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Trenton Mullin
tpmullin@wisc.edu

Jacob Sundstrom
jesundstrom@wisc.edu

PROJECT TEAM
Accompanying this report is a Design Plan Set.  This report complements the design plan set, providing additional 
context and background.  The design plan set provides additional technical drawings and details related to the project.  
The design plan set includes civil, engineering, and electrical drawings, as well as other details outlined in the Sheet 
Index provided here.

DESIGN PLAN SET
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Three graduate students (the project team) enrolled in the Sustainable Systems 
Engineering program completed this feasibility study as their Capstone project.

The project team considered two different scenarios when evaluating the solar facility 
design.  First, the viability of a behind-the-meter distributed energy resource application 
for a commercial business nearby.  Second, a direct interconnection with the local utility 
grid, operated by Wisconsin Public Service (WPS).  Wisconsin is one of fourteen states 
with unclear or nonexistent regulations related to third-party solar PV Power Purchase 
Agreements (PPA).  The interpretation of Wisconsin’s current regulatory statute is that 
a third party cannot sell power directly to a private individual, entity, or municipality.  
This would prevent the City of Rhinelander from selling any electricity produced to a 
business as a behind-the-meter solution.  Due to this, the only viable option for the 
project is to enter into a Power Purchase Agreement directly with Wisconsin Public 
Service (WPS).

Working with this knowledge, the project team designed a solar PV facility and selected 
the inverters, solar modules, DC & AC cabling, combiner boxes and disconnects as 
part of the facility design process.  The resulting proposed system has a DC nameplate 
capacity of 4.64 MW, capable of producing 6.191 GWh of electricity annually; enough 
to power 730 residential homes in Rhinelander.  The proposed project solar field covers 

around 20-acres of the closed landfill site.  

The recommended construction method calls for a low-impact solar PV installation 
that minimizes site disturbances and soil compaction.  In addition, the project team 
recommends the project includes native plantings consisting of a pollinator seed 
mix.  According to the U.S. Department of Energy SunShot Vision Study (2012), site 
preparation costs for siting a solar PV facility account for up to 20% of the total installed 
cost [23].  Efforts to minimize site preparation will therefore reduce overall project 
costs and shorten the payback period.  Moreover, it will make post-construction site 
restoration and landscaping easier, further reducing costs.

The financial analysis of the proposed system yielded a payback period that exceeds 
the system life expectancy.  While the environmental benefits are worthwhile, the cost 
to the City may not be justifiable with the low ROI.  The primary reason for the low 
Return on Investment (ROI) is due to the low buy-back rate of the generated electricity 
by WPS.  Section 11 outlines several factors that contributed to the low ROI.  Although 
the financials do not support proceeding with the project as designed, with modification 
a more attractive ROI is obtainable, which may make the project financially attractive to 
the City of Rhinelander. 

EXECUTIVE 
SUMMARY

The City of Rhinelander reached out to faculty at the University of Wisconsin – Madison and expressed interest in having graduate students 
conduct a feasibility study for the development of a utility-scale distributed generation (DG) solar facility on a closed City landfill.  
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PROJECT FUNDING 

The feasibility study will include an estimate of 
the Capital Expenditures (CAPEX) and Operating 
Expenditures (OPEX) for the project.  Preliminary 
discussions with the City of Rhinelander identified a 
potential business partner, Printpack, who is interested 
in a distributed energy resource solution for their 
facility near the landfill site.  There are two potential 
challenges engaging with a private company to back 
the project.  First, due to current Wisconsin regulations, 
it is not permissible for a non-utility owner of a solar PV 
system to generate and then sell electricity to another 
individual or entity.  Due to this, Printpack would need 
to own the DER facility and potentially the property 
itself.  Printpack may not want to finance the solar PV 
facility as the initial financial CAPEX projections are in 
millions of dollars.  Second, Printpack would then need 
to run transmission lines across additional properties 

(with individual owners) and a State highway to reach 
their facility, adding additional cost and regulatory 
approvals.  A second and more likely scenario is 
ownership by multiple stakeholders, including the City 
of Rhinelander, where the DER facility will interconnect 
to the local utility, Wisconsin Public Service (WPS).  The 
stakeholders would then sell electricity directly to the 
utility at an approved rate.

DRIVING FACTORS

The City of Rhinelander expressed two distinct driving 
factors for the installation of a DER solar facility.  
First, the currently natural gas pipeline infrastructure 
in the area is at capacity.  The City wants to attract 
outside industry to the area, but it is a difficult sell to 
interested parties because local energy resources 
are a bottleneck.  Secondly, Rhinelander is moving 
towards a policy of sustainability.  The city is known as 

PROJECT 
BACKGROUND

The City of Rhinelander, like other cities across the country, is looking for ways to 
incorporate sustainability into their long-term planning.  The University of Wisconsin – 
Madison is currently conducting an environmental study for the City of Rhinelander at 
a closed landfill site near the eastern city limits.  In discussions with UW Faculty, the 
Mayor of Rhinelander suggested the site could serve as a sustainable Distributed Energy 
Resource (DER) solar facility and welcomed the UW to utilize the site as a Capstone project 
in its Sustainable Systems Engineering graduate program.  This feasibility study looks 
at potential options to convert the brownfield site into a small-scale solar PV generating 
facility that would benefit the City and residents by providing clean energy to businesses 
and households in the greater Rhinelander area.  

2

Source: National Rural Electric Cooperative Association, © 2020
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a commercial, industrial, and recreational center for the Northwoods area 
of Wisconsin and believes a sustainability plan, including green energy 
generation, can grow this reputation.  Globally, there is a shift towards 
sustainability, and the Rhinelander city leadership expect to be a part of the 
cultural shift.  The development of a brownfield landfill site for solar PV is a 
project that aligns with both driving factor.  Moreover, the project will re-
purpose land that has limited development options and will give the City a 
small amount of energy security and independence.

WISCONSIN’S RENEWABLE ENERGY LANDSCAPE

Wisconsin continues to accelerate its investment in renewable energies.  
As of April 2020, Wisconsin had 5,744 MW of solar and 1,194 MW of wind 
projects under development (Figure 1).  The City of Rhinelander landfill solar 
project aligns with the State’s, local utilities, and the City’s own sustainability 
and renewable energy goals.

Figure 1
Wisconsin Renewable Solar, Wind, and Storage Projects

Note.  Wisconsin renewable project under development as of April 2020.  Reprinted from Large Scale Solar & Wind Deployment for Wisconsin, by Renew Wisconsin, 2020.  
Retrieved from https://www.renewwisconsin.org/wp-content/uploads/2020/04/Large-Solar-and-Wind-04.23.2020.pdf.
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SOLAR RESOURCE OVERVIEW

The HelioScope software utilized for the site design of the Rhinelander solar 
PV facility imports solar data sets from the National Renewable Energy 
Laboratory (NREL) and the National Solar Radiation Database (NSRDB) for 
locations around the world.  The software utilized the GPS coordinates for 
the Rhinelander Landfill to pull solar resource data within one hundred miles 
of the location.  The project team selected a solar resource data set that was 
located 2.6 miles from the landfill site, ensuring a high degree of accuracy.  
The data set is a “typical meteorological year” (TMY) data set, meaning the 
data includes multiple years of solar data, which helps to blend out extremes.  

The NREL Prospector solar resource data utilized for the Rhinelander 
resource evaluation has data collected from 1998 through 2009.  The project 
team conducted multiple simulations for the solar PV facility, utilizing different 
data sets and found negligible differences in the Rhinelander solar resource 
assessment and site energy yield calculations.

SOLAR 
RESOURCE 
ASSESSMENT

A solar resource assessment is a means of determining 
the amount of solar radiation at a particular location.  This 
is a key component to understanding the prospective 
solar energy production from solar photovoltaic modules 
installed at that site. 

3

Source: NREL, © 2018
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QUANTIFYING SOLAR RESOURCES

To accurately represent the solar resources at the 
project site, it is important to consider data from 
multiple years to average out outlier data.  The Typical 
Meteorological Year (TMY) provides averaged values 
over multiple years and is what the project team utilized 
for this project.  Since Global Horizontal Irradiance (GHI) 
provides both the solar energy hitting the PV module 
and the diffuse horizontal irradiation, it if particularly 
useful for assessing the solar resources at a site.

The name of the NREL prospector data set in 
Helioscope is “10km Grid (45.65, -89.35, NREL 
(prospector).”  Irradiance data at the Rhinelander 
location was separated into monthly and annual global 

horizontal irradiance (GHI), Plane of Array (POA) or 
direct irradiance, and shaded irradiance as shown in 
Table 1 and Figure 2.  

The shaded irradiance is a function of shaded elements 
of the facility defined when modeling the solar PV facility 
(trees and buildings).  GHI is the amount of short-wave 
radiation received by a horizontal plane to the Earth’s 
surface and POA measures the incident irradiance on 
a solar PV module and is the closest measurement to 
quantify the power output of a solar module [1].

Table 2 shows the annual irradiance for the project 
site in Rhinelander, Wisconsin.  These values were 
calculated using the same TMY dataset loaded into 
HelioScope, a common solar PV design software 

Figure 2
Solar Irradiance in Rhinelander, Wisconsin

Note.  Solar irradiance for Rhinelander, Wisconsin using the TMY data set and values from Table 1.

Table 1
Monthly Irradiance in Rhinelander, Wisconsin
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package.  The table shows the impact of shading and soiling on the overall output of the system, which for the project 
site was offset by POA irradiance due to ground surface reflectivity (albedo).

Table 2
Annual Irradiance in Rhinelander, Wisconsin

Note.  Annual production based on solar irradiance data for the project site.  Shading and soiling negatively impact the total 
output of the system; however, Plane of Array (POA) irradiance offsets these losses through gains from albedo (ground surface 
reflectivity) and diffuse irradiance.
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SITE HISTORY

The site selected for the Rhinelander Solar PV 
Feasibility study is a closed landfill located within the city 
limits of Rhinelander, Oneida County, Wisconsin.  The 
accompanying design plan set, sheet C101 provides 
the site location with respect to the City of Rhinelander.  
The landfill boundary spans four parcels owned by the 
City of Rhinelander, named on plan sheet C103 as tax 
keys RH-9108-0100, RH-9108-0102, RH-9109-0600, 
and RH-9109-0700 and being in the northeast quarter 
of Town 36 North, Range 9 East, Section 8 and the 
northwest quarter, Section 9.  The total area for these 
parcels is approximately 65 acres (Figure 4).

The landfill operated from 1939 through 1979 and 
closed in 1980.  At that time, the landfill owner 
placed a sandy soil cover over it.  The waste stored 
at the site consists of both municipal solid wastes 

and industrial wastes.  Later testing at the site has 
showed that leachate generated from landfill waste 
had contaminated Slaughterhouse Creek and 
the Pelican River, found along the southwest and 
northwest boundary of the site, respectively.  In 1986 
the Wisconsin Department of Natural Resources 
(WDNR) nominated the site to the Environmental 
Protection Agency’s (EPA) National Priorities list 
under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), also known 
as Superfund.  On July 18, 1989, an order was issued 
by the WDNR to the City of Rhinelander to develop 
a plan to cap the landfill and install a gas extraction 
system [2].  Currently, the site has an Eligible Response 
Site (ERS) Exclusion decision and is therefore not 
active on the EPA’s National Priorities list.  The EPA 
identifier for this location is WID980820088.

PHYSICAL SITE 
CONSTRAINTS

The site selected for the Rhinelander Solar PV Feasibility study is a closed landfill located 
within the city limits of Rhinelander, Oneida County, Wisconsin.  
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ENVIRONMENTAL 
CONSIDERATIONS
Figure 3 shows the proposed solar PV field is adjacent 
to the Pelican River, Slaughter House Creek, and an 
extensive wetland area.  Siting for the solar facility 
requires careful design to avoid negative effects on 
these important resources.  Design Plan Set sheet C105 
provides additional details, notes, and adjacent property 
lines.

CONSERVATION AREA

A primary constraint is a conservation area, designated 
by a wooden fence on the northern side of the site.  
This area is a riparian buffer that protects wetlands and 
Slaughterhouse Creek to the north and northwest of the 
proposed solar field area.

FORESTED AREA

The site has multiple stands of mature hardwood 
trees.  The trees to the north help trap sediment and 
other contaminates before they reach the wetland and 
waterway.  Those to the south along the proposed solar 
field serve as natural habitats; however, they also cast 
significant shadows into the solar field, restricting the 
location of PV modules.  One of the goals of this project 
is to keep a natural landscape and habitat, so the 
removal of existing trees is not an option.  Therefore, 
there are areas within the proposed solar field that will 
not have any PV modules due to excessive shading. 

Figure 3
Environmental Elements

Note.  The image shows the various 
environmental and natural aspects 
surrounding the proposed solar field.  Of 
particular concern are the wetland and 
waterways adjacent to the site.
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FLOOD PLAIN

Within the tree lined area to the north of the proposed 
solar field is a FEMA designated flood plan.  While this 
is outside of the planned solar field, there are setback 
requirements from this area that the project must 
consider.

WETLAND AREA

Beyond the flood plain is an extensive wetland that 
borders Slaughter House Creek.  The WDNR requires 
that erosion and sediment controls be in place before 
any construction activity begins at the site to prevent 
runoff from affecting these areas.  This includes sending 
a formal Erosion Control and Storm Water Management 
Plan, compliant with Ch. NR 216 of the Wisconsin 
Administrative Code, to the WDNR for review and 
approval [3]. 
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OTHER 
ENVIRONMENTAL 
CONSIDERATIONS

LANDFILL

The landfill has multiple sampling and testing wells 
(gas and leachate) that require access by authorized 
personnel.  Design plan set Sheet C105 includes the 
setbacks for these wells along with setbacks for the 
perimeter of the solar field area (Sheet C104).  During 
the Environmental Impact Assessment, the Department 
of Natural Resources (DNR) may require more setbacks 
or land use restrictions that would affect the location of 
PV modules within the proposed solar field area.  

