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Overview 
 
This is a summary feasibility report regarding a solar photovoltaic (PV) assessment conducted by 
Celentano Energy Services (CES) for the Springfield Township (TWP) Administration, in Montgomery 
County, Pennsylvania.  Note: Throughout this report, the Public Works Equipment Shed is referred to 
as the "PW East Shed", and the Public Works Exterior Storage Shed is referred to as the "PW West 
Shed". This is a revised solar assessment based on one that was initially carried out by CES in 2022.  
This final draft version consists of solar PV arrays installed on the rooftops of the TWP 
Administration/Police building and the TWP Public Works (PW) Main building, as well as the PW East 
Shed rooftop. 
 
The annual solar generation from the solar PV systems would meet all the annual electricity usage for 
these two accounts, as well as the annual usage at the TWP Library, with more to spare.  
Pennsylvania’s virtual meter aggregation net metering law would allow the annual excess solar 
generation to offset the TWP Library’s electric usage, without needing physical wires to connect the 
buildings together. 
 
Figure 1 shows the three building rooftops that would have solar PV arrays installed (one solar PV 
system for the Admin/Police building; a second solar PV system consisting of two rooftop arrays on 
the Public Works Main building and the PW East Shed), and the Library building. 
 
The tasks for carrying out this solar assessment included reviewing the twelve months of electricity 
usage in 2023 all three accounts (i.e., Admin/Police, Public Works and the Library); prepare 
preliminary layouts of solar PV arrays on the Admin/Police and Public Works Main and East Shed 
building rooftops; simulate the solar generation and estimate the billing impacts; and carryout a 30 
year cash flow analysis. 
 
Update Note: CES, TWP officials, and others revisited the TWP sites on June 14, 2024, and verified 
the PECO service points for the Admin/Police and Public Works buildings, as shown in Figure 1.  At 
the Public Works site, underground service runs between the PW West Shed location to the PW East 
Shed, then to the Public Works Main building (indicated by the straight dashed lines). 
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Figure 1. Springfield TWP Buildings – Proposed Location for Solar PV Arrays (Black) and 

Virtual Solar Designation (Yellow) 
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Summary of Results 
 
Table 1 below shows the summary of results, aggregating across all the relative Springfield TWP 
building accounts. 
 
 

 
Table 1.  Summary of Results 

 
 
Section 1. Methodology 

Basis of Design 

Using the SolarEdge Design software, the following considerations were taken into account with 
regard to the array layout of solar PV modules and the balance of system devices for preliminary 
engineering: 
 

● Ballasted Racking (for mounting modules on flat roof surfaces and slightly pitched roofs, up to 7 
degrees) 

● DC Optimizer (connected to each module to optimize performance and execute rapid shutdown 
as a safety requirement when the system is turned off) 
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● Three Phase Inverters 
● Integrated Inverter Manufacturer Monitoring System 

 

Array Layout 

The SolarEdge Design software was used to populate the modules throughout the rooftop areas 
based on Google Maps satellite views of the buildings. The software has a database of commercially 
available solar PV modules and a Q-Cell 420-watt bi-facial module (i.e., solar cells on both front and 
back of the module frame) was selected. Solar modules can be much larger than this, up to 600 watts 
and more, but the smaller modules allow for more of them to be placed within roof boundaries, thus 
providing more array capacity. The bi-facial modules were placed on all the open ballast racking, 
allowing indirect or reflective irradiance to collect on the backside of the module, resulting in a little 
more solar generation. 
 
Two different types of ballasted racking systems were used.  An East/West facing racking system 
was used on all the relatively flat rooftops on the Admin/Police building, including the upper or 
penthouse rooftop area, and on the Public Works Main building.  On the roughly 5 degree pitched 
rooftops on the Admin/Police building and the Public Works East Shed building, a more conventional 
ballasted racking system was used.  Note, this racking system can be installed on roof pitches up to 7 
degrees, but they can also be strategically attached onto the roof for additional support.  The installed 
unit weight (including the solar modules) of these ballasted racking systems range between 3 and 8 
PSF, which can be assumed as inputs for conducting structural analysis for the building roofs. 
 
The module layout was then edited by removing or aligning selected modules considering the 
following: 
 

● Roof Pitch: Flat < 5 Degree - East/West Ballasted Racking System 
● Roof Pitch: 5 – 6 Degree – Conventional Ballasted Racking System 
● Shading from HVAC and other obstacles on the roofs 
● Setbacks 3’ 
● Walkways / Access to equipment 
● Roof Drains / Crickets – Typically racking is not installed in these areas, but for this analysis, 

these areas were also covered with ballasted racking  
 

PVWatts 

The National Renewable Energy Laboratory’s (NREL) PVWatts Calculator is an online software that 
simulates monthly and annual solar generation. After the array layout was completed, the total solar 
system DC capacity was known for each building, which was input to the PVWatts model. Other 
PVWatts inputs are location (with regard to weather data), array tilt and azimuth (orientation), various 
system losses (i.e., module mismatch characteristics, light-induced degradation, soiling, etc.), array 
racking type (i.e., open racking, flush mounted, single or dual tracking, etc.), inverter efficiency, and 
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other assumed inputs. The annual solar generation results from the PVWatts model were inputs to 
the financial pro forma analysis model.  
 

Utility Bill Review  

Springfield TWP procures electricity from PECO, the default supplier in PECO’s territory.  CES did not 
review the actual bills for the Admin/Police, Public Works and Library accounts, but rather collected 
monthly kWh usage data by each account recently processed by a volunteer of the Springfield TWP 
EAC.  All three accounts are under PECO’s Commercial General Service, 0 – 100 kW, and the 
weighted generation rate of $0.079632/kWh was used in this analysis (also accounting for price-to-
compare for annual excess generation).  Table 2 shows the annual electric usages by each of the 
accounts in 2023. 
 

Admin/Police Building Account 177,840 kWh/yr 
Public Works Account 89,120 kWh/yr 
Library Account 247,477 kWh/yr 

Total Usage 514,437 kWh/yr 
Table 2.  2023 Electric Usage by Account 

 

Pro forma 

A pro forma is a financial model used to measure the potential future impacts of different business 
decisions. The pro forma used in this analysis was from the Solar Schools Toolkit, developed in 2023 
by the Philadelphia Solar Energy Association and sponsored by the Pennsylvania Department of 
Environmental Protection (DEP). Several inputs for this model include the total PV capacity in kWDC, 
unit installation cost, operating and maintenance costs, and other assumptions. Most of these are 
described below in Section 4. Financial Analysis section. The pro forma results include positive 
cash flow payback (years), net present value (NPV), internal rate of return (IRR), first year and 30 
years of cost savings, etc., and a 30-year cash flow analysis. 
 
 
Section 2. Proposed Solar Projects Design  
 
The next step of this analysis was to provide a rough scope of potential solar photovoltaic projects at 
the three TWP buildings. Each of the solar PV array layouts were developed using the free online 
SolarEdge software program. 
 
For the flat roof layout for both the Admin/Police and Public Works Main buildings, an East/West 
ballasted roof-mount racking system was assumed; this racking system orients the modules at a 8° tilt, 
facing opposite directions.  The UniRAC RoofMount RMDT East/West ballasted racking system was 
assumed for this application (see Sample Equipment Spec Sheets in Section 7. Addendum).  For 
the slightly tilted roofs, assumed to be 5° for the Admin/Police building and 6° for the Public Works East 
Shed building, a conventional ballasted roof-mount racking system was assumed, which orients the 
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modules at a 5° tilt in one direction.  Therefore, when combining the tilted roofs and the rack tilted 
modules, the solar PV array tilts for these two applications were 10° and 11°, respectively.  The 
UniRAC EcoFoot 5D ballasted racking system was assumed for this application (see Sample 
Equipment Spec Sheets in Section 7. Addendum).   
 
For the ballasted modules, the SolarEdge software automatically determines the row spacing such that 
the modules do not cast inter-row shading on nearby rows of modules. The array azimuth was set 
parallel to the building roof edge closest to due South. 
 
The selected solar PV module for all the ballasted roof-mounted racking arrays was the 420-watt Wp 
QPeak Duo L-G8.3, bifacial module (see Sample Equipment Spec Sheets in Section 7. Addendum). 
Once the layouts were completed, the SolarEdge software revealed the solar PV capacities for each 
building; these capacities, along with array tilt, azimuth, and other input assumptions, were entered into 
PVWatts to calculate the expected electrical output from these systems. The three rooftop solar PV 
systems combined has a total rated capacity of 452.76 kWDC, resulting in an expected Year 1 
production of 575,605 kWh.  The SolarEdge software also sized up the inverters, along with specific 
optimizers. This included the following: Admin/Police building, one SE120K-US inverter (120 kWAC); 
Public Works Main building, five SE30K-US inverters (total – 150 kWAC); and Public Works East Shed 
building – one SE80K-US (80 kWAC).  (see Sample Equipment Spec Sheets in Section 7. 
Addendum). 
 
The following images show satellite views of the solar array layouts for the Site 1 - Admin/Police 
building, and Site 2 - Public Works Main building (Site 2.1) and East Shed building (Site 2.2).  Based 
on the recent re-visit of both sites on June 14, 2024, the location for the inverters for the Admin/Police 
solar PV system would most likely be on the roof, on the inside of the Eastern wall of the partitioned 
Penthouse structure. 

Regarding the Public Works site, the inverters would most likely be located on the Southern outside 
wall of the PW West Shed, close to the PECO Service Point for that site (see Figure 1 on page 2).  
Possibly solar arrays could also be installed on the PW West Shed rooftop, as well, because the 
inverters would be so close to those arrays, but this scenario was not considered in this feasibility 
analysis.  The DC output conductors from the solar arrays on the rooftops from the PW main building 
and the PW East Shed would be routed down the sides of those buildings and under the pavement to 
the inverters on the PW West Shed wall.  It is possible there are additional empty conduits running 
under the pavement preserved for future use wiring opportunities.  If this is true, this could be used for 
routing the solar PV wiring without needing to trench through the payment. 

Lastly, these inverters are typically three phase at 480 VAC, where 480/208 step down transformers 
would be needed to connect to the 208 VAC service - one for the Admin/Police building and one for 
the Public Works building.  These transformers can be located close to the PECO transformers and 
interconnected at the PECO meters as line side or supply side connections, where additional PECO 
meter pans will also need to be installed.  The required utility isolation switches can be located at 
these points, as well.  
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Site 1: Springfield TWP Admin/Police Building 
 

Address   1510 Papermill Road 
Wyndmoor, PA 19038 

 
System Design/Performance Details 
 
System Size (DC) 200 kW 
Generation (1st year) 251,384 kWh 
2023 Usage  177,840 kWh 
Electricity Offset 95% 
Excess to Library 82,758 kWh 
 
 
 
 
 
 

Site 2: Springfield TWP Public Works 
 

Address   1600 Papermill Road 
Wyndmoor, PA 19038 

 
System Design/Performance Details 
 
System Size (DC) 254 kW (combined) 
Generation (1st year) 324,222 kWh 
2023 Usage  177,840 kWh 
Electricity Offset 100% 
Excess to Library 235,102 kWh 
 
 
 
 
         Site 2.1 - PW Main Building – 156.24 kWDC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Site 2.2 - PW East Shed Building – 97.44 kWDC 
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Section 3. Summary of Solar Generation vs Electric Usage  
 
As described earlier, the preliminary solar PV systems designed for the Admin/Police and Public 
Works buildings will collectively generate more than the electric usage for both of those accounts, 
with the excess generation offsetting the electric usage at the TWP Library, with more to spare.  
Table 3 shows on a monthly basis, how the excess generation carries over to the Library account. 
 

 
Table 3. Monthly Solar Generation vs. Electric Usage and Carry-Over to the Library Account 

 
For example, in January, the generation from the solar PV system at the Admin/Police building will 
not fully meet all of the electric usage at that building, whereby PECO will bill that account for 2,831 
kWh of electricity, and no solar generation will carry over to the Library.  This is also true for months 
November and December.  However, the Public Works solar system will generate more than the 
electric usage for that building for every month.  Any monthly excess of solar generation from either 
the Admin/Police or the Public Works systems will carry over to the Library, which shows up under 
the column heading, VMA Solar (i.e., virtual meter aggregation), and will offset some of or all of the 
electric usage for that month at the Library. 
 
Therefore, the Library will only be charged for 9,515 kWh in January. The Library will also be charged 
for electric usage in October through December, as well.  Note, however, the excess solar generation 
in February through September – will be credited back to the TWP at the price-to-compare (PTC) at 
the end of the reporting year (i.e., end of May), where the PTC is valued at PECO’s generation rate 
and the transmission rate.  For this analysis, it was estimated to be $0.079632/kWh.  Although the 
solar generation doesn’t always offset 100% of the monthly electric usage, the excess from most of 
the other months equates to about 112% over generation on an annual basis across all three 
accounts.  
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Section 4. Financial Analysis  
 
The financial analysis conducted for this feasibility study was based on the inputs, computations, and 
results of the Solar School Toolkit pro forma model, specifically for direct ownership for nonprofit and 
tax-exempt entities. Some of these input assumptions and sections of the pro forma are described 
below. 
 

Assumptions 

The general input assumptions into the pro forma included many key data points about the Springfield 
TWP - the site, system installation, contract prices, the expanded federal Solar Investment Tax Credit, 
future electricity costs, etc. Some are default values, whereas others are input specific to the solar 
project metrics. 
 

Installation Cost 

Typically, the metric used for the cost of installing solar is dollars per watt of DC capacity, or $/watt, 
where the DC capacity is the sum of all the solar modules based on their nameplate value. This is 
typically the cost value that may be seen in a developer’s proposal to install a solar project. The $/watt 
installation cost typically corresponds to economies of scale, so the larger the solar PV system, the 
lower the $/watt tends to be. For this feasibility study, $2.30/watt was assumed for the turnkey 
installation cost, including the equipment and labor for installing the project, permits, interconnection, 
and much of the design work and other soft costs. 
 

Incentives 

One of the incentives available for offsetting the installation costs is the Federal Investment Tax credit 
(ITC), which is 30% off the entire installation cost of the solar project. The recent Inflation Reduction Act 
(IRA) expanded the ITC to be available for nonprofit and tax-exempt entities, which is provided by way 
of a one time payment (a.k.a., elective payment) to the entity after the project is in operation.  Another 
incentive is provided by PECO Energy for all the solar generation produced in the first year that offsets 
the on-site energy usage. This commercial solar program incentive of $0.10/kWh of solar generation is 
based on Pennsylvania’s Act 129. However, PECO Energy can change this incentive rate at anytime at 
their discretion.   Since these systems generated annual excess generation, this analysis may have 
slightly overstated the incentive payment; therefore, further review may be needed.  
 

Electricity Price and Other Financial Assumptions  

For this analysis, as mentioned above, PECO Energy is assumed to be the generation supplier, 
charging a weighted supply rate of $0.079632/kWh.  This is also assumed as the electricity cost 
savings rate used for the net metering billing mechanism that produces the bill savings from generating 
on-site solar energy. Every kWh generated from the solar system directly offsets the kWh usage at the 
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site. Note that only electric distribution companies (i.e., PECO Energy), are required to provide net 
metering benefits based on the volumetric rate on a bill.  Third-party suppliers, such as Constellation, 
and others are not obligated to provide this benefit.  Fortunately Springfield TWP is already a PECO 
customer.  
 

Financing 

This analysis considered three types of financing likely to be part of a solar project.  A construction loan 
is an interest-only, short-term loan to cover project construction costs during the construction period.  
Once the solar project is complete and placed in service, the construction loan is then converted into 
(1) a short-term bridge loan, an interest-only loan that provides capital that will later be reimbursed by 
the Elective Payment from the IRS under the Investment Tax Credit provisions and other grants that 
get paid some months after the solar system has been placed in service; and (2) a long-term 
permanent loan with fixed monthly payments of principal and interest. The interest rates for all three 
loans were assumed to be 6.5%, and the permanent loan term was assumed to be 20 years. 

 
Please note that the 30% ITC decreases to 15% if tax-exempt financing is used. The current 10-year 
treasury rate is hovering around 4.5% and may be a better option for the TWP depending on when and 
if the TWP finances through a tax-exempt bond. The TWP may also bundle the financing with other 
capital upgrades such as other new construction projects, roof replacements, or major retrofits, 
including energy conservation measures.  
 

Cash Contribution 

It was assumed that a modest cash contribution of $75,000 for both the Admin/Police and Power Works 
projects was provided, especially for some of the up-front predevelopment expenses, before the project 
is firm enough to justify the work of securing financing. 
 

Operation and Maintenance (O&M) 

Although there aren’t many O&M costs associated with solar PV systems, as there are no moving 
parts, there are some routine measures typically taken on an annual basis, such as visiting the site and 
looking for any significant red flags. The system could be operating properly, but perhaps there are 
accumulated dry leaves that got caught up under the ballast racking system, or some of the free-air 
wire between the solar modules dropped onto the roof surface from the wire management fixtures - 
these are not concerning issues, but they should be rectified. There may be other issues causing 
operation issues that may need periodic attention. However, the main O&M cost is the replacement of 
the inverter, as well as both labor and equipment. The inverters typically have a 10-year warranty, 
though some have longer ones, even when they might fail prematurely and the equipment is covered, 
but there are still labor costs to consider. Since this analysis looks out 30 years, it can be assumed that 
the inverter could be replaced two or three times.  Based on National Renewable Energy Laboratories 
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survey findings on O&M costs and some reality check adjustments, it was assumed that the diversified 
average annual O&M cost was $8/kWDC of solar PV capacity over the 30 year period. 
 

Other Costs 

These could include increased insurance premiums, project management fees, and other costs. It was 
assumed these costs were $0 and were absorbed in the TWP’s business-as-usual costs.  
 

Summary of Results 

Table 4 below shows the summary of results, aggregating across all the relative Springfield TWP 
building accounts (this is the same as Table 1, at the beginning of this report). 
 
 

 
Table 4.  Summary of Results 

 
 
Table 5 shows the pro forma 30 year cash flow results. 
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TABLE 5 
Springfield Township – Combined Solar Projects for Admin/Police, Public Works and Library Buildings 

30-Year Pro Forma 
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Section 5. Considerations 
 

Solar Renewable Energy Credits (SRECs) 

The solar project will also generate Solar Renewable Energy Certificates (SRECs), which equate to 1 
MWh of solar generation and have market value. Pennsylvania SREC rates have ranged from $48/SREC 
in May 2023 to $29/SREC in November 2023, but they are currently valued at $35/SREC (May 2024). In 
the SREC Revenue line of the pro forma, $30 per SREC was assumed, and therefore the TWP could 
expect to earn approximately $21,585 in the first year, should it decide to sell the environmental attributes. 
Of course, the TWP may wish to retain the environmental attributes – the SRECs, or any future carbon 
credits – it may dedicate any SREC revenue to other TWP needs, making this SREC/carbon revenue 
unavailable for the project’s financial pro forma. 
 
It should be noted that CES extended this $30/SREC revenue assumption for 20 years of the analysis. 
While Pennsylvania’s Alternative Energy Portfolio Act’s mandated percentages for clean energy stop 
increasing in 2021, this analysis shows the revenue continuing through 2044 because it is reasonable to 
assume Pennsylvania and the U.S. will continue to recognize some monetization of the environmental 
attributes of the solar generation – cap-and-trade or carbon tax – will be in place. Whatever risk is 
contained in this assumption is likely offset by our decision to keep SRECs prices starting at $30/SREC 
with a 2% annual escalation over 20 years of the 30-year analysis period. 
 

Net Metering 

Net metering enables the TWP to be compensated for its solar electricity production that exceeds its 
current electricity demand. As the policy stands, the TWP would be eligible to receive the full retail rate of 
any volumetric electricity sent back to the grid. However, under Pennsylvania law and regulations, net 
metering is only required for default service customers of the local electric distribution company, not 
entities that purchase electricity through a third-party electricity supplier such as Constellation – but, this is 
not an issue for the TWP. 
 
It is important to note that distribution and transmission demand charges ($/kW), are not volumetric 
charges ($/kWh), and are often not reduced that much.  Although there would be some demand charge 
savings, it is extremely difficult to estimate how much that could be; therefore, to be conservative, it is 
best not to assume these bill savings.                          
 

Interconnection 

CES reviewed the PECO Interconnection Viability Map, which seems to indicate that interconnecting solar 
PV on the distribution system where the Springfield TWP buildings are located is potentially viable (i.e., 
green bubble markers).  See the map in Figure 2. 
 

https://www.srectrade.com/markets/rps/srec/pennsylvania�
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Figure 2. PECO Interconnection Viability Map over the Springfield TWP Buildings 

(note the green bubbles indicating Potentially Viable for interconnection 



 

As mentioned in Section 2. Proposed Solar Projects Design, all the inverters are three phase at 480 VAC, 
where 480/208 step down transformers would be needed - one for the Admin/Police building and one for 
the Public Works building - before interconnecting onto the 208 VAC service at the corresponding 
buildings.  The 480 VAC output conductors from the five 30 kW inverters for the Admin/Police system 
would be wired and combined in an accumulation panel on the roof of that building, then wired to the 
480/208 transformer located on the ground near the PECO transformer and utility meter, then 
interconnected as a line-side tap on the feeder side of the 208 VAC service (including all the overcurrent 
protection devices and other devices necessary).  A second utility meter pan will also need to be installed. 

Same with the Public Works building, the 480 VAC output conductors from the 120 kW inverter and the 80 
kW inverter would be wired and combined in an accumulation panel, all mounted on the South side of the 
outside PW West Shed wall, then wired to the 480/208 transformer close to the PECO transformer and 
utility meter, then interconnected as a line-side tap on the feeder side of the 208 VAC service (including 
all the overcurrent protection devices and other devices necessary), along with a second utility meter pan.  

These solar PV systems are too large to interconnect on the load-side or onto a breaker in any of the 
electric panels.  Line-side connections are very common for applications like this.  More details about 
interconnecting the solar systems onto the service are beyond the scope of this feasibility assessment, 
but the overall cost of the solar project always includes the interconnection costs. 

Section 6. Next Steps 

1. Structural Analysis 

Assuming Springfield TWP wants to further explore installing solar PV arrays on the 
Admin/Police and the Public Works Main and East Shed buildings, and possibly on the PW 
West Shed roof, then it would make sense to have a structural analysis conducted for these 
roofs.  As mentioned above, the range of the installed weight for solar modules on a ballasted 
racking system is about 3 PSF to 8 PSF. 

2. Request for Proposal Guidance 

After structural analysis is completed and there are no load issues with installing ballasted 
solar on the given building rooftops, and the TWP is still interested in going forward with a 
solar project, then CES can help the TWP consider a couple of options, such as – 1) traditional 
pathway – hire an engineering firm to design-bid-build the whole project, then separately bid 
out and hire the solar contractor to install the engineered system; or, 2) hire an engineering 
firm or alternative to oversee the bidding, and contract oversight of a design/build contract.  

3. Tax-exempt Financing 

Should the TWP decide to finance the solar project, the TWP’s lender should perform a cash 
flow analysis with tax-exempt and conventional financing. The federal incentive for 
conventional financing is 30% of the total project cost, while the incentive will decrease to 
15% if the project is financed with tax-exempt bonds. 

Section 7. Addendum (Solar Array Layouts and Sample Equipment Spec Sheets) 
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Figure 3 
Springfield TWP Admin / Police Building 

Array Layout 
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Figure 4 
Springfield TWP Public Works Main Building 

Array Layout 
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Figure 5 
Springfield TWP Public Works – East Shed Building 

Array Layout 
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Sample Equipment Data Sheets 
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