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SUMMARY

Purpose

This guide outlines for you, as a pool
technician, the most important steps you can
take to optimize the energy use in your public
pool facility in Minnesota. It outlines 15
operational checks that identify no-cost and
moderate-cost changes that on-site staff and/or
a contractor can make without major
equipment upgrades. It also points out a few
situations where more expertise and/or a little
higher investment might be required to take
advantage of an energy cost saving
opportunity or to solve a problem. The
recommended actions are conservative to
ensure that pool and space conditions are not
negatively impacted.

You can apply this guide independently, or
with the support of a utility-funded
Conservation Improvement Program (CIP).
Some operational checks could lead to the
implementation of items that are eligible for
traditional utility equipment rebates, for
example the installation of a variable speed
drive on the pool pump. Other items may be
rebated through a utility recommissioning
program (e.g. fixing a control programming
issue that causes excess energy use), behavior
change program, operator training program, or
other progressive program design.

Scope

The focus is on key actions that you as a pool
operator and/or HVAC technician can take to
identify and implement energy saving
measures that require no or moderate capital
cost. It is not intended to systematically
address water quality, air quality, or moisture
condensation issues. It does not address all
upgrades that might be identified through a

1

comprehensive engineering evaluation of a
facility —especially those involving major
upgrades or replacement of equipment.

In addition, this guide does not fully address
operations related to water filtration and water
treatment, which can impact energy use. This
specialty subject is already addressed by
numerous other resources, including the pool
operators manuals listed on the next page.

How to Use the Guide

Portions of this guide can yield energy savings
from just a one-time use; however, you will
most effectively achieve long-term energy
savings, comfort, and minimal moisture
condensation issues if: (1) all applicable checks
are conducted for a facility, and (2) a number
of the individual checks are incorporated into
the facility’s regular schedule of operations

and maintenance procedures.

While each check is individually worthwhile
and written as a stand-alone item, there is a
level of interdependence that makes
completion of all applicable items significantly
more effective. It is recommended that you

follow these steps:

1. Systematically go through the guide to
determine the applicability of each item
for your facility.

2. Conduct all applicable checks at least
one time.

3. Follow through on the energy cost
saving actions identified through the
completion of the checks.

4. Repeat select checks seasonally based on
the recommended frequency and
implement any subsequent energy
saving actions identified.





The checklist on the following page gives a
summary of the 14 items to be checked. The
detail column in the table notes if and where
more information is available for the item. For
selected checks, detailed instructions are
included in the following sections, and a two
character letter and number code is noted to
help you locate these instructions. In some
instances the instructions refer to reference
documents that are noted in the last section of
the guide and that will be helpful for some
operators. However, for most of the checks,
you will probably be able to rely on the
checklist and the instructions/key reminders
included in this guide.

Pool Systems Summary

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

Operator’s Guide to Energy Efficient Indoor Public Pool Operations

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 components
in a public pool facility are illustrated in the
figure below. 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 operations issues.

Diagram of Key Pool Area Equipment

Space Ventilation,
Heating &
Dehumidification

Pool Water N — -
Heating & 84°F 55% RH
Filtering
¢ %
! !
_A_w
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Energy Efficient Pool Operations Checklist

Check Frequency How It Saves Energy Detail
Settings & Sensors
Optimal Relative Every 2 |Keeping the humidity lower than necessary increases the 51
Humidity Months |evaporation rate and the energy usage of the dehumidifier. ==
Confirm Humidity Humidity sensors tend to fail quickly, causing either
Quarterly e ) I, S2
Sensor Accuracy unnecessary dehumidifier operation or poor humidity control. ==
Optimal Pool OveI.‘heatmg the pool increases the? pool evaporatlop rat'e, o NSPE,Ch12
W T Monthly |heating energy and dehumidification needs. Lowering it within | .\~
ater Temperature the comfort range prevents this. T
Ovptimal Space Overheating the pool area air above the pool water temperature NSPE Ch12
P P uarterly |causes excess air heating and evaporation. Reducing the air B,
Temperature y ° p © NRPA,20-5
P temperature within the comfort range prevents this.
HVAC Checks
Seasonal HVAC Quarterly |Control problems can lead to over active dehumidification with H1
Operation (except summer) |excess energy use and equipment wear. —
Energy Recovery Quarterly W.he.re an ERV is present, improper co.ntrol or 'breakdown can
Ventilat ¢ summar) eliminate any energy cost savings, typically without any change H2
entifator (excep in space conditions that would draw attention to the issue.
Outdoor Air 1 Bringing in too much outdoor air increases energy costs, while
Ventilati Quarterly bring in too little air can cause air quality problems and H3
entilation (except summer) |, cessive dehumidifier operation.
Semi- In complex units, if something goes wrong with the main heat
Main Heat Source Annually |source, another source will compensate but often with added -
(except summer) |€Nergy costs, extra equipment wear, and/or poor space control.
Water Side
Covering an unused pool to prevent evaporation is a large ,
5 P P P & NSPF,Ch.12
Use Of Pool Cover Daily energy saving opportunity; the use of a liquid pool cover may NRPA 105
also provide savings (although not as much). '
s Optimizing of pumps is often compensated for by chokin
Main Valve P § of pump P Y &
Throttling Annually |down the flow, and this uses more energy than just slowing W1
! d
own the pump.
NSPF, Ch.10,
. Turning the pool over faster than the required 6 hour time Ch.11
Pool Filter Flow | Annually griep . q :
frame required for most pools increases pump energy use. NRPA, Ch.5,
Ch.8,Ch. 9
If you have a small boiler/pool heating that is used only in mild
Seasonal Boiler Seasonall weather (while a central boiler is shut down) it is often more
Switchover Y |efficient than the central boiler. If so, using the seasonal system
longer may provide large savings.
Minimum Annually Heating of fresh make-up water requires significant energy. NSPF, Ch.6, 7,
Draining Of For Each |Avoid excessive filter backwashing or draining more than and 11
Heated Water Operator needed to control TDS levels. NRPA, Ch. 8
Pool Water Heat Semi- Long-term pool water heater underperformance can be masked
S A 1 by overheating of the air above the pool, which leads to NRPA, 10-2,3
ource nnually | excessive heating energy use.
Over Heatin Each Lon If fresh, cold water is added upstream of the heater’s control
. g, . 5 sensor for 5+ minutes, then significant overheating of the pool -
During Water Fill | Fill Event

can occur. Temporarily disabling heater can prevent this.

*The items with black text have a more detailed check description within this document, while those with dark gray text do not.
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INDIVIDUAL ITEM CHECKS

For those checks on the checklist that have a single letter and single number code in the detail
column, a detailed check with that letter-number code can be found in this section. These specific
items were chosen because of their significant potential energy impact and/or a lack of clear direction
in other readily available resources. For a number of other checks, the checklist refers you to specific
parts of the two most prominent pool operator training manuals. These documents are:

e NSPF: National Swimming Foundation, Pool & Spa Operator Handbook, 2012 - 2017 Editions.
e NRPA: National Recreation and Park Association, Aquatic Facility Operator Manual, Revised
6th Edition.

Also note that the checks are broken down into the three categories described below.

Settings and Sensors

Suboptimal control settings and/or inaccurate sensors commonly cause pool systems to use more
energy than needed and lead to occupant discomfort. The checks in this section outline a few steps
you can take to ensure that the pool and space are maintained at the temperatures/humidity
required to achieve comfort levels, without excess energy use. With the exception of checking pool
water temperature more frequently, these checks generally only need to be once every two or three
months. Detailed guidance is outlined in this guide for the following checks:

e S1. Optimal Relative HUMIAIEY ...cvveriiiiiiiiinenieieiicccesnnneeeeeeecesssssnssseeeessssssnns Page 5
e S2. Confirm Humidity SenSOr ACCUTACY ...coevuvrerereieeerrevnneeeeeeecesssssnssseeesssssssnns Page 9
HVAC Operations Checks

Through the observation of basic operations, without the use of expensive test equipment or a high
level of expertise, you can identify many suboptimal conditions that unnecessarily increase energy
use. Performance of the HVAC operations checks will effectively screen for a large percentage of the
issues that lead to artificially high HVAC system energy use in indoor public pool facilities. Most of
these are recommended for completion every two or three months. Detailed guidance is outlined in
this guide for the following checks:

e H1. Seasonal HVAC OPeration .......cccceeeeueeeeeeiunreeccssneeeeccsssneeecsssssessssssssessssssnes Page 13
e H2. Energy Recovery Ventilator Basic ChecK......ccocieevvvveeeereeeeeceecccnneeeeeeeeees Page 16
e HB3. Outdoor Air Ventilation Rough Check........ccccouvuerurvurennicucenccncrecnecnennes Page 20

Water Side Operation Procedures

A number of practices, procedures, and checks in this category often lead to more efficient operation
of a facility without upgrading equipment. Some of these require no capital cost, while others identify
problems that may require some capital cost to correct, but will give a quick payback. A couple of
these items may require changes to regular operating procedures. However, most of these items don’t
need to be checked often. Detailed guidance is outlined in this guide for the following check:

* WI1. Main Valve Throttling .......cccccceeevvimiecriniiennisuienninnininenncsncseescencsseseeseanes Page 23

[Back to Checklist] 4
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S1. Optimal Relative Humidity

While too high of humidity at the wrong time can cause familiar condensation problems, being

too aggressive at maintaining a low humidity can also significantly increase energy use and

make it feel uncomfortably cold for swimmers after they exit the water. Also, humidity far

above or below the setpoint can be a symptom of a problem that is preventing the HVAC

system from performing as intended or performing in a way that uses more energy than

necessary.

WHEN TO CHECK: EVERY 2 MONTHS

INVESTIGATE COMPARE ACTION
* Record * Actual humidity * Adjust humidity
humidity vs. setpoint setting
setpoint )
e Setpoint and e Correct issues
e Record —> value vs. typical —> (e.g. too much
humidity value range outdoor air)
* Record outdoor
temperature
INVESTIGATE
Record Humidity Setpoint % RH

Depending on the unit and controls arrangement, the humidity sensor display may be
accessible at a few different locations.

Often the humidity setpoint is accessed either through a control display at the HVAC
unit itself, on a control device attached to the return duct, or through a Building
Automation System (BAS) interface.

Sometimes, a thermostat-like device in the pool room has an accessible setpoint,
although there would typically be a locking cover, or some other way to limit access. If
a device in the pool room displays humidity but does not have arrow buttons, a dial, or
a lever for adjusting, it is probably only displaying the current value and is not
displaying the setpoint.

Record Actual Humidity Value % RH

Depending on the unit and controls arrangement, the current sensor reading may be
accessible at a few different locations.

Often the current reading for the humidity sensor is visible either through a control
display at the HVAC unit itself, on a control device attached to the return duct, or
through a BAS interface.

[Back to Checklist]
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Sometimes, a thermostat-like device in the pool room has a display that shows the
current humidity. If a device in the pool room has arrow buttons, a dial, or a lever for
adjustment, it may display the setpoint instead of (or in addition to) the current sensor
reading. If so, look carefully to be sure that you do not confuse the RH setpoint for the
current value.

Record Outdoor Temperature °F

Outdoor temperature can be measured on-site via a BAS sensor or thermometer (in the
shade)

Or, you can use a cell phone app (or website) to get a current nearby weather station
reading.

COMPARE

If the RH Setpoint and RH Value Differ by More Than 6%

If there’s no compressor, the RH is above setpoint, and it’s above 60°F outside, the unit
may be functioning as designed, but it has a limited ability to maintain a RH well below
60% in warm weather. If the HVAC unit is bringing in its maximum possible outdoor
air (see H1 for more information), then no action is needed to address this discrepancy.
If the RH is above setpoint and it's above 75°F outside, the unit may be functioning as
designed, but it has a limited ability to maintain a RH well below 60% in hot, humid
weather. If the dehumidifier appears to be operating at its maximum capacity (see H1
for more information), then no action is needed to address this discrepancy.

If the RH is below setpoint and it’s below 50°F outside, the unit may be functioning as
designed, but the dry outdoor air needed for air quality reasons is providing more
inadvertent dehumidification than is needed. If the HVAC unit is not trying to
dehumidify (see H1 for more information), then no action is needed to address this
discrepancy.

If the RH is well above or below setpoint under other circumstances, take the associated
steps noted in the action list for this check.

Typical Humidity Control Chart

The chart shows the typical range of pool area relative humidity setpoints and actual
values.

The solid, dark blue lines show the suggested range of RH setpoint.

The dashed green lines show the range of actual RH values that are somewhat common
to see.

The higher observed humidity levels at high outdoor temperatures tend to occur for
outdoor air only dehumidifier systems. HVAC units with cooling coils and/or desiccant
dehumidification tend to control the humidity better at these extreme conditions.

[Back to Checklist] 6
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Typical Relative Humidity Ranges

70%
- = -
- - -
60% -
/ \
/ _ - RH Setpoint
- Limits
-~ \ A
50% i —_
~ -
Pool Area s
Humidity Limifs of Common P
Range Actupl RH P
400/0 ¢ - -
- -
- - -
- - - .
-
30%
20%
0°F 20°F 40°F 60°F 80°F
Outdoor Temperature

Compare Humidity Setting and Value to Chart Ranges

Setting the HVAC unit to provide a lower humidity than suggested by the “setpoint”
range significantly increases energy use, pool water evaporation, and wear on any
compressors. This should only be done to the extent that site-specific experience has
shown a need to do so to prevent condensation problems. Note that condensation
problems are far worse in very cold weather, when the inside part of exterior surfaces
can get cooled below the dew point of the humid, pool room air. So higher a RH
setpoint during mild winter weather may be fine in a facility that needs lower humidity
in very cold weather to prevent condensation problems. If a setpoint is unnecessarily
below the suggested range, see the associated action.

Humidity setpoints above the range are not recommended due to the likelihood of
condensation and/or comfort issues. If a setpoint is unnecessarily above the suggested
range, see the associated action.

Actual RH values below the range shown suggest that there may be more outdoor air
ventilation than is needed. Take the associated action to investigate and correct if
needed.

Actual RH values above the range shown suggest that there may be less than the
needed amount of outdoor air ventilation. Take the associated action to investigate and
correct if needed.

[Back to Checklist]
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ACTION

If Direction to Action for RH Setpoint versus Value Discrepancy
e To degree to which it is possible, check on dehumidifier operation (see H1 for more
information) to see the extent to which it is actively trying to dehumidify.
e If the RH is above setpoint and:
e If the HVAC unit is not trying to dehumidify as much as possible, then a qualified
technician should inspect for what is probably a controls issue; or
e If the unit is trying to dehumidify as much as possible under conditions for which
it is expected to keep up, then a qualified technician should inspect for what is
probably an equipment issue.
e If the RH is below setpoint and:
e [If the HVAC unit is not trying to dehumidify, check for excessive outdoor air; or
e If the unit is still trying to dehumidify when it is not needed, a qualified technician
should inspect for what is probably a controls issue.

If Directed to Action for a RH Setpoint Outside of Suggested Range

e Change the setpoint to a value within the suggested range.

e If the setpoint control is right on the unit or a thermostat like device, it will probably
have a fixed setpoint. This may need to be manually changed seasonally to get the
optimal balance between comfort, energy use, and condensation.

e Many BAS (and some stand-alone controllers) will have the capability to automatically
adjust the relative humidity setpoint in response to outdoor air temperature. If so, this
will probably provide the best approach. However, note that the control logic should be
verified as much as possible to confirming the proper setpoint on displays and that such
automatic control is also susceptible to any errors in the outdoor sensor readings and
should also be checked periodically.

If Directed to Action for an Actual RH Value Below Expected Range

e Check for excessive or inadequate outdoor air by first seeing if a motor-driven outdoor
air damper has a problem with the actuator or linkage that is causing it to be open or
closed farther than it should be based on the expected control. If so, have this corrected
by a qualified technician.

e If the outdoor airflow is a fixed value or at its expected value, it is suggested that the
airflow be checked by someone who is qualified to assess the desired minimum outdoor
air ventilation rate and measure the actual outdoor airflow rate. If outdoor air
ventilation is found to be significantly above or below the amount needed, have it
corrected.

[Back to Checklist] 8
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S2. Confirm Humidity Sensor Accuracy

Relative humidity sensors are notorious for failing and leading to control problems. For pool

areas humidity control is more critical than in many other situations, and the presence of

chloramines and high humidity make humidity sensor life even more problematic in pool

systems. This check gives detailed guidance on how you should regularly confirm the

accuracy of the humidity sensor used to control the pool dehumidifier.

WHEN TO CHECK: QUARTERLY

INVESTIGATE COMPARE ACTION

e Purchase e Controller RH e Have sensor
hygrometer vs. handheld calibrated

g | RH

Record contro s s Have sensor
sensor RH replaced

e Record
handheld RH

INVESTIGATE

Obtain and Maintain Hygrometer (i.e. Relative Humidity Meter)

A handheld hygrometer that measures RH with an accuracy of +3% can be purchased
from many different industrial suppliers or retail suppliers for less than $150. If the pool
area’s humidity sensor has a case that can hold up a small desktop type hygrometer, the
price may be even lower.!

DO NOT STORE THE HYGROMETER IN THE POOL EQUIPMENT ROOM. Doing so
would greatly accelerate the failure of this meter. It is best stored in a conditioned
indoor environment that does not experience extremely high humidity levels.

The accuracy of the handheld hygrometer should be checked periodically. A convenient
way to get a rough confirmation of a handheld hygrometer is against a nearby weather
station reading obtained from a website, news report, or mobile phone app. Don’t do
this comparison if the outdoor RH is below 15% or above 80%. Also note that the RH
reading is dependent on temperature, so this comparison will only give a close match if
the meter’s temperature reading is within 2°F to 3°F of the weather station temperature.

L A hand-held sling psychrometer is a moderately lower cost alternative that will not need to
be calibrated. During each use of a sling psychrometer, the sock on a wet-bulb thermometer
must be wetted and the thermometers must be spun for a few minutes until the wet-bulb
temperature stops going down. Then the relative humidity is found from the wet-bulb
temperature and a dry-bulb temperature (on the same device) using a slide rule that is on the
psychrometer, or that comes in the same package.

9
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Also note that site-specific conditions (e.g. sunny versus cloudy or a nearby lake) can
cause discrepancies between the weather station and the handheld hygrometer.

Record Handheld Hygrometer Humidity and Temperature Values % RH °F

The dehumidifier will have a humidity sensor either in the pool room itself or within
the ductwork that returns air from the pool room to the HVAC unit. If the sensor is in
the room itself, measure the RH right where the sensor is located. If the control sensor is
in the return duct, hold the handheld sensor as close to the return grill as possible.
(Although return grills are often near the ceiling so you may not be able to get very
close.)

Note that humidity sensors can be sensitive to temperature or RH fluctuations caused
by your breathing or body heat. Take care to avoid breathing on the device and
whenever possible stand at arm’s length while taking the reading.

If there is a convenient and safe place to set the portable hygrometer on top of the
control sensor case, set it there for at least five minutes before taking a reading. If that’s
not possible, hold the portable device as close to the control sensor as possible and wait
at least two minutes to record the values. If either the RH or temperature are still
changing every few seconds, wait until they are both steady (being careful to breath
away from the sensor).

Record Control Sensor Humidity and Temperature Values % RH °F

Take the control sensor readings as soon as possible after taking the handheld meter
readings.

Depending on the unit and controls arrangement, the current sensor reading may be
accessible at a few different locations.

Often the humidity sensor is visible through a control display at the HVAC unit itself,
either on a control device attached to the return duct or through a BAS interface.
Sometimes, a thermostat-like device in the pool room has a display that shows the
current humidity. If a device in the pool room has arrow buttons, a dial, or a lever for
adjustment, it may display the setpoint instead of (or in addition to) the current sensor
reading. If so, look carefully to be sure that you don’t confuse the RH setpoint for the
current value.

Humidity sensors can be sensitive to temperature or RH fluctuations caused by your
breath or body heat. If you are taking a reading directly from the display of a
thermostat-like device in the pool room, take care to avoid breathing on the device and
whenever possible stand at arm’s length while taking the reading.

COMPARE

Put Inputs into RH Comparison Calculations Below

Enter the temperature and RH measurements you recorded above into the blanks by the
blue highlighted labels in the first calculation table below.

[Back to Checklist] 10
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* Use the control sensor RH value to find the “adjustment factor” from the calculation
table on the right hand side. Enter this “adjustment factor” into the calculation in the
blank below the orange highlighted label.

Perform the Calculations as Laid Out

* Be careful to carry and negative (minus) sign from one box to the next. If both numbers
being multiplied together are negative, the adjustment value will be positive.

* An example calculation appears immediately after the blank calculation table.

Compare Adjusted Handheld RH to Control Sensor RH (Two Value on Bottom Row)

* If there is less than a 5% discrepancy, no action is needed.

o If there is a 5% to 8% discrepancy, you should consider checking again soon and
making the seasonal dehumidifier operation check to see if it contributes to unusual
control.

* If the discrepancy is more than 8%, take action as noted in the next subsection.

Humidity Comparison Calculations

°F Adjustment Factor
— °F (From Table) Adjustment
°F| X |—= % per °F = | % Control ~ Adjustment

=+
Sensor RH Factor

% <40% -1 % per °F

Adjustment| * % 40-50% | -1.5 % per °F

Adjusted Handheld RH = % | VS % >50% -2 % per °F

Sample Humidity Comparison Calculations

84 °F Adjustment Factor
— 81°F (From Table) Adjustment
= 3°F | X -1.5 % per °F = -4.5 %

54 %
Adjustment| + -4.5 %
Adjusted Handheld RH = 495 % | VS 48 %

ACTION

If >20% - 25% discrepancy

* Replace the humidity sensor.

* Adjust control setting to compensate in the meantime
If 15% - 25% discrepancy

» Calibrate or replace the humidity sensor.

* Adjust control setting to compensate in the meantime

* Repeat checks on this sensor more often than the typical frequency.
If 8% - 15% discrepancy

* Have the humidity sensor calibrated.

* Adjust control setting to compensate in the meantime

11 [Back to Checklist]
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Repeat checks on this sensor more often than the typical frequency.

[Back to Checklist] 12
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H1. Seasonal HVAC Operation

Indoor public pool facilities in Minnesota get adequate “free” dehumidification much of the
year. This is because a certain amount of outdoor air must be continuously circulated through
the pool area to keep the air fresh, and for most of the year the outdoor air is much dryer than
the humid pool area air. Some HVAC systems dehumidify a pool area by simply bringing in
enough dry, out outdoor air to keep the indoor humidity in check, while others use air
conditioning compressors to cool and then reheat the air. Whichever, approach is used,
excessive operation of the dehumidifier in cool (dry air) weather can cause both excessive
energy use and accelerated deterioration of the dehumidifier. Here’s how to check for this
excessive operation.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION
e Record outdoor e Typical e Check RH
temperature humidifier setting
* Determine if range vs. e Check RH
dehumidification —> overserved —> Sensor
is occurring operation * Have an expert
evaluate

INVESTIGATE

When to Measure
e [t's best to check when there hasn’t been unusual activities that increase load.
* Wait until at least two hours after unusually high activity levels to do your check.

Record Outdoor Temperature °F
* Outdoor temperature can be measured with a BAS sensor or thermometer (in the shade)
* Or, you can use a cell phone app (or website) to get a nearby weather station reading.
e If dehumidifier operation is monitored over a period of time, record the outdoor
temperature periodically (being sure to get a high and low reading).

Record HVAC Operation Status
* For systems with variable outdoor air dampers, observe outdoor and return air
dampers. Outdoor Air % open;_Return Air % open
and/or exhaust fan variable speed drive (if it has) Hz +60 Hz = % speed
* For systems with compressors, observe which compressor(s) run and roughly the
percentage of time that they run [see compressor observation tips].
#1 % on; #2 % on; #3 % on; #4 % on

13 [Back to Checklist]
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COMPARE

Typical Dehumidifier Operation Chart (below)

* The chart shows how the typical dehumidifier load varies seasonally in Minnesota,
where the fresh outdoor air needed for ventilation is cold and very dry in the winter,
but carries in more moisture in warmer weather.

e Dehumidifiers that use compressors are represented on the left. [See “Compressor

Observation Tips” for more information about how to know if a compressor is running
or cycling.]
* Dehumidifiers that vary the outdoor airflow to dehumidify are represented on the right.

Compare Actual Dehumidifier Operation to Chart

* Does the actual compressor/outdoor air match chart closely? Okay as is.
* Is the actual compressor/outdoor air > chart (or <<)? Take Action to save
e If Outdoor Air % Open + Return Air % Open #100% (£20%) Take Action to save

Typical Dehumidification Operation Chart
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ACTION

Check Humidity Control Settings [see S1]
* If it's lower than it needs to be, adjust and repeat observations to confirm reduced
dehumidifier operation.
 If it checks out okay, continue on to the next action on the list.

Check the Humidity Sensor for Accuracy [see S2]
e If it's inaccurate, replace and repeat observations to confirm reduced dehumidifier
operation
 If it checks out okay, continue on to the next action on the list.

Have an Expert Evaluate the System for Other Issues and Solutions Such As:
* Not enough outdoor air to ensure good air quality.
*  Minimum outdoor air is too high (likely if compressor runs much less than chart).
* Damper actuator failure.
* Suboptimal control sequencing.

SAMPLE OF SAVINGS — FITNESS CENTER

$20,700 PER YEAR

One fitness center had poor control of the hot water
heating coil that caused the compressor to run
continuously in the winter for heating purposes. Besides
dramatically increasing the energy costs, this was causing
the compressor to fail an average of every two years at a
replacement cost of $30,000.
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H2. Energy Recovery Ventilator Basic Check

Energy recovery ventilators (ERV) provide dramatic energy cost savings for public pool
facilities because of the need for high continuous outdoor air ventilation rates. When present,
ensuring proper operation of an ERV is typically the most important energy saving check. This
is because, although they have a dramatic impact on energy use, their failure usually doesn’t
cause any other adverse effects that would alert an operator of a problem. Another heating
source typically picks up the slack without there being any impact on pool room conditions.
This check outlines how you can quickly confirm that an ERV is operating as intended.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION
* Record e ERV on/off * Check/correct
outdoor air status vs. physical
temperature expected status breakdowns
* Observe ERV * Track over * Check/adjust
on/ off range of control settings
) —> outdoor —> 5
operation temperatures * Have expert
* Alternatively, review control
observe ERV logic
supply
temperature
INVESTIGATE
Record Outdoor temperature °F

* This can be measured on-site via a BAS sensor or thermometer (in the shade), or you
can use a cell phone app (or website) to get a current nearby weather station reading.
Fixed Plate ERV Face and Bypass Damper Control On (face) or Off (bypass)
* Fixed plate ERV units turn the heat recovery “on” or “oft” by having air flow through

the heat exchanger (i.e. face) or around the heat exchanger through an alternative
airflow path (i.e. bypass). When an ERV is “on,” the face damper is open to allow air to
flow through the heat exchanger, and the bypass damper is closed.

* The face/bypass damper arrangement is usually on only one air stream — either the
fresh outdoor air stream or the exhaust air stream.

* Some systems will vary the ERV capacity with an “on” condition that allows a portion
of airflow through both the face and bypass dampers at the same time. If this is
observed, record: % open to heat exchanger and % open to bypass.
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* BAS displays will often have a graphic that notes the intended damper position. While
this can provide a good indication of the intended control, it is recommended that you
make a direct observation of the dampers to the degree that this is possible. On some
systems, opening a specific panel will provide a clear view of damper positions. Clear
indications of damper positions might also be possible by looking at the damper

actuator and linkage assembly.
Recovery Wheel Control _ On (Wheel Spinning) or Off (Wheel is Still)

* Systems with wheels for recovering energy turn “on” or “off” by having the recovery
wheel rotate or not. Complex systems may even vary the wheel rotation speed instead
of having it simply on or off. If the control system displays a wheel speed, record that
here: wheel speed as % of maximum.

* BAS displays will often have a graphic that notes the intended damper position. While
this can provide a good indication of the intended control, it is recommended that you
make a direct observation of the wheel itself to confirm that it is actually rotating or not.

Alternative ERV Recovery Status Observation On or Off

 If direct observation of the face/bypass or recovery wheel operation is not possible, it is
sometimes possible to get a good indication of its operation status by looking at a BAS
or control panel readout of the preheated (or precooled if in hot summer weather) air
temperature after the recovery section and before any other heating or cooling coils.

* It is typically possible to get a BAS readout on a “preheated” temperature for recovery
wheel units. However, this is often not possible on plate ERV units because a true
indication of the preheated temperature for plate ERV units can only be observed after
the face and bypass airflows mix together. Many units have a heating or cooling coil
immediately after the heat exchanger and this changes the air temperature before the
face and bypass flows mix back together. Any heating or cooling provided by this coil
makes it impossible to get a true “preheated” air temperature that is a representative
average of all of the fresh outdoor air coming through the unit.

* Where a representative “preheated” air temperature is available, you can tell the ERV’s
on/off status by comparing this temperature to the outdoor and pool room
temperatures. If the “preheated” air temperature is closer to the pool room than to the
outdoor temperature, the ERV is “on.” If the “preheated” temperature is closer to the
outdoor temperature, then the ERV is “off” or operating at a reduced capacity

COMPARE

Typical ERV On/Off Operation Ranges
* The next figure shows when a pool ERV should be “on” or “off”.
* While the ideal exact transition points will vary somewhat based on site and equipment

specific details, operation that is clearly inconsistent with this should be addressed.
ERV On Ranges

* During most cold weather periods and very hot weather periods the ERV should be
operating to preheat or precool the outdoor air. The energy savings that can be achieved
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by operating during these time periods is the reason that an ERV is installed. If there is
significant ERV “off” status in these ranges, take action to correct this.
Depending on the HVAC unit arrangement, a failure of the ERV to operate in cooling
mode can cause comfort problems with either the humidity or temperature drifting up
beyond the desired range, and action should be taken to address this.

ERV Off Ranges

Significant operation of the ERV in the “ERV Off: Frost Control” range could lead to
problems with icing up of the ERV that cause damage, prevent adequate ventilation, or
greatly reduce the ability of the unit to recover heat. Some units will vary the capacity in
this range to allow for some heat recovery without frost problems. In either case, watch
for ice build-up and take action to correct if there are signs of frosting.

The “ERV Off: Free Cooling” zone of operation is more variable based on site and
system details. If the ERV is “on” in this area, it is not necessarily a sign of a problem.
The possible drawback is overheating, which could either cause the pool room to be
warner than desired or cause extra compressor use for cooling. If either of these issues is
suspected see “Have Control Evaluated By and Expert” section within the action items.

Typical ERV On/Off Operation Ranges

ﬁ
ERV ON: CooLing MoDE
—————————— 80°F
ERV OFF: FREE COOLING
— 60°F
ERV ON: HEATING MODE I
_—— _—— _— _—— _—— _— _— _—— _— _— 2D°F
ERV OFF: FROSTCONTROL — 0°F

QuTDOORAIR TEMPERATURE ‘ ’

[Back to Checklist] 18






Operator’s Guide to Energy Efficient Indoor Pool Operations

ACTION

Check for Physical Malfunctions

* For fixed-plate ERVs, check that ERV face and bypass damper linkages are all securely
attached and that there are no visible problems with the damper assemblies. As
necessary, have an expert evaluate damper actuators and linkages.

* For wheel-type ERVs, check for a loose or broken belt or gear assembly and make sure
that the wheel motor is operational. As needed, have an expert evaluate and/or repair
the wheel rotor assembly.

Check/Adjust ERV Settings

* See if the frost control settings or economizer settings are significantly different from

expected in the previous table. If so, make adjustments and/or work with a qualified

expert to make control changes.
Have the Control Evaluated By an Expert

* ERV controls often do not have the frost control and/or economizer control logic clearly
shown on BAS system screens or other control diagrams, so it may be difficult to
determine what the controls are trying to do.

* As necessary, consult an expert to evaluate and correct ERV controls that are causing
significantly different operation (more than 10°F variance from outdoor temperature
ranges) than what is outlined in the table.
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H3. Outdoor Air Ventilation Rough Check

Continuous outdoor air ventilation to a certain degree is required in pool rooms to prevent air

quality problems. Having too much outdoor air ventilation can greatly increase energy use

and cause comfort problems, while not providing enough outdoor air can contribute to air

quality problems and condensations issues, as well as extra dehumidifier energy use and wear.

Here is how you can check to see if this is an issue.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION

* Record outdoor e Current outdoor * Fix broken
air % air cfm vs. damper control

original &

* Record total common design * Have expert
HVAC flow outdoor air cfm evaluate

* Look at pool e Covered cfm vs. * Better optimize

—> —> P

and deck uncovered damper control
dimensions

e [f covered,
observe
overnight
ventilation

INVESTIGATE

Observe Current Minimum % Outdoor Air Damper % Open Outdoor Air Damper

For systems connected to a BAS system, a careful look through the display screens may
clearly show the minimum outdoor air damper setting and current intended damper
position. A manual observation of the damper position should be carried out to confirm
the actual current percent outdoor air.

If the weather outside is cool, the system is likely already at the minimum outdoor air
so there may be no need to do anything special to observe the minimum outdoor air
control condition.

If necessary, the dehumidifier control can typically be temporarily set to a humidity
setpoint that is 15% to 20% RH above the current sensor reading. This should disable
any dehumidification efforts by the HVAC unit and may cause it to operate at the
minimum outdoor air. However, some economizer control features will make it difficult
to force the unit to temporarily control to the minimum outdoor air, especially in mild
weather.
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* For systems with variable outdoor air dampers, observe outdoor and return air damper
temperatures
Outdoor_Air % open;_Return Air % open

* Note that some HVAC units are not designed to bring in 100% outdoor air even when
the outdoor air opening is fully opened. If the outdoor air opening has a smaller area
than the supply duct, record the dimensions of the outdoor air opening inches by

inches; and supply duct inches by inches
Find Pool HVAC Unit Total Design Flow (cfm)

* The HVAC unit total supply flow may be shown on the equipment’s nameplate, on
plans (look at the mechanical schedules which are usually the last M pages), equipment
documentation within a 3-ring binder, or on a BAS display screen.

* If it cannot be found by any of the above means, find the unit’s manufacturer, model
number, and serial number from the nameplate and contact the manufacturer to find
out (start with a local manufacturer’s representative if available).

Obtain Pool and Wetted Duck Dimensions ft by ft
* Do not include spectator areas, which are generally meant for people that are not

swimming; only measure the area of the pool and around the pool that is designed for
swimmers to occupy.
If Pool Cover is Used, Investigate Outdoor Air Control during the Covered Pool Time
* If there is BAS control of the HVAC unit, there may be an indication in the BAS screens
or documentation about the intent to control outside air differently when the pool is
covered. If so, it is still recommended that you actually observe that the system follows
this intent at a time when the cover is in place and the ventilation is to be reduced.

COMPARE

Current Minimum Outdoor Air Ventilation Rate
 If the outdoor air opening is smaller than the supply duct, calculate the ratio of opening

sizes:
outdoor air duct area ( inches X inches) )
- - - = % max outdoor air (0A)
supply air duct area ( inches X inches)
. Calculate current outdoor air flow:
Total flow cfm x OA damper % open X max outdoor air _% = cfm Actual OA

Common Design Outdoor Air Ventilation Rate
* Calculate the wetted pool area as the product of the pool area dimensions:
square feet.
* Calculate a current typical outdoor air design flow (not considering spectator area):
square feet X 0.5 cfm per square foot = Typical _ OA cfm.
* If the actual outdoor air cfm and typical outdoor air cfm are more than 20% different,

Wetted pool room area ___

the take action to have an expert determine if a change is warranted.
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Other Indicators of Possible Outdoor Air Amount Issues
* An inability to keep adequate pool area temperatures, or low discharge air
temperatures, could be symptoms of the system providing too much outdoor air.
* Also, if Outdoor Air % Open + Return Air % Open # 100% (£20%), take action to save
energy and reduce control problems.
* Indicators of potential over- and under-ventilation are also noted in the S1 check.
Compare Pool Covered Ventilation to regular Occupied Ventilation
* If the outdoor air ventilation rate is not reduced significantly during most of the time
that the pool is covered, take action to take advantage of this opportunity.

ACTION

If Referred to Action Because of Improper Combination of Qutdoor Air and return Damper Positions
* Inspect any linkages between dampers to look for loose connections. If simple
tightening of a linkage doesn’t provide a solution, have a qualified technician check the
damper actuators and controls to identify and solve the problem.
If Mismatch between Actual and Typical Design Outdoor Air cfm, Consult an Expert and Possible
Adjust Outdoor Air Damper Control

* Providing adequate outdoor air ventilation is critical so a qualified expert should be
consulted to confirm the potential to change the minimum outdoor air flow, if this was
suggested by the comparisons.

e The minimum outdoor air position is typically set via automatic modulating damper
controls that receive a signal from a central BAS system or controls that are at the
HVAC units. Where a comparison has found improper outdoor air flow control, modify
the setpoints and/or programming to correct the issue.

* Sometimes the outdoor air is manually controlled or fixed with an opening that only
has a manual balancing damper or no damper. If adjustable, this damper can be
adjusted to obtain the proper outdoor airflow.

* Where sizable spectator areas are present, this can cause a need for higher ventilation
rates during the events when a large number of spectators are present. A means to
automatically or manually provide adequate outdoor airflow during these infrequent
events should be provided. However, the needs during these infrequent events should
not cause the pool area to receive more outdoor air ventilation than is needed during

the rest of the year.
If Referred to Action for Not Reducing Ventilation When the Pool is Covered

* Explore options for reducing the outdoor air ventilation rate when the pool is covered.

* Ideally, a reduced, pool-covered, ventilation rate would be enabled and disabled by a
reliable form of feedback about whether or not the cover is being used. An interlock
with the pool cover mechanism is ideal.
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W1. Main Valve Throttling

Many public pools end up with pumps larger than what is actually needed because of safety
factors in design and the limited selection of pump and motor sizes. For example, going from a
1 HP motor to a 1.5 HP motor (the next largest size) is a 50% jump in capacity. When dramatic
oversizing occurs, the pool water flow rate is usually still limited to the minimum needed for
adequate turnover by severely choking down the flow with a throttling valve. In such cases,
the pump must work against a high pressure caused by the throttling and it uses much more
energy than is really needed. Here’s how to see if your system has severe throttling that may
be worth correcting through pump motor control and/or replacement.

WHEN TO CHECK: ANNUALLY

INVESTIGATE COMPARE ACTION
* Record valve * Throttling % vs. Get help
throttle % typical throttling evaluating:
* Record * Look @ possible % * Variable speed

horsepower (HP) savings given and pumping

horsepower (HP) * Replace

pump/motor

INVESTIGATE

Locating Main Line Valves

* Although main line valves that may be throttled are typically located near the outlet of
the pump, they could be anywhere along the main piping line that comes the pool to
the pump, from the pump to the filter, and from the filter to the pool.

e Ignore throttling of valves along the main line that are used to force some water
through smaller bypass lines (smaller pipes located just before and after the valve) that
divert some of the main flow to the heater. (See Valve Throttling Reference for more
detail.)

* Ignore any throttling of valves in the piping of a booster pump.

Record % Throttled for Each Valve: # 1 %; #2/Spa %; #3 %; #4 %
* Note the percentage closed above for each main line valve based on where the valve

handle points between perpendicular to the pipe (100%) and parallel to the pipe (0%).

e See “Valve Throttling Reference” for more detail on valve position.

Record Pump Horsepower (HP)
* Record pump nameplate HP (look on the pump or motor nameplate) for the pump
corresponding to each valve noted above Valve # 1 HP; Valve #2 HP;
Valve; #3 HP; Valve #4 HP
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COMPARE

* If any main line valve is throttled 25% or more, use the table in “Valve Throttling
Reference” to estimate potential annual kilowatt-hour (kWh) savings using the percent
throttling value in combination with pump horsepower.

* Also use the table if a pump larger than 5 HP has a valve throttled 10% or more.

e Estimate potential cost savings by multiplying the kWh savings by $0.11 per kWh (or
another available representative utility rate that includes usage and demand savings).

* If the potential energy savings is significant enough, take action to save energy.

ACTION

* Consider the installation of a variable speed pump or the addition of a variable speed
drive to the pump motor. Operating at a lower pump speed with the previously
throttled valve wide open can provide the required flow while using less energy.?

* If the economics of the variable speed drive retrofit based on the above estimate is
questionable, have an engineer or other qualified individual perform a detailed analysis
of the potential to replace the pump and/or motor with one selected to provide the
design flow without significant throttling.

Example of a Variable Speed Drive for a Pump

2 More information about variable speed pool pump control can be found in NSPF, Ch.10 and
NRPA, 7-6 to 7-7.
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Reference for H1: Compressor Observation Tips

This section of the guide gives tips for manual observation of whether or not a dehumidifier
compressor is operating. The first two approaches will only provide a spot check to see if a
compressor is running at the exact time of the observation (or shortly before with refrigerant
line temperature observations) and if it can be repeated periodically over the course of a few
hours to see if a compressor is cycle. The last item describes how a variation of the refrigerant
line temperature check can be used to see if a compressor cycles on at all over a period of time.

LISTENING
When close to a unit, especially with the access panel open, the compressor sound alone is
often enough to be able to tell whether or not it is running.

CHECKING TEMPERATURE OF REFRIGERANT LINES

When sound alone isn’t enough to determining whether or not a compressor is running, a
rough temperature check of the suction (inlet) line and/or discharge (outlet) line will usually
give a clear indication. These can be checked anywhere between the compressor and the other
end of each line. See the table below and the figure on the following page for further direction.

Suction and Discharge Line Identification and Observation

SUCTION (INLET) LINE DISCHARGE (OUTLET) LINE
How to Identify How to Identify
e Generally goes in horizontally. e May go out vertically or sideways.
e Tends to be below discharge and into side | ¢ Tends to be at the top of compressor
(away from cylinders if reciprocating). (by cylinders if reciprocating).
e Often insulated. e Not insulated.
e Often larger than discharge. e Often smaller than suction.
When Compressor Runs When Compressor Runs
e Will feel cool or cold — can safely feel | e Will be very warm or hot—This could be
this near the compressor. hot enough to burn, so do not touch
e Is likely to have moisture condensation without first holding your hand very near
(sweat) on it, or even frost. it for a few seconds and/or giving it a
couple of split-second taps to be sure it is
safe.
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Examples of Scroll Compressor

Discharge Line

Suction Line

Line

Suction
Line
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CHECKING FOR INTERMITTENT CYCLING

Besides instantaneous checks on the refrigerant line temperatures, there are temperature
monitoring stickers that can be used to see if a given temperature has been reached over a
period of time (or if the temperature has dropped below a certain value at some time). A dot
or square darkens when the rated temperature of the sticker is exceeded.

If a spot check shows a compressor is not operating, but you would like
to see if it cycles over a period of hours (or even days), put a sticker that
activates when the temperature rises above a value of ~100°F to 115°F on
the discharge line. After an hour or more, take a quick look back at the
sticker to see if the compressor ran for at least some time between the

time the sticker was put on and the time you looked at it.
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Reference for W1.: Valve Throttling

This document gives tips for the observation of main valve throttling, as well as rough
estimation of the energy cost savings possible through pump motor speed control and/or
replacement with a properly sized pump.

IDENTIFYING BYPASS LINES VERSUS MAIN THROTTLING VALVES

Many pool systems will have throttling valves that are used to force some water through a
bypass line that goes through a heater or heat exchanger. This situation is not to be considered
main valve throttling. The figure below shows an example of a heater bypass line that is
supposed to have the valve in the main pool pipe throttled. The blue handled valve is partially
throttled as it should be. Also note that the two copper ball valves are both in a wide open
position as they should be. This situation below does not present a pump energy savings
opportunity; you should be looking for valves in the main line located where all of the water
flow goes through the valve during normal operation.?

Example of Bypass Line that is NOT Main Valve Throttling

DETERMINING VALVE PERCENT CHOKED DOWN (AKA THROTTLED)

Pool systems generally have ball or butterfly valves, which makes it relatively easy to
determine the valve position. With ball and butterfly valves, the handle(s) line up with the
pipe when they are open all the way and the handle(s) are perpendicular to the pipe when
they are closed all the way. The figures below show this clearly.

3 For more information about heater bypass valves and optimal adjustment see the National
Recreation and Park Association (page 10-2).
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Example of Valve Open (0% Throttled) — Ball Valve on Left, Butterfly Valve on the Right

ESTIMATED SAVINGS POTENTIAL

The following table can be used to estimate the electric energy savings potential for a range of
combinations of valve horsepower and throttling percentage. Once the kWh electric use
savings is determined, the annual energy cost savings potential can be estimated by applying
an effective utility cost per kWh rate factor. If utility rate information is not readily available, a
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good first approximation of the effective electric utility rate in Minnesota for 2017 is 11 cents

per kWh.
Savings Potential for Correcting Valve Throttling
Pump 10% 20% 30% 40% 50% 60% 70% 80%
HP Throttled Throttled Throttled Throttled Throttled Throttled Throttled Throttled
0.5 290 kWh 581 kWh 871kWh  1,161kWh  1,452kWh 1,742 kWh 2,032 kWh 2,323 kWh
0.75 373 kWh 747kWh  1,120kWh  1,493kWh 1,866 kWh 2,240 kWh 2,613 kWh 2,986 kWh
1 435 kWh 871kWh 1,306 kWh  1,742kWh  2,177kWh 2,613 kWh 3,048 kWh 3,484 kWh
1.5 622kWh  1,244kWh 1,866 kWh  2489kWh  3,111kWh 3,733 kWh 4,355 kWh 4,977 kWh
2 815kWh 1,630 kWh  2445kWh 3,260 kWh  4,075kWh 4,890 kWh 5,705 kWh 6,520 kWh
3 1,208 kWh  2417kWh  3,625kWh 4,833 kWh  6,041kWh 7,250 kWh 8,458 kWh 9,666 kWh
5 1,991 kWh  3982kWh  5972kWh 7963 kWh  9954kWh 11,945kWh 13,936 kWh 15,926 kWh
7.5 2952kWh 5905 kWh  8857kWh 11,810kWh 14,762 kWh 17,715kWh 20,667 kWh 23,620 kWh
10 3,8602kWh 7, 725kWh 11,587 kWh 15450 kWh 19,312kWh 23,175kWh 27,037 kWh 30,899 kWh
15 5794 kWh 11,587 kWh 17,381 kWh 23,175kWh 28,968 kWh 34,762kWh 40,555 kWh 46,349 kWh
20 7,657 kWh 15,314 kWh 22,971 kWh 30,628 kWh 38,285 kWh 45942 kWh 53,599 kWh 61,256 kWh
25 9498 kWh 18,996 kWh 28,494 kWh 37,992kWh 47,491 kWh 56,989 kWh 66487 kWh 75,985 kWh
30 11,311 kWh 22,623 kWh 33,934 kWh 45,246 kWh 56,557 kWh 67,868 kWh 79,180 kWh 90,491 kWh
40 14,985 kWh 29,969 kWh 44,954 kWh 59,938 kWh 74,923 kWh 89,907 kWh 104,892 kWh 119,876 kWh
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		ACTION 

		Check for Physical Malfunctions 

		Check/Adjust ERV Settings 

		Have the Control Evaluated By an Expert 

		H3. Outdoor Air Ventilation Rough Check 

		WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER) 

		INVESTIGATE  

		Observe Current Minimum % Outdoor Air Damper % Open Outdoor Air Damper 

		Find Pool HVAC Unit Total Design Flow   (cfm) 

		Obtain Pool and Wetted Duck Dimensions _______ft by ______ft 

		If Pool Cover is Used, Investigate Outdoor Air Control during the Covered Pool Time 

		COMPARE 

		Current Minimum Outdoor Air Ventilation Rate 

		Common Design Outdoor Air Ventilation Rate 

		Other Indicators of Possible Outdoor Air Amount Issues 

		Compare Pool Covered Ventilation to regular Occupied Ventilation  

		ACTION 

		If Referred to Action Because of Improper Combination of Outdoor Air and return Damper Positions 

		If Mismatch between Actual and Typical Design Outdoor Air cfm, Consult an Expert and Possible Adjust Outdoor Air Damper Control 

		If Referred to Action for Not Reducing Ventilation When the Pool is Covered  

		W1. Main Valve Throttling 

		WHEN TO CHECK: ANNUALLY 

		INVESTIGATE  

		Locating Main Line Valves 

		Record % Throttled for Each Valve:  # 1 ______%; #2/Spa______ %; #3______%; #4______% 

		Record Pump Horsepower (HP) 

		COMPARE 

		ACTION 

		Reference for H1: Compressor Observation Tips 

		LISTENING 

		CHECKING TEMPERATURE OF REFRIGERANT LINES 

		CHECKING FOR INTERMITTENT CYCLING 

		Reference for W1: Valve Throttling 

		IDENTIFYING BYPASS LINES VERSUS MAIN THROTTLING VALVES 

		DETERMINING VALVE PERCENT CHOKED DOWN (AKA THROTTLED) 

		ESTIMATED SAVINGS POTENTIAL 
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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
guality 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.
This guide was similarly sent to two recommissioning providers for review and feedback before
finalization.
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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 Pools in schools & fitness centers averaged six times the size of pools in hospitality and
multifamily buildings

e  Multiple pools were seen in all fithess 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

e 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:

e Control problems and insufficient understanding of controls was very common.
e Many sites had space temperatures well below the industry recommended values

Optimized Operation of Indoor Public Pool Facilities
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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 M School

M 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
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

Optimized Operation of Indoor Public Pool Facilities
Center for Energy and Environment 8





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.

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
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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.

e 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
used calculation approaches that we have found to be frequently inaccurate for Minnesota’s climate
and commonly used HVAC systems.
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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.
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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

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 components in 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 t 4
! ! !
_A_&AA
N 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.
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Goals and Methodology

The key goals of the project were:

o 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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number of pools per fitness center (1.2) than what was observed in the fitness centers surveyed (3 per
site). The value reported for fitness center facility count (with an indoor public pool) was calculated as a
weighted average between the extrapolated data and the facilities identified through on-line searches,
with the lower, search value numbers receiving twice the weight of the extrapolated data estimates. The
on-line search trends of number of pools and spa per site was applied to this facility count. The fitness
center count estimates (100 state-wide) are considered to be somewhat more conservative than the
estimates for the other facility types.

Other Count Estimation

The best estimates of counts for the sum of all other building types was made in a similar way as the
fitness center counts. The one difference is that we used simple averages of all values obtained from the
two estimation approaches.

On-Site Surveys and Interviews

Field observations and an operator interview survey were used to provide detailed definition of the
common range of baseline characteristics for indoor pool facilities in Minnesota. Data elements were
chosen to provide direction for subsequent guide development, energy savings magnitude
quantification and calculator tool development. The field survey and interviews were used to refine the
preliminary prioritized list of improvement measures and equipment types for indoor public pools
developed by CEE initially through first-hand experience and interviews with local equipment suppliers
in Minnesota as well as literature research.

Field staff gathered three categories of information during the on-site surveys:

e Facility and equipment data (e.g. the count, size and type of pools, pool room size, HVAC system
types, design flow rates, pool heater type, and motor horsepower)

e Observed operating conditions (e.g. pool temperature, space temperature and humidity,
outdoor air ventilation rate, and pump system operation)

e Staff Interviews (e.g. pool area schedule, equipment operating schedules, service technician
type [in-house vs contracted], and known problems). These interviews were generally
conducted with on-site staff at the time of the field visit.

The field surveys were conducted at 30 facilities chosen to be representative of the two size ranges of
pools found in the four key building types with a large number of indoor public pools in Minnesota.
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Table 2. Preliminary Facility Counts and Survey Sampling

Preliminary
Estimate in Number
Building Type Pool Size Category Minnesota Targeted

Hospitality Small 390 4to8
Multifamily Small 570 7to11
Category Total Small 960 15
Public School Large 418 10to 13
Fitness Center Large 100 2to5
Category Total Large 518 15
Survey Total All Sizes 1478 30

Table 2 shows the building type and pool size categorization, along with preliminary estimates of state-
wide counts in each category, and the number targeted for field surveys and interviews. Pool size is the
primary determinant of the type of pool heat and HVAC equipment, as well as the subsequent
applicability of specific energy savings improvements. The sample size within each size category was
chosen to provide 95% confidence that a characteristic or condition present in only 20% of the buildings
in a size category would be observed at least once in the sample set of buildings.

Individual survey site selection was based on random sampling within each building type. (The sources
of facility lists are detailed in the next subsection.) After target buildings were selected, recruitment was
aided by the offer of small financial incentives to survey participants. No more than two buildings
operated by the same organization were to be included in the public school, fitness center, and
multifamily building survey groups. However, this limit was not intentionally applied to hospitality as it
was feared that this could lead to underrepresentation of dominant chains. However, specific buildings
within a chain were to be chosen to represent different groups of maintenance and operation
technicians.

Detailed Investigation of Operations Improvements in 6
Buildings

Six of the 30 sites receiving on-site surveys were chosen for more detailed field investigation and
subsequent implementation of maintenance and operations improvements. These six were chosen to
represent the important combinations of facility type, pool size, equipment type, technician type, and
opportunities for maintenance and operations improvements that were identified in the baseline
characterization. The ability to perform long-term monitoring was an additional consideration in site
selection. The goal of these detailed investigations and implementation was to further inform both the
development of the guides and the estimation of energy savings that can be achieved through public
pool facility operations improvements.

The primary focus of the detailed investigation was related to the most common and significant
improvement opportunities in the following general areas:
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e Reducing evaporation load with improved temperature control

e Reducing evaporation load with covers

e Reducing over-ventilation with outdoor air that must be heated

e Correcting improper operation of energy saving features (e.g. heat recovery ventilation)

Table 3. Key Characteristics for Sites Receiving Detailed Investigation

Building Dehumid-
ID Type Pools ifier Type HVAC Notes Special Item(s)
. Temperature Imbalance;
H - Small C C I
HP4 t:ISiEI gwaa ’ Compressor omn;ogte;mp ex Combined Electric Heat, Reheat &
¥ P ¥ Outdoor Condenser
ME14 Mul.tl- 2 Small, Outdoor Air Com-mon Dlrect- Temperature Imbalance; Variable
family Spa Fired Unit Speed Exhaust
Likely E i U dC :
SC17 = School Large  Outdoor Air Kely txcessive e
Outdoor Air Temperature Imbalance

Common Newer

Heat Recovery Ventilation
Complex System

SC23 School Large = Compressor

F1o8 Fitness 2 Large, o — Common Older Heat Recovery Ventilation;
Spa Complex System Moderately Low Humidity
2 Large Two Units with 100% Overnight Reduction in
FT30 Fitness Spa " | Outdoor Air Outdoor Air; Ventilation;
Common Newer Type Heat Recovery Ventilation

A more comprehensive listing and description of measures is presented in a companion document,
Recommissioning Guide for Indoor Public Pool Facilities in Minnesota (CEE 2017A).

Site-specific information for the facilities included in the detailed investigations appears in Table 3
above. More facilities with large pools were chosen because these specific sites appeared to have the
best opportunities for operational improvements. These investigations were expected to fulfill the need
for further information on measures that could have a large energy impact on the population of public
pools in Minnesota.

Comprehensive evaluations for these facilities included a recommissioning study approach that was
supplemented with additional field data monitoring and in-depth discussions with the facility’s
technicians. The investigation efforts included:

e Detailed review of plans,

e Detailed on-site observations of the pool area and systems,

e Spot measurements of conditions and performance (e.g. HVAC system air flow),

e Long-term monitoring of key operating parameters,

e Long-term monitoring of system energy use indicators,

e Repeated discussions with operators and management about pool operations issues.

The long-term monitoring approach was tailored to each site’s combination of equipment, building
automation system (BAS) logging capabilities, and expected operations improvements. This was done to
both maximize the number of sites that could be addressed within the project budget, and to emulate
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the experiences and challenges that a recommissioning provider would encounter. More resources were
invested where it was necessary to obtain a more definitive long-term monitoring of the energy impact
of operational changes (e.g. BAS upgrades to allow for trend logging or long-term use of multiple
channel research grade data loggers). A site by site summary of those parameters monitored for the
long-term appears in Appendix A: Long Term Data Monitored at Detailed Investigation Sites.

After initial investigation efforts and preliminary long-term monitoring results were compiled and
analyzed, we worked the facilities to implement specific operational improvements at the test sites. For
improvements that involved contractor expenses, we covered the cost up to $5,000. This incentive was
to allow us to learn from the implementation. By expediting the implementation we were able to
observe follow-up operation, and to collect adequate post-implementation data over a range of
conditions to allow for a meaningful comparison of pre and post implementation performance and
energy use.

The comparative analysis of pre and post implementation performance and energy use for each site and
measure was chosen to provide the most representative comparison possible. Differences in
performance were then used with typical meteorological year (TMY) data to estimate the annual energy
savings achieved for each measure at each site. The analysis approach was guided by the range of data
and form of the relationships between equipment energy use and outdoor temperature for each
particular site and measure. For example, when both pre and post sets had a wide range of outdoor
temperatures and the relationship between energy use indicators (e.g. pool heater runtime) was linear,
a linear least-squares regression model was applied. On the other hand, when the physics and observed
data showed non-linearity, BIN analysis was used (i.e. relationships were determined by averaging data
points within each 5°F span of outdoor temperature).

Development and Refinement of Two Guides for Energy
Efficient Operation

Separate quality maintenance and operations guides were prepared for two different audiences:
technicians; and recommissioning providers. The technician audience includes facility maintenance staff
and outside contractors. This is both because of the variation in responsibility between on-site staff and
outside contractors, and also because of the importance of having owners and operators be able to have
a common language and tools for communicating with contractors about operations issues. Similarly,
the recommissioning guide will be valuable to both recommissioning providers with little expertise in
pool equipment or datalogger monitoring, and amongst other CIP program staff. Each of these guides,
listed below, was developed to include measures and equipment specific guidance for understanding,
diagnosing and correcting suboptimal maintenance and operation.

e Operator’s Guide to Energy Efficient Indoor Pool Operations
e Recommissioning Guide for Indoor Public Pool Facilities in Minnesota
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Each document was tailored to the expected needs of the intended audience. For example, the
technicians guide was developed to mirror the design and flow of the Sustainable Buildings 2030 Energy
Efficient Operations (EEO) manual approach (CSBR 2017), while keeping as much as practical within a
single document. The EEO is based on a master list of items to check at various intervals with a clearly
directed list of steps to take to check and make corrections for each item, with as much consistency in
look and steps between items as is practical. The technician’s guide was also designed to supplement
widely distributed pool operator resources used in training pool operators for certification (NRPA,
NSPF). In contrast, the development of the recommissioning providers guide aimed to provide an
engineering level understanding for applying a technology, as well as guidance for field measurements
and analysis approaches. The technical scope and improvement measure list was also intended to be
more comprehensive in the recommissioning provider’s guide. This guide is written for professionals
with the capability to understand and diagnosis complex issues. The guide also is intended to ensure
that the engineers consider low to moderate cost capital upgrades at the time of engineering study. In
contrast, the technician’s guide was meant to focus primarily on operational improvements that do not
involve upgrades (beyond repairing improperly operating equipment).

The clarity and practicality of the guides was tested and refined with a number of pool facility
technicians and recommissioning providers that were not involved in the creation of these guides. These
professionals were provided with the guides and time allowed to review in the guide detail and/or to try
applying it to a facility in the pilot phase of the project. The targeted number of individuals and facilities
for inclusion in the testing and review is noted in Table 4 below.

Table 4. Draft Guide Distribution for Testing & Feedback

Number

Guide Type of Professional Targeted
Technician Facility Staff 9
Technician Contractor 3
Recommissioning Recommissioning 2

Engineer

Phone recruiting of facility staff was from the set of sites surveyed, excluding those facilities where
detailed investigations were performed. Individuals were asked if they would commit to going through
the guide within a few weeks, and a phone interview was also immediately scheduled in most cases.
Feedback from facility staff operators was limited to phone interviews, except for one site where the
operator expressed interest in going through the manual in more detail. When operators were not
prepared or available at the time of scheduled phone interviews, at least three follow up attempts were
made by phone and/or email in an effort to solicit the maximum amount of feedback.

Contractors and recommissioning providers were recruited based on recommendations of local
professionals that deal with facilities that have indoor public pools. They were also offered nominal
incentives (paid to professional’s employer) to review the guides and provide feedback at a face-to-face
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meeting. Similarly, at least 4 phone calls and/or follow-up emails to reach out to the individual when
original plans for feedback did not work out.

Quantification of Savings Potential and Guidance for CIP
Program Calculations

Statewide Impact Potential Estimation

The project’s findings were used to develop state-wide energy savings potential for a number of specific,
applicable operations improvement measures. This synthesis of information from the baseline
characterization findings and detailed site investigation findings was supplemented with additional
engineering calculations as needed. The nature of the findings from the characterization and detailed
site investigations guided the choice of the most appropriate final calculation methods. The overall
calculation results were compiled to provide valuable information about expected savings potential for
energy efficient operations improvements in indoor public pool facilities in Minnesota.

Both the on-site surveys and detailed investigations were used to make estimates of the prevalence of
specific measures for improving operations. The on-site surveys collected data from a larger sample of
buildings, and were able to capture applicability and prevalence information for a few, easy to identify
measures. On the other hand, while the detailed investigations were able to identify some specific
opportunities that the surveys did not, they were only conducted at six sites. Therefore, extrapolation of
the frequency of occurrence of these harder to identify measures to a larger population of buildings will
have more significant uncertainty. Similarly, the energy impact realized at the few test sites gives only a
rough indication of the savings that would occur across a full-scale program population.

The small number of investigated buildings within each category (small and large pool facilities) also led
to some cross-over in the use of findings. For example, while none of the large pool buildings had HVAC
setpoint changes that provided electric savings, the presence of electric savings in one of the small pool
buildings—along with a review of setpoints in the survey—suggest that with a larger sample, some large
pool buildings would be able to achieve savings by making HVAC setpoint adjustments that reduce the
load on the dehumidifier, thereby providing electric savings. The per site electric savings from the small
pool buildings was then doubled to conservatively account for the size increase and then assumed to
apply to only 1 in 4 large pool facilities. In a similar manner, the average large pool facility savings
potential was scaled to estimate the impact of recommissioning and/or detailed audits of small pool
facilities. The savings values for each fuel were first divided by 4 (the ratio of average pool room size
between the two categories), and then cut in half to account for the lower likelihood of finding as many
cost-effective opportunities since transactions costs for measures typically don’t scale down as much as
measure savings when looking at smaller systems.
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Calculation Guidance for Specific Measures

Information from available resources and the current study were used to develop specific technical
guidance for energy saving calculations of six indoor pool energy saving operational improvements in
Minnesota. This included 3 measures that are addressed by other TRMs and 3 measures for which no
TRM precedent was found. The review of available resources included existing TRM manuals, publicly
available calculation tools, pool calculators, and standard recommissioning approaches to savings
estimation. The development of recommendations focused on areas where existing approaches were
suspected of having significant inaccuracies or limitations, or where important opportunities were not
already adequately addressed.
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Baseline Characterization

Facilities and Equipment

Basic information about the surveyed buildings and HVAC equipment is summarized in Table 5, while
physical information about the individual pools and their water-side equipment appears in Table 6.
These two tables provide information about building and equipment assets without regard to how they
are currently operated. The complete details of all the sites and pools from the on-site survey data is
presented in Appendix B: Detailed On-Site Survey and Interview Data.

The field survey validated the general categorization of pools and buildings suggested by local pool
industry professionals. The pools in the hospitality and multifamily buildings were all well below the
2,000 square foot upper limit for “small” that was suggested, with an average size of 630 square feet.
Likewise, the primary pool in each of the education and fitness center facilities were well above the
2,000 square foot lower limit for “large” that was suggested, with an average size of about 3,800 square
feet. Therefore, the general expectation of finding small pools in hospitality and multifamily buildings
and large pools in schools and fitness centers was confirmed.

Besides the primary pool, many of the facilities had an additional pool or spa in the same room. All
hospitality and fitness center sites visited had a spa in addition to the pool, while only 2 of 7 multifamily
buildings had a spa. One-quarter of the schools also had a diving pool that fell into the “small” pool size
range while the fitness centers each had a second “large” pool (i.e. one lap pool and one
recreational/leisure pool).

All of the sites visited used natural gas to heat the pool water with variations in the equipment used. At
least one-third of the large buildings use high efficiency condensing equipment for pool heating, while
only about 1 in 7 of the small buildings does. One-third of the small pool buildings use packaged pool
heaters designed with the pool water flowing right through them. All of the other buildings use heat
exchangers with hot water or steam to heat the pool water. Among the buildings using heat exchangers,
there is a roughly even mix of the following:

1) hot water is provided by a boiler (or water heater) that only serves pool area equipment
2) hot water or steam is provided by a central boiler system that serves the entire building
3) both of the above exist with seasonal switchover between systems

Nearly all surveyed facilities use sand filters. We also found one each of an open sand filter and
regenerative filter, as well as two replaceable cartridge filter systems. The latter two filter types greatly
reduce the dumping of heated pool water during the periodic backwashing that is required for sand
filters.
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Table 5. Summary of Assets in Facilities Surveyed

Space Heat Heat
# # of Pool Fan Heating Compress- Reclaim Recovery
Building Survey- Pools Room Total VFD Pool Space Main Heat Fuel Natural  Natural orized Condenser to Pool Ventilatio
Type ed per Site  Area[sf] Fanhp s% Source Gas Gas Eff. Dehumid. Reheat % Water % n %
Hospitality 8 2.0 2,431 29 25y 2hotwater;2electric;3 78% 91% 100% 25% 25% 0%
direct-fired; 1 none
Multi-- 7 1.4 2,403 36 43y 2 hotwater;3direct- 100% 87% 0% ; ; 14%
family fired; 1 none; 1 unknown
School 11 1.4 8,038 33 64% 6 hot water; 5 steam 100% 87% 82% 45% 27% 27%
Fitness 4 25 9,689 41 5oy 4hotwater 1alsodirect 100% 91% 50% 25% 0% 25%
Center fired

A key defining factor in the pool area HVAC equipment is whether dehumidification is only provided by ventilation with “dry” outdoor air, or
whether the system uses at least one compressor to dehumidify the pool room air. The small pool buildings showed a clear split with the
hospitality buildings using compressorized systems and the multifamily buildings using outdoor air only systems. For the large pool buildings
there was consistency between the education and fitness centers with both types having compressorized systems in two-thirds of the buildings.

Table 6. Summary of Assets in Pools Surveyed

Heat Seaonal Pool NG as
Filter Source- swtich Heat Eff- Pool
Cove Type% dedicate between dedicate Heating pump

Building Type # Area r% sand d% sources d Fuel % hp
Hospitality 8 639 0% 88% 75% 0% 85% 88% 2
Multifamily 8 569 0% 100% 50% 0% 80% 88% 2
School 15 3,032 40% 80% 33% 33% 86% 67% 14
Fitness Center 7 3,626 0% 100% 43% 0% 86% 100% 12
All Small 20 670 0% 95% 55% 10.0% 83% 75% 3
All Large 16 3,741 25% 81% 44% 25.0% 84% 88% 17
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While the main heat source for all large pool buildings is a hot water or steam coil, the heat sources are
much more diverse for the air handling systems serving small pool areas. Three of these small pool room
systems use electric resistance as the primary heat source, although they were designed with
supplemental heat also provided by dehumidifier heat recovery. Three small pool rooms are heated by
hot water coils while six are heated by direct-fired make-up air units.

Heat recovery ventilation was found in one-third of the large pool buildings, but in only 1 of the 15 small
pool buildings. Similarly, about half of the large pool buildings were designed to heat pool water with
heat recovered from the dehumidifier, but this feature was only designed into 2 of the small pool
buildings.

Operations and Opportunities

Key operating conditions observed during the 30 on-site pool surveys are summarized in Table 7 and
Table 8.

Table 7. Summary of Operating Conditions in Facilities Surveyed

Measur
ed Air Meas Conden-- Supply
Building Number Occupied Temp ured sation Flow Control
Type Surveyed Hours [F] RH Signs % [cfm] Problem Odors
Hospitality 8 53% 78 50 50% 3,200 38% 33%
Multifamily 7 28% 77 51 29% 2,142 57% 0%
School 11 39% 78 53 45% 17,712 18% 9%
Fitness 4 73% 83 31 25% 25985  75% 0%
Center
Table 8. Summary of Operating Conditions in Pools Surveyed
Pool 1
Return Pool Observe
Pool Sensor Valves Pool Cover d Flow %
Probe Temp Throttle ValveThro Used Turnove of
Building Type Temp [F] [F] vfd % d% ttle Angle % r [hrs] Design
Hospitality 83 84 0% 0% - - 4.4 96%
Multifamily 83 80 0% 13% 30 - 4.2 106%
School 82 81 7% 33% 33 50% 5.3 106%
Fitness Center 85 84 29% 43% 65 - 4.0 104%
All Small 83 82 0% 20% 30 - 4.3 102%
All Large 83 82 19% 19% 60 50% 5.1 106%
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Some of the most important findings from operating conditions observations are highlighted in the list
below

e Control problems and misunderstanding of HVAC controls was very common. Although there
wasn’t one specific survey question regarding this, the high frequency of issues noted led to the
addition of this category.

e Asignificant fraction of facilities have what industry standards regard as improper relationships
between pool and space temperature.

e One-third of the buildings with large pools have covers (or had at one time), but only half of
those that currently have a cover are using it.

e Although nearly half of the sites with large pools were designed to recover heat from the
dehumidifier to heat pool water, most sites have disabled this feature due to problems.

e The space heating was not operational in two of the small buildings, leading to heating of the
space by the pool itself (and the pool water heat source).

e The pool water flow rate was often much higher than code requirements in small pools, and
moderately higher a small fraction of larger 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.

More detail regarding the pool water flow rate control findings are noted in the following paragraphs.

Elevated Flow Rates. A large number of pools have opportunities to save some of the energy used to

pump the continuously recirculated water through the filter, disinfection system, and heat source. Two
thirds of the small pools were found to have pool water circulation rates at least 25% higher than the
pool code requirements (i.e. a pool volume turnover time of 6 hours). As a group, these pools with
significantly elevated flow rates had averaged flows that were 67% above the code-required flow.
Similarly 4 of the 9 spas in small buildings had flow rates more than 30% above the code-required flow,
and these averaged 35% above the code required flow rate. On the other hand, only about 30% of the
larger pools have flow rates that exceeded the code required flow by more than 15%. Those pools with
flows significantly above the required flow can achieve savings by adjusting balancing valves to bring the
flow down.

Excessive Throttling. Another factor contributing to excess pool pumping use is a consequence oversized

pumping systems that are then regulated with balancing valves. Excessive throttling of balancing valves
was observed as a way to compensate for the excessive capacity. This is an inefficient way to achieve
the proper flow rate. While this situation was only found in a small fraction of the pools, it could be the
case in more of them after balancing the flow down to the current code requirement as noted in the
previous paragraph. In these cases, achieving the proper flow rate by operating the pump at a lower
speed (or using a properly sized pump) uses much less energy than forcing the pump to work against the
extra pressure drop caused by pinching the flow down with balancing valves.
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Statewide Facility and Pool Counts

Our best estimates of the statewide count of indoor public pools by facility and pool category is
presented below in Figure 4 and Table 9. The total of about 2,200 pools and about 900 spas represent a
significant population of pools for CIP program targeting. The highest populations of large pools are in
public schools and fitness centers, and many of these buildings also have a secondary pool (and/or spa
in fitness centers). Overall the highest total count of pools is estimated to be in multifamily buildings,
while both hospitality and multifamily buildings also house a large number of spas.

Figure 4. Statewide Estimates of Indoor Public Pool Counts by Building and Pool Type *

*The categorization of pools between small and large is based on a 2,000 ft2 breakpoint.

Table 9. Statewide Estimates of Indoor Public Pool Facility and Pool Counts *

# of # of Total #
# of Total # Large Small # of of Pools
Building Type Buildings of Pools Pools"  Pools Spas + Spas
Hospitality 444 455 22 433 395 839
Multifamily 972 972 0 972 324 1,296
Public School 418 522 418 104 0 522
Fitness Center 160 203 160 43 150 353
Others 35 35 25 10 19 54
Total 2,029 2,176 625 1,562 888 3,064

*The categorization of pools between small and large is based on a 2,000 ft2 breakpoint.
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Detailed Investigation and Implementation at 6 Sites

Detailed investigations found significant opportunities for energy savings through a variety of no-cost to
moderate cost operational improvements. The savings associated with specific measures at specific sites
is detailed in Figure 5 and Table 10.! The figure and table also clearly note which values are based on
engineering calculations and which are based on observed, long-term performance over similar
operating conditions. The majority of energy savings potential was found in HVAC control setting
changes and/or upgrades, with pool covers having the second most common significant opportunity.

HVAC Control Measures

Opportunities to reduce energy costs through HVAC control changes were found in all six sites, and
these HVAC control changes were also the largest potential savings opportunity for five of the six sites.
The HVAC control change measures can be categorized according to no and low cost set point changes,
and moderate cost control upgrades.

HVAC Setpoint Changes

Space temperature changes were identified as an opportunity for three facilities based on the general
industry recommendation that air temperature be kept 2°F to 4°F above the pool temperature (up to a
maximum of 86°F) to save energy through reduced evaporation (ASHRAE 2011). At SC17 this led to a
reduction in space temperature and was coupled with other setpoint changes that reduced the outdoor
air ventilation rate significantly for most of the year. These control setting adjustments at SC17 had the
largest savings for any measure both in terms of energy cost savings and savings as a percentage of the
facility’s energy costs. In two other sites space temperature setting increases were recommended to get
the space temperatures 2°F to 4°F above the pool temperature. This was not implemented at MF14, but
implementation at HP4 showed disappointing results. While we observed a modest savings in the
summer months from this change, we also saw energy cost increases in cooler weather that went far
beyond the savings seen in the summer so that he annual energy costs increased significantly with this
change.

1 Site MF14 also had HVAC control adjustment and liquid pool cover savings potential similar to those for HP4, but
these were not implemented and/or reported in the table due to a lack of follow-through by facility staff, property
management changes, and HVAC equipment failures that affected results. Similarly, additional HVAC control
changes were identified for HP4 and FT28, but observed savings was not reported due to limited data and/or gross
inconsistencies in pre/post conditions.
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Figure 5. Savings for Measures Found at Detailed Investigation Sites

H Observed M Engineering Estimate

HP4 Liquid Pool Cover**

Summer Only
All Year

SC 17 Pool Cover

SC17 Reduce Outdoor Air Flow & Space Temperature
SC17 Switch to Dedicated Boiler Year-Round
SC23 Control Retrofit***

FT28 Control Upgrades & Fixes

FT30 Control Change to Reduce Outdoor Air
and Increase Recovery
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Percent of Energy Costs for Mechanical Systems Serving the Pool and Pool Room*
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*Annual energy costs are based on assumed effective billing rates of $0.60/therm and $0.11/kWh.
**|t appears as though unplanned changes in the operating conditions (most notably outdoor air ventilation rate) may have
unduly impacted the results for this measure.
***The observed performance was dramatically impacted by an error in the new controls program that caused severe
overheating and with a large energy penalty. This was identified and corrected, but not until after detailed monitoring had
ended at this site.

It appears that the disappointing result is based on some simplifications behind the standard
recommendation that did not hold true in the case of HPA4. First of all, the expected reduction in
evaporation is based on an assumption that the pool area’s relative humidity would stay constant with
the change in temperature, while our monitoring shows that this is not the case—especially during
swing and heating season weather or very hot weather. Moreover, this recommendation appears to
focus on pool water heating and dehumidifier energy use without considering the additional energy
needed to heat the large amount of fresh outdoor ventilation air up to the higher room temperature.
The space heating energy penalty was also amplified for HP4 because of the high fuel cost for the
electric resistance heat source that the HVAC system used. The results from the various investigated
sites led us to conclude that reducing elevated space temperatures down to the level of the pool
temperature can provide significant savings in some cases, but that space temperature increases to a
few degrees above the pool temperature are not recommended during the heating season.

An alternative approach to minimize evaporation—without increasing the ventilation air heating load—
is to increase the humidity setpoint. While low humidity may be needed in very cold winter weather to
prevent condensation problems (e.g. on windows, door frames and the ceiling), higher humidity can be
tolerated during much of the year. A temporary inadvertent relative humidity setpoint change during
long-term monitoring at FT28 suggested significant energy benefits (although variability in outdoor air
and other operating conditions made it impossible to reliably estimate the annual savings that would
have been realized).
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Table 10. Savings for Measures Found at Detailed Investigation Sites

Annual
Energy % of Gas Electric
Cost Energy Savings % of Savings % of Measure  Payback

Site Measure Savings** Cost [therms] Gas* [kWh] Electric* Cost Period
HP4  Liquid Pool Cover (Engineering Estimate) $1,410 8.5% 590 22% 9,599 7% $1,000 0.7 years
HP4  Liquid Pool Cover (Observed)*** $28 0.2% -254 -9% 1,639 1% $1,000 36 years
HP4  Space Temperature Increase—All Year -$2,363 -14.3% -474 -17% -18,893 -14% SO Never
HP4  Space Temperature Increase—Summer S744 4.5% 76 3% 6,352 5% SO Immediate
SC17 Pool Cover (Engineering Estimate) $2,604 6.8% 4,340 13% 0 0% $2,500 1.0 years
SC17 Pool Cover (Observed) $2,160 5.7% 3,600 11% 0 0% $2,500 1.2 years
SC17 $eefn”p°:r:t‘l‘jtr:°°r Air Flow and Space $6,644  17.5% = 11,074  33% 0 0% $1,500 0.2 years
SC17 Switch to Dedicated Boiler Year-Round $1,316 3.5% 2,194 7% 0 0% SO Immediate
SC23 Control Retrofit (Engineering Estimate) $3,946 11.4% 1,300 6% 28,780 12% $9,000 2.3 years
SC23 Control Retrofit (Observed)**** $1,638 4.3% -2,487 -12% 28,453 12% $9,000 5.5 years
FT28 Control Upgrade & Fixes $5,392 5.0% -23,507 -67% 177,242 23% $15,700 2.9 years
g el EEinGR e [HEelE QUIE RS AT $5623  10.9% = 6613  12% 15,048 9% $3,500 0.6 years

and Increase Recovery
*Percent of gas and electric use are reported based on the energy use of mechanical systems serving the pool and pool room.
**Annual energy costs are based on assumed effective billing rates of $0.60/therm and $0.11/kWh.
***|t appears as though unplanned changes in the operating conditions (most notably outdoor air ventilation rate) may have unduly impacted the results for this measure.

****The observed performance was dramatically impacted by an error in the new controls program that caused severe overheating and with a large energy penalty. This was
identified and corrected, but not until after detailed monitoring had ended at this site.

*****Sjte FT28 is also estimated to save >$15,000 per year in maintenance costs from not having to replace a compressor every 1-2 years under the previous control conditions.
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It is believed that the most significant component of control setting savings at SC17 was from bringing
the outdoor flow down from its previous excessive level. While many pool HVAC unit controllers do not
make the outdoor air settings readily apparent and changeable, adjusting outdoor air setpoints to
appropriate levels is expected to be the single biggest no-cost opportunity for energy savings when
available.

Another no-cost savings opportunity at SC17 was to stop doing seasonal changeover of pool area HVAC
and water heating source. They have historically use the central boiler system during most of the school
year, and then switched to a smaller, dedicated boiler system to serve all of the pool area mechanical
equipment when the central boiler system was not needed for the remainder of the building. However,
the dedicated seasonal boiler is a high efficiency condensing boiler that is about 10% more efficient than
the central boilers. This no-cost change in operations is expected to save more than $1,300 per year.

HVAC Control Upgrades

Cost-effective control upgrades with significant savings were identified in three of the four large pool
buildings investigated. In two of these cases, better control of outdoor air was a key contributor to
energy savings, and both of these sites had opportunities to realize both gas and electric use savings.
Unfortunately one of these sites, SC23, initially saw a dramatic increase in gas use due to an error in the
new program for the HVAC unit controller (that was corrected at the end of the monitoring period). The
control upgrades undertaken at SC23 were the addition of a variable speed drive to the HVAC supply fan
for overnight reduction in flow and a detailed factory start-up (which had never happened when it was
first installed) to correct a number of minor issues.

Site FT30 also had a large savings opportunity identified, which called for bringing the normal occupied
mode outdoor air ventilation down from excessive levels to the code requirement and making better
use of the existing heat recovery ventilation. This would provide savings in both fan power and outdoor
air heating, although it was not implemented due to a long-term inability of the existing pool area HVAC
unit to interface with the new BAS that was installed.

The third site with significant savings from a control upgrade achieved most of the savings through the
correction of a problem with hot water coil heating control. Net cost savings was achieved through a
combination of dramatic electric savings and an increase in gas use. This is because improper control
limited the hot water coil capacity to only 20% of its design and the HVAC unit made up for this
inadequate heat by running the dehumidifier compressor continuously throughout the heating season.
The coil and air flow configuration made this compressor’s heating efficiency closer to that of an electric
resistance heat source than that of a typical heat pump, and the long operating hours contributed to the
need to replace the compressor at least once every two years. Correcting this problem while upgrading
the connectivity between the BAS and pool area HVAC unit provided energy savings and more reliable
control over the unit at the same time.

While cost-effective HVAC control upgrades were identified in three of the four large buildings receiving
detailed investigations, engineering expertise was required for the identification and/or implementation
of these upgrades in a way that would not negatively impact indoor air quality. Monitoring beyond a
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one-time site visit ended up being important for identifying the opportunity or correcting
implementation issues in two of these three facilities.

Current issues with controls and equipment operations had a significant impact on most sites
investigated. In some cases, improvements in control systems were able to provide energy cost savings
and collateral benefits at the same time. On the other hand, challenges with building automation
systems (BAS) and complex HVAC unit controls impeded the identification and implementation of
measures at other sites. Examples of significant problems (beyond the energy saving opportunities
described above) at the investigated sites include:

e HP4 had suboptimal coordination between external electric resistance heaters and the control
of heat reclaim from the dehumidifier.

e Failure of an electric outdoor air heater led to long-term failure to provide adequate space
temperatures at HP4

e Improper control of combustion air supply and its heating led to pool heater back-drafting
concerns and severe overheating of the mechanical room at HP4

e OQutdoor air damper actuator failure at MF142

o  Water fill procedure and pool heater control combination led to frequent, temporary
overheating of the pool at MF14

e Failure of a pool heater to heat over the course of a season was not recognized at SC17

e Pool area depressurization was improperly controlled at SC23

e  When the manufacturer upgraded the HVAC unit program, improper control of the steam heat
dramatically overheated the pool area at SC23

e Inadequate connection between the BAS and HVAC unit required a local controller upgrade to
allow for the collection of data needed for investigation at SC23

e Improper damper control and failures at FT28 led to below code outdoor air ventilation rates

e Inadequate connection between the BAS and HVAC unit required the use of data loggers for
investigation at FT28

e Repeated relative humidity sensor failures and the original BAS systems’ inadequate BAS
connectivity and trending capability both resulted in poor control and limited investigation
efforts at FT30

Although the outdoor air damper actuator at MF14 failed in a minimum air position that did not
increase energy use (but may have limited the ability to adequately dehumidify for part of the year), if it
had instead failed in a position that provided a higher outdoor air fraction it would have dramatically
increased energy costs in a way that likely would not have been noticed by on-site staff. Therefore, the
absence of an energy saving control upgrade or repair opportunity at the two small pool sites receiving
detailed investigations does not necessarily indicate that they would not be commonly found in a larger
sample of buildings.

2 This was repaired early in the long-term monitoring period, and then failed again later in the monitoring period.
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Although improved operation of heat recovery ventilation (HRV) was not included in the title of any of
the improvement measures presented above, there were opportunities for improvements in HRV
operation at two of the three investigated sites where they are present. Recent field research in
Minnesota has highlighted how common it is for heat recovery ventilation systems to have
opportunities for improving operating efficiency by simply correcting relatively low-cost control
problems (Quinnell 2017). The specific opportunities for operational improvements at the two sites are
described below:

e |nvestigation at SC23 found that the HVAC unit’s HRV was not operating at its full capacity
because of severe imbalances in airflow in spaces adjacent to the pool room. Inadequate or no
flow through locker room HVAC systems caused significant air flow between these spaces and
pool room through intentional air openings between these spaces. Correction of these adjacent
HVAC systems led to more effective use of the HRV because it had more balanced flow of fresh
outdoor air and exhaust air. The interactive effects between the spaces made it difficult to
qguantify the net energy impact of these changes, which were made for both indoor air quality
and proper control than for energy savings.

e Investigation at FT30 suggested that very little outdoor air was being brought in through the
HVAC unit with an HRV, but it was instead being over-supplied by a make-up air unit without an
HRV. The control change presented in the analysis includes some improved HRV usage savings
accomplished by reducing the air flow of the make-up air unit and increasing the amount of
outdoor air brought in through the unit with an HRV so that the code-required ventilation level
would be provided.

While the specific upgrades needed and their savings potential by fuel vary substantially between sites,
it is clear that detailed review of pool room HVAC equipment operation through recommissioning can
regularly find opportunities to cost-effectively save energy. Better control of outdoor air is a key factor
in most of these opportunities, and when HRVs are present improvement in their usage is also a
common area of opportunity. Problems with HVAC controls present both challenges and opportunities
with this specialized equipment and application.

Pool Covers

After improved HVAC control, pool covers were the second most important energy savings opportunity
among the sites receiving detailed investigations. These provide energy savings by blocking the
evaporation of pool water into the pool room. Evaporation is by far the biggest heating load on public
pool heaters (ASHRAE 2011), and also increases energy use by the HVAC unit when dehumidification is
needed. We looked at opportunities to use either a traditional pool cover or a liquid pool cover.

At the start of investigation, a traditional pool cover was in place at SC17, but not used because of a
need for repair. Over the course of long-term monitoring, it was repaired and the staff then alternately
went through periods of using and not using it overnight to allow for data collection under both
conditions. The monitored data showed that the pool’s water heating heat exchanger did not function
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during most of the school year, so observed energy savings was actually in the form of reduced HVAC
system heating energy use (as the water was indirectly heated by the air in the pool area). Review of
short-interval trend data showed a marked drop in humidity when the cover was used during cold
weather, but the data also showed that the cover was not used every night during periods that it was
supposed to be used nightly. In warmer weather when the outdoor air was more humid this data review
was not able to reliably distinguish between nights that the pool was covered and those when it wasn't.
Therefore our analysis of energy savings conservatively ignored any potential summertime savings
associated with the use of the pool cover. Even so, this conservative annual savings estimate of 3,600
therms savings is only about 20% less than the engineering estimate of annual savings.

The use of a liquid pool cover product was also evaluated for the small pool buildings that received
detailed investigation. This is a product that spreads out in a thin, invisible layer over the top of the pool
water to slow down water evaporation. Although it only partially reduces evaporation instead of
completely stopping it like a traditional pool cover, the liquid pool cover is effective whenever the pool
surface is calm. This allows it to provide savings in between periods of intermittent pool use. Recent
CARD funded research (Michaels Energy 2015) and engineering calculations both suggest substantial
energy savings with a good payback for this technology. While our long-term monitoring did show a
moderately lower pool room humidity with the use of the liquid pool cover, the energy savings were
much less than anticipated. Spot observations confirmed that the automatic feeders that add this
product to the pool daily were drawing down the level of the product in the containers, although this
was not tracked closely enough to confirm that the supplier’s recommended dosage was being followed.
While our investigation approach more directly measured energy usage and more rigorously addressed
consistency between pre and post outdoor air, pool and space conditions than the Michaels Energy
study, we do have some small doubt about whether unintentional changes to outdoor air ventilation
were consistent across the primary comparison periods as well as some uncertainty about whether or
not dramatic increases in mechanical room temperature observed during the liquid pool cover usage
period may have biased the results in some way (e.g. causing errors in pool temperature or HVAC unit
controllers). While our monitored findings were disappointing for the site we tested, the combination of
high theoretical potential savings and numbers of possible program participants suggests that further
evaluation of this technology is needed before a definitive recommendation can be made regarding its
inclusion in a regular CIP program.

Operations and Recommissioning Guides

A cornerstone of this project was the successful development of two indoor public pool guides focused
on energy efficiency in existing facilities. These guides, titled Recommissioning Guide for Indoor Public
Pool Facilities in Minnesota (CEE 2017A) and Operator’s Guide to Energy Efficient Indoor Public Pool
Operations (CEE 2017B) are provides as separate, companion documents. These recommissioning and
operations versions of the guides were completed with features targeted to the separate audiences, and
were revised after soliciting feedback from the Department of Commerce, Division of Energy Resources,
pool facility staff, contractors, and recommissioning providers.
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This variety of feedback was solicited in order to get useful direction for making the guides more useful
to the intended audiences. Reviewer feedback on the operator’s guide was obtained via phone
interviews with six facility staff and two contractors. Feedback on the recommissioning guide was
obtained from two recommissioning engineers, one in-person meeting with an engineer experienced in
pool facilities, and a combination of phone and email feedback from a second engineer that was less
experienced with pool facilities.

While the feedback on the draft guides was generally positive, there were some common
misunderstandings that were highlighted along with an indication that a number of operators were
overwhelmed. For example, two facility staff made comments to the effect that, “We’re not planning to
make any changes soon.” These were indicative of either a basic misunderstanding of the purpose of the
operator’s guide (i.e. to make sure that the equipment you have is operating optimally), or of the
respondent generally being overwhelmed by the document and trying to find a face-saving reason to say
that they didn’t look through it in detail. In either case, this shows a possible need for the document to

e be more thoroughly introduced to technicians (a brief in-person explanation of the guide and
orientation to its use),

e have a clearer up front description of its purpose, and/or

e be more user-friendly.

Some minor modifications addressed these issues in the hard copy version of the document, and a pdf
version will be made available with numerous hyperlinks throughout to make it easier for a user to
navigate while using it as a working reference document. While most updates to the draft involved
clearer presentation of various items, there were also a small number of technical additions based on
reviewer feedback or updated information from the other study activities. Based on the comments from
reviewers, we are confident that both guides will be valued resources for local pool industry and
recommissioning professionals.

The centerpiece of the technician’s guide is a one-page “Energy Efficient Pool Operations Checklist” that
pairs very brief summaries of 15 items with recommended frequencies for checking and references
where further direction regarding the item can be found. Where other pre-existing resources already
provide adequate guidance for some of these items, the checklist page directs guide users to the
resource and specific page number. For six key items where adequate, readily available reference
guidance was not available, detailed, step-by-step instructions are provided for the checklist item. Even
more useful information for two of these checks is provided in additional reference pages included in
the guide. The idea is that the user starts with the shorter reference information that does not look as
overwhelming, and then jumps to additional reference information if need. It is expected that after a
user goes through this a second or third time, there will not be a need to reference the deeper levels.
While the hard copy version of the document may still be somewhat overwhelming to some operators,
the use of live links to help with quick navigation to various parts of the pdf document should make the
electronic version easier to use.

The recommissioning guide is built around a similar checklist, but addresses more opportunities and
provides more direction that is specific to recommissioning providers. The recommissioning provider’s
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measure checklist includes 17 items with brief summaries, an indication of how to identify the existence
of the opportunity, and the same references to detailed information that is available in other resources
or within the guide. The first additional section that is specific to recommissioning providers gives
general information about the HVAC and water-side systems in pool facilities, the special operating
condition requirements, and guidance for measurements and monitoring of systems. Another section
provides a summary description, technical direction and tips for each individual measure.

Energy Savings Potential and Calculation Guidance

Statewide Savings Potential

The total statewide potential for savings from low to moderate cost operational improvements in
Minnesota’s indoor pool facilities is detailed in Table 11 below.3 These are categorized by type of
measure and maximum pool size in the applicable building. (The buildings with only small pools are
multifamily and hospitality while the buildings with large pools are primarily schools and fitness
centers.) The savings achieved through no-cost adjustments (noted with * in the table) are not added to
the total for each category because each is followed by a measure or service that would capture the
same savings. Also note that for HVAC setpoint change and recommissioning measures, the per building
savings are already averaged across a sample of buildings that included some where no specific setpoint
change opportunity exists. The percentage where the measure applies in these cases indicates the
expected percentage of facilities where staff would have the technical capability to identify and
implement this operational improvement through the use of the operator’s guide that was developed
through this project. For pool pumping measures, this percentage denotes the fraction of buildings
where the current operating condition makes this measure applicable.

While variable speed pumps represent a significant fraction of the potential savings within each
category, recommissioning and/or audits have the largest potential savings overall—especially for gas
savings and for large buildings. Adjustment of outdoor air flow was a key focus of many of the
recommissioning measures. While less expensive to deliver, the no-cost operations savings potential
appears to be relatively small compared to the savings that can be achieved with high quality
recommissioning of buildings with large pools, and perhaps a scaled down similar service for buildings
with small pools.

3 One measure in particular that had a dramatic mismatch between engineering estimates and observed
savings was the liquid pool cover. The statewide potential calculation is based on assuming savings that
is half of the expectation of engineering estimates. See page 35 within Pool Covers subsection for more
detailed discussion.
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Table 11. Statewide Savings Potential for Public Pool Facility Operational Improvements

Max # of # of Gas Electric  Statewide Statewide
Pool Buildings % Buildings Savings/  Savings Potential Potential
Size in in Measure Measure Building /Building Savings Savings
Measures Building Category Applies Applies [CCF] [kwh] [MCF] [MWh]
HVAC Setpoint Changes* Small 1,394 50%* 697%* 111* 3,176* 7,737* 2,214*
HVAC Audit or ReCx Small 1,394 100% 1,394 798 2,754 111,172 3,840
Liquid Pool Cover Small 1,394 100% 1,394 221 1,453 30,755 2,026
Pool Flow Balancing Small 1,394 50%* 697* 0 913* 0 636*
with Valves*
Variable Speed Pump(s) Small 1,394 50% 697 0 5,820 0 4,057
Building Type Total Small 1,394 100% 1,394 1,018 7,117 141,927 9,922
HVAC Setpoint Changes* Large 635 33%* 210% 3,317* 3,176 69,657* 667
HVAC Recommissioning Large 635 100% 635 6,380 22,035 405,130 13,992
Variable Speed Pump(s) Large 635 33% 210 0 22,963 0 4,822
Building Type Total Large 635 100% 635 6,380 29,613 405,130 18,804
Total All Buildings Large 2,029 100% 2,029 2,696 14,158 547,057 28,726

*Values for these line-items were not added to the totals because the savings associated with each of these measures are
mutually exclusive with the measure immediately following (within the same building).

Guidance for Individual Measure CIP Calculations

Other states have a very limited number of TRM items addressing indoor public pools. Specific
recommendations for incorporating or adapting other states’ TRM approaches for the following three
measures into Minnesota’s TRM are provided in Appendix C. Recommendations Regarding TRM Manual
Additions & Savings Calculation Approaches:

e variable speed pool pumping
e high efficiency pool heater
e pool cover

Based on the absence of previous TRM guidance for other measures that provide significant potential
for savings in indoor public pools, we also developed recommendations for CIP program calculations to
use in program planning, recommissioning studies, and custom rebates for the following three
measures:

e reducing outdoor air
e modifying pool room temperature control
e modifying pool room humidity control

The interactive effects between evaporation from the pool surface and space conditions makes
analyzing these measures more complicated than in most applications. We also found that one
particular common industry practice for calculating energy impacts for indoor public pool systems is
seriously flawed when applied to facilities in Minnesota. In particular, the assumption that the pool area
relative humidity stays at the setpoint year-round is flawed due the combination of high fresh air
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ventilation and our cold weather. With the high continuous outdoor air flow needed to dilute
contaminants, the “dry” outdoor air in cold weather months usually brings the pool area relative
humidity below typical controller setpoints. Properly dealing with this issue, and other
recommendations for savings calculations approaches for the measures listed above are detailed in

Appendix C. Recommendations Regarding TRM Manual Additions & Savings Calculation Approaches.
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Discussion of Results

The large number of pools in specific building types makes it relatively easy for CIP programs to target
facilities with pools. Also, programs that target hospitality, multifamily or school buildings could enhance
their achieved savings by addressing energy saving indoor pool operations improvements as part of their
regular program offering.

The potential for significant savings through well-informed recommissioning of indoor public pool
facilities was demonstrated through this project’s efforts. Additionally, the potential to achieve modest
savings through no-cost operations improvements that can be identified by operators was also
confirmed. While this was generally expected, many of the details we found regarding specific
opportunities were enlightening.

First of all, industry standard recommendations for space temperatures in pool facilities do not appear
to be optimal for Minnesota. In hindsight, we concluded that space temperatures should generally not
more than 1°F above room temperature if a constant setpoint is used. We believed that a seasonal
(warm weather) increase in relative humidity (or space temperature) setpoint is a better approach to
minimize the combination of pool heating, dehumidication system, and ventilation air heating energy
use (as opposed to having the space temperature a few degrees above the space temperature year-
round).

We also found that some of the most often touted pool efficiency design features were not achieving
their expected potential for savings. The first example of this was that complex dehumidifier designs
that reclaim a portion of the refrigeration system heat for pool water heating have almost universally
been abandoned within the first few years of operation (reportedly to do operational problems). At one
site the pool water heating reclaim condenser built in to the unit had never even been piped to the pool
system. Pool covers were another area where the field reality was often not matching the expectation.
Most importantly, only half of the traditional pool covers that were found at facilities were being used.
The high cost and inconsistency in both durability and usage (reported by operators and observed in our
monitoring) makes the effective measure life of a pool cover hard to reliably estimate. However, pools
that already have covers not being used because of a repairable or institutional issue that can be
overcome can provide very cost-effective opportunities for achieving significant energy cost savings at
low cost. Besides the challenges seen with traditional pool covers, the trial of a promising liquid pool
cover technology also did not appear to show the expected energy cost savings at the one study site
where it was observed. This technology does not depend on the daily actions of pool users and would be
cost effective at all small pool facilities—especially those with compressorized dehumidifiers—if the
savings are actually close to engineering estimates. Additional research or measurement and verification
of early adopters is recommended before rolling out a full-scale rebate program offering for this
technology.

While improved operation of complex dehumidifier heat reclaim equipment was expected to provide
key opportunities, most of the energy savings potential was found in optimally controlling outdoor air
and fixing more basic control system features that were not operating correctly (e.g. a heating valve
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actuator that was only ever controlled to be 20% open and a failed humidity sensor). Just getting
optimal outdoor air control was a key item. While the variations in outdoor air control are different in
pool facilities than other applications, the focus on outdoor air is similar to recommissioning activities in
other facilities and does not necessarily require a high level of expertise in the dehumidifier refrigeration
system details. The absence of pool water heating reclaim also reduced the effort needed to track the
refrigeration operation while analyzing the systems for energy saving opportunities. While more optimal
use of heat recovery ventilation equipment did contribute some savings, this was not a major
contributor in the sites that we monitored in detail. The ability to capture most of the savings
opportunities by focusing primarily on outdoor air and other air-side control—as opposed to complex
refrigeration system operation that many recommissioning providers are not as familiar with—makes it
more likely that adequate recommissioning of pool facilities can be accomplished by a wide population
of engineers.
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Conclusions and Recommendations

There is a large potential for energy cost savings by turning more focused attention to indoor public pool
facilities in Minnesota. The largest energy savings opportunities in Minnesota’s indoor public pools are a
combination of items that are simple to define (e.g. pool cover), and operational changes that are more
inconsistent between individual sites. The recommissioning provider guide developed through this
project can effectively support getting more savings from recommissioning efforts for indoor public pool
facilities. The operator’s guide can also be used by on-staff operators and contractors to improve the
operational efficiency of indoor public pools—including smaller pool that are located in facilities not
typically reached by recommissioning programs. Promotion of a variety of program measures and
approaches will achieve the most portfolio wide savings in these facilities.

Significant cost-effective energy savings can be achieved in indoor public pool facilities through no-cost,
low-cost and moderate cost operational improvements. Modest savings can be achieved through no-
cost HVAC and pool pumping control changes that many operators could implement through the use of
the operator’s guide prepared as part of this project. More substantial electric savings can be achieved
through targeted installation of variable speed pool pump capabilities where flows are either
substantially higher than needed, or where the appropriate flow rate has been achieved by excessive
throttling of a valve. Moderate cost-effective savings may also be achieved in many instances by
restoring a pool cover or using a liquid pool cover technology. However, the lion’s share of savings
potential is associated with recommissioning of indoor public pool facilities and subsequent
implementation of control problem fixes and/or control upgrades—especially those addressing proper
control of outdoor air.

CIP Program Recommendations

Based on the analysis performed and lessons learned in the this study, we have compiled the following
recommendations for addressing indoor public pool facilities with CIP programs

e  When recommissioning programs address buildings with indoor public pools, have
recommissioning providers use the following guide developed as part of this project:
Recommissioning Guide for Indoor Public Pool Facilities in Minnesota (CEE 2017A).

e Develop prescriptive or similar, simple to process rebate options for a limited number of items:
packaged variable speed pool pumps (up to 3 hp), and the addition of variable frequency drives
to larger pool pumps VFD [a nearly single-speed application].

e Direct recommissioning efforts towards indoor public pool facilities with guidance to providers
based on the recommissioning provider’s guide.

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.

e Promote the use of the operator’s guide among on-staff operators, HVAC contractors, and pool
water system contractors.
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Site

HP4

MF14

SC17

SC23

FT28

FT30

*Building Automation System (BAS) trend data was collected by an existing building automation system. This required an upgrade to the local controller that interfaces with the
pool area HVAC unit in the case of site SC23. At site FT30, limited BAS data was available at the beginning of the monitoring before a BAS system replacement was to take place,

Collection
Method

HVAC Unit Logging,
Multi-channel
logger with cellular
modem

Multi-channel
logger with cellular
modem

BAS Trends*

BAS Trends,*
Loggers with on-
site data collection

Multi-channel
loggers with
cellular modem
and local link

BAS Trends,*
Logger with on-site
data collection

Appendix A: : Long Term Data Monitored at Detailed Investigation Sites

Long Term Data Monitored at Detailed Investigation Sites

Pool Heating
Energy

Burner on-site
for fixed firing
rate pool
heaters

Burner on-site
for fixed firing
rate pool
heaters

Temperature
change across
pool side of
heat
exchangers
Temperature
change across
pool side of
heat
exchangers
Temperature
change across
pool side of
heat
exchangers

None

Space Heating
Energy

Current
transformers on
electric heaters

Burner on-time
and control signal
indication of input

rate**

Temperature rise
across heating coils

Temperature rise
across heating coil

Temperature rise
across heating and
reheat coil
combination, valve
control signal**

None

HVAC
Electric

Current
transformers
on entire
unit and
outdoor
condenser

Current
transformer
on exhaust

fan

None (fixed
fan speed
and no
compressor)

Power of
supply fan,
exhaust fan

and unit

Current
transformers
on supply
fan and
compressor

None

Conditions

Pool water return
temperatures (insulated
outside of plastic pipe),
Return air temperature

and humidity

Pool water return
temperatures (insulated
outside of copper pipe),
Return air temperature

and humidity

Pool water return
temperature well;
Return air temperature
and humidity

Pool water return
temperature well;
Return air and space
temperatures and
humidities

Pool water return
temperature well;
Return air temperature
and humidity

Return Air
Temperature,
Space Temperature and
Humidity***

then the new BAS system was never successfully integrated with the existing pool area HVAC units.

Outdoor Air Flow

Temperature rise
across heater (on/off
damper)

Damper control
signal**

Damper control signal,
Combination of mixed
air, return, and
outdoor temperatures

Damper control signal,
Combination of mixed
air, return, and
outdoor temperatures

Damper control signal,
Combination of mixed
air, return, and
outdoor temperatures

Operation status of
one unit via
temperature sensors

Other HVAC Data

Operating mode log,
intermediate
temperatures, and
supply temperature

Supply air temperature
and humidity

Supply air temperature

Operating mode log,
HRV and other damper
signals, fan VFD signal,
pressure, intermediate

temperatures
Intermediate
temperatures including
for glycol heat recovery
coil, refrigerant line
temperatures

Discharge air
temperatures

**These instances of efforts to capture control signals with dataloggers did not accurately reflect the system behavior due to various problems (e.g. actuator failures, poor

control signal reading).
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Appendix B: Detailed On-Site Survey and Interview Data

Appendix B: Detailed On-Site Survey and Interview Data

Basic Site Information

Pool Exposed Exposed  Pool HVAC HVAC Underwa
Pool Room Interior Exterior Room Supply  Return  Exhaust Ext. Supply Area ter
Year Built / Room Height  Wall Area Wall Area Volume Height Height Height Window Washes Lighting Lighting
Site Name Facility Type Renovated  #of Pools Area [sf] [ft] [sf] [sf] [ft3] [ft] [ft] [ft] Area[sf] Windows Wattage Wattage
HP1 Hospitality 1998/2012 2 2,379 17 2,668 1,560 40,435 0 13 8 360 Yes 1,847 300
HP2 Hospitality 2006 2 2,252 19.1' (Pool 3,721 1,299 0 8 8 711.5 Yes 1,200 300
HP3 Hospitality 2008/NA 2 2,987 15.49 - 621 46,264 Ceiling Ceiling no exhaust 498.15 Yes number: (26*20
HP4 Hospitality 2009 2 2,555 11.3 549 2,182 28,872 Ceiling Ceiling Ceiling 497 Yes 2,500 unknwn
o 1999/2011/2 - - -
HP5 Hospitality 014 2 1,384 10.86 941 579 15,029 Ceiling Ceiling Ceiling 267.87 No 1,600 200
HP6 Hospitality 2001 2 2,741 14.6 895 1,736 40,019 Floor Grills Ceiling Ceiling 429.36 Yes 2,200 0
HP7 Hospitality 2011 2 3,414 16.8 2,043 2,043 57,362 Ceiling Wall - Low nonw 1976.92  Partially 900 0
HP8 Hospitalit 1996- 2 1,739 8.46 1,149 419 14,713 Floor Grills Ceilin; NA 280.179  Yes 312 400
PR | 1997/2012 gl ’ ' € :
MF9 Multifamily 1979/2014 1 1,833 17.1 2,686 334 31,339 NA NA 7.1t 82.08 no 1,425 150
MF10 Multifamily 1968/2009 1 2,360 15.333 1,093 1,789 36,181 Floor Grills 0 Ceiling and 592.4342 Partially 975 0
19058(19507)/
MF11 Multifamily NA(exhaust 1 1,169 11.96 1,642 - 13,985 Ceiling Ceiling withRA 0 No Windows 978 100
fam mman
MF12 Multifamily | mid 80/2014 2 1,922 9.833333 2,345 - 18,895 Ceiling Ceiling 0 0 No Windows | 3600+32 F lar 2 underwal
MF13 Multifamily 1997;;383/1 1 1,936 20.22431 2,361 923 39,151 Ceiling NA Ceiling 323.4924 Yes don't know one not w
MF14 Multifamily 2002 3 5,633 13 688.75 2,556 73,227 Floor Grills Ceiling Ceiling 561 Yes 2,176 500
MF15 Multifamily 1964 1 1,968 31 480 5,345 61,008 8' hgt 0 Ceiling 306 No 338 0
sc16 School 2007 2 13,616 24 9,290 9,990 326,787 24 1 Return? 0 No Windows 19,850 None
sc17 School 1981/1990(?) 1 6,209 26.4 - - 163,912 17.69 17.69 0 0 0 8,000 0
School 1996/? 3 - 0 - -0 0 0 0 0 0 - 0
SC18
$c19 School 1951 /2004/5 1 7,458 25 8,758 6,500 186,455 25 25 Ceiling 533.75 Yes 4,224 1430
$C20 School 1968 / 2004/5 1 7,094 25 8,570 6,200 177,344 20 22 Ceiling 480 No 3,584 1430
son School 2000 1 9,949 25.42 10,143 1,262 252,891 20-22 18-20 0 0 No Windows 6,912 2400
S22 School 1968/2012 1 7,960 29.1 10,550 - 231,636 0 0 0 0(?) No 3136~3584 0
1961/ 1967, - - - .
1 26 ? ? X 1
<23 School 2009 6,626 Ceiling Ceiling Ceiling 0 No Windows 3,968 5100
SC24 School 1965/2012 1 6,728 22 2,050 5,137 148,005 Ceiling 0 4@4',4 @300 No 4,352 2100
SC25 School 1969 / 1997 1 7,836 20.13 7,151 808 157,748 Ceiling Wall - Low - 0 No Windows 6,912 6000
SC26 School 1964/2009 2 14,945 18.25 4,270 4,416 272,746 Ceiling Ceiling na 573 Partially 10,914 0
FT27 Fitness center | 1989/2006 1 12,835 22.45 10,183 - 288,149 Floor Grills Ceiling Ceiling 0 No Windows 3,000 0
FT28 Fitness center 0 3 10,919 29.01 - (3 of 4 are 316,774 Floor Grills Ceiling Ceiling 973.68 Yes 5,672 0
FT29 Fitness center 0 3 15,000 63.5 - - 952,502 Ceiling 15-20ft O 0 No 9,312 0
FT30 Fitness center 2006 3 - o] - -0 0 0 0 o] 0 -0
Optimized Operation of Indoor Public Pool Facilities
Center for Energy and Environment 45






Same Room as Water Side

Appendix B: Detailed On-Site Survey and Interview Data

Additional Facility Asset Information

DX Coil with Compressors in Packaged

Local Controller No BAS

HPL Separate Exhaust Onl - No Fan VFD Hot Water Coil Natural G 94% v Yo N
Equipment cparate Bxhaustonly ofan ot Water ol aturalGas Unit--Separate Condenser © © one Monitoring
Same Room as Water Side DX Coil with Compressors in Packaged Local Controller No BAS
HP2 " ! Separate Exhaust Only o No Fan VFD Electric Resistance Electric Resistance  100% o P ! 9 ves ves None !
Equipment Unit--Separate Condenser Monitoring
upy  SePerateRoomFarfrom 0 o o 0 0 o R o 0 R R
Water Side Equipment
o avcess DX Coil with Compressors in Packaged Local Controller No BAS
Wa 0 2 Separate Exhaust Only to No Fan VFD Electric Resistance na 1 Don'tknow No None !
o Unit--Separate Condenser Monitoring
Se te R N ‘Wate don’t don't L | Controller No BAS
HPs eparate Room Near Water ; ¢ Separate Exhaust Only o No Fan VFD Direct Fired Burner (in air stream)  Natural Gas on Outdoor Air Only No No None ocal Controller No
Side Equipment know know Monitoring
) ; : Tes, but may
Outside Near Water Sid None or Packaged DX with HGR & Local Controller No BAS
HP6 utside Near Water side Separate Exhaust Only 0 0 Direct Fired Burner (in air stream) 0 0.9 one or Packaged DX wil be No None oca’ Controfier o
Equipment separate condenser Monitoring
ide Far Fi W: DX | h L | ller No BA
HP7 Oustide ‘ar fom Water 3 o 0 No Fan VFD Direct Fired Burner (in air stream) Natural Gas 0.9 ,COI with Separate Condensing No No None 0(5» CO‘HUO ler No BAS
Side Equipment. Unit Monitoring
Same R Water Sid DX Coil with C in Packaged I water to |Local Controller No BAS
HP8 2me Room as Water Side through window 05 No Fan VFD pool water/aux heat by electric  Electric Resistance 0 Collwith Compressors in Packaged No use poolwaterto Local Controller No
Equipment Unit--Separate Condenser heattheair | Monitoring
Oustide Far From Wat Local Controller No BAS
MF9 potide tar fromWater o Separate Exhaust Only o 0 NA NA o NA 0 0 o oca ontroflerfio
Side Equipment Monitoring
Outside Near Water Sid Local Controller No BAS
MF10 utside Near Water Side Separate Exhaust Only NA No Fan VFD Direct Fired Burner (in air stream) 0 0.9 None No No None ocal Controller o
Equipment Monitoring
Same R Water Sid don't Local Controller No BAS
MF11 ame Room as Waterside  yont know Separate Exhaust Only on No Fan VFD Hot Water Coil Natural Gas 80% None no no None oca’ Controfler o
Equipment know Monitoring
Se te R Far Fi Rett F: ith Relief L | Controller No BAS
MF12 eparate Room FarFrom |, eturn Fan with Refiefin Supply & Return/Exhaust  Hot Water Coil Natural Gas 0 Outdoor Air Only No No Wheel ocal Controller No
Water Side Equipment AHU Only Monitoring
Oustide Far From Wat Local Controller No BAS
MF13 ustide Far From Water 5 Separate Exhaust Only NA don't know Direct Fired Burner (in air stream)  Natural Gas 0.9 Outdoor Air Only No No None ocal Controller o
Side Equipment Monitoring
Separate Room Near Water Local Controller No BAS
MF14 parate 3 Separate ExhaustOnly 0 No Fan VFD Direct Fired Burner (in air stream)  Natural Gas 09 Outdoor Air Only No No None " <o
Side Equipment. Monitoring
Same R Water Sid Other--Apparently Pool (HW coi Local Controller No BAS
MF15 ame Room as Waterside 15 Separate Exhaust Only 15 No Fan VFD er--Apparently Pool (MW colls -1 a1 Gas 085 Outdoor Air Only No No None ocal ontrofier o
Equipment cut out) Monitoring
Oustide Far From Water DX Coil with Compressors & Don't Local Controller with BAS
SCI6 e oment 50 Exhaust Fanin AHU Only 30 Supply & Return/Exhaust  Hot Water Coil Natural Gas 033 eerin Packaged Uit Yes Koo HeatExchanger 008 B0
Se te R Far Fi
sc17 eparate Room Farfrom 75 0 5 No Fan VFD Steam Coil; hot water Natural Gas o Outdoor Air Only No No None BAS Control of Everything
Water Side Equipment
Separate Room Far Fi
sci8 cparate Roomrartrom s 0 15 0 Hot Water Coil(?) 0 0 o mightbe 0 o o
Water Side Equipment
96.9%
i ; Perir r I
scrg  OutsideNearWaterSide Both Retun Relief in AHU & No FanvFD Hot Water Coil; Perimete Natural Gas (Central DX Coil with Compressors & ves ves None Local Controller with Limited BAS
Equipment Separate Exhaust radiation (hot water) Plant)/  Condenser in Packaged Unit Control As Well
84%
) 98%
Far Fi W: Both R Relief in AHI DX | h L | 1l h L BA:S
scap  Oustde Far From Water oth Return Relief inAHU & o e ot Water Coil Natural Gas e DX Collwith Compressors & ves ves None ocal Controller with Limited BAS
Side Equipment. Separate Exhaust erco Condenser in Packaged Unit Control As Well
w Aerco
Separate Room Far Fi DXw/no k denser. DH i AHU - Local, Pool Heating - on BAS|
sc21 eparate Room Farfrom ¢ Separate Return 7.5 Supply & Return/Exhaust  Hot Water Coil Natural Gas 0.8 W/ no known condenser. DHline Yes None ocal, PoolHeating - on
Water Side Equipment to pool water, however. and minimal control
use ue
Same R Water Sid DX Colil with C in Packaged 't Local Controller with BAS
sc22 ame foom as WaterSite 20 10 same one Return/Exhaust Only  Steam Coil 0 o O With ompressors In PACK28ES pon't know o 0 oo e
Equipment e Unit--Separate Condenser Know Monitoring Only
Separate Room Far F Return Fan with Relief VUMW bX Coil with C in Packaged Don't Local Controller with Limited BAS
sc23 eparate Room Farfrom 29 etum Fanwith Rellefin = 75 Return/Exhaust Only  Steam Coil Natural Gas Boiler Cotl with Compressors in Packaged o O™ Heat Exchanger | 0c2 COMTOlerwith Limite
Water Side Equipment AHU Only T Unit--Separate Condenser Know Control As Well
Separate Room Near Wats Local Controller with Limited BAS
sc24 S:’:ij:::‘: earWater 5o Separate Exhaust Only 10 Supply & Return/Exhaust ~ Steam Coil Natural Gas 0 Outdoor Air Only No No None c‘;i‘aml":s'\:ljlrw' Imite
hp (2 1l D 2
sC2s Sanje Room as Water Side |3 P( pool Separate Retur AN 3 ( pool No Fan VFD Hot Water Coil Natural Gas 0.8 None No No None BAS Control of Everything
Equipment units) Exhaust units)
Both Return Relief & Exhaust DX Colil with C in Packaged
sc26 0 30 F:" ‘":H“l;" eliet & Exhaust ;¢ Supply & Return/Exhaust ~ Steam Coil Natural Gas 0.83 Um:;;:‘am:?:r::z‘::'" ackaged No Heat Exchanger  |BAS Control of Everything
Separate Room Far Fi Return Fan with Relief don't
27 cparate foom Fartrom s eum ranwin RELEtn 15115 NoFanveD Hot Water Coil Natural Gas o Outdoor Air Only No No None BAS for AHU only
Water Side Equipment AHU Only know
N In manual,
R N Wi R F: h Relief DX | h Pack: v L I ller No BA
frg  Separate Room Near Water eturn Fan with Relief in Supply & Retum/Exhaust |Hot Watsr Gol Natural Gas o ol with Compressors n Packaged o None ocal Controller No BAS
Side Equipment. AHU Only Unit--No Outdoor Condenser Monitoring
2Bandend
Separate Room Near Water Return Fan with Relief in : DX Coil with Compressors & Heat Exchanger )
FT29 s0? 152 No Fan VFD Hot Water Coil Natural G: o N t, BAS Control of Everythi
Side Equipment AHU Only o Fan ot Water Col atural Gas Condenser in Packaged Unit °© UM wiglycol loop ontrotof Everything
Oustide Far From Wat Hot Water Coil & Direct Fired AHU - Local, Pool Heating - on BAS|
T30 ustide Far From Water 4415 g shp Exhaust Fanin AHU Only 15 0 ot Water Coll & Direct Fire Natural Gas 0 Outdoor Air Only No No Heat Exchanger ocal, PoolHeating - on

Side Equipment

Burner (in air stream)

|and minimal control
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Appendix B: Detailed On-Site Survey and Interview Data

Facility Operations Information

Hours |Hours Max OA Control Min OA
Occupie [Occupie |Measure supply |Flow [% Temp Control Flow [%
d/Week [d/Week |d Air  |Measure [Condensation [Flow  [of HVAC Fan On  |HVAC Pressure i i RH RH Control |of 0A Control
SiteName _day  |end  [Temp [F][dRH _|signs [cfm]  [supply] [24/7 control Temp [FI|[F] Reading |Method _|Supply] |Approach Problems odors
- — rone
Yes--Constant DX/Condens AHU was tripped off during site visit. Notable condensation in window
W1 16 2 797 674 Multiple~ 3000 0 Don't Know 86 81 50-55% 41 ! Unknown Unknown PP ® chiorine
Speed ing Unit sill, and signs of moisture at roof/wall connections. chor
Unknown Unknown Uhyair
2000 Ves--Constant o DHU was in alarm. Major corrosion on spa heat unit (suspect dielectric
W2 12 2 722 653 None Unknown Don't Know . 7 : 71% Unknown Unknown fitting issues). Had been very humid before new mechanical unit was 0
4525 Speed thermost thermost condenser/
ther ther conder installed.
Particulate build-up. Looks ke salt particles. This
ws | » e 21 |nome 0 low o o o o N o o o o articulate buid-up. Looks ke salt partices. Thisis considereda
saline pool.
HPa 15 15 79.3 181 Peeling paint 3400 0 Yes-Constant 1 curement& 80 0 53 0 DX/Condens Min unless Economize. Minimal
Speed feasul ing Unit Dehumidify too.
no min Moderate
Yes--Constant cannot  Outdoor Alr Space/Return RH Sometimes in summer have issue maintain the humidity since there's
W5 550 15//7 |92 294  None 2000 scfm 1 Don't Know 82 82 4060 alue, |2 v Chiorine
Speed read  Only Setpoint no cooling.
Based on Smell
W 17 17 733 569 Dropletsondoorof0 1 o 0 0 0 0 0 o 0 0 AHU on roof freezes up in winter Minimal
wo urect
Yes--Constant DX/Condens Min unless Economize.
w7 17 17 838 368 None 4100 0 Measurement & 83 0 25 88 X/ 0 € Humidity/Moisture Minimal
Speed Meas ing Unit Dehumidify too.
. R 2 as 45 oy on the exterio] "t Ves-Constant L s e 3 350r50  DX/Condens A Sometimes have trouble maintaining the humidity. However they set g:::;"e‘“
. i i
v know Speed ing Unit the humidity setpoint to 35%, which is normally 40% to 60% chor
» i lem. Saw pipe |
MF8 3 " - 3 None o 0 Yes—Constant noset . None o o o o no moisture problem. Saw pipe leakage on siteffilter), circulation pump |\ =
Speed point leak so they changed the pump yesterday
wio  las 025 |2 asa ome 550 uneown YESTCOTSERL @ 0 A - - . 0 poorinsulation, three exterior wallsand big window/doors oneach |
Speed side
no
war s . a5 lis1 INone dont  dont  Yes-Constamt GONE e COONE omtkoow %M G kow ll equipment is very od, o cooling, can feelcold aircoming from the
know  know  Speed know coil,don't now SAinlet but we didn't find the OA inlet, only one exhaust fan.
) Outdoor Air Space/Return RH )
MF2 4 828 (809 703 None o 0 yes-vid control  Don't Know 80 83 80 100 Unknown None mal
only Setpoint
Ves._Constant ) Outdoor Alr |dor't_|Space/Retum R temp. control of the AHU doesn't working. Operator just keep the
MFI3 45 2 751 sa None 5000 unknow Don't know 80 broken 0 NA switch in the Temp. control at the same position as when it was Minimal
Speed only know  Setpoint
working, and notice no problem of mantaining the room temperature,
Yes-- A Fixed Mixed A
MFla 18 18 818 184 Droplets on door 0|4000 0 esConstant 1y vt know 0 0 0 0 Outdoor Air ixed Mixed Air None Minimal
Speed only Temperature
MF15 13 13 77.2 518 Droplets on door 0|0 0 No-Hours Offper o unknwn  unknwn  unknwn  unknwn g:“:m’m" 0 0 Chilly winter air temps Minimal
DX/Condens Other--Complex Built
sci6 115 6 757 566 None 35000 51% 0 Don't Know 0 0 0 0 X/ 0 PIEBU " bive pool level was low Minimal
ing Unit Into Unit
’ Yes--Reduced Fixed Mixed Air
7 1 B 784 498  Peclingpaint  [17000 0 ) o 0 0 None 0O None 0 Humidity/Moisture o
Overnight Temperature
scis 135 135 (84 479 0 18000 0 o o o 0 0 0 o o 0 o o
Yes--Constant DX/Condens Min unless Economize
sy 155 10 754 6l None 18000 100% Don't Know 7242 75 50%  Unknown - 10% : o
Speed ing Unit Maintain DAT setpoint.
AHU tripps off, resulting in condensation/temperature, etc
Yes--Constant 73.74 per DX/Condens g
sc0 6 6 795 7 None 18000 100% Don't Know P06 so% s DY E Sheaves/belts are an issue. Aerco boiler appears to be losing glycol 0
Speed Operator ing Unit
hot water.
Jes - VFDs and 7 \ o pool iome comodr, etlc, [Psrev\uuslv:zd beer; losing watzv out o‘: pool
sca1 135 7 717 58.1 None 24410 100%  apparentDCVvia Don'tKnow coolne o 43%  6190%  water 40%  Unknown asin. 3 repairs infast 5 years. Audio Jacks are corroding and require. i,y
75 replacement every few years. Chlorine metering system water temp
€02 (operator) ) condenser
heating sensor is reading incorrectly. —
Yes--Constant
sz 10 sat10;5u(786 42 None 1900009 0 spond 0 0 0 0 0 o 0 0 0 smell due to
Conuonea vs S
Yes--Constant DX/Condens Min unless Economize.  Previously had cloudy water, poor ventilation before new Innovent
sc23 6 2 83 288 None 15000 05 €sConstaNt A djacent Space--  Unknown 84.9 Unknown 35.23%  DX/Condens o 5 n unless Economize. - Previously had cloudy water, poor ventilation before new Innovent
Speed Adiacent’ ing Unit Dehumidify too. AHU. Separated pool from locker rooms.
Yes--R 7 N i ive through walls i I I I
sc24 13 13 68.9 56.8 severe according 414000 1 es—Reduced 1t know 3/60(un 4, NA © None 1 Constant moisture drive through walls is a big problem, rebuilt east wall because .oy
Overnight o0) control of structural moisture damage.
beuween T oueraw
sas 1 4 773 393 peclmgpaint  [000-  o00x2 S Measurement & 80 78.4-79.6 Unknown Unknown None Unknown Unknown Equipment Life--, Moisture, etc. Chiorine
Yes--Reduced DX/Condens Space/Return RH
sc26 16 8 78 51 na o 0 Don't Know 80 802 46 456 X/ Unknown P2ce/ 0 Minimal
Overnight ing Unit Setpoint
o es s 03 |75 |vore dot o YesComsant [ - . A A Outdoor Air | Space/Return RH building new pools and the existing one will not be used fromnext
know Speed only Setpoint spring. New system has VFD for water and cooling coils in AHU
Yes - VFDs and DX/Condens
s 17 30 844 a4 none 25985 0 apparent DCVvia 0 o 0 0 0 TGOS 21%  don'tknow summer fully based on OA (o other dehumidification?) Minimal
e €02 (operator) ¢
Yes-
FT29 17 30 84.6 a6 none 0A, 10400 0 s: E§°"5“"‘ 84 84 50 50 :‘:/S:":de"s 0 consttantonoroff  Dehumidifier controls hadn't work right, they replaced them all. Minimal
. Yes--Reduced to Lo, MAU&Innovent . '
R e wa o o BO0E i on im0 o 79.5-84 o Outdoor Air 1009/ 120 ORI | BAS& Innovent won'tcommunicate; perhaps dally water additons to
3,000 drift only 0% the lap pool
Sam overnight
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Appendix B: Detailed On-Site Survey and Interview Data

Individual Pool Information (Page 1 of 2)

Varia Pool
dedic ble Obse
Poo ated Pool Pool Spee Val rved Pool
| Pool Pool Heati Pool Probe d ve Pool Turn Flow %
Typ Area Pool Filter Heat ng Pump Temp Pum Clo Valve over of
ID e [sf] Cover Type Pool Heat Source Effi. Fuel hp [F] p sed Angle [hrs] Design
HP1_P1 Rec 550 None Sand Closed HX, Dedicated Boiler 94% Gas 2 81.0 No No 2.9 89.6%
HP1_P2 Spa 120 None Sand Closed HX, Dedicated Boiler 94% Gas 2 103.0 No No 0.5 85.8%
HP2_P1 Rec 488 None Sand Closed HX, Dedicated Boiler 93% Gas 2 83.3 No No 2.5
HP2_P2 Spa 79 None Sand Closed HX, Dedicated Boiler 93% Gas 2 98.9 No No 0.4
HP3_P1 Rec 888 None 1.5 83.9 No No 7.4
HP3_P2 Spa 148 None 102.0 0
HP4_P1 Rec 647 none Sand Closed Pool Heater 82% Gas 15 83.8 No No 4.0 81.6%
HP4_P2 Spa 187 none Sand Closed Pool Heater 82% Gas 3.6 102.0 No No 0.7 12/1'4
0
HP5_P1 Rec 458 None Sand Closed HX, Dedicated Boiler 82% Gas 1 84.8 No No 4.6
HP5_P2 Spa 67 None Sand Closed HX, Dedicated Boiler 78% Gas 2 100.1 No Yes 70 0.4
HP6_P1 Rec 820 none Sand Closed HX, Central Boiler Gas 5 75.4 No No 3.1 42.5%
HP6_P2 Spa 133 None Sand Closed HX, Central Boiler Gas 135 104.0 No No 0.5 125'1
0
HP7_P1 Rec 785 none Sand Closed Pool Heater 82% Gas 2 82.2 No No 5.9
HP7_P2 Spa 61 none Sand Closed Pool Heater 82% Gas 1 104.1 No 0.5 63.5%
. . 170.3
HP8_P1 Lap 473 None Sand Closed HX, Dedicated Boiler 78% Gas 3 89.4 No No 4.7 %
0
. . 140.0
HP8_P2 Spa 67 None Sand Closed HX, Dedicated Boiler 78% Gas 1 104.0 No No 0.4 %
0
e ———————————————————————————————————————————————————
MF9_P1 Lap 510 None Sand Closed Pool Heater 80% Gas 1 69.3 No No 4.8 46.9%
MF10_P1 Lap 624 None Sand Closed Pool Heater 78% Gas 2 81.1 No Yes 30 3.6 123'0
0
. 136.2
MF11_P1 Lap 547 None Sand Closed HX, Central Boiler 80% Gas 2 90.0 No No 4.4 %
b
. 122.1
MF12_P1 Lap 424 None Sand Closed HX, Central Boiler Gas 2 81.4 No No 3.3 %
b
. 1048.3
MF12_P2 Spa 82 None Sand Closed HX, Central Boiler Gas 2 102.0 No No 0.4 %
b
MF13_P1 | lap 543  None | Sand Closed HXs with Seasonal 80%  Gas 2 87.1 No  No 76 187
Switch %
MF14_P1 Rec 1,143 None Sand Closed Pool Heater 81% Gas 2.5 85.6 No No 4.7 58.7%
MF14_P2 Spa 129 None Sand Closed Pool Heater 81% Gas 15 100.5 No No 0.4 1?:/5'1
b
MF14_P3 e 550 None Sand Closed Pool Heater 81% Gas 2 80.3 No 0 0.3 Lo
de 625 %
MF15_P1 | Rec 571  None | SandClosed HXs with Seasonal 82%  Gas 15 88.7 No  No 53 1216
Switch %
e —
. . 104.5
SC16_P1 Lap 4,505 None Sand Closed HX, Dedicated Boiler 93% 20 83.9 No Yes 45 5.3 %
b
Div . . 115.3
SC16_P2 N 1,332 None Sand Closed HX, Dedicated Boiler 93% 15 87.1 No Yes 45 5.0 %
b
Yes, 5
SC17.P1  lap 3,513  not cartridge HXs with Seasonal 93%  Gas 20 79.6 5.7
Switch
used
SC18 P1 | lap 4481 Tji;j‘ sand Open 17.5 85.7 No
scisp2 | OV goo Y& 1 oindClosed 5 81.8 No  Yes 45
e used
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Appendix B: Detailed On-Site Survey and Interview Data

Varia Pool
dedic ble Obse
Poo ated Pool Pool Spee Val rved Pool
| Pool Pool Heati Pool Probe d ve Pool Turn Flow %
Typ Area Pool Filter Heat ng Pump Temp Pum Clo Valve over of
ID e [sf] Cover Type Pool Heat Source Effi. Fuel hp [F] p sed Angle [hrs] Design
scig p3 | WA o33 Yes& o dClosed 1 86 No
de used
VS, HXs with Seasonal 102.3
SC19_P1 Lap 3,496 not Sand Closed . 85% Gas 15 80.1 No No 5.2 :
Switch %
used
SC20.P1 | lap 3,404 No Sand Closed HXs with Seasonal 80%  Gas 15 83.3 No  No 57 982%
longer Switch
. 128.3
SC21_P1 Lap 5,017 None Sand Closed HX, Central Boiler 80% Gas 23 81.8 No No 4.7 %
b
automatic Yes—
SC22_P1 Lap 3,462 None regenerative HX, Dedicated Boiler 93% Gas 20 80.0 Used No 6.6
medea filter
SC23_P1 Lap 3,268 None Uil fie HX, Dedicated Boiler Gas NA 82.7 -
access
SC24 P1 | lap 2,625 None | SandOpen HXs with Seasonal 78%  Gas 10 83.1 No  No 37 1196
Switch %
Yes & . . 25-
SC25_P1 Lap 3,476 used Sand Closed HX, Dedicated Boiler 80% Gas 15 80.9 No Yes 30 4.7
SC26_P1 | lap 4,484  None | Sand Closed Hxs W:Whitsf:sona' 83%  Gas 15 80.4 No  No 77 91.7%
SC26_P2 D;V 1,080  None | Sand Closed HXs W;twhif:;mna' 83%  Gas 10 80.3 No  Yes 30 44  87.3%
e —
CC27_P1 Lap 5,742 None Sand Closed HX, Dedicated Boiler ::cr;vt Gas 21 83.1 No Yes 70 5.2 19;'0
0
FT28.P1 | Lap 3,235 None | SandClosed HX, Central Boiler Gas 10 83.2 Liid no
FT28_P2 Rec 2,580 None Sand Closed HX, Central Boiler Gas 10 89.9 IZ_:(; no 89.0%
. 102.41
FT28_P3 Spa 200 None Sand Closed HX, Central Boiler Gas 9 3 No Yes 45
. . 120.3
FT29_P1 Rec 4,144 None Sand Closed HX, Dedicated Boiler 78% Gas 82.0 1.2 %
b
. . 100.0
FT29_P2 Lap 2,428 None Sand Closed HX, Dedicated Boiler 78% Gas 20 90.0 No Yes 65 5.8 %
0
FT29_P3 Spa 190 None Sand Closed HX, Dedicated Boiler 78% Gas 8 TR Ve No 0.4 002
8 Used %
FT30_P1 Lap None Sand Closed HX, Central Boiler 93% Gas 5 81.0 No Yes 80
FT30_P2 Rec None Sand Closed HX, Central Boiler 93% Gas 5 87.4 No Yes 45
FT30_P3 Spa None Sand Closed HX, Central Boiler 93% Gas 5 103.7 :,:I?c;: Yes 60
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Appendix C. Recommendations Regarding TRM Manual

Additions & Savings Calculation Approaches

The following pages provide detail regarding recommendations related to energy savings calculation
recommendations for the measures listed below:

Recommended Minnesota TRM Manual Additions
1) variable speed pool pumping
2) high efficiency pool heater
3) pool cover

Recommended Savings Calculation Approaches

4) reducing outdoor air
5) modifying pool room temperature control
6) modifying pool room humidity control
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RECOMMENDED MINNESOTA TRM MANUAL ADDITIONS

1) Variable Speed Pool Pumping (Commercial)

Basis for TRM Recommendation

Minnesota does not currently have a TRM measure that includes commercial pool pump variable speed
control within its scope.’ Closely related measures in Version 2.1 of the Minnesota TRM include
Residential Variable Speed Pool Pump, C/| HVAC - Variable Speed Drives, and Electric Utility
Infrastructure - Variable Speed Drives (non-HVAC). Based on our review of these measures and
commercial pool pump variable speed drive TRMs for 5 other states, we developed two variants of
calculations already in the Minnesota TRM, and recommend using one of those variants.

While 3 states have fixed savings values for variable speed pumps serving commercial pools, we found
many assumptions that are not appropriate for Minnesota in the other TRMs.™ V¥ The chief of these is
an assumption that the pump is turned off or has the flow reduced dramatically below industry standard
values for extended periods of time. These are in conflict with the Minnesota Pool Code, which requires
public pools to continuously circulate water through the treatment system at a typical industry standard
flow rate. Similarly, the Residential Variable Speed Pool Pump measure in Minnesota’s TRM includes
assumptions about pool pump runtime and flow that are not appropriate for public pools in Minnesota.
Inappropriate and undocumented assumptions lead us to recommend against using any of these fixed
savings values.

In addition, the importance of taking into account site to site variations in conditions was also
highlighted by both the review of the basis for other TRMs and the results of our study. The Wisconsin
and California TRMs both call for detailed calculations of pool pump variable speed drive applications
that are designed for more complex process variable speed drive applications than the actual situation
encountered in Minnesota’s public pools“" [similar to Minnesota’s Electric Utility Infrastructure -
Variable Speed Drives (non-HVAC) calculation]. A field study of the installation of variable speed pumps
on five public pool sites also concluded that the site to site variations make it inappropriate to use a
single deemed savings value." (The standard deviation of savings for these sites was larger than the
average savings.) Similarly, our field survey of indoor public pools in Minnesota found wide variations in
the degree to which individual pools have excessively high flow rates and/or significant throttling of
valves. Many of the surveyed sites would not have significant savings from the installation of a variable
speed drive, while the savings per pump motor horsepower for those with opportunities varies
significantly.

While some site to site variations are important to consider, the most common pump variable speed
drive savings calculators in TRMs can be simplified for public pools in Minnesota. This is because the vast
majority of savings in this application comes from efficient balancing of the flow rate to constantly
provide the code required level, rather than from varying the flow rate based on variations in load. This
allows calculations to be simplified from the summation of multiple calculations in a table to a
comparison of two values. The continuous operation at a lower power level also means that the savings
are fully coincident with the peak demand period for the building. In order to simplify the savings
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calculations, we propose the use of a procedure that modifies the calculations in Electric Utility
Infrastructure - Variable Speed Drives (non-HVAC) by changing the naming in one table, and replacing a
large table with a single calculation.

We found that combining this approach with representative findings from our field survey yielded
results that match strikingly well with other TRM variable speed pump measures. This includes a close
match to Michigan’s 0.28 kW/hp fixed value' and the pump savings factor values in the Minnesota
TRM'’s C/I HVAC - Variable Speed Drives measure. This led us to believe that despite misgivings about
large site to site variations a variation, a variation of this Minnesota HVAC measure may provide a
reasonable program level savings estimate.

TRM Savings Calculation Recommendation: Site Specific Savings

For site-specific estimates of savings for variable speed pool pumps, follow the energy savings
calculation procedure for the measure Electric Utility Infrastructure - Variable Speed Drives (non-HVAC)
in version 2.1 of Minnesota’s TRM with the following modification.

a) Calculate the Energy Savings Factor as the difference between the current and proposed
conditions in the Table of PLR Values below. (This replaces the use of the TRM’s Table 5 with
multiple load factor and % of design flow values per the format of the TRM’s Tables 1 and 2.)

Table of PLR Values

Min % Max % Variable
of Wide of Wide Throttle Speed
Open Open Valve Drive
Flow Flow PLR PLR
0% To 10% 0.8 0.05
10% To 20% 0.81 0.06
20% To 30% 0.82 0.09
30% To 40% 0.83 0.12
40% To 50% 0.85 0.18
50% To 60% 0.87 0.27
60% To 70% 0.9 0.39
70% To 80% 0.93 0.55
80% To 90% 0.96 0.75
90% To 100% 1 1

b) The following equations will apply with Wide Open Flow being defined as the pool water flow
rate at full pump speed with any throttling valves wide open

ESF = PLRThrottle Valve,current — PLRVSD,proposed

Code Required Flow

% of Wide Open Flowp,oposea = % of Wide Open Flow yrrens X Current Flow
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Pool Volume[gallons]

minutes
hour

Code Required Flow[gallons per minute] =

60 ] X Code Turnover Time[hours]

c) Reference the current Minnesota Swimming Pool Code for the maximum time to run the pools
entire volume through the filtering and treatment system. The table below summarizes the
maximum turnover time requirement in the code volume published in 2009 and in force as of
December of 2017."1

Table of Code Turnover Time

Pool Type Max Turnover Time
General 6 hours
Wading 2 hours
Spa 0.5 hours
Dedicated Plunge 1 hour
Zero Depth 2 hours (for area < 3 feet deep)

d) Forindoor pools in hