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Systems

John F McCloskey Elementary School (MES)

The existing equipment at this school does not provide cooling, has exceeded its expected 
lifetime, and is recommended to be replaced.

At this feasibility study level, a few system configurations were reviewed for the replacement 
option, since there a several configurations that suit the HVAC retrofit for this school. Those 
configurations are:

(1) Geothermal Option 1 Distributed WSHP

(2) Geothermal Option 2 Water-to-Water Heat Pump Plant w/ 4-pipe Fan Coil Units

These systems are compared to an Air-Source Heat Pump replacement system so that a 
comparison between similarly featured equipment can be made, and the operational comparison 
has the inclusion of cooling in the baseline, like the geothermal options provide.

A "replace in kind" version of the system was also evaluated. 

Dorothy Emanuel Recreation Center (DER)

The existing equipment at this recreation center is original to the building and approximately 24 
years old, which is nearing the end of its expected service life.  The HVAC replacement 
configuration for this facility is:

(1) Geothermal Option Distributed WSHP [Roof Top Units]

This system was compared to an Air-Source Heat Pumps with Gas-fired backup solution, which is 
nearly a replace in kind.  Energy codes have progressed to include air-to-air energy recovery 
requirements since the construction of this building, so the solutions include that energy saving 
feature.

Geothermal Utility 

The planned borehole system, related delivery pump systems, and enclosures would be placed 
on the grass area next to the playing field area of the site.  A new prefabricated building would be 
required to house and provide utility connections for the pumping infrastructure.  The geothermal 
utility would deliver fluid to a heat exchanger system in each of the connected buildings.  A 
reduced cost alternate to the new prefabricated structure would be to house the utility pumping 
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Costs

The studied primary geothermal solution for the combined project is expected to cost near $19M. 
Projected potential incentives, primarily through the Investment Tax Credit (ITC), could reduce that total 
cost by about $7.6M.  The net total cost is estimated to be nearly $11.4M.  

A secondary solution alternative studied, that moves the compressors out of the classrooms, is expected 
to cost near $25M. Projected potential incentives, primarily through the ITC, could reduce that total cost 
by about $10M.  The net total cost is estimated to be nearly $15M.  

Currently, commercial geothermal heating and cooling systems are eligible for an Investment Tax Credit 
(ITC) through the Inflation Reduction Act (IRA) of 2022.  The credit available to the project would be 40%, 
through compliance with the Prevailing Wage and Apprenticeship requirements and meeting Domestic 
Content requirements.  The project is not in an Energy Community and does not qualify for an additional 
10% credit.  The current regulations of the ITC make the credit applicable if both the borehole system and 
the building systems are owned by the same entity, but not if they are owned separately.

Additionally, this project may be eligible for funding support from local entities such as PECO through 
product rebate (water-cooled equipment and VFDs) and other grant programs.  If the ownership of the 
system is by a business, Modified Accelerated Cost-Recovery System (MACRS) depreciation could be 
applied.

The operating and expected maintenance costs have been estimated and incorporated into Life Cycle 
Cost Analyses.  By way of capturing the ITC, the whole project costs for the geothermal solution are 
expected to be lower than a comparable traditional system option.  Operational and maintenance cost 
estimates yield additional annual savings over the non-geothermal baseline options.  The replacement 
interval of the geothermal equipment is expected to be longer than traditional options, further enhancing 
the long-term savings.

The geothermal system uses less energy than the comparable alternatives and therefore will result in 
reduced equivalent carbon dioxide emissions when compared at the source-level.  Social Cost of Carbon 
(SCC) estimates yield reduced impact over the non-geothermal baseline options.  

When the scope is limited to replacing existing heating equipment, natural gas remains the lowest-cost 
option from both a capital and operating-cost perspective. John F. McCloskey Elementary School 
currently uses an oil-fired heating system and lacks central air conditioning. However, when compared 
with a natural-gas-fired heating retrofit that also includes a new central cooling system, and assuming the 
full projected Investment Tax Credit can be captured, the primary geothermal solution is the lowest-cost 
option evaluated. This is fully dependent on the Investment Tax Credit offsetting approximately 40% of 
the geothermal project cost.