The landfill capping is composed of sand with a top 
fill cover.  To obtain a conditional use permit from the 
WDNR, the City will need to provide the engineering 
specification for the existing cap along with the 
proposed solar PV design.  The WDNR assessment 
seeks to ensure that construction on the site does not 
compromise the landfill cap, which can cause leachate 
to seep into nearby habitat and waterways.

VEGETATIVE CONTROL 

Vegetative control in the solar PV field is also important 
to prevent shading of the PV modules or damage 
to the installed equipment.  This project includes a 
recommendation to add a sustainable groundcover that 
will minimize ongoing maintenance while enhancing the 
natural habitat.  Section 8 includes a discussion of both 
ground vegetation and visual screening at the site.

LAND USE 
RESTRICTIONS
There are three primary land-use restriction that affect 
the project site. 

CONDITIONAL USE

This project will require a conditional use permit from 
the Wisconsin Department of Natural Resources 
(WDNR).  The WDNR administrative code (Wis. Admin. 
Code § NR 506.085) prohibits the placement of any 
structure or other development on buried waste without 
an exemption [19].  There are also restrictions protecting  
the adjacent wetland and waterways.  The conditional 
use permit, if approved, provides the approval to 
proceed with construction, but may also impose other 
restrictions depending on the WDNR findings.  

ZONING

The second is a zoning restriction.  The zoning for 
the landfill is light industrial, which does not allow the 
installation of any energy generation facilities.  To install 
solar PV at this location will require a review by the 
Rhinelander City Inspection Office, which oversees 
zoning regulations for the City.  This may require a 
change to the existing zoning code or a one-time 
exception.

EASEMENTS

The final land use restriction includes potential 
easements that may affect the site.  There are no 
current easements on the parcels included in the project 
site area; however, easements may be required for the 
utility interconnection.  Since the site is also a closed 
landfill, it requires monitoring and inspection which may 
also necessitate easements to guarantee access to 
monitoring wells.

ACCESS & RIGHT-OF-
WAY

SITE ACCESS

As mentioned earlier solar PV modules sit atop a closed 
landfill, which has monitoring and testing wells that must 
be accessible by various agencies.  Plan set sheets 
C102, C105, and C401 provide additional details on 
setbacks and potential easements including access 
roads and driveway entrances to the site.  There are 
two driveways servicing the site as shown on Design 
Plan Set sheet C401.  The recommendation is to 
keep the northwestern driveway, sending a request to 

the Highway Department to make this a permanent 
entrance to the site.  This project includes removing 
a second driveway, found 745 feet to the southeast, 
during the PV array construction phase.

RIGHT-OF-WAY

Old Highway 8, which runs along the southern property 
line, has a 66-foot right-of-way restriction, which is a 
consideration for the fencing around the site and for any 
planted screens (Figure 1).  The American Transmission 
Company (ATC) has 115 kV transmission lines that run 
on the parcel next to the solar PV installation; however, 
these setbacks should not affect the installation of the 
solar array but may affect the grid interconnection.

Figure 4
Rural 2-Lane Right-of-Way

Note.  The image represents the typical right-of-way for a rural 2-lane road such as Old Highway 8, which runs along the project 
site and provides driveway access to the site.  Reprinted from ROW Drawings, by Wisconsin Department of Transportation.  
Retrieved from https://wisconsindot.gov/Documents/doing-bus/real-estate/roadsides/row-drawings.pdf.
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AVAILABLE LAND AREA
Working within the land constraints for the site yields a 
solar field area of roughly 24.8 acres (1,080,000 sq ft).  
Design plan set sheet C102 provides a satellite view of 
the site with the parcel boundaries and the solar field 
shaded in yellow.  

Figure 5 supplies a summary of the solar field details 
found on sheet C103 of the detail plan set.  The 
proposed solar field runs along the southern property 
lines before turning northward and then extends to 
the existing fence line as shown on the plan sheet.  A 
30-foot easement runs along the perimeter of the solar 
field, which provides both access and a setback

Figure 5
Project Site Land Area

Note.  The image is the four parcels owned by 
the City of Rhinelander and the placement of the 
proposed solar field in those parcels.  The outer 
space around the solar field is a 30-foot setback 
for access.  For a full PLAT of the site, refer to the 
design plan set, sheet C401.
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CLIMATE
Snow and wind loads are a concern at the project site.  The modules face 
into the prevailing wind which reduces uplift on the rows; however, the 
leading edge of the modules are more than feet above the ground due to 
the ballast mounts.  Although this raised height increases the wind list on the 
modules, the extra weight of the ballast is sufficient to counteract this effect.  
With the low-tilt angle of the PV modules, snow loading could  be a concern if 
modules do not shed excess snow.  

Temperature extremes have an impact on the voltages output from the solar 
PV modules, which affects inverter sizing.  For the project site, the ASHRE 
data shows temperature extremes of -30.3° C in the winter and 33.3° C in the 
summer.  

Figure 6
Temperature Extremes for Rhinelander, WI

Note.  Voltages are for a single string, which consists of 14 solar PV modules at 
430 W each.  The chart provides both the voltage at the MPPT and the over current 
voltage for the maximum and minimum temperature extremes.Source: TUI Canada, © 2019
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TOPOGRAPHY
The racking system selected for this project allows a 
slope of no more than 15 degrees over the table length 
(East-West direction).  Figure 7 shows the site profile 
through the middle of the solar field.  The data shows 
the proposed location has a minimal slope towards the 
western end of the site.  There is also minimal slope in 
the north-south direction, showing that the site should 
require minimal to no grading during the installation of 
the racking hardware.  

Unirac, the racking manufacturer requires the slop of the 
East-West racking to vary by no more than 15 degrees 
over the length or each row.  Section A-A provides the 
slope rates across the center of the Solar PV Field.  All 
slopes are below the manufacturer required maximum 
and the project team does not foresee any issues with 
the racking installation at the site.

Figure 7
Site Slope Profile

Note.  The site slope profile provides the East-West 
slope for each segment of the solar field.  The racking 
manufacture specification requires a slope of less than 15 
degrees over the length of the row.  For a full PLAT of the 
site, including the contours refer to the design plan set sheet 
C401.
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EQUIPMENT 
SELECTION

PV MODULES

Different modules have distinctive characteristics.  Due 
to site space limitations, maximizing the PV module 
output is an important design consideration.  In addition 
to capacity factor the team considered these factors 
before selecting the solar PV modules.

• Produce warranty
• Performance warranty (degradation of output over 

time)
• Price per kW of output
• PV module efficiency
• Availability of materials
• Manufacturer’s sustainability achievements / goals

The solar PV modules selected for this project are 
the Q Cells Q.PEAK Duo L-G8.2 435-watt module.  Q 
Cells, a leading PV module manufacturer, has a quality 
testing and certification program that exceeds the IEC 

certification and VDE testing procedures (Table 3).

Design Plan Set sheet R702 supplies the manufacture 
specifications for the selected modules.  These modules 
offer a peak efficiency of 20.3% and a 12-year product 
warranty.  The performance warranty guarantees a 
maximum annual module degradation of 0.54% or less, 
with at least 85% nominal power output at the end of its 
25-year lifespan [7].  

The innovative technologies incorporated into the 
module design have several advantages over other 
models.  The aluminum alloy frame is certified for high 
snow (5400 Pa) and wind loads (2400 Pa); important 
considerations for an installation in northern Wisconsin 
in an open area subject to above average snow and 
wind loads.  The patented Q.ANTUM DUO technology 
slits the traditional solar cell in two, which provides 
better electrical efficiency and also reduces the impact 
of module shading [7].

Another consideration when selecting a manufacturer is 
that company’s commitment to the environmental and 
social equality.  Q Cells is committed to sustainability 
at all stages in their value chain, including a significant 

PV PLANT 
DESIGN

The physical design of the solar PV plan determines the energy output of the site, the site 
impacts, and the Return on Investment (ROI) and payback period.  Careful planning and 
sequencing of activities is crucial to achieving the project goals.  This section covers five 
aspects of the PV plant design: the equipment selection, the physical layout and design of 
the solar PV field, the DC and AC electrical design, ancillary site buildings and structures, 
site security, and performance monitoring.

5

Source: City of Durant., © 2017 
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focus on quality innovations and eco-friendly 
management practices.  Sourcing products from socially 
and environmental responsible companies enhances 
the overall project benefits while at the same time 
rewarding companies with similar sustainability goals to 
that of the City of Rhinelander.

INVERTERS

Inverters are a key component within the solar PV 
system and convert the Direct Current (DC) generated 
by the PV modules into Alternating Current (AC).  
Inverters fall into three broad categories, micro-
inverters, string inverters, and central inverters.  Table 4 
shows a comparison between the two types of inverters 
relevant to this project, namely string and central 
inverters.

A key consideration in selecting the inverters for this 
project was the cost of the inverter and the cost of 
cabling running to the inverter.  Central inverters are 
expensive and require long, heavy gauge cable runs.  

They are expensive to transport (weighing multiple tons) 
and require a poured concrete pad or building to house 
the units.  Many manufacturers require any service to 
the units to be done by their certified service personnel, 
adding O&M cost.  

String inverters are less expensive (although you need 
more of them) and have shorter cable runs (at smaller 
gauge).  They are versatile enough to mount to existing 
solar PV racking, eliminating the need for mounting 
platforms.  Most solar installation companies have 
technicians certified to service multiple brands of string 
inverters, leading to lower O&M costs.    

The final AC nameplate capacity for the system is 635.7 

MWh.  In discussions with industry professionals, it 
was suggested to install string inverters for any system 
under 10 MW.  Based on this and the details above, 
the string inverters selected for the project site are the 
SMA Sunny TriPower Core2.  This inverter is a three-
phase inverter capable of handling 110 kW with a peak 
efficiency of 98.6%.  The inverter can accept 24 PV 
module strings per unit at a maximum DC voltage of 
1,100 VDC.  Each inverter contains 12 MPP trackers 
(supporting two strings each).  This allows for more 
individualized control over each string in the solar array 
and further minimizes any losses caused by shading 
on the modules.  Design Plan Set sheet R702 supplies 
the manufacture specifications for the inverters and 
additional performance characteristics.

Table 4
Comparison Between String and Central Inverters

Note.  A generalized comparison of the advantages and disadvantages between string and central inverters.  The circumstances 
of when to use a particular type of inverter is highly dependent on the site characteristics and size of the PV installation.

Table 3
Q Cells Quality Testing Methodology

Note.  Q Cells conducts testing that exceeds industry standard IEC and VDE tests.  Reprinted from Quality, by Q Cells, 2021, 
Retrieved from https://www.q-cells.com/en/main/about/why_qcells/quality~quality~.html [37].
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BALANCE OF AC SYSTEM

There are a number of additional components 
required to complete the project, commonly referred 
to as the Balance of System.  Below is a list of these 
additional components, which are system agnostic 
and are available from multiple vendors.  The electrical 
contractor will provide the specific models and sizes for 
this equipment based on their preferences and the final 
electrical requirements (location and cabling sizes).

• Combiner boxes
• AC disconnects
• Utility service PV modules
• Electrical conduit and cabling
• Mounting pads and racking for inverters

GROUND MOUNTING SYSTEM

Solar Tracking
The addition of a solar PV tracking system can increase 
annual energy yield by orienting the solar PV modules 
optimally towards the sun.  Tracking systems come in 
two broad categories: 

• Single-axis tilt with manual or automated adjustment
• Dual-axis tilt with automated adjustment

Single-axis tilt systems tilt in the North-South direction, 
changing the PV module’s angle compared to the 
sun’s elevation over the horizon.  Dual-axis systems 
change their North-South orientation based on the 

sun’s elevation and change the East-West orientation 
(azimuth) of the PV module to track the sun as it moves 
across the sky during daylight hours.  The ability to 
automate this process requires motorized controls, on-
site monitoring equipment, and tracking software that 
can adjust the system based on these inputs.  Figure 8 
shows an overview of a closed-loop dual-axis tracking 
system.

Solar tracking systems require specialized mounting 
and tracking equipment, which increases upfront costs.  
In addition, these systems require more maintenance 
than fixed systems and O&M activities may require a 
skilled technician, both of which increase the overall 
system cost.  Tracking systems also require added 

space in which to operate and to avoid shading other 
PV modules, which reduces the number of PV modules 
installed per a given area of space.  Literature on this 
topic suggests that utility scale tracking systems require 
35-40% more space compared to fixed systems [4, 5].  
In certain situations, the benefits gained from installing a 
tracking system may be negated by the reduction in total 
PV modules installed at the site.  For these reasons, the 
project team recommends a traditional fixed-axis system 
set to optimize the solar energy captured throughout the 
year.

Figure 8
Schematic of a Closed-Loop Photovoltaic Tracking System

Note.  Reprinted from Solar Photovoltaic Tracking Systems for Electricity Generation: A Review, by Sebastijan et al., 2020.  
Retrieved from https://www.mdpi.com/1996-1073/13/16/4224/pdf [4]
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Ground Mount Selection
Unirac manufactures the ground mounting system 
selected for this project.  Unirac is an industry-leading 
provider of rooftop and ground mountings systems and 
is an ISO 9001:2008 and 14001:2004 certified vendor.  
The Unirac Ground Fixed Tilt (GLT) racking solution 
provides the following benefits.  

• Multiple foundation options including pile driven, 
cast in place, and ballasted

• Pre-drilled hole patterns to easily adjust tilt angle 
on-site

• Simple design means that no specialized tools or 
skilled installation labor

• Rigid lightweight Infrastructure
• 25-year manufacturer warranty
• Integrated grounding system eliminates extra 

hardware and complexity
• Standard pre-drawn construction drawings and 

stamped engineering diagrams
• Online configuration tool that can import a solar 

design from common design software and build 
a site-specific bill of materials, saving time and 
eliminating manual data entry errors

The primary challenge with the racking is affixing it 
to the ground.  Due to the landfill cap construction, 
which is sand covered with a shallow soil layer, it is not 
permissible to use driven support piles.  The remaining 
option is either a pour-in-place or precast ballast block 
as shown in Figure 9.

