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NICHOLS SCHOOL, DANN ICE ARENA NOVEMBER 31, 2008

A Preliminary Site Assessment (PSA) was conducted at the Dann Ice Arena to identify energy
conservation opportunities, calculate potential savings, estimate installation costs, and determine the
payback of appropriate energy conservation measures (ECMs). Nexamp, Inc., a turnkey provider of
Energy and Carbon Solutions, was retained by Blue Wave Consulting to provide these services for
the Nichols School.

Utility bills indicate an annual consumption of 1,200,000 kWh of electricity by the various motors,
lights, and fans utilized by arena operations. Total unitary cost for electricity, composed of
transmission and distribution plus commaodity, averages $0.09 per kWh. Demand charges are
$14.20/kW/month.

The load factor for the facility is lower than expected. Load factor is defined as the ratio of the
average electricity load supplied during a designated period to the peak load occurring in that period,
in kilowatts. A low load factor indicates either intermittent operation of single large electrical devices,
or coincidental operation of multiple devices. More data is required to understand and craft demand
control strategies, given the low load factor. However, it should be noted that shifting (not shedding)
100 kW of demand could save $14,000 per year, moving forward.

This PSA has identified five significant energy saving opportunities at the Dann Ice Arena:

ECM Description Annual Savings $ Installation $ | Payback (in years)
1 Low Emissivity Ceiling 17,000 68,000 3.7
2 Compressor Motor Control 5,914 30,000 4.8
3 Lighting Upgrade 10,819 23,400 2.1
4 Heat Recovery 4,498 22,500 4.6
5 Insulation 539 1,000 1.8
TOTALS 38,779 144,900 35

These energy savings measures have a combined annual savings of $38,800, are estimated to cost
$144,900 for installation, and have a simple payback of 3.5 years. These calculations are best
estimates based on currently available information. Calculations include available NYSERDA
prescriptive measure incentives of $75.00 to replace each of 72 Metal Halide lighting fixtures. It
should be noted that NYSERDA has a custom measure incentive program that could provide an
additional $15,000 incentive.

More detailed information about the cost-effectiveness of each recommended ECM over its expected
useful lifetime, including estimates of net present value, rate of return, and carbon savings, are
provided in the Clean Energy Roadmap on the following page. The roadmap also provides a
portfolio wide view of the financial and energy impacts of adopting all of the recommended measures.
The roadmap conservatively assumes an annual average energy price increase of three percent,
and utilizes a five percent discount rate for evaluating energy efficiency investments by Nichols.

Other potential savings opportunities not quantified in this analysis include reducing brine pump
operation, reducing ice sheet thickness, and implementing vending machine controls.
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NEXAMP CLEAN ENERGY ROADMAP - Dann Ice Arena
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NICHOLS SCHOOL, DANN ICE ARENA NOVEMBER 31, 2008

The Nichols School Dann Ice Arena is a steel framed, cinder block wall structure measuring 300 feet
by 125 feet, equal to approximately 37,500 square feet. There appears to be an uninsulated air
space between the internal cinder block wall and the brick exterior surface. Offices on a second
level, locker rooms, and mechanical space below grade add another 5,000 square feet. A full size
hockey rink and a practice rink are available for skating from September to March. The facility is
utilized for indoor baseball, track, dances, dinners, and other activities from April to August.

Existing roof construction consists of concrete slabs resting on steel frames, high density fiberglass
insulation boards, and a waterproof membrane. Persistent leaks have created a need for removal
and replacement.

Ice surfaces are maintained by a Zamboni machine parked and serviced in an open bay between the
rinks. Ice that is scraped off the rink is melted within the Zamboni with domestic hot water and
discharged to drain.

Interior humidity is controlled down to 53% with a roof mounted Munters unit that exposes incoming
air to a desiccant wheel dried with a natural gas flame. The Munters is rated at 750,000 Btuh and
discharges air into the arena at 58 degrees.

