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Figure 8: Monthly eleciricity use (modeled vs, actual) - Shatium
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Figure 9: Monthly natural gas use (modeled vs. actual) — Skatium
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Energy Conservation and Renewable Energy Measures (ECMs)

ECM-S01: Reduce Space Temperature
Reduce space heating loads and ice-making demands by lowering rink air temperature

Existing Conditions

The space temperature in an ice rink is a balance between spectator comfort and
energy efficiency, as colder temperatures reduce both space heating and ice-making
loads. The existing space temperature controls appear to be an old pneumatic
system, and it was not clear during PES’s site visit whether the controls are
functional. Further, the Munters unit responsible for heating, cooling, and
dehumidifying the rink was out of service.

ECM Details Evaluate the existing space temperature controls and consider replacing them with
medern electronic controls as well as repairing or replacing the Munters unit. The
occupied space temperature setpoint must likely remain around 55-60°F, but during
unoccupied hours the temperature could potentially set back as low as 40-45°F.

Potential Energy Electricity | Natural Gas | Site Energy | Energy Cost {% Site Energy % Cost Est. Project Est. Payback

R [ikwh) [ecf] [MB1L] [51 Savings Savings Cast incentive [yrs]

Sav1ngs 46,053 547 2111 8 4,065 2.6% 33| |3 - ]s - -

Images.

Figure 10: Fxisting space temperature conirols

ECM-502: Repair/Replace Reflective Ceiling Material
Minimize ceiling refrigeration loads, improve lighting, and reduce ceiling condensation

Existing Conditions

ECM Details

The ice rink ceiling currently has a lightweight reflective ceiling cover installed,
although condensation issues have been reported and it has been moved in some
areas to allow air to circulate above the ceiling in an effort to reduce
condensation. This is not an ideal solution and likely diminishes the material’s
effectiveness.

Further investigation and consultation with an ice rink ceiling specialist may be
required to resclve any existing issues with the ceiling panels. Improving the
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insulation value of the ceiling panels and reducing air infiltration above the
ceiling should reduce condensation problems, space cooling loads, and ice-

making demands,
Potential Energy Electricity | Natural Gas | Site Energy | Energy Cost |% Site Energy % Cost Est. Project Est. Payback
. [kwh] [ccf] [MBtu] 3] Savings Savings Cost Incentive [wrs]
Savin gs 12,272 - 2{3% 539 0.5% 0.83) 8D 5 - -

Images

Figure 11: Existing reflective ceiling marerial

ECM-S03: Turn Off Vending Machine Lights at Night
Reduce receptacle energy by automating vending machine and arcade game power

Existing Conditions | This facility has several vending machines, arcade games, and claw machines that
each have lights, sounds, and other accessories that may remain on during
unoccupied hours unless manually turned off.

ECM Details Consider installing timers and/or a master power switch for all machines so that
lights and accessories are turned off when the Skatium is closed.

Potential Eﬂergy Eiectricity | Natural Gas | Site Energy | Energy Cost |% Site Fnergy % Cost Est. Project Est. Payhack
[kwh] [cef] [MBtu] [5} Savings Savings Cost Incentive [yrs]
Savin gs 19,060 - 653 1,458 0.8% 12%| |3 1000] % - 0.7

Images

Figure 12: Rink-side vending and arcade machines
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ECM-S04: Install LED Interior Lights in Support Spaces
Replace all remaining non-LED lights with LEDs

Existing Conditions

The ice rink has high-bay LED fixtures, but the majority of support spaces (stairs,
restaurant, locker rooms, shop, reception, skate rental) still have T8 fluorescent
lamps.

ECM Details

Potential Energy
Savings

LED lighting is the current standard of energy efficiency, and both quality and cost-
effectiveness have improved dramatically over the past decade. Existing fluorescent
fixtures can be replaced entirely with new LED fixtures, or individual lamps can be
replaced while retaining the existing fixture. The latter option is often less
expensive, but may require more labor and the removal or bypassing of existing
baliasts. LEDs can typically provide 50% energy savings or better compared to
other lighting technologies and generally have a significantly longer service life.

Electricity | Natural Gas | Site Energy | Energy Cost |% Site Energy % Cost Est. Project Est. Payback
[kWh] [ecf] [MBtu) [8] Savings Savings Cost Incentive [yrs]
31,767 - e85 2,430 1.3% 19%| I3 4000 5 1,008 12

ECM-5035: Install Automatic Lighting Controls
Use timers and vacancy sensors to turn off or dim lighting in vacant spaces

Existing Conditions

The majority of lighting is controlled manually and may be left on when the
facility is closed, although it was noted that the rink manager routinely turns off
lights in vacant or closed spaces. The ice rink lights have an existing Kelar HID
Dimming Control System, but it did not appear to be functional during PES’s
site visit.

ECM Details

Automatic lighting controls, such as timers and vacancy sensors, can
substantially reduce lighting energy by turning off all or some light fixtures
when spaces are not in use. This measure applies mostly to the rink’s support
spaces, although a timer on the main rink lighting may be a valuable safeguard
to prevent them being lefi on overnight.

