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Abbreviations and Acronyms

Abbreviations and Acronym ’ Description
DHW Domestic Hot Water

EE Energy Efficiency

GET Gas Emerging Technologies

HWH Hot Water Heating

[IHF International Ice Hockey Federation
NHL National Hockey League

VWT Vortex Water Treatment

Terms are defined in the Glossary section on the following page.
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Glossary

Pad: the surface of an ice rink on which resurfacing activities occur.
Resurfacing: applying layers of water to pads to build sheets of ice.
Resurfacing machine: a vehicle driven across rinks to resurface pads (e.g. Zamboni).

Rink: the part of an arena serving users for ice sports and recreation; arenas can have single
rinks or more than one rink.

Rink de-aerator: hardware integrated into an ice arena’s water piping infrastructure that
generates a vortex to remove air bubbles and particulates from water.

Vortex water treatment: removes bubbles and impurities from water by isolating them in a
low-pressure zone.
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Executive Summary

The intent of this GET project was to investigate gas energy efficiency measures related to
ice arenas in California. This market and technology study investigated the potential for new
EE measures for ice arena resurfacing, snow melt pits, space heating, and dehumidification
systems.

The project was completed through insights gathered via literature review, stakeholder
interviews, and site visits. The project team engaged various stakeholders from Investor-
Owned Utilities (IOUs), ice arena facility managers, vendors, professional service providers,
industry associations, and efficiency program implementers to document the current
industry practices and existing market barriers in adopting emerging natural gas saving
technologies in California. By understanding how and why industry stakeholders make
decisions, the existing barriers are more distinctly defined, and solutions can be developed
to address the barriers. The intent of this report is to assess the ice arena market to
determine savings potential, how program intervention strategies can help achieve that
potential, and recommend a course of action.

Project Findings

= The ice arena market in California is small (<60 facilities) making the potential for
deemed measures less feasible than custom measures.

= Average annual natural gas usage for California ice arenas is 44,816 therms. Small and
medium recreational single- and multi-pad rinks use 12,571 and 13,444 therms per
year on average, while large professional multi-pad rinks have much higher average
usage of 205,168 therms per year.

= A proposed measure table explores three emerging ice arena natural gas efficiency
technologies with estimated energy benefits ranging from 75% to 100% reduction in
energy usage for ice resurfacing.

= Savings opportunity for new ice arena efficiency measures will be the greatest for
single-pad rinks—a market segment representing 80% of California ice arenas and
540,553 therms of natural gas usage.

= Presently the prevailing ice resurfacing practice is to use 100—-155°F water for ice
resurfacers. This presents a significant opportunity for the adoption of vortex water
treatment (VWT) systems.

= Most ice arena refrigeration plants currently do not include heat recovery. Waste
heat from refrigeration plant condensers can be leveraged to heat resurfacer water,
among other end-uses such as domestic hot water (DHW) systems, rink subfloor
heating, space heating, and dehumidification.

©ICF 2024 1
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= Most ice arenas currently fill ice resurfacers manually, resulting in the possibility of
resurfacer overfilling, wasting both water and energy.

Project Recommendations

The GET Program recommends a new custom offering for two ice arena technologies:
vortex water treatment and floodwater heat recovery. Floodwater heat recovery was found
to have highly variable payback, depending on refrigeration plant design and
implementation cost, and is most likely to be viable as an add-on to planned full plant
replacements. A third ice arena product, automatic resurfacer fill, is promising, and further
testing is recommended, but savings are too low to justify a standalone custom offering,
and due to the small market size, it may not be worth the effort for measure package
development. See the Conclusions and Recommendations section of this report for
technology details.

©ICF 2024 2
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Introduction

Ice arenas are a central gathering place for recreation and athletics across the world. Sports
like figure skating and hockey, played at the professional and club level, require facilities for
practice and venues for public spectators. Seasonal outdoor ice rinks can serve smaller
communities, but indoor ice arenas offer year-round use with ice of the highest quality.

Indoor ice rinks have a California origin story. The popularity of ice skating rose in the 1920s,
and after building an indoor ice rink in 1940, Frank Zamboni invented the first ice resurfacer
to reduce ice resurfacing labor from a crew of five working for an hour and a half to one
person working for fifteen minutes. By 1954, Zamboni machines were mass produced and
served the 1960 Winter Olympics in Squaw Valley, California [1].

The state’s 54 ice arenas impact thousands of people in communities across California. As
the ice arena facilities of California are modernized for the next generations of athletes and
spectators, natural gas efficiency technologies have emerged that offer solutions for facility
operators while also resulting in energy savings.

Implementing cost-effective efficiency measures in ice arenas is challenging for the energy
efficiency industry. The scope of this study involved the following components:

=  Estimated number of ice arenas in California
= Natural gas usage by ice rink type

= Surveys and interviews with industry stakeholders: ice arena facility managers, IOUs,
efficiency program implementers, vendors, and industry associations.

= Analyses of industry norms, energy savings potentials, and greenhouse gas (GHG)
reduction

= Evaluation of ice arena technologies that should be optimized for program delivery.
* Recommendations of proposed incentive design

= Proposed next steps for increasing ice arena customer participation in energy
efficiency (EE) incentive programs.

= Considerations for future projects and follow-up recommendations
This study focused on several systems impacting natural gas usage in ice arenas:

= |ce resurfacing infrastructure
= Opportunities for heat recovery

= Space heating and dehumidification equipment

©ICF 2024 3



Ice Arena Vortex Water Treatment Market & Technology Study ET23SWGO006

Maintaining optimal ice rinks conditions is central to the purpose of ice arenas, and the
equipment used to resurface ice, melt snow, and maintain space temperature and relative
humidity is responsible for the majority of natural gas consumption. Traditional approaches
used for resurfacing rinks, recovering heat, and conditioning spaces for athletes and
spectators can be optimized with emerging technologies. Table 1, below, shows the
emerging technologies that were evaluated in this study.

Table 1: Summary Table of Evaluated Emerging Technologies and New Products

Technology Category ’ Brief Description
Ice Resurfacing Vortex Water Treatment
Ice Resurfacing Floodwater Heat Recovery
Ice Resurfacing Automatic Resurfacer Fill
Snow Melt Pit Snow Melt Pit Heat Recovery

©ICF 2024 4
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Market Overview

In 2023, there were 54 ice arenas operating year-round across the state of California [2][3].
Prior to 2020, California had more than 100 operating ice rinks, but many closed during the
COVID-19 pandemic [4][5][6]. The market potential for the California ice arena natural gas
customer segment is relatively small.

Figure 1, below, shows the geographic distribution of California’s indoor ice arenas. This
excludes rinks that are seasonally operated outdoors.

Figure 1: Geographic Distribution of California Ice Arenas
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Indoor ice arenas can be categorized into three arena types: standalone single rinks,
standalone multi-rinks, and multiplex sports complexes/professional sports venues.

GET research team analysis of California rink listings found that in 2023, 80% of California
ice arenas were standalone and 20% were multi-sport complexes or professional sports
venues. Multiplexes may incorporate concert venues and ice rinks may be temporarily built
up and taken down to use the same space for performances or other sports, like basketball.

An arena can have a variety of rink sizes: small studio rinks may be used for recreational
skating and club sport practice, while larger National Hockey League (NHL) and Olympic
rinks are used for recreational skating, club and professional sport practice, and spectator
events. Olympic rinks are 100 ft by 200 ft; NHL rinks are smaller (85 ft by 200 ft).

©ICF 2024 5
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Space Heating

Up to 70% of ice arena gas consumption is driven by occupant comfort and humidity
control [8]. Many ice arenas maintain space temperatures of 55-60°F. Space temperatures
are kept below 65°F to prevent melting rink ice. The NHL standard for arenas is an air
temperature of 60°F with a dew point of 32°F [10]. These target environmental conditions
reflect a 35% relative humidity; ice rinks often need dehumidification equipment to prevent
rink fog and condensation dripping from the ceiling [11].

Precooling rink spaces to 55°F before occupants fill the stands is common to ensure good
ice quality throughout the third period of hockey games. In Canada, ice rinks that have
reduced air temperature from 60°F to about 40°F have realized overall energy savings of
25%—50% [7].

