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I. CALL TO ORDER 

II. APPROVAL OF MINUTES 

1.    Approval of October 8, 2021 Facilities Task Force Regular Meeting Minutes 

III. NEW BUSINESS 

 Ice Arena 

i. Refrigerant Switchover Analysis 

ii. Citizen Survey Results 

iii. Future Use 

 Government Center 

iv. Architect RFQ 

IV. BUSINESS FROM STAFF 

 Roof Replacement 

V. NEXT MEETING DATE/TIME 

VI. ADJOURN 
 
 
 
Posted: ___________________________ posted 12/6/2021 
 Kellie Henke 
 City Clerk 



CITY OF CREVE COEUR 

MEMORANDUM 

Date:  November 18, 2021 
To:  Mark Perkins, City Administrator 
From:  Jason Valvero, Director of Recreation 
CC:   
Subject: Munters Dehumidification Unit – Ice Rink 
 
The ice rink has a desiccant dehumidification unit that contains a heat wheel and heater element.  It works 
by removing moisture from the air by using a desiccant, a material which easily attracts and holds water 
vapor. Desiccant dehumidifiers are especially well-suited for removing moisture from air at a low 
temperature and low humidity level. 

How It Works 

At the heart of the dehumidifier is a patented desiccant wheel made up of corrugated material. Air passes 
through the flutes of the material, contacting the desiccant. The incoming process airstream gives off its 
moisture to the desiccant. The processed air is dried as it leaves the wheel. The humidity-laden wheel 
rotates slowly into a second, smaller airstream which has been heated. 

This smaller exhaust airstream, known as reactivation air, warms the desiccant. The warmed desiccant gives 
off its moisture which is then carried away by the reactivation air. The newly dried desiccant material is 
rotated back into the process air, where it absorbs moisture once again. 

The process is vital in keeping condensation from building up on the dasher boards and wood beams on the 
ceiling, as well as keeping fog from forming just above the ice slab itself.  The dry air is heated right before it 
enters the rink to keep the temperature at 58 degrees. 

 

Our Munters Unit 

The current unit is 18 years old, as it was part of the 2003 renovation.  Maintenance over the past few years 
has increased as it is past its useful life expectancy and it was a discussion topic as part of the Ice Arena 



Refrigerant Change Feasibility Study recently performed by Chiodini Architects and B32 Engineering Group.  
The study will be reviewed by the facilities task force at the December meeting. 

Current Situation 

In late October, the heat wheel stopped working.  DEKA, our HVAC repair company, was called out to try 
and get it back up and operating.  Upon further inspection, large chunks of the desiccant wheel material 
broke off and other areas crumbled upon touching it.  As a result, the wheel lost its effectiveness to remove 
the moisture from the air and shut itself down.   

Temporary Solution  

DEKA was able to figure out a way for the unit to at least heat the air before sending it into the rink.  The 
only way this could happen was by knocking other holes into the material around the wheel to allow air 
flow to the heating element.  As of today, the unit is only heating the outside air that is supplied to the ice 
rink.  This situation will only be effective when outside temperatures are around 45 to 70 degrees with low 
humidity, but once you drop below 45 or rise above 70 and there is greater humidity, the unit will no longer 
be effective. 

Options Moving Forward 

As the temperatures continue to fall, staff researched what options are available to keep the rink operating 
during the peak season.  There are two options; replace the heat wheel of the current Munters unit or hire 
a company to design a new dehumidification unit and go through the bidding and installation process.  In 
either scenario, it will necessary to rent a portable dehumidification unit to keep the ice rink up and running 
due to the long lead time of either option.  We are looking at a minimum of 10 to 12 weeks or longer 
depending on the direction that is chosen. 

Option 1:  The total cost of the wheel, miscellaneous parts and installation is $38,702.75.  The new wheel 
will take 12-14 weeks to manufacture.  This project will be labor intensive, as it is a large unit that takes up 
a majority of the room and was manufactured in four (4) sections.  The unit will have to be broken down to 
gain access to the wheel and a hoist will be required to remove the old wheel and install the new wheel.  
Plus, the wheel material is fragile and care is needed when installing. 

Option 2: Hire a company to design a new dehumidification system at an estimate cost $10,000 and then 
bid and install the new system.  A very rough estimate of what the new system would cost is $200,000 and 
time frame for the entire process would be 18-22 weeks. 

Portable Rental Unit: The rental of the portable unit will ensure no downtime or loss of revenue.  The fee is 
in the range of $5,000 per month and will require electric connection of approximately $5,000.   