Scalability & Repeatability

This study primarily focuses on the application to suit the two subject buildings.  Alternate configurations 
for the geothermal distribution system are discussed that would enable/simplify expansion of the system 
to incorporate properties nearby.  The alternate configuration (single-pipe) has more upfront cost to 
implement.  

When the system is planned in this alternate configuration, the order and location of customer 
connections is important to the performance of each customer, whereas the primary application delivers 
the same temperature profiles to both buildings.  The alternate configuration would need to be planned 
with speculative customer loading and would have a finite limit to the number that could be connected. 

The nearby properties are predominantly residential homes.  The lot density offers a noteworthy potential 
customer base opportunity, and the load profile of the homes compliments the school and recreation 

serve a limited number of homes.

Repeatability will rely on the future development of company standards for materials, construction 
methods, contracting, and in-house design capabilities.
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Next Steps

1. This study has reviewed multiple options for system types as the configuration for McCloskey 
Elementary School.  The School District of Philadelphia should review these options with their goals 
for the HVAC replacement at the school to determine which to pursue for further design development.

2. PGW, SDP, & PPR will need to determine possible ownership strategies and funding sources.

3. Energy cost rate structures will need to be evaluated.

4. PGW will need to review with the PA Public Utility Commission (PUC).

5. Perform an on-site geothermal thermal conductivity test.

6. Proceed with Design Development of the selected options.
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FEASIBILITY CRITERIA AND DOCUMENTATION

Available Land Area 

The required land area must be available for the system type and size.  This has been 
reviewed in in this study, see 3 - SITE section.  There is enough land on this site to serve 
the buildings with a geothermal borehole system.

Subsurface Conditions 

The project geology must support the selected system type. This has been reviewed in in 
this study, see GEOLOGY section.  The geology is generally acceptable for this system 
application.

Environmental Impacts

The provision of the system must not create immediate environmental harm. This has 
been reviewed in in this study, see 4 - ENVIRONMENTAL section.  The 

Life Cycle Cost Analysis 

An 
evaluation has been prepared in the LIFE CYCLE COST ANALYSIS section.

Upfront Capital Costs 

estimates have 
been prepared in 6 - COSTS section.  
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Documentation

Supporting Documents

The study includes several supporting documents that have been included as 9 -
APPENDICES.  See the list of appendices at the end on this study on page 51.

Reports

McCloskey - FCA Report 2022 
McCloskey - AHERA - 3-Year Report 10-2024 
McCloskey - Utility Report - 36 months (01-2022 - 12-2024) 
Dorothy Emanuel Rec Center Utility Report - 36 months (07-2022-06-2025) 

New Records

We have transcribed the pertinent information from the existing record plans (from scans) 
to approximations within a Building Information Model (BIM) using Autodesk Revit for the 
McCloskey.  This model is considered an Instrument of Service, not a deliverable. 

The BIM was used to prepare the 30% design documents.
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GEOTHERMAL SYSTEM TYPES

Geothermal systems are a type of heating and cooling system that uses thermal 
exchange with the ground as a source or sink of energy.  Most commonly the application 
of geothermal systems for building heating and cooling systems uses water-source heat 
pumps to exchange energy with fluid circulated through or from the ground. There are 
two primary types of geothermal fluid systems: closed loop and open loop.

Some geothermal heating and cooling systems use more types of energy sources than 
just geoexchange.  Those type of systems are called hybrid systems.

Closed Loop

Closed loop geothermal systems are systems where the piped heat exchange fluid is in a 
completely closed system.  The fluid only circulates through the piping and equipment 
and therefore fluid quality can be controlled.  Closed loop geoexchange systems rely on 
the heat transfer through the pipe wall of the pipe buried in the ground or submerged in 
water.  The control of the fluid promotes longer equipment lifetimes and less overall 
maintenance.

Closed loop geothermal systems can be come in several general configurations that can 
be used to meet specific project needs.

