

















VS.

IKS Integrated Ice Rink System

Traditional ice Plants / HVAC Systems

Refrigerant

Conventional Ammonia
Refrigerant Ice Plant/
Conventional HVAC System

Conventional R22
Refrigeration & Conventional HVAC
system

IKS Integrated
Refrigeration & HVAC System

o A Single sheet ice rink with
ammonia typically contains 700-
1,200 Ibs {300-699 kg) in a single
refrigerant circuit.

®  Ammonia is toxic at relatively low
levels.

®  Ammonia is explosive at certain
levels of concentration.

*  Ammonia reguires significant safety
considerations and precautions {air
lock entrance to the mechanical
room, oxygen masks, ventilation
fans, etc.)

® Ammonia does not carry lubricating
oils through refrigerant circuit and
requires draining oif from the
evaporator (chiller} regularly. New
oil must be added at a cost of 5500
- 1,200 annually, and oil removed
muyst be handied as a hazardous
waste product.

®  Aleak with ammonia refrigerant is
dangerous. Nearby buildings may
need to be evacuated in the event
of a leak. insurance costs are often
higher because of the potential
liabilities.

* Asingle sheetice rink with R22
Typically contains 500 — 1,000
Ibs (225 — 450kg) R22
refrigerant in a single refrigerant
circuit,

« R22isa CHFC that is rapidly
being phased out of use
because of the ozone depleting
properties.

* Inthe event of a refrigerant
leak, there is a potential for
losing a significant amount of
refrigerant in a system with a
single refrigerant circuit. The
cost of replacing refrigerant can
ke significant,

* Anintegrated geothermal

system uses an HFC that is non-
ozone depleting and approved
under the Montreal Protocol.

*  Atypical system contains a

total of 70-100 Ibs {30 ~ 50 kg)
in 4-8 separate refrigerant
circuits. If one unit has a
refrigerant leak, other units are
unaffected and the system
continues te operate normalty
at a slightly reduced capacity.
The system does not shut
down!

s s not toxic and does not

require special considerations
in the buiiding design to ensure
safety of workers or building
occupants.

+ isdesigned to operate at low

temperatures required to make
ice.




Conventional R22
Refrigeration & Conventional HVAC

Conventional Ammonia
Refrigerant Ice Plant/

IKS Integrated
Refrigeration & HVAC System

Conventional HVAC System system
Equipment | e  Typically large, industrial open compressors are used in conventional 1s built with “off the shelf”
systems. These require regular compressor rebuilds and service, adding generic components that are
significantly to maintenance costs. readily available and can be

e largeindustrial style compressors require highly trained operations and serviced by local refrigeration
service personnel, increasing costs of operating systems. technician.

e Conventional chillers require continuous monitoring of system Eliminates the need for a
temperatures and pressures by trained personnel. This increases tabor stationary engineer or highly
costs at the rink. trained technician to operate

¢ Conventicnal chillers can be serviced and maintained only by specially the refrigeration system.
trained technicians. in smaller communities repairs typically reguire more Smali quantities of non-toxic
time for trained personnel to arrive, and increase maintenance costs. refrigerant, iow noise levels

= Noise and vibration from large industrial refrigeration plants severely and the small size of the
restricts the location of the refrigeration plant. In many jurisdictions these modular heat pumps allow a
systems require ground level, outdoor access. Large guantities of toxic great deal of flexibility in the
refrigerants require special ventilation considerations for the mechanical location of the refrigerant
room. piant.

The small size of the heat
pumps and the elimination of
hoilers or rooftop units
significantly reduces the space
requirements for the
mechanical system.

Systern = Aconventional system is typically designed with two cempressors in a System is completely

Design single refrigeration circuit. This increases the number of “on / off” cycles of integrated with the HVAC

the system, making the temperature of the ice less consistent.

A conventional system is not easily integrated into the HVAC system to
provide heating, air conditioning or domestic hot water. Adding necessary
components to do this is costly.

Without using an earth loop, a conventicnal system cannot be used to
provide heat when ice is not being chilled. A back-up fossil fuel boiler or
other heat source is required.