Staff will continue to review the options and gather information to review with the Facility Task Force in 
early December and then update City Council on December 13, 2021. 
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2.0 BACKGROUND AND PURPOSE 
    
The Creve Coeur Ice Arena is located in the Deilmann Recreation Complex at 11400 Olde Cabin Road in Creve Coeur, 
Missouri.  The Creve Coeur Ice Arena has a long tradition of ice hockey, ice skating, and curling. The highest level of 
play at this facility is high school practices. High School games are not played at this facility due to the limited seating. 
As part of a continued effort: to improve operation and efficiency at the facility; to plan for future improvements to 
the ice system; and to continue to provide high quality ice for its user groups; the City of Creve Coeur has 
commissioned this study to evaluate the options for replacing the R-22 refrigerant in the existing 18-year-old indirect 
R-22-based ice system, or replacing the entire refrigeration system, along with other improvements.  R-22 refrigerant 
was phased out of importation to and production in the U.S. in 2010 due to its high ozone depleting potential (ODP). 
In the past 6 months or so the price of R-22 refrigerant has risen substantially and is expected to keep rising as 
supplies have become very limited and purchases restricted to small quantities. 
 
B32 Engineering Group, Inc. visited the site, with Chiodini Architects,  on September 23, 2021. The ice sheet was in 
place during the site visit. B32 Engineering Group, Inc. has reviewed the Murphy report dated February 15, 2021, 
agree with its findings and reference it throughout this report.   

 
The facility was built in 2003 and currently operates in the ice mode year-round.  
 
3.0 ICE SYSTEM REVIEW 
 
3.1  Description of Existing Ice System 
The existing ice system includes a refrigeration system, a concrete ice rink floor system and a dasher board 
system. The existing refrigeration system is an indirect R-22-based/glycol refrigeration system and was installed 
in 2003.  Since 2003 the following major improvements to the refrigeration system were completed: 

1. 2008 – Compressor 3 remanufactured or rebuilt. 
2. 2008 – New evaporative condenser. 
3. 2008 - Added heat to the snow melt pit. 
4. 2019 - Compressor 1 remanufactured or rebuilt. 
5. 2017 – Compressor 2 remanufactured or rebuilt. 
6. 2017 – Subfloor or underfloor circulation pump. 
7. 2021 – Installed new fins in existing evaporative condenser.  The city will finish installing interior fins in 

2021. 
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The existing refrigeration includes: three Carlyle reciprocating compressors Model 5H120-A219 with capacity of 
approximately 20 tons each at a 0-degree saturated suction temperature providing a total capacity for the 
refrigeration system of approximately 120 tons; flooded-type plate and frame chiller system with two plate and 
frame chillers and one surge drum; rink floor pumps, one evaporative condenser, a control system and a waste 
heat recovery system.  The existing system is considered a “skid package” system where the majority of the 
components are built and delivered on a single steel frame or “skid”. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photos 1 & 2 – Existing refrigeration system 
 
There is a waste heat recovery system that serves the subfloor heating system under the rink floor and the 
snowmelt pit in the resurfacer room.  This system essentially provides free heat from the refrigeration system.  
The subfloor heating system is reportedly in good working order and there are no concerns with frost building 
up under the ice rink floor.  The snowmelt pit heating system is reportedly performing well. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 3 – Existing evaporative condenser    Photo 4 – Existing snow melt pit and coil 
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The existing concrete ice rink floor was installed with the original building in 2003 and extended to NHL standard 
size of 200’ x 85’ in 2008.   The fluid in the subfloor heating system is glycol. The concrete is reported to be 
uneven which leads to uneven ice thickness and possibly increased energy use and ice quality concerns. In 2003-
04 the subfloor header piping system under score keeper’s box was replaced.  In 2008 the size of the rink floor 
was extended to the NHL standard size of 200’x85’.  
 

 
 
 
 
 
 
  
 
 
 
 
 
 
 

Photo 5 – Overall ice rink floor       Photo 6 – Bleacher seating in ice arena 
 

The existing refrigeration room is approximately 550 square feet which is adequate in size to house a new 
refrigeration system.  See the conceptual ice system layout at the end of the report. There is only one access 
door out of this room, and it opens directly to the exterior of the building.  The existing life safety systems in the 
refrigeration room include a gas monitoring system and mechanical ventilation and are reportedly in good 
working order. B32 Engineering Group did not test or witness the operation of any life safety systems. 
 