Potential Energy
Savings

Electricity | Natural Gas | Site Energy | Energy Cost |% Site Energy % Cost Est. Project Est. Payback
{kwh] [ecf] [WBtu] [S1 Savings Savings Cost Incentive [yrs]
7,942 - 27| S 608 0.3% 0.5% ) 4,000} S 225 6.2

ECM-806: Improve Brine Pump Insulation




Energy Audit Report

Haverford Township Facilities

SSM File 110362.0001

January 3, 2023
Page 22 of 48

4> SSM

Insulate pump housings to reduce heat loss and prevent pump damage

Existing Conditions

Two chilled water pumps circulate brine from the chillers to the ice rink,
maintaining temperatures well below freezing. This causes ice to build up

around the uninsulated brine pumps, risking damage to the pump and motor,
decreasing efficiency, and causing heat transfer that increases demands on the

chillers.

ECM Details

Install insulated covers around the brine pumps to limit icing and heat transfer
to the surroundings. Adding 1.0-1.5” of tight-fitting insulation can reduce heat

gains by up to 90%.

Potential Energy
Savings
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Figure 13: Existing brine pump encased in ice {lefl); example of insulated pump coverings (right)

ECM-S07: Improve Water Purification
Remove impurities that cause reduced freezing temperatures

Existing Conditions

PES did not observe a comprehensive water treatment and purification system
for ice rink makeup water, nor were water purity problems reported, but further
investigation may be required.

ECM Details

Potential Energy
Savings

Common impurities in water reduce its freezing point, so removing them can
yield energy savings by decreasing chiller demands.

Electridty
fkWh]

Natural Gas
[ecf]

Site Energy
[MBtu]

Energy Cost
18]

% Site Energy
Savings

% Cost
Savings

Est. Project
Cost

Est.
Incentive

Payback
byrs]

18,393

63

s 1,407

0.8%

L1%
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ECM-S08: Explore Chiller Heat Recovery
Capture waste heat from the chiller for e.g. space heat, Zamboni water, and snow melting

Existing Conditions | Currently, the chillers reject all their heat to the atmosphere through the
condenser water loop and cooling towers. The gas-fired boilers provide space
heat and Zamboni water, and snow removed during resurfacing is dumped
outside for melting.

ECM Details Ice rinks are ideal applications for heat recovery since heating and cooling
demands are simultaneous and year-round. The brine chillers are the largest
energy consumers at this facility, and the heat they reject is likely enough to
almost entirely satisfy space heating and Zamboni water needs. There may also
be sufficient heat for a snow melting and purification system, which could
neatly eliminate the need for ice makeup water, The existing chillers appear to
be compatible with heat recovery technology, although the exact configuration
requires further investigation and would likely require an additional heat
exchanger, pumps, and confrols.

Potential Energy Electricity | Natural Gas | Site Energy | Energy Cost |% Site .Energv % Cost Est. Project Est. Payback
[kwh] [cef] [WBtu] [3] Savings Savings Cost fncentive [yrs]
Savings - 10,844 10845 10844 13.1% sl |§ wrooo[s - 9.9

Images

Figure 14: Existing screw chiller #2 (left); outdoor snow melt pile (right)
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ECM-809: Upgrade All Mechanical System Conirols
Upgrade preumatics and manual controls with programmable electronic controls and VFDs

Existing Conditions

Existing mechanical system controls are generally either manual, non-
functional, or have reached the end of their service life. Several pump and
motor control panels appear have been re-purposed over the years and there is
essentially no automation aside from the chillers’ integrated controls.

ECM Details

Modern electronic conirols and variable-speed drives can dramatically reduce
energy consumption in mechanical systems, and ice rinks are ideal applications
due to their high year-round energy consumption by chillers, pumps, and
boilers. A controls upgrade is reportedly in progress, and energy conservation
should be prioritized in the design and operation. All pumps and cooling tower
fans should have variable-speed drives. Condenser water temperature reset and
hot water temperature reset should be implemented to optimize chiller and
boiler plant efficiencies.

Potential Energy
Savings

TImages

Electricity | Natural Gas | Site Energy | Energy Cost [% Site Energy % Cost Est. Project Est. Payback
[kwh] [ccf] [VBtu] [5] Savings Savings Cast Incentive | [yrs]
284,412 2,060 Li76 | $ 23,818 14.3% 19.1% S 1230005 24,626 4.1

Figure 15: Existing control panels

ECM-810: Repair or Replace Munters ERV
Ice rink heating/cooling/dehumidifying ERV nnit was offline during PES’s site visit

Existing Conditions

The Munters heating/cooling/dehumidifying Energy Recovery Ventilator
{ERV) was offline during PES’s site visit, requiring a mobile dehumidifier and
generator that were struggling to maintain appropriate rink humidity levels




Energy Audit Report

Haverford Township Facilities January 3, 2023

SSM File 110362.0001

Page 25 of 48

€3> SSM

during peak summer conditions. This affects occupant comfort but can also
cause condensation issues on the ceiling and increase demands on the chillers.

ECM Details Skatium staff are actively working to repair the unit, although it is 12 years old
and may be approaching the end of ifs service life. An effective dehumidifier is
essential for an ice rink, and when replacing this unit select ENERGY STAR-
rated equipment that meets ASHRAE 90.1 standards and includes energy
recovery.

H Electrid Natural G: Site Ener Energy Cost }% Site Ener, % Cost Est. Project Est. Payback
POtentlal Energy [kWI’l]ty t[u:caﬂ * t[?\.'ll!t?l]gy ?s":] ' S;vings = Savings CUStj lncentive [‘l,:rsl
Savings 12,800 824 126 5 1,808 1.5% 1% |$  71000f¢$ 1400 38.6

Tmages

Figure 16: Existing Munters ERV (lefti; temporary dehumidifier and generator (right)

ECM-511: Replace Boilers at End-of-Life
Select condensing boilers to maximize thermal efficiency

Existing Conditions

The existing boilers are more than 20 years old and are approaching the end of their
expected service life. They appear to be in fair condition, although controls are
rudimentary and largely manual. An older modular boiler is reportedly offline.

ECM Details

Potential Energy
Savings

When the existing boilers are ready for replacement, consider high efficiency
condensing boilers, which can boost thermal efficiency from the standard 80% to as
high as 99% under low-temperature, part-load conditions. If the heat recovery
strategies described in ECM-S08 are implemented, the boilers could potentially be
significantly downsized, replaced with eleciric heat pumps, or removed entirely.

Electricity | Matural Gas | Site Energy | Energy Cost |% Site Energy % Cost Est. Project Est. Payback
[KWh} [ecf] [MBtu] [5] Savings Savings Cast Incentive {yrs]
- 2813 281(% 2,813 3.4%| 2.3% s FLO001 S - 274




Energy Audit Report

Haverford Township Facilities January 3, 2023

SSM File 110362.0001

Page 26 of 48

€3 SSM

Images

Figure 17: Exisiing boilers

ECM- 812: Replace Chillers and Cooling Towers at End-of-Life
Select high-efficiency, variable-speed chillers with heat recovery

Existing Conditions

The existing chillers are nearly 20 years old and are approaching the end of their
expected service life. They appear to be in good condition and may provide
several more years of reliable service, but plans should begin for their end-of-life
replacement. PES was unable to visually inspect the cooling towers, but their
replacement is reportedly in the design phase.

ECM Details

Potential Energy
Savings

The existing screw chillers are relatively energy efficient and are capable of
variable-speed operation to match chiller output to varying demands. They are
also capable of energy recovery, which has enormous potential at thig facility as
discussed previously. When replacing these chillers, select equipment that has
similar capabilities and meets or exceeds the current ASHRAFE energy efficiency
standard. Consider frictionless centrifugal chillers instead of screw chillers for
higher efficiency and quieter operation. Cooling towers are essentially just a fan
and heat exchanger and are relatively low-energy consumers compared to chillers,
but to maximize efficiency, equipment selection should include VFD fan controls
and the ability to operate the two towers in parallel to provide the largest possible
heat exchanger (or consider one larger tower).

Electricity [ Natural Gas | Site Energy | Energy Cost |% Site Enargy % Cost Est. Project Est. Payback
[kWh] [ecf] [MBtu] {5] Savings Savings Cost Incentive [yrs]
131,538 - 449 |5 10,063 5.4% 81%| [$ 286000]|% 4000 28.0
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Figure 18: Existing water-cooled screw chillers

ECM-S13: Evaluate Synthetic Ice
Synthetic ice is a developing technology that could redice energy use by nearly 70%.

Existing Conditions

Traditional ice skating rinks like the Skatium use an enormous amount of
energy to make and maintain the ice. This report describes several ways to
improve the energy efficiency and control of the systems, and efforts are
reportedly underway to replace cooling towers, repair the Munters ERV, and
upgrade controls. However, the demands of making ice will always cause this
facility to be a substantial energy consumer.

ECM Details

Potential Energy
Savings

Synthetic ice is a high-resilience, low-friction plastic material that can be laid in
sheets on a rink surface instead of ice. Manufacturers claim that it has up to
90% the glide of natural ice, a service life of about 10-15 years before
refurbishment or replacement depending on the conditions, and is suitable for
all types of skating from competitive hockey and figure skating to leisure
skating and early instruction. Synthetic ice has the potential to eliminate the
chiller plant, Zamboni machine, much of the space heating loads, and almost all
rink maintenance. The product lifecycle must be considered, however, and
additional investigation is required to understand the implemeniation costs and
how the material is recycled or disposed at the end of its useful life.

Electricdity | Natural Gas | Site Energy | Energy Cost |% Site Energy % Cost Est. Project Est. Payback
tkwh] [cef [WIBtu] 3] Savings Savings Cost Incentive [yrs]
944,006 24,399 5,661 | % 96,616 68.6% 77.4%| 18D S - -

ECM-814: Rooftop Solar
Examine the feasibility of rooftop solar
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ECM Details

As Haverford Township improves energy efficiency at this location, renewable
energy such as on-site solar or grid-purchased wind power should be considered.
A high-level solar analysis indicates that installing solar panels on the entire flat
roof could generate nearly 40% of the site’s current average electricity use. If the
ECMs described above are implemented (excluding ECM-S13), the panels could
generate over 60%. Note that the estimated SREC revenue is based on $40/MWh.

Renewable Energy
Analysis

Images

Est. Cost @
$2,500/kW | Est. SREC
Systern Size |Est. Footprint| Est. Energy | Cost Savings | % Savings vs. | % Savings vs. w/ 30% IRA | Revenue | Payback

[kw] [sf] [kwh] [S/yr] Existing Past-ECM credit [S/yri [yrs]
415 30,000 562,788 | 5 43,053 38.4% 62.9% S 726250 [ § 22,512 111

 System Capacity: 415.6 RWdc (2771 m2)

ap  Satellite |8

Figure 19: Potential solay instaliation area (PYWalts) - Skatium

ECM Summary

The tables below present a summary of the energy conservation and renewable energy measures described

above.
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Table 13: Renewable energy measures - Skatium

COST

Electricity | Matural Gas { Site Energy % Site Energy % Cost Est. Project Est. Payback

| _#_lEnergy Consarvation Measures [kivh] [eef] [MBtu Savings Savings Cost Incentive [yrs]

- |2021-22 Utitity Data 1,481,501 32,721 8,328 - - 3 - 3 - -

| 0 |Enersy End-Use Analysis L 1465745 32,533 8,254 - - 3 S - -

Di ffcrcnce {16,156} {189} 174) - - 3 - |5 - -

% Error -1% -1% -1% - - - - -

501 |Reduce sEace temp - __.. ) 46,053 w42 1|8 2.6% 3.3% H - 3 - -

| 502 | Regaxr!:eglace insulated reflenhve (elimg miaterial.* 12,972 - 4218 053] 0.8% oS - -
| 503 | Vendlng machine irghts an tlmers,fmam swnch 19,060 - £51% {).8%)] 1.2%) 5 1000 | % - Q.7
504 |LED Ilghls In support spaces K 31,707 108 |8 1,3%: 1.5% $ 400015 1008 1.2
505 |Automatic ll_ghtlng controls 7,842 - 3715 0.3% 0.5% 5 4,000 | 5 25 6.2
| 506 |Impiové brine pump insulation 6,113 - 2108 0.3% %) |8 5000 | & - 10,7

507 [Watsr purificatton o ; 18,303 - 63]$ .83 1.1% teols - -
508 |chl Iler[ RV heat reccverv boni water, snuw melt - 10,814 108418 13.1%) 37%| |[$ vwn]s - 9.9
| 509 [Upgrade controls s 284,412 2,060 LI76 S 14.3% 19.1%) [3 423000 240626 4.1
S09A E!ectrnni-:mmm; ,qenemfsawng_s 156,265 2,060 73818 2.0% 11.2%) |$  83000|S 15626 4.8
S09B [Pump VFDs 70762 - 241 |5 2.9% 4.3% 5 40600 8 9,000 57

S09Ci Brine/Ci Feset . 57,388 - 196 | 5 2.4% 5% s - 5 - -
{ 510 {Repair/replace ERV - e . 12,800 824 16| 1.5% 14%) 14 700005 1,400 386
| 511 |Replace boilets ; K . - 2,813 il 3 3.4%) 23| 1S 7700008 - 274
512 |Réplace chillers and caoli ngtcwers 131,538 - 49 (% 5.4%| 8.1% S 28600005 4,000 28.0
S12A|Replacé coaling fo WEIS/AL‘M fan VFDs 28438 - 1378 1.8% 24%| t5  soo00|s - 204
5128|Replace chillers 93,100 - J1B| s 3.8 5.7 S 22R000|5 4000 32

513 [Synth ic 944,006 24,339 661 | 5 6 77.4% TBD 'S

Est. Cost @
$2,500/kw | Est, SREC
Systam Size |Est. Footprint] Est. Energy % Savings vs, | % Savings vs, w/ 30%IRA | Revenue | Payhack
Renewable Energy Measures Tkiw] [sf] [k\Wh] Post-ECh credit [5/yr] {yrs]
514 |Rooftopsclar . 415 30,008 38.4%| 62.9% 5 726250 |§ 22,512 i1l
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Public Works — 1 Hilltop Road

Facility Overview

The Public Works facility comprises several buildings with a variety of lighting and mechanical systems
ranging from end-of-life to newly-installed. PES examined the electrician’s shop and old mechanics’ shop,
the garage and tool shop, the brine shed, carpentry shop, transfer station, tire shop, new garage, and fuel
station. The majority of lighting is T8 and T12 fluorescent or HID, although the new garage has LEDs.
Heating and cooling is generally accomplished with electric unit heaters and window ACs, although the
electrician’s shop has a 20 year-old Weil-McLain P-WGO-6 oil-fired hot water boiler serving unit heaters, the
tool shop has a new ducted split system air conditioner, and the new garage has a used oil burner.

Utility Analysis and Benchmarking

Energy consumption at the Public Works facility is small compared to the administration building and
Skatium, but it is still important to periodically examine smaller facilities as unmanaged systems can lead to
substantial energy waste over time. Two years of electricity and fuel oil and cost data were available for this
facility.

Table 14: Utility summary - Public Works

Electricity Fuel Gil Energy
Start Date End Date [kwh} [51 15/kwh]| [gal] [51 [$/eall [MBtu] [5} kBtu/sf Sfsf
8/14/2020)  &/18/2021 an3w|s 2355 0.071 1412 | § 261513 1.849 122803 23861 25.8|5 Q.50
8/16/2021]  §/16/2022 28044015 19653 (% 0.670 13285 24,1601 5 3.130 L1413 23814 24.0 |3 4.50
AVERAGE 291,380 |5 196533 0.670 1372 | % 338813 2.488 11848 73,887 2498 0.50
50,000
40,000
~ 30,000
= =@ (02 0-21
20,000 R S 22022-22
e el
10,000 .
A S O N D ] F M A M 1 1

Figure 20: Monihly electricity consumption - Public Works

Total energy costs average around $24,000 per year, with electricity accounting for about 83% and fuel oil for
17%. Monthly electricity consumption has been remarkably consistent over the past two years, indicating
good and consistent control of building systems. There is an expected winter peak due to space heating, and a
much smaller increase during the summer from the few window air conditioners and split systems.

Fuel oil deliveries tend to occur between November and April, corresponding with the heating season.

The Public Works facility is not eligible for an ENERGY STAR score because there is insufficient national
data for similar facilities in the ENERGY STAR Portfolio Manager database. Other metrics, such as the
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energy and cost intensities (24.9 kBtu/sf and $0.50/sf, respectively), can help facility managers compare this
building’s energy use to ather local ice tinks.

Based on the average cnergy usage shown in Table 14, this site produces approximately 152 tons of CO; per
year, the annual emissions equivalent of about 30 passenger cars or the amount of CO; absorbed by 163 acres
of forest per year.

Energy End-Use Analysis

Lighting appears to be the largest single energy user at the Public Works facility (39%), followed by electric
heat (29%), oil heat (16%), and receptacle equipment (14%). This suggests that the best opportunities for
energy savings can be found in the lighting and heating systems, which corresponds with the site visit
findings of generally older lighting and heating systems.

Table 15 Energy end-use breakdown - Public Works

Electricity Fuel Oil Total Energy
ENERGY END-USE fowhl | (mw | [5) o [l | [vew] | 03 (5|1 (% Cnergy] | [%Cost
Spe Ht - Oil - - 5 - 0% 1,346 187 | s 4,211 4,211 17% 18%
Spc Ht - Elec 98,858 337 |8 6,928 36% - - 5 - 5,928 30% 29%
Spe Cool 5,210 18| 5 365 2% - - 4 - S 2% 2%
HW Pumps 516 2|5 36 0% - - s 0% 0%
DHW - Elec 2,466 &5 173 1% - - & 1% 1%
Lighting 120,047 41015 . 8413 44% - - & 36% 36%
48,186 2EN ]

3,377

e Bl

: ) Spc Caol
Pumps g . Pumps e $365
2 8 2% 536 8173 2%

0% 1% 0% 1%

Figure 21; Energy end-uses by total energy (MBtu, left) and cost (vight) — Public Works
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Figure 22: Monthly eleciricity use (modeled vs. actual) - Public Works

Energy Conservation and Renewable Energy Measures (ECMs)

ECM-PW01: LED Lighting Upgrade
Replace alf non-LED interior and exterior lighting with LEDs.

Existing Conditions | The majority of interior lights are T8 or T12 {flucrescent, and exterior lighting for
sheds and area lighting are HID.

ECM Details LED lights are suitable for nearly all applications and typically provide at least 50%
energy savings while greatly increasing service life. Select LEDs that meet either
ENERGY STAR or DLC efficiency and quality standards, and consider removing
or bypassing existing ballasts,

Potential Energy Eleciricity Fuel Cil Site Energy | Energy Cost |% Site .Energv % L"ost Est. Project Est. Payback
[kWh] [gal] [MBtu] [5] Savings Savings Cost Incentive [yrs]
Savings 60,023 - 05186 a8 18.2% 195%) |5 3%000| 5 8,756 6.0

ECM-PWO02: Improve Unit Heater Controls
Periodically check thermostat and fan settings or install programmable thermostats.

Existing Conditions | Space heat is mostly provided by electric unit heaters, and these tend to have
very simple controls that are either integrated with the unit (and difficult to
access) or connected to an analog wall thermostat.
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ECM Details Due to their simple but sometimes difficult-to-access controls, unit heaters are
often left running when they are not needed. Consider periodic checks of each
unit heater to ensure it is operating properly, or install digital programmable
thermostats that can automatically set temperatures back when vacant.

Potential Energy Electricity Fuel Qil Site Energy | Energy Cost |% Site Energy’ Cost Est. Project Est. Payback
. [kwh] [gal]l [MBtu] 181 Savings Savings Cost Incentive [yrs]
Savings 5,886 - ECR S 756 3.0% 3| |§ 20005 989 13

ECM-PW{(3: Replace Existing Heating and Cooling Systems with Heat Pumps
Provide high efficiency heating and cooling in offices and shops.

Existing Conditions | Window air conditioners are among the least efficient methods of mechanical
cooling, as the small package limits compressor efficiency and installation
through windows or walls leads to unwanted air infiltration. Electric unit
heaters are more efficient than combustion equipment, but far less efficient than
heat pumps. The oil-fired boiler serving the electrician’s shop consumes costly
and highly-polluting fuel oil and is approaching its end-of-life.

ECM Details In shops and offices, consider replacing window air conditioners and electric
unit heaters with high efficiency, ENERGY STAR-rated split system air
conditioners similar to the new unit serving the tool shop. In the electrician’s
shop, consider replacing the boiler with either electric unit heaters and/or heat

pumps.
Potential Energy Electricity Fuel il Site Energy | Energy Cost [% Site Energy| % Cost £st. Project st Payback
. [kwh] [gal] {MBtu] 51 Savings Savings Cost Incentive [yrs]
Savxngs {11,848} 1,346 146 | $ 3,305 13.0% 1% |s 15003 80 45
64,668 - 221 )8 4,947 19.6% 21.0%| 5 25000 | S 130 5.0
ECM-PW04: Rooftop Solar
Examine the feasibility of rooftop solar
ECM Details As Haverford Township improves energy efficiency at this location, renewable

energy such as on-site solar or grid-purchased wind power should be considered.
A high-level solar analysis indicates that installing solar panels on the roofs of the
garages, large sheds, and new garage’s south face could generate more than twice
the site’s current average electricity use. If the ECMs described above are
implemented, the panels could generate over four times the site’s electricity use.
Note that the estimated SREC revenue is based on $40/MWh.
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Renewable Energy Est. Cast @
. §2,500/kw | Est. SREC
A_l'laIYSIS System Size |Est. Footprint| Est. Energy | Cost Savings | % Savings vs. | % Savings vs. w/ 30% IRA | Revenue | Payback
[kw/] [sf] [kwh] [$/vr] Existing Post-ECV cradit [S/yr] lyrs]
468 33,627 G18,354 | § 47,304 224.6%) 405.3% 5 8190005 24,733 11.4
ECM Sammary
The tables below present a summary of the energy conservation and renewable energy measures described
above.
Table 16: ECM summary — Public Works
SAVINGS COST
Electricity Fuel Qil Site Energy | Energy Cost % Site Energy % Cost Est. Project Est. Payback
# |Energy Conservation Measures [k\Wwh] [gal] [MBtu] [5] Savings Savings Cost Incentive [yrs]
- |2021-22 Utility Data - 280,440 1,32 11|38 23314 - - s ) - -
0 |Energy End-Use AnalysTs. 275,283 1,346 1,126 { & 23,503 - - $ - $ - -
Difference {5,157) 16 (15)] (310} - - $ -t - -
% Error; -2% 1% -1% -1% - - - - -
PWOL |LED lighting upgrade 60,023 - 2058 4,597 19.5%| | 38000|3 875
PWO2 |improve unit h_ea'ter controls 9,886 - 3418 3.2% 3 2,000 | 5 989
PWO3a|Replace boiler with heat pump {11,848) 1,346 M6 s 141%) 15 15000| 5 80
PWO3b lage unit heaters and 64,668 | 2118 3 25,000 | 5 180

Table 17: Rene

wable energy medsures

- Public Works

Est. Cost @
62,500/kw | Est. SREC
System Size [Est. Footprint| Est, Energy | CostSavings | 9% Savings vs. % Savings vs. w/ 30% IRA | Revenue | Payback
Renewable Energy Measures [kw] [sf] [kwh] [S/yr] Existing Post-ECM credit [$/yr] [yrs}
PWia |Large shed 1 L 130 8,375 172432 | § 13,191 62.6% 113.0%| |S 2275005 6857 11.3
?Wab [Large shed 2 . 182 13,067 240244 | § 18379 87.3% “i57.5%) 14 a31ss500(3 9610 11.4
PWA4e |New garage southace . 28 2,035 374686 2,866 13.6% ‘248%| §$ 4o000|$ 1,499 11.2
|Garages : 128 9,150 165,210 | § 12,868 61.1% 1103%| §S 224000)85 6728 11.4
: 468 33,627 618,354 | § 47,304 224.6% 405.3%| S 819,000 | S 24,734 11.4
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Community Recreation and Environmental Center — 9000 Parkview Drive

Facility Overview

The Community Recreation and Environmental Center (CREC) is a 10 year-old LEED-certified building with
many energy and sustainability elements such as white reflective roofing, daylighting optimization, high
efficiency geothermal HVAC systems, and low-management landscaping among other features. The original
flucrescent lighting is currently being replaced with LEDs in phases through the PECO Direct Install
program, with all lighting expected to be complete by the end of 2022. The mechanical system features a

- Trane RTWD water-cooled heat recovery screw chiller connected to a geothermal condenser loop and four-
pipe hot/chilled water fan-coil distribution system. This is a somewhat unusual and innovative configuration
and can be extremely energy efficient, although operation and maintenance issues have been reported and the
system requires advanced knowledge to manage and service. A BAS provides Direct Digital Control of afl
mechanical equipment.

Utility Analysis and Benchmarking

The CREC’s LEED design uses many different strategies to reduce the building’s energy consumption and
carbon footprint, most notably the all-electric geothermal heat recovery chiller plant which eliminates the
need for on-site fossil fuel (e.g. natural gas or fuel oil). This results in comparatively lower energy and cost
intensities (kBtu/ft” and $/f1?) as reflected in the tables below and the executive utility summary table.

Tuble 18: Utility summary - CREC

Electricity Energy
Start Date End Rate [kwh] [$] [$/kwh] [MBtu} [51 kBtu/sf 5/sf
8/1/2020 7/31/2021 616,896 S 4607215 0.075 2,105 | % 46,072 37514 0.83
8/1/2021, /312022 660,096 1 S 48,544 1 S 0.074 2252 |S 48544 4206 s 0,87
AVERAGE 638,496 1 5 48544 | & 0.074 2179 | S 47,308 3921 % 0.85
80,000
70,000
60,000
- 50,000
= 40,000 =B 2020-21
&
30,000 st - 2021-22
20,000
10,000
A S 0 N D } F M A M ] ]

Figure 23: Monthly electricity consumption — CREC

Total electricity costs average around $47,000 per year. Monthly electricity consumption has been relatively
consistent over the past two years (with the exception of August and October), indicating good and consisient
control of building systems. Stightly lower consumption in 2020-21 is possibly due to reduced occupancy or
weather effects. The geothermal heat recovery chiller causes peak in consumption during both heating and
cooling seasons.
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The CREC is not eligible for an ENERGY STAR score because there is insufficient national data for similar
facilities in the ENERGY STAR Portfolio Manager database. Other metrics, such as the energy and cost
intensities (39.2 kBtw/sf and $0.85/sf, respectively), can help facility managers compare this building’s energy
use to other local rec centers.

Based on the average energy usage shown in Table 18, this site produces approximately 304 tons of CO2 per
year, the annual emissions equivalent of about 60 passenger cars or the amount of CO; absorbed by 327 acres
of forest per year.