Vertical Borehole

Vertical borehole systems are the most commonly applied to commercial buildings 
because they typically have the best land to load requirement.  Drilling deep boreholes, 
commonly 300-500 feet, and sometimes deeper, requires less real estate than other 
closed loop options.

Horizontal

Horizontal systems are usually planned in two forms:

Straight

Straight horizontal systems are similar to vertical boreholes, except they are installed in 
long horizontal trenches (or directional drilled).  These are typically installed about 3-8 
feet below the ground and can be used when there is plenty of available land and deep 
drilling is cost prohibitive.

Slinky

Slinky horizontal systems are installed by trench excavating wide trenches and stretching 
out a coil of pipe so that the rings of the coil overlap to a degree.  These are used when 
lans is less available than for straight horizontal systems, or less trenching is desired and 
directional drilling is not preferred.

Inclined Boreholes

Inclined borehole systems are directionally drilled at an angle between vertical and 
horizontal, usually closer to vertical.  This technique is used to drill boreholes under on 
grade constraints or when limited setup areas are available.  Some installations are 

drilling equipment and techniques that many drilling contractors do not have.

Body of Water

Some geothermal piping systems are installed in bodies of water (ponds, lakes, rivers, 
etc.)  Often tight coils of piping are weighted and submerged into the water body.  The 
pipes must be installed deep enough that they do not experience freezing conditions and 
that the water flows or circulates adequately year-round to meet the system capacity.  
Careful attention needs to be paid to the potential disruption to the environment.
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Open Loop

Open loop systems differ from closed loop system because they draw groundwater into 
the pipe system and discharge it out.  This type of system is subject to the water quality 
from the groundwater, which often contains particulate and dissolved minerals.  These 
foreign materials create accelerated wear and tear and surface contamination that is 
detrimental to the service life of the pumps, heat exchanges, and/or heat pump 
equipment.  Mineral buildup will also diminish the heat transfer over time.

These systems predominantly rely directly on the groundwater temperature, which is 

the heat pumps to operate at even higher efficiency.  In exchange for that increase heat 
pump efficiency is commonly additional pumping power required to lift the groundwater 
up to the surface.

The significant increase in maintenance and replacement equipment costs often makes 
this system type less preferred than a closed loop option. 

Another challenge for this type of geoexchange system is that it is dependent on the 
available groundwater flow at the site.  Geotechnical investigation for this type of system 
is often riskier and more expensive to perform than thermal conductivity testing on closed 
boreholes.  The well yield is important to the overall capacity of the system.

Supply / Return

This configuration of an open system extract groundwater from a supply well and 
discharges it to one or more diffusion (return) wells.

Standing Column

This configuration draws the ground water from the borehole and then returns the 
groundwater to the same well through a concentric pipe and pump arrangement.  This 
type of configuration is similar a closed loop system, in that the conductivity of the 
geology plays a part in the total capacity of the system.

Body of Water

This type of configuration draw water directly from a body of water and usually returns it 
to the same source.  This type of system has significant filtering requirements and the 
highest frequency of needed maintenance to ensure particulate does not inhibit the 
system operation.  Careful attention needs to be paid to the potential disruption to the 
environment.

Hybrid

A hybrid geothermal system is not related to open or closed but instead implies that a 
second heat exchange method is used to supplement the geoexchange system.  Hybrid 
systems are used in various types of scenarios.  Reasons hybrid system are planned 
include: limited site resources for full geothermal capacity, energy optimization 
techniques, funding constraints, or additional resiliency.  System sizing techniques vary 
and include peak shaving, thermal storage, or true backup.

Heating

Heating hybrid systems typically include boilers to support minimum entering fluid 
conditions to the system equipment.

Cooling

Cooling hybrid systems usually include dry coolers or cooling towers to limit the 
maximum entering fluid temperatures to the equipment.

Cooling hybridization equipment operation can be optimized by controlling the operation 
to non-peak load times of the day and year.



