The existing dasher board system was installed in 2003 (18 years old) and is reaching its typical life expectancy of 
20-25 years.  Some improvements to the existing system were completed and include the replacement of the 
white poly facing and the modification of the boxes and doors to meet the requirements of the Americans with 
Disabilities Act (ADA) in 2008. The manufacturer of the dasher board system is not known.  The system appears 
to be in fair condition and no other concerns have been reported.   
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Photo 7 – Existing dasher board system  Photo 8 – Existing dasher board system – Scorer’s box 

 
4.0 ICE SYSTEM IMPROVEMENT AND REPLACEMENT OPTIONS 
 
4.1  General 
The existing 18-year-old ice system (refrigeration system, ice rink floor and dasher board systems) is nearing its 
expected useful and safe life of 25 years.  Some improvements have been made to the refrigeration system, as 
outlined above.   
 
The scope of this study did not include evaluating the existing ice rink floor or dasher board system. Murphy 
performed thermal imaging on the ice rink floor in 2021 and found no large differences in temperature concluding 
there are likely no leaks in the piping system.    
 
The existing refrigeration room is large enough to accommodate any of the recommended refrigeration system 
improvement and replacement options outlined in the next section.  The conceptual ice system layout, included at 
the end of this report, shows the layout for Option 3 – stick built ammonia system.  This drawing also shows a new 
access door and vestibule between the refrigeration room and the resurfacer room.  The additional access will 
provide a more convenient access for the facility staff to enter the refrigeration room and provides  another layer of 
protection or isolation between the refrigeration room and the resurfacer room if the ammonia option is selected.  
The cost estimate includes these improvements and other code required improvements to the refrigeration room 
each of the recommended options outlined below.  
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4.2  Refrigeration System Improvement and Replacement Options 
 
Four main options were identified for improving or replacing the existing refrigeration system at this facility.  
Additional information such as common terms or definitions, financial programs, cost estimates, etc. can be found at 
the end of this report. Where applicable, this report references the Murphy report dated February 15, 2021, for 
additional information and to provide a contractor’s perspective to the improvements and cost estimates.  The 
following options will be discussed in this section: 
 

• Option 1: Maintain existing R-22 refrigeration system.  Make selected improvements. 

• Option 2: New indirect, HFC/HFO synthetic-based refrigeration system.  

• Option 3: New indirect, ammonia-based refrigeration system.  See conceptual layout in report. 

• Option 4:   New indirect, CO2-based refrigeration system. 
 
The estimated energy efficiency stated below for each refrigeration system replacement option is given to provide a 
rough order of magnitude only and may not be specific to this facility.  The efficiency of each system can vary greatly 
depending on the facility type, programming, building construction, operations, weather, length of season, etc.   
 
Cost estimates include construction cost, design, legal, financial and administration costs, and design and 
construction contingencies for proposed improvements.   Cost estimates are based on similar work performed in ice 
rink facilities from  2018-2021 and recent bid results.  Costs will vary depending on the time of year the projects are 
bid, the economic climate and the size and scope of the project.   In general, costs are rising due to the number of ice 
rink renovation projects, cost of materials, COVID restrictions, etc. 
 
4.2.1 Option 1:  Maintain existing R-22 refrigeration system.  Make selected improvements 

Description:  The City may elect to continue to operate the existing indirect R-22-based refrigeration system with 
selected improvements with the goal of replacing the system in the very near future. 
 
Advantages: 

• Lower near-term costs. 

• Avoid disruption to user groups, ice schedule and revenue from construction activities. 

• Allow a little more time for the new refrigerants and technology to develop.  Extending the use of the 

existing refrigeration systems for a while longer will allow newer ice system technology, such the use of CO2 

refrigerant or new synthetic replacement refrigerants, to develop allowing manufacturing costs to decrease, 

and service companies to gain more experience.  

Disadvantages: 

• On-going maintenance and equipment costs. 

• Risk disruption to schedule and loss of ice as equipment and systems become less dependable. 

• Risk of catastrophic leak or failure in system and high cost of repairs and refrigerant replacement.  

• Increased environmental concerns with increasing risk of refrigerant release, etc. 

• Future availability and higher cost of refrigerant. In the last 6 months or so R-22 refrigerant supplies have 
decreased substantially increasing the cost to record levels (approximately $23/pound per Murphy and 



ICE ARENA REFRIGERANT CHANGE FEASIBILITY STUDY 
CREVE COEUR, MISSOURI 
11.4.21 

 

2211 O’Neil Road, Hudson, WI 54016  
t 651.245.8839    www.b32eng.com 
B32 ENGINEERING GROUP, INC. 

6 
 

expected to rise significantly higher by the end of the year) and limiting the purchase of R-22 to 30-90 
pounds per purchase.  The existing system has an estimated charge of over 1,000 pounds of R-22 per 
Murphy’s report. 