Ice Resurfacing

Resurfacing ice rinks accounts for 14%-17% of ice arena natural gas consumption. Ice arenas
usually have at least one resurfacing machine per pad. NHL regulations require two ice
resurfacing machines to run concurrently between each period in hockey games [12].

Ice resurfacing equipment is critical to achieving optimal rink conditions in ice arenas. Ice
resurfacers build and maintain a 1.5-inch-thick skating surface on ice rinks. Figure 2 below
shows the layers of materials and refrigeration components in a typical ice rink [8].

Figure 2: Ice Rink Section Diagram

SKATING SURFACE

Figure 3 shows the major functions of an ice resurfacer; components labeled 7 (ice making
tank) and 8 (conditioner) are those that store ice making water and resurface the ice [13].
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Figure 3: Ice Resurfacer Operation, Zamboni
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to the tank. B ——

Rink ice quality determines ice resurfacing system performance. Ice quality generally refers
to the hardness of the ice; high-quality ice is hard and does not generate a lot of snow
when skaters play sports on the rink. Judgement of ice quality is typically subjective, by rink
operators visually observing a) the buildup of snow and b) gouging on the ice surface as a
result of use by athletes and their skates.

A 2010 Southern California Edison (SCE) field demonstration used Schmidt Hammer testing
to empirically show that REALice-treated water produced measurably harder ice than the
field study’s baseline (however resurfacing with untreated cold water was the baseline) [21].
A pilot study conducted by Fortis BC at several rinks in Canada included subjective
feedback from rink operators, who did note that REALice-treated ice appeared to be harder
and produce less snow compared to a hot water baseline [22].

Slush Melting

After ice rinks are resurfaced, slush is scraped off and melted passively or actively. For each
active rink in an ice arena, 1,000 — 1,600 pounds of slush can be generated every 45
minutes [12]. Some facilities take slush outside the arena and dump in nearby areas such as
parking lots to melt, but this approach is not allowed in some jurisdictions and has
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disadvantages such as health hazards to rink operators from ice shavings bacteria buildup,
increased energy usage due to heat losses, and increased humidity in the arena from
outside air infiltration.

Heat to melt slush in a special ‘snow melt’ pit can come from various sources [9][12]. Using
hot water to melt the snow increases facility energy usage [14][15].

Heat retained from standing water in the snow melt pit should sufficiently melt a load of
snow. Pit water temperature can be maintained via cold or hot domestic water supply,
waste heat from the refrigeration plant (on recirculating systems), or waste heat from
jacket-cooling water from ammonia compressors; approximately 300,000 Btuh of waste
heat at 70 — 80 °F is recommended for one rink to melt snow as it is dumped from the ice
resurfacer [11][12][16].

Ice Arena Energy Consumption

This section discusses ice arena facility energy use and an initial analysis of natural gas
usage for California ice arenas.

Figure 4 below shows that energy for domestic hot water and ice resurfacing accounts for
7% of an ice arena’s annual total site energy use [7].

Figure 4: Ice Arena Energy Use, ESOURCE with data from ASHRAE

A. Inefficient ice rink energy use

Other
Fans 3% Subflcza%r heat

5%

Domestic hot

water and
Pumps Heating
% 42%

surfacing
Lighting

T%
1%

Refrigeration
23%

® E Source; data from ASHRAE. Notes: The "Water heating” category includes domestic
and surfacing water uses. The "Other" category combines all uses that consume less than
5% of the overall energy use in the inefficient ice rink, including subfloor heating.

Figure 5 below describes the proportion of annual natural gas used for the primary natural

gas end uses in ice arenas: space heating, ice resurfacing (“Warm water”), and slush melting
(“Melting the snow”) [8][9].
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Figure 5: Ice Arena Natural Gas End Uses, International Ice Hockey Federation

HEAT

B Space heating, 67 %
Warm water, 17 %
Melting the snow, 16%

Incumbent Ice Arena Resurfacing Technology

This section discusses ice arena industry practices and baseline ice resurfacing technology
in use at ice rinks in California.

Resurfacers keep the skating surface clean and smooth by scraping waste ice from the
surface of the rink and spreading floodwater across the surface to make new ice. Ice making
water tanks are filled with 30 — 100 gallons of water. Refrigeration systems chill the
concrete pad beneath the ice to freeze the floodwater.

The size of ice arena hot water heating systems can be influenced by 1) the number of
floods per day needed to serve each pad, and 2) the target water temperature for ice
making water. Ice resurfacers create a base layer of ice and are typically used 6 — 12 times a
day to resurface the ice for around 12 hours a day on weekdays and 16 hours a day on
weekends. This activity is usually required for 36 — 48 weeks a year, when the arena is being
used for sports and recreation [8].

Water for ice resurfacing is traditionally heated to 130 — 140 °F, but ice resurfacing may use
water heated to temperatures ranging from 120 — 160 °F. The US Rink Association indicates
using 140°F — 160°F for ice making water [17]. The primary manufacturer of U.S. resurfacing
machines in Zamboni [18].

Table 2 below describes the incumbent technology used in California ice arenas to perform
resurfacing activities.

©ICF 2024 9
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Table 2: Existing Ice Resurfacing Technology Serving Ice Arenas

Technology Category Incumbent Technology ‘ Operating Characteristics
. . . 100 - 155 °F water serving ice
Ice resurfacing Hot water heating equipment . .
resurfacing machine

Floodwater heated from Floodwater plant does not
Floodwater heat . . . .
T groundwater temperature without | exchange heat with refrigeration

preheat plant

. . Arena operator fills resurfacer using

Resurfacer water fill Manual resurfacer fill

a hose

Refer to Appendices A-C for energy models demonstrating the typical inputs for a
California ice arena’s resurfacing machines and hot water heating equipment.

©ICF 2024 10
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Background

This section describes the results of a literature review and describes the history of several
emerging ice arena natural gas efficiency technologies, their energy benefits, and factors
affecting adoption.

The field of ice arena resurfacing has several promising emerging technologies that are
novel, innovative, not yet widely adopted in the California market, and offer natural gas
savings. Table 3 below summarizes the ice resurfacing technologies identified for further
investigation.

Table 3: Emerging Ice Arena Resurfacing Natural Gas Efficiency Technologies

Resurfacing Natural Gas

Emerging Technology Baseline Technology Savings Potential

Vortex Water Treatment (VWT) Floodwater sourced from hot

. water boilers or hot water 79 —100%
applied to cold floodwater
heaters
Floodwater preheated via heat No heat recovery for resurfacer More than 75%

recovered from refrigeration plant | floodwater

Varies by size of ice
Automatic resurfacer water fill Manual resurfacer water fill resurfacer and flood
frequency

The following sections describe the technology’s applicable market segments, applications,
history and evolution, benefits compared to baseline, energy savings potential, and non-
energy benefits.

See Appendix G for a detailed measure table describing measure application type, measure
costs, therms savings, avoided greenhouse gas emissions, cost savings, efficiency
improvements, payback period, and useful life.

©ICF 2024 l
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Vortex Water Treatment

Most ice rinks boil water to remove dissolved gas before resurfacing the rink. VWT can
remove air bubbles passively by creating a vortex in the water line that isolates bubbles in a
low-pressure zone, removing them from the water. This results in harder, smoother ice that
requires less maintenance. Vortex-treated water has fewer impurities than boiled water and
can freeze at a higher temperature, which also provides refrigeration electricity savings.

VWT technology was developed in Europe and has 70 — 80 installations across the United
States, with most clustered in New England and only 3 installations in California.

Figure 6: Vortex Water Treatment Rink De-Aerator, REALice

[ High Velocity Stream

[ Toroidal Performer [ [ Vortex Chamber

REALTCE r10x

Figure 6 above shows an example of a vortex water treatment (VWT) system serving an ice
arena; the 3D-printed nozzle is referred to as a ‘rink de-aerator’. Recreational and municipal
ice rinks are the market segments most likely to use VWT for ice resurfacing applications.
Multiplex sports arenas and ice arenas serving NHL games may apply this technology but
may have less potential for energy savings. This is because multipurpose arenas have rinks
with lower annual hours of use as the same space is used for multiple sports.