Concrete ballast supports raise three issues for the 
project:

1. Pre-cast or pour-in-place ballast blocks add 
considerable cost to the overall project.  This 
project would require 3,203 concrete supports.  
The estimated additional cost for the concrete 
alone is $352,000.  This does not include the 
additional leveling and gravel foundation for each 
block.

2. Concrete is an unsustainable material and comes 
at a high environmental cost.  A 2020 Princeton 
University study revealed that 8% of global CO2 
emissions come from concrete [6].

3. The weight added to the landfill cap from the 
concrete ballast blocks is significant and there 
is the potential that the added weight will cause 
mechanical compaction of the waste and 
compromise the landfill cap.

To determine the full extent of the impact requires a 
structural analysis of the landfill cap, including soil 
borings to determine the cap materials, depths, and 
the deadweight loading capacity for the cap.  This is a 
design requirement before the Wisconsin Department of 
Natural Resources will issue a Conditional Use Permit 
for the project.  Design Plan Set sheet S301 and S302 
show detailed racking section drawings and details 
related to the installation of the PV module racking.

Figure 9
Pre-Cast Concrete Foundation Supports

Note.  Pre-cast concrete ballast blocks replace driven pilings to support the solar PV racking.  Reprinted from Maynard Landfill 
project, by Patriot Solar Group, 2013.  Retrieved from https://patriotsolargroup.com/solar-projects/1-2-mw-ballasted-ground-
mount-maynard/#engine-tab-photos.
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SOLAR PV FIELD 
DESIGN

SOLAR FIELD LAYOUT & SHADING

Figure 10 is part of the Design Plan Set Sheet C401, 
and shows the solar field area the proposed solar 
field.  This simplified image shows the field, the 30-
foot setback for access around the perimeter, and the 
expected placement of access roads within the solar 
field.  It also includes the location of existing trees 
which are currently shading two large areas where PV 
modules will normally go.  

Shading is an important consideration for the project 
as shaded modules produce little output.  Moreover, 
shading on one part of a string of PV modules degrades 
the performance of the entire string, not just the 
shaded modules.  One possibility is to remove these 
trees; however, a goal of the project is to implement 
a sustainable solution.  Removing mature trees from 
the site would reduce natural habitat and decrease its 
aesthetic value.  The project team chose to eliminate 
the PV modules from the two heavily shaded areas 
within the solar field, preserving the stand of trees.  The 
area to the west will remain a natural area, while the 
area along the southern property line will serve as the 
location for interconnection equipment and the utility 
Point of Common Coupling (PCC).

Figure 10
Solar PV Field Layout

Note.  The image represents the solar field area, the northern 
tree line, the outer setback, and the inter-row access roads.  
Included are the potential shaded areas due to existing trees 
on the site.  Sheet C401 of the design plan set provides a 
more complete diagram with additional annotations.
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RACKING (TABLE) LAYOUT

The layout of the physical racking that supports the 
PV modules depends on tilt angle, the PV module 
orientation, and the orientation of the rows within 
the solar field.  In addition, the table layout can 
affect cabling and cable management as well as the 
placement of inverters and other electrical equipment.

Unirac, the racking manufacturer selected for this 
project (see Section 5.1.3.2), supports a maximum row 
length of 100 feet before requiring a thermal gap.  This 
gap allows the table to expand and contract, preventing 
damage to the modules affixed to it.  The table only 
supports a vertical module orientation.  The width of 
the selected PV modules are 36.8 inches.  Including 
the 1/2-inch gap between modules, the table can be up 
to 30 modules wide (and up to 4 tall).  However, when 
considering the electrical configuration of the table and 
the size of individual PV strings, 30 modules exceed the 
input voltage of the selected inverters (Section 5.1.2).  
The ideal string size for the selected inverters is 14 PV 
modules.  With a table layout of two rows of 14 modules 
in a vertical orientation, each table would be exactly 
two strings.  This simplifies onsite wiring, reducing 
installation time and the risk of incorrectly connecting 
PV modules.  Figure 11 shows what the table layout and 
cabling is for this project.      

Detailed drawing of the racking is included in the Design 
Set Plan on sheets S301, S302.  Sheet E501 provides 
details on the table layout and electrical details.

Figure 11
Typical Racking Table Layout

Note.  A typical table layout within the PV array.  Each table consists of two rows of 14 solar PV modules.  The modules within each row 
are connected in series to form one string that is then directly connected to the DC input of an inverter.  This layout simplifies the cabling, 
reducing cabling issues.
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PV MODULE CONFIGURATION & TILT ANGLE

The orientation of the modules (vertical or horizontal) 
is linked to the racking design and the inter-row 
spacing.  When orienting the PV modules horizontally 
(landscape), the intra-row spacing decreases; however, 
the number of modules in each row lengthwise also 
decreases.  In a vertical (portrait) orientation, the 
intra-row spacing increases to prevent row-to-row 
shading, but each row accommodates more modules.  
In comparing the energy output in both the horizontal 
(landscape) and vertical (portrait) orientations, 
considering the change in intra-row space, there was 
no appreciable difference between the two orientation.  
This conclusion was confirmed by industry experts and 
available literature.

Given this fact and considering the cabling and table 
layout design discussed later in Section 5, the team 
selected a vertical (portrait) orientation for the modules 
in a 2-up configuration (two modules stacked vertically 
on the racking).    

Tilt angle has a direct impact on annual yield for a 
PV plant.  There are several limiting factors to the tilt 
angle; the primary one for this project is the racking 
which supports only a 20° or 30° tilt angle.  It would 
seem logical to use the higher tilt angle; however, this 
impacts inter-row spacing reducing the number of 
overall PV modules in the array.  Using HelioScope, a 
solar PV design software package, the team simulated 
the output using both supported tilt angles.  As seen 
with the module orientation, when increasing the tilt 
angle to 30 degrees, the intra-row spacing increased 
to the point that any gains in energy output were offset 
by a reduction in modules.  In fact, the 20-degree tilt 
produced a slightly higher nameplate rating due to the 
layout of the solar field.  Therefore, it was determined to 
utilize a 20-degree tilt angle for the project to maximize 
the number of modules and potential output.  Design 
Plan Set sheet X502 provides the output of the shading 
and intra-row spacing at these different tilt angles.   

    

INTER-ROW SPACING

Inter-row spacing serves two functions.  First, it allows 
access to the PV modules and racking by maintenance 
staff and emergency responders if required.  Second, 
it prevents one row of modules from shading the row 
behind it.  The calculation for inter-row spacing involves 
looking at the sun’s path across the sky (elevation and 
azimuth angle) on the Winter solstice.  This is when the 
sun is lowest in the sky and when objects will cast the 
longest shadow.  To optimize annual yield, the proposed 
design attempts to minimize shading on the PV modules 
between 9:00 am and 3:00 pm local time.

Design plan set Sheet X501 shows a detailed 
explanation of the solar shading calculations, a physical 
scale representation of the inter-row shading, and 
the sun path chart for the site location.  Sheet X502 
provides shading examples for modules with a 20 and 
30-degree tilt, at various inter-row spacing and the 
shadow cast on next rows within the solar field.  Based 
on the calculations, the best inter-row spacing for the 
site, considering tilt angle, row orientation, and the sun 
path is twenty-one feet.  This spacing eliminates any 
shading on the PV modules between 9:00 am to 3:00 
pm local time throughout year.

Figure 12 provides a graphical representation of the 
shadows cast at 9:00 am and 3:00 pm local time at the 
project site and the resulting shadows cast between 
rows within the solar PV field.  The distance between 
rows (intra-row spacing) was set at 21 feet to eliminate 
any shading on subsequent rows of panels, thus 
maximizing the energy output throughout the year.

ROW ORIENTATION

The azimuth angle for the rows of PV modules has an 
impact on the annual energy yield, although less so than 
the PV module tilt angle.  An important consideration 
when selecting the orientation was looking at the total 
land area available for the installation, which has no 
parallel lines.  Because the installation of the PV array is 
confined by the boundary of the solar field area, there is 

a trade off between the optimal orientation towards the 
sun and an angle that will maximize the number of PV 
modules installed.  After running sixteen simulations, the 
determination was that a row orientation of 180 degrees 
(due south) provided the best mix of module count, 
installation cost, and power output.  

Design Plan Set sheet C401 shows the solar PV field 

layout and the orientation of the rows and the actual PV 
modules in each of the four array sections.

Table 12
Intra-row Spacing for PV Module Racking

Note.  The spacing between PV rows was set at 21 feet to eliminate any row-to-row shading that might occur during the year.  
This arrangement will maximize energy output for the tilt angle of the modules
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ELECTRICAL SYSTEM 
DESIGN

DC SYSTEM

The DC System starts with the solar PV modules which 
use the photoelectric effect to produce Direct Current 
(DC) electricity.  Cabling carries DC from the PV strings 
to the string inverters.  To minimize the length of DC 
cabling, which has high electrical losses, string inverters 
are strategically grouped at the end of select rows.  The 
amperage traveling through the cabling will determine 
the thickness, or gauge, of cabling.  Properly sizing 
cabling is critical to minimize electrical losses and to 
prevent overheating which can lead to an electrical 
fire.  The selected string inverters incorporate a DC 
disconnect into their design, eliminating a separate 
DC disconnect box.  Disconnect boxes allow service 
personnel to disconnect individual strings from the 
system to perform maintenance.

Inverter Sizing
With a finalized solar PV facility nameplate capacity 
of 4.64 MW, our group had two decisions to make 
concerning inverter sizing.  Firstly, would it make 
financial sense to install central inverters or are string 
inverters more feasible for this project?  After discussing 
with an industry professional, it was suggested to install 
string inverters for any system under 10 MW.  Secondly, 
what did we want the DC/AC ratio of the facility to be?  
It is not an industry practice to have the AC nameplate 
capacity equal the DC nameplate capacity because 
a 4.64 MW facility is rarely working at full capacity.  A 
lower AC nameplate capacity allows for greater energy 
production when the electricity production is below the 
inverter rating.  A 1.2 DC/AC ratio provided with 35 110 
kW Sunny Tripower CORE2 inverters manufactured 
SME was decided on for the solar PV facility.  Clipping 
losses were minimal, accounting for 0.6% of the system 
losses, indicating that the inverters could manage 
the power the PV modules was producing and did 
not have to reduce the voltage to account for the 

influx of electricity hence lowering AC current output.  
Furthermore, the inverter system losses are only 1.6%, 
indicating efficient inverter selection.

DC Cable Selection, Sizing, and Cable Management
Module cabling comes standard and integrated into 
the Q Peaks Duo L-G8.2 435-Watt PV modules.  This 
provides connectivity to connect the modules in series 
within each string.  To connect the first and last module 
of the string to the inverter requires 10 AWG DC 
cabling.   The DC cable thickness is dependent on the 
power output of the modules [8].  Helioscope’s electrical 
design aided in the selection of the DC main cable.  
Southwire is the preferred cable manufacturer for the 

project.  They make a 10 AWG cable specifically for 
PV installations, which includes a thicker UV stabilized 
exterior sheathing.

Cable management will be handled by the contractor 
building the solar PV facility. Cabling will be properly 
directed and secured to the module brackets as they 
move towards the string inverters.  The Unirac racking 
includes special holders for cables to assist in cable 
management

Combiner Boxes
The 110 kW Sunny Tripower CORE2 inverters selected 
for this project have twenty-four strings inputs per 

inverter, assuming the strings are within the inverters 
input power range.  This eliminates the need for 
separate DC combiner boxes, which generally combine 
strings for inverters that have only a handful of inputs.  
These hybrid inverters simplify cabling, save space, and 
reduce costs by eliminating extra electrical combiners.

Table 13
Inverter and AC Combiner Box Pad Layout

Note.  The diagram shows the layout for the string inverters (up to five) and the AC combiner box located on each inverter pad.  This arrangement minimizes the length of the DC cable runs (10 AWG) 
from the solar PV modules to the inverters, and the AC cable runs (4 AWG) from the inverters to the AC combiner box.  The cabling existing the AC combiner box is a large-gauge cable (1000 MCM) 
and runs to the Point of Common Coupling (PCC) shown in Figure 14.

EXECUTIVE 
SUMMARY

SOLAR RESOURCE 
ASSESSMENT

PHYSICAL SITE 
CONSTRAINTS PV PLANT DESIGN ENERGY YIELD 

PREDICTIONS
PERMITTING & 

LICENSING
ENVIRONMENTAL 

ASSESSMENT

UTILITY 
INTERCONNECTION 

& PPA

OPERATION & 
MAINTENANCE

FINANCIAL 
ANALYSIS

25

PROJECT 
BACKGROUND



2021 CITY OF RHINELANDER
SOLAR PV FEASIBILITY STUDY

AC SYSTEM

The AC system begins when DC current is changed into 
AC current at the inverters.  Once the current exits the 
inverter, it travels through the AC disconnect / combiner 
box which allows those inverters to be disconnected 
from the rest of the system is needed.  From the AC 
combiner box, the AC cables run underground to 
the Point of Common Connection (PCC) where the 
transformers and utility interconnection equipment 
resides.  Whether the current will be utilized for front 
or behind the meter application will determine how the 
transformer needs to step up the voltage.  Design plan 
set sheet E602 provides a block diagram showing a grid 
interconnected solution for this project.

AC Cabling, Sizing, and Cable Management
Cabling increases in thickness (gauge) as it moves 
through the DC and AC systems.  The 35 inverters 
have 4 AWG cabling (35 count, 5,462 ft.) traveling to 
10 AC combiner boxes; one located on each inverter 
pad (Figure 13).  This configuration keeps the 4 AWG 
cabling runs short, minimizing electrical losses.  The 
combiner boxes “combine” the output voltages from 
multiple inverters.  Higher voltages incur less electrical 
loss over distance, so this helps to optimize the system.  
The cabling exiting the combiner boxes is 1000 MCM 
copper (10 count, 18,913 ft.) and runs to the Point of 
Common Coupling (PCC) of the solar PV facility (Figure 
14).  

At the PCC, transformers will increase voltage to 
medium voltage as determined by the local utility before 
interconnecting to the Grid.  Design plan set sheet E101 
provides the location of the inverters, AC combiner/
disconnect boxes, and the PCC.  Cabling runs between 
the AC combiner boxes and the PCC run underground, 
along the ends of the rows in the setback area to 
prevent damage to the cables.  Design plan set E101 
provides additional details on the electrical layout.

Figure 14
Solar PV Field Electrical Layout

Note. The diagram shows the layout of the eight inverter pads, the 
number of inverters located on each pad and the associated AC 
combiner box.  Leading from each AC combiner box is the 1000 
MCM AC cabling that runs to the Point of Common Coupling (PCC) 
located in Segment 3 of the solar field.  The PCC is the location of 
the Balance of the AC system equipment and the utility switchgear.
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Balance of AC System
AC Balance of Plant (BOP) is the selection of the 
hardware after the string inverters.  The typical 
hardware included in this project is listed below:

• 35 110-kW Sunny Tripower CORE2 Inverters
• AC Cabling (4 AWG x 35, 1000 MCM x 10)
• AC Disconnect / Combiner Boxes
• Step-Up Transformers 
• Utility Switchgear

PV ARRAY DESIGN

The sizing of the strings is related to the inverter sizing.  
When sizing the strings, both the current and voltage 
must be within the operating range of the inverter.  
However, the output from the PV modules varies with 
cell temperature, increasing in colder weather.  To 
properly size the strings, one must consider the extreme 
temperature ranges for the site, using the current and 
voltages produced under those conditions to prevent 
damage to the inverter.  

Along with inverter sizing, shadowing and site 
constriction dictated the arrangement of the strings. 
Inter-row spacing depends on the module tilt and the 
angle of irradiance throughout the day. The site layout 
minimizes module shadowing due to these factors; 
additionally, some modules were also removed due to 
shadow obstructions such as trees and tall bushes.

Based on weather modeling for the site, we will be 
able to calculate the best string length to fall within the 
minimum and maximum electrical input requirements 
of the inverters, which is 14 PV modules connected in 
series.  Figure 6 showed that the minimum voltage for 
this string size during the warmer summer months is 
570.7 VDC while the maximum voltage at the extreme 
historical cold temperature during winter is 793.7 VDC.  
The inverter normal input range is 500 to 800 VDC, with 
the peak efficiency occurring at 585 VDC.  Design plan 
set sheet E501 provides details on the table layout and 
electrical details for the string design shown in Figure 
15.

Figure 15
Solar PV Array Detail & Specifications

Note.  The diagram shows the make-up of a typical PV table within a row of modules and the physical electrical characteristics 
of the PV strings.  Each table consists of 28 modules, configured in two strings of 14-modules each.  These strings physically 
connect to the inverters located at the ends of select rows
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GRID INTERCONNECTION

Design Plan Set sheet E602 includes and ATC system 
map for Rhinelander and calls out the three substations 
(RPC, Highway 8, and Hodag) shown in Figure 16.  
The interconnection for these substations is 115 kV 
transmission lines.  

The “Highway Eight Substation” northwest of the project 
site location and the “Hodag Substation” to the east 
are the closest substations for utility interconnect.  The 
Hodag substation is the closest to this property and is 
5,075 feet to the east past the Printpack facility.  Figure 
17 provides the landfill, Printpack, and the substation 
location.

The “Day-Ahead Binding Constraint” data, downloaded 
from MISO, shows no indication that there is load 
congestion for the local transmission lines.  Wisconsin 
Public Service (WPS) requires the submission of a 
formal interconnection agreement before they will 
assess if either substation has capacity for the solar PV 
array or the interconnection costs.  For reference, the 
most likely substation for interconnection is the Hodag 
substation to the East of Printpack.  

Figure 17
Satellite Image of the Project Site and Closest Substation

Note.  Google image of the landfill solar PV site, the Printpack manufacturing facility, and the Hodag utility substation to the east (far right in image).  
The utility interconnection would likely follow the existing transmission line corridor to the substation (along the white measuring line).

Location of 
Proposed Solar PV 

Field

Hodag Substation 
Location (5,075’ 

from PCC)

Printpack 
Facility

Figure 16
Electrical Substations for Rhinelander, Wisconsin

PCC
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SITE BUILDINGS
Currently, the project does not require the construction 
of any onsite building or permanent structures.  The 
selected inverters are outdoor rated and do not require 
any special support structure or concrete pads.   The 
PCC interconnection equipment required by the utility 
may require a supporting foundation; however, this 
determination can only be made after submitting 
an interconnection request.  The PCC area will 
accommodate any buildings or footings should the utility 
need them.

SITE SECURITY
The project site already has a perimeter fence that 
covers a portion of the property.  A survey of the onsite 
fencing will determine what additional fencing is required 
to properly secure the site.  Securing the site includes 
installing access gates across the main driveway.  Local 
emergency response, fire, and police should have 
access to open these gates should they need access to 
the site during an emergency.  The additional of security 
cameras with remote monitoring capabilities is highly 
recommended and may be included as part of an O&M 
contract with a preferred vendor.

The final plan must also consider providing fencing that 
is wildlife friendly.  This fencing should include clearance 
at the bottom or other means for wildlife to pass through 
the property unhindered.

PERFORMANCE 
MONITORING & 
OPTIMIZATION
Solar PV modules will degrade over time.  Tracking the 
overall performance of the system is an important part 
of the ongoing maintenance activities.  A performance 

monitoring system will help to identify failing or faulty 
components, which the manufacturer may replace if still 
within their performance warranty period.  In addition to 
tracking O&M activities, monitoring can help the system 
operator optimize the system performance over time.  
Typical monitoring systems include the ability to:

• Track solar irradiance
• Monitor current and future weather conditions
• Provide historical reporting on system output, 

performance, and alarms (proactive & reactive)
• Allow for remote monitoring and certain O&M 

activities
• Show environmental benefits such as CO2 offsets
• Net metering information (for grid connected 

systems)
• Advanced monitoring of individual building electrical 

loads (with smart breakers and additional electrical 
equipment)

There are many providers that offer photovoltaic 
monitoring solutions; however, the recommendation is to 
pick an equipment provider that also offers a monitoring 
solution.  Having a monitoring system integrated with 
the installed system is a best practice.  The project 
team recommends the installation of the monitoring 
solution offered by SMA, the inverter manufacturer.  
SMA offers several monitoring packages, with the base 
offering being their Sunny Portal web-based solution.  
By installing SMA’s Webconnect module, the system’s 
inverters can communicate directly to the free, cloud-
based monitoring portal (Sunny Portal).  

Advanced Monitoring Options
SMA offers a suite of products that interconnect 
to provide additional performance monitoring 
capabilities (Figure 18) that are compliant with SCADA 
communication protocols.

For a solar PV facility of this size, a Supervisory 
Control and Data Acquisition (SCADA) monitoring 
software package is recommended to ensure that EPC 
contractors have met their obligations and that the plant 
is performing up to expectations.  If SCADA data reveals 

Figure 18
SMA Basic Device Information and System Diagram

Note.  SMA system diagram showing the various system components available for basic and advanced solar PV solutions.  
Retrieved from https://www.sma-america.com/products/monitoring-control/data-manager-m.html.
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the plant is under performing, it is critical to identify the 
root cause of the problem and address as quickly as 
possible to avoid unnecessary downtime.  

Figure 19 shows an advanced communication 
example typical of small to medium scale utility PV 
installations.  In this example, multiple centralized 
and decentralized inverters connect over a resilient 
communications network before connecting to the 
Internet.  Internet security is an important concern with 
a Distributed Energy Resource (DER).  SMA offers 
firewall and Internet security software to harden the plan 
against external cyber security threats.  The Internet 
suite of applications supports third party applications 
and SCADA systems, including SMA’s own remote 
monitoring and O&M services.

Figure 19
SMA Basic Principle of Plant Communications

Note.  SMA plant communication for medium and large-scale PV generation facilities.  This layout shows the possibilities for plant 
communications with various SMA products.  Adapted from Technical Information Bulletin, by SMA, 2020.  Retrieved from https://
www.europe-solarstore.com/download/sma/monitoring/SC-PO-TI-en-32.pdf.
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SOLAR & 
PERFORMANCE 
MODELING
The Perez Model is the transposition model used to 
estimate irradiation on the tilted PV modules.  The 
model uses GHI, direct normal irradiance (DNI), & 
Diffuse Horizontal Irradiance (DHI) to quantify a total 
irradiance in terms of POA on the tilted PV module 
surface [9].  DNI and DHI are two measurements that 
predict GHI (see Section 3.2).

Helioscope breaks down system losses into the 
categories shows in Figure 20.  During the PV plant 
design phase, the project team ran multiple simulations 
attempting to minimize the system losses while 
maximizing DC and AC electrical output.  Losses under 
1% for any of the categories is acceptable [10]. 

Wiring losses can be significant in a solar PV facility.  

These losses are dependent on the length and gauge 
of the wiring [11].  During the design phase the project 
team minimized the length of 10 AWG Direct Current 
(DC) wiring runs by placing inverters at the end of select 
rows.  This arrangement groups inverters together, 
simplifying installation, and shortens lossy DC cable 
runs.  The output of the inverters is Alternating Current 
(AC) and utilizes 4 AWG cables, which still have 
high losses.  Each grouping of inverters utilizes an 
AC combiner box to consolidate the inverter outputs, 
creating a higher voltage that incurs less losses over 
longer distances.  To manage the increased voltage, 
large 1000 MCM cabling connects the AC combiner 
boxes to the Point of Common Connection (PCC), which 
is the utility interconnection point (Figure 14).  This 
arrangement minimizes the length of the AC wiring.  

Helioscope’s default mismatch is 2%, however, shading 
losses will increase the mismatch percentage.  Micro 
inverters or optimizers are often implemented on a 
module-level to reduce these losses to zero; however, 
after a brief evaluation this solution was not cost 

ENERGY YIELD 
PREDICTIONS

The solar resource assessment near the Rhinelander landfill site allows for energy yield 
predictions based on the power, tilt, and number of PV modules installed at the location.  
The DC nameplate capacity of the final Rhineland PV model is 4.64 MW, with 10,780 installed 
modules.  However, the sun is visible less than 10 hours a day and the usable irradiation 
hitting the PV modules is an even shorter time frame.  Due to this, calculating the annual 
energy yield is a critical component to ensure the project is viable.  The energy output per 
year needs to justify the commissioning of the plant in terms of an attractive ROI to all 
stakeholders involved in the project.

6

Source: International Renewable Energy Agency (IRENA), © 2021
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effective for a project of this scale.  Typical mismatch 
loss ranges are between 0-7% and the mismatch loss 
for this project is 3.8% which is near the middle of that 
range.  The 2% soiling losses is a default setting in 
Helioscope.

Reflection losses are typically between 1-5% with 
increased losses when the tilt angle is small and 
at higher latitudes.  The racking selected for the 
project allows for a 20- or 30-degree tilt angle.  The 
team selected a 20-degree tilt angle which allowed 
for narrower intra-row spacing.  Given the site is in 
Northern Wisconsin, the higher latitude and low tilt angle 
not surprisingly increased the reflection losses to 3.2%.  

Inverter losses for the facility are lower than the normal 
2-7% “typical range” as defined by Helioscope, so the 
inverter selection optimized converting DC to AC current 
with losses estimated at 1.6%.

ENERGY YIELD 
PREDICTION RESULTS
Table 5 represents the energy yield for the proposed 
solar PV array.  The annual energy production was 
simulated by the HelioScope PV design software, 
considering the various system losses shown in Figure 
20.  The monthly production summary is based on the 
PV plant design and the irradiance data discussed in 
Section 3.  

The DC Nameplate for the system is 4.64 MW and the 
AC Nameplate is 3.85 MW.  The total annual production 
(energy to the Grid) is 6.191 GWh.

Figure 20
Sources of System Loss

Note.  The sources of system loss are calculated by HelioScope, the PV design software used to simulate the annual PV facility 
output.  Each loss area was calculated using the project inputs, including actual equipment and cabling specifications.

Table 5
Monthly Energy Production for Proposed PV Facility

Note.  The chart and table shown here represent the simulated monthly production for the proposed PV facility.  This HelioScope 
output represents the GHI, POA, Shared loss, and the resulting nameplate output in kWh for each month..
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RISK AND 
UNCERTAINTY IN 
ENERGY YIELD 
PREDICTIONS
System Advisor Model (SAM) was used for uncertainty 
modeling to evaluate energy yield predictions for the 
proposed Rhinelander solar PV facility.  To obtain 
financing for DG facilities, banks and investment groups 
usually require P90 exceedance energy yield prediction 
or the “90% of the time” predictions to evaluate if it 
is prudent to move forward with the solar PV facility 
investment [1].  A P50 exceedance is the average 
energy yield for a location, however, average predictions 
are not a safe investment for the bankers.  SAM utilizes 
two methods to calculate P50/P90 analysis [2], the 
first is Gaussian Distribution of Uncertainty which is 
a statistical approach which works best with normally 
distributed data.  

Unfortunately, solar data is not normally distributed, 
so the second method is an empirical cumulative 
distribution function (CDF) curve where the exceedance 
probability is interpolated graphically.  The P50/P90 
uncertainty predictions for the Rhinelander PV facility 
are seen in Table 6.  The uncertainty analysis shows 
the difference between the P90 and P50 annual energy 
yield predictions is 2.15%.  The CDF curves represent 
the uncertainty of Daily Average Solar Irradiance in 
Rhinelander, Wisconsin and solar PV facility Capacity 
Factor.

Table 6
Uncertainty in Energy Yield Predictions

Note.  Uncertainty predictions for P50/P90 using the NREL System Advisor Model (SAM) tool.  The CDF curves represent the 
uncertainty of Daily Average Solar Irradiance in Rhinelander, Wisconsin and solar PV facility Capacity Factor..
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LAND LEASE 
AGREEMENTS
Construction of the solar facility requires that the owner 
of the facility have the legal right to building on the 
property.  This includes the landfill and any property 
necessary for transmission lines.  If the owner of the 
facility is not the owner of all involved property, then land 
lease agreements will be necessary to get the legal right 
for construction.  Design plan set sheet C105 shows 
the landfill and surrounding lots, and highlights in red 
the potential transmission line paths.  The utility has the 
legal right to construct transmission lines in the corridors 
highlighted in red.  The facility owner is not responsible 
for transmission past the connection with the utility lines.  

Access roads would also require land lease 
agreements; however, the landfill is next to Old 8 Road, 
which will provide the necessary access to the solar 
plant.  Typical land lease agreements have a length 
of 25 years to match the planned lifespan of the plant.  
The online Land Records System for Oneida County 
[13] lists the owner of surrounding land parcels.  A grid 
connection would require transmission line construction 
on parcel PE-80-16, which is owned by the City of 
Rhinelander.  A connection with the Printpack facility 

would require transmission line construction on parcel 
PE-96, which is owned by Kosbab Land Company LLC.

PLANNING AND LAND 
USE CONSENT
The Rhinelander City Inspection Office oversees 
zoning and planning for the City of Rhinelander, while 
the Oneida County Planning and Zoning Department 
assumes responsibility for areas within Oneida 
County outside of city limits.  The construction site is 
within the City of Rhinelander and designated as an 
industrial zone according to the City zoning office.  
Depending on the transmission line path, construction 
may be necessary outside the authority of the City of 
Rhinelander.  In this case, the Oneida County Planning 
and Zoning Department must be consulted to ensure 
there are no zoning conflicts.

BUILDING PERMITS
Issuing building permits is the responsibility of the local 
municipality.  The relevant local municipalities are the 
City of Rhinelander and the Town of Pelican; building 
permits for both municipalities are managed by the City 

PERMITTING & 
LICENSING

Permitting and licensing requirements for solar plants include land lease agreements, 
planning, and land use consents, building permits, environmental permits, and grid 
connection applications.  A summary of the anticipated permitting and licensing agencies to 
be contacted is shown in Table 7. 

7

Source: Penn Township PA, © 2017
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of Rhinelander Inspection Office.  Using the current 
permitting system, Rhinelander requires an electrical 
permit and a construction permit.  Approval of the 
building permits requires a project plan review by the 
City of Rhinelander and potentially the State depending 
on the size of the project.  The Rhinelander permitting 
schedule provides pricing guidelines for these permits.  
With the City of Rhinelander as a partner in the project, 
it is possible that the permitting fees will be waived.  

ENVIRONMENTAL 
PERMITS
To ensure that the project adheres to all environmental 
regulations, communication should be established with 
the Wisconsin DNR, the US Army Corp of Engineers, 
and the US Environmental Protection Agency.  The 
Wisconsin DNR manages all known necessary and 
environmental permits for this project.  The two relevant 
environmental permits we have identified for this project 
are related to wetlands impacts and construction site 
storm water runoff.  Our preliminary research using 
the U.S. Fish and Wildlife Service’s wetlands mapping 
tool indicates that there are wetlands within proximity 
to the construction site [14].  Design Plan Set sheet 
C105 shows that the planned construction for the solar 
PV field does not affect the wetlands; however, an 
assessment from a qualified agency can confirm this 
assumption. 

The Wisconsin DNR has a wetland identification 
program to aid in determining whether a site contains 
wetlands [15].  If the project construction is determined 
to impact wetlands, it will be necessary to apply for 
a General Permit (permit no. WDNR-GP11-2021) 
for wetlands construction.  It is recommended to first 
contact Wetlands Identification Staff at 1-888-936-7463 
for project specific guidance.  Due to the sites proximity 
to known wetlands, a full wetlands delineation is likely 
required.  This process will involve an onsite property 
inspection by the DNR.  Alternatively, a delineation 
can be performed by an assured delineator; the DNR 

provides a list of assured delineators online [16].  
Approval of a General Permit requires compliance with 
§ 281.36, Wis. Statutes, and NR 299 and NR 103, 
Wisconsin Administrative Code.

Any construction affecting one acre or more of land may 
be subject to a Construction Site Storm Water Permit 
(under Chapter NR 216, Wisconsin Administrative Code, 
Sub-chapter III) through the DNR depending on the 
construction activity [17].  Activities that require a permit 
include clearing, grading, excavating, and stockpiling 
of fill material.  Coverage under the General Permit WI-
S067831-5 may be granted after submittal of a Notice 
of Intent.  Step-by-step instructions for submitting a 
Notice of Intent are available at the DNR website [18].  
Coverage requires an erosion control and storm water 
plan in accordance with Chapter NR 216, Wisconsin 
Administrative Code.

LANDFILL RELATED 
PERMITS
In general, landfill permitting follows regulations set 
forth in Subtitle D of the Resource Conservation and 
Recovery Act (RCRA).  The State of Wisconsin has 
a specific permitting process for landfill development.  
The Wisconsin DNR’s administrative code (Wis. Admin. 
Code § NR 506.085) prohibits the placement of any 
structure or other development on buried waste without 
an exemption [19].  The application fee to apply for an 
exemption if $550.  The process to complete the review 
and decide can take up to 90 days.  More details on the 
process and application forms can be obtained from 
the Wisconsin DNR Northern Regional office, Waste 
Program Manager at (920) 662-5486.

Table 7
Summary of Potential Permits and Licenses

Note.  The table shown provides a summary of the anticipated permits / requirements for this project.  For each item, the 
regulatory agency responsible for oversight is included along with a reason for the review / permit.

EXECUTIVE 
SUMMARY

SOLAR RESOURCE 
ASSESSMENT

PHYSICAL SITE 
CONSTRAINTS PV PLANT DESIGN ENERGY YIELD 

PREDICTIONS
PERMITTING & 

LICENSING
ENVIRONMENTAL 

ASSESSMENT

UTILITY 
INTERCONNECTION 

& PPA

OPERATION & 
MAINTENANCE

FINANCIAL 
ANALYSIS

35

PROJECT 
BACKGROUND



2021 CITY OF RHINELANDER
SOLAR PV FEASIBILITY STUDY

Using data available through NREL we can compare 
the total life cycle generation of greenhouse gases from 
solar PV, coal power generation, and natural gas power 
generation.  The Life Cycle Assessment Harmonization 
Project conducted by NREL compiled data from multiple 
life cycle assessments for a wide range of energy 
generation technology.  The data in Figure 21 shows 
the median greenhouse gas emissions of solar PV, coal, 
and natural gas power generation to be 45 gCO2e/kWh, 
980 gCO2e/kWh, and 470 gCO2e/kWh respectively 
[20].  

Using these values and the energy yield prediction from 
Section 6, the proposed solar PV facility would produce 
5,800 metric tons of carbon dioxide less annually than 
an equivalently sized coal power plant and 2,600 less 

than a natural gas power plant.  Mining and harvesting 
resources during the material extraction process will 
disturb non-local ecosystems; however, this disturbance 
should be offset by the reduction in fossil fuel extraction.  

Local environmental impacts for the proposed solar PV 
facility relate to habitat disturbance of the landfill site, 
potential impacts to groundwater flow, runoff into nearby 
wetlands and waterways, and the disposal process at 
the end of the system’s life cycle.  Although many solar 
module components are recyclable, solar PV modules 
are difficult to recycle with current technologies, 
meaning they often end up in landfills.  

ENVIRONMENTAL 
ASSESSMENT

In addition to the direct economic impacts of a solar PV Plant installation, there are a variety 
of environmental and social impacts to consider.  Because solar PV power generation does 
not involve combustion, its greenhouse gas emissions are significantly lower than coal or 
natural gas power generation; however, the extraction, manufacturing, transportation, and 
disposal processes of solar PV do generate greenhouse gases.  

8

Source: American Solar Grazing Association, © 2021 
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ENVIRONMENTAL 
AND SOCIAL 
REQUIREMENTS
The primary social impacts of the project are the 
aesthetic of the instillation and the indirect financial 
impacts.  The solar PV plant will be visible to 
neighboring properties and to anyone using the adjacent 
roads.  Reception of the visual impacts of the plant 
will depend on each resident and will not be known 
until community feedback is received.  Community 
revenue can be generated if local businesses are 
contracted to perform the installation and maintenance 
of the equipment.  Additionally, because solar energy 
generation does not need a fuel, the community will be 
less susceptible to fuel cost increases.

A more detailed environmental assessment will help the 
acquisition of some project permits and grant funding 
opportunities.  Exact requirements of the assessment 
depend on the permit or grant in question.  This 
assessment should include how the local ecosystem is 
affected by converting the landfill site, how the changes 
will alter the ground water flow, and whether reductions 
in CO2 emissions will have a local impact.

ENVIRONMENTAL 
REGULATIONS AND 
USE RESTRICTIONS
The Wisconsin DNR is the primary entity responsible 
for environmental regulations in the State of Wisconsin.  
Other entities that should be consulted as necessary 
include the US Army Corps of Engineers, the EPA, and 
the Public Service Commission of Wisconsin.  To avoid 
project delays, it is strongly recommended to consult 
each of these entities as early in the project as possible.  
Wisconsin’s Endangered Species Law (s. 29.604 Wis. 

Stats.) and the Federal Endangered Species Act (16 
USC §§ 1531-43) are both relevant to this project and 
must be considered throughout the planning and design 
phases.  Although the project impact on air quality and 
water quality is expected to be negligible, compliance 
with both the Clean Air Act (42 U.S.C. §7401 et seq.) 
and Clean Water Act (33 U.S.C. §1251 et seq.) is 
necessary.

PROTECTED SPECIES 
REVIEW
To ensure that this project follows Wisconsin’s 
Endangered Species Law (s. 29.604 Wis. Stats.) and 
the Federal Endangered Species Act (16 USC §§ 1531-
43), the Wisconsin DNR must perform a review.  The 
first step in this process is to complete a preliminary 
assessment of the property using an online tool 
provided by the DNR [21].  A preliminary assessment 
using the online tool has already been completed 
and is included in the Appendix A.  The results of the 
preliminary assessment dictated that an Endangered 
Resource Review (ERR) from the DNR is required with 
a minimum cost of $75.  Scheduling an ERR requires 
an official ERR request using form 1700-047.  ERR 
requests must include the results of a preliminary 
assessment that has been completed within 1 year 
of submitting the request.  The results of the ERR will 
decide whether additional actions are necessary to 
comply with endangered species laws.   

Figure 21
Life Cycle Greenhouse Gas Emissions

Note.  A review of the harmonization results of GHG emissions for various electricity generation technologies compared to solar 
PV.  Reprinted from Life Cycle Greenhouse Gas Emissions from Solar Photovoltaics, by NREL, 2012.  Retrieved from https://
www.nrel.gov/docs/fy13osti/56487.pdf.
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WETLAND & WATERWAY 
PROTECTION 
REQUIREMENTS
Figure 22 provides an inventory of the wetlands located 
on the northern edge of the project site.  Although 
construction during this project is not expected to have a 
direct impact on the adjacent wetlands and waterways, 
alterations to the landscape and soil disturbance has 
the potential to effect storm water runoff and/or increase 
soil erosion.  These effects can be both short term in 
the case of construction disturbances, and long term, 
in the case of permanent storm water flow changes.  
Temporary storm water flow changes are an expected 
consequence of ground compaction from vehicles and 
other temporary landscape changes during construction, 
while the ballasted foundations and access roads will 
create permanent alterations to the flows.  

Grading alterations and vegetation removal has the 
potential to increase soil erosion during construction, 
and some soil erosion will continue until re-vegetation 
occurs.  These potential impacts demonstrate why an 
effective and comprehensive storm water management 
plan is crucial to the project.  It will also be crucial 
to evaluate how the landfill leachate will be affected 
by the changes to the storm water flow paths, and 
whether vehicle leakage or maintenance chemicals 
will exacerbate leachate concerns.  If new storm water 
flow paths increase the leachate or divert it from current 
filtration systems, a storm water management system 
may be necessary.  The EPA Best Practices for Siting 
Solar Photovoltaics on Municipal Solid Waste Landfills 
(2013) provides storm water management guidelines 
and strategies specific to solar PV construction on 
landfills.

Figure 22
National Wetlands Inventory – Rhinelander, WI

Note.  Image reprinted from the National Wetlands Inventory, by the U.S. Fish and Wildlife Service, 2019.  Retrieved from https://www.fws.gov/wetlands/data/Mapper.html.

Proposed Solar 
PV Field
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CONSTRUCTION 
IMPACTS
The level and type of site impacts due to construction is 
related to the ground mount installation technique.  The 
preferred method for a low-impact solar PV installation 
is driven piles to support the solar PV racking; however, 
this may not be possible due to the thin landfill cap.  
The alternate is the use of pre-cast or cast-in-place 
foundations, which have significantly more impact on 
the site due to the use of heavy construction vehicles 
and increase truck traffic.  Soil compaction from these 
vehicles will be significant, which will increase erosion 
and stormwater runoff.  

Best practices for low-impact solar siting, design, and 
maintenance include the following:

• Use disturbed, developed, or degraded lands;
• Minimize impacts to sensitive wildlife habitats;
• Avoid impacts to forested landscapes;
• Allow for habitat connectivity by minimizing impacts 

to wildlife corridors;
• Protect water quality and void erosion;
• Restore native vegetation in the project area, 

including “pollinator friendly” plant species [22]

The project site (Figure 23) already includes a riparian 
area along the northern edge of the site and several 
stands of trees.  These areas shall be protected during 
construction.  Runoff control ditches, fencing, and other 
barriers shall be required to prevent contamination 
of the adjacent wetlands and waterways.  Figure 23 
and Design plan sheet C401 indicate two designated 
construction staging areas to help minimize compaction 
of the site during construction.  In addition, vehicle traffic 
shall be restricted to the access roads when possible, to 
avoid soil compaction within the primary solar field area.  
The project shall also include a plan to plat the site with 
native vegetation and a diverse native pollinator seed 
mix.

Figure 23
Project Staging Areas

Note.  The vertical shaded areas indicate the two 
staging areas for equipment, supplies, and vehicles 
during construction.  Access roads to each stating 
area is included as part of the project design to 
minimize soil compaction to the rest of the site.
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LANDSCAPE AND 
VISUAL IMPACTS
In addition to low-impact solar PV site development, the 
project team recommends the project includes native 
plantings consisting of a pollinator seed mix.  According 
to the U.S. Department of Energy SunShot Vision Study 
(2012), site preparation costs for siting a solar PV facility 
account for up to 20% of the total installed cost [23].  
Efforts to minimize site preparation will therefore reduce 
overall project costs and shorten the payback period.  
Moreover, it will make post-construction site restoration 
and landscaping easier, further reducing costs.

The benefits of using a diverse native pollinator seed 
mix in and around the solar PV field include:

• Resiliency to drought;
• Tolerant of changing sun exposure;
• Increases storm water infiltration;
• Insulation / reduced risk of frost heave;
• Minimal maintenance / low growing;
• Reduced use of pesticides;
• Deters growth of non-native and invasive species;
• Beneficial to the pollinators needed for agriculture;
• Add aesthetic vale to residents, which can offset 

negative reactions [24, 25]

The preference is to use native deep-rooted prairie 
plants (Figure 24).  These plants maximize water uptake 
on the site, reducing runoff concerns.  Their deep 
roots also make them drought resistant and disease 
resistant, and thus they are able to out-compete other 
invasive weeds.  Prairie pants also help to improve soil 
conditions by breaking up hard, compacted soils.  In 
addition, these plants attract a wide variety of pollinators 
and other desirable wildlife.  

However, there are also concerns for utilizing prairie 
plants at this site.  There is a risk that the deep roots 
from these species could penetrate the landfill cap, 
causing stormwater to seep into the waste area.  A best 

Common 
turf grass 
with very 
short root 
systems

Figure 24
Root System of Prairie Plants
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practice is to consult with the Department of Natural 
Resources and the U.S. Farm Service Agency servicing 
the Rhinelander area before selecting a planting seed 
mix to understand and mitigate any potential risks to the 
landfill cap.

An additional benefit to owners and operators of solar 
PV facilities with pollinator-friendly plantings is reduced 
Operation and Maintenance (O&M) costs.  Figure 
25 shows a traditional solar PV installation with turf 
grass.  These fast-growing grasses require frequent 
mowing with large machinery.  This increase both cost 
and the risk of damage to the PV modules.  Large 
mowing tractors operate close to the modules and 
electrical equipment, posing an imminent danger.  In 
addition, rocks and other debris kicked up from mowers 
can damage PV modules, causing costly repairs and 
downtime that reduces revenue from the array.  Dust 
and grass clippings can also collect on the solar PV 
modules soiling them, reducing electricity production.  
Moreover, mowing releases additional greenhouse gas 
emissions, offsetting the benefit gained by renewable 
energy generation.

In contrast to the mowed turf grass, Figure 26 and 
Figure 27 show native plantings and pollinator-friendly 
plants that are both low maintenance and attractive, 
something that the City can promote with the community 
to help sell the sustainable aspects of this project.  
Figure 28 shows what other projects have done to curb 
negative perceptions of a site while native plantings are 
still being established.  Engaging with the community 
and setting expectations is a valuable tool to overcome 
project objections.

Figure 25
Utility Scale Mowing of a Solar PV Array

Note.  The photo shows a typical mower used to maintain turf grass planted between solar PV 
rows.  Retrieved from https://www.perfectvanwamel.com/en/product/rotary-mower-sunswing/.

Figure 26
Natural Habitat for Butterflies

Note.  Another key benefit to native plantings is that it adds additional habitat and natural areas 
for wildlife, including threatened and endangered species [26].

Figure 28
Site Signage during Native Planting Growth

Note.  This photo shows a way to educate the public during the “unsightly” phase while native 
plants are being established [26].

Figure 27
Native Wildflowers

Note.  Wildflowers and native prairie plants attract beneficial pollinators that benefit local 
agriculture and provide visual appeal to the site [26].
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In 2017 the Electric Power Research Institute (ERRI) 
started the Power-in-Pollinator’s initiative, which brought 
together power companies from across the country 
to help promote pollinator-friendly installations and 
Agrivoltaics.  Today some of the top names in the power 
industry participate in the initiative including Dairyland 
Power Cooperative which has several agrivoltaic 
installations in Wisconsin.  

Figure 29
Power-in-Pollinators Initiative

Note.  The ERRI launched the Power-in-Pollinator’s initiative in 2017 to bring together power companies to install and promote pollinator-friendly, low disturbance renewable generation facilities.  
Adapted from Power-in-Pollinators Initiative 2019: Power Companies Working Together to Support Pollinators, by Electric Power Research Institute, 2019. Retrieved from https://assets.ctfassets.net/
ucu418cgcnau/K79DbOf0e6Cn4fhwrJCoc/bb1e34f78bd85ec98a50e6fd187eda79/EPRI-Power-in-Pollinators-Overview-2019.pdf.
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COMMUNITY ECONOMIC 
BENEFITS
There are several economic benefits associated with the installation of a 
solar plant.  The potential for low-cost electricity is the most notable benefit 
and is dependent on the total costs and output of the plant.  The EIA provided 
retail electricity costs for Wisconsin on March 18, 2021 is 14.52 cents/kWh 
for residential, 10.84 cents/kWh for commercial, and 7.35 cents/kWh for 
industrial [27].  A levelized cost of electricity below the industrial retail rate 
would be enough to benefit a direct consumer such as Printpack.  However, 
a grid connected system would need to be below the wholesale cost of 
electricity to benefit the community.  Wholesale electricity data is available 
through the EIA [28].  

This benefit will affect either the community as a whole or an individual 
investor depending on whether the plant is connected directly to the local 
energy grid or instead connected to a single facility.  Access to renewable 
energies can also attract new businesses with a desire to reach renewable 
energy portfolio goals or that simply value collaborating with communities 
that pursue renewable energy.  More direct economic benefit is achieved by 
contracting local businesses for the design, construction, and maintenance of 
the plant.

TRANSPORTATION AND ACCESS
Old 8 Road is the road leading to the solar PV facility, utilizing the northern 
driveway as the point of access (Figure 30).  Northeast along Old 8 leads into 
the City of Rhinelander, while southeast the road intersects with State Road 
17.  Because State Road 17 allows vehicles to avoid traversing city streets, 
it would be the preferred route for equipment delivery.  Equipment delivery 
will cause a temporary increase in traffic congestion during construction.  All 
intersections along WI-47, US-8, and State Road 17 could be affected by this 
congestion.  Weight restrictions on these roads and on Old Road 8 should 
be reviewed prior to equipment delivery.  Exceeding the weight restrictions 
increases the likelihood of road damage negatively affecting the community.

Figure 30
Site Access Roads

Note.  Old Highway 8 provides the only access to the site.  There are two driveways servicing the project site, the primary driveway is located north of staging area A.  The 
southern driveway will be removed as part of the construction activities.
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THIRD-PARTY 
POWER PURCHASE 
AGREEMENTS
Wisconsin is one of fourteen states with unclear or 
nonexistent regulations related to third-party solar PV 
Power Purchase Agreements (see inset image).  The 
interpretation of Wisconsin’s current regulatory statute is 
that a third party cannot sell power directly to a private 
individual, entity, or municipality.  This would prevent the 
City of Rhinelander from selling any electricity produced 
to Printpack as a behind-the-meter solution.  Due to this, 
the only viable option for the project is to enter into a 
Power Purchase Agreement (PPA) directly with the local 
utility, Wisconsin Public Service (WPS).

UTILITY 
INTERCONNECTION
The project team contacted WPS and discussed PPA 
options; however, WPS will not answer questions about 
the location or cost of the point of interconnect until 
the interconnect agreement is approved.  The final 
facility design, including a one-line diagram, site plan, 
and insurance certificate are necessary to submit the 
interconnect agreement.  Once submitted, the initial 
review can take several months and may require an 
additional feasibility study before a final determination 
can be made on application approval.  The project team 
identified the two closest substations to the project site, 
the Hodag substation and the Highway Eight substation.  
Based on location, the Hodag substation is likely the 
one where the facility will interconnect.  For reference, 
Figure 17 provides an aerial view of the project site and 
the substation.

WPS’s Power Purchase Agreement (PPA) for anything 
over 20kW is $0.02643/kWh On-Peak or $0.01933/kWh 
for Off-Peak electricity usage.  For solar PV facilities 
over 2MW, there is a variable buy back option.

INTERCONNECTION 
& PPA

Distributed Energy Resource (DER) generation facilities have many advantages over 
traditional centralized power generation.  A primary advantage is that most DER solutions 
utilize renewable energy sources to generate electricity.  DER generation facilities are either 
behind-the-meter as part of a micro-grid or directly connect to the utility Grid through a 
Power Purchase Agreement (PPA). 

9

Source: DSIRE, www.dsireusa.org, © 2019
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The cost to complete the interconnection agreement 
and the actual utility interconnection vary widely and 
are project dependent.  A typical application fee ranges 
between $300 and $1,300 [40].  This begins the process 
and allows the utility to evaluate the project.  Figure 
31 provides an overview of the typical interconnection 
review process; however, each state and utility have 
slightly different processes depending on the site 
and type of generation facility.  Wisconsin follows 
this general review process.  Facilities under 5 MW 
(including this project at 4.6 MW) generally qualify for a 
fast-track review, but this is at the utility’s discretion.      

The actual interconnection cost ranges from as little as 
$5,000 to over $1,000,000 for projects larger than 1 MW 
[40].  The Brick Township Landfill project in New Jersey, 
which is similar in size to the Rhinelander project, had 
an estimated interconnection cost of $291,077 [40].  
This cost covered the construction of a new 34.5 kV line 
to the Point of Common Coupling (PCC) at the project 
site.  This is a similar situation to the Rhinelander 
project; however, the closest substation is substantially 
farther away for this project than the Brick Township 
Landfill.  NREL provides guidance for estimating 
interconnection fees based on the installed capacity.  
For this project, the team estimated the interconnection 
costs to be $139,200.

Figure 31
GRID Interconnection Review Process

Note.  The figure supplies a generalized view of the process needed to interconnect a solar facility to the utility grid.  Each State and utility have their own process and requirements for interconnection.  
Adapted from Path to SunShot – Interconnection Process, by the Office of Energy Efficiency and Renewable Energy, DOE, 2019.  Retrieved from http://energy.gov/eere/sunshot/downloads/path-
sunshot-interconnection-process
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O&M CONTRACTS
Although a system owner has the option to perform 
all maintenance using direct hire employees, it is 
impractical.  The technical expertise necessary and 
infrequency of work favor establishing a contract with a 
professional O&M company.  The O&M contract defines 
the responsibilities and obligations of the contractor 
and owner.  These contracts must include provisions 
for scheduled and preventative maintenance as well as 
unscheduled maintenance.  This report assumes that 
maintenance will be performed by an O&M contractor, 
and provides guidance based on that assumption.

SCHEDULED & 
PREVENTATIVE 
MAINTENANCE
Preventative maintenance is the more predictable 
aspect of an O&M program.  The ideal maintenance 
schedule for a plant must account for the technology 
used, environmental conditions, and seasonal 
variances.  Recommendations for maintenance 
intervals should be available from manufacturers and 
may be needed for equipment warranties.  Table 8 
provides our suggested maintenance intervals for the 
components included in this project.  The next sections 
provide details regarding the distinct types of scheduled 
maintenance.  

OPERATION & 
MAINTENANCE

Cumulative wear on the system equipment will reduce efficiency and productivity over 
time, resulting in a gradual reduction in system output.  The following sections review the 
considerations and components of an Operation and Maintenance (O&M) program designed 
to minimize this reduction.  This knowledge can be used to develop an O&M program that 
effectively balances program costs with financial benefits of system maintenance.  Data 
available from NREL from 2016 estimates the average O&M costs of a solar PV system 
of 1 to 10 MW to be $16/kW-yr with a standard deviation of $9/kW-yr [29].  NREL has also 
published a report that provides a method of calculating the operation and maintenance 
costs of solar PV systems [30].

10

Source: SMA Solar Technology AG, © 2017
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MODULE CLEANING

Regular module cleaning can ensure that dust and 
debris buildup is removed to maximize irradiance on 
the PV modules.  The proper frequency of cleanings 
depends on the terrain and weather patterns of the site.  
Loose dirt in the surrounding landscape will increase the 
frequency, while regular rainfall will reduce it.  In many 
conditions regular cleaning is not financially beneficial; 
however, areas with high levels of dust, low frequency 
of rain, large bird populations, or heavy industrial or 
agricultural activity cause enough soiling justify cleaning 
costs [31].  The Installation and Maintenance Manual 
by Q Cell for the modules selected in this project states 
that the Q. Peak Duo solar PV modules require minimal 
cleaning.  

The manual leaves the maintenance interval to the 
discretion of the owner, but suggests inspections after 
weather events such as storms, hail, and heavy snow 
fall [27].  Snow removal increases the likelihood of 
damaging panels and should only occur if the snow 

accumulation is substantial enough that the weight 
damages the system components.  Typical cleaning 
methods include spray cleaning using water or the use 
of a brush trolley to mechanically clean the modules.  
The cleaning method should be considered when 
designing the plant layout, as it may require water 
access or dictate the spacing between modules.  If 
the cleaning method uses chemicals, they should be 
considered in the environmental assessment; however, 
the manufacturer warns against using abrasive 
chemicals and micro fleece wool or cotton cloths [32].

CONNECTION INTEGRITY AND COMBINER 
BOXES

Module connections and connections within combiner 
boxes can reduce system performance if they become 
loose.  These connections should be periodically 
checked resolve this issue.  Systems capable of self-
monitoring can detect loose connections and reduce 
the required frequency of inspection.  Dust and water 
infiltration can cause corrosion and wear on the 

equipment, making cleaning an important part of the 
inspection process.

INVERTER SERVICING

Inverter faults can be a leading cause of system 
downtime and should be a focus of O&M plan.  The 
inspection process should include a visual check, filter 
cleaning, dust and debris removal, connection checks, 
and manufacturer specific instructions.  Maintenance 
information for the Sunny Tripower Core2 inverters 
selected for this project can be found in the Operating 
Manual provided by the manufacturer SMA Solar 
Technology AG.  SMA provides an online version of this 
manual.  Table 9 provides the maintenance schedule 
suggested by SMA. 

BALANCE OF PLANT MAINTENANCE

Cabling, racking and mounting equipment, and 
transformers are considered as balance of plant 
components.  Cable maintenance involves checking for 

damage or defects, ensuring there is no overheating, 
arcing or shorts, and checking for open circuits or 
ground faults.  Racking and mounting equipment 
maintenance will include cleaning debris, checking for 
corrosion damage and repainting as necessary, torque 
inspections and re-torquing, and checking for abnormal 
movement.  For this project, transformer maintenance 
is assumed to be the responsibility of the utility.  
Transformer maintenance is expected to include annual 
inspections, with part replacement and re-tapping 
occurring only as necessary.

VEGETATION CONTROL

Regular grounds keeping will ensure that the vegetation 
does not obstruct the solar PV modules.  Removing 
loose plant debris will also minimize the dust and debris 
build up on system components.  The methods and 
frequency of grounds keeping should be considered 
during the system design, as they will influence the 
desired vegetation and layout.  The optimal frequency is 
heavily dependent on the growth rate of the vegetation 

Table 9
SMA Specific Maintenance Intervals

Note.  SMA maintenance intervals for the Core2 Inverter.  Reprinted from Operating Manual Sunny Tripower Core2, by SMA, 
2021.  Retrieved from https://manuals.sma.de/STPxxx60/en-US/index.html.

Table 8
Suggested Maintenance Intervals

Note.  Recommended maintenance intervals for various components of the solar PV system.
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and should occur only as necessary to prevent shading 
or debris buildup.

UNSCHEDULED 
MAINTENANCE
The need for unscheduled, maintenance can be 
minimized through system design choices and effective 
preventative maintenance.  If an identified point of 
failure cannot be designed out, it will be necessary to 
consider it when developing the maintenance plan.  
For example, plastic components exposed to sunlight 
will experience UV degradation; if the use of alternate 
materials or enclosures is not feasible, performing 
inspections of the components will allow replacement 
before a failure occurs.  Designing the system with 
maintenance needs in mind will improve the cost 
effectiveness of the maintenance plan.  Although it is 
not within the scope of this report, detailed maintenance 
guidelines to assist in design decisions are available 
from NREL and other organizations [31].

Anticipating likely corrective maintenance will help in 
developing a maintenance budget and reduce system 
down time and performance impacts.  A detailed list of 
corrective maintenance tasks is available in the NREL 
report “Best Practices for Operation and Maintenance of 
Photovoltaic and Energy Storage Systems; 3rd Edition” 
[31].  Managing unscheduled maintenance in the O&M 
contract requires balancing downtime with response 
time guarantees, because shorter response times will 
have increased costs.

SPARE PARTS
Maintaining a stockpile of spare parts will reduce the 
down time resulting from unscheduled maintenance.  
Developing an appropriate spare parts plan involves 
balancing the likelihood of replacement being required 
with the availability of those parts.  Table 10 is our 
suggested spare parts list based on the equipment we 

have selected for this project.  Our list only includes 
PV modules and inverter components because they 
are the most likely equipment to cause a reduction in 
performance.  Keeping other spare parts on hand is 
not financially justifiable due to the infrequency or low 
impact of their failure.  It should be the responsibility of 
the O&M contractor to replace components taken from 
the stockpile and will affect the O&M contract.

WARRANTIES & 
PERFORMANCE 
GUARANTEES
An O&M contract may include a warranty or 
performance guarantee designed to motivate the 
contractor.  Involve the O&M contractor early in the 
project will allow them to provide input to ensure 
they are willing to offer a performance guarantee.  
Establishing a performance guarantee requires carefully 
defining many distinct aspects of the agreement.  
Clearing defining maintenance responsibilities, key 
performance indicators, and document management 
strategies is vital.  It is also important to ensure that 
the key performance indicator data is available to all 
relevant parties.  Additionally, ensure that equipment 
warranties are designated to the O&M contractor or 
transferred at the completion of any installer warranty.

INSURANCE
Acquiring insurance protection is a necessary part 
of project risk mitigation.  Property insurance can be 
acquired to protect the various property involved in 
the project such as the solar PV equipment, vehicles 
necessary for O&M, and the land itself.  Warranty 
insurance is available to ensure warranties can be 
honored even if the original manufacturer goes out 
of business.  Workman’s compensation and liability 
insurance is necessary to financially protect the system 
owner after accidents associated with the project.  It 

is even possible to acquire insurance that financially 
protects the owner from poor system performance such 
as business interruption insurance or energy production 
insurance [31].  Business interruption insurance pays 
out when there is lost revenue from specified events that 
cause system down time.  There are several types of 
energy production insurance: O&M cost cap insurance 
pays out when the O&M costs exceed a specified 
amount; weather transfer risk insurance pays out when 
weather causes lower irradiance than expected; solar 
revenue put pays out if the system fails to reach a 
designated output.  These energy production insurance 
options are not right for all projects; however, they can 
sometimes be justified by creating greater access to 
financing or better financing rates due to the associated 
risk reduction.

PERFORMANCE 
MONITORING, 
EVALUATION, AND 
OPTIMIZATION
Developing a suitable O&M plan can be difficult without 
first assessing the performance and needs of the 
project.  Similar projects can function as examples of a 
good starting point, but the O&M plan should be tailored 

to each individual solar plant.  Monitoring the system 
to collect valuable data is important when assessing 
system performance and identifying maintenance 
needs.  Fully integrated monitoring equipment can 
enable easy viewing of system performance, and even 
make it possible to resolve some faults remotely.  To 
properly model system performance and track available 
solar resources and energy losses through each 
conversion process, it is crucial to maintain a high-
quality set of data.  

For that reason, it is common to employ secondary 
data collection methods to validate the monitoring 
equipment such as manual testing and thermal imaging.  
Manual testing is an extensive process that can take 
multiple days and allows for the detection of system 
faults that would be undetectable with the integrated 
monitoring equipment.  Thermal imaging, typically from 
aerial vehicles, can detect the general area of system 
faults that can be investigated on site.  With the right 
sophisticated processing routines, it is possible to 
identify specific causes of faults using just the thermal 
images.  Making effective use of collected data requires 
a comprehensive and consistent report format.  A list 
of recommended report content available from NREL 
[31].  As more performance data is collected, it becomes 
possible to identify whether the established O&M plan is 
meeting the project’s needs.  Reevaluations of the plan 
can be performed as needed, and it is suggested that 
the first reevaluation occur after one year.

Table 10
Spare Parts Recommendations

Note.  The suggested spare parts help to keep critical components of the solar PV array operational, minimizing downtime.
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CAPEX 
(IMPLEMENTATION 
COSTS)

Capital Expenditure (CAPEX) costs for solar PV projects 
include a wide variety of costs like hardware and 
equipment costs, direct and indirect labor, contractor 
fees, structural and building costs, acquisition fees, 
permitting, sales taxes, and contingency costs.  CAPEX 
costs are generally incurred during the planning 
and implementation phase of a project and are non-
recurring.  

NREL’s U.S. Solar Photovoltaic System and Energy 
Storage Cost Benchmark: Q1 2020 report provides 
extensive background and research into CAPEX and 
OPEX costs across the U.S.  For the Rhinelander 
feasibility study, the project team used actual costs 
where possible.  Table 11 provides a list actual project 
costs for equipment, cabling, and racking components.  
Note that the costs shown are based on retail pricing 
and do not reflect any volume discounts a project this 
size would likely receive.  These costs also do not 
include any incentives that the project might quality for.

For those costs that required estimation, NREL’s 2020 

levelized costs were used to provide an estimated cost 
based on the proposed projects nameplate size of 4.64 
MWDC.  Table 12 provides the NREL benchmark data 
for utility-scale projects between 5 MWDC and 100 
MWDC, and commercial projects between 100 kWDC and 
2 MWDC [41].  The three columns to the right provide 
equivalent project costs using the Rhinelander project’s 
4.64 MWDC nameplate size to provide a comparison 
between utility-scale, commercial, and actual project 
costs.  For the “Project Cost – Itemized Actual & 
Estimated Costs” column represents the anticipated 
CAPEX costs for this project.  The green highlighted 
values are from Table 11 and the non-highlighted values 
were based on the utility-scale benchmark costs.

The anticipated CAPEX costs for the Rhinelander 
solar PV project total $8,009,167.89 or $1.73 per 
WDC.  This is higher than the utility-scale benchmark 
of $1.24 WDC and the commercial benchmark of $1.53 
WDC.  A probable cause for this is a result of using retail 
pricing for the solar PV modules and racking.  These 
two categories are all significantly higher than NREL’s 
benchmark cases.  Obtaining competitive bids for these 
items could lower the component pricing by 10 – 20% 
or $860,000.  That would bring the project cost per WDC 
within a few cents of the commercial benchmark cost.  

FINANCIAL 
ANALYSIS

The financial analysis looks at the capital and operational expenses associated with the 
Rhinelander solar PV feasibility study, the revenue generation potential for selling the 
generated electricity back to the local utility, and incentives that would help offset project 
costs.

11

Source: NREL, © 2020
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Table 11
Actual Project CAPEX Implementation Costs

Note.  The costs represented in the table cover the major equipment items required for the project.  This 
includes the solar PV modules, inverters, combiner boxes, cabling, and racking hardware.  The costs 
reflect retail prices based on Internet searches.  It is likely that submitting an RFP for this equipment would 
result in volume discount pricing, which could lower that total by 10 – 20%.

Table 12
Rhinelander, WI Solar PV Project CAPEX Costs

Note.  The NREL cost benchmarks represent averaged project costs for each component for utility-scale and commercial installations in $ per Watt DC.  
The Estimated Costs columns utilize the cost per watt DC and the Rhinelander, WI project DC nameplate size of 4.64 MWDC to provide an equivalent 
cost for the project based on the utility-scale and commercial benchmark values.  The final column is the projected costs for this project.  The green 
highlighted cells represent actual costs from Table 11 while the non-highlighted cells represent the utility-scale benchmark costs.
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OPEX (OPERATION & 
MAINTENANCE COSTS)

Operational Expenses (OPEX) are related to the 
ongoing operating and maintenance costs for the 
generation facility.  These costs include administration 
costs, insurance, property taxes, land lease costs, 
maintenance contracts, and the replacement of failed 
equipment.  NREL’s benchmark OPEX costs for a 
utility-scale facility are $16.00 per kWDC and $18.71 per 
kWDC for a commercial facility.  For the proposed solar 
PV facility, the project team utilized NREL’s levelized 
utility-scale OPEX benchmark cost.  Based on the 
proposed projects nameplate size of 4.64 MWDC the 
annual estimated O&M costs are $74,240.00.  However, 
the project calls for low-maintenance vegetation which 
would lower annual O&M costs.  In addition, the City 
may also wish to manage a portion of the maintenance 
activities like cleaning panels and replacing select 
hardware using the recommended spare parts.  This will 
also lower the annual O&M costs.  It is recommended 
that an RFP for O&M be included as part of this project 
to obtain the lowest annual cost, which can vary widely 
by region.

SOLAR PV PROJECT 
REVENUE
The revenue from generating electricity in this project 
would come from selling it to Wisconsin Public 
Service Corporation (WPS).  WPS provides a set of 
guidelines online to understand the process they use 
for purchasing electricity from customers in which they 
describe three different arrangements they typically offer 
[42].  In two of the options the rate is based on a “Day 
Ahead Locational Marginal Price” (DA LMP) determined 
by MISO, while the third option is to negotiate a price 
with WPS.  The option described in the document WPS 
PG-2 uses the average DA LMP of the previous year 
to set the on-peak and off-peak rates; this provides 
the best data to estimate the annual revenue from the 
project.  The rates for 2021 are $0.02644/kWh on-peak 
and $0.01967 off-peak [42].  Because weekends are 
considered off-peak, it is estimated that two-sevenths 
of the annual electricity production will be sold at off-
peak prices.  Using the estimated annual production of 
6.191 GWh from section 6.2, the estimated total annual 
revenue is $151,700.

INCENTIVES
Common types of solar incentives include renewable 
energy credits, carbon credits, tax incentives, soft loans, 
and capital grants.  Currently, the only solar incentives 
in Wisconsin available for this project include tax credits 
and capital grants; however, changes to state and 
federal law should be monitored regularly to identify new 
incentives.

TAX INCENTIVES

There are two relevant Wisconsin state tax incentives 
and one federal tax incentive that are available for this 
project.  Wisconsin offers both a sales tax exemption 
and a property tax exemption for solar electricity 
generating equipment.  These exemptions are detailed 
under Wisconsin Statutes 12.50, 70.111 (18), and 
Tax 11.10.  Applying for the property tax exemption 
requires the completion of form PR-303.  Wisconsin 
Statute 10.111 (18) defines the eligible equipment as 
“equipment which directly converts and then transfers 
or stores solar energy into usable forms of thermal or 
electrical energy” and excludes any equipment that 
would be part of a conventional energy system.  To 
benefit from the sales tax exemption, the purchaser 

must complete form S-211 and deliver it to the seller.  
The subsections of Wisconsin Statute Tax 11.10 
provide details about eligible equipment, which should 
include solar modules, inverters, wiring between the 
PV modules and inverters, and hardware to mount the 
equipment.  The federal government currently offers 
the Investment Tax Credit for qualifying renewable 
energy projects.  Applying for the credit requires 
completing Form 3468.  The credit is being phased 
out and currently provides a 26% credit.  The latest 
changes to the phaseout come from the Consolidated 
Appropriations Act, 2021 (H.R. 133) passed into law 
in December 2020 [33].  The credit will drop to 22% 
for projects starting construction in 2023, and 10% for 
projects starting construction in 2024 or later.

CAPITAL GRANTS

The most accessible grant available in Wisconsin is 
offered by the Focus on Energy program.  This grant 
offers $50,000 of funding for solar energy systems of 
500kW or more.  The three major steps to this process 
are to contact a Focus on Energy Trade Ally, to submit 
a reservation application to hold the incentive, and 
to submit an incentive application once the project is 
complete.  A list of Trade Allies can be found on the 
Focus on Energy website, and Table 13 lists several 

Table 13
Rhinelander Area Focus on Energy Trade Allies

Note.  Trade Allies companies are companies certified by Wisconsin Focus on Energy to submit incentive applications for 
qualifying work.
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Trade Allies near Rhinelander.  Commercial installations 
must submit the incentive application within 6 months 
of the reservation approval and within 60 days of the 
project completion.  The list of eligibility requirements 
provided by Focus on Energy can be found in Appendix 
B.  Project costs that qualify for the grant are materials, 
equipment, and external labor.  For components to 
qualify for coverage, they must be included in an 
approved part list provided by Focus on Energy [34].

The Public Service Commission of Wisconsin has 
previously offered a grant through its Energy Innovation 
Grant Program.  This grant was open for applications 
in 2018 and 2020.  Although there is not currently a 
scheduled enrollment period for 2022, if they do take 
another round of applications the project could qualify 
for $250,000 or more in funding.  

The application for 2020 enrollment required multiple 
documents including a cover sheet, a budget sheet, an 
executive summary, and a narrative with merit review 
criteria [35].  Both municipalities and manufacturers 
were eligible for the grant, and projects to install a 
solar photovoltaic system were eligible.  The amount of 
funding available to a solar PV project was 22% of the 
eligible expenses to a maximum of $250,000.  Eligible 
expenses included solar PV panels, inverters, racking, 
balance-of-system equipment, and sales and use taxes 
on the equipment if applicable; Installation costs and 
indirect costs; Step-up transformers, circuit breakers, 
and surge arrestors.  Table 14 provides a list of the merit 
review criteria obtained from the application instructions.  
It is also important to note that approval of the grant 
requires full compliance with the American Recovery 
and Reinvestment Act (ARRA).  Additional information 
about the grant program can be found at Public Service 
Commission of Wisconsin website [36].

Table 14
Energy Innovation Grant Program 2020 Merit Review Criteria

Note.  Additional program review criteria can be found on the Energy Innovation website.
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PROJECT FINANCIAL 
ANALYSIS
Table 15 provides a summary of the project financial.  
The project CAPEX costs are a mix of actual costs 
(highlighted in blue) and estimated costs based on 
NREL’s 2020 baseline solar PV project costs.

RETURN ON INVESTMENT (ROI), ESTIMATED 
LEVELIZED COST OF ELECTRICITY (LCOE), & 
PAYBACK PERIOD

NREL’s SAM (System Advisory Model) was utilized to 
estimate certain financial factors for the Rhinelander 
solar project.  It should be noted that CAPEX and OPEX 
costs are estimates, with CAPEX costs on the higher 
end due to inability to capture economy of scale pricing.  
OPEX costs were projected from an NREL study on 
average O&M costs for utility-scale solar facilities in $/
kW.  With current cost projections, the ROI for the facility 
after 35-years is -34.4% and the Internal Rate of Return 
(IRR) at the end of the project is -2.97% (Table 16).

With a negative ROI, there is no payback period within 
the 35-year lifetime of the project. SAM estimated that 
the after-tax project cumulative Net Present Value 
(NPV) after year 35 is -$3,169,690.  The real LCOE is 
calculated at 5.46 cents/kWh which is 3 cents higher 
than the buyback rate dictated by the PPA through 
Wisconsin Public Service.

Table 15
Project Financial Analysis

Note.  The project financial include actual costs (highlighted in blue) and estimated costs based on NREL’s 2020 baseline solar 
PV costs.

CAPEX Assumptions:

• All hardware and services are WI sales tax exempt
• The blue highlighted fields are actual costs; other fields were 

calculated using NREL 2020 benchmark costs
• Hardware costs do not include volume or bulk discounts

Discount, Incentive, Rebate Assumptions:

• PSC Energy Innovation Grant is not offered every year and may 
not be available

• Federal ITC is a tax credit on qualifying hardware only
• Volume discount is estimated and is vendor dependent

Table 16
Calculated ROI, LCOE, and IRR

Note.  Calculated metrics utilizing NREL’s SAM with the 
inputs specified in the financial section of this report.
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ENDANGERED RESOURCES PRELIMINARY 
ASSESSMENT FOR SITE

APPENDIX A

Public Portal ID: 5jLaEOPPo 

4/3/2021, 12:54:31 PM 1 of 3

 

Endangered Resources Preliminary Assessment

Created on 4/3/2021. This report is good for one year after the created date.

DNR staff will be reviewing the ER Preliminary Assessments to verify the results provided by the Public Portal. ER Preliminary Assessments are only

valid if the project habitat and waterway-related questions are answered accurately based on current site conditions. If an assessment is deemed

invalid, a full ER review may be required even if the assessment indicated otherwise.

  Results

A search was conducted of the NHI Portal within a 1-mile buffer (for terrestrial and wetland species) and a 2-mile buffer (for aquatic species) of the

project area. Based on these search results, below are your follow-up actions.

Further actions are required to ensure compliance with Wisconsin’s Endangered Species Law (s. 29.604 Wis. Stats.) and the Federal Endangered

Species Act (16 USC ss 1531-43).

One or more of the following situations apply:

The species recorded are state or federal threatened or endangered animals.

The species recorded are state threatened or endangered plants on public land.

The species recorded are federal threatened or endangered plants on federal land or involve federal funds or a federal permit.

The project site overlaps the Karner Blue Butterfly High Potential Range.

The project overlaps the Rusty Patched Bumble Bee High Potential Zone.

Therefore you should request an Endangered Resources Review https://dnr.wi.gov/topic/ERReview/Review.html. An ER Review is the mechanism to

ensure compliance with Wisconsin’s Endangered Species Law (s. 29.604 Wis. Stats.) and the Federal Endangered Species Act (16 USC ss 1531-43).

The ER Review will list the endangered resources that have been recorded within the vicinity of the project area and follow-up actions may be

necessary.

A copy of this document can be kept on file and submitted with any other necessary DNR permit applications to show that the need for an ER Review

has been met. This notice only addresses endangered resources issues. This notice does not constitute DNR authorization of the proposed project

and does not exempt the project from securing necessary permits and approvals from the DNR and/or other permitting authorities.

  Project Information

Landowner name City of Rhinelander

Project address 135 STEVENS ST SOUTH, RHINELANDER, WI 54501

Project description Solar PV Feasibility

  Project Questions

Does the project involve a public property? Yes

Is there any federal involvement with the project? No

Is the project a utility, agricultural, forestry or bulk sampling (associated with mining) project? Yes

Is the project property in Managed Forest Law or Managed Forest Tax Law? No

Project involves tree removal? No

Is project near (within 300 ft) a waterbody or a shoreline? Yes
Public Portal ID: 5jLaEOPPo 

4/3/2021, 12:54:31 PM 3 of 3

  Project Area Maps

The information shown on these maps has been obtained from various sources, and is of varying age, reliability and resolution. These maps are not intended to be used for
navigation, nor are these maps an authoritative source of information about legal land ownership or public access. Users of these maps should confirm the ownership of land
through other means in order to avoid trespassing. No warranty, expressed or implied, is made regarding accuracy, applicability for a particular use, completeness, or legality of
the information depicted on this map. For more information, see the DNR Legal Notices web page: http://dnr.wi.gov/legal/.

https://dnrx.wisconsin.gov/nhiportal/public 

101 S. Webster Street . PO Box 7921 . Madison, Wisconsin 53707-7921

Public Portal ID: 5jLaEOPPo 

4/3/2021, 12:54:31 PM 2 of 3

Is project within a waterbody or along the shoreline? No

Does the project area (including access routes, staging areas, laydown yards, select sites, source/fill sites, etc.) occur entirely within one or more of

the following habitats?

Urban/residential No

Manicured lawn No

Artificial/paved surface No

Agricultural land No

Areas covered in crushed stone or gravel No
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FOCUS ON ENERGY RENEWABLE GRANT 
ELIGIBILITY REQUIREMENTS

More details of Focus on Energy’s Renewable Grant 
Eligibility Requirements can be found at: https://
focusonenergy.com/residential#program-renewable-
energy

1. System capacity must be 0.5 kWDC or greater.

2. System must be installed within 90 degrees of due 
South.

3. System must be installed with a panel tilt between 
10-50 degrees.

4. System must be installed with 10 percent or less 
obstacle shading, per an industry accepted tool.

5. Eligible models (panels) must be selected from 
the qualified product list found at gosolarcalifornia.
ca.gov/equipment/pv_modules.php. (Note: the one 
exception is the Philadelphia Solar PS-M72 Bifacial 
Mono-Crystalline Module, which is not on the 
qualified product list, but is eligible for incentives)

6. Eligible inverters must be selected from the 
qualified product list found at gosolarcalifornia.
ca.gov/equipment/inverters.php.

7. Both Modules (panels) and inverter must be 
installed at the same time to receive an incentive.

8. The system installed must provide electricity for the 
site indicated on the application.

9. Solar electric system should be sized to meet local 
utility tie-in tariff guidelines.

10. System must be utility grid-connected.

11.  System must be installed on a site served by a 

participating electric utility. Verify your utility here: 
https://focusonenergy.com/about/participating-
utilities.

12. System and components must have a minimum of 
a five-year warranty.

13. Incentive cannot exceed cost to customer.

14. The only costs eligible for incentives are materials, 
equipment, and external labor.

15. Systems purchased and installed between January 
1, 2021 and December 31, 2021 are eligible for 
funding under the 2021 program year only.

16. Funding is limited and available on a first-come, 
first-served basis. Funds are replenished on 
an annual basis. Check remaining funding at 
focusonenergy.com/renewable.

17. The program is not responsible for items (i.e. 
applications, supporting documentation, incentive 
checks) lost or damaged in the mail.

18. Focus on Energy will only pay one incentive 
for each technology per site per calendar year. 
Incentives paid on this application cannot be 
claimed on another Focus on Energy application. 
Similarly, incentives can only be paid to one person 
or entity.

19. All equipment installations are subject to 
verification inspection by the program to ensure 
the equipment is properly installed and operating. 
Participants must allow, if requested, the program 
or a program representative reasonable access 
to their home or business to verify the installed 
equipment.

20. The system is purchased new. Resale equipment, 
new parts installed in existing equipment, or 

equipment that is leased, rebuilt, rented, received 
from insurance claims, received from a warranty, or 
won as a prize do not qualify.

21. Equipment is installed by a professional contractor 
with a valid Wisconsin State professional 
contractor’s license, appropriate insurance, and 
permits.

22. Equipment is installed conforming to all applicable 
building, local, state and federal codes, standards, 
ordinances and regulations, and manufacturer 
specifications.

23. The system is installed in a property owned by the 
applicant, or the applicant has received permission 
from the property owner to install the equipment. 
If you do not own the property where this 
equipment is installed, as a residing tenant you are 
responsible for obtaining the owner’s permission 
to install the equipment for which you are applying 
for an incentive. Your submission of this application 
indicates that you have obtained this permission.

24. All necessary utility service improvement costs are 
the responsibility of the customer.

25. All necessary service improvement costs, 
including transformers and service lines, are the 
responsibility of the customer.

26. System installations must comply with all 
state, local and federal codes, standards and 
requirements, including any and all applicable 
utility standards.

27. System must be installed in conformity with the 
manufacturer’s specifications and all applicable 
codes and standards.

28. System owners and installers must obtain all 
required permits.

29. If the project site is serviced by a participating 
Focus on Energy utility and uses a non-residential 
rate, the project site does not have to be owned 
by the applicant. The project/system equipment, 
however, must be owned by the applicant in order 
to qualify and confirmation of this ownership should 
be provided. System ownership must revert to the 
property owner after a specified period of time, not 
to exceed 25 years.

30. In order to receive a commercial incentive, 
the system must be connected through a non-
residential rate meter.

31. Allow approximately 8-10 weeks for your 
completed application to be processed. Incomplete 
applications cannot be processed. Failure to 
complete the application in full and provide the 
required supporting documentation will either delay 
the payment process or result in your application 
being denied. Receipt of an application does not 
guarantee payment of an incentive.

APPENDIX B
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