Recommendation:  Unfortunately, at this time  there is no “drop-in” or replacement refrigerant for R-22 refrigerant 
in a flooded type of refrigeration system like the existing system.  The traditional pure synthetic refrigerants like R-
507 and R-134a will most likely start to be phased out as soon as 2024 based on their high global warming potential 
(GWP).  In addition, these refrigerants substantially decrease the capacity of the refrigeration system by 50% or 
more as shown in the Murphy report dated February 15, 2021.  New blended synthetic refrigerants such as R-513, R-
448A, R-449A, etc. would have the same issues and potentially reduce the capacity of the system even further.  In 
addition, these new refrigerants are blends of multiple refrigerants vs pure refrigerants like R-22, R-134a etc. which 
would likely cause additional operational issues in a flooded-type refrigeration system.   Simply replacing the 
refrigerant in the system is not a recommended option at this time. 
 
Since the trend toward higher cost and lower availability for R-22 refrigerant is not expected to change any time in 
the foreseeable future, and there are no proven refrigerant replacements for R-22 in a flooded refrigeration system 
or without substantially reducing capacity, we recommend the City start budgeting and planning for a full 
replacement of the refrigeration system. If the City elects to continue to operate the existing system, we recommend 
that only the improvements or repairs that required to maintain the system in a safe working condition and to  
improve the monitoring of the refrigerant charge and system for leaks, etc. be performed.  We recommend the 
following improvements, etc.   

• Budget for 500 pounds of refrigerant replacement and store if possible.  If a surplus of R-22 refrigerant is not 

purchased and stored, one smaller leak in the system could force the facility to shut down until additional R-

22 could be purchased.  This will likely result in the loss of the ice sheet and cancellation of programming.  

This is the first time in 20 plus years that the ice rink industry has faced this type of limitation and 

potential for substantial impacts to the operation of the facility. 

Cost Estimate of items above: $18,000 

• Recoat condenser steel support system as recommended in Murphy report.  

• Continued monitoring and testing: 
▪ Monitor the condition of all systems for life and safety concerns. 
▪ Monitor for refrigerant leaks in the system.  
▪ Monitor and test all fluids in the system twice a year. 
▪ Monitor the condition of the ice rink floor and surrounding perimeter concrete and walls.  Document all 

cracking, heaving, movement, etc.  
▪ Monitor glycol temperatures from the subfloor heating system to assure the system is operating 

properly. 

• Continue to perform the required maintenance on the equipment and systems. 
Cost Estimate of items above: Typical maintenance. 
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4.2.2 Option 2:  New indirect, HFC/HFO-synthetic based system (R-513, etc.) 

Description:  Replace the existing R-22-based indirect refrigeration system with a new R-513-based refrigeration 
system, or similar type refrigerant, located inside the existing refrigeration room with a water fluid cooler.  The 
equipment used in this type of system is more commercial grade quality and may include direct expansion chillers (vs 
flooded), blended HFC or HFO refrigerant, semi-hermetic compressors (vs open drive) and pumps.  B32 can provide a 
conceptual drawing of this system if desired. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Photo 9 - Example of a Carrier or Trane package systems 
 
Advantages: 

• Lower capital cost.   

• Potentially less space required.   

• Lower refrigerant charge. 

• Potential to be converted to another synthetic refrigerant type as synthetic refrigerants are phased out in 
the future.  R-513 is a new blended synthetic refrigerant by Opteon that is supported by the National 
Hockey League as a sustainable, non-ozone depleting, lower global warming potential (GWP) alternative 
refrigerant.  Its GWP is 613 and its ASHRAE Safety Classification is A1 which is lower toxicity and no flame 
propagation. See the Future of Refrigerants section of this report for additional information. 

 
Disadvantages: 

• Lower quality of materials and equipment compared to the existing system.  For example, the compressors 
would likely be replaced when they fail and not re-built, refrigerant piping is copper in place of steel, etc.  

• Lower life expectancy (approx. 20 years vs. 30+ years for an ammonia industrial grade system). 

• Lower efficiency than industrial grade system.  Estimated to be 10-15% less energy efficient than the existing 
R-22 indirect system. 

• Uses synthetic (HFO) refrigerant.  Future regulations are uncertain regarding synthetic refrigerants. 

• Less waste heat available to recover and use from system. 

• Equipment arrangement (e.g., skid package) makes maintenance more difficult. 
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Cost Estimate:  $1,262,000 
 
Recommendation:  This is a good option if the budget cannot support a natural refrigerant and these systems are 
currently being used in other ice rink facilities including some NHL facilities. 
 
