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Executive Summary 
 

This report, a revised and corrected version of a previous edition released in January 2016, analyzes 

installation cost and performance differences between different types of solar photovoltaic (PV) 

installations in Vermont. It examines solar facilities built on existing buildings, on new structures such as 

parking lot canopies, and projects built on open pasture land. Cost data is based on solar facilities built 

between September 2014 and September 2015. 

Seven case study examples were developed based on explicit site, hardware, and labor assumptions.  

A “bottom-up” costing methodology was used to arrive at an installed cost per watt (DC array size).  

This installed cost reflects the full turn-key cost of design engineering, hardware, labor, permitting,  

and installer overhead and profit. The report does not include the cost of PV facility ownership, which 

includes purchase transaction costs, financing, tax impacts, and ongoing operation and maintenance.  

For each of the case studies, a performance analysis was completed to estimate first-year annual kWh 

production and 25-year kWh production. Using the performance and cost data for each type of 

installation, the report allows analysis of how plant siting and scale effect the cost-effectiveness of 

different types of PV facilities in Vermont.   

The study data indicate that Vermont solar installation costs track very closely with national costs as 

reported by both the National Renewable Energy Laboratory (NREL) and the Solar Energy Industries 

Association (SEIA). Consistent with national data, cost per watt declines due to economies  

of scale as system size increases. The turn-key installation cost of a 2,000 kW ground mount system 

($1.91/watt DC) is one half of that of a 10 kW residential roof system ($3.55/watt DC). 

Several cost factors specific to Vermont influence the cost and performance of different types of PV 

systems: 

 Given Vermont’s older building stock, installing PV on existing buildings (both residential 

and commercial) can often be complicated by code compliance issues. This can lead to 

higher installed costs on buildings versus ground mounted systems. 

 Vermont’s rural nature and abundance of open pasture land provide low-cost siting 

opportunities for both residential and commercial systems. Land costs in Vermont tend  

to be lower than in other New England states, leading to a greater percentage of ground 

mount systems. 

 Vermont’s group net metering legislation and regulations enable solar arrays to be placed 

anywhere within a utility’s service area and provide net metering credits to any class of 

customer in that service area. Combined with the greater efficiency of ground mounted 

solar arrays, this is a powerful incentive for developers to build on open land rather than  

on existing buildings or infrastructure. 
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 Solar parking canopies are technically feasible in Vermont, but due to snow loading 

constraints, significantly higher mounting costs, and lower generation performance,  

only a handful of such systems have been built in Vermont. 

 While Vermont has a rigorous state permitting review process (Section 248) for all PV 

systems over 15 kW AC, permitting costs are not a significant driver in choice of system or 

system size. For example, any system over 150 kW AC size must undergo a full Section 248 

review and submit a utility interconnection application. Despite the additional cost of these 

reviews, a 500 kW system (Case 6) has a lower installed cost per watt than a 100 kW system 

(Case 5). 

 

A summary of the cost data is shown in Figure 1. 

 

Figure 1: Cost Data Summary Chart for Case Studies 
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Report Objectives 
 

This report attempts to document and analyze installation cost and performance differences between 

different types of solar photovoltaic (PV) installations in Vermont. It examines solar facilities built on 

existing buildings, on new structures such as parking lot canopies, and systems built on open pasture 

land. 

To facilitate comparison between these types of solar installations, seven case studies were developed, 

each based on a design and size that are suited to Vermont’s climate, are allowed under current solar 

regulations, and are typical for that type of installation. The seven case studies and installation types  

are shown in Table 1 below. 

Table 1: List of Case Studies 

Case # Description 
Array size 

(kW DC) 
Power Contract Type 

Case 1 Residential sloped roof mount 10 Individual net meter 

Case 2 Residential ground mount 10 Individual net meter 

Case 3 Commercial flat roof mount 100 Individual net meter 

Case 4 Commercial parking lot canopy 100 Individual net meter 

Case 5 Commercial ground mount 100 Individual net meter 

Case 6 Commercial ground mount 500 Group net meter 

Case 7 Utility-scale ground mount 2,000 Utility PPA or Standard Offer 

 

This report estimates cost data and performance data for these seven types of solar PV installations. 

Since the purpose of the report is to understand the effect on installation cost and performance 

between these different types of PV facilities, the analysis of ownership costs and the ultimate cost of 

electricity from these facilities was beyond the scope of this report. The costs reported here, however, 

are useful inputs into levelized cost of electricity (LCOE) models, such as that developed by the National 

Renewable Energy Laboratory (NREL).1 

In addition to analyzing the monetary costs associated with building each of these installation types, the 

report highlights some of the other significant factors affecting solar development decisions in Vermont. 

These include predictability of permitting, regulatory requirements, project completion risk, and 

operational liabilities. 

  



                                                                        
                                                                      VERMONT PV COST STUDY Page 4 

Report Methodology 
 

This report analyzes the current costs and delivered system pricing in Vermont associated with 

construction of the seven installation types. Confidential cost data provided by the Clean Energy 

Development Fund (CEDF), Vermont solar developers, and owners of solar facilities was reviewed  

to understand both the range and “typical” costs associated with the various types of installations.  

Case study examples were then developed based on explicit site, hardware, and labor assumptions.  

A “bottom-up” costing methodology was used to arrive at an installed cost per watt of PV array  

power (DC). Cost per watt DC (rather than AC) was chosen as the preferred metric since both cost  

and performance correlate more closely with DC array size than with AC inverter size. Since Vermont 

legislation and solar regulations use AC system size thresholds for the rules governing installation,  

the AC size of each case study is noted. 

The costing methodology, shown below, is based on specific equipment prices, labor rates, and sub-

contract services that reflect a middle point of the range of price data collected. This methodology  

is similar to that used by GTM Research for its national solar market studies done for the Solar  

Energy Industries Association (SEIA).2 

Although these case studies attempt to show typical installation costs for each type of system and  

costs are reported down to two decimal places (cents), readers are cautioned about assuming that the 

precision of these numbers reflects a calculation of the average or median cost of such systems in 

Vermont—it does not. First, due to small sample sizes of the systems for each case study—except for 

the residential categories—no attempt was made to measure the average or median points of the data 

collected. Secondly, the cost of solar installations are highly site and project specific, varying so widely  

as to make such calculations based on a small sample size not useful for a report of this nature. 

The variability of solar installation cost is clearly reflected in the data supplied by the CEDF covering 

residential systems. The range of installed prices reported for the 55 installations analyzed for Case 1  

(10 kW residential roof install) ranged from $1.18/watt to $5.95/watt. This range of end user costs for 

similar sized systems, even after eliminating obvious low and high outliers, reflects different site 

conditions, choices between PV panel costs and efficiencies, and the different installation margins 

charged by businesses. 

Despite the range of prices between similar types and sizes of installations, it is possible to estimate a 

typical market cost for a system based on normal site conditions, installation difficulty, and use of 

standard equipment. For each case, wholesale costs of equipment, labor, subcontractors, and overhead 

were estimated. These costs were then checked against both Vermont and national data to ensure they 

were reasonable. The final price and price per watt figures reported for each case study reflect a retail 

price that is in the middle range of the market transactions studied.  

It should be noted that the final price and price-per-watt figures do not include adjustments for federal 

or state tax credits or other incentives that may be available to the ultimate system owner. 
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Cost Model 

The cost categories used to build each case model are shown below. These include hardware (hard) 

costs and labor and overhead (soft) costs. For purposes of this report, to protect the confidentiality of 

the data sources, only the categories of materials, labor & subcontract, and permitting & overhead are 

reported for each case study. All project costs are captured under those headings. Table 2 shows the full 

breakdown of the costs that are included in the case models.  

While the cost categories shown in Table 2 cover the standard costs incurred in almost all PV 

installations, there are some cost elements that are unique to particular systems or sites and that are 

not included in this report. Some examples might include: 

 The cost of guaranteeing roof warranty coverage for commercial flat roof systems 

 The cost of a Phase 1 environmental assessment before siting a system on a previously used 

commercial lot 

 The cost of liability insurance to protect against injury or property damage claims from icing on 

parking lot canopies. 

Consideration of such costs is beyond the scope of this report, yet such project specific costs are real 

factors faced by solar developers and installers in the normal course of their business. 

To estimate the final installed customer price, the total cost for each facility type was then marked up  

by a margin factor. The margin factor used in this report represents the markup of goods and services 

measured as a percentage of the sale price. This definition is usually referred to as “margin” rather than 

“markup” in economic literature and is the added cost necessary to cover both business overhead and 

profit. Margins in the solar industry vary by size of project, market segment, and business organization. 

The margins assumed for each case study are reported as part of the cost data and reflect current 

market conditions in Vermont. 

For purposes of this report, a lifetime of 25 years was chosen based on the standard warranty length of 

PV modules. To calculate 25-year energy production, an industry standard degradation faction of 0.5 

percent per year was used.  
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Table 2: Cost Model 

               Category                                                        Description 

Materials 

Modules 
PV module, average efficiency (16%). Cost range $0.65/watt to 

$0.80/watt 

Mounting 
Roof racking, canopy racking, or ground mount system appropriate 

to system type. Cost range $0.20/ to $1.00/watt 

Inverter 
DC to AC conversion unit(s), string inverter type, 9 kW to 28 kW 

units. Cost range $0.15/watt to $0.30/watt (utility scale) 

DAS 
Data Acquisition including revenue grade meter for REC sales. Cost 

range $0.05/watt (residential) to $0.01/watt (utility scale) 

Electrical (BOS) 
Wire and conduit, combiners, switch gear, grounding. Cost range 

$0.05/watt to $0.08/watt 

Labor & Subcontract 

Labor – Array Install Racking and PV module installation. ($35/hour loaded rate) 

Subcontract – Electric DC and AC wiring. ($60/hour loaded rate) 

Subcontract – Other Excavation and site work. ($50/hour loaded rate) 

Permitting & Overhead 

  Professional Services 

Civil Engineering Site planning and drawings 

Electrical Engineering Electrical 1-line and detail plans 

Structural Engineering Roof and foundation structural plans or review 

Legal Services Property lease/acquisition and Section 248 permitting 

  Land Acquisition/Lease  

Site search and selection Site selection for Group Net-Metered projects 

Purchase price or Lease (NPV) Site or easement acquisition for Group Net-Metered projects 

  G&A Overhead 

Customer acquisition Internal sales team ($35/hour loaded rate) 

System design Internal engineering team ($50/hour loaded rate) 

Administrative Support Internal administrative team ($25/hour loaded rate) 

  Permitting 

Town Building Permit Town building permit when necessary, $3.50 per $1,000 

State Electrical Permit State permit of commercial work, $5.50 per $1,000 cost 

Section 248 CPG Sect. 248 application and process, based on permit class 

  Utility Interconnection 

Interconnect Application Required for systems above 150 kW AC 

System Impact Study As required by utility, if system does not “fast track” 

Facility Upgrade Cost As required for either commercial building or utility system 

Project Margin 

   Overhead and profit Business overhead and profit. Range 10% and 25%. 
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Overview of Project Case Data 

The “bottom-up” cost models for each case were compared and adjusted to known system cost data for 

similar systems installed in Vermont from September 2014 to September 2015. The largest sample size 

of reported data was for residential systems tracked by the CEDF. Real-world cost data for commercial 

installations relied on much smaller sample sizes and for one case—commercial parking canopy 

systems—did not exist except as engineering estimates and quotations from vendors. The majority of 

commercial system installations that occurred during the 12-month timeframe examined were ground 

mount systems of 150 kW AC and 500 kW AC size (group net metered, GNM) projects, or 2.2 MW AC 

size (Standard Offer) projects. While the DC array sizes of these projects were typically 200 kW, 700 kW, 

and 3,000 kW respectively, this data was able to inform the three case studies for 100 kW, 500 kW, and 

2,000 kW DC projects. 

Case 1 – Residential Roof System, 10 kW DC 

Data from the CEDF database covering systems that received a state incentive payments from September 

2014 through August 2015 was supplied by the Vermont Public Service Department. Installations were sorted 

by date, size, and mounting type. To approximate the 10 kW roof system, data for roof mounted systems 

between 9 kW and 11 kW was selected. This yielded 55 records for installed systems.  

Case 2 – Residential Ground Mount system, 10 kW DC 

Similar to Case 1, CEDF database records for 9 to 11 kW fixed ground mount systems were selected. This 

yielded 32 records for installed systems. While dual axis tracking systems are widely used in Vermont, 

they were not included in this sample or analyzed in this report. Since the lifetime cost per kWh from 

both tracking and fixed ground mount systems are nearly identical in Vermont, the choice of ground 

mount type was not seen as a key driver in the choice of roof versus ground mount siting.  

Case 3 – Commercial roof system, 100 kW DC 

Data from three commercial roof systems using ballasted mounting racks was available for systems sized 

150 kW AC and above. 

Case 4 – Commercial parking lot canopy, 100 kW DC 

No completed project data was available for analysis. Engineering estimates and recent project quotes 

for 150 kW AC (200 kW DC) solar canopies were used to approximate costs for a 100 kW DC system. 

Case 5 – Commercial ground mount system, 100 kW DC 

Data was available from multiple 150 kW AC (200 kW DC) GNM installations. Cost data from ten projects 

was reviewed. To facilitate comparison to Case 3 and Case 4, this case assumed that the system was built on 

the property of a commercial or institutional off-taker with no costs for site easement or acquisition. 

Case 6 – Commercial ground mount system, 500 kW DC 

Data was available from five 500 kW AC (700 kW DC) GNM installations. This case assumed that the 

project was located at a third-party site with a 25-year land easement. 

Case 7 – Commercial ground mount system, 2,000 kW DC (2 MW) 

Data was derived from three recently built Standard Offer projects, sized 2,200 kW AC (up to 3,000 kW 

DC).  
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Observations on Cost Categories 

PV panel (or module) costs are fairly consistent between system types and sizes. Panel costs have 

stabilized over the past two years after falling dramatically from 2007 to 2014. Global and U.S. market 

prices are currently at their historic low point. Because current manufacturing margins are so small and 

constrained by global competition, further decreases in prices are expected to be modest until future 

technological breakthroughs lower the cost of cell production and module manufacturing. 

Use of “string” inverters (modular units that can be wired in parallel together) is currently the low-cost, 

DC-to-AC conversion option for all installations up to 1 MW or more. Again, the growing solar market 

and global competition have led to significant inverter cost decreases over the last seven years. Typical 

wholesale inverter costs currently range from about $0.22/watt AC for 10 kW units to about $0.15/watt 

AC for 30 kW units. 

Racking costs typically represent about 10 percent of the hardware cost in a system, regardless of 

system size. The two exceptions to this are ballasted commercial roof systems and canopy systems. In 

Vermont, with structural requirements driven by high wind and snow loading, these two types of racking 

systems can be 2 to 4 times more expensive than the lowest-cost fixed roof system. Commercial carport 

racking, for example, not including engineering costs, can range from $0.60/watt to $1.00/watt. 

Balance of system (BOS) costs include DC wiring, AC wiring, switchgear, and metering costs. Costs range 

from $0.05/watt for larger systems to about $0.08/watt for residential systems. In Vermont, all systems 

are equipped with a revenue grade metering system to allow the accurate monitoring of production 

credits (solar adder) and renewable energy credits (RECs). Larger systems (150 kW and above) usually 

include a full meteorological weather station to accurately monitor system performance, solar radiation, 

and cell temperature. 

Utility interconnection is the largest variable that affects BOS costs for larger systems. For residential 

systems, the cost is very low (typically only metering) but for larger systems, line extensions are common 

and add to costs. For a commercial 500 kW AC ground mount system (700 kW DC) sited next to 3-phase 

power, utility interconnection might cost $10,000 or $0.015/watt. If a 1,500 foot line extension is 

needed, however, this cost could rise to $50,000 or $0.07/watt. 

Equipment markup margins between system types is the largest factor affecting the ultimate hardware 

price to system owners. Margins for residential installations typically range from 20 percent to 25 

percent while margins for commercial systems, 500 kW or above, typically range from 10 percent to 15 

percent. 

Performance Modeling 

For each of the case studies, a performance analysis was completed to estimate first-year annual kWh 

production by month. This analysis was done using the Solar Advisor Model (SAM) software published 

by the National Renewable Energy Laboratory (NREL). Typical Meteorological Year (TMY3) weather data 

was used for Burlington, Vermont. Specific orientation, module tilt, and inverter loading ratios that are 

characteristic of such installations in Vermont were used for each model. For example, residential 

rooftop solar installations on older homes tend not to be oriented perfectly to solar south. Rooftop 
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systems also experience higher summer-time temperatures that affect performance. These differences  

in operating performance are important to document since they ultimately influence decisions about 

where to site PV systems. 

For each case, module shading factors were used that are typical of good, but not “perfect” solar sites. 

Installation sites with more constraints, such as residential roofs, tend to have on average greater 

shading than open ground sites. Shading factors were held constant, however, within the broad size 

classes of systems (i.e., residential 10 kW, commercial 100 kW, etc.) to enable direct comparison of 

these similar sized systems.  

Based on the SAM first-year performance estimate and a standard 0.5 percent annual performance 

reduction, the 25-year expected output of each case model was calculated.  
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Report Findings 
 

Case 1. Residential Roof – 10 kW  

Case Description 

10 kW DC system mounted on a 37 degree (6/12) sloped roof. Roof faces 30 degrees west of true south. 

Minimal roofing shading from nearby trees or buildings, 2 percent annual loss assumed. DC to AC ratio  

of 1.11. Modeled first-year performance is 11,468 kWhs based on Burlington TMY3 weather data. 

Table 3: Case 1 Assumptions and Modeled Costs 

Case 1. Residential Roof 

System Wattage (DC @ STC) 10,000 

System Wattage AC 9,000 

Annual kWh Production 11,468 

Performance (kWh/kW DC) 1,147 

Capacity Factor 13.1% 

25-year kWh production 270,140 

 Price per watt $ total 

Materials Subtotal $1.33 $13,302 

Labor & Subcontract Subtotal $1.13 $11,273 

Permitting & Support $0.27 $2,738 

Margin - Overhead & Profit $0.82 $8,223 

Project Total $3.55 $35,535 

 

Project Margin                                                                         23% 

 

The Case 1 model assumes use of a mid-range efficiency PV module (16 percent). Based on CEDF data, 

evidence suggests that a significant portion of homeowners in Vermont choose to use premium, high 

efficiency modules (> than 19 percent) due to limited roof space. This could explain the difference 

between the Case 1 installed price of $3.55/watt versus the average price of $3.83/watt for the 55 

installs selected from the CEDF data. High efficiency modules typically cost 50 percent more than  

mid-range modules, leading to an additional $0.50/watt higher price. 

Installation of residential pitched roofs tends to be the most expensive per watt because of the required 

safety equipment, staging, and difficulty of working on a steeply pitched surface. Total labor and sub-

contractor costs estimated at $1.13/watt account for 32 percent of the total cost of installation in com-

parison to about 25 percent ($0.60/watt) for larger, open field ground-mount systems. 
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The age of a roof and its general condition are always assessed prior to solar panel installation. Since 

standard panel warranty is now 25 years and little or no maintenance is required for either racking or 

modules over their lifetime, roofs over 10 to 15 years old are often candidates for replacement prior to 

the installation. This may add 15 percent or more to the cost of the total installation and may encourage 

customers to consider either a ground mount system or net metering via an off-site community solar 

array (CSA). 

A key soft cost factor for residential systems is the cost of customer acquisition and the transactional 

costs associated with supplying a single household with a roof mounted system. The selling margins 

necessary to support the sales and administrative overhead in the Vermont residential market are 

typically in the 20 percent to 25 percent range. Case 1 assumes an overall project margin of 23 percent. 

Efforts to streamline business practices and minimize soft costs for the residential market are a major 

focus of the U.S. Department of Energy SunShot Initiative’s Rooftop Solar Challenge.3  

 

                                                                                  

 

  

10 kW Residential rooftop array. Photo courtesy of SunCommon. 
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Case 2. Residential Ground Mount – 10 kW 

Case Description 

10 kW DC system supported on a pole mount system at a fixed 30 degree angle. Array faces true south 

(195 degree magnetic in VT). An annual 2 percent shading loss is assumed in order to be consistent with 

Case 1 and allow direct comparison of performance. DC to AC ratio of 1.11. Modeled first year 

performance is 12,713 kWhs based on Burlington TMY3 weather data. 

Table 4: Case 2 Assumptions and Modeled Costs 

Case 2. Residential Ground Mount 

System Wattage (DC @ STC) 10,000 

System Wattage AC 9,000 

Annual kWh Production 12,713 

Performance (kWh/kW DC) 1,271 

Capacity Factor $14.5% 

25-year kWh production 299,467 

 Price per watt $ total 

Materials Subtotal $1.53 $15,332 

Labor & Subcontract Subtotal $1.07 $10,747 

Permitting & Support $0.27 $2,740 

Margin - Overhead & Profit $0.87 $8,723 

Project Total $3.75 $37,542 

 

Project Margin                                                                         23% 

 

The reality that roofs on existing older housing stock often do not face south or have significant shading, 

encourages the use of ground mount racking for many residential systems. This case study’s sample of 9 

kW to 11 kW installs for the previous 12-month period indicate that out of a total of 87 residential 

installs, 55 were roof mount and 32 were ground mount. In other words, about 37 percent of the 

residential installs examined for this case study were ground mounted.  

Another factor encouraging residential ground mount installation over roof installation is that the 

average size of a residential system has increased dramatically in Vermont and nationwide in the last 

five years.4 This is due to two factors: (1) solar costs have decreased, and (2) residential loads have 

increased as homeowners move to adopt high efficiency electric heating equipment such as air to  

air cold climate heat pump systems.  

Using heat pump technology (for both heating and cooling) powered by PV systems is currently the most 

cost-effective way to achieve a “net zero” building energy profile. Recent net zero residential building 

projects in Vermont have demonstrated that a 10 kW solar array is large enough to power a typical 

2,500 square foot energy efficient home with power to spare for electric vehicle (EV) charging. 
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Vermont’s Comprehensive Energy Plan has made “net-zero” homes a priority and set an ambitious  

goal for all new residential construction to be net-zero by 2030.5 

Despite the necessary trenching for electrical conduit and need for a foundation for a ground mount 

rack, such installations usually reduce overall labor costs. Material costs increase primarily due to the 

cost of the mounting system, which may add $0.30/watt over the cost of a standard roof rack. 

Overall, modeled installed price for a fixed ground mount system is $0.20/watt greater than a similar 

system installed on a sloped roof. The greater efficiency and production of the ground mount system, 

however, usually more than justifies this extra expense over the life of the system. The modeled year 

one output of Case 2 is 11 percent higher than Case 1 leading to a lower 25-year energy cost. The 

difference in efficiency of ground mount versus roof mount systems is due to two factors: (1) existing, 

older homes often do not have roofs that face true solar south, and (2) the heat given off by a roof 

surface in summer leads to higher module temperatures and a drop in the system voltage and thus 

output. 

 

 
                                                                

10 kW Residential ground mount array. Photo courtesy of Catamount Solar. 
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Case 3. Commercial Rooftop – 100 kW 

Case Description 

100 kW DC system mounted with ballasted roof racks, tilted at 15 degrees, on a flat membrane roof 

facing 15 degrees west of true south. DC array to AC inverter ratio is 1.2. No shading from nearby trees 

or buildings, 0.5 percent annual loss assumed from inter-row shading. Modeled first year performance is 

117,051 kWhs based on Burlington TMY3 weather data. 

Table 5: Case 3 Assumptions and Modeled Costs 

Case 3. Commercial Flat Roof 

System Wattage (DC @ STC) 100,000 

System Wattage AC 84,000 

Annual kWh Production 117,051 

Performance (kWh/kW DC) 1,171 

Capacity Factor 13.4% 

25-year kWh production 2,757,253 

 Price per watt $ total 

Materials Subtotal $1.32 $132,343 

Labor & Subcontract Subtotal $0.67 $66,766 

Permitting & Support $0.15 $15,308 

Margin - Overhead & Profit $0.39 $38,724 

Project Total $2.53 $253,140 

 

Project Margin                                                                        15% 

 

Key factors in determining the feasibility of systems mounted on flat membrane roofs are (1) the 

structural capacity of the roof, (2) wind loading requirements, and (3) the adequacy of a building’s 

electrical service to handle on-site generation.6  

In this regard, installing systems onto new buildings where the PV system can be included in the 

building’s initial design has tremendous cost advantages over retrofitting older buildings. In addition, 

recent additions to building, electrical, and fire safety codes often make it prohibitively expensive to 

place PV systems on older commercial or school buildings that were designed to older code require-

ments. Any major renovation, including the addition of a PV system, often triggers requirements to 

rebuild structural, mechanical, and electrical systems to meet current codes. 

Ballasted solar racks for commercial applications, which require no roof penetrations, have been in  

use for over 15 years. Current designs are fairly low cost ($0.35/watt) and can be installed without 

specialized labor. Since typical roof loading from a ballasted rack is on the order of five pounds per 

square foot (5 PSF), they often require no additional structural reinforcement for roofs designed  

with standard 15 PSF dead load carrying capacity. 
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Documenting the carrying capacity for older building is often an expensive process, requiring at a 

minimum a structural engineering review of “as built” blueprints to enable a licensed engineer to 

approve and stamp the PV mechanical design. When such documentation is not available, on-site 

building forensic engineering is required. The cost for building blueprint and equipment plan review  

can often be on the order of $0.05 to $0.10/watt. If on-site structural inspection is needed, this cost  

can triple to $0.30/watt. The Case 3 model assumes a new commercial building that meets current  

code requirements and only requires a blueprint check at a cost of $0.06/watt. 

Since engineering costs are relatively fixed and do not scale with system size, this favors development  

of large systems, 500 kW or greater, if dealing with an existing building. The few 150 kW or smaller 

systems that have been installed in Vermont recently have all been associated with new construction  

or renovation where the cost of code upgrades is not an issue.  

Permitting costs for Case 3 consists of a simplified net meter application (under 150 kW) for a Certificate 

of Public Good (CPG), a local building permit, and a state electrical permit (required for all installation in 

public buildings). The total cost of permits for Case 3 is estimated at $2,327. The cost of supporting 

engineering required for local and state building permits is estimated to be $7,150. These two cost 

categories account for about 50 percent of the total permitting and support costs. 

Margins for commercial systems of this size in Vermont are typically in the range of 15 percent. This is 

what is assumed for Cases 3 through 5. 

In terms of kWh production, flat roof PV systems have the worst performance ratio of all the systems 

studied. This is due to the low module tilt (usually 15 degrees or less) and the resulting snow accumulation 

on the modules that occurs on most well insulated roofs in the winter, and high roof temperatures in the 

summer. The Case 3 flat roof PV system performance model indicates a 7 percent lower output than the 

similarly sized Case 5 commercial ground mount system. This is primarily due to the lower tilt angle, 

greater winter-time snow soiling losses, and higher summer-time module operating temperatures. 

 

 

Commercial ballasted rooftop array. Photo courtesy of L.W. Seddon, LLC. 
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Case 4. Commercial Parking Canopy – 100 kW 

Case Description 

100 kW DC system mounted on parking lot canopy support by steel foundation posts. Array tilt is 15 

degrees, facing 15 degrees west of true south. DC array to AC inverter ratio is 1.2 to be consistent with 

Case 3. Similarly, a 0.5 percent annual shading loss assumed from nearby objects to match Case 3. 

Modeled first year performance is 114,979 kWhs based on Burlington TMY3 weather data. 

Table 6: Case 4 Assumptions and Modeled Costs 

Case 4. Commercial Parking Canopy 

System Wattage (DC @ STC) 100,000 

System Wattage AC 84,000 

Annual kWh Production 114,979 

Performance (kWh/kW DC) 1,150 

Capacity Factor 13.1% 

25-year kWh production 2,708,445 

 Price per watt $ total 

Materials Subtotal $1.61 $161,009 

Labor & Subcontract Subtotal $0.80 $79,970 

Permitting & Support $0.15 $14,574 

Margin - Overhead & Profit $0.45 $45,212 

Project Total $3.01 $300,764 

 

Project Margin                                                                      15% 

 

Although covering parking lots with PV canopy structures appears to be an efficient siting strategy, 

providing a dual use of land area and protection for parked cars from the elements, there are numerous 

factors that have discouraged investment in this type of system in Vermont. Cost is the primary negative 

factor but performance, maintenance, and liability issues also play a role. While parking lot PV canopies 

are common in the southwestern U.S., their feasibility and cost-effectiveness declines in colder and 

cloudier northern climates. As the second cloudiest state in the nation and one with heavy snowfall, 

Vermont ranks very low for the economic feasibility of siting PV on parking lot canopies. Therefore, 

during the last decade fewer than five PV parking canopies have been built in the state. 

The cost of structural mounting systems able to span above parking spaces and to withstand Vermont’s 

heavy snow loading (50 PSF) and wind regimes (105 MPH gust) is the primary barrier. Such structures 

range from $0.80/watt to over a $1.00/watt installed. Compared to open field ground mount racking 

systems with installed costs in the range of $0.20 to $0.30/watt, a parking lot canopy mounting system 

may cost $0.75/watt more resulting in a 30 percent increase in total installed project cost. 
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Vermont’s winter snowfall also constrains the design of systems, since “snow shedding” from the array 

must not land on people, cars, or the parking areas.7 This requires designs that incorporate either a 

“shed” roof with a minimum 4-foot grass median area to catch snowfall, or use a V-design that channels 

snow and rain to the center of the array, allowing drainage onto a smaller “drip strip” or incorporated 

internal gutter. The first solution requires reconfiguration of most commercial parking lots and the 

second solution sacrifices performance since the arrays need to be sloped at a shallow angle facing each 

other.  

Several of the nation’s leading solar manufacturers and installers such as SunPower, SunEdison, and RBI 

now offer standardized solar carport structures. Typically, these have been installed at universities and 

corporate campuses where solar cannot be put on buildings and land area is constrained or of very high 

value. Currently, the University of Vermont, in cooperation with Burlington Electric, is reviewing the 

results of an RFP that included consideration of parking lot solar canopies. This may result in the first 

major build out of parking canopies in the state. 

Another factor affecting the cost-effectiveness of parking lot canopies is Vermont’s group net metering 

regulations. Net metering systems up to 500 kW can be built anywhere in a utility’s service area, with 

the production credits virtually applied to one or more meters served by that utility. This effectively 

makes siting projects at low-cost sites, using the least-cost mounting system, the most cost-effective 

option for a developer or a business desiring to install solar PV. In states that do not have virtual net 

metering, where a PV system must be physically located behind a customer’s meter, developers and 

customers must accept the higher costs of on-site development if they want solar. In Vermont, group 

net metering has dramatically lowered the cost of solar power (especially for residential customers) by 

allowing off-site, ground-mount, net metered arrays.  As a consequence, however, developers and 

customers have little incentive to consider higher-cost systems placed on buildings and parking lots. 

As with Case 3, solar parking canopies are less costly if they can be integrated into the design of either  

a new parking lot or parking garage. The difficulties of achieving proper orientation, avoiding parking lot 

trenching and repaving, and reducing parking area loss are all greatly lessened when a solar canopy 

project is part of new construction. For this reason, it should be expected that a few existing parking  

lots may be amenable to receiving solar canopies but that the majority of cost-effective and successful 

projects will be located at new developments or existing lots that are being reconfigured.   

For the category of Permitting and Overhead costs, permitting for Case 4 consists of a simplified net 

meter application (under 150 kW) for a Certificate of Public Good (CPG), a local building permit, and  

a state electrical permit. The total cost of permits is estimated as $2,533. The cost of supporting 

engineering required for local and state building permits is estimated to be $7,700 (not including  

canopy engineering, which is included in cost of the system). 
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Commercial parking canopy. Photo courtesy of Derrill Bazzy, South Mountain Company.  
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Case 5. Commercial Ground Mount – 100 kW 

Case Description 

100 kW DC system mounted on a driven steel pile foundation. Array is tilted at 30 degrees and faces  

true south. DC array to AC inverter ratio is 1.2 to be consistent with Case 3 and Case 4. No shading from 

nearby trees or buildings, 0.5 percent annual loss assumed from inter-row shading. Modeled first year 

performance is 125,388 kWhs based on Burlington TMY3 weather data. 

 

Table 7: Case 5 Assumptions and Modeled Costs 

Case 5. Commercial Ground Mount 

System Wattage (DC @ STC) 100,000 

System Wattage AC 84,000 

Annual kWh Production 125,388 

Performance (kWh/kW DC) 1,254 

Capacity Factor 14.3% 

25-year kWh production 2,953,640 

 Price per watt $ total 

Materials Subtotal $1.22 $122,080 

Labor & Subcontract Subtotal $0.58 $58,169 

Permitting & Support $0.14 $13,794 

Margin - Overhead & Profit $0.34 $34,382 

Project Total $2.28 $228,425 

 

Project Margin                                                                        15% 

 

The land area required for Case 5 is approximately 22,000 square feet or one-half an acre. Given the 

rural nature of Vermont, this size of open area is widely available, even at commercial sites, schools,  

and urban areas that also have 3-phase power. This case assumes the project is built for, and on land 

owned by, a single commercial or non-profit off-taker. Thus no land costs are included as they are in 

Cases 6 and 7.  

Systems this size may be interconnected to single-phase service (240 V), but 3-phase service (480 V) is 

preferable and lowers installation cost.  

Given Vermont’s net metering laws, it is often advantageous to interconnect such systems to a new 

electrical service (with its own meter and transformer) to receive the highest net metering rate. Case 5 

is modeled as an on-site, ground mount system with access to existing 3-phase power at a nearby 

building, but using a separate new 3-phase service at a cost of $5,000 ($0.05/watt). 
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Permitting costs for Case 5 consist of a simplified net meter application (under 150 kW) for a Certificate 

of Public Good (CPG) and a local building permit. No state electrical permit is required since the system 

is not in or on a public building. The total cost of permits under Case 5 is estimated as $746. The cost of 

supporting engineering required for permitting is estimated to be $4,400 (including the cost of a site 

plan required for ground mount systems). 

While Case 5 uses the same modules and inverters as Cases 3 and 4, annual performance of the Case 5 

ground mount system is 7 percent better than the roof top system and 9 percent better than the 

parking canopy system. Combined with the cost differentials between systems, this performance 

difference gives Case 5 the lowest 25-year cost of electricity production of all three cases.  

 

  

150 kW Commercial ground mount array. Photo courtesy of Positive Energy. 
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Case 6.  Commercial Ground Mount – 500 kW 

Case Description 

500 kW DC system mounted on a driven steel pile foundation. Array is tilted at 30 degrees and faces  

true south. DC array to AC inverter ratio is 1.37. Since large solar arrays are often constrained by site 

conditions, shading is modeled at a 2.3 percent annual loss to account for both tree shading and inter-

row shading. Vermont data for recent system installations above 500 kW confirm this assumption.  

Modeled first year performance is 612,617 kWhs based on Burlington TMY3 weather data. 

Table 8: Case 6 Assumptions and Modeled Costs 

Case 6. Commercial Ground Mount 500 kW 

System Wattage (DC @ STC) 500,000 

System Wattage AC 364,000 

Annual kWh Production 612,617 

Performance (kWh/kW DC) 1,225 

Capacity Factor 14.0% 

25-year kWh production 14,430,806 

 Price per watt $ total 

Materials Subtotal $1.12 $541,582 

Labor & Subcontract Subtotal $0.59 $294,411 

Permitting & Support $0.21 $121,608 

Margin - Overhead & Profit $0.25 $126,600 

Project Total $2.17 $1,084,200 

 

Project Margin                                                                        12% 

 

500 kW AC is the largest net-metered system currently allowed under Vermont law. These systems are 

usually configured with a 700 kW DC array and are always interconnected to 3-phase power. Many of 

these 500 kW AC systems have been permitted and built during the previous 12 months. Case 6 relies  

on adjusted data from these larger 700 kW projects to reflect the smaller 500 kW DC size. 

Land area required for Case 6 is approximately 2.5 acres. Developers typically buy land outright or 

obtain a 25-year easement to build and operate their facility. Case 6 assumes a $36,000 initial capital 

cost to obtain a 3-acre easement for 25 years. 

Systems greater than 150 kW AC are required to submit a full Section 248 application in order to receive 

a CPG. The fact finding process for net metered systems over 150 kW AC, however, has been stream-

lined to allow presumption of compliance on twelve criteria (such as economic benefit) that the 

Vermont Legislature has identified as not being applicable to small renewable energy facilities. Still 

these projects require positive findings on 17 regulatory criteria in order to be issued a CPG. Despite  

the streamlined process, developers must hire expert consultants and legal representation to efficiently 
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navigate the CPG process. Case 6 assumes a total cost of $33,000 for consultants and legal representation. 

This cost estimate assumes an uncontested case with no adverse findings. 

In Vermont, systems larger than 150 kW AC must also submit a utility interconnection application 

pursuant to PSB Rule 5.500. The cost of filing this application is nominal ($300) and most projects  

(500 kW or under) pass the initial “fast-track” analysis and qualify for interconnection without a System 

Impact Study. Historically, it is common utility practice to waive a System Impact Analysis for these 

smaller net metering systems even if a project fails one or two of the fast-track criteria. Case 6 assumes 

a cost of $11,000 for a new 3-phase service and short 3-phase extension. 

The margin for Case 6 is assumed to be 13 percent and is constrained by market competition between 

experienced developers and their CSA offerings in Vermont.  

Despite the additional cost of land, 248 permitting, and utility interconnection, Case 6 has a lower cost 

per watt ($2.17) than the smaller 100 kW Case 5 project ($2.30). This is due to economies of scale as 

they relate to installation costs per watt. Savings achieved through economies of scale under Case 6 

assumptions are approximately 10 percent when compared to the 100 kW ground mount in Case 5. 

In addition, with respect to the cost of permitting and interconnection, building such “community-scale” 

net metered facilities in Vermont is seen as more predictable and lower risk than building commercial 

scale PV on existing buildings or developed infrastructure. This predictability is partially a result of the 

permitting process, which favors solar siting where it physically and visually interacts with the fewest 

people, but it is also a response to the many unknowns that can become costly issues when working on 

a building or parking lot.  Predictability of the approval and installation process is an essential attribute 

weighed by experienced developers before engaging in a project. 

 

 

 

 

  

500 kW AC Commercial ground mount array. Photo courtesy of Encore Development. 
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Case 7.  Commercial Ground Mount – 2,000 kW 

Case Description 

2 MW (2,000 kW) DC system mounted on a driven steel pile foundation. Array is tilted at 30 degrees and 

faces true south. DC array to AC inverter ratio is 1.37. Shading is modeled at a 2.3 percent annual loss to 

be consistent with Case 6. Modeled first year performance is 2,428,611 kWhs based on Burlington TMY3 

weather data. 

Table 9: Case 7 Assumptions and Modeled Costs 

Case 7. Utility-scale Ground Mount 2 MW 

System Wattage (DC @ STC) 2,000,000 

System Wattage AC 1,500,000 

Annual kWh Production 2,428,611 

Performance (kWh/kW DC) 1,214 

Capacity Factor 13.9% 

25-year kWh production 57,208,361 

 Price per watt $ total 

Materials Subtotal $1.09 $2,096,752 

Labor & Subcontract Subtotal $0.50 $998,929 

Permitting & Support $0.13 $344,120 

Margin - Overhead & Profit $0.19 $386,298 

Project Total $1.91 $3,826,098 

 

Project Margin                                                                         10% 

 

Any system over 500 kW AC must either obtain a utility purchase power agreement (PPA) or a contract 

through the Standard Offer (SO) program. Since the SO program allows projects up to 2.2 MW AC, 

approximately 17 projects ranging in size from 2 to 3 MW DC have been built in the last five years. Case 

7 relies on data from selected SO plants built in the previous 12 months. Costs have been adjusted to 

reflect the smaller 2,000 kW DC size of Case 7. 

Land area required for Case 7 is approximately 10 acres. Developers typically buy land outright for these 

larger facilities. Case 7 assumes a $100,000 initial capital cost to obtain a 10-acre parcel of open land. 

Systems greater than 500 kW AC are required to submit a full Section 248 application in order to receive 

a CPG. These projects require positive findings on all Section 248 regulatory criteria to be issued a CPG. 

Developers must hire expert consultants and legal representation to efficiently navigate the Section 248 

process. Typical large solar projects (above 1 MW) will take approximately 4 to 6 months to complete if 

uncontested by state agencies or public intervenors. Case 7 assumes a total cost of $68,000 for Section 

248 consultants and legal representation based on an uncontested case with no adverse findings. 
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Projects of this size must also submit a utility interconnection application pursuant to Vermont Public 

Service Board Rule 5.500. The cost of filing this application is nominal ($300). Most projects (2 MW or 

over) will fail the initial “fast-track” analysis under PSB Rule 5.500 and require a full System Impact Study 

and subsequent Facilities Study. Case 7 assumes a cost of $20,000 for System Impact Study and Facility 

Study. The cost of these studies is highly dependent on the area and substation where the plant is 

located and may range from $10,000 to over $40,000. 

The margin for Case 7 was assumed to be 10 percent. The building of MW scale projects is highly 

competitive in Vermont due to rigorous bid processes for both state and utility contracts. Margins for 

engineering, procurement, and construction contractors who build such facilities therefore appear to  

be small. 

Due to economies of scale, Case 7 has the lowest cost per watt ($1.91) of all project types studied. 

Despite the high cost of permitting and interconnection, building such utility-scale facilities in Vermont  

is cost-effective and profitable if a site can be found that does not raise issues for natural resource 

protection, aesthetics, or utility interconnection.  After five years of rapid solar development in 

Vermont, these prime utility-scale solar development sites are getting more difficult to find. 

Identification and ownership of suitable building sites is now the primary obstacle to further 

development of this type of project. 

 

 

 

  
2.2 MW AC Commercial ground mount array. Photo courtesy of groSolar® 
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Addendum 2: Solar Advisor Performance Loss Charts 
 

A standard output of the Solar Advisor Model (SAM) software is a “loss chart” that identifies the 

transformation losses as they are calculated by SAM. These charts are useful to quickly understand the 

modeled solar radiation on the array, the direct current (DC) loss factors, the AC transformation losses, 

and the final net export of electricity to the grid. The loss charts for all seven cases are included here for 

the benefit of readers with technical expertise and interest in these factors. 

Chart Sections 

1. Nominal POA (kWh) – this refers to plane of array incident solar radiation on an annual basis. This 

section includes derates for array shading and array soiling. It should be noted that soiling includes 

wintertime “snow soiling” which represent the majority of soiling that interferes with sunlight reaching 

the array cells. 

2. Nominal DC Energy (kWh) – these six loss factors are specific to the array modules and production of 

DC electricity before it reaches the inverters. The “module loss” factor includes effects of incident angle 

reflection and operating temperature of the modules. “Nameplate” refers to the difference between a 

module’s nominal power rating and its actual power output under standard test conditions. Since most 

modules now have a power rating guarantee of 0 percent, this loss factor has been set a 0 percent for all 

cases. 

3. Net DC Energy (kWh) – this section lists four loss factors for the conversion of DC to AC energy in the 

inverters. Inverter efficiencies are now in the range of 96.5 percent to 98 percent, with new transformer 

less string inverters having the highest efficiencies. Inverter “clipping” refers to the loss that occurs 

when PV arrays are sized significantly above inverter size and the inverters clamp at their maximum 

rated output under high irradiance conditions. This becomes a major AC loss factor (3 percent of more) 

for larger solar facilities that are built with a DC to AC ratio of 1.4 or more. 

4. Gross AC Energy (kWh) – this section tallies losses in AC wiring and interconnection transformers. It 

should be noted that net metered system are metered by the utility before the setup transformers so 

there is no transformer loss for net metered systems. 

5. Net AC Energy (kWh) – this section shows losses that can be due to utility outages, unexpected 

system equipment outages, routine system downtime for maintenance, or other factors. 

6. Annual Energy (kWh) – this section shows the final expected annual energy that will be delivered  

at the point of metering. 
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Case 1 – Residential Roof System, 10 kW DC 
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Case 2 – Residential Ground Mount system, 10 kW DC 
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Case 3 – Commercial roof system, 100 kW DC 
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Case 4 – Commercial parking lot canopy – 100 kW DC 
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Case 5 – Commercial ground mount system – 100 kW DC 
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Case 6 – Commercial ground mount system – 500 kW DC 
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Case 7 – Commercial ground mount system – 2,000 kW DC (2 MW) 
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Endnotes 

 
1 See http://www.nrel.gov/analysis/tech_lcoe.html 
2 See http://seia.us/1H8FXGn 
3 See http://energy.gov/eere/sunshot/sunshot-initiative 
4 See http://www.solarindustrymag.com/issues/SI1402/FEAT_01_Policies-And-Economics-Are-Boosting-
Residential-PV-System-Sizes.html 
5 See http://publicservice.vermont.gov/publications/energy_plan/2015_plan 
6 See https://www.travelers.com/energy-practice/iw-documents/WhitePaper-Rooftop-Photovoltaic-A0627A.pdf 
7 See 
http://www.nj.com/morris/index.ssf/2014/02/snow_and_even_solar_panels_falling_from_buildings_has_morris_
county_officials_scrambling.html 
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