Energy End-Use Analysis

The energy end-use analysis estimates that the HVAC system accounts for over 60% of total energy costs,
with lighting (24%), receptacle equipment (11%), and domestic water heating (2%) making up the remainder.
Lighting systems are in the process of a total LED conversion, which will generate immediate energy savings
and reduce maintenance costs. The HVAC system is somewhat complex and may be unfamiliar to many
engineers, controls contractors, and service technicians, making it a priority to periodically review the
system’s performance and sustain a relationship with qualified service personnel.

Table 19: Energy end-use breakdown - CREC

Electricity

ENERGY END-USE e [MBtu] 5 %

SpcHt 152,021 519 [$ 11,180 3%
Spc Cool 94,708 3248 6965 14%
Fans 133,208 455 |8 9,796 20%
HW Pumips 6,508 23|38 485 1%,
CHW Pumps 10,049 3418 738 2%
CW Pumps 18,563 63|5 1,365 2%
DHW 16,490 56|15 1,713 2%
IntLts 142,566 486 | 3 . 10,484 2%
Recp Eqp 71,283 35 5042 119
Ext Lts 15,577 53 |'$ 1,146 2%

5% 56 - 455 $1,213 $9,796
1% 20% 3% 20%

Figure 24: Energy end-uses by iotal energy (MBiy, Ieft) and cost (vight)
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Figure 25; Monthiy electricity use (modeled vs. actual) — CREC

Energy Conservation and Renewable Energy Measures (ECMs)

ECM-C81: LED Lighting Upgrade
Replace all non-LED interior and exterior lighting with LEDs.

Existing Conditions

Lighting is currently being converted to LED through PECO, with phase 1
nearly complete and phase 2 planned for completion by the end of 2022.
Remaining lighting includes exterior lights, accent lights, and approximately
30% of remaining indoor lighting including corridors, classrooms, and storage
areas.

ECM Details

Potential Energy

Savings

LED lights are suitable for nearly all applications and typically provide at least
50% energy savings while greatly increasing service life. Select LEDs that meet
either ENERGY STAR or DLC efficiency and quality standards, and consider
removing or bypassing existing ballasts.

Flectricity | Siie Energy | Energy Cost
[k¥wh] [MBtu] [$]
23,722 81|58 1,815 3.6%

% Savings

ECM-C02: BAS Optimization and Centinuous Commissioning
Prioritize the efficient operation and thorough monitoring of this fucility’s BAS

Existing Conditions

Like the administration and police building, the Trane Tracer BAS at the CREC
appears to be generally in good condition, regularly updated, and correctly
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programmed. The user interface is intuitive, shows a reasonably complete
amount of information about the controlled systems, and allows for trending of
data points to monitor performance over time. PES reviewed equipment
schedules and interface screens, but was unable to thoroughly review all control
sequences.

ECM Details

Modern building control systems are very powerful tools, but they require
understanding and careful management to maintain long-term energy
performance. It is recommended to develop and implement a plan to routinely
evaluate and optimize BAS settings and control sequences, such as “continuous
commissioning.” Goals of the plan should include supporting staff in making
timely responses to alarms and maintenance needs, reviewing settings and
sequences to ensure they meet the facility’s current needs, and defining
opportunities to use high-performance control sequences to increase energy
savings. It is likely that energy savings of up to 5% are possible in both the
heating and cooling systems if the general recommendations from ECM-AD2
are followed, as well as the additional measures specific to the CREC:

» Examine and repair outside air temperature and humidity sensors: As

shown in the image below, these sensors are reading 75°F and 100%
humidity whereas the weather report on the desktop’s taskbar shows 92°F
and sunny, which was accurate for the day. The outside air sensors are
critical to many of the HVAC control seguences and having incorrect data
can impact basic system functionality and comfort as well as severely
increasing energy use. It is recommended to examine the location, function,
and connectivity of these sensors and ensure that they periodically reviewed
and maintained.

Potential Energy
Savings

Electricity | Site Energy | Energy Cost
[kwh] [niBtu} [5]
7,601 %08 581 1.2%

% Savings

ECM-CO03: Rooftop Solar
Examine the feasibility of rooftop solar

ECM Details

As Haverford Township improves energy efficiency at this location, renewable
energy such as on-site solar or grid-purchased wind power should be considered.
A high-level solar analysis indicates that installing solar panels on the roof could
generate nearly 60% of the site’s current average electricity use. Note that the
estimated SREC revenue is based on $40/MWh.
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Renewable Energy Est. Cost @
. $2,500/kW | Est. SREC
Analys:ls Systesn Size |Est. Footprint| Est. Energy | CostSawvings | % Savings vs. | % Savings vs. w/ 30% IRA | Revenue | Payback
kW] [sf] (kwh] [/yr] Existing cradit [$/yr] {yrs]
290 20,850 381,858 | § 29,213 57.8%; S 507,500 | § 15,275 114
ECM Summary

The tables below present a summary of the energy conservation and renewable energy measures described

above.

Table 20: ECM summary - CREC

EE

b
&L

Table 21: Renewable encrgy measures - CREC

5

SAVINGS
Electricity | Site Energy | Enargy Cost .