4.2.3 Option 3:  New indirect, ammonia-based system 

Description:  Replace the existing R-22-based indirect refrigeration system with a new ammonia-based refrigeration 
system in existing refrigeration room.  See figure at the end of this report for conceptual location and equipment 
layout.   
 

 
Photo 10 - Example of a stick-built industrial grade, flooded ammonia-based system 
 
Advantages: 

• Best available proven technology for this application. 

• Proven performance and dependability. 

• Maximum operational efficiency.  Estimate to be 20% to 25% more efficient than existing R-22 system. 

• Sustainability.  Ammonia is a naturally occurring refrigerant. 

• Longevity of industrial grade equipment and refrigerant (30+ years).  Synthetic refrigerants may be faced 
with future restrictions with high global warming potentials.  Ammonia is also a pure refrigerant. 

• Lower cost refrigerant ($2 per pounds vs. $15 to $28 per pound for synthetics) 

• Availability of equipment and parts. 

• Refrigerant charge will be less than the existing R-22 system.  Could also explore the option of a low charge 
ammonia system reducing the charge to under 500 pounds. 

 
Disadvantages: 

• Requires more space.  Typically, an ammonia system will require more space for the equipment because of 
the industrial grade equipment that is used in these systems and the systems are typically built on-site and 
are not a package type system. 
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• Recommend installing a vestibule on the inside of the existing refrigeration, as shown on the figure at the 
end of the report, to house life safety equipment so that it can be monitored prior to entering the ammonia 
room.  All types of refrigeration systems require certain life safety systems like a gas monitoring system and 
one eyewash-shower station inside the mechanical room and an emergency ventilation switch and 
refrigeration stop button on the outside of the refrigeration room.  For ammonia,  a second eyewash-shower 
system is required outside the refrigeration room.  The only way to provide this second system and prevent 
it from freezing is to construct a vestibule or install in the resurfacer room.  The vestibule itself is not 
required by code.  However, it does offer a few additional safety advantages.  It provides a safe space for 
anyone entering the room to stop and monitor any potential hazards (like an ammonia leak) before entering 
the room through the gas monitoring system or window in the door.  It also provides another barrier 
between the ammonia system and anyone that might be outside the refrigeration room.  The risk of an 
ammonia leak is no greater than any other type of refrigerant and all refrigerants are dangerous.  The 
amount of the ammonia that would be less than the existing R-22 system and the overall charge is much less 
than the large industrial facilities, so fire and explosion are much less of a concern, if at all.  Ammonia 
refrigerant has been used in ice rink applications since they started building the facilities and is now more 
common than ever.     

• Potentially more training required for operators of the refrigeration system.  All refrigerants are dangerous 
and should be approached with caution and operating staff should be trained.  Even though additional 
training is not required by code to operate an ammonia system, it is recommended that the operating staff 
take training courses specifically for ammonia refrigeration including both the operation and safety of the 
system.  It has been B32’s experience that most ice arena facilities that use ammonia refrigeration use an 
outside service company that has experience with ammonia for repairs and even some routine maintenance 
and system checks. 

• Potentially greater health/safety hazards in comparison to synthetic refrigerants.  

• Reporting requirements.  There may be additional annual reports that are required depending on the 
volume of ammonia that will be in the system.  The US EPA has been more aggressive at requiring additional 
reporting for ice rinks (mainly on the east coast) that operate with more than 500 pounds of ammonia.   The 
proposed system could require as much as 900 pounds.  If a low charge ammonia system was used that 
quantity could be much less, maybe even less than 500 pounds.  The reporting for any facility that has less 
than 10,000 pounds is fairly straightforward.  The cost estimates are based on a typical ammonia system. 

• Higher capital costs. 
 
Cost Estimate:  $1,504,000 
 
Recommendations:  This option should be strongly considered because of its increased efficiency and use of natural 
refrigerants as well as the ever-changing phase-out of synthetic or artificial refrigerants.  However, the City should be 
mindful of the potentially greater health hazard over synthetic or artificial refrigerants such as R-513, etc.  Although 
all refrigerants are hazardous.   It would be prudent to start discussions of the replacement options with the fire 
marshal, the City’s insurance carrier, and other interested parties to educate them on all aspects of ammonia 
refrigerant.   
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4.2.4 Options 4: New indirect carbon dioxide (CO2)-based system 

Description:  Replace the existing R-134a-based refrigeration system with a new CO2-based indirect refrigeration 
system located inside the refrigeration room and using an air-cooled gas cooler system.  The use of CO2 refrigerant 
may likely be the next substantial “innovation” in the ice rink industry.  This option is based on a multiple semi-
hermetic compressor system of approximately 200-ton, plate and shell chiller, pumps, etc. operating at leaving glycol 
temperatures of 10°F and entering glycol temperatures of 13°F.  It’s likely that this option will fit in the existing 
refrigeration.  B32 can provide a conceptual drawing of this system to confirm.   See the Future of Refrigerants 
section in this report for additional information on CO2 and the use of CO2 in ice rink facilities.     
 

Photo 11 - Example of an Indirect CO2 Chiller Package 
 
Advantages: 

• Higher efficiency.  CO2 indirect is estimated to be approximately 5% less efficient than an ammonia system.  

• Potentially higher heat recovery temperatures. 

• Potentially less space required than an industrial grade system. 

• Uses an air-cooled gas cooler system which is shorter in height than the water fluid cooler proposed in 
Options 2 and 3. 

 
Disadvantages: 

• Higher equipment costs due to limited availability. 

• Fewer contractors familiar with technology. 

• Proprietary control systems used with this technology. 

• Efficiency drops off in warmer temperatures.  

• Additional safety devices and systems may be required.    

• There is a U.S. patent on some or all of this technology as it applies to ice rinks and therefore manufacturers 
may be limited. 

 
Cost Estimate:  $1,635,900 
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Recommendations:  It is recommended that a CO2 refrigerant-based indirect refrigeration system be considered.  If 
the City is interested in pursuing the use of CO2 refrigerant, we encourage a site visit to at least one facility that is 
currently using this type of system, along with in-depth discussion with the facility’s management and operation 
personnel and manufacturer’s representatives. B32 Engineering Group has extensive experience with CO2 
refrigerant applications in ice rink facilities.  
 
It is also recommended that a more in-depth study of CO2 system options and code requirements be performed 
during a pre-design or preliminary design phase for this project to determine the feasibility of a CO2 ice system in 
this facility. 
 
5.0 PROJECT SCHEDULE 
 
The improvements should be planned well in advance of the desired construction time so equipment and materials 
can be ordered and delivered to the site.  Minimizing disruption to the facility’s busy schedules and user groups will 
be a key element to the success of this project.    
 
A very general, typical schedule for similar ice rink type projects is as follows: 
 
Design Phase:  June-September (3-4 months) 
Bidding:   October-November (October is the ideal bidding time for this type of work) 
Order Materials: November – March 
Construction:    March – October (we estimate construction on this project to take 3-4 months) 
 
If construction is started later and the new refrigeration system is not operational by October, a temporary chiller 
could be used until the new refrigeration system is complete.  The cost of a temporary chiller system is 
approximately $23,000 per month plus utilities.  These costs are not included in the cost estimate. 
 
B32 Engineering Group, Inc. has extensive experience in working closely with clients to evaluate and identify 
renovation and improvement solutions for existing ice systems.  We understand the City will use the information in 
this report to determine the scope of the refrigeration system replacement project.  Once the project scope and 
funding sources have been identified, we will work closely with the City to develop a detailed project schedule. 
 
 

5.0 SUPPLEMENTAL INFORMATION 
 
5.1 General Definitions 
Included in this section are definitions for the basic terminology used throughout this report. 

 
Ice System:  A term that collectively refers to the refrigeration system, ice rink floor system, waste heat recovery 
system and dasher board system.  This is the type of system that is currently installed in this facility. 
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Direct System:  A direct refrigeration system circulates the primary refrigerant (e.g., R-22) directly through the 
ice rink floor.  There is no secondary solution or refrigerant. These types of systems were very common in the 
1970’s and early 1980’s.  Today, indirect refrigeration systems, where glycol solutions are circulated in the rink 
floor, are more common due to costs and environmental concerns with large quantities of refrigerant required 
to operate the system.  

 
Indirect-type System (existing system at the Hockey Center):  In an indirect system the primary refrigerant (e.g., R-22, 
ammonia, etc.) stays in the refrigeration room.  Heat is removed from the ice rink floor through a secondary 
refrigerant or glycol solution that is circulated in the floor.  The heat exchange between the glycol solution and the 
primary refrigerant takes place in the refrigeration room.  

 

 
HCFC:  Hydrochlorofluorocarbon (e.g., R-22, etc.) – synthetic refrigerant with less ozone depleting than CFCs (e.g., R-
12, etc.)  but deplete natural resources and contribute to global warming.  These are phased out by the Montreal 
Protocol. 

 
HFC:  Hydrofluorocarbon (e.g., R404A, R407C, R-507, etc.) – synthetic refrigerant that deplete natural resources and 
contribute to global warming.  Many have a high global warming potential (GWP) and are now to being phased out 
of production. 
 
HFO:  Hydrofluro-Olefins (e.g., R513A, 1234YF, etc.) – a new class of synthetic refrigerant that have a much lower 
global warming potential (GWP) than HCFCs or HFCs.  These new refrigerants are blends of several refrigerants and 
are not pure refrigerants as many of the HCFCs and HFCs are. 

 
u-HFC: Unsaturated Hydrofluorocarbons - Low GWP HFCs that produce dangerous hydrogen fluoride when they burn 
and transform to trifluoro-acetic acid in the atmosphere.  These are generally patented and much costlier. 

 
Natural Refrigerants:  Naturally occurring refrigerants such as ammonia (R-717), carbon dioxide (CO2) and 
hydrocarbons. 

 
5.2 The Future of Refrigerants 
When discussing ice system options, refrigerants are now the key element to consider when determining what type 
of refrigeration system is the best fit for your ice rink facility.  So, it is necessary to understand how refrigerants 
impact refrigeration equipment and system options. First, let’s start with a little history.  R-22 has been the most 
popular refrigerant used in ice rink applications in recent history.  With the signing of the Montreal Protocol in 1987, 
the United States Environmental Protection Agency (EPA) implemented the final rule of Section 604 of the Clean Air 
Act in July 1992, limiting the production and consumption of a set of chemicals known to deplete the stratospheric 
ozone layer as measured by their ozone depleting potential (ODP).  R-22, which also has a high global warming 
potential (GWP), was one of these targeted chemicals and as of 2020, is no longer manufactured or imported in the 
U.S and can no longer be installed in new refrigeration systems.  However, R-22 can be used in existing systems until 
the supply runs out. 
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In 2016 the Kigali Amendment was applied to the Montreal Protocol focusing on the phasedown of production and 
consumption of HFCs to reduce greenhouse gas emissions driving down the global warming potential (GWP) of 
refrigerants.  More than 90 countries ratified this amendment in 2019 including Canada, but excluding the U.S. as of 
February 2020.  The U.S EPA made certain HFC refrigerants unacceptable for us in the Significant New Alternatives 
Policy (SNAP) Rules 20 (2016) and 21 (2017).  However, the U.S. courts partially vacated these rules, and the industry 
is awaiting the EPA rewrite expected in 2020.   Despite this, states may choose to adopt and set their own timeline 
for implementation of the SNAP rules .  Some of the refrigerants that are currently used in ice skating facilities and 
are on the phasedown list include: R-134A R-404A, R- 407B, R-407C, and R-507A.    
 
California is one of the states leading the way to lower GWP refrigerants.  The California Air Resources Board (CARB) 
Activity adopted the SNAP Rules 20 and 21 in September 2018 and approved a limit the GWP of refrigerants used in 
ice rinks to < 750, following the lead of other Countries such as Canada and Europe.  This would eliminate R-134a 
which has a global warming potential of 1410 (meaning the release of one gram of R134a would have the same 
global warming effect as releasing 1410 grams of carbon dioxide).  In late 2020 California passed legislation reducing 
the GWP even lower to < 150, eliminating most synthetic refrigerants. California is part of a “Climate Alliance” that 
approximately 14 other states participate in, including New York, which have adopted HFC transition dates.   
 
Currently, the ice rink industry is caught in a transition period for refrigerants as new environmental regulations are 
implemented.  Careful consideration and evaluation of the current refrigerant options should be made.  The 
replacement refrigerants for HCFC refrigerants (e.g., R-22, etc.) and HFC refrigerants (e.g., R-507, R407C, R-134a, 
etc.) are fairly new with a limited history and performance data in this application.  Some of those new refrigerants 
are R-448A, R-449A, and R513A. R-513 is a new blended synthetic refrigerant that is supported by the National 
Hockey League as a sustainable, non-ozone depleting, lower global warming potential (GWP) alternative refrigerant. 
Its GWP is 613 and its ASHRAE Safety Classification is A1 which is lower toxicity and no flame propagation. 
 
Large global companies, such as Coca Cola, are leading the charge to ban HFCs and use natural refrigerants such as 
CO2, hydrocarbons and ammonia.  Since 2004, more than thirty ice skating facilities in Europe have switched over to 
using CO2 as the secondary refrigerant with ammonia as the primary.  The first CO2-based ice system in North 
America, and the first direct CO2-based system in the world, opened in 2011 in Quebec, Canada with a second rink 
opening in Montreal in 2012.  The U.S. now has eight ice rink facilities that use CO2.  B32 Engineering Group, Inc. was 
the leader in this application designing the first CO2 based ice rink system in the U.S. in 2016 and has since designed  
five more. 
 
5.3 Financial Assistance Programs. 
There are several financial programs that have traditionally been used on ice rink renovation projects.  The local 
utility companies should be consulted to determine what programs are available and apply to this project(s).  They 
may include: 
1. Engineering Assistance Study Program.  Some utilities offer this program.  The purpose of this program is to 

provide the City with the necessary business case justification to implement energy-saving opportunities.  This 
evaluation report can be expanded to identify energy conservation opportunities, energy modeling, etc. to meet 
the programs requirements.    Some utilities will reimburse their users up to 75% of the cost of this study.   One 
example where the user would benefit from this additional energy analysis is in selecting a refrigerant 
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(ammonia, CO2, etc.) or refrigeration system to replacing the existing synthetic (R-22, etc.) refrigerant or system. 
 It is typically required that the program be pre-approved by the utility prior to starting any work on the study. 

2. Rebate Programs.  Rebate programs are often available through utilities for many energy improvement 
measures that can be performed such as lighting replacement, motor replacement, installation of variable 
frequency drives, improving insulation systems, etc.   Custom rebate programs are also available and may apply 
to the refrigeration system replacement depending on the type of system selected. The utilities should be 
contacted to identify possible rebates prior to starting any improvement project relating to energy savings.  
Some rebates require preapproval prior to purchasing and installation.   

END 



Opinion of Probable Project Costs - Refrigerant Change Feasibility Study
Deilmann Recreation Complex, Creve Coeur MO

Creve Coeur, MO

B32 File No. 900.21.437

Date: 11.4.21

Costs include: escalation, general conditions, ice rink contractors profit, insurance, bonds Revised:

Option 2 Option 3 Option 4

Refrigerant type R-513 Ammonia CO2

Grade of system Commercial Industrial Mix

Demolition of existing refrigeration system and condenser $20,000 $20,000 $20,000

Misc. HVAC demolition $5,000 $5,000 $5,000

Misc. Electrical demolition $5,000 $5,000 $5,000
Remove and dispose of existing glycol and flush existing rink floor, transmission 

mains and refrigeration system (option to test and reuse) $18,000 $18,000 $18,000
New 120 ton refrigeration system (includes new motor control center or panels, 

condenser , pumps, glycol, refrigerant, etc.) $650,000 $800,000 $900,000

New glycol solution $40,000 $40,000 $40,000

Preheat for resurfacer water Not available Not included Not included

Reuse existing snowmelt pit $0 $0 $0

Concrete equipment pads $2,000 $2,000 $2,000

Rework existing condenser supports $5,000 $5,000 $5,000

New electric service if required $25,000 $0 $25,000

Eyewash and shower stations (1 for synthetic and CO2 and 2 for ammonia) $10,000 $18,000 $10,000

New ventilation system in refrigeration room $35,000 $45,000 $35,000

Misc. plumbing in refrigeration room (water lines, move or add drains, etc.) $15,000 $15,000 $15,000

Misc. electrical in refrigeration room (receptacles, panels, lights, etc.) $20,000 $20,000 $20,000

Replace existing single exterior door $8,000 $8,000 $8,000

New vestibule and door into resurfacer room (vestibule for ammonia only) $15,000 $40,000 $15,000

Misc. sitework improvements around existing refrigeration room $0 $0 $0

New screen wall (ammonia and R513) or modify existing for CO2 option $0 $0 $10,000

Paint interior of existing refrigeration room $3,000 $3,000 $3,000

Subtotal of estimated construction costs $876,000 $1,044,000 $1,136,000
Estimate, design and constr. Contingency (20%)1

$175,200 $208,800 $227,200

Total estimated construction costs $1,051,200 $1,252,800 $1,363,200
Engineering, legal, financial and administrative (20%)1

$210,240 $250,560 $272,640

Total estimated project costs (2022) $1,261,440 $1,503,360 $1,635,840

Expected useful life - refrigeration system (yrs.) 15-20 30+ 25

Adjusted Costs for 20232
$1,311,898 $1,563,494 $1,701,274

Adjusted Costs for 20242
$1,364,374 $1,626,034 $1,769,325

Footnotes:

1.  See cost estimate narrative in report.

2. Applied escalation costs of 4% per year.

Item

Cost Estimate
1

1
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