Ammonia based mechanical refrigeration removes heat from the concrete slabs using a plate and
frame heat exchanger. Calcium carbonate is used as the heat transfer fluid and is circulated through
pipes embedded in the concrete below both rinks. A 25-hp, 93% efficient pump rated at 1,100 gpm
services the large rink, and a 15-hp, 91.7% efficient pump rated at 440 gpm services the small rink.
Both pump motors are fitted with variable speed drives.

One 60-hp Frick and two 100-hp Vilters reciprocating compressors are piped to a 165 ton outdoor
evaporative condensing unit. The condenser is air cooled above 32 degrees below outside air
temperature and water cooled above 32 degrees. The compressor motors are relatively new and
both operate at efficiencies above 94%. The condenser fan motor is controlled with a variable speed
drive and its sump is located in the lower mechanical room.

A glycol heat exchanger has been installed in the hot ammonia gas pipe. We believe that the 60 F
glycol is circulated below the large rink’s concrete slab to prevent frost heaves.

Most of the refrigeration system is monitored and controlled by an Andover Infinity automation
system. A screen shot of the control points is shown in the figure below. To save energy at night,
the refrigeration system resets the ice temperature up by 5 degrees at 3:00 AM and down by 5
degrees at 11:00 AM.
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Dann Ice Rink
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Rink lighting is provided by 60 400W metal halide fixtures above the large rink and 12 400W metal
halide fixtures above the smaller rink. The lobby, locker rooms, upstairs conference room, some of
the mechanical areas, and shack bar are fitted with a combination of T8 and T12 fluorescent lamps
and ballasts. Sixteen 120W incandescent flood lights illuminate the walkways when the large rink
lights are not in use.

Domestic hot water is generated by a Lochinvar gas-fired heater and stored within a 500 gallon
insulated storage tank in the upstairs mechanical room. The office, snack bar, central locker rooms,
and lobby area are heated with the output from two gas-fired vertical heating units. The two lower
locker rooms are heated with forced air. A gas-fired radiant system provides limited heat for
spectator seating.
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National Grid provides electric transmission and distribution services to the Dann Ice Arena under the
SC3 rate tariff. The unit cost is $0.02/kWh and $14.20 per kW. Integrys had been the commodity
electricity supplier, but Nichols School has recently switched to NOCO, and is now charged about
$0.07/kwh. The blended rate (total bill divided by kwh) of $0.137/kWh is dominated by demand
charges. It should be noted that the monthly load factor (kWh/(kwW x 24 hours x 30 days)) is around
50%, indicating intermittent use of power.

National Fuel provides transportation and distribution of natural gas at an average cost of
$0.31/therm, and National Fuel Resources supplies commodity gas at $1.04/therm.

The following table shows electrical consumption and demand for all of 2007 and most of 2008:

viarcrn PY,0/4 £0 190,40V ouu 40.2270
April $9,109 31 112,000 468 32.17%
May $6,500 28 100,400 308 48.51%
June $6,523 31 104,400 296 47.41%
July $5,965 32 96,000 220 56.82%
August $10,097 32 161,200 464 45.24%
September  $9,945 29 157,200 488 46.28%
October $10,292 30 197,600 508 54.02%

[ lindicates operational change occurred
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The design and amount of refrigeration energy usage for an ice rink depends primarily on the heat
loads (i.e., conductive, convective, and radiant) imposed on the ice sheet. Incorporating products or
systems into the retrofit of an ice rink that can help reduce the heat loads is the key to an energy
efficient operation.

Ceiling radiation is typically the largest single heat load source in an ice rink, but is often overlooked.
According to ASHRAE (Refrigeration, 1994, Chapter 33, Ice Rinks), ceiling radiation can account for
25 to 35% of the total refrigeration requirement.

Indoor ice rinks create a unigue condition where a large, relatively cold surface is maintained beneath
a relatively warm surface. The ceiling is warmed by solar radiation, outdoor air temperature, and
internal sources (people, lights, heaters, equipment, air stratification).

