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THREE MAIN SOLAR OPTIONS  
 
There is substantial socioeconomic pressure to become more environmentally aware of 
how we receive our power. Solar power is becoming more prevalent in the power 
market as both state legislation and community expectations are factors, along with 
other power generating sources. While some utilities may be required to achieve a 
certain level of clean energy, other utilities have gone beyond those goals to service 
their customers. One option utilities/power producers can look at is the use of Coal 
Combustion Residue (CCR) coal ash landfills/impoundments for providing photovoltaic 
solar production. 
 
The three main solar options to use on a CCR landfill/impoundment include an adhered 
solar laminate on a geomembrane, a ballasted fixed tilt, and a ballasted single axis 
tracker. Each has its own benefits and concerns to be considered, including Closure 
Use Permit (CUP) requirements, location, utility rates, legislative incentives or direction, 
material costs, and whether the CCR has already been closed or active. Overall, the 
ability to use CCR land to generate energy that can have a financial impact should be 
considered instead of the land being unused, other than that of a cap, and burdened 
with O&M costs (one example being mowing). We will look at all three options described 
above and which benefits each will have to help with the decision economics. 
 
This paper will identify the regulatory reference of what is required for a 
landfill/impoundment. A brief description of each option will outline which options one 
can look to implement for solar on the landfill/impoundment.  
 
REGULATORY REFERENCE & CAP ALTERNATIVES 
 
Final cover systems for Coal Combustion Products/Residuals (CCP/CCR) are controlled 
by Environmental Protection Agency Subtitle D – Subpart F – Section 257.71. This 
regulation sets technical criteria for the closure of a facility in a manner that minimizes 
infiltration and erosion.  
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Prescriptive Soil Cap 
Traditionally, closure is achieved through the use of a geomembrane plus drainage 
layer and soil cover or multi-layered soil cap in certain situations. The soil cover protects 
the geomembrane and provides a support substrate for topsoil and vegetation. The 
geomembrane inhibits infiltration, and the vegetative layers provide stormwater 
management and erosion control.1  
 
Figure 1: Cap Cross-Sections 

 
   Geosynthetic Cap   Prescriptive Soil Cap 
 
Geosynthetic Caps 
As part of the regulatory approvals process, the state agency may approve alternative 
final cover systems that can achieve equivalent performance at the regulatory minimum 
design specified in Section 257.71 of the regulation. One alternative technology is the 
use of an exposed geomembrane to cap the facility, which allows for the avoidance of 
soil capping as well as vegetative maintenance costs during the closure period.1 Here 
are states/territories where this has already been applied: 
 

• Washington 
• California 
• Louisiana 
• Tennessee 
• Virginia 
• Georgia 
• Rhode Island 
• Massachusetts 
• Connecticut 
• New York 
• Puerto Rico 

Geosynthetic caps will not have the requisite soil as found in a prescriptive soil capped 
landfill/impoundment. Instead, an ultraviolet stabilized, exposed geomembrane or other 
synthetic capping system is used. This results in the promotion of positive drainage, 



 
 

 

minimization of infiltration, no soil loss, a reduction in maintenance, a higher quality of 
stormwater runoff, and the ability to adapt and accommodate different slopes and 
surfaces. 
 
Each type of cap has advantages and disadvantages and should be evaluated against 
local material availability and costs, local regulations in addition to EPA regulation 
Subtitle D, Subpart F, utility maintenance preferences and other risk management 
procedures. 
 
INTEGRATION OF SOLAR POWER GENERATION 
 
Utilities and other facility operators continue to look for opportunities to reduce life-cycle 
costs at CCR facilities. One way to provide a possible renewable benefit to the facility is 
to install solar generation at a closed facility. During the closure or post-closure period, 
an evaluation can determine if there is value to installing solar on site as well as the 
estimated Return On Investment (ROI). Evaluations should take into consideration 
closure and/or post-closure requirements for solar installation and operational 
plausibility. 
 
There are multiple alternatives to install solar on a CCR landfill/impoundment, including 
photovoltaic (PV) panels on ballasted fixed tilt racks or ballasted single axis tracking 
systems. The ballasted system is often a concrete pre-cast or poured in place concrete 
instead of a driven pier that would damage the geomembrane. For caps with exposed 
geomembranes, thin film solar that can be adhered to the existing cap is a cost-effective 
alternative. 
 
Fixed Tilt Photovoltaics 
The installation option considered most often is a fixed tilt, ballasted system. These 
systems can be placed on any of the caps being discussed. However, the slope of the 
landfill/impoundment will determine the amount of usable area to consider, with racks 
generally requiring a flat area for installation. 
 
Single Axis Tracking Photovoltaics 
Another installation option is a ballasted single axis tracker. In this case, the ballast 
system is typically larger than a ballasted fixed rack system to account for additional 
wind and torsional forces due to a rotating system. If agency approvals can be 
achieved, partial burial of the ballast may be possible to reduce overall ballast size, 
which enhances project economics. Similar to a fixed tilted ballasted system, the 
landfill/impoundment cap land areas would need to meet slope requirements for system 
stability. 
 
Thin Film/Adhered Solar Laminate 
Lightweight, flexible form CIGS (Copper Indium, Gallium, Selenide) thin film panels 
provide greater opportunity for use on exposed geomembrane caps than previously 
capable. Production capacity now nears inflexible thin film as well as some 
polycrystalline PV panels on the market today. Newer adhesives also allow better long-



 
 

 

term production potential while allowing for installation on locations such as cap side 
slopes that are too steep for ballasted system mountings. 
 
Electrical Considerations 
In all installation alternatives, the modules would be strung together in a series to create 
a string. These strings would either go to a string inverter and be converted from AC to 
DC, or be combined at a combiner box and routed to a central inverter. A combiner box 
allows the PV system to use a larger conductor to be more efficient in routing the power 
and energy. All of the conductors are routed above ground. This can be done either in 
ballasted conduits or ballasted cable tray. 
 
The typical equipment, which would collect either the DC cables to a central inverter or 
the AC cables from a string inverter to low-voltage switchgear and then stepped up 
through a transformer, is found on equipment pads located off the landfill/impoundment 
cap. The Conditional Use Permit (CUP) will determine if the equipment pad can be 
located on the cap or need to be located off the cap. 
 
In evaluation of potential PV on landfills/impoundments, a production estimate often will 
help in the discussions of possible layouts. Inverter data and photovoltaic solar panel 
data are often obtained from the manufacturer if not already part of the solar production 
estimate program library. PVSyst is the industry standard solar energy production 
modeling software. The weather data can be either selected from the solar production 
program library or oftentimes entered from a meteorological station used during 
prospecting. 
 
Solar Production Model Limitations to Consider 
To consider the production output of the solar array, the photovoltaic array is modeled 
into the PVSyst program. This includes the tilt angle for fixed tracker or the operating tilt 
for a tracker system. The row-to-row spacing (or Ground Cover Ratio) is modeled to 
help determine any possible shading between rows as well as entering structures 
around the array that will create shading during the daylight hours. The losses attributed 
from the solar panel through the wiring, inverters, transformers, operating conditions, 
weather, cleanliness of the modules and other parameters are factored to determine the 
DC to AC ratio.  
 
Presently, PV solar facilities are being designed to 1500V DC for efficiency. PVSyst 
currently does not allow the modeling of 1500V DC systems. In order to circumvent this 
limitation, a system is modeled as 1000V DC while maintaining equivalent system size 
values. Because the DC/AC system size and the quantity of rows are maintained, the 
output values will be representative of a similar 1500V system. 
 
Snow loss presents a significant concern for PV plants in northern climates. PVSyst 
currently has no tools or options for incorporating energy loss due to snow cover. The 
only tool available exists in NREL’s System Advisor Model (SAM). This tool is derived 
from the snow-loss method described in Bill Marion’s white paper4 and is based upon 
daily snow depth, ambient temperature, and solar irradiance with respect to the fixed-tilt 



 
 

 

angle. This loss value has been calculated independently in SAM and is provided for 
information only. 
 
Once the parameters are entered and the program run, an energy model output is 
generated. We can then change tilt angles, modules and spacing; there are multiple 
scenarios to help determine the optimal layout for a solar project. The energy output will 
be used with the cost estimates to determine the technology used and the best type of 
layout to use on the CCR. 
 
SOLAR COST ESTIMATES 
 
Both the capital costs and the operational and maintenance (O&M) costs will need to be 
considered when determining the type of system to install. 
 
It is anticipated that solar prices will continue to decline in the forthcoming years; 
however, the rate of decrease in price is not expected to be high, as seen in the past 
decade. There is still some room for improvement in efficiency as well as material cost 
initiatives. 2  
 
The national average for Non-Residential Rooftop PV system in Quarter 3 in 2016 
converts to $1.69/watt, with the last quarter average price of $1.80/watt. By comparison, 
in Quarter 3 of 2015 the national average was approximately $2.07/watt. The national 
average for Fixed Tilt Ground-mount PV system in Quarter 3 in 2016 converts to 
$1.09/watt, with the last quarter average price of $1.17/watt. By comparison, in Quarter 
3 of 2015 the national average was approximately $1.38/watt. 2  
 
Table 1 shows cost breakdowns by quarter for both non-residential rooftop, fixed tilt 
ground-mount systems, and single axis tracker.2 The non-residential rooftop is will be 
used in calculating the adhered solar laminate. 
 
Table 1: Cost Breakdown by Quarter 

 

Quarter 
 

Nonresidential Rooftop 
(USD) 

Fixed Tilt 
(USD) 

Single Axis Tracker 
(USD) 

Q1 2015 $2.182 $1.579 $1.80 

Q2 2015 $2.135 $1.492 $1.71 

Q3 2015 $2.071 $1.379 $1.59 

Q4 2015 $2.032 $1.331 $1.54 

Q1 2016 $1.890 $1.240 $1.41 

Q2 2016 $1.800 $1.170 $1.30 

Q3 2016 $1.686 $1.085 $1.21 

 
The cost estimates for the Exposed Geomembrane Solar Cover System on the 
landfill/impoundment have a larger spread on both the PV module and the membrane 
included in the structural BOS than a conventional PV system. These prices fall into the 



 
 

 

expected costs with a ±$0.59 delta on the PV Module, a ±$0.009 delta on the 
Engineering BOS, a ±$0.121 delta on the Structural BOS and ±$0.065 delta on the 
Direct Labor for PV installation. 
 
The cost estimates for the Fixed Tilt and Single Axis Tracker with Ballasted System on 
the landfill/impoundment have a larger spread depending upon the availability of pre-
cast ballasts or the need for pour-in-place ballasts (i.e. tubs) than a more conventional 
design with driven piers. These prices fall into the expected costs with a ±$0.02 delta on 
the Structural BOS and ±$0.02 delta on the Direct Labor. 
 
The average system cost breakdown for the adhered Solar Laminate (Non-Residential 
Rooftop), Utility Fixed Tilt and Single Axis Tracker PV system including the above 
mentioned cost/watt changes is as follows in Table 2: 
 
Table 2: System Cost Breakdown by Component for Quarter 3, 2016 

 

Component 
 

Adhered Solar Laminate 
Q3-16 (USD) 

Fixed Tilt 
Q3-16 (USD) 

Fixed Tilt 
Q3-16 (USD) 

PV Module $1.080 $0.494 $0.494 

PV Inverter and AC Subsystem (collection)  $0.097 $0.117 $0.104 

Electrical Balance of System BOS $0.086 $0.053 $0.078 

Structural BOS $0.251 $0.111 $0.156 

Direct Labor $0.255 $0.133 $0.131 

Design, Engineering, Permitting $0.094 $0.028 $0.039 

Other* $0.608 $0.189 $0.244 

Total $2.471 $1.125 $1.246 

*Includes miscellaneous site, supply chain, logistics, taxes, overhead costs, and margin. 
 
The conservative cost estimate for O&M is around 0.01 $/kWh. For traditional non-
residential rooftop arrays, the 0.01 $/kWh O&M includes solar module cleaning and 
electrical/mechanical maintenance. The solar module cleaning is dependent upon the 
frequency of rain and dust. If the area in question has higher amounts of pollen/dust, 
then plan on more frequent cleanings. See Figure 2 for breakdown of O&M costs. 



 
 

 

 
Figure 2: Breakdown of Operations and Maintenance Costs3 

 
 
For these systems, the inverter maintenance can be included as an extended warranty 
cost for the length of the period (25 years) at an estimated cost of $0.001 per watt DC. 
Inverters generally have a 15-year warranty, but an extended warranty for 25 years is 
typically available from manufacturers for an additional approximately 1/10 cent per watt 
DC. Also, solar developers will often get bulk rates on inverters and may provide 
customers with lower costs. 
 
CASE STUDIES 
 
Ballasted fixed tilt PV or PV adhered to a Geomembrane on an open landfill 
HDR was asked to look at which solar options to install on an open landfill located in 
Australia. The client was only interested in a small section of the landfill instead of the 
whole, as it was still an active landfill and Australia is novice to solar generation. HDR 
looked at the site and determined that either a ballasted fixed tilt or an adhered solar 
laminate module on a geomembrane should be considered. 
 
There are different things to note regarding the two options. We used similar power 
output between both scenarios. The multicrystalline solar module is smaller than the 
flexible thin film and has a higher efficiency. HDR did a layout for each scenario and the 



 
 

 

flexible laminate solar has a higher ground cover ratio (GCR) than the ballasted fixed 
tilt. The capital cost of the flexible laminate solar panel is also more expensive in 
comparison to the multicrystalline PV module; an increase of approximately $0.59. 
When comparing the layouts between the two scenarios, the flexible adhered solar 
laminate on the exposed geomembrane cover (EGC) was about 2.96MWDC, while the 
ballasted multicrystalline fixed tilt was 2.0MW DC. The energy output was also a 
competing factor of 7,796MWh/year for the flexible laminate, versus 3,512MWh/year for 
the multicrystalline PV system. It is obvious that the flexible laminate system has a 
higher density of solar generation.  
 
In comparing the material and installation costs of the two alternatives, the fixed array 
crystalline with Ballasted Racking System has a lower estimated cost ($3.4M for 
ballasts, racking, and PV) than the Exposed Geomembrane Solar Cover System ($7.3M 
for EGC, soil anchors, and PV).  
 
Additionally, the fixed array crystalline with Ballasted Racking System cost is lower on a 
per-watt basis at $1.67/W than the Exposed Geomembrane Solar Energy Cover System 
at $2.46/W. The Exposed Geomembrane Solar Cover System allows for greater energy 
generation on a watt-per-square-foot basis for the approximate 4.5 hectare landfill side 
slope project area.  
 
The implementation of either of the solar arrays will provide a beneficial reuse of the 
closed landfill area. Key decisions will need to be made regarding the key intent for the 
installation prior to determination of the best option, e.g. maximizing power generation, 
minimizing costs, or community perception. This project is only in the feasibility stage. 
 
Ballasted Fixed Tilt PV on a Municipal Solid Waste Landfill 
HDR provided design services of a ballasted fixed tilt photovoltaic solar system on an 
existing closed landfill in the East Coast region. The landfill material is of unknown 
materials. 
 
The design considered the Conditional Use Permit (CUP), in which none of the 24 
inches of topsoil could be disturbed. This required use of the ballasted system. The 
slopes of the landfill and the location of the liner determined the location of the 
equipment pad as well as the boundary to create the usable area of the solar system. 
One challenge noted during the construction phase was that the weather was unusually 
wet for the season. This provided a problem in using the construction equipment so as 
not to damage the landfill cap. Another item of note was after the system was 
commissioned in late Q4, the height of the solar modules in relation to the ground (as 
directed by the developer) provided an issue for O&M. The PV system acted like a snow 
fence with the PV system close to the ground (see figure 3). Snow removal had to be 
conducted. Other landfill sites in the area with ballasted PV fixed tilt were higher from 
the ground and did not have the snow issue (see figure 4). This facility was 
commissioned and has been operating since 2014. 
 



 
 

 

Figure 3: Effects of Snow and Wind on Low Ballasted Fixed Tilt System 

 
 
Figure 4: Snow Removal On-Site (Blowing Snow Beneath Panels) 

 
  



 
 

 

Ballasted Single Axis Tracker on Closed CCR Cap 
HDR provided assistance to a utility in the central United States regarding the 
installation of a photovoltaic (PV) system on a closed CCR landfill. The landfill was 
previously closed with a geosynthetic liner and soil cap of 24 inches. The cap had well-
established vegetation and had been well maintained.  
 
The utility was interested in investing in a solar system on site that maximized 
investment return. HDR assisted the utility in the development of a Request for Proposal 
(RFP) that allowed potential bidders to submit development projects in the form of a 
Power Purchase Agreement (PPA) that uses available space on the closed cap. As the 
cap was previously closed, the use of a PV-integrated, exposed geosynthetic cap was 
not a viable option. Bidders were allowed to select the equipment, including panels, 
inverters and racking system, which maximized on-site energy production. Fixed tilt or 
single axis tracker would be allowed as long as all requirements of the post-closure 
permit and site maintenance were met. 
 
After receipt and evaluation of bids based upon criteria established by the utility, the 
winning bidder was selected. Their PPA offer met utility requirements and maintained 
cap integrity. The facility is unique among closed caps in the United States in that a 
ballasted, single-axis tracking system was installed on site. HDR, the utility and the 
bidder/developer worked with the regulatory authorities having jurisdiction over the post-
closure plan to ensure the design met closure requirements, while allowing minimization 
of concrete required for ballasting on site. The facility was commissioned in 2016 and is 
currently operating as a solar generation facility on site. 
 
Ballasted Fixed Tilt on Closed CCR Cap 
The utility was interested in how much solar could be installed on the CCR landfill. HDR 
provided a conceptual layout of a photovoltaic fixed tilt solar system on a closed CCR 
landfill for a utility in the central United States. The CCR landfill was closed with a 
geosynthetic liner and is well maintained with the traditional 24 inches of earthen cover. 
 
Since the landfill was already closed, the PV adhered to the geomembrane was 
excluded from consideration. Only the ballasted fixed tilt PV system was looked at. The 
site was estimated to be a 25MW AC with 34,992MWh/year of energy production. This 
project is in the feasibility phase. 
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