# |Energy Conservation Measures [kwh] [MBtu] [8] % Savings

- |2022:22 Utility Data & : 560,096 2252 s  amsaa -

0_JEnergy End-Use Analysis 661,064 2,256 [ $ 48,615

Difference 958 3|5
% Error 0% 0% -

C01 [Complete LED lighting upgrade 23,722 81)% 1,815 3.6%)
C02 | BAS optimization i 7,601

268
YilerAl

1.1%

Est. Cost @
$2,500/kW | Est, SREC
System Size {Est. Footprinti Est.Energy | CostSavings { % Savings vs. | % Savings vs. w/30%IRA | Revenue | Payback
Renewable Energy Measures [kw] isf] [kwh] [S/yrl Existing Post-ECM credit [$/yr] [yrs]
€03 |Rooftop sofar. . . - : 290 0,850 381,868 1% 29,213 57.8% 60.6%| |$ s507500(5 15,275 11.4
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Quatrani Building — 2325 Darby Road

Facility Overview

Adjacent to the old township administration building is the Quatrani building, a small one-story building of
similar vintage to the old township building that has been converted to a paramedic station and is currently
undergoing renovations to the lighting and HVAC including a new central heating/cooling system. Existing
mechanical systems include window air conditioners, a Weil-McLain gas-fired hot water boiler, and a
Heil/ICP gas/DX split system. The boiler and split system are both about 15 years old.

Utility Analysis and Benchmarking

This facility has recently changed use and is undergoing renovations, so the utility history is very inconsistent
and it is difficult to determine trends. Three PECO account numbers were identified for this building based on
the information PES received: #15366-01201 (“A”), #06122-01606 (“B™), and #09219-00302 (“C”), but none
of the accounts follows a predictable monthly pattern. Further investigation is required to determine exactly
what each electric account serves, but the following energy end-use analysis suggests that account “A”
maiches closely with the projected consumption for the Quatrani building in 2021-22. Account “B” is twice
as large and may correspond to the cell tower, and account C is very small and may be connected to the old
adminisiration building which is not in use. Utility cost data was likewise complex and incomplete, so the
electric rate is assumed to be similar to the Administration and Police Building ($0.067/kWh) for the purposes
of this analysis. PES did not receive natural gas utility data for this site.

Table 22: Utility summary - Quatrani Building

Acct. #15366-01201 Acct #06122-01606 Acct. §09219-00302
Start Date End Date [kwh] [5] TkWh] [S] [kWh [s]
9/16/2088| 971572020 2,175 8 148 57,490 | 5 3,848 1,426 | 8 95
8/15/2000]  9/15/2021 57371 8 384 25440 | 5 1,704 1,425 | § 95
9/15/2021|  9/15/2022 17,326 | 2 1,161 34,360 | § 2,302 1,379 | 5 92
AVERAGE 8413 |5 564 39,080 (s 2,618 1,410 | 8 94
3,000
2,500
2,000
- engem 2019-20
Z 1,500 .
= == 2020-21
1,000 e 2021-22
500
O N D J F M A M J ] A

Figure 26: Monthly electricity consumption, account “A” - Quatrani Building




Energy Audit Report
Haverford Township Facilities January 3, 2023
SSM File 110362.0001 Page 41 of 48

4> SSM

7,000
6,000
5,000
4,000
3,000
2,000
1,000

oy ) (019-20
—==22020-21

kwh

ol ) (02 1-22

160
140
100 o ' o o ke 201 9- 20
60 L

40 o . _ cxn 3 (12 1-22

kwh

==222020-21

S o) N D J F M A M I i A

Figure 28: Monthly electricity consumption, account “C* - Quatrani Building.

The Quatrani building is not eligible for an ENERGY STAR score because there is insufficient national data
for similar facilities in the ENERGY STAR Portfolio Manager database. Other metrics, such as the energy
and cost infensities (67.9 kBtu/sf and $0.86/sf, respectively), can help facility managers compare this
building’s energy use to other similar buildings.

Based on the average energy usage shown in Table 22, this site produces approximately 16 tons of CO; per
year, the annual emissions equivalent of about three passenger cars or the amount of CO; absorbed by 17
acres of forest per vear.

Energy End-Use Analysis

PES used data gathered during the site visit regarding the various energy-consuming equipment and their
operating hours to develop an estimated energy end-use breakdown for this facility. The totals correspond
closely with account “A,” although the actual monthly trend of usage does not follow the expected base-load
and seasonal profiles, which may be due to recent changes in occupancy and renovations. The analysis
predicts that space heating with natural gas is likely the largest energy consumer and may account for up to
70% of energy use and over 50% of energy costs. Space cooling (14%) and lighting {12%) are the next largest
users, followed by receptacle loads (3%) and domestic water heating (1%). In the table below, the natural gas
rate is based on the regional average rate as reported by ENERGY STAR Target Finder ($0.956/cct).
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Table 23: Ernergy end-use breakdown - Quatrani Building

ENERGY END-USE Electricity Natural Gas Total Energy

[kwh] [MBtu] [5] [% Energy) [ecf] [MBtu] (3] [% Energy] | [MBtu] [51 1% Energyl | [ % Cost)
SpcHt - - s - 0% 1,360 1361 % 1,300 10024 1364 S 1,300 6% 53%
Spc Cool 7,875 2715 528 46% - - H - 2 27{s 528 14% 2%
DHW - Elec 853 3]s 57 5% - - 8 - 0% 3]s 57 1% 2%
Lighting 8,637 23158 445 39% - - 3 - 0% 23] 5 445 12% 18%
Recp Egp 1,844 65 124 11% 5 o] 6f5 124 3% 5%,

Recp Eqp

Recp Eqp
6 _\ $124 \
3% Ay 5% Léee

Spc CU‘EIE DHW
27: 557
14%

2% 1

Figure 29: Energy end-uses by total energy (MBtu, lefi) and cost (right)
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Figure 30: Monthly electricity use (modeled vs. actual account “A”) - Queatrani Building
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