Historic Capital Costs

Figure 7 on the following page demonstrates that capital costs in 2022 to install a de-
aerator system for a three-rink facility in San Diego, California were estimated to be $61,343,
or $20,448 per rink [20]. Table 4 below summarizes the average capital costs from VWT
projects completed in 2017 — 2022 in four states in the United States (including California)
and one province in Canada [21] [22] [23] [24].
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Table 4: Historic Average Vortex Water Treatment Capital Costs

Emerging Technology Average Capital Costs

Vortex Water Treatment (VWT) applied $26,346 per rink
to cold floodwater

Figure 7: San Diego, CA Rink Savings Profile, REALice

Rev: 35 - August 3,2022
’ i CYPRESS LT D
rReaL 1CE San Diego ©

Rink Savings Profile

Estimate: Energy Savings and Utility Incentives

Description Rink 1 Rink 2 Rink 3 Totals
Electric Savings YR. 1 $14,111 513,920 54,161 §32,192
Natural Gas Savings YR.1  $6,725 57,398 52,242 516,365
Total YR. 1 $20,836 521,318 $6,403 548,557
1.5% Annual Average Utility Rate Increase  Rink 1 Rink 2 Rink 3 W With REALICE you resurface without needing hot water. It
Number of days per week the rink is in operation 7 7 7 removes the micro air bubbles that are in the water - the same
Number of resurfaces per day 15 15 10 .micro air l.)ubbles you're getting rid of when you heat that water
Number of shutdown weeks per year 0 0 o in your boiler to 140°F (or often hotter).
Ave. Gallons of water used per resurfacing 100 110 50 [ Significant reduction in water heating costs - saves Natural Gas
Incoming cold water temperature (°F) 55 55 55 Takes less energy to freeze cold water than hot. This allows the chiller
Current resurfacing water temperature (°F) 140 140 140 system to operate at a higher brine temperature, reducing the overall
compressor run time reducing energy consumption.
Average Electricity rate (5/kWh)  $0.20  $0.20 $0.20
Average Natural Gas rate ($/Therm) $1.14 51.14 $1.14
Rink size oLy NHL SML
Expected Brine temp increase over baseline (°F) ——> 2 2 2 Simple Payback
$61,343 = 1.3 Yrs
548,557
Year One Energy Savings 548,557 Gas + Electric avoided costs. Reduced monthly bills
10 Year Energy Savings $519,690  Utility rates escalated at 1.5% per year Savings Summary
6 Month Cost of Delay $24,278 <--Lost Savings as a Result of Waiting Total Energy Saved/Yr: 160,959 kWh
Resurfacing Only 82,892 kWh
sr e Temp Rt 8067 kowh
Maonthly Monthly Net Monthly Natural Gas Saved/Yr: 14,355 Therms
Term Savings Payment Cash Flow Est. kW Offset/Yr: 18.4 kw
24 $4,077 $2,513 $1,564
36 $4,107 $1,751 $2,357
48  $4138 $1,384 $2,754
Total Cost of Project 561,343

(Including system, shipping, duties & taxes)

Historic Energy Savings Analyses

Figure 7 above also demonstrates VWT energy savings analysis for the San Diego three-rink
facility modeled by REALice. Annual natural gas savings of 14,355 therms were estimated for
the three-rink system based on 70 floods per week for the smallest rink and 105 floods per
week for the NHL- and Olympic-sized rinks, equal to an average of 4,785 therms per rink
[20]. Table 5 below summarizes the average annual natural gas savings from VWT projects
completed in four states in the United States and one province in Canada [20] [21] [22] [23]
[24].

©ICF 2024 13
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Table 5: Historic Average Vortex Water Treatment Natural Gas Savings

Emerging Technology Average Annual Natural
Gas Savings

Vortex Water Treatment (VWT) applied 3,178 therms per rink
to cold floodwater

A 2010 study completed by SCE identified annual electrical energy savings of 4.6% at the
Channel Islands Ice Center in Oxnard, CA. This equated to annual electricity savings of
21,000 kWh for the two-rink facility. It is important to note that this facility already used
untreated cold water for resurfacing activities. Electricity savings were primarily due to
REALice treated water allowing water to freeze at an increased brine temperature [21].

Total resource benefit for VWT systems includes electrical savings. Electricity savings are
achieved due to the reduction in refrigeration load during resurfacing operations (for
facilities using hot water resurfacing as a baseline). A pilot study by FortisBC found an
average electrical savings of 22,400 kWh/year (28% savings) across three single-rink
facilities using hot water as a baseline for resurfacing [22].

Floodwater Heat Recovery

CIMCO refrigeration has completed several heat recovery retrofit programs in Canadian ice
arenas and reports average ROl of 8 — 15 years. This value is highly variable and is
dependent upon refrigeration system type, energy price and facility location [31].

Most rinks operating in California waste substantial heat through the refrigeration
condenser and the building’s exhaust air. Heat recovery systems have the potential to
harness the energy from this waste heat for domestic hot water (DHW) systems, rink
subfloors, floodwater, cold outdoor air, or snow melt pits [32][33]. This technology functions
by using heat exchangers on outlet air and water streams, and by using the refrigeration
equipment as a heat pump to preheat inlet air and water streams.

Heat recovery potential varies significantly depending on refrigeration system design.
Ammonia refrigeration systems typically condense around 100°F, allowing 90-95°F water to
be generated through heat recovery. While this would significantly reduce the load on
natural gas water heaters, additional heating would still be required at most facilities using
hot water for resurfacing. Transcritical CO, refrigeration systems can condense at
significantly higher temperatures, allowing 140°F water to be generated through heat
recovery, which would allow the use of natural gas water heaters for resurfacing to be
eliminated entirely at many facilities.

A general study on Canadian rinks as reported by ASHRAE estimated the energy savings
potential of implementing heat recovery systems on HVAC, subfloor heating, DHW, and
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floodwater systems [34]. These values are reported in Table 6 below as percent energy
savings from a typical facility operational baseline.

Table 6: Estimated Energy Savings through Ice Arena Heat Recovery Systems

Annual Natural Gas Total % Decrease in
Heat Recovery System Savings (therms) Facility Energy Use
Preheating of cqld .outdoor air for 5,826 13%
ventilation
Whole facility space heating 10,755 24%
Subfloor heating 896 2%
Preheating of DHW and Resurfacing water 3137 7%
Total Potential Savings 20,615 46%

3.1.2.1 Heat Recovery Case Studies

The Bentley arena in Waltham, Massachusetts upgraded their arena to recover heat for
subfloor permafrost prevention, DHW preheating to 110°F — 130 °F, and snow pit melting.
Beyond reducing their direct energy consumption for heating, the upgrade also led to
decreased opening of the rink garage door to bring out slush for melting, further reducing
energy consumption from wasted conditioned air exfiltration. The arena was able to achieve
30% heat recovery with this system [32].

At Upper Canada College in Toronto, Ontario, a heat recovery system was implemented to
harness waste heat from the refrigeration system to heat the subfloor, melt the snow pit
and heat the resurfacing water. This upgrade resulted in 32% reductions in operating costs
[32].

Automatic Resurfacer Fill

Ice resurfacers are typically refilled manually, using a hose extension from dedicated water
heaters. This strategy incurs the potential for human error through manual resurfacer fill
where water can overflow, wasting both energy and water [35]. One company estimates
that 15 minutes of hot water waste per day would add up to 1,373 therms and $1,500
annually in associated energy and water costs. To avoid this costly waste, rinks can employ
automated resurfacer filling systems which cut off water flow when resurfacer filling is
completed.

Automatic resurfacer fill controls systems range from $900 - $1,300, which can result in
payback periods less than one year [36]. Analysis performed for this study using California
rink characteristics demonstrates that payback periods can be longer (closer to three
years).
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Assessment Objectives

This section describes the diverse approaches taken for stakeholder outreach and
engagement for this market and technology study.

This part of the project is a technology assessment that examines new measures that may
remove market barriers and improve market penetration. To characterize the state of the
ice arena market in California, surveys, interviews, and site visits were conducted as part of
this study to gain insight from various stakeholders across the ice arena market. Data
analysis was performed to determine the energy savings over the incumbent technology.

Customer Surveys

The objective of conducting customer surveys was to collect information about their
installed HVAC systems and previously implemented energy efficiency measures. The
survey also aimed to collect data regarding the type of facility (single-pad rink, multi-pad
rink, or professional sports venue), size of facility, and activities happening on the ice.

Stakeholder Interviews

The objective of conducting stakeholder interviews was to corroborate information
gathered from customer surveys and site visits by gathering insights from industry subject
matter experts working closely with ice arena facility managers in California. Interviews also
aimed to collect additional data on emerging technologies, their applications, and
recommended measure approach. Some interviews uncovered information about industry
standard practice (such as ASHRAE guidelines) and relevant studies completed by other
utilities and efficiency programs.

Customer Site Visits

The objective of conducting site visits at facilities across California was to corroborate
information gathered from customer surveys and interviews by gathering insights from the
field and documenting ice rink resurfacing, hot water heating, and space heating and
dehumidification system characteristics. Site visits also aimed to identify energy efficiency
opportunities, collect information about the level of adoption of emerging technologies and
identify ice arena-specific barriers to implement energy efficiency projects.
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Technology Evaluation

This section summarizes the outcomes of stakeholder outreach and engagement activities.

Table 7 below summarizes the results of the assessment mechanisms. Target response
rates for surveys, interviews, and site visits were achieved. ERI surveyed eleven (11) ice arena
facility managers, interviewed six (6) ice arena operators and industry stakeholders, and
visited four (4) ice arenas between December 2023 and February 2024.

Table 7: Stakeholder Engagement Summary

Stakeholder

Engagement

Instrument

Outreach Individuals Number of Target

Mechanism Contacted Respondents | Achieved Response Rate
Energy Data
Analysis
Confidential data N/A N/A 12 N/A N/A
request by SoCal
Gas
Surveys 10 106 1l Exceeded 10.3%
Email
Interviews 9
ERI Contacts 5 56 6 Exceeded 10.7%
Site Visits . o
ERI Contacts 4 60 4 Achieved 6.7%

The following sections share key findings regarding the emerging technologies identified for
further program evaluation.
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Annual Energy Use Analysis

Annual energy consumption and cost data for 2021 and 2022 across twelve (12) ice arenas
was analyzed to determine typical usage trends and assess natural gas rate as an input to
energy savings calculations.

Natural gas consumption at the annual level demonstrates the range of usage of California
ice arenas. Refer to Appendix F for anonymized natural gas consumption and cost analysis
for arena cohorts representing each size of rink. Table 8 below summarizes average therms
for ice arenas by rink type.

Table 8: Average Annual Natural Gas Consumption of California Ice Arenas, 2022

Ice Arena Type Arena Count Average Annual Therms
Recreational Single-Pad (Small) 8 12,571
Recreational Multi-Pad
(Medium) 2 13,444
Professional Multi-Pad (Large) 2 205,168

Weighted Ice Arena Average
Annual Natural Gas 12 44,816
Consumption

Table 8 above demonstrates the wide range of natural gas usage of ice arenas. Single-pad
recreational ice rinks, the most predominant ice arena type in California (by facility count)
have the lowest annual natural gas consumption. Professional sports venues have the
highest annual natural gas consumption. Recreational multi-pad rinks have annual natural
gas consumption closest to the average for the industry.

Table 9 below describes the savings potential of each rink type are reported as
percentages of the total California ice arena market potential. It can be seen that savings
opportunity for ice resurfacing efficiency measures will be the greatest for professional
rinks, a market segment represented by a small number of facility managers operating five
or more facilities. Though this arena type represents a smaller population, a focus on
professional sports venues could result in significantly higher savings per facility.
Recreational single-pad rinks present the second largest savings opportunity for new ice
resurfacing measures, as the market segment represents 80% of ice arenas in the state.

Table 9: Gas Consumption Savings Potentials of California Ice Arenas

Ice Arena Type Therm Savings Potential

Recreational Single-Pad (Small) 31.5%
Recreational Multi-Pad (Medium) 4.2%
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Ice Arena Type Therm Savings Potential

Professional Multi-Pad (Large) 64.3%

To generate California-specific energy savings estimates for recommended ice arena
emerging technology measures, the ice arena customer average for annual natural gas
consumption is applied to several of the measures in the measure table in Appendix G.

Customer Surveys

See Appendix D for the questionnaire provided to survey respondents.
Figures 9 - 11in this section illustrate data collected from the survey respondents.

An online survey garnered eleven (11) responses from arena managers who provided
feedback from October 2023 to January 2024. Respondents represented ice arenas across
eight (8) California climate zones (CZ2, CZ3, CZ11, CZ7, CZ8, CZ9, CZ13, CZ16). The oldest
arena represented in the survey was built in 1940 and underwent a retrofit in 2021. The
average age of respondents’ rinks is 39 years; the average facility size represented is
215,214 square feet and the median size is 60,000 square feet. Figure 8 below and Table 10
on the following page represent survey respondent facility demographics.

Figure 8: Breakdown of Californian Ice Rink Types from Survey Results

Professional Rink
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Table 10: Use Cases of Californian Ice Rinks from Survey Results

Use Cases of Ice Rinks Section of Californian Market

Hockey 91%
Recreational Skating 82%
Club Figure Skating 73%
Curling 27%
Speed Skating 18%
Hosting NHL practices 18%
Hosting NHL games 9%
Non-Ice Sports and Events (e.g. Basketball, Concerts) 27%

Respondents’ operating ice arenas for recreational and club sports are open an average of
5,680 hours a year while respondents operating professional sports venues and practice
facilities are open an average of 5,096 hours per year.

Ice Resurfacing and Snow Melt Pit Baseline

Every survey respondent uses ice resurfacers and 88% use snow melt pits. For a review of
ice resurfacing and slush melting processes, ice resurfacing machines, and the purpose of a
‘snow melt pit’, see the Market Overview section above.

Figure 9 below demonstrates that the average number of ice resurfacers serving ice rinks at
California ice arenas is two (2).

Figure 9: Ice Resurfacers Serving Survey Participant Ice Rinks
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Figure 10 below shows the typical ice rink flooding schedule for ice resurfacing activities.
45% of respondents report flooding rinks for ice resurfacing an average of ten (10) times per

day.

Figure 10: Survey Participant Ice Rink Flooding Schedule

6 - 8 floods
per day

T -

9-1 floods
per day

12-14 floods
per day

15+ floods per
day

0% 10% 20% 30% 40% 50% 60% T0% B80% 90% 100%

Figure 11 below shows the box whisker plot of supply water temperature across survey
participants. It also demonstrates the diverse industry practice for ice resurfacer supply
temperature. Hot water is used by 73% of respondents while 27% use cold water. Of the
survey respondents, 91% do not use Vortex Water Treatment systems to treat supply water
for ice resurfacers. For those using hot water, the average supply temperature is 131 °F and
the median temperature is 125 °F. Additionally, 18% of respondents recycle water from the
arena’s snow melt pit to serve ice resurfacers.
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Figure 11: Supply Water Temperature Serving Survey Participant Ice Resurfacers
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Hot Water Heating System Baseline

The baseline for hot water heating (HWH) equipment serving ice arenas is an important
input to energy savings calculations for ice resurfacing and snow melt pit efficiency
measures including Vortex Water Treatment.

Natural gas hot water heaters or boilers are used by 88% of survey participants to serve ice
resurfacers; heat exchangers serve 11% of respondents’ ice resurfacing hot water supplies.
Figure 7 below demonstrates the range of HWH equipment age in use at California ice
arenas. The average age of ice rink HWH equipment is 14 years.
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Stakeholder Interviews

Conversations with industry subject matter experts complemented findings from customer
surveys. Equipment vendors and industry organizations were interviewed to understand
emerging technologies and new products. Ice arena managers were interviewed to gather
qualitative feedback on maintaining quality of the? ice and the impact of resurfacing with
VWT systems.

This section anonymizes interviewee affiliation by using industry segment and a unique
letter to identify each subject matter expert.

Vortex Water Treatment Systemm Commentary

The Industry Association A educates ice arena managers in industry best practices. When
covering ice resurfacing water concepts, Industry Association A educates ice arena
managers about vortex water treatment (VWT) systems with an emphasis on
disadvantages of using cold water for resurfacing. The benefits of vortex water treatment
may not be covered comprehensively. Findings from the literature review also suggest that
most ice arena operators use hot water for ice arena resurfacing to ensure high-quality ice
for rink activities as they were trained to do so. Findings from surveys also support the
conclusion that ice arena managers are primarily concerned about resurfacing system
performance (ice quality) and may be hesitant to implement VWT systems for efficiency
benefits if they are not confident that they can maintain consistently great ice quality.

Manufacturer A sees skepticism in the California ice arena market about the impact of VWT
on ice resurfacing system performance and maintenance of consistent ice quality.
Manufacturer A also mentioned that NHL regulations may require professional hockey
venues to resurface ice with hot water [18]. We could not find this requirement in the NHL
Official Rules 2023 — 2024, section 1.10 on Ice Cleaning. The rules note that “Specific and
technical guidelines for the above procedures are available from the NHL Hockey
Operations Department and are distributed when updated to the arena managers as
required” [19]. Findings from the literature review suggest that these technical guidelines
may impact less than 20% of California’s 54 ice arenas (around 11 facilities). Findings from
surveys show that 9% of respondents host NHL games on their ice.

Insights from ice arena managers focused on ice quality and funding for efficiency projects.
Ice Arena Manager A shared that they have “good ice and whatever they do, they don't
want to screw up the sheet”. Ice Arena Manager B described an unsatisfactory historical
experience with efficiency programs but shared that they want to decrease natural gas
consumption and get incentives for saving energy. Ice Arena Manager C said that funding
for efficiency upgrades comes from their municipality’s budget. Findings from surveys are
described further in the Potential Barriers in Measure Implementation section of this report.
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Site Visits

Site visits and discussions with facility managers at ice arenas in California complemented
findings from customer surveys and industry stakeholder interviews. Equipment and
systems serving four facilities were observed in the field. Table 11 below describes the four
(4) ice arenas visited in November - December 2023 and building system characteristics
influencing natural gas savings opportunities in ice arenas.

Table 11: Building System Summary for Visited Sites

Location

Ice
Resurfacer

Equipment

Hot Water
Heating

System
Serving Ice

Resurfacer(s)

Water
Temperature
Serving Ice
Resurfacer(s)

ET23SWGO006

Heat
Recovery
on

Floodwater

Arena | Recreational | San Diego | (2) 200-gal (4) natural gas .
. tankless water 120 °F No
#1 Single Pad Cz7 resurfacers
heaters
Arena Recreational ko3 (1) 200-gallon (1) natural gas o
. Angeles tankless water 96 °F No
#2 Single Pad resurfacer
Cz9 heater
. . (2)120-gallon (2) natural gas
Arena | Recreational | San Diego | resurfacers tank water 100 - 120 °F No
#3 Single Pad Cz7 filled to 80
heaters
gallons
. South (1) 100-gallon @) el s
Arena | Recreational | Lake resurfacer, (1) tank water 155 °F Ves
#4 Single Pad Tahoe 200-gallon
heaters
Cz16 resurfacer

One to two ice resurfacers were used by ice arenas visited; most arenas use electric
resurfacing machines with hot water provided through natural gas heaters. The breakdown
of energy type for ice resurfacers is demonstrated below in Figure 12. Most ice arenas fill
their resurfacers manually. All the ice arenas visited used hot water for ice resurfacing
activities. One of them used heat recovered from the refrigeration plant to serve ice
resurfacing activities. None of the ice arenas visited used Vortex Water Treatment systems.
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Figure 12: Energy Sources for Ice Resurfacers in California
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Dehumidification equipment and snow melt pit heating systems also drive natural gas
usage at ice arenas visited and present other space heating and water energy efficiency
opportunities alongside ice resurfacing efficiency measures.

Refer to Appendix E of this report for detailed site visit reports for each facility.
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Results

This section summarizes the results of ET23SWGOOBG, the Ice Arena Vortex Water
Treatment Market & Technology Study.

Online customer surveys were conducted to collect valuable information about ice arenas
and implemented energy efficiency measures. Surveys also aimed to collect data regarding
the type and capacity of ice rink resurfacing equipment system, energy usage, and barriers
to efficiency projects. Eleven (11) California ice arena facility managers responded to the
online survey.

Ice arena facility managers, manufacturers, and industry organizations were interviewed to
understand emerging technologies and new products in ice rink resurfacing applications.
Six (6) industry stakeholders were interviewed between October 2023 and February 2024.

At the site visits, measures such as heat recovery were found to be more prevalent
compared to other measures. During December 2023 — February 2024, four (4) site visits
to ice arenas were completed.

One (1) potential custom ice arena measure and one (1) potential deemed ice arena
measure were derived from the findings of surveys, interviews, and site visits and further
analyzed for energy savings, measure cost, and useful equipment life.
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Discussion

This section explores the impact of the technology assessment’s results on the ice arena
market and key industry stakeholders including California IOUs.

Measure Table
The inputs from the literature review, surveys, interviews, and site visits were used to create

a measure table.

See Appendix G for the detailed measure table describing measure name, Measure
Application Type (MAT), estimated energy savings, applications, cost effectiveness and
measure costs.

Refer to Table 12 below for the measure descriptions. A summary of the findings for each
emerging technology was presented which includes the mechanism behind the technology,
applications, advantages, limitations and estimated high-level energy savings.

Table 12: Summary Table of Evaluated Emerging Technologies and New Products

Technology

Category Brief Description Detailed Description

Vortex Water Treatment (VWT) applied to
Water Heating Vortex Water Treatment cold floodwater replacing hot water
heating for resurfacing

Floodwater heating via heat recovered
Water Heating Floodwater heat recovery from refrigeration plant replacing hot
water heating for resurfacing

Automatic resurfacer water fill replacing

Automation Automatic resurfacer water fill .
manual resurfacer fill

All three (3) emerging natural gas efficiency technologies in Table 11 are commercially
available. Each of the three emerging natural gas efficiency technologies is also
quantitatively better than the incumbent technology.

Note that for the floodwater heat recovery measure, the Measure Table in Appendix G
shows two scenarios: a low savings/high cost scenario which is not cost-effective, and a
high savings/low cost scenario which can be cost-effective.

Table 13 below summarizes the technical improvement over baseline equipment and
includes non-energy benefits for ice arenas.

©ICF 2024 27



Ice Arena Vortex Water Treatment Market & Technology Study ET23SWGO006

Table 13: Summary Table of Emerging Technology Non-Energy Benefits

Brief Description ’ Quantitative Improvement(s)

Reduced energy use
Reduced operational costs
Improved ice quality such as increased ice

Vortex Water Treatment

hardness
Floodwater heat Reduced energy use
recovery Reduced operational costs

. Reduced labor
Automatic resurfacer

. Reduced water use
water fill

Reduced energy use

Potential Barriers in Measure Implementation

Potential implementation barriers of measures related to ice arena resurfacing include
customer concerns about system performance and upfront costs for VWT systems.

Figure 13 below describes ice arena facility managers’ concerns related to implementing
energy efficiency projects. A large portion of surveyed ice arena managers (44%) have
concerns about system performance of energy efficient products. 22% of respondents
shared that they have no concerns about implementing cost-effective efficiency upgrades.
Labor costs for installation and training for new systems were not noted as concerns by any
respondents.

Figure 13: Barriers to Ice Arena Energy Efficiency Projects
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Figure 14 below shows that ice arena managers prefer payback periods of less than five (5)
years for efficiency projects. Payback periods of less than two (2) years are preferred by
22% of respondents. A third of ice arena managers can implement projects with timelines of
five (5) to ten (10) years.

Figure 14: Preferred Payback Period for Ice Arena Efficiency Projects
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e High Upfront Costs: Multiple industry stakeholders discussed the importance of
quick payback periods and utility rebates in increasing the uptake of VWT projects
at California ice arenas. Figure 13 on the previous page shows that ice arena
managers see upfront costs for materials as the biggest barriers to energy efficiency
project implementation.

e Customer Trust of System Performance: Some ice arena managers already use
cold water for resurfacing, but most use hot water and trust it for making the right
quality ice for rink performance. Some may be skeptical of resurfacing ice with cold
water and may not understand the diverse benefits of VWT. Figure 13 on the
previous page demonstrates that there is an opportunity to build trust for efficient
products through educational resources and case studies to persuade the 44% of
ice arena managers concerned about resurfacing system performance to ensure
optimal ice quality (see Figure 13 on previous page).
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¢ Lack of Adequate Incentives: California natural gas utilities do not provide
specialized incentives for ice arenas according to interviews with ice arena
managers. New measures for vortex water treatment could help ice arena managers
adhere to industry best practices. This would allow facilities to benefit from natural
gas savings by ice resurfacing with cold water or implementing other potential
efficiency measures like heat recovery.

Potential Incentive Approach

Table 14 below offers initial measure package approaches to explore for each proposed
measure with a rationale for why the suggested approach (custom or deemed) may be the
best fit and is worthy of further study.

e Custom: Suitable for unique site-specific interventions. Customer financial incentive
and ex-ante energy savings are determined using a site-specific analysis of the
customer’s facility. The financial incentive is paid upon the completion and
verification of the installation. Implementing custom incentive projects is often
challenging. Savings calculation development, utility, and CPUC review can extend
project timelines when facility owners and vendors often want to move quickly.
Additionally, the concept of “influence” often disqualifies customers who are
interested in energy efficiency, since it must be shown that a customer would not
have made energy-efficient decisions without program intervention.

e Deemed: Suitable for homogenous, high-volume interventions. Prescriptive energy
efficiency measures where energy savings are quantified via measure packages
(formerly “workpapers”), which are technical engineering documents that prescribe
predetermined values for energy savings, measure costs, financial incentive, and
other ex-ante values. Measure packages must show savings by climate zone to
reflect values statewide.

Table 14: Suggested Incentive Approach for Recommended Measures

Proposed Proposed Measure

Measure Approach Rationale
Vortex Water Custom Small market size limits potential for measure package
Treatment development
Floodwater Custom Savings may vary significantly based on refrigeration
heat recovery plant design and resulting preheat temperature
Automatic Standalone Relatively low savings and measure cost limits custom
resurfacer Incentives not measure potential, small market size limits potential for
water fill practical measure package development
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The rationale provided in Table 1 describes why custom approaches would be best suited
for both proposed ice resurfacing efficiency measures. Both of the above measures are
novel. Both of the new measures should employ a custom approach as the inputs for
energy modeling vary greatly by facility type and behavior. Additionally, the relatively small
size of the California Ice Arena Market limits the potential for development of a deemed
measure package.
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Conclusions and Recommendations

Several emerging technologies and commercially available products in the ice arena
segment are discussed in this project report. The selection of efficient solutions for any ice
arena depends on operation type (recreation/professional), size of facility (number of
pads), hot water heating system type, floodwater demand, and heat recovery and
resurfacer filling infrastructure.

The GET Program recommends a custom offering for the following identified technologies
or new products:

1.  Vortex Water Treatment
2. Floodwater heat recovery

Publicly available and standardized third-party performance data is lacking for many
technologies, which also makes energy savings or cost effectiveness analysis challenging.
The following technologies or products are promising and commercially available; and
follow-up field or lab testing is recommended:

1. Snow melt pit heat recovery

The GET Program does not recommend a standalone custom offering or measure package
development for the following identified technologies or new products:

1.  Automatic resurfacer water fill

Future study is needed to field test VWT systems in ice arenas in California, assess cost
effectiveness and total system benefit for measures, and confirm the custom structure is
best suited to the measure. A Phase 2 study could collect data from an on-site pilot
installation of a VWT measure. Data could be collected on site to validate natural gas and
electricity consumption and VWT savings.

A potential goal of the Phase 2 Ice Arena VWT study would be to collect all of the detailed
data in a field demonstration to confirm industry standard practice to support the creation
of a new natural gas efficiency custom offering for VWT. A Phase 2 Ice Arena VWT study
would validate the per-pad VWT energy savings of small, medium, and large arenas and
suggest strategies for accelerating market adoption of VWT. The end state of Phase 2 will
present a road map to integration of a cost-effective VWT gas efficiency measure for

the ice arena sector into program offerings, including the need for a new custom offering
for VWT.
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Appendixes

Appendix A: Vortex Water Treatment Energy Model

©ICF 2024

Input Assumptions - SINGLE RINK

Description |

Quantity

Units

Annual Volume of Water Required

No. of Resurfacing Machines

No. Machines

Gallons/Machine

120

Gallons/Machine]

Floodwater Volume 120|Gallons
No. Resurfaces per day 10|Resurface/Day
Days/Week 7|Days/Week
Weeks/Year 50|Weeks/Year
Average % of Volume Used per Resurface 100%
Calculated Annual Volume of Water Required 420,000 |Gallons/Yr

Description | Quantity | Units

Water Assumptions
Supply Temperature of Water 63|Deg F
Heated Temperature of Water 134|Deg F
Delta T Water 71|Deg F
Heater Efficiency (Tankless) 97%
Heater Efficiency (Tank Type) 87%
Heater Efficiency (Heating Water Boiler) 85%
Delta T (Tank/Ambient -- Tankless) - Deg F
Delta T (Tank/Ambient -- Tank Type) 3|DegF
Tank Heat Loss 1.35%
Heat Exchanger Losses (HHW to DHW) 0.50%
Equations

Heating Requirements Vol x 8.34 x dT/efficiency
Density of Water 8.33 1b / gal
Specific heat of Water 1.0 Btu /degF

Supply Loss

Vol x Heat Loss (%) x dT

Tankless Water Heater -- Calculated Savings

Heating Load Reduction 248,401 (MBTU
Water Heater Gas Savings 2,560.83 [Therms
Heat Loss - |Therms
Total Savings 2,560.83 [Therms
Rate 1.45 |$/Therm
Savings 3,713.20

Tank Water Heater -- Calculated Savings
Heating Load Reduction 248,401 (MBTU
Water Heater Gas Savings 2,855.18 [Therms
Heat Loss 3,353.41 [Therms
Total Savings 6,208.59 [Therms
Rate 1.45 |$/Therm
Savings 9,002.45

Boiler -- Calculated Savings

Heating Load Reduction 248,401 (MBTU
Water Heater Gas Savings 2,922.36 [Therms
Heat Loss 1,242.00 |Therms
Total Natural Gas Savings 4,164.36 |[Therms
Rate 1.45 |$/Therm
Savings 6,038.33

ET23SWGO006
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Appendix B: Floodwater Heat Recovery Energy Model

©ICF 2024

Input Assumptions -

SINGLE RINK

ET23SWGO006

Description |

Quantity |

Units

Annual Volume of Water Required

No. of Resurfacing Machines

1{No. Machines

Gallons/Machine

120|Gallons/Machine

Floodwater Volume

120|Gallons

No. Resurfaces per day

10|Resurface/Day

Days/Week 7|Days/Week
Weeks/Year 50| Weeks/Year
Average % of Volume Used per Resurface 100%
Calculated Annual Volume of Water Required 420,000 |Gallons/Yr

Description | Quantity | Units

Water Assumptions
Baseline Water Supply Temperature 63|Deg F
Proposed Preheat Temperature (low) 90|Deg F
Proposed Preheat Temperature (high) 140|Deg F
Delta T Reduction (low) 27|Deg F
Delta T Reduction (High) 77|DegF
Heater Efficiency (Tank Type) 87%
Delta T (Tank/Ambient -- Tank Type) 3[Deg F
Tank Heat Loss 1.35%
Heat Exchanger Losses (HHW to DHW) 0.50%
Equations

Heating Requirements Vol x 8.34 x dT/efficiency
Density of Water 8.33 Ib / gal
Specific heat of Water 1.0 Btu/degF

Supply Loss

Vol x Heat Loss (%) x dT

Tank Water Heater (low end)

-- Calculated Savings

Heating Load Reduction 94,462 (MBTU
Water Heater Gas Savings 1,085.77 [Therms
Heat Loss - |Therms
Total Savings 1,085.77 |Therms
Rate S 1.45 |S/Therm
Savings S 1,574.37

Tank Water Heater (high end)

-- Calculated Savings

Heating Load Reduction 269,392 |MBTU
Water Heater Gas Savings 3,096.46 |Therms
Heat Loss - |Therms
Total Savings 3,096.46 |Therms
Rate S 1.45 |S/Therm
Savings S 4,489.87
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Appendix C: Automatic Resurfacer Fill Energy Model

Input Assumptions -

SINGLE RINK

Description |

Quantity |

Units

Annual Volume of Water Required

No. of Resurfacing Machines

1

No. Machines

Gallons/Machine 120|Gallons/Machine]
Floodwater Volume Required 120|Gallons
No. Resurfaces per day 10|Resurface/Day
Days/Week 7|Days/Week
Weeks/Year 50|Weeks/Year
Resurfacing Fill Rate 10|GPM
Resurfacing excess fill 15|min
Calculated Annual Excess Floodwater 52,500 |Gallons/Yr

Description | Quantity | Units

Water Assumptions
Supply Temperature of Water 63[Deg F
Heated Temperature of Water 134|Deg F
Delta T Water 71|DegF
Heater Efficiency (Tankless) 97%
Heater Efficiency (Tank Type) 87%
Heater Efficiency (Heating Water Boiler) 85%
Delta T (Tank/Ambient -- Tankless) - DegF
Delta T (Tank/Ambient -- Tank Type) 3|Deg F
Tank Heat Loss 1.35%
Heat Exchanger Losses (HHW to DHW) 0.50%
Equations

Heating Requirements Vol x 8.34 x dT/efficiency
Density of Water 8.33 Ib / gal
Specific heat of Water 1.0 Btu/degF

©ICF 2024

Supply Loss

Vol x Heat Loss (%) x dT

Tankless Water Heater -- Calculated Savings

Heating Load Reduction 31,050 (MBTU
Water Heater Gas Savings 320.10 [Therms
Heat Loss - |Therms
Total Savings 320.10 [Therms
Rate S 1.45 |S/Therm
Savings S 464.15

Tank Water Heater -- Cal

culated Savings

Heating Load Reduction 31,050 (MBTU
Water Heater Gas Savings 356.90 [Therms
Heat Loss - |Therms
Total Savings 356.90 [Therms
Rate S 1.45 |S/Therm
Savings S 517.50

Boiler -- Calculated Savings
Heating Load Reduction 31,050 (MBTU
Water Heater Gas Savings 365.30 [Therms
Heat Loss - Therms
Total Natural Gas Savings 365.30 [Therms
Rate S 1.45 |$/Therm
Savings S 529.68

ET23SWGO006
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Appendix D: Summary of Survey Questions

Arena Details

Please answer the following questions to best of your knowledge:
*Mandatory question

Please tell us about your arena.

1. *Which of these options best describes your arena?
a. Recreational single pad ice rink
b. Recreational twin pad ice rink
c. Recreational multi-pad ice rink
d. Recreational multiplex sports complex (rink space is used for non-ice events)
e. Professional sports practice facility
f. Professional sports venue
2. *Select all the activities that happen at your arena.
a. Public recreation
b. Club sports
c. Professional sports practices
d. Professional sports games
3. *Select all of the sports that are played on the ice.
a. Curling
b. Hockey
c. Figure skating
d. Recreational skating
e. Speed skating
f. Non-ice sports and events
g. Other (please specify)
4. *How many days per week is your arena open?
a. Seven days a week
b. Weekdays only

c. Weekends only
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5. *How many hours per day is your arena open?
a. Slider from O to 20 hours per day
6. *How many weeks per year is your arena open?
a. Slider from O weeks per year to 52 weeks per year

Rink Maintenance Details
Please tell us about your rink maintenance.

1. *Which of these options best describes the size of the largest rink at your arena?

a. Studio
b. NHL
c. Olympic

2. *How many ice resurfacers does your facility typically use (for all rinks at the arena)?
a. One
b. Two
c. Three
d. Four
e. Five
f. Six or more
3. *Which of these options best describes your typical daily rink resurfacing schedule?
a. <6 floods per day
b. 6 - 8 floods per day
c. 9 -Tlfloods per day
d. 12 or more floods per day

4. *Which of these options best describes the typical temperature range of your
resurfacing water?

a. <60F

b. 60-70F
c. 70-80F
d. 80-90F
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e. 90-100F
f. 100-TOF
g. M0-120F
h. 120 -130F
i. 130-140F
j. 140-150F
k. 150 -160F
. >160F

5. *Which of these options best describes the typical space heating temperature
range of your rink?

a. <45F

b. 46 -50F
c. 51-565F
d 56-60F
e. 61-65F
f. >66F

Facility System Details
Please tell us about the energy and heating systems in use at your facility.

1. *Which of these options best describes the heat sources serving rink resurfacing
equipment? Select all that apply.

a. Waste heat recovered from refrigeration system
b. Natural gas hot water heater or boiler
c. Propane hot water heater or boiler
d. N/A, we do not use hot water for resurfacing
2. *Which of these options best describes your water treatment?
a. Resurfacing water is not treated
b. Resurfacing water is treated using Vortex Water Treatment (ex. REALice)
c. Other (please specify)

3. *Which of these options best describes your ice resurfacer snow melt pit?
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a. Cold domestic water supply

b. Hot domestic water supply

c. Waste heat recovered from refrigeration system
d. N/A, the arena does not have a snow melt pit

4. *Which of these options best describes your facility’s heating system capacity? You
can find this information on the nameplate of heating equipment.

a. <100,000 Btu/hour

b. 100,000 - 499,999 Btu/hour

c. 500,000 - 999,999 Btu/hour

d. 1,000,000 - 2,000,000 Btu/hour
e. >2,000,000 Btu/hour

f. ldon’t know

5. *Which of these options best describes the installation year of your facility’s oldest
boiler or hot water heater?

a. 1989 or before

b. 1990 - 2000

c. 2001 - 2010

d. 201 -2020

e. 2021 or after

f. ldon’t know

g. N/A, the facility does not use a boiler or hot water heater
6. Which of these options best describes your space heating (HVAC) equipment?

a. Gas Unit Heaters

b. Gas Infrared Heaters

c. Gas Boiler / Hydronic Heating System

d. Electric Heat including Heat Pumps

e. Propane/Fuel Oil Heating system

f. Wood Heat
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g. Other (please specify)
7. *Which of these options best describes dehumidification equipment at your arena?
a. Dehumidification equipment uses natural gas for reheat

b. Dehumidification equipment does not use any natural gas for reheat
(including systems that incorporate heat recovered from the refrigeration
system)

Facility Details

If you like, please tell us a bit more about your facility so that we can ensure efficiency
programs are best suited for ice arenas.

Make these questions optional.

8. Where is your facility located in California? Enter the nearest city.

9. When was your facility built? If recently retrofitted, use the year of the most recent
major renovation or addition.

Energy Efficiency Details

If you like, please tell us a bit more about your goals so that we can efficiency programs are
effective at reducing barriers to energy efficiency for ice arena managers.

Make these questions optional.

13. What are your primary concerns with implementing energy efficiency upgrades?
f. First Cost of Materials and Labor for Installation
g. System Performance
h. Training Needed for New Systems

i. Labor (availability of resources)
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14. If an energy efficiency project is proposed which involves retrofitting existing
equipment to reduce energy consumption & costs, what is an ideal payback period
that you are willing to consider for the project?

k. <lyear
. 1-2years
m. 2 — 5 years

n. 5-10 years
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Appendix E: Site Visit Reports
Arena #1

Figure E-1: Recreational Single-Pad Rink

T

Arena #1 has been in operation since 1975 (Figure E-1). Due to its age, the facility manager
shared that the single pad rink has a ‘bowl’ shape due to freezing of the subfloor and
resulting ‘frost heave'. The bowl shape of the rink’s concrete pad causes the ice sheet to be
thicker in the center and thinner at the edges.

Newer rinks have heated floors to prevent frost heaving. Since this bowl-shaped concrete
pad issue was not reported in any surveys, interviews, or other site visits, this issue can be
assumed to affect a negligible number of California ice arenas.

Floor unevenness makes a Vortex Water Treatment (VWT) system infeasible, since VWT
requires a consistent ice sheet thickness for proper function and ideal ice quality. A floor
renovation project is planned for 2025; once it is complete, VWT can be applied at this rink.

Figure E-2 below shows the monthly natural gas usage of this single-pad rink for December
2022 through November 2023. Usage increases in summer months, potentially due to
increased dehumidification loads.
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Figure E-2: Recreational Single-Pad Rink Natural Gas Usage

Recreational Single Pad Rink 2023 Load Profile (therms)
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The facility uses two ice resurfacers for rink resurfacing activities. One is electric, and one is
fueled by compressed natural gas (Figure E-3 below shows the electric unit). The older unit
is eight years old. Both have 200-gallon capacity but are automatically filled to 50%
capacity when in use. Fill strategy includes melting and recycling slush from the snow

melt pit.

Figure E-3: Ice Resurfacer

Floodwater serving ice resurfacers does not use heat recovered from the refrigeration plant.
There are four tankless 199,000 Btuh water heaters serving the ice surfacers (Figure E-4
below). HWH equipment is less than five years old. Operators note that water heaters run
for 5 — 10 minutes when filling ice resurfacers.
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Figure E-4: Tankless Water Heaters Serving Ice Resurfacers

The facility has a snow melt pit; slush is melted passively. Instead of melting the snow and
putting melted slush down the drain, meltwater is stored in a recycling tank and fed to the
evaporative condenser of the refrigeration plant (Figure E-5 below).

Figure E-5: Snow Meltwater Recycling Tank

For space conditioning, dehumidification equipment is used (Figure E-6 below). The
equipment is served by an 800,000 Btuh indirect fired natural gas heater. The unit is at
least twenty years old.
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Figure E-6: Ice Arena Dehumidifier

MANUFACTURED FOR OUTD
INDUSTRIAL / COMMERCIAL

The following ice resurfacing and space heating energy efficiency projects have been
identified at Arena #1:

= |Install a Vortex Water Treatment system and use cold water for ice resurfacing after
the floor renovation project is completed.

= Replace the dehumidifier with a new unit with better energy performance.
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Arena #2

Figure E-7: Recreational Single-Pad Rink

Lz

Arena #2 opened in 1940 as one of the largest rinks in the country, with 20,000 square feet
of skating surface (Figure E-7). The facility was upgraded in 2022 with “revamped piping
and insulation systems as well as a new ice floor” among other renovations. The facility
does not use a VWT system. A new rink pad suggests that despite this rink’s age, a VWT
system could be feasible.

Figure E-8 below shows the monthly natural gas usage of this single-pad rink for December
2022 through November 2023. Usage fluctuates throughout the year, potentially due to the
schedules of club sports like hockey and ice skating.

Figure E-8: Recreational Single-Pad Rink Natural Gas Usage

Recreational Single Pad Rink 2023 Load Profiles (therms)
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The facility uses one electric ice resurfacer for rink resurfacing activities (Figure E-9). The
200-gallon ice making water tank is filled manually with 96 °F water.
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Figure E-9: Ice Resurfacer

Floodwater serving ice resurfacers does not use heat recovered from the refrigeration plant.
One tankless 150,000 Btuh water heater serves the ice surfacers (Figure E-10 below). HWH
equipment is one year old.

Figure E-10: Tankless Water Heater Serving Ice Resurfacers

The facility has a snow melt pit; slush is melted using a 250,000 Btuh pool heater that is
two years old (Figure E-11). Meltwater is not recycled.
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Figure E-11: Ice Arena Snow Melt Pit Heater

For space conditioning, dehumidification equipment is used (Figure E-12). The equipment is
served by a 750,000 Btuh direct fired natural gas heater. The dehumidification equipment
is 29 years old.

Figure E-12: Ice Arena Dehumidifier

a J 1o

e e |

o

The following ice resurfacing and space heating energy efficiency projects have been
identified at Arena #2:
= Install a Vortex Water Treatment system and use cold water for ice resurfacing.
= Install an automatic resurfacer filling system.

= Replace the dehumidifier with a new unit with better energy performance.
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Arena #3

Figure E-13: Recreational Single-Pad Rink

Arena #3 is located inside a shopping mall. The ice rink is around 17 years old; it was added
when the Westfield mall was remodeled in 2007. The facility does not use a VWT system.

The facility uses two electric ice resurfacers for rink resurfacing activities (Figure E-13
above). The resurfacers are filled manually. The resurfacers have a 120-gallon capacity but
are only filled to 80 gallons at a time due to the capacity of the wash water tank used to fill
the resurfacer. 100 — 120 °F water is used to fill resurfacers.

Floodwater serving ice resurfacers does not use heat recovered from the refrigeration plant.
The refrigeration plant is located too far away from the snow melt pit for heat recovery to
be cost-effectively installed. Two commercial tank water heaters serve the ice surfacers
(Figure E-14 below). One HWH with 75,100 Btuh capacity is ten years old. The other HWH
with 76,000 Btuh capacity is three years old.
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Figure E-14: Tank Water Heaters Serving Ice Resurfacers

The facility has a snow melt pit; slush is melted using hot water piped through the pit
served by one of the tank water heaters (Figure E-15). Meltwater is not recycled.

Figure E-15: Ice Arena Snow Melt Pit

For space conditioning, electric dehumidification equipment is used (Figure E-16). The
equipment nameplates were not accessible so capacity and age could not be determined.

Figure E-16: Ice Arena Dehumidifier
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The following ice resurfacing energy efficiency projects have been identified at Arena #3:

= Install a Vortex Water Treatment system and use cold water for ice resurfacing.
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Arena #4

Figure E-17: Recreational Single-Pad Rink

Arena #4 was opened in 2003 and is a municipally operated rink (Figure E-17 above). The
hot water system was upgraded in 2022 to high efficiency condensing water heaters. The
facility does not use a VWT system.

Figure E-18: Electric Ice Resurfacer
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The facility operates two electric Zambonis for rink resurfacing: a five-year-old model
552AC and a 20-year-old model 552. The 552AC is shown in Figure E-18 on the previous
page. These resurfacers are manually filled with 155 °F water that is heated by one of the
condensing water heaters. The resurfacers have capacities of 200 gallons and 100 gallons
respectively and are operated for up to 15 floods per day.

The facility operates two identical 250,000 Btuh water heaters, one which services the
resurfacers and one which is dedicated to the building’s domestic hot water system (see
Figure E-19 below). There is an additional 40-gallon storage water heater serving the
kitchen area.

Figure E-19: Tank Water Heaters Serving Ice Resurfacers

e ——
i | DTRAIF ORCE /

———

Floodwater for resurfacers is preheated using heat recovery from the refrigeration plant, as
shown in Figure E-20 on the following page.

©ICF 2024 53



Ice Arena Vortex Water Treatment Market & Technology Study ET23SWGO006

Figure E-20: Floodwater Heat Recovery

The arena has a snow melt pit; its heat source is direct ‘pour over’ from the condensing
water heater that services the ice resurfacers.

For space conditioning, the facility operates ten packaged heaters and one gas-fired
dehumidification unit. The equipment nameplates were not accessible so capacity and age
could not be determined.

The following ice resurfacing energy efficiency projects have been identified at Arena #4:

= Install a Vortex Water Treatment system and use cold water for ice resurfacing after
the floor renovation project is completed.

= Install an automatic resurfacer filling system.

= Upgrade HVAC packaged units and dehumidifiers.
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Appendix F: Rink Energy Consumption and Cost Analysis
Figure F-1: Small California Ice Arenas — Annual Natural Gas Consumption

Small Rinks Gas Consumption (therms)
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Figure F-2: Small California Ice Arenas — Annual Natural Gas Costs
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Figure F-3: Medium California Ice Arenas — Annual Natural Gas Consumption
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Figure F-4: Small California Ice Arenas — Annual Natural Gas Costs
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Figure F-5: Large California Ice Arenas — Annual Natural Gas Consumption
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Figure F-6: Large California Ice Arenas — Annual Natural Gas Costs
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Appendix G: Proposed Measure Table Details

Floodwater Heat Floodwater Heat
Recovery Recovery

Vortex Water (Low Savings/ (High Savings/ Automatic
Measure Treatment High Cost) Low Cost) Resurfacer Fill

Measure Application
Type (MAT) AOE AOE/AR/NR AOE/AR/NR AOE
Building Type Ice arena Ice arena Ice arena Ice arena
Measure Costs
($) $26,346 $42,306 $20,000 $1,500
Annual Natural Gas
Savings 6,208.6 1,085.8 3,096.5 356.9
(therms)
Annual GHG Savings
(kg COse) 32,906 5,755 17,030 1,892
Annual Gas Cost
Savings $9,002.47 $1,320.30 $4,489.87 $433.99
(%)
'{;’;’mved Efficiency ' 9 _100% 25-100% 25-100% 5%
Simple Payback 2.93 26.82 4.45 3.46
(years)
EUL
15 12 12 5
(years)
. Standalone
Proposed Incentive .
Custom Custom Custom Incentive not
Approach .
practical
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