GEOTHERMAL FEASIBILITY STUDY

July 15th, 2026 

PGW 35588  Geothermal Feasibility Study 5 - SYSTEMS - 27 

407 Lakeside Drive  |  Southampton, PA. 18966  |  215.364.5635  |  aldersonengineering.com 

The table below summarizes industry recommendations for expected electrical 
equipment service life.  All significant electrical equipment in the facility is beyond its 
expected service life and should be planned to be replaced. 
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The system will have a pair of condenser water pumps to supply flow.  They are 
controlled and sized using a lead/lag configuration, which provides full backup in the 
event of a single pump being inoperable.

The System will use a pair of Motor Operated Valves to modulate the required flow 
through the pair of parallel Heat Exchangers.  It will also include a main bypass of the 
heat exchangers.

The condenser water system will be charged with 25% propylene glycol with corrosion 
inhibitors.  This allows the WSHP equipment to operate at lower temperatures, which 
helps to optimize the geoexchange size requirements.

Hydronic specialty devices shall be provided to maintain the operational excellence of the 
fluid systems.

For more information refer to: 232100 HYDRONIC PIPING, PUMPS AND 
ACCESSORIES

Unit Ventilators in the classrooms shall be replaced 
with Daikin (GRQ) GWSHP.  The new units are longer 
than the existing unit ventilators. The adjacent piece of 
casework in the base building classrooms will need to 
be demolished.  Provide a new custom shelving unit to 
match the existing and fill in any gap. The existing 
outside air sleeves be reused.  The existing louvers will 
be reused in the original building and replaced in the 
temporary wing.  This is referred to as MES-1a in the 
30% documents.

For more information refer to: 
238149.1a GWSHP Horizontal Unit 
Ventilators for MES-1a

[Optional Enhancement, MES-1B] Unit Ventilators in 
the classrooms shall be replaced with Enhanced 
Vertical Airdale SchoolMate SMG GWSHP.  The new 
units are narrower than the existing unit ventilators.  
An adapter back plenum and filler endcap will be 
required to align the unit with the existing window unit.  
Provide a new custom shelving unit to match the 
existing and fill in any gap. The existing outside air 
sleeves/louvers and operable sash of the window will 
be reused in the original building. The existing louver 
and sleeve in the temporary wing will be removed, 
infilled, and sealed. This is referred to as MES-1b in 
the 30% documents.

For more information refer to:  238149.1b GWSHP Vertical, Enhanced Unit 
Ventilators for MES-1b

Figure 12 - MES-1A Unit Ventilator Concept

Figure 13 - MES-1B Unit 
Ventilator Concept
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New console GWSHP shall replace convectors in offices, lounges, bathrooms, etc.  
Provisions for these units shall include cutting sleeves through the existing block and 
brick wall, providing galvanized steel lintels in the brick, louvers, and applying moisture 
barrier.

For more information refer to:  238149.2 GWSHP Console Heat Pumps for 
MES-1

New console GWSHP shall replace heaters in the hallways. 

For more information refer to: 238149.2 GWSHP Console Heat Pumps for 
MES-1

New rooftop mounted packaged GWSHP shall be retrofitted to serve the recreation room 
and the auditorium.  These units shall be mounted on the roof above the bathrooms and 
locker room areas adjacent to the upper fan room.  Duct modifications will be necessary 
to increase the duct sizes to suit higher flow rates required for cooling air distribution.  
Condenser water connections will be routed to these locations.  Additional Structural 
Support will be required. 

For more information refer to 238149.3 GWSHP Rooftop Units with ERV for 
MES-1 

New condensate disposal piping shall be installed from each unit. The piping shall collect 
through the crawlspace and discharge to a drain in the boiler room.

All new and remaining HVAC equipment shall be controlled with a new DDC BACNET 
building management system (BMS).  The BMS shall include a local workstation and 
report all data to a web-enabled access.

Geothermal Option 2 Water-to-Water Heat Pump Plant with 4-pipe Fan Coil Terminal Units

This option is an alternate geothermal case.  This case offers two key benefits: 

(1) the compressors are located in the boiler room, not the occupied spaces and 

(2) when cooling and heating are simultaneously required, only one compressor 
transfers the energy instead of two.

Locating the compressor in the basement moves a regular source of noise from 
the units in the spaces (including classrooms) to the basement and centralizes 
the maintenance on that type of system component.  There will be a fewer total 
number of (larger) compressors as well.

The Building HVAC system shall consist of a centralized plant of GWSHP modular units.  
The units will condition 4-pipe, chilled water / hot water distribution systems.  The 4-pipe 
systems shall be piped to 4-pipe fan coils throughout the building.  All three piping 
systems (condenser water, chilled water, and heating water) shall be insulated.

The thermal energy is transferred from the Pair of Utility Heat Exchangers located in the 
boiler room.

For more information refer to: 235700 HEAT EXCHANGERS FOR HVAC

Each of the three systems will have a pair of pumps to supply flow.  Each pair is 
controlled and sized using a lead/lag configuration, which provides full backup in the 
event of a single pump being inoperable.

The condenser water system will use a pair of Motor Operated Valves to modulate the 
required flow through the pair of parallel Heat Exchangers.  It will also include a main 
bypass of the heat exchangers.

The water-to-water GWSHP equipment will have a 6-pipe header configuration allowing 
the units to operate in any of three modes: Cooling, heating, or heat recovery.
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The systems will be charged with 25% propylene glycol with corrosion inhibitors.  This 
allows the WSHP equipment to operate at lower temperatures on both the condenser 
water and chilled water systems, which helps to optimize the geoexchange size 
requirements.  The water is comingled with the heating water system because of the way
the equipment is valved, so equal concentration of antifreeze is required.  This also 
provides some degree of freeze protection for coils that serve outside air.

Hydronic specialty devices shall be provided to maintain the operational excellence of the 
fluid systems.

For more information refer to: 232100 HYDRONIC PIPING, PUMPS AND 
ACCESSORIES

Unit Ventilators in the classrooms shall be replaced with Daikin or Nesbitt 4-pipe fan coil 
options.  The new units are longer than the existing unit ventilators. The adjacent piece of 
casework in the base building classrooms will need to be demolished.  Provide a new 
custom shelving unit to match the existing and fill in any gap. The existing outside air 
sleeves be reused.  The existing louvers will be reused in the original building and 
replaced in the temporary wing.

For more information refer to:  238219.0 4-Pipe Horizontal Unit Ventilator Fan 
Coil Units for MES-2

New console units shall replace convectors in offices, lounges, bathrooms, etc.  
Provisions for these units shall include cutting sleeves through the existing block and 
brick wall, providing galvanized steel lintels in the brick, louvers, and applying moisture 
barrier.

For more information refer to: 238219.1 4-Pipe Fan Coil Console Units for 
MES-2

New console shall replace heaters in the hallways. 

For more information refer to: 238219.1 4-Pipe Fan Coil Console Units for 
MES-2

New rooftop mounted 4-pipe fan coil units shall be retrofitted to serve the recreation room 
and the auditorium.  These units shall be mounted on the roof above the bathrooms and 
locker room areas adjacent to the upper fan room.  Duct modifications will be necessary 
to increase the duct sizes to suit higher flow rates required for cooling air distribution.  
Condenser water connections will be routed to these locations.  Additional Structural 
Support will be required. 

For more information refer to 238219.2 4-Pipe Rooftop Units with ERV for 
MES-2

New condensate disposal piping shall be installed from each unit. The piping shall collect 
through the crawlspace and discharge to a drain in the boiler room.

All new and remaining HVAC equipment shall be controlled with a new DDC BACNET 
building management system (BMS).  The BMS shall include a local workstation and 
report all data to a web-enabled access.  
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Existing Classroom

Existing Gymnasium

Table 6 - Existing Mechanical Equipment Survey Photographs (DER)

Electrical

 
 
 

  

 
 

Recommended Electrical System Modifications

The existing electrical service is expected to have the capacity to serve any of the various 
planned HVAC modernization options.  No service upgrades are planned at this time.
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Other Tax-related Incentives

Bonus Modified Accelerated Cost-Recovery System (MACRS) [Federal]

Section 168 of the internal revenue code contains a Modified Accelerated Cost Recovery 
System (MACRS) by which businesses can recover investments in solar, wind, and 
geothermal property through depreciation deductions. The MACRS establishes the time 
over which various types of property may be depreciated (3-50 years). 

The allowance for bonus depreciation has since been extended and modified several 
times since the original enactment. Bonus depreciation is generally a faster depreciate 
period than otherwise allowed by the standard property type.

The One Big Beautiful Bill (OBBB) repealed the ability for "energy property" to qualify for 
the previous 5-year Modified Accelerated Cost-Recovery System (MACRS). Instead, the 
OBBB permanently restored 100% bonus depreciation in year one. 

This is not available to non-profit organizations.

Tax deduction for energy-efficient commercial buildings

The federal Energy Policy Act of 2005 established a tax deduction for energy-efficient 
commercial buildings applicable to qualifying systems and buildings placed in service 
from January 1, 2006, through December 31, 2007. This deduction was subsequently 
extended several times, and up until recently was permanent.

$0.50 per square foot for a building with 25% energy savings, 

Plus $0.02 per SF for each percentage point above 25%, 

Up to a maximum of $1.00 per SF for a building with 50% energy savings.

Like the ITC, this incentive is granted a 5 times multiplier if PWA requirements 
are met.

Section 70507 of The One Big Beautiful Bill (OBBB) repealed this tax credit for 
property the construction of which begins after June 30, 2026.  This project will not 
be able to receive this expiring tax deduction.

Note: Any tax related information herein is not tax advice. Stakeholders must review all tax-related 
matters with their tax professionals.  Tax law is subject to continual change, at times on a 
retroactive basis and may result in incremental taxes, interest or penalties. 
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construct.

Some conversions to GWSHP may require electrical service upgrades to facilitate the 
new electrical equipment.  Many conversions would be from gas furnaces or boilers and 
may not have existing air conditioning.  With the service upgrade being part of the 
GWSHP conversion, the cost may be partially covered by the ITC.

With the size of individual residential customers total conversion projects being relatively 
small, alternate billing structures would need to evaluated, so that expensive BTU meters 
are not required for every residential customer.

Residential customers may have different shutoff for non-payment evaluations than 
commercial customers.

Networked Geothermal Systems

There are several possibilities for networked geothermal system layouts.  One of the 
more promising option for sites like this is the single-pipe, or one-pipe loop.  This is in 
comparison to two-pipe networks that use a dedicated supply and a dedicated return pipe.  
The single-pipe network has the advantage of about half the major distribution piping and 
the single sizing of most of the loop.  This provides a robust delivery mechanism to 
customers.  Each connect draws fluid out, exchanges the thermal energy, and then return 
the fluid downstream of the intake point.  This results in a temperature impact on the 
downstream flow.  Depending on the size of the connection, the temperature change can 
be small or large.  Because of this downstream impact on temperature, distributing the 
geothermal assets around the loop is important in planning and operation.  The total 
distance and configuration of the single-pipe may cause multiple pumping and power 
stations to be required.
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NEXT STEPS

1. This study has reviewed multiple options for system types as the configuration for McCloskey 
Elementary School.  The School District of Philadelphia should review these options with their goals 
for the HVAC replacement at the school to determine which to pursue for further design development.

2. PGW, SDP, & PPR will need to determine possible ownership strategies and funding sources.

3. Reach out to potential partners and customers to continue to develop and refine potential customer 
profiles and interest in this type of energy utility.

4. Energy cost rate structures will need to be evaluated.

5. PGW will need to review with the PA Public Utility Commission (PUC).

6. If a decision is made to move forward, a test well should be drilled to validate the expected conditions 
presented and confirm thermal conductivity before proceeding to full design.

7. Proceed with Design Development of the selected options.