Additional equipment required in the building with a conventional
refrigeration plant means more equipment that requires service and
maintenance. This adds additional long term costs for service and
maintenance. Typically one service company provides service for the
refrigeration plant, and a second service company is needed for the HVAC
equipment. This increases annual maintenance costs.

Without being connected to the earth joop, additional boilers, furnaces,
rooftop units and chillers are required to meet the heating, ventilation and
air conditioning needs in the building. Additional mechanical room space is
typically required.

Additional equipment and additional energy sources such natural gas
require additional services to the building. Larger electrical transformers,
larger gas lines, etc. are typically required to accommodate the additional
equipment. This increases initial buitding costs that is often not reflected as

system. This eliminates the
need for fossil fuel boilers or
furnaces.

The refrigeration eguipment is
used to supply chilled fluid for
air conditioning the building
or to build ice in ice storage
tanks.

By using the earth loop as an
alternate heat sourge, an
integrated gecthermal system
can provide heating, cooling
and hot water for the entire
building without using backup
fossil fuel or an additional
chilter.

Other nearby buitdings are
easily connected to the earth
loop connected to an
integrated geothermal
system. This can provide very




part of the mechanical system costs.

Without using an earth loop, a conventional refrigeration plant requires the
use of a cooling tower to refect excess heat to the atmosphere. Electricity
to run fans and pumps is required to reject excess heat to the atmosphere.
Most conventional systems rely on a single brine circulation pump. If there
is a pump or pump motor failure the entire facility must be shut down. A
typical system uses q 20 - 30 hp circulation pump that may require a lead
time of up to several days before it can be installed, necessitating the
shutdown of the facility.

efficient heating, cooling, and
hot water to other buildings
without the cost of an
expensive earth loop.

A thermal ice storage system
is easily integrated into this
type of system to supply peak
air conditioning loads or
dehumidification capacity to
the buiiding.

The modular nature of the
integrated geothermal system
provides a high degree of
flexibility in operation. The
same equipment can
simultaneously chil ice,
provide space conditioning or
water heating and
dehumidification.

If the buifding heat
requirements are much
smalter than the refrigeration
loads, the use of an earth loop
reduces the size of the cooling
tower needed to reject the
excess heat to the
atmosphere. The temperature
of the earth loop can be
allowed to increase during the
day, and a smaller cooling
tower can be used at night
when cooler night
temperatures allow it to
operate much more
efficiently, often without the
need to waste water for
evaporation.

An integrated system is
typically serviced by a single
service contractor. This
simplifies fong term service
and maintenance costs.




Heat Transfer
Fluid

Calcium chloride salt brine or ethylene glycol is often used in facilities
with conventional refrigeration equipment.

Calcium chloride brine is very corrosive unless the pH of the fluid is
maintained within specified parameters. This fluid is a potential
liability in the event of a leak into the earth under the ice surface
because of potential ground water contamination.

Conventional refrigeration systems typically use open expansion
tanks, allowing oxygen to be absorbed into the heat transfer fluid.
Oxygen in the system accelerates corrosion of metals in the system
(circulation pump, chiller barrel, etc.) and increase maintenance
costs. An open expansicn system necessitates constant monitoring of
the heat transfer fluid to ensure it doesn’t become corrosive.

Ethanol, methanol or propylene
glycol is used in integrated
geothermal systems. These fluids
are approved for use in most
geothermal systems and
applications where there is
potential for leaks into the earth
under and around a building.
These fluids are much less
corrosive for eqguipment and
pumps than salt brines and reguire
much less attention from the
system operator.

The integrated system is a closed,
pressurized system, minimizing the
fluid maintenance reguirements.

Rink Floor
Design

Conventional thin floor slabk without the mass of “thermal storage
buffer” cannot hold ice for more than 12-18 hours.

Ice temperature is affected quickly as refrigeration plant is activated
or shut off, making ice temperature inconsistent.

Requires header trench at end of rink, making service of header more
difficult, or

Header trench buried under the ice surface makes service 1o the
header impossible in the event of a leak.

Low or medium density pipe with mechanicat connections to the
header is normally used, increasing potentiat of leaks of heat transfer
fluid.

Connections to the header of a traditional system are typically made
with mechanical fittings that can break or leak, increasing the
potential for downtime and costly repairs.

Steel or PYC headers is typically used, increasing potential for feaks
requiring service.

Thin rink floor design requires the use of a large brine pump (typically
20-30 hp). This increases the kWh consumption of the system and
increases the refrigeration load of the ice.

The design of a traditional rink floor requires a header trench at one
end of the ice rink. The location of the refrigeration plant can be
severely restricted by the header location.

Floor with “thermal storage buffer”
holds the ice for several days in the
event of power failure.

Maintains the ice surface
temperature very consistently.
Eliminates the need for header
trench at the end of the rink or the
need for an unserviceable header
under the ice surface.

Reduces the size of circulation
pumps needed to maintain ice
temperature. This reduces
electrical consumption and
reduces the load on the
refrigeration system by 8 —~ 12 %.
High-density fusion welded 160 psi
rated polyethylene pipe is tsed,
reducing potential of teaks.
High-density fusion welded HDPE
headers are used, reducing
potentiat for leaks.

System Energy
Consumption

It is difficuit to incorporate a large, single purpose chiller into an
integrated refrigeration/ HVAC system. There is typically no
modulating or staging capability because one or two large
compressors and a single circulation pump is used.

Without the use of an earth loop it is virtually impossible to store
adequate amounts of heat to be used later in the day. An additionat
heat source, typically a natural gas boiler, is required to provide the
necessary heat when refrigeration plant is not in operation making
ice.

Adding necessary controls, piping and heat exchangers needed to
use the refrigeration plant to build ice for air conditioning adds
significantly to the cost of the mechanical system.

Anintegrated geothermal system
is designed from the ocutset to
provide all of the refrigeration,
heating, cooling, and hot water
needs for the facility. The
modular nature of an integrated
system with a number of smaller
heat pumps offers a great deal of
flexibility in operation.

The use of thermal storage {in the
“thermal storage buffer,” the
earth loop, hot water storage




Without the use of the “thermal storage buffer,” the refrigeration
plant must be capable of supplying the peak chilling requirements
on demand. This requires larger compressors and larger circulation
pumps. Without the “thermal storage buffer,” the refrigeration
plant has no heat source at off peak times and cannot provide heat
for the building. Alternate heat sources must be activated,
increasing energy consumption and peak electrical demand.

tanks and in some cases ice
storage, greatly reduces the peak
electrical demands of the system,
and eliminates the need for fossit
fuel furnaces or boilers.

In some situations it may be
possible to connect other nearby
buidings, such as community
halls, swimming pools,
gymnasiums, offices, ete. to a
common earth loop. This can
reduce the overall cost of
installing an integrated system
while simultaneously increasing
overall system efficiency. This
presents the owner with the
opportunity of selling heating and
cooling energy taken from the ice
rink to reduce overall facility
operating costs.




Power Consumption
Ice Kube Versus Industrial Plant

The following is for a standard sized facility. Increasing or decreasing the design size would
effectively increase or decrease power consumption comparison on a relative hasis.

Industrial Plant Amps | Ice Kube Solution Amps
{2) 125 HP Compressors 264 (5) 18.75 TR Kubes 170
(1) 40 HP Cold Floor Pump 52 {4) 1.5 HP Kube Pumps 11
{1) 15 HP Condenser Pump 21 (1) 25 HP Cold Floor Pump (VFD Controlted) | 27 @ 100%
(1) ¥ HP Compressor Cool Pump 1 (1} 15 HP Condenser Pump (VFD Controlted) | 21 @ 100%
{1) 10 HP Cooling Tower Pump 14
Total | 338 | | Total | 243

o The lce Kube solution will draw 95 amps less than
an Industrial Plant while running. The peak
demand charge will be dramatically decreased by
the IKS solutions’ ability to start staging
compressors of 18.75 TR one by one. This ability
to do greater part load cooling will track and
maintain better ice temperatures,

Hube
Bystems







Overview of Public Private Partnerships

A number of regional communities have accomplished significant recreation
facilities development projects based on some type of partnering between the
municipality and a private entitv., and many more communities are actively
seeking to do so. Obvicusly this situation has resulted largely from constrained
municipal funding sources and an increasing demand for recreational facilities.
These public-private partnerships fall into one of two categories: partnering
with a private non-profit entity for use considerations, or partnering with a
private for-profit entity.

The carlicst cxamples of private public partnering are those between a
municipality and a non-profit organization for use considerations. The classic
example is the partnering efforts of Salve Regina College, which is “landlocked”
in Newport, RI, and Middletown, RI Public Schools which has funding challenges
and a sprawling athletic campus.  The College entered into an agreement with
the Town to develop a state of the art sports complex which includes a synthetic
turf field, and an all weather track and field facility on school property, and to
gift these facilities to the school in veturn for scheduling considerations. The
resultant complex has been a huge win-win for both entities. Going in an
opposite direction, the Town of Braintree, MA, in a budget cutting move turned
over operations and maintenance of its municipal ice arena to nearby Curry
College while retaining significant scheduling rights. There are dozens of
similar case studies in which municipalities partner with private, usually non-
profit organizations for the development of facilities under joint use agreements.

The more recent evolution of public private partnerships involve partnering
between a municipality and a for profit organization. Under these agreements,
the commercial for-profit organization is responsible for development, operation
and maintenance of a recreation facility (pool, ice arena, fitness center, indoor
sports field, tennis facility, etc.) for purposes of making a profit. In a typical
agreement the facility is developed on public land which is leased as part of the
agreement for a fixed number of years, typically taken as 50 years. In return for
the opportunity to develop and operate the facility, the municipality receives
some combination of favorable scheduling incentives, a favorable fee/rate
schedule, and/or the development of adjacent recreation facilities that arve gifted
outright to the Town by the developer. Incentives to attract the developer into
these municipal partnering opportunities include access to the land, a favorable
municipal permitting climate, favorable municipal tax incentives, and most
importantly a fixed population of facility users under the agreement.

One of the earliest examples of this type of for-profit partnering was authored by
the Town of Devens, MA. Devens was intent on the development of a golf course
as part of the Fort Devens redevelopment plan. The Town offered for a 50 year
lease a 250 acre tract of land for the development of a championship calibey golf
course by a for-profit golf developer. In return the residents of the town were



afforded a high quality goll course at a fixed schedule of rates. The resultant
Redtail Golf Course is considered to be one of the most outstanding facilities in
New England.

There are several for-profit recreation facility developers who have developed
synthetic turf athletic fields, usually under a bubble, on public land under ¢
public-private partnership agreement. The municipality can obiain scheduling
and fee incentives for these facilities. Alternatively they can require exclusive
use of adjacent fields also build by the private partner developer.

Under a third model, the town gets unrestricted use of the field facility during
apring summer and fall sports seasons, and turns the field back over to the
private partner after fall sports conclude. The private operator erects the bubble
and continues to operate the facility for indeor sports for a profit charging
market rate fees on public land. A company named -2 Sports (standing for
Outdoor Second Season) has completed two such projects and is currently in the
planning stages for potential projects in Canton and Sherborn, MA.

Regardless of which model the for-profit public private partnership follows, in
the Commonwealth of Massachusells, 1t is required to follow a public bidding
process.  Prospective recreational facilities develepers must respond to an REFP
which establishes the development program and standards and the basis of the
operational agreement (e.g. terms of the lease). In theory the RFP should also
for competitive responses from 3 or more comparable organizations / firms. The
REF must artieulate a criferia for award which may include a financial
component. The Town may then make an award to that respondent which it
deems to be in the Town’s best interest given the award criteria as promulgated
i the REP.

GNTLAT30MN report\public private partnerships 10-12-10.doc