Heat gain to the ice comes from the infrared component of the long wave radiation emitted by the
warmer ceiling. As this infrared radiation is difficult for people to sense, its importance in ice rinks is
easy to ignore. Although the amount of heat radiated to the ice is substantial, infrared radiation is
one source of heat that can be practically eliminated.

Materials that are perfect radiators of heat would have an emissivity of 1, while materials that radiate
no heat would an emissivity of 0. Most ceiling materials (wood, steel, insulation, white and colored
paints, tile, concrete, etc.) and exposed structural members, like those in Dann, have an emissivity of
0.9. The radiant heat flow for general estimation purposes can be calculated by the following
equation (ASHRAE 1990):

Q=0.1713xAxex (T -Ti*)x10®

Where Q = Radiant Heat (Btuh)
A = Rink Area (sqft)
€ = emissivity
Tc = Ceiling Temperature (°R)
Ti = Ice Temperature (°R)

This calculation was used to determine the reduction of radiant heat flow following the installation of a
Low E ceiling.

As shown in the photo below, the existing lighting fixtures would have to be lowered or moved to a
new location below the bottom of the steel joists to allow for the installation of a Low E fabric ceiling.
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There are many examples of hockey arenas around the world that have installed Low E ceiling
systems to successfully reduce refrigeration energy. Operators have stated that in addition to
reduced energy bills, lighting levels are higher and acoustics are improved. The useful life of the
fabric is in excess of 20 years.

In addition to Low E, we suggest that consideration be given to installation of sensors to the existing
building automation system to acquire and trend air temperature at the ceiling level. These readings
would be taken throughout the year to increase the accuracy of the savings calculations. Additional
consideration also should be given to painting portions of the interior wall surfaces with Low E paint to
reduce radiant effects upon the ice surface.

Savings estimates of installation of a Low E ceiling at Dann Ice Arena are shown below.

Annual Savings Estimate $17,000

Installation Estimate $68,000

The ammonia refrigeration system consists of two Vilters reciprocating compressors driven by 100
HP electric motors rated at 94.5% efficiency and one Frick reciprocating compressor driven by a 60
HP electric motor rated at 94.5% efficiency. Once activated, the motors run at constant speed until
ice temperature conditions are satisfied. The time between starts is directly related to the rate at
which the ice is being heated by external conditions. The repetitive process of operating at full
speed, shutting off, operating at full speed, and shutting off strains all of the drive train components,
while also contributing to the peak demand for power.



NICHOLS SCHOOL, DANN ICE ARENA NOVEMBER 31, 2008

One of two Vilters compressors driven by Frick compressor driven by 60HP,
100HP, 94.1% efficient motor 94.5% efficient motor

This ECM assumes that either one variable speed drive (VSD) or a coordinated set of compressor
unloading controls will be installed to match the need for refrigeration with an appropriate amount of
electric power. The primary advantages and disadvantages of each approach are shown below:

Advantages Disadvantages
VSD Significant kW and kWh Savings Higher first cost

Reduced Stress on components Potential lubrication issues
Unloading Lower first cost Complex adaptation

Notably, if ECM 1 - Low E Ceiling and ECM 3 - Lighting Upgrade are both implemented, the
refrigeration load at the arena will be significantly reduced. The resultant mismatch between
refrigeration capacity and load will become more pronounced and will increase the value of this ECM.

For preliminary evaluation purposes, we assume that one VSD will be installed on one of the 100-hp
electric motors. The control strategy would utilize one of the compressors to satisfy base load
operations, while using the VSD-equipped unit to match remaining load requirements.

A VSD will allow the motor to start slowly and run continuously at reduced speeds. The energy
saved by reducing the operating speed of an electric motor is a function of the cube of the speed
reduction. For example, compared to full speed energy consumption, a motor running at 90% will
result in a 27% savings:

0.9x0.9x0.9=.0729

The savings estimates below do not include the increased benefit of reduced maintenance and down
time. To more accurately assess the value of either installing a VSD or implementing a set of
compressor unloading controls, consideration should be given to installing a monitoring package that
can trend operating conditions throughout the refrigeration system over time.



NICHOLS SCHOOL, DANN ICE ARENA NOVEMBER 31, 2008

Annual Savings Estimate $5,914

Installation Estimate $30,000

A total of 72 metal halide (MH) lighting fixtures are suspended above the large and the small skating
rinks. The ballast and lamp combination uses about 460 watts to deliver illumination to the spaces
served.

Standard MH lamps are extremely common. They are rugged, efficient, powerful point sources that
can cover a large area with few fixtures and have a long-life. They are able to operate reliably in a
wide range of ambient temperatures, including very cold environments, and numerous types of
fixtures are available for demanding lighting environments, such as those in hazardous locations.

Despite their advantages, MH lamps also have several drawbacks. They experience color shift over
time, which may result in poor lamp-to-lamp color consistency. They require several minutes to start,
and up to 10 minutes to re-strike after being turned off. Most significantly, their light output can
experience a severe drop over time. A 400W MH lamp, for example, can see a 35 percent drop in
light output after 40 percent of its rated service life.

New fluorescent lamp and ballast technology, combined with impact resistant polycarbonate lenses
and wire guards, provide energy saving alternatives for hockey rink applications. Numerous
manufacturers offer troffer style fixtures fitted with T5 high output (HO) lamps and optically optimized
internal reflectors. An upgrade to this technology is recommended.

Strong consideration should also be given to moving the fixtures and mounting them to the steel roof
joist system. In addition to providing the required two point connection, this approach would eliminate
some of the installation challenges of ECM — 1 Low E Ceiling.



NICHOLS SCHOOL, DANN ICE ARENA NOVEMBER 31, 2008

Notably, the facility has already begun a T12 to T8 lamp and ballast replacement process, and is
expected to complete the few remaining fixtures in the snack bar, upper office and mechanical room.

The following is a list of fixtures that will benefit from T12 to T8 conversion and energy efficient
compact fluorescents:

The upstairs office adjacent to the mechanical room has four 4 -amp surface mount fixtures.
The lower mechanical room and storage room has four 2-lamp fixtures.
The front of the snack bar has ten 2-lamp fixtures.

Sixteen 120 watt incandescent fixtures are located above walkways on either side of the
large rink.

Savings calculations for upgrade of the 72 400W MH fixtures are outlined below. These estimates
include the associated reduction in the refrigeration load associated with adoption of this ECM.

Annual Savings Estimate $10,819

Installation Estimate $23,400

Waste heat generated by the ice sheet refrigeration system can be cost-effectively captured and
used to supplement the arena’s heating needs, thereby reducing heating fuel requirements. The
refrigeration system takes all of the heat that the ice sheet absorbs (plus some extra heat added by
the refrigeration system itself) and then dumps that heat to the outside air through the condenser.
However, much of that rejected heat could be reclaimed to provide useful heat.

The Dann Arena is currently using some of the rejected heat to protect the slab beneath the large rink
by circulating glycol through a heat exchanger on the hot ammonia gas pipe. This ECM proposes
the installation of insulated piping, controls, and an additional heat exchanger to intermittently use the
rejected heat to save natural gas. As discussed in the Facility Description section above, natural gas
heated hot water is used for ice resurfacing and to melt the accumulated ice shavings. The control
strategy of this ECM will intermittently redirect rejected heat to provide hot water when required.
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Hot Ammonia Gas | T

Glycol HX

The piping configuration in the lower mechanical room is accessible. The existing heat exchanger is
available for heat recovery.

165 Ton Condenser
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Lochinvar RWN399 gas fired water
heater with electronic ignition

To maximize recovery of heat, two insulated pipes could be installed from the DHW heater in the
upper mechanical room to a heat exchanger in the lower mechanical room. Temperature controls, a
circulating pump, and motorized valves will be needed to optimize heat recovery and delivery.

Annual Savings Estimate $4,498
Installation Estimate $22,500

One of the most cost-effective energy conservation measures is applying insulation to existing pipes
and ductwork. Exposed surfaces will absorb or lose heat through conduction, radiation, and
convection. The plate and frame heat exchanger in the lower mechanical room is so cold that
moisture in the air continually condenses and has formed a thick covering of ice.
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The brine pumps operate at the same temperature as the plate and frame HX and also are covered
by ice. For this analysis we assume 100 square feet of surface at 15 degrees F in still air at 70
degrees.

The applied insulation should be 2" thick and sealed as tightly as possible to ensure that it is water
tight. Armaflex or Rubatex are two manufacturers that provide closed cell foam sheets that can be
bonded with common adhesives. Sheets can be cut and glued into a custom jacket.

Hot water piping in the upper mechanical room is mostly insulated but could use some repairs and

additions. Consideration should also be given to insulating the forced air ductwork that is exposed in
the upper mechanical room.
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The below calculations of savings only address adding insulation to the plate and frame HX and the
two brine pump housings.

Annual Savings Estimate $539

Installation Estimate $1,000

Reduce operation of brine pumps - The brine pumps are activated by the control system but are
not interlocked with the compressors. The complete range of their operation was not apparent during
the site visit, but staff indicate that they run when the compressors are between operating cycles. It
must be noted that the mechanical work done by pumps on the brine fluid is converted to heat, and
adds to the load on the compressors. The brine pump operating strategy is not clear. However, both
the 15HP and the 25HP pump motors are standard efficiency.

Reduce ice thickness — Control and reduction of ice sheet thickness can reduce energy costs while
also providing more consistent ice quality. While the minimum thickness varies somewhat from
arena to arena, a typical optimal thickness is one inch or less for arenas with even concrete bases.
Reducing the ice sheet thickness by one-quarter inch will allow the ice surface temperature to remain
the same while the coolant or slab temperature setting is increased by 2/3 of a degree. Increasing
the coolant and slab temperatures saves energy by increasing the efficiency of the refrigeration
system. In addition to energy savings, closely controlling ice thickness also makes the quality of the
ice more consistent because the ice surface temperature is closer to the rink floor and coolant
temperature. However, reducing the thickness of the ice sheet requires more expertise in Zamboni
operation.

Install vending machine controls  — Vending machine controls will reduce energy costs by shutting
off lights and other electrical processes during programmed periods of inactivity.
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This Preliminary Site Assessment has identified energy savings opportunities that should be
considered for further study and the development of contractor quotations. The calculations include a
$75/fixture incentive provided by NYSERDA for the removal of the 400 W Metal Halide fixtures under
their prescriptive measures program. NYSERDA's Existing Facility Program has a Performance
Based Incentive that could provide $0.12/kWh for custom measures such as the low E ceiling and
compressor motor control. Eric Mazone, 518-862-1090 x3371 is NYSERDA'’s program manager.
The incentive, which could be worth more than $15,000, will be based on the difference between a
carefully measured baseline, and a post-retrofit energy profile. The Performance Based Incentive is
not included in the current calculations.

Additional consideration should also be given to the installation of a power metering system to
measure and visualize the occurrence of coincident electrical loads. The existing energy
management system provides an infrastructure for demand side management. Low cost current
transducers could be fitted to each of the major electrical loads in the Arena, and throughout the
campus. With some moderate effort, campus kW demand could be proactively made visible

to facility management. Kiosks or flat screens around the campus could be used to display energy
consumption, energy savings, solar output, carbon footprint, and other actionable energy and
environmental information.

Access to real time and trended information would lead to modification of existing control strategies,
and a reduction of peak demand charges. Once the nature and composition of consumption is better
understood, load curtailment plans could also be created. As targets were approached, curtailment
alerts would be issued and plans put into effect. While difficult to accurately calculate, a reasonable
estimate for an enhancement of the existing BMS, or a new stand alone system would be less than
$20,000, and NYSERDA may provide additional incentives.



