil and ecosystem health. These considerations provide the framework
for the policy considerations in the next chapter.

a. Potential economic impact
In Section II.b. we considered two scenarios for solar on farmland – one oriented to Maryland’s 2030
solar Renewable Portfolio Standard, which is part of state law, and the other to a possible renewable
electricity system by 2040 that also has low emissions in other parts of the energy sector. The land use
impacts of these scenarios, in each of which half the solar would be on farmland, were examined in
Section II.b.; a summary is shown in Table IV-1.
Table IV-1: Implications for farming of solar development on farmland
2040
2030 Renewable
Renewable
Portfolio
Electricity
Standard
System
Solar fraction

14.50%

50%

50%

50%

Farmland fraction of solar
Farmland area in solar, acres

80,000 Note 1

10%

10% Note 1

200,000

800,000 Note 2

Average area of farm operation
hosting solar
Number of farm operations hosting
solar
Fraction of farms hosting solar
Net profit/lease revenue per acre
Farm operation profits from solar $/y
Average solar profit per farm
operation

Assumption for purposes of
illustration

20,000

Average fraction of farm operations
in solar
Total area of farm operations that
have solar acres

Comments

150

250

1,333

3,200

11%

26%

$1,000
$20,000,000
$15,000

Assumed for purposes of
illustration. Note 3
Note 3

$1,000 Note 4
$80,000,000 @$1,000 per acre in solar
$25,000

Note 1: The vast majority of the area in solar would be used for farming activities.
Note 2: 90% of the area in traditional farming, in addition for the farming-related activities on the solar installation.
Note 3: The 2030 numbers assume a larger share of community solar than other types of installations. The 2040
illustration implies ~2000 systems of 100 to 300 kW, ~1,000 systems of 1.5 to 2 MW, and a few hundred averaging
25 MW. This is one potential combination; a number of others are possible. Aggregate net metering would have
to be expanded to accommodate these numbers.
Note 4: Net revenues would be much higher for solar that is owned by the farm operation and the electricity sold
under Maryland's Aggregate Net Metering rule. See Sections III.b. and III.c.
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The economic basis for Table IV-1 is illustrated by the three types of farm operations with solar analyzed
in Chapter III. A key parameter is the average fraction of a farm that is devoted to solar, among the
farm operations that choose to have it. The upper limit for that fraction proposed as a matter of policy
in this report is that no more than 20% of a farm operation could be in solar, with possible exceptions,
including when interconnection costs would be very high for the specific parcel of land (see Section V.d.
below). The average over many installations would be considerably less – Table IV-1 assumes an
average of 10%.
Table IV-1 shows that thousands of farms in Maryland could benefit significantly and become more
profitable and economically resilient with solar on a small fraction of the farms that host solar. To
accomplish that the typical solar installation should be of a few megawatts or less. If solar targets for a
renewable electricity system are reached by a few large installations, the benefits would be gathered by
a tiny minority of landowners. For instance, the entire 2040 solar amount could be built on just 40
installations of 500 MW; each one would occupy 2,000 acres. There are well over 100 farms in
Maryland that are more than 2,000 acres, so such an arrangement is possible in theory. But many of the
economic and ecological benefits of distributed solar would not be realized compared to the approach
illustrated in Table IV-1. That requires some limitations on acreage and fraction of any farm that could
be in solar. Exemptions might be warranted in some circumstances (see Chapter V).
With the numbers as in Table IV-1, 90% of the land farm operations with solar would be used for normal
farming activities; almost all the rest would be used for solar-compatible farming activities. In other
words, 99% or more of the land of farm operations with solar would remain in farming-related activities.
This is because the construction footprint of solar is very small (2% or less of the solar installation land)
and the vast majority of the rest of the land can be used for agricultural activities.
A fully renewable electricity system by 2040 with the solar components assumed in that scenario would
mean that several thousand farm operations could have solar, boosting their bottom lines significantly
and stabilizing their profits in times of low commodity prices of other economic disruptions of
agriculture. The actual number would depend on a number of factors, including the extension of net
metering policy, the availability of credit for farmers to own solar and sell it to third parties by virtual net
metering, the ease and security of electricity sales contracts, and the ease and security of using the solar
installation land for farming-related activities either by the farm operation or by a third party. The types
of activities are discussed in Section c. below.
Under Maryland law, total net metering capacity in the state is limited to a total of 1,500 MW, including
residential, commercial, and community solar installations. Maryland has not yet reached this limit but
may do so in the next few years. 52
Many studies have shown that the value of solar electricity is greater than electricity rates. 53 Given that
(i) community solar is in its initial stages, (ii) the combining solar and farmland in a manner that would
Estimated from the SEIA Maryland Fact Sheet 2020.
Environment America compiled 11 studies that looked at the value of solar electricity; eight concluded that it
was greater than electricity rates; the three that concluded otherwise were commissioned by utilities. Hallock and
52
53
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systematically benefit Maryland agriculture is still in its infancy, and (iii) solar has large climate and other
environmental benefits, the net metering cap should be significantly expanded. A doubling to 3,000
MW would give sufficient time to consider options and alternatives in the context of the value of solar
energy to Marylanders and to the state’s climate and economic goals. In the alternative, Aggregate
Metering installations owned by farmers and community solar designed mainly to benefit low income
households could be exempted from the state’s net-metering cap.

b. Jobs
Creating thousands of solar installations in rural areas would be part of a fundamental technical
restructuring of the electricity system to accommodate hundreds of thousands of solar generating on
rooftops, variable electricity supply sources, storage devices, and the integration of solar with much
larger scale wind resources. In addition, the business model of the utilities would have to be changed to
accommodate the large numbers of consumers who would also become electricity producers. The
details are beyond the scope of the present report; there are many publications that have discussed
such transitions. A detailed technical-economic roadmap for Maryland can be found in a set of
publications of the Institute for Energy and Environmental Research. 54
The focus in this report is on farmland and rural communities. The development of solar power on the
order of ten thousand megawatts in rural areas over the next twenty years would give a significant
boost to the economies of the rural areas and counties of the state. Currently, Maryland imports about
40% of its electricity generation, exporting a good deal of money to the places where that electricity is
generated. Generating more of it within the state would keep that money within the state, increasing
its domestic economic output and the jobs that go with it.
Construction of 10,000 MW of ground-mounted solar in rural areas of Maryland by 2040 in the 100%
renewable electricity scenario by 2040 would create about 2,400 steady jobs in the United States. Most
of these jobs are associated with the construction and design of the plants and associated activities and
are therefore local to the area where the solar is designed and built. There would be an additional 3,000
jobs in operating and maintaining the solar installations on farmland when the capacity is fully built. 55
Two major categories of jobs are involved: the first includes design and construction and all the activities
associated with that. The second involves operating and maintaining the solar installations. Many of
Sargent 2015, pp. 5-6. We assume that distributed solar of 2 MW or less would continue to be compensated at
rates comparable to net metering even if the net metering policy is changed.
54
IEER 2015 to 2018.
55
Job estimates based on Makhijani 2016. See Tables X-1 and X-2 (pp. 196-197) and the associated text. Steady
jobs are calculated by first calculating “job-years” – the total number of full-time workers (in all categories)
multiplied by the number of years it would take to complete the work being estimated. In this case, the estimates
are for 10,000 MW of solar capacity, amounting to 40,000 job-years. Since this would be done over 20 years, the
number of steady jobs is estimated at 2,000. The maintenance jobs increase steadily proportional to capacity. The
construction jobs do not disappear with completion of construction if it is properly spaced. Construction over a 20to 25-year period would mean that some plants built in the earlier part of the solar program would need to be
retired and replaced. If they are completely retired there would be decommissioning jobs. Costs of
decommissioning have been included; the associated jobs are not estimated here.
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the operations and maintenance (O&M) jobs normally involve activities such as mowing to keep the
vegetation in check. In the farm-centered solar analyzed in this report, many of these jobs would
actually be farm-related such as rotational sheep grazing which would displace much or all of the
mowing maintenance, and planting and harvesting other crops suitable to the specific solar plant being
designed.
Figure IV-1 shows the growth of jobs in the scenario where solar on farmland would supply about a
quarter of the state’s electricity requirements by 2040. As noted, the pace of solar development in
Maryland in this scenario would be about double Maryland’s present legislated target of 14.5% of
electricity sales by 2030. The jobs shown in Figure IV-1 would approximately level off or possibly slightly
decline after the transition to renewable electricity is complete in 2040. O&M jobs would remain about
the same, because solar capacity would level off. Construction jobs would continue to the extent that
solar panels are replaced. There would be added jobs in decommissioning to the extent that that
occurs; new solar construction would be needed to replace the decommissioned solar installations.

Number of full-time jobs in rural areas

Solar jobs in rural areas in a 20-year farm-centered solar
development scenario
5,000
4,500

Construction, rural
Maryland

4,000
3,500
3,000

O&M jobs, including
farming-related
O&M

2,500
2,000

Total in rural areas

1,500
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500
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Figure IV-1: Growth of steady jobs as a result of development of 10,000 MW-ac of solar on in Maryland
farmland over a 20-year period
Source: IEER calculations based on Tables X-1 and X-2 in Makhijani 2016
A joint food, agriculture, energy, and climate policy would include development of the infrastructure for
the more diverse agriculture, as for instance in processing of sheep and lambs, wool production (in case
grazing for that purpose is pursued on a significant scale, and more farm to table market opportunities.
All these areas imply additional job creation in the state’s rural areas.
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Finally, there is a larger energy system transformation implicit in a transition to an electricity system
based mainly on solar and wind energy. It involves the development of a smart grid – which entails,
among other things, building a communication system in parallel with the electricity system – an electric
transportation infrastructure, a fundamental upgrade of the distribution system, and an electrification
of existing buildings. All of these aspects would mean more jobs in rural areas as well as in suburban
and urban areas throughout the state.

c. Types of farming on solar farmland
The potential for using the land on which a solar photovoltaic installation is built for a variety of farming
types and outputs has already been demonstrated – and that variety is growing as experimentation and
demonstration continues. Much of the impetus for this experimentation has come from reasonable
concerns that ground-mounted solar installations in agricultural areas would reduce the land available
for food, feed, and fiber production. These apprehensions were well-founded in the examples where
the land acquired for solar installations was simply covered with gravel or planted with shallow-rooted
grasses, controlled by mowing and herbicides. Zoning restrictions and public opposition set the stage
for the creativity that has shown that farming, food, production, and solar electricity generation can be
successfully joined. 56
The obvious should first be noted: not all types of farming can be done on the land of a solar installation
at the present time. Specifically, commodity row crop, like corn, would require panels to be mounted at
heights far greater than normal, increasing solar costs significantly. 57 Within this limitation, solar
installation land can be used for a variety of agricultural, horticultural, apicultural, and grazing uses and
even combinations of these uses.
The field of farming activities on solar farmland is still relatively new, especially in the United States. The
following is a list of practices found in various places around the world, including the United States:
•

•

Pollinator-friendly planting, including under the panels. Official pollinator-friendly scoring
systems and designations have been developed in several states to ensure that minimum
environmental criteria are met. 58 Such planting is not necessarily an economic activity by itself.
But addition of apiaries and honey production would make it so.
Grazing sheep reduces mowing, a normal maintenance requirement on solar installations;
grazing on solar installations has been common in the UK for many years, and is spreading
rapidly in some parts of the United States; 59

56
While this report is focused on solar as the renewable energy resource, the same general considerations apply to
wind-generated electricity.
57
The Fraunhofer Institute has been experimenting with solar panels mounted very high to enable all kinds of
agriculture underneath. One initiative will experiment with growing apple trees on a solar farm. Scully 2020.
58
Pollinator Scorecard 2019
59
Examples can be found on the website of the American Solar Grazing Association, solargrazing.org. Cattle
grazing may require raising the panels. In that case, considerations similar to joining vegetable cultivation with
solar would apply: solar would be higher cost due to greater structure costs; these costs could be offset by
revenues from grazing cattle.
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•

•

•
•
•

Combined grazing and pollinator-friendly planting: Specific mixes of pollinator friendly plants
suitable for grazing sheep can be combined, such as the trade-marked mix of seeds known as
Fuzz & BuzzTM marketed by Ernst Conservation Seeds;
Other livestock: Cattle can be grazed on solar installations, though this requires raising the
panels or installing them in a vertical configuration; raising poultry in movable coops is another
option.
Vegetables (see Figure II-2 in Section II.a.) – in this case panels have to be raised somewhat,
increasing solar cost, but providing high-value food output. 60
Mushrooms – they are suited to shade; an example: a 4-megawatt solar installation in Japan
also grows 40 tons of cloud-ear mushrooms; 61
Saffron – the Center for Saffron Research & Development at the University of Vermont has
started an experiment growing saffron – crocus flowers – on a solar installation. 62

Combining solar with farming activities in systematic ways has come to the fore as the need for land for
economical solar development has grown. To some extent, construction of large-scale solar installations
in ways that have been destructive of the land’s agricultural value has provided much of the impetus for
the development of agrivoltaics. Much research, development, and experimentation remains to be
done. The varieties of crops that can be grown profitably will likely expand in the coming years.
Reduction of the cost of raising panels and consideration of the joint economics of selling farm products
and electricity (as in the case of the solar vegetable farming mentioned above) will create new
opportunities. Some of them will also arise from the considerations that have come to the fore during
the COVID-19 pandemic: shortening food supply chains, producing more food locally, and more
production aimed at farm-to-table marketing. 63
New technical developments aimed specifically at agrivoltaics will likely smooth the way. For instance,
one experiment is using semi-transparent solar panels, which absorb shorter wavelengths of sunlight
(blue, violet) and let the orange and red through for the plants below. Electricity and plant production
were both somewhat diminished but the combined value of solar + spinach and solar + basil was
higher. 64 The East-West vertical panel configuration (see Figure II-4 in Chapter II above) may help
expand the economic potential. The specific economics of balancing any increased cost of the solar
Ryan 2017. This experimental solar farm in Massachusetts grows “kale, Swiss chard, lettuce, beans, broccoli and
peppers.” Yields of some plants during the dry year, 2016, were higher than the control plot with no panels, but
not for others. Herbert 2018. Simulations of agrivoltaic vegetable cultivation with various configurations of solar
installation (ground-mounted but spaced out, stilt mounted at two panel densities) show that optimization of
commercial horticulture and solar is complex and depends on whether there is net-metering, the specific solar
configuration, and the vegetable yields to be expected in each specific case; lettuce cultivation was modeled.
Dinesh and Pearce 2016.
61
Peters 2017.
62
Ludt 2019.
63
The varied opportunities for agrivoltaics – and an indication of how new the field is – are illustrated by a recent
research paper examining how solar generation on farmland might enable joint management of groundwater
resources where such resources are stressed, food production, and CO2 emission reductions. Parkinson and Hunt
2020.
64
Thompson et al. 2020.
60
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installation with the agricultural output on the same land depends on many factors, including climate,
soil, and the specific crops involved. Such a balancing would probably be less complex if the farm
operation owned the solar, so that the costs and revenues from both can be optimized by the same
party. Solar shade can also increase resilience, as an Arizona example shows:
Agrivoltaics probably won’t be feasible for large-scale, single-crop farms that rely on heavy
machinery. But preliminary results already suggest it can significantly boost the yields of certain
plants in hotter-than-average years. At the Arizona site, cherry tomato yields are doubled and
require less water when grown in the shade of solar panels.
…
Agrivoltaics could help offset the impacts of extreme weather by reducing water use, increasing
food yields, and limiting the negative effects of heat on solar panels.
Low-impact solar development does require additional up-front planning and expenditures,
but—according to the data gathered by InSPIRE researchers so far—offers surprisingly robust
benefits over time. 65

“Solar grazing,” as it has come to be known, is often contracted out by the owner or operator of the
solar farm to a sheep-raising operation. The latter brings the sheep, manages the grazing, gets the use
of the land, and gets paid for the service. The solar installation owner has reduced maintenance costs
since mowing is greatly reduced or eliminated. The business has grown so much in recent years that an
industry association has been established – the American Solar Grazing Association, which has published
generic contracts for interested parties. 66
Some added investment is needed to join solar with farming. For instance, solar grazing with sheep
requires an investment in water supply for the sheep. If grazing is to be compatible with healthy soils
practices, provision for movable fencing must be made to enable rotational grazing.
Solar sheep grazing can be profitable. According to a solar grazier, in a well-managed solar grazing
operation in the Northeast, the sheep owner is paid $400 to $600 per acre to graze a solar installation.
Profits and costs are quite variable, depending on the number of lambs per ewe (in turn several factors,
including genetics), the location of the solar installations, etc. Gross margins could be in the $500 to
$600 per acre range, based on the experience of one solar grazier. 67 However, fees paid to the grazier
may vary, as may the costs of grazing, depending on the size and location of the solar installation.
Raising sheep, like so much other farming, can be a precarious business. The main point in this context

NREL InSPIRE 2020. “InSPIRE” stands for “Innovative Site Preparation and Impact Reductions on the
Environment.”
66
Two sample generic contracts (“Comprehensive Vegetation Management Approach” and “Limited Vegetation
Management Approach”) can be downloaded free at https://solargrazing.org/contract/ ; viewed on 2020-08-10.
67
Estimates are from Lewis Fox, 2020 (personal email communication) using 1.8 lambs per ewe, 3 ewes per acres
and $2 per pound of live weight for lambs = $150/lamb sold at the New Holland auction in Pennsylvania.
65
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is that solar grazing pays the owner of the sheep for land access, creating new possibilities, while
reducing or at least not increasing solar photovoltaic operating and maintenance costs.
Maryland produces very little of the lamb and mutton consumed in the state. Production is on the
order of 700,000 pounds per year in 2017. Consumption is roughly ten times higher, based on national
average data. 68 Thus, there is plenty of scope to expand lamb production and sheep grazing in
Maryland. Were all lamb and mutton to be produced on solar grazing installations, there would be room
for about 120,000 additional sheep; at a stocking rate of 3 ewes per acre, the farm area would be 40,000
acres. This is an order of magnitude estimate as stocking rates can vary.

d. Equity and land
Requiring agricultural production when solar installations are built on farmland can make an important
contribution to promoting farming as a profession and to equity in access to land. The key is that the
solar owner/developer must ensure the proper use of the land in accord with applicable laws and
regulations. When farming-related activities are required, new farmers could get access to that land in
those cases where the landowners of current lessee do not want to carry out the agricultural activities
on the solar land themselves. There is only a moderate amount of experience in this area in relation to
solar grazing. The emerging model is that the solar land is contracted to third party solar graziers who
have specific maintenance responsibilities in return for the right to graze their sheep and receive a
payment for it. 69
It is no secret that the average age of farmers has been rising. In Maryland, the average age of principal
operators in 2017 was 58.8 years. 70 The cost of land is a principal, if not the largest, barrier to entry for
young farmers. 71 Further, there are deep inequities in land ownership that have intensified over the
decades with Black and Indigenous farmers losing and/or being deprived of most of their land. The 1910
Census enumerated 6,372 African-American farmers 72 who owned or sharecropped 358,500 acres of
farmland, about a third of which, 122,000 acres, were owned. 73 By 2017, there were just 203 AfricanAmerican farms on 8,822 acres, or only about 2.5% of the land African-Americans owned and operated
in 1910. The corresponding figures for Indigenous farmers in 2017 were just 51 farms and 1,867 acres, a
result of intense and longstanding historical injustice.

Assuming 50 pounds per animal (mix of sheep and lambs). 14,110 lambs and sheep were sold in 2017. The
inventory was 23,399. Census of Agriculture for Maryland 2017, Table 71. Production based on 50 pounds carcass
weight average over all sheep and lambs. Consumption of lamb and mutton in the United States in 2017 was 1.1
pound per person per year. Statista 2019. On this basis, Maryland’s consumption would be on the order of 7
million pounds per year. The national picture is similar – the United States imports about three-fourths of the
lamb and mutton consumed – 2019 estimates based on USDA import-export data: USDA Trade 2020.
69
ASGA Contract
70
Census of Agriculture for Maryland 2017, Table 52, pdf p. 54.
71
Manning 2019
72
The term employed in the Census at that time was “Colored.” It is unclear to this author whether Indigenous
farmers were included in this term.
73
Census 1910, Chapter 3.
68
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The historical issues are compounded by well-known inequities in wealth. Thus, along with young
people, especially those burdened by student debt, the barriers to purchase of land are immense; even
leasing land under these circumstances can be difficult.
If agricultural production were required of solar installations on farmland, granting access to that land
for those activities would become a normal part of the development and operation of the solar
installation in those cases where the landowner or lessee does not want to engage in the activity on the
solar land. The solar grazing business has become so standardized that generic contracts are available
online to guide the parties. 74 The solar owners/developers benefit because their maintenance expenses
are reduced; sheep owners benefit because they get long-term access to farmland they do not own.
Landowners benefit from lease revenues, and even more if they own the solar (2 megawatts or less).
Other parts of the business of farming also require investment of course, but land is the most expensive
one by far. The development of agrivoltaics as part of a renewable energy transition could provide an
important opportunity for new generations of farmers in those cases where the landowners or lessees
do not themselves want to carry out the agricultural activities on solar installation land. It will take
effort, investment, and prioritization of a redress of historical injustices in public policy to accomplish
that. Having 80,000 acres of solar on farmland, more than seven times the amount of land owned or
operated by Black and Indigenous farmers in 2017, only indicates the possibility. A number of issues will
still remain to be addressed, including access to capital, priorities for access, and a host of technical
matters such as land for buildings and access to markets. Dual-use solar opens up possibilities; it will
take more work to realize them. There could also be increased farming opportunities for other people
of color in rural Maryland.
Solar jobs would pay more than is typical for agricultural work. In 2019, the mid-level wage for an
unlicensed solar installer was $23 per hour; it was $28 per hour for a licensed installer; 75 these are 62%
and 95% higher (respectively) than the $14.30 hourly median wage for farmworkers and agricultural
laborers in Maryland as of May 2019. 76

e. Soil health
On a farm with a solar photovoltaic installation on a fraction of its land, there are two distinct areas of
soil health to be considered:
•
•

The health of the soil on the part of the farm used for the solar installation during its lifetime
and after it;
The incentivization of healthy soils practices on the rest of the farm as a result of public
investment.

As was discussed in Chapter II, the actual construction footprint of a solar installation is a very small
fraction of the area needed to collect the energy – generally 2% or less. Taking into account land for
ASGA Contract
Solar Foundation 2020, Table 9, p. 36
76
Bureau of Labor Statistics 2019, job classification 45-2092. The range for various agricultural occupations
involving field work is $12.65 to $18.21 per hour (excluding supervisory categories).
74
75
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fencing and other uses, on the order of 95 percent of the solar installation land would generally be
available for farming activities. The fraction would vary depending on factors such as topography and
the specifics of the solar construction and agricultural activity.
What about soil health and its indicators like soil organic matter and biological diversity? Can the health
of the soil of a solar installation be maintained or even improved so that a full range of productive
farming, including commodity crops, could be grown after the solar installation is decommissioned?
A part of the answer depends, of course, on the initial health of the soil and use of the land. If an area
that has been undisturbed forest for decades is cleared for solar photovoltaics, it is likely to degrade,
even if good soil health practices are used. That is one important reason not to clear forests for solar.
Land, including prime farmland, that has long been in conventional farming with tillage and heavy use of
synthetic fertilizers and pesticides is a different matter. The improvement of the health of such soil is a
matter of widespread concern, activity and investment, as exemplified, for instance, by Maryland’s
cover crop program. 77 In such cases, the answer can be positive, though it will, in general, not be
automatically so.
The Natural Resource Conservation Service defines the foundation of soil health according to five
principles: “soil armor, minimizing soil disturbance, plant diversity, continual live plant/root, and
livestock integration.” 78 Solar installations are generally not tilled. As a result, the criterion of
minimizing soil disturbance is automatically satisfied. When planted with native pollinator-friendly
species or other pasture and forage crops, permanent cover can be maintained with plant diversity.
With rotational sheep grazing on suitable diverse pollinator species, all five of NRCS’s soil health
principles would be fulfilled.
Solar grazing practice appears to conform to healthy soil principles. There are “[s]mall bald spots…but
overall good grazing practices mean close to 100% vegetative cover,” according to a professional solar
grazier and co-founder of the American Solar Grazing Association, Lexie Hain. She further states that
“[s]ynthetic fertilizers and pesticides” are used in much smaller amounts “than in commodity crop
farming…and MUCH less often.” The occasional use of pesticides consists of “spot spraying of invasive
weeds….” 79 As discussed below, when well-managed, there is every reason to expect improved soil
health with solar grazing, as measured by indicators such as soil organic matter, as compared with
industrial commodity crop farming with tillage and use of synthetic chemicals.
An increase in soil health is neither automatic or guaranteed. For instance, grazing needs to be
rotational if soil armor and continual live plants and roots are to be maintained. This requires an
investment in movable fencing and watering systems, and in the labor needed to move the sheep every
day or every few days.

Maryland Cover Crops 2020
NRCS Soil Health, viewed on May 6, 2020
79
Lexie Hain, personal email communication with Arjun Makhijani, 2020-10-27, cited with permission. Caps in the
original.
77
78
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Given that the systematic establishment of vegetation and its management on solar sites is a recent
phenomenon in the United States, data on improvement of key soil health indicators for subsequent
agricultural use – soil organic carbon and soil biological activity – is very limited. Typically, reliable data
for significant changes to these indicators take a few years or more of measurements. Cornell University
started a research program on its own research farm including solar (rotational) grazing and pollinators
in 2017. Prior to the solar installation, the field had been planted with wheat and legume cover crops.
After the solar installation, the site was suitably reseeded; in addition, there were volunteer plants that
provided good forage. 80 Measurements on soil organic matter have been made; however, there has not
been enough time to develop a long-term set of soil sampling data for reliable conclusions:
A soil sample was collected and tested on January 20th, 2015. The sample contained low
phosphorous, medium potassium, and very high calcium and magnesium levels. The soil pH was
7.5 and the organic matter content 4.5%. The soil sample drawn after a season of sheep grazing
on November 16th, 2018 had pH of 7.6 and an organic matter of 6.6%. However, due to the

limited duration of the grazing trial (1 grazing season), we cannot conclude that sheep grazing
increased soil organic matter. 81

The Cornell report recommended the following research program for the United States:
Future studies are needed to assess long term impacts like soil response and pasture quality, and
the effects of grazing on pollinator plants or invasive species. A broad variety of soil quality
indicators should be measured, such as soil organic carbon sequestration and the possibility of
creating carbon sinks through grazing, soil nitrogen responses, and changes in bulk densities.
Herbicide use and run-off in traditional vegetation management systems on solar sites should be
investigated. The suitability for co-locating grazing with pollinators by the enhancement of
pollinator plant species, effective grazing management, and control of invasive species should be
explored. An important question for the successful management of solar sites with sheep will be
determining what stocking rates and densities should be chosen. Future research is needed to
establish sound recommendations. 82

However, we do not have to wait for evidence from U.S. research to conclude that ecological and soil
benefits can be achieved on solar photovoltaic installations, if they are well-managed. As noted, basic
management practices for solar grazing, if the right vegetation is planted, if it is well maintained, and if
grazing is rotational, in fact adhere to all five soil health principles.
There is substantial experimental data on the benefits of rotational grazing outside the context of solar
photovoltaic installation for increasing soil organic matter, preventing erosion, and reducing runoff. 83
The practice is management intensive – moving animals frequently, including the fencing and water
supply; careful observation of pasture regrowth at different times of the year to enable better root
growth, etc. Long periods of rest are needed for forage to recover before grazing can be resumed (hence
Kocehndoerfer, Hain, and Thonney 2018, p.2.
Kochendoefer, Hain, and Thonney 2018, p. 2
82
Kochendoefer, Hain, and Thonney 2018, p. 6. Cornell is carrying out a comprehensive research project on solar
grazing.
83
NRCS Soil Secrets 2016
80
81
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the need for movable fences). Solar grazing practices for healthy soils are no different (see the
photographs in Chapter II). The results of the failure to intensively manage soils would also be no
different – degraded soils.
Machmuller et al. found that intensive grazing management could result in dramatic increases in soil
carbon on degraded lands:
In a region of extensive soil degradation in the southeastern United States, we evaluated soil C
accumulation for 3 years across a 7-year chronosequence of three farms converted to
management-intensive grazing. Here we show that these farms accumulated C at 8.0 Mg ha-1yr-1,
increasing cation exchange and water holding capacity by 95% and 34%, respectively. Thus,
within a decade of management-intensive grazing practices soil C levels returned to those of
native forest soils, and likely decreased fertilizer and irrigation demands. 84

Similarly, in a long 22 year experiment, which did not include grazing, Yang et al. found that with the
right type of management, planting mixed species grasses can accelerate the increase of soil organic
matter and restore degraded lands:
Agriculturally degraded and abandoned lands can remove atmospheric CO2 and sequester it as
soil organic matter during natural succession. However, this process may be slow, requiring a
century or longer to re-attain pre-agricultural soil carbon levels. Here, we find that restoration of
late-successional grassland plant diversity leads to accelerating annual carbon storage rates that,
by the second period (years 13–22), are 200% greater in our highest diversity treatment than
during succession at this site, and 70% greater than in monocultures. 85

Coincidentally, the period of this experiment, 22 years, is about the same as a typical solar lease of 20 to
25 years.
Britain has longer experience with agrivoltaic practices and their ecological benefits in terms of
biodiversity. A 2016 study compared 11 solar sites that had a variety of practices including pollinatorfriendly plants and conservation grazing with control plots just outside the solar arrays. Eight of the 11
sites had sheep grazing on them; the number of sheep is specified for only two of them, which had
about 100 sheep. Economic data relating to the grazing are not provided in this survey. The control
plots had been part of the same farm and under the same management prior to construction of the
solar arrays. The study found consistently greater biodiversity on the solar farms:
The results of the botanical surveys revealed that overall, solar farms had greater diversity than
control plots, and this was especially the case for broadleaved plants. This greater diversity was
partly the result of re-seeding of solar farms: where species-rich wild flower mixes had been
sown this diversity was greater, but even where agricultural grass mixes had been used diversity
was greater as compared to the largely arable control plots. 86

Machmuller et al. 2015
Yang et al. 2019
86
Montag, Parker, and Clarkson 2016
84
85
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While the specifics of the biodiversity increase varied, there were consistent overall increases compared
to the controls, conservation grazing further increased plant diversity. It should be noted that the study
did not find increases for every species compared to controls; some species were not significantly
different on solar farms and control plots. The areas of biodiversity measurements included botanical
diversity, birds, bees, and butterflies.
There is also research for other types of agriculture and the ways of combining farm profits, renewable
energy generation, and ecosystem benefits. Several U.S. national laboratories have created a program
called the Innovative Site Preparation and Impact Reductions on the Environment, the InSPIRE project,
to explore “the benefits of—and barriers to—low-impact solar development.” These include:
•
•

•

The deep roots of native vegetation….help retain topsoil and improve soil health over time, even in
"brownfield" areas with polluted soils. “
…native and flowering vegetation provides a habitat for native species, especially pollinators and other
beneficial insects that can improve yields at nearby farms.
The low-impact approach also benefits solar developers….Native vegetation, if selected appropriately,
also requires less ongoing maintenance than traditional gravel or turf grass approaches, as there is less of
a need for mowing or spraying. 87

The areas of agriculture that the InSPIRE program is researching in combination with solar include
beekeeping, agriculture, native vegetation, beneficial predators, dryland agriculture, greenhouses with
solar, and pollinator habitat.
The crop-solar colocation includes three sites – one each in Massachusetts, Arizona, and Oregon. One
remarkable preliminary finding was that yield can increase under certain circumstances. Specifically, in
hotter years in Arizona “cherry tomato yields are doubled and require less water when grown in the
shade of solar panels.” In addition, the “shading and increased evaporation provided by a healthy layer
of undergrowth can actually cool solar panels, increasing their energy output.” 88
A 2019 paper in Nature Sustainability noted broad synergies between solar development and
ecosystems, including those where food is grown. In a summary of the paper, its principal author noted
the following regarding food systems and solar:
The [Nature Sustainability] paper also highlights food systems as an opportunity for solar technoecological synergies. The authors identified 10 potential beneficial outcomes of “agrivoltaic
systems,” or panels placed within the same land area as agricultural production. These benefits
include increased foraging resources for managed and native pollinators, increased water-use
efficiency and soil erosion prevention. Solar energy infrastructure can also alter microclimatic
conditions that benefit overall crop production with increased water use efficiency, and keep PV
systems cooler and operating more efficiently. Co-siting agriculture and PV systems also results in
higher yields of food and solar energy combined compared to when the food and solar energy
production were separate. 89

Quoted from NREL InSPIRE 2020; italics added.
NREL InSPIRE 2020
89
Hernandez 2019; italics added. The full article is Hernandez et al. 2019.
87
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There is still much to be discovered. For example, transparent tinted panels could be used instead of
the usual opaque panels that cast a shadow. In an experiment with such panels, researchers found that
the overall plant biomass under the panels declined somewhat (varying by plant) but that the aboveground biomass – the mass of basil and spinach leaves and stems – actually increased compared to
plants under completely transparent panels. Another important finding was the both the basil and
spinach grown under the tinted solar panels had higher protein content compared to the controls (14%
and 53% respectively). 90 The decline in root mass is, of course, the bad news aspect of this experiment.
There are, as yet, no reported results on fruiting plants.
Yet, we know enough to proceed with suitable protections in the direction of joining solar energy and
ground-mounted solar on agricultural land. The most established food systems-solar connection so far
is grazing sheep rotationally on solar installation farmland and pollinator-friendly mixes with apiaries.

Bryce 2020. The transparent panels were used to provide the same physical conditions in all respects, such as
rainfall, other than sunlight.
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IV.

Policy considerations

The goal of this report is to explore whether ground-mounted solar development on agricultural land
can be made compatible with protecting land for food, feed, and fiber production, improving soil health,
and increasing farm operation profitability. In addition, the report examines opportunities for
incentivizing healthy soils practices more widely, based on support for farm-oriented solar. The clean
energy attributes of solar farmland are viewed as collateral benefits of achieving farm-related objectives
rather than as a starting point for energy-related objectives.
The analysis in the forgoing chapters indicates that these objectives can be simultaneously achieved, but
that it will take suitable policies and incentives to ensure that it happens. In their absence groundmounted solar installations can have, and often have had, poor outcomes for the soil. There are clear
reasons to expect adverse outcomes for the land without intentional efforts to ensure good ones:
⮚ Profits: Companies that build large-scale (or any scale) solar are generally profit-making
enterprises that have obligations in regard to the lenders and shareholders. They will therefore
locate solar installations at sites where a combination of lower costs and higher prices produces
the largest returns.
⮚ Interconnection points: While rooftop solar is connected to the grid at the location of the
rooftop, larger-scale ground-mounted systems generally require some investment for the
connection to the nearest suitable point on the electricity grid. Thus, in the absence of
protective policy, if a solar developer can lease agricultural land close to the grid, and the owner
is willing, there are powerful incentives for both parties to do it, despite any other
considerations. It should also be noted that the costs and delays that could occur at longer
distances from the grid connection points can make projects uneconomical.
⮚ Maintenance costs: Solar installations are often planted with turf, which is controlled by
chemicals and mowing, or covered with gravel. This keeps down maintenance costs but
damages the soil and adversely impacts biodiversity.
⮚ Landowners and lessees: Revenues from leasing land for large-scale solar development can
range from $500 per acre per year to $2,000 per acre per year. This is essentially risk-free
money to the landowner, who need not borrow money for seeds, equipment, etc. or have
revenues fluctuate with the vagaries of commodity markets. The average rent for land in
Maryland in 2017, consisting mainly of a mix of crop production and grazing, was $75 per acre. 91
Leasing land for solar would be especially attractive to non-operating landowners who rent their
land but could adversely impact farmers who lease all or most of their land.

a. Context
Ground-mounted solar electricity installations and agriculture are not the only possible uses of land.
Specifically, agricultural land near urban areas is under frequent pressure for conversion to urban or low
density residential development. Between 2001 and 2016, 30,200 acres of Maryland’s agricultural land
were converted into the “highly developed and urban land use” category and another 72,600 acres were
converted to “low-density residential” use, for a total of 102,800 acres, according to the State of the
Calculated from Tables 4 and 53 in Census of Agriculture Maryland 2017: the total rent for land, including
buildings was $61.6 million; the area of land leased was 822,550 acres (based on farming decision authority).
Lease payments tend to be larger when the land is used for growing crops compared to grazing. Lease rates vary
around this average, depending on location and use of the land.
91
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States survey by American Farmland Trust. This amounts to about 4.3% of the agricultural land
examined by the report. 92 For perspective, the total land lost to development in the 15-year period
examined in that report is over 25% greater than the ground-mounted solar land area of 80,000 acres;
the land lost to development more than 64 times the construction footprint of that solar. 93
Development pressures arise mainly from the much larger revenues that urban and suburban
development can bring. The average value of cropland in Maryland in 2019 was $7,370 per acre;
pastureland value was $6,580 per acre in the year 2017. 94 An acre in a high-land-value suburban area in
Maryland can be worth twenty, fifty, or even a hundred times these agricultural land prices. Such high
values for development depend on “location, location, location,” as the well-known real estate aphorism
has it. Development pressures on land, including prime farmland, arise from that same observation.
Well-located land has much higher money values as buildings and blacktop, even as those very uses
undermine agricultural production capacity and harm the environment in various ways, described, for
instance, by Yale University’s Seto Lab:
The conversion of Earth’s land surface to urban uses is one of the most irreversible human
impacts on the global biosphere. It hastens the loss of highly productive farmland, affects energy
demand, alters the climate, modifies hydrologic and biogeochemical cycles, fragments habitats,
and reduces biodiversity….
The environmental impacts of urban expansion reach far beyond urban areas
themselves….Urban expansion will affect global climate as well. Direct loss in vegetation biomass
from areas with high probability of urban expansion is predicted to contribute about 5% of total
emissions from tropical deforestation and land-use change. 95

Ground-mounted solar can provide revenue streams per unit of land valued between urban/suburban
development and use for commodity crops. 96 Solar photovoltaics would generate almost $30,000 worth
of electricity per acre per year; 97 a farm in commodity crops, which account for most of the harvested
land in Maryland, would typically generate gross revenues under $1,000 per acre. As a result, typical
lease revenues from solar are usually far greater than the typical rent obtained for agricultural uses.
Such economic considerations provide an opportunity for solar to help keep land that is under

AFT 2020, Appendix III, p. 63
The renewable energy assumptions are: 50% each for wind and solar and half of solar, or 25% of total electricity
generation, from ground-mounted installations.
94
NASS 2019, p. 10 and p. 14. Pastureland values for 2018 and 2019 were “Withheld to avoid disclosing data for
individual operations.” (p. 15)
95
Seto Lab, no date. Reference list implies 2017. See also Bren d’Amour et al. 2017, which is one of the Seto Lab’s
publications.
96
There is a large gap in per acre gross revenues between commodity crop gross revenues on the one hand and
(generally small) intensive vegetable and flower farms; the latter can have gross revenues in the tens of thousands
of dollars per acre, which is the same order of magnitude as the retail value of electricity per acre.
97
Calculated using an average generation of 2,050 MWh/MW-ac, 8 acres per MW-ac and an average 2018 retail
price of electricity for all sectors in Maryland $115.7 per MWh, obtained from the Maryland State Electricity
Profile, Table 8. The value of retail electricity varies across the state, depending on the utility serving a particular
area.
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development pressure rural, provided there are requirements in place to keep the solar land in farming
activities. However, it is important in this context to protect leaseholders, as noted above.

b. Creating farm-centered solar
Solar siting on farmland has been (and is) often viewed as a withdrawal of food, feed, and fiber
producing land from agricultural uses. Without constraints, this has indeed often been the case. But
this does not have to be so.. Co-location of a variety of farming activities and solar has been sufficiently
demonstrated; the range of options is expanding with research. As discussed in the soil health section
of Chapter IV (Section IV.e.), well-managed grazing of sheep on suitable pollinator-friendly mixes
satisfies all five soil health principles. Solar grazing and other agricultural activities on solar installations
are relatively recent developments in the US, but the evidence so far points in the direction that wellmanaged farming activities, notably rotational solar grazing, can be expected to improve soil health,
especially on land that has previously been tilled and used for industrial commodity crop production.
Well-managed dual use of farmland solar can, with the right policies and incentives, preserve land in
agricultural production, improve soil health, and increase farm profitability and resilience. This prospect
puts a different cast on how one might regard solar on farmland. Solar photovoltaics have generally
been viewed through the lens of renewable energy and mitigation of CO2 emissions from the energy
system. The lower cost of ground-mounted solar compared to roof-mounted installations and
inattention to potential land use values has led to a view that food-related land values are in conflict
with values related to mitigation of emissions from the energy system. Examples of solar installations
that have, in fact, destroyed agricultural land values have provided fodder for this view.
Attempts have been made to reconcile the value of both systems. For instance, Minnesota law
encourages pollinator-friendly plants and native perennial vegetation on all but the smallest groundmounted installations:
An owner of a ground-mounted solar site with a generating capacity of more than 40 kilowatts
may follow site management practices that (1) provide native perennial vegetation and foraging
habitat beneficial to gamebirds, songbirds, and pollinators, and (2) reduce storm water runoff
and erosion at the solar generation site. To the extent practicable, when establishing perennial
vegetation and beneficial foraging habitat, a solar site owner shall use native plant species and
seed mixes under Department of Natural Resources "Prairie Establishment and Maintenance
Technical Guidance for Solar Projects. 98

Maryland has similar guidance, 99 inspired by the Minnesota law.
Some of the most thoughtful guidelines for joining farming and solar have been published by the
American Farmland Trust, New England. Those guidelines advise priority for solar that is not on
farmland, such as rooftop solar, solar canopies and solar installations on brownfields. They also state
“that, with proper planning and siting, our agricultural lands can also play a meaningful role in hosting

98
99

Minnesota Pollinator Bill 2016.
Maryland Pollinator Friendly 2017.
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solar energy while maintaining active and productive agriculture.” 100 The emphasis is on dual use of the
land:
Dual-use, also known as agrivoltaics, is the practice of co-locating solar photovoltaic panels on
farmland in such a manner that primary agricultural activities including animal grazing, crop or
vegetable production can continue simultaneously on that farmland. 101

The guidelines also have specific recommendations for solar on farmland as quoted below:
1.

Other farmland and marginal farmland –these are preferred locations for on-farm
siting if pursuing a standard ground-mounted solar array; consider dual-use if
possible.

2.

Actively farmed, unique, or farmland of statewide importance -incentivize dual-use to
support continued agricultural activity.

3. Prime farmland - protection of prime soils and prime farmland should be prioritized.
If solar projects are proposed on prime soils, they should be agricultural dual-use
projects and should also undergo careful review to ensure continued production is
prioritized. 102

The priority for rooftop and other urban residential and commercial solar can be seen as another way of
relieving pressure on farmland siting (for a given total amount of solar). In a largely or fully renewable
electricity system, resilience will depend to a significant extent on distributed solar installations,
including residential and commercial rooftop solar. Such solar, combined with storage can be arranged
into microgrids, which can operate with the grid, but can also supply essential loads, such as grocery
storage, community centers, and gas stations, during grid outages. Thus, energy considerations also
indicate a mix of larger scale rural ground-mounted solar with urban and suburban rooftop and other
distributed solar.
The analysis in this report indicates that the evolution of the food-fiber agricultural system and energy
system should be considered together.
The COVID-19 pandemic has brought the structural issues in large-scale farming to the fore; they
indicate a need for a more resilient and diverse food production system that also promotes healthier
soils and provides broader regional ecological benefits. The Northeast Healthy Soils Network calls this a
“bioregional” food system approach. Members of the network are
working hard to develop the final three, interdependent factors of bioregional food
system emergence:
•
•

•

Bioregional markets; food distribution networks to supportive consumer bases
Accessible food processing for smaller-scale, diversified farms
Government & public interest in investing in ecosystem service farming 103

AFT New England 2020
AFT New England 2020; italics in the original.
102
AFT New England 2020; the three points are directly quoted from the AFT guidelines.
103
Quoted from Watson 2020
100
101
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The food system, like the energy system, needs to be more distributed compared to the centralized
systems that dominate in both areas at present. This would make both more economically and
ecologically resilient in the face of challenges that are emerging on top of the normal turbulence that
has resulted in frequent family farm economic distress and failure.
Millions of animals were euthanized in the first half of 2020 when large feeding operations (known as
CAFOs) could not send their animals to centralized slaughterhouses; small custom local operations
turned out to be more resilient when they had access to local slaughterhouses, an important caveat. 104
Small ranchers have been asking for state authority over licensing of slaughter houses for in-state meat
sales; this would enable small-scale slaughter houses to operate profitably. 105 Such infrastructure could
also become a part of integrating solar with post-COVID-19 farm and food system policy.
With the right incentives and requirements, solar on farmland can be consonant with food and fiber
production and with preservation of farmland. Granted that the types of farming activities on solar land
are more restricted, at least given the present state of both farming and solar, the range of potential
farming types is still broad. Further, the total amount of land required for solar is, in any case, small
relative to the total amount of farmland, when note is taken of the fact that a resilient renewable
energy system will require a significant fraction of solar to be located in urban areas, including on
rooftops, to achieve energy system resilience. Given the necessarily limited solar acreage, it would be a
partial marriage of the food and energy systems, but one which could play an important role in
reorienting the food system to be more local and resilient and making farming more profitable.
Substantial and secure solar profits from a small fraction of the land but comparable to or greater than
commodity crop or grazing operation profits may also enable farmers who want to broaden their
farming activities to do so without the risk of going out of business. In brief, with the right policies and
investment in infrastructure and marketing, solar on a few percent of farmland could leverage a much
broader and more secure food system change.
With incentives and a suitable regulatory framework, the health of the soil can be improved (see Section
IV.e). The most important measures to ensure that food and solar on farmland are compatible would
be to require the owner of the solar to conform to:
•

•
•
•

104
105

Dual use of the land with a variety of options, including rotational grazing of sheep with
pollinator-friendly seed mixes, beekeeping, growing chickens with movable coops, vegetable
cultivation, etc.;
Soil health improvement measured regularly (every three to five years) against a baseline
established prior to construction;
A decommissioning fund that is sufficient to enable complete decommissioning at the end of
solar system operation (Section III.d. above);
Suitable limitations on setbacks, slope, and erosion.

Carman 2020
Deist 2020
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This approach to solar development will need support. The solar industry has had little overlap with the
agricultural system, except through leasing of land, though that is changing, as, for instance, with the
formation of organizations like the American Solar Grazing Association. Designing efficient and
profitable grazing on solar installations requires careful consideration of the needs of the sheep, of seed
mixes, water requirements, and the logistics of moving the sheep to achieve the soil health goals
provided by rotational grazing. 106 Thus, policies for requiring dual use of solar installation land will need
public investment in increasing the capacity of agricultural extension services to support the
development of agrivoltaics..
Research and demonstration a significant area that needs support. The agrivoltaics arena is relatively
new. The range of food and fiber products that could be profitably grown compatibly with solar could
be expanded and tailored to the specifics of the land in question. This is a critical area for public
investment in increasing the capacity of agricultural extension services.
A major policy issue regarding solar is the role of farmers who lease some or all of the land on which
they farm. About 43% of farmland is leased or rented; however, most of this land is operated by
farmers who also own some land. Thus, limiting the fraction of a farm operation in solar would protect
the vast majority of farmers. Almost 800 farmers are listed in the 2017 agricultural census as “tenants”;
they operate about 190,000 acres of land, for an average of about 240 acres per farm operation. 107
A straightforward way to protect lessees from major impact would be to limit the fraction of any farm
operation that could be in solar and the maximum acreage in solar. The recommendation in this report
is that the maximum fraction should be 20% of a farm operation or 400 acres, whichever is smaller, with
exemptions possible when circumstances warrant it. (see Section V.d below). 108 Lessees could also
have the right of first refusal to carry out the agricultural activities planned on solar installation land.
Finally, if young people and historically underserved communities are to avail themselves of the
opportunity to have secure access to land, they will likely need support in the form of low-interest loans
and technical and other material assistance.
The limitations on total size and fraction of a farm operation that can be in solar also accomplish other
goals:
•

They allow spreading out of solar profitability benefits over a large number of farms (see Section
IV.a.).

Maryland law and regulations require control of eight noxious weeds: : Johnsongrass, Shattercane, Canada
Thistle, Musk/Nodding Thistle, Plumeless Thistle, Bull Thistle, Palmer Amaranth, Tall Waterhemp. Maryland
Weeds. Solar graziers, like other agriculturists, would have to control these weeds.
107
Derived from data in Census of Agriculture for Maryland 2017, Table 53.
108
The recommendation to limit the area of solar and the fraction of solar on any farm operation differs from the
American Farmland Trust, New England recommendation that solar installation size on farmland not be limited
when there is dual use. AFT New England 2020. The limitations recommended in this report are primarily oriented
to protect lessees and to spread the benefits of solar to a large number of farms.
106
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•

Tourism is important to the economies of many rural areas of Maryland. Limiting the size of
single installations, along with suitable siting incentives can help accommodate tourism related
interests, while focusing on farm profits and healthy soils.

A 400-acre size limit is recommended here is large enough to capture economies of scale. For instance,
the annual economic assessment of electricity technologies by the National Renewable Energy
Laboratory uses 23 MW-dc as the capacity to evaluate utility-scale solar economics; the area needed
would be in the 100- to 150-acre range. However, there may be circumstances where an exemption is
warranted, such as those discussed in Section V.d below. While the 400-acre, 20% limits would
generally apply, a solar developer could seek an exemption from these limits through the process of
obtaining a Certificate of Public Convenience and Necessity (CPCN) by providing suitable reasons relating
to the state’s environmental, renewable energy, economic, or food system goals at the specific location
in question.

c. Policies and Incentives
What kinds of policies and incentives would be needed to ensure the integration of farming and energy
when solar is located on farmland? Society would benefit from such an integration; this provides the
basis for public policy to create incentives to make sure it happens. Incentives are also appropriate
when public policy goals might indicate preferential location of solar installations on certain parcels of
land relative to others. 109
For solar installations of more than 2 megawatts, the principal policy instrument can be the Certificate
for Public Convenience and Necessity (CPCN). This is a certification required for almost every power
plant above two megawatts. The certificates are issued by the Public Service Commission, which gets
advice in its CPCN decision-making from other government agencies, including the Department of
Agriculture. The advice of these government agencies is coordinated by the Power Plant Research
Program of Department of Natural Resources. 110 The process of getting such a certificate is expensive
and time-consuming. This is largely because it was designed for large fossil fuel and nuclear power
plants, which generate millions of megawatt-hours (MWh) a year. 111 In contrast, a 5 MW-ac solar
installation would generate about 10,000 MWh a year. 112
Proposals for solar power plants on farmland of more than two megawatts that include pre-approved
agricultural activities could have a simplified process of obtaining a CPCN. Government agencies weigh
in on the CPCN process via the Power Plant Research Program of the Department of Natural Resources.
Solar proposals with an approved dual-use plan would have a shorter, expedited route to a CPCN so far
as government agency input was concerned.
A major incentive recommended here is a state investment tax credit corresponding to the increased
There are already restrictions on solar on conservation reserve land. We assume that they will remain in place.
PSC 2019a, pdf p. 4. On-site generating stations from 2 to 25 MW that use 10% or more of the electricity
onsite of 25 to 70 MW that use 80% or more of the electricity on site can apply for an exemption and get a much
less onerous construction approval from the Public Service Commission. But few farm operations would be able to
consume enough electricity onsite to qualify for the exemptions. Wind power plants up to 70 MW are exempted.
111
The average electricity generation per power plant of the ten largest in Maryland was almost 4 million
MWh/year in 2018, ranging from a low of 1.1 million MWh to almost 15 million MWh. These ten plants generated
almost all of the electricity produced within the state. Maryland State Electricity Profile 2018, Table 2B and Table
5.
112
Assuming it is a single-axis tracking ground-mounted installation.
109
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investment required to meet agrivoltaic standards. For instance, these investments would include water
supply for sheep in case of solar grazing, restoration of such topsoil as has to be removed for
construction, and approved reseeding of the land.
Usually, the economics of dual use must be worked out on a case-by-case basis unless there are
examples available in the local area of a proposed solar installation. The creation of sufficient capacity
in extension services to support design of dual-use farming options will be essential for adequate
support of integrating solar with farming on a significant scale. As already discussed, with higher panel
mounting, a much wider variety of farming, including vegetable cultivation, is possible. It is even
possible to use solar land for grazing cattle, with the right breeds and fencing, and possibly, adjustment
of panel height. Many types of crops, from mushrooms to mutton, from saffron to salsify, a cool
weather root crop, can be pursued on land used for solar installations. Both technical and economic
assessments are involved in the design of dual-use solar installations. Expansion of the options will
require experimentation, demonstration projects, and careful evaluations of the economic aspects of
dual-use solar and, beyond that, multi-use solar. Given the potential for saving farms, protecting
farmland from irreversible urban and suburban development, improving soil health and diversifying
food and fiber production, a substantial investment is warranted as renewable energy capacity is scaled
up.
Smaller scale solar installations (2 MW or less) could benefit from a different array of incentives.
Maryland already has an aggregate net metering system under which a solar installation with at least
some on-farm consumption can sell electricity to other farmers, government entities or non-profits. The
analysis in Chapter III shows that farmer-owned solar could generate thousands or tens of thousands of
dollars a year in profits, even when the area of the solar installation is 10% or less of the farm operation.
Building a solar installation requires a large amount of capital and it requires customers to whom the
electricity can be sold. Farmers could be given low interest loans to own solar in the same way that
Maryland does in the energy arena. For instance, the Department of Housing and Community
Development offers loans to the construction industry at just 2% interest for building net-zero-energy
homes 113 – homes that generate as much energy as they use on an annual basis. The Maryland Clean
Energy Center, a non-profit chartered by the State of Maryland, raises low-cost funds for energy
efficiency improvements. 114
In the calculations for the solar on a dairy farm and on a small 10-area farm, it was assumed that the
weighted average cost of capital to build the solar array would be 8.5%, which is typical for commercial
work. If loans for farmer-owned solar with dual use for the land were raised via tax-free bonds at 4%,
the profits would increase substantially relative to those calculated in Chapter 3, Sections b. and c. In
the case of the 2 MW-ac installation, on 16 acres of a 300-acre dairy farm, solar profits in the first year
would increase by about two thirds from about $88,000 to about $145,000 (and increase thereafter).
Dairy profits of about $40,400 would be only about $2,300 per year less than a full dairy operation
because only 16 of the 300 acres would be withdrawn from dairy, leased for solar with grazing done by
the landowner, the lessee, or a third party.

113
114

DHCD 2020
MCEC Financing 2020
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A significant barrier to farm operation ownership of solar under the aggregate net metering program is
that, as owners, they must handle the billing to and collections from the parties contracting to purchase
the electricity. This barrier can be overcome if the billing and collection can be handled for owners of
aggregate net-metered solar by utilities. This approach is already used for corporations that purchase
electricity on the wholesale market and sell it to the state’s households and businesses. Utilities pay
those corporations for the amount billed and, for a small discount, take the risk of collecting from
customers. 115 Since utilities must send a bill anyway for recovering the costs for distributing the
electricity, the system provides for a single method of payment and collection from customers.
Ownership of aggregate net-metered systems by farmers would also be facilitated if Maryland
institutions such as government departments and state universities entered into long-term contracts to
purchase electricity from farmer-owned net-metered systems. A discount relative to the retail rate
would make it attractive for these institutions to enter such arrangements; a 20% discount relative to
the retail rate was factored into the calculations in Chapter III. Three parties benefit: the farmer owner
of solar; the solar grazier; and the public institutions that get renewable electricity at a discount. In
addition, the public at large gets a variety of economic and ecological benefits. Such contracts would be
bankable in that they would make getting loans for the solar simpler and the loan terms better.
Finally, many farms are not well located relative to connection to the electricity grid for solar of sizes
that would enable sales of electricity in significant amounts. Grid connection points, other than for very
small-scale systems, like residential and small commercial rooftop solar, require a three-phase
transformer with a distribution line sufficient to carry the added power or a substation. The electrical
line to tie a solar system to the grid can cost a million dollars a mile or more. 116
Public support for grid-connection expenses would benefit some farm operations that choose to lease
land for solar rather than own the installation. The distance from a suitable grid connection is one
reason that solar lease payments to landowners can vary a great deal – from $250 to $2,000 per acre
per year. 117 Land within the economic distance of a grid-connection point is much more attractive,
other things being equal. As a result, public support for excess grid-connection expenses on otherwise
suitable plots of land would likely increase the lease payment and increase farm profits.
Figure 8 shows a screenshot of a map from a mapping tool developed by a state task-force. It includes
all land within two miles of a 35-kilovolt (kV) (or lower) distribution line and within two miles of a
transmission line of more than 69 kV. The red areas are residential; the orange are commercial; the
yellow are agricultural; green are wooded.

This approach is known as “Payment of Receivables”; see Peltier and Makhijani 2018.
SolarLandLease 2019
117
SolarLandLease 2019
115
116
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Figure 8: Map of areas within 2 miles of distribution lines of 35 kV or less or within 2 miles of a
transmission line of more than 69 kV. Screenshot taken on 2020-09-02. The yellow color designates
farmland. Source: Smart DG+ tool
Farms where dual-use might best improve the land, tourist-intensive locations where solar could
adversely affect local economies, locations for the creation of public purpose solar microgrids, and
locations where other public purposes might be served (as for instance solar on agricultural land with
high nutrient loads) may be too distant from a suitable grid connection point for construction of largescale solar on purely commercial terms. In such cases, consideration could be given to adding the costs
of grid connection over the normal costs to the utility rate base. This should not be done lightly, of
course, since adding to the costs of electricity impacts households and businesses broadly. But if solar
development at specific sites serves enough of a larger public purpose then the public investment can
be justified through a CPCN process.
This public support for grid-connection expenses can serve as a means of incentivizing health soils
practices on the majority of the farm that is not in solar. When such investments make solar
installations economically feasible, they increase whole farm profits and farm economic resilience. As
was shown in Sections III.b. and III.c farm-owned aggregate net metered solar can enable profits of
$5,000 per acre and more if low interest loans are available. At these rates profits from solar on 10% of
farmland would range from being comparable to total profits from commodity row crops or grazing on
100% of the land (in the case of land leased for solar) to several times that. 118
Solar installations of 2 acres or less can be exempted from the requirement of engaging in commercial
dual-use agricultural activities if they do not wish to engage in them or if leasing that land to third

As noted, we have not evaluated the comparative profits on intensive specialty crop farms since these are very
diverse and variable. Solar on such farms would need to be evaluated on a case-by-case basis.
118
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parties for the same is impractical. Healthy soil requirements, should, however be maintained.
Permanent cover, including pollinator friendly plants can be required while leaving any actual
commercial activity – apiaries, grazing vegetables or flowers – up to the farmers themselves or to any
third parties to whom the farmers may choose to lease that land.

d. Exemptions
There are two principal reasons for the size limits on solar installations on farmland (the smaller of 20%
of a farm operation or 400 acres) recommended in this report:
•
•

To ensure that lessees are not deprived of access to farmland for their usual farming practices;
To spread the substantial economic benefits of solar on farmland to a large number of farm
operations, thereby strengthening farming in general and family farms in particular.

There are however specific circumstances in which exemptions may be warranted. Such exemptions
could be granted through the normal (rather than shortened) process of obtaining a Certificate of Public
Convenience and Necessity. For instance, it may take ten or twenty million dollars to connect to a very a
high voltage transmission line traversing large farms. A larger installation may also offer smaller farms
the opportunity of tapping into the same grid connection – an opportunity that would otherwise be
essentially non-existent. Where lease revenues are relatively low, a larger acreage, may better be able
to stabilize a farming operation such as a dairy farm, while being restricted to a fraction of the farm
operation.
Other exemptions may be granted for environmental and agricultural reasons. For instance, many
Maryland Eastern Shore farmers apply chicken litter from the poultry industry as fertilizer, which is more
economical than industrial synthetic fertilizers. This can be beneficial, but has also caused nutrient
management issues, including excess nutrient runoff, with attendant negative effects on the ecology of
the Chesapeake Bay. The problem of phosphorous overload is especially important on Maryland’s
Eastern Shore, and notably on the Lower Eastern Shore, where the bulk of the state’s poultry industry is
located. As explained below, larger solar installations on such land may enable restoration of the land
while maintaining or increasing farm profitability and food production.
In 2015, Maryland developed a regulation related to its “Phosphorous Management Tool” (PMT) to
comply with the federal Clean Water Act. As of January 2020, the Maryland Department of Agriculture
had evaluated 88% of the regulated land, over 1.12 million acres, and found that: 119
●
●

10,894 acres on 96 farms, have PMT scores in the 450 to 499 range; mitigation measures to
manage the nutrients are required on these farms;
Another 54,271 acres on 252 farms have scores in the 300 to 449 range, indicating high burdens
but not yet requiring special mitigation measures.

Most of these 65,000 acres or so of land are on the Eastern Shore, where most commodity crop farming
in Maryland is located (along with the poultry industry). Solar installations on some of this land could
119

MDA 2020.
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provide the profit-basis for exploring potential for remediation. Possibilities include planting of
perennial grasses, such as switchgrass and Indiangrass, which can be used for forage 120; it can also be
used for biofuel, while increasing biodiversity and providing other ecosystem services. 121 There does not
appear to be data specific to the use of such grasses for phosphorous remediation but cultivation data
indicate that potential for switchgrass:
Current recommended phosphorus and potassium application rates [for switchgrass] differ
widely. In Tennessee…phosphorus and potassium applications are not recommended unless soil
levels are low. Even when no phosphorus or potassium is applied, it may be appropriate to
include an opportunity cost for the phosphorus and potassium removed in the harvested
biomass. 122

This indicates the potential for switchgrass to take up excess phosphorous on land with high nutrient
loads; in that case, what is described in the above quote as the “opportunity cost” of depleting the soil
of phosphorous would actually be a benefit of reducing phosphorous on land with high loading of this
nutrient. There may also be another important potential ecosystem benefit to such a system: enhancing
methanotrophic bacteria in the soil; these bacteria consume methane that is present in the air in the
pores of the soil. Methane is a powerful greenhouse gas; its warming potential on a 20-year time scale
is 84 to 87 times that of carbon dioxide. 123
A pilot project would enable a proof of this concept to be established while protecting farm profits.
Such a project measures would also be consonant with Maryland’s 2017 healthy soils law, the central
purpose of which is to improve the health of Maryland’s soils, including its farmland. 124
A well-constructed experiment would include control acreage, sections with solar and various mixes of
grasses with and without grazing; and sections with other types of agricultural activities. Such an
experiment would involve making measurements of soil nutrient loading, nutrient in the runoff, soil
carbon, methane destruction rates, biological activity, etc. Since excessive nutrient loading is a
widespread problem, such an experiment may hold ecological as well as economic lessons far beyond
Maryland and the Chesapeake Bay watershed of which the Eastern Shore is a part. A recent journal
article, authored by a scientist at the University of Maryland Center for Environmental Studies and one
at the University of Algarve in Portugal, noted the global nature of this problem:
Coastal eutrophication caused by anthropogenic nutrient inputs is one of the greatest threats to
the health of coastal estuarine and marine ecosystems worldwide. Globally,∼24% of the
anthropogenic N released in coastal watersheds is estimated to reach coastal ecosystems. 125

Mitchell and Anderson 2008
Werling et al. 2014
122
Bergtold and Salius, eds. 2020, p. 224
123
EPA GWP Fact Sheet
124
Maryland Healthy Soils Law, 2017
125
Malone and Newton 2020
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There may be also circumstances where solar on farmland is feasible but not agriculture. An exemption
may be granted under these if the solar developer can show, as part of the full (rather than shortened)
CPCN process, that agricultural activities are not possible.

e. Benefits to rural communities
Direct economic benefits to rural residents can also be broadened beyond those directly profiting from
solar development. For instance, local residents could be provided with investment opportunities in
local renewable energy projects. This approach has been used in Denmark to overcome the objections
of neighbors who must look at the wind turbines and the changed landscape in their neighborhoods but
who do not benefit directly. As part of Danish policy, developers of wind farms are required to offer
nearby residents the opportunity to invest in the renewable energy projects. A minimum of 20 percent
of the total investment must be offered to community members. To spread the benefits of solar over a
larger number of farmers, solar installations could be owned by cooperatives formed for the purpose.
Sufficiently wide adoption of solar grazing could generate many economic opportunities – in expanded
animal husbandry, in processing operations, in support occupations such as farm to table marketing, and
veterinary medicine.
Rural communities would also benefit from the increased economic opportunities provided by dual-use
solar on farmland:
•

•
•

There would be opportunities for young farmers, as well as Black and Indigenous farmers to
enter agriculture without having to purchase land. There are other investment requirements, of
course, purchasing the sheep for instance, as well as needs for working capital. But the main
hurdle to many new entrants is the cost of land.
There would be opportunities for jobs and investment in new food system infrastructure, such
as processing sheep, and marketing of agrivoltaic food products.
A renewable energy sector with balance between offshore wind and solar, could create
thousands of jobs in solar (see Section IV.b).

The solar and farming investments and associated activities would boost local economies and provide
increased revenues for local governments. In some areas, communities hosting large-scale solar
installations are making “Host Community Benefit” agreements with solar developers; these agreements
would provide revenues to the communities (county and town councils) in lieu of taxes. 126

f. Policy development for agrivoltaics
There are strong economic and ecological arguments for joint development of healthier electricity and
food systems over the next two decades. It is a complex enterprise that will require consideration of a
host of issues in both fields, as well of the views of experts, the public, farmers, businesses, and
households.

126

See for instance Host Community Benefit Draft 2020
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Two of Maryland’s institutions that consider energy and agricultural issues could help develop
agrivoltaics in the state. For energy and climate questions, there is the Maryland Commission on
Climate Change. The Commission is an official advisory body, staffed by the Maryland Department of
the Environment; it has working groups, including one on mitigation of climate change. Among other
things, the Mitigation Working Group develops recommendations for reducing greenhouse gas
emissions from the energy sector, including by increasing the amount of renewable energy in the state’s
energy mix. Maryland has a Soil Health Advisory Committee, staffed by the Maryland Department of
Agriculture (MDA); it includes representatives from across the agricultural and environmental sectors.
MDA also has representatives on the Mitigation Working Group of the Climate Commission. A joint
committee of the Mitigation Working Group and the Soil Health Advisory Committee could develop
proposals for the development of agrivoltaics in the state.
In particular, an electricity system in Maryland that relies mainly on renewable energy will look
substantially different from the one in place today. Weather extremes are becoming more frequent.
Greater electricity system resilience is therefore a necessity. In the electricity sector, upon which the
functioning of all other economic sectors depends, resilience means a lower frequency of outages,
shorter duration of outages, and maintenance of essential services during outages. All of these
attributes point to a much more distributed grid – more local sources of supply that are more responsive
in real time to changing conditions. The need to join these resilience attributes with low-to-zero CO2
emission sources of supply points to much more solar distributed generation and strategic investments
storage – notably battery storage – and the widespread implementation of microgrids, including public
purpose microgrids which can support communities in emergencies.
The development of a resilient, renewable grid requires investments in the state’s electricity distribution
systems. 127 As it happens, the development of a smart, distributed and resilient grid will also make it
possible for rural solar installations to be connected to the grid more economically. For instance, even if
the added cost of grid connection is publicly supported, permission for the transmission tie to cross
properties that lie between the solar location and the substation must be obtained. A well-developed
distributed grid, needed for a resilient and renewable electricity system, would reduce the number of
properties to be crossed and the distance to be covered.
At the same time, profits from solar designed to promote healthy soils can support a more diversified
farm economy. This report has developed two scenarios to show the scale of land use, profits, support
for healthy soils, and farming possibilities. The 2040 solar scenario provides a reasonable indication of
the potential scope of solar development on farmland – on the order of 80,000 acres. The value of the
electricity on this small fraction of land would be almost equal to the entire 2017 agricultural output,
including poultry in Maryland -- $2.3 billion compared to $2.5 billion. It would be greatly in excess of the
value of all crops harvested, almost $1 billion, while allowing almost all the state’s farms to continue the
same production as before on 96% of the farmland area; there would be dual-use farm production on
almost all the remaining 4%.

127

Makhijani 2016, Chapters VIII and IX; within them, see specifically pages 153 and 186.
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Given the magnitude of the climate crisis, the weaknesses in the farming and food systems exposed by
the COVID-19 pandemic, strengthening both sectors economically and ecologically would provide
benefits to the state beyond the separate development of each sector.
A more immediate policy issue relates to net metering. Much of the opportunity for increased
profitability of smaller scale solar (2 MW or less) arises from Maryland’s Aggregate Net Metering rule
discussed previously. This provides retail value for solar electricity to farmers, with the size of the solar
installation limited to a maximum of 2 MW-ac (about 16 acres). A net-metered 2 MW-ac installation
would typically yield profits of tens of thousands of dollars per year if owned by the farm operation.
At present there is a cap on total net metered capacity of 1,500 MW on all types of net-metered solar
including rooftop residential and solar and ground-mounted solar up to 2 MW-ac. Most of the netmetered capacity under this cap has already been used up for urban residential and commercial
installations. If farmers and rural communities are to benefit and if the food and energy systems are to
be joined, this limit should be lifted for net-metered solar on farmland; as an alternative it could be at
doubled to 3,000 MW for all solar installations currently eligible for net metering to enable agrivoltaics
development (and community and low-income solar access) while the larger regulatory issues
associated with a transition to a renewable electricity system are addressed.

g. Sources of funds for incentivizing an agrivoltaics sector in Maryland
A number of different sources of funds could be used to integrate solar, farm profitability, ecological
benefits, and healthy soil considerations. The simplest approach is one in which landowners lease their
land to solar developers. The landowners get essentially risk-free revenues that are far greater per acre
than profits from commodity crop production per acre, where the gross revenues are generally under
$1,000 per acre. The situation is more complicated if solar installation reduces production on small,
very intensive vegetable and flower cultivation, where revenues per acre can be in the tens of thousands
of dollars per acre, but increases electricity revenues at the same time.
Promoting healthy soils and in-state solar are both major goals of the State of Maryland; the use of
public funds in enabling them both is thus appropriate.
A number of sources of revenue could be used to support farm-centered solar, even considering the
more straitened circumstances created by the COVID-19 pandemic. The potential sources include
(putting added expenses of grid-connection into electricity rate base of utilities, increased general
revenues from income or wealth taxes, a small gasoline tax – one cent a gallon (amounting to less than
$1 per month for typical personal car use) would raise about $30 million a year. This tax is smaller than
the typical variation in prices between nearby gas stations. Similar sums could be raised by a charge on
electricity amounting to 50 cents per month per household. More progressive revenues sources are
possible as well, given the significant ecological and social benefits that would accrue to society at large
from dual-use solar. These options are well known – progressive income taxes or a small wealth tax.
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Farming and Solar Synergies (based
on a study to be released soon)









Solar siting on farmland should require agricultural activities,
as is the case in the proposed ZTA amendment.
Pollinator-friendly planting and certification and solar grazing,
especially with sheep, are well established solar-compatible
agricultural activities.
Pollinator friendly designation is compatible with four soil
health principles articulated by the Natural Resource
Conservation Service: “soil armor, minimizing soil
disturbance, plant diversity, continual live plant/root”
Solar grazing adds the fifth: “Livestock integration.”
Landowners can expect their soil to become healthier over
time.
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Solar can strengthen family farms – 16 acres (2 MW)
of solar on a 200 acre corn-soy commodity crop farm
Profits, $/acre with an without solar (2 MW) on a 200 acre commodity crop farm
$180

$160

$140

$/acre

$120

$100

$80

$60

$40

$20

$0

With solar

No solar
Favorable grain prices

Adverse grain prices

(118)

Solar grazing can diversify and
strengthen farming










Instead of leasing land, graziers get paid to graze
sheep - $200 to $600 per acre.
This can increase profits and diversify local food
production.
Maryland only produces about 10% of the lamb and
mutton consumed in the state
The County should provide incentives, like such as tax
credits for water supply, to support increased solar
grazing.
It can create room for new entrants into farming and
diversify the sector.
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Solar grazing is quite well-established
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Community solar will save area
residents money




At a 20% discount compared to residential rates
(average for the three utilities), subscribers would
save $300 million to $400 million cumulative over
the 25 year life of community solar on 1,800 acres
(depending on the inflation rate in electricity
prices).
This would strengthen the economy of the region
and create jobs in addition to those in solar.

(121)

Considerations relating to low-and
moderate income families








Low- and moderate income families would typically
save $200 to $250 per year
Compare to average electricity bill assistance of about
$500 and more than 70% do not get any.
Assuming 50% low- and moderate income subscription,
the total savings for subscriber families would be $175
million to $200 million over the solar lease period.
Utility bill, rent, food, medicine conflicts are severe for
low- and moderate income families and more so now.
Community solar would reduce these conflicts, improve
health and housing security, and promote economic
justice and climate goals at the same time
(122)

Recommendations
Adopt the ZTA as amended for community
solar on all 1,800 acres.
 Strengthen the decommissioning provision to
ensure removal of wiring and footings.
 Require the Soil and Water Conservation
Service to produce a soil health report every
five years on the status of soil health in the
areas used for dual-use solar.
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OFFICE OF THE COUNTY EXECUTIVE
Marc Elrich
County Executive

MEMORANDUM
January 21, 2021

TO:

Montgomery County Council

FROM:

Marc Elrich, County Executive

SUBJECT:

ZTA 20-01, Solar Collection Systems – AR Zone Standards

It is my understanding that the joint PHED/T&E Committee will propose
amendments to ZTA 20-01 for the full council to consider next week, based on consensus
recommendations of the Farm Solar Stakeholder Workgroup, and will also identify several nonconsensus points for further discussion. I thank everyone for giving the workgroup the
opportunity for in-depth discussions of the proposed ZTA.
Having followed the workgroup deliberations closely, I would like to lend my
support to the key recommendation by the members listed in the Agriculture and Preservation
subgroups to require that solar collection systems producing more than 200% of onsite use in the
Ag Reserve be allowed as a conditional use with participation in the review process by the Office
of Agriculture. They point out that the Agricultural Reserve Master Plan, which designates
farming as the principal use, requires conditional use approval for anything other than
agricultural uses, such as radio and cell towers, power lines, and other public utilities.
Conditional use
Baltimore and Howard Counties have a conditional use requirement, while Prince
George’s County has a robust mandatory referral process. Industry representatives and others
opposing the conditional use process cite its “uncertainty” - its cost, the length of time it takes,
and the likelihood of court challenges that would lead to further delay. I am not aware of a
comparison that shows that the conditional use process is any more costly or time-consuming
than the Planning Board’s site plan review process now recommended in the ZTA. Regarding the
likelihood of court challenges, Lynn Robeson Hannan, director of the Office of Zoning and
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Administrative Hearing (OZAH) that decides conditional use cases, reports that her office has
decided 74 conditional use cases since 2015; nine of those were appealed - seven to the Board of
Appeals and one conditional use and one special exception (Costco gas station) were appealed to
the courts. She points out that previous county councils took steps to streamline the conditional
use process; now, the median time for review is just over 6 months, with most of that time spent
in review by the Planning Department and Planning Board. Most OZAH hearings last one day or
less. These facts indicate that the conditional use process would not unduly burden project
applicants while allowing an objective review on a site-by-site basis – so important to proponents
of the Ag Reserve - instead of the one-size-fits-all standards of a limited use.
Forest conservation
I would also like to clarify my position regarding the potential removal of forested
land to accommodate solar collection systems. My preference is to include a clear statement in
the ZTA that prohibits the removal of forests to install solar. The proposed language in the ZTA
leaves it up to the Planning Board during the site plan review process to decide whether a
proposed project complies with forest conservation laws; it does not specify a maximum area of
tree removal, nor does it prohibit waivers, exceptions, or payments-in-lieu. I think it is important
to note that the recently released Climate Action Plan that needs to be our blueprint going
forward calls for reforestation of the county, not deforestation. With thousands of potential acres
for consideration and recognizing the critical role of forested land in sustaining clean water and
air, there is no reason to cut down trees to accommodate solar. I understand that the
Agriculture/Preservation subgroup members proposed allowing a maximum of one acre of forest
removal per solar collection project as a means of introducing a cap into the ZTA language. I
was disappointed that this issue was barely mentioned during the joint committee session, and I
hope the full council will discuss this very important issue.
Prime agricultural soil preservation
Finally, I remain concerned about placing no restrictions on the location of solar
collection systems except for exempting Class I soils. That class of soil comprises only a few
hundred acres in the Ag Reserve, much of it unsuitable for farming. The Chesapeake Bay
Foundation’s report on the siting of solar facilities cautions against locating them on prime
agricultural soils. Yet the ZTA proposes to allow solar collection systems as a limited use AND
on any Class II and Class III soils. In an effort to reach a compromise, the
Agriculture/Preservation subgroup members recommend allowing solar projects on Class III
soils but continue to ask for an exemption of the Class II soils so important to farming in the
county. I continue to support the exemption of Class II soils unless the full council can limit
incursions into those soils by allowing a review of soil conditions and impacts on a case-by-case
basis. This is why the conditional use process is so important. Otherwise, this ZTA will
undermine the master plan nationally known for preserving farming and could well lead to a
decline in farming at a time when food resiliency is a rising issue.
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During the workgroup deliberations, the Agriculture/Preservation members showed a willingness
to compromise on several issues, moving from opposing the ZTA to being willing to adopt
amendments that would allow solar in the Ag Reserve to co-exist with farming. It would seem,
then, that it is no longer a question of whether we should allow solar in the Ag Reserve, but how
best to do so without jeopardizing the unique, valuable, and irreplaceable resources in the
Reserve.
A recent report from Paradise Energy Solutions indicates that Montgomery
County ranks second among Maryland counties in the overall number of solar installations and
kWh hours produced. I know this is only a start, but as we look for ways to “clean the grid” and
address climate change, I believe we can and should do so without compromising the Ag
Reserve.
Thank you for your consideration.
ME/ci
c: Jeffrey Zyontz, Senior Legislative Analyst
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