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Executive Summary

Background

Indoor public pools represent an opportunity for significant energy savings in Minnesota. The
Environmental Protection Agency’s (EPA’s) Target Finder indicates that indoor public pools have an
energy use intensity that is at least 3 times that of the other parts of buildings within which they reside
(EPA 2014). They have energy intensive, specialized conditioning requirements and equipment.
Optimized operation of these facilities requires careful balancing between pool temperature and the
combination of air temperature and humidity. Modest changes in any one of these can throw off the
balance and have large energy and comfort impacts. Operational issues with HVAC equipment can also
cause excessive energy use that goes unnoticed. These complex HVAC systems can have a problem with
one component and have another part of the system make up for it in a way that uses much more
energy, but still keeps the pool temperature and space conditions comfortable. Based on our market
research conducted as part of this project, we estimate that there are approximately 600 indoor public
pools in Minnesota larger than 2,000 square feet, about 1,500 smaller indoor public pools, and about
900 spas. We found that all of these had a combination of high energy use, complexity and prevalence,
making indoor public pools a ripe opportunity for energy savings.

Although indoor public pools are common high energy users with optimization opportunities, CIP
program efforts in Minnesota have generally underserved this portion of the commercial building
market. Most large public pools are in schools and fitness centers that may be served by
recommissioning (and other) programs, but recommissioning of these facilities often doesn’t fully
address the indoor pool area--or is very expensive. This is because of both the specialized nature of the
facilities and inconsistencies of their tie-ins with central building automation systems. Moreover, we
found a gap in CIP programs when it comes to serving hospitality and multifamily buildings with smaller
indoor public pools, missing opportunities to adequately address optimization.

This project was undertaken to develop specialized guides designed to provide energy savings through
quality maintenance and operation of indoor public pool facilities, and to investigate their energy
impact. The focus is on making the best use of existing HVAC equipment, as well as low to moderate
cost upgrades (e.g. control optimization). One guide is designed for recommissioning providers working
with CIP programs to help them maximize the savings achieved while minimizing the cost of the
recommissioning services. This guide (requiring the high level of expertise associated with the
recommissioning engineer) encompasses a wide range of improvements for comprehensive one-time
investigations. The second guide is designed for service technicians. This guide is for use by technicians
that deal with a facility on a regular, ongoing basis as well as serving as a complement to the
recommissioning guide. The service technician guide has the potential to impact a larger number of
facilities at a lower cost than the recommissioning service provider guide because of the cost and
relative infrequency of recommissioning services.

Optimized Operation of Indoor Public Pool Facilities
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Goal & Methodology

The key goals were the development of guides and quantification of the savings potential associated
with specific operational improvements in Minnesota’s indoor public pools. The steps taken towards
these aims are outlined below.

1. Baseline Characterization. The first step was to establish a detailed definition of the common
range of baseline conditions for indoor pool facilities in Minnesota. After gathering preliminary
information about the quantities of various pool sizes and the building types in which they are
found, we performed a field observation survey of pool area, equipment and baseline operating
conditions (critical operating temperatures, air flows, and humidity) for 30 facilities chosen to be
representative of the important segments of the market. This included a total of 15 hospitality

and multifamily buildings with small pools (and spas in many cases), and a total of 15 schools
and fitness centers with at least one large pool. The survey was also designed to provide
preliminary identification of the applicability of specific energy improvement measures. In
addition, the survey results helped refine the use of information from a variety of sources so
that more accurate best estimates of statewide counts of facilities and pools by type could be
compiled.

2. In-Depth Evaluations and Improvement Implementation. More in-depth investigation and
implementation of improvements was targeted for 6 of the facilities surveyed. This included one

hospitality building, one multifamily building, two schools, and two fitness centers. At these
sites detailed spot observations and long-term monitoring was used to guide the
implementation of operational improvements and to measure the subsequent energy savings
achieved. The monitoring and analysis was carried out using a variety of approaches based on
the site and measure-specific situation. For example, data collection used a combination of
existing building automation system trend data and research grade data logging equipment.
Similarly, approaches such as simple regression analysis, piecewise regression analysis, and
temperature bin data analysis were used as appropriate for the available data set and
relationships.

3. Guide Development & Refinement. The lessons learned from earlier project activities guided the
development of two guides aimed at improving the efficiency of indoor public pool facility
operations. The first guide provides operators (facility staff or contractors) a checklist of items to
verify periodically, and correct as needed to improve efficiency. For a limited number of these

items—chosen based on a combination of savings magnitude and the level of expertise needed
to address them—a set of detailed step-by-step directions was developed. A draft of the
technician’s guide was sent to 12 operators and contractors that agreed to review and provide
feedback, and final revisions were made after making follow-up contacts. A second,
recommissioning provider’s guide built upon the technician’s guide with additional measures
and technical guidance aimed at engineers that are less familiar with pool systems and issues.

Optimized Operation of Indoor Public Pool Facilities
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This guide was similarly sent to two recommissioning providers for review and feedback before
finalization.

4. Savings Quantification and Guidance. Based on the results of the surveys and implementation,
two different savings estimation efforts were undertaken. First of all, the results from the test
sites and other engineering calculations were used to estimate the statewide savings potential
for systematic implementation of operational improvements to indoor public pools in
Minnesota. Secondly, recommendations were developed to guide future pool system energy

savings calculations for utility program purposes.

Results

Baseline Characterization

In the 30 buildings surveyed on-site, there were strong relationships observed between the building
types with pools and the sizes and types of pools in those buildings, and other trends related to key
equipment characteristics. The most important building and equipment asset characteristic findings are:

e Poolsin schools & fitness centers averaged six times the size of pools in hospitality and
multifamily buildings

*  Multiple pools were seen in all fitness centers and % of schools

e Spas appeared in all hospitality buildings and fitness centers, and more than % of multifamily
buildings

e Sand filters and constant speed pumps were nearly universal

e All pool water heating was gas-fired

e Pool water heating was through a secondary heat exchanger in most buildings, with packaged
pool heaters only used for 1/3 of small pools.

e Each of these three secondary heat sources was common: a dedicated boiler (or water heater),
a central whole-building boiler systems, and seasonal changeover between the former two.

e 2/3 of large pool rooms used dehumidifiers with compressor(s) and the remaining 1/3 used
“dry” outdoor air ventilation only to dehumidify

e All hospitality buildings used compressorized dehumidifiers while none of the multifamily
buildings did

* Boiler system coils provided space heating for all large pool rooms and 1/3 of small pool rooms

e Other common space heat sources for small pool rooms were direct-fired heaters, and electric
resistance supplemented with dehumidifier hot-gas reheat

e Large pool area HVAC systems had heat recovery ventilation (HRV) in 1/3 of buildings and
reclaim of heat from the dehumidifier for pool water heating was designed into % of the
compressorized dehumidifiers.

e The above two features were much less common in small pool room HVAC systems

The most important operational observations and interview findings from the survey are noted here:

Optimized Operation of Indoor Public Pool Facilities
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e Control problems and insufficient understanding of controls was very common.

e Many sites had space temperatures well below the industry recommended values

e Half of the sites with pool covers don’t use them

e Pool water recirculating rates were typically much higher than code requirements in small pools

e Significant valve throttling was observed in nearly all secondary pools in schools and fitness
centers, and more than a quarter of the primary pools in these facilities.

Each of the above observations is an indicator of a likely cost-effective opportunity to improve
operations. The likely opportunities include HVAC control upgrades and fixes, HVAC control setting
adjustment, increased use of existing pool covers, balancing of pool water recirculation rates, and the
use of a variable speed drive to balance pool water flow rates.

Detailed Investigation of 6 Sites

The energy saving operational improvement opportunities identified at the six sites that received
recommissioning style evaluations are summarized in Figure 1. All of the items presented have a
payback of less than three years and most have been successfully implemented at the sites and had the
savings validated. The average annual savings per measure identified was 29,000 kWh and 3,700 therms
(when the increased gas use associated with fixing one heating equipment problem is ignored). These
savings average 6.5% of electrical usage and 12% of gas usage for the mechanical equipment serving the
pool spaces and the pools. The most important opportunities for cost-effectively achieving energy
savings in these facilities were HVAC control setting and control system changes while pool covers offer
more modest opportunities.

Figure 1. Energy Saving Measures Found at 6 Recommissioned Facilities

HVAC Control Setting:
No Cost

HVAC Control Upgrade: Hospitality

Moderate Cost ® School

™ Fitness Center

Pool Cover:
Low Cost

$0 $2,000 $4,000 $6,000 $8,000

These energy cost saving control opportunities had some noteworthy traits. The two largest saving
measures, plus the 4" largest, included outdoor ventilation air flow reduction as a primary feature. The
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two lowest saving no-cost control setting changes could be made without accessing a building
automation system, while the top 4 saving measures require changing settings and/or programming of a
building automation system (BAS) or similarly sophisticated individual HVAC unit controller. While a
number of problems with existing control systems provided opportunities for improvements, these
problems also included problems with communication between BAS systems and pool area HVAC units
or BAS trend logging that made thorough investigation of opportunities challenging.

While pool covers are one of the most-cited energy saving measures for pools in pool and energy
efficiency industry literature, their savings potential was much less than the HVAC control opportunities
in the facilities with large pools. The one cost-effective pool cover opportunity identified in a large
building was for repairing an existing cover, rather than for the full price of purchasing and installing a
cover. The pool cover opportunity noted for the hospitality building is for the use of an invisible liquid
pool cover material that reduces evaporation when the water is still. The savings shown and (and less
than one year payback) is based on an engineering estimate of savings, while the actual savings
observed through monitoring was only a small percentage of this projected savings. While this liquid
pool cover technology appeared to have the potential to be the largest impact measure for a number of
small pools, it is unclear now indicative the disappointing result at the one site is of the potential savings
in other Minnesota indoor public pools. Both traditional and liquid pool covers may provide important
savings opportunities in Minnesota that this small sample size does not reveal even though the potential
per site savings is less than what most of the HVAC control operational improvements can provide.

Energy Efficient Operations & Recommissioning Guides

Two guides focused on energy efficient operation of existing indoor public pool facilities were
successfully developed—one for operators and contractor technicians, plus a second for
recommissioning engineers that may not have extensive experience with pools. The guide development
process included detailed review and feedback from 10 local industry professionals. Each guide is built
around a one-page checklist of specific energy efficient operation items. The main checklist includes
either an indication of how often to check an item (for operators) or what investigation approach is
needed to identify the opportunity (for recommissioning engineers), plus a specific reference to the
location of further information. Many of these references lead the user to other portions of the guide
where clear, detailed direction is given in a format that is specific to the type of user. The operator’s
guide primarily uses a consistent visual layout with step by step instructions while the recommissioning
provider’s guide includes an additional text section that provides guidance for every measure on the
checklist. The recommissioning guide also has sections that provide valuable background on pool
facilities, mechanical equipment, and methods for both spot measurements and long-term monitoring.
These guides are being made publicly available as a resource for pool operators, building owners,
recommissioning engineers, and CIP program staff.

Optimized Operation of Indoor Public Pool Facilities
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Statewide Savings Potential

Table 1 shows the statewide savings potential available in indoor public pool facilities in Minnesota by
category of measure or service. HVAC recommissioning type activities show the largest potential for
savings of both gas and electricity. No cost control adjustments and liquid pool covers provide significant
secondary opportunities for gas savings while variable speed pool pumping provides about one-third of
the electric savings potential. The one-third of buildings that have large pools represent about two-
thirds of the overall savings potential.

Table 1. Summary of Statewide Savings Potential

# of
Applicable CCF/ kWh/ MCF MWh
Buildings  Building Building Statewide Statewide
No Cost Changes* 907 853* 3,878* 77,394* 3,517*
HVAC Recommissioning/Audits 2,029 2,545 8,788 516,302 17,832
Liquid Pool Cover 1,394 221 1,453 30,755 2,026
Variable Speed Pool Pumping 907 0 9,789 0 8,879
Total 2,029 2,696 14,163 547,057 28,736

*Values for no-cost changes were not added to the totals because the savings associated with this measure is mutually
exclusive with the recommissioning audits (within the same building).

Recommendations

CIP Programs Recommendations

Based on the results of this study, our key recommendations for CIP programs are:

e Direct recommissioning efforts towards indoor public pool facilities with guidance to providers
based on the Recommissioning Guide for Indoor Public Pool Facilities in Minnesota, (which is one
of two companion documents prepared as part of this project).

e Develop prescriptive or similar, simple rebate options for a variable speed pool pumping

e Consider offering pilot or custom rebates for liquid pool covers with measurement and
verification of the first few participants before undertaking wide promotion of this technology.

*  Promote the use of the Operator’s Guide to Energy Efficient Indoor Public Pool Operations
(which is the second companion document prepared as part of this project) among on-staff
operators, HVAC contractors, and pool water system contractors.

TRM and Savings Calculation Recommendations

Based on a review of other states’ TRM measures and a number of resources we have developed six
measure specific recommendations for incorporation of TRM measures and/or CIP program calculation
approaches for use in Minnesota. These recommendations address some assumptions in commonly
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used calculation approaches that we have found to be frequently inaccurate for Minnesota’s climate
and commonly used HVAC systems.

Conclusions

There is a large potential for energy cost savings by turning more focused attention to optimized
operation of indoor public pool facilities in Minnesota. HVAC recommissioning activities provide the
majority of the savings potential. Variable speed pool pumps, no-cost HVAC control setting changes,
restoring pool covers, and liquid pool covers also provide secondary opportunities for energy savings. A
recommissioning provider’s guide and an operator’s guide developed as part of this project can aid with
CIP program activities.

Optimized Operation of Indoor Public Pool Facilities
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Introduction

The potential for cost-effectively achieving energy savings in indoor public pool facilities through
optimized operation appears to be very large. We found that there are about 1,900 buildings in
Minnesota with indoor public pools, and these are primarily hospitality, multifamily, school and fitness
center facilities. Figure 2 categorizes the roughly 3,100 public pools found in these buildings by pool size
and type. While the intent of this project was to focus on pool facilities, the presence and operation of
spas (i.e. hot tubs) in a significant fraction of the pool rooms has a significant impact on the pool room
and should be addressed alongside of efforts to address pool operations.

Figure 2. Indoor Public Pool Categories in Minnesota

Spas
29%

The indoor pool facilities have energy intensive, specialized conditioning requirements, but in practice
equipment is often not operated and maintained in a way that is optimal with respect to energy
performance. Optimized operation of these facilities requires careful balancing between pool
temperature and the combination of air temperature and humidity. Modest changes in any one of these
can throw off the balance and have large energy and comfort impacts. The key system componentsin a
public pool facility are illustrated in Figure 3. There are a number of other ways that excessive energy
use can be caused by HVAC equipment operational problems that may easily go unnoticed. The control
systems for HVAC systems for swimming pool areas compensate for many problems by using excessive
energy without the pool temperature and space conditions being affected. Two common problems that
are not “self-alerting” include using excessive amounts of outside air and the failure of heat-recovery
equipment.

The achievable cost-effective savings potential is significant because of the combination of the number
of facilities, energy-intensity, and sensitivity of energy use to a number of maintenance and operation
issues. While public pool operators are required to have extensive training and certification, this training
primarily focuses on pool water treatment systems and maintaining water quality, with very little
guidance regarding energy efficient operations and the unique HVAC operations challenges encountered
in indoor public pool facilities. While CIP recommissioning programs theoretically include indoor public
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pools in their scope, the specialized space conditioning requirements, specialized equipment, and
frequent disconnect between pool equipment and a central building automation system (BAS) often
cause recommissioning providers to overlook opportunities in the pool area. Therefore, it appears that
improved quality maintenance and operations program for indoor pools in Minnesota has the potential
to create pool water heating, space heating, cooling and fan energy savings.

Figure 3. Diagram of Key Pool Area Equipment

Space Ventilation,

Heating &
Dehumidification
Pool Water — —
Heating & 84°F 55% RH
Filtering .
4 4 4
! ! !
MM
R 82°F

To address this opportunity, CEE undertook this project to develop two specialized guides designed to
provide energy savings through quality maintenance and operation of indoor public pool facilities, and
to estimate their energy impact. One guide is designed for CIP program recommissioning providers to
help them maximize the savings achieved while minimizing the cost of the recommissioning services.
This guide (requiring the high level of expertise associated with the recommissioning engineer)
encompasses a wide range of improvements for comprehensive one-time investigations. It also includes
guidance for quality installation, maintenance, and operations improvements. The second guide is
designed for service technicians. This is meant for technicians that deal with a facility on a regular,
ongoing basis as well as serving as a complement to the recommissioning provider guide. It is
anticipated that the service technician guide has the potential to impact a larger number of facilities at a
lower cost than the recommissioning service provider guide, because the cost of recommissioning
services is a barrier to program delivery, especially for smaller buildings with indoor public pools.

Optimized Operation of Indoor Public Pool Facilities
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Goals and Methodology

The key goals of the project were:

¢ Development of an effective energy efficient operations guide for commercial indoor public pool
operators and contractors

e Development of an effective guide for recommissioning providers that increases the subsequent
savings achieved in facilities with pools through cost-effective investigation efforts

e Give CIP program planners and providers guidance for quantifying the magnitude of savings that
can be achieved through operations and maintenance improvements in indoor public pool
facilities.

Given the variety of operations improvements that can be undertaken, the field study efforts did not
aim to achieve statistically significant proof of savings for each item as much as they were intended to
provide lessons that would improve the quality of the guides and to give a general indication of the
magnitude of savings that should be expected. The following task subsections detail the efforts and
approaches that we undertook to achieve these goals.

Baseline Facility Characterization

Statewide Facility and Pool Count Estimation

Information was gathered from a variety of sources and synthesized to make a best estimate of the
number of various types of facilities with indoor public pools in Minnesota, the number and general size
of pools within them, and the number of spas within the pool rooms of these facilities. Based on
previous in-house knowledge and discussions with a number of industry professionals, we used various
approaches to estimate the state-wide quantities associated for each building type. Preliminary
estimates were generated prior to the contracted work, and then improved upon within the course of
this project. Multiple estimates were generated for most building types, and a type-specific approach
was applied to choose one of these as a best estimate, or combine multiple estimates to yield our best
estimate.

Extrapolation of Suburban County Data

The most important single source of information for estimating statewide counts of facilities and pools
was a list of every indoor public pool and spa regulated by one county in the Twin Cities (Ramsey County
2014). While facility name and corporate license holder information was all that was provided for each
of these pools (and spas), the facility name gave a clear indication of building type and duplication of
addresses frequently gave a clear indication of a second pool/spa at a facility. The individual counts for
this jurisdiction were translated into statewide estimates by multiplying by 28.6, which is the ratio of
state-wide population in 2010 to the population of the jurisdictions regulated by the county in 2010
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(U.S. Census Bureau, 2016). This data was used provide an estimate of facility and pool/spa counts for all
of the facility types noted in the following subsections.

Hospitality Count Estimation

The best estimate counts of facilities with pools and the count of spas is directly from a voluntary, self-
reported list of hospitality buildings in Minnesota that provided information to the state of Minnesota’s
office that promotes these facilities through a state tourism website (Explore Minnesota 2014).
Additionally, based on a separate list of facilities with water parks, we estimated that 5% of the pool
hospitality facilities have a large pool as part of a water park, and that half of these (2.5% of all
hospitality) have a second pool that fits into the small pool category. The extrapolation of suburban
county data to the entire state gave a hospitality building with indoor pool Minnesota-wide estimate hat
was just 3.5 percent below the count provided by the state’s tourism office.

Multifamily Count Estimation

The extrapolation of suburban county data was the only estimate of statewide facility count available for
multifamily buildings. The on-site survey findings and spot checking of multiple pool licenses in the
suburban county all suggested that 2" “pools” in multifamily facility are nearly all spas. When all 2"
“pools” in the suburban county’s multifamily buildings are assumed to be spas, it appears as though this
county has a proportion of multifamily buildings with spas that is moderately higher than what was
observed in the on-site survey. To arrive at the estimate of multifamily building spas we applied the
average of the percentages from the suburban county and the on-site survey to statewide count of
multifamily buildings with pools estimated from extrapolation of county license data, yielding a State-
wide count of 570.

School Count Estimation

The total number of public schools with indoor public pools was calculated by taking the total number of
middle and secondary schools in Minnesota (Education Bug 2015) and applying a factor of 0.42. The 0.42
factor is based on a phone survey we conducted on a random sample of middle and high schools in
Minnesota (selected from a list of schools that have entered their utility billing data into a Minnesota
specific energy benchmarking database). This resulted in an estimate of 418 for Minnesota.

Fitness Center Count Estimation

One estimate of the number of fitness centers, pools and spas came from adding up the fitness centers
identified through fitness center chain and internet searches for fitness centers with pools throughout
Minnesota websites (Foss Swim School, LA Fitness, LifeTime Fitness, YMCA 2014, 2017). Each fitness
center was assigned an estimated pool count based on the “standard” facility amenities for that chain
(as determined from information from a subset of each subset). This resulted in facility and pool count
estimates that were only about 1/3 of the value estimated from the extrapolation of the license data
from one county. This was despite the license data for the one county showing a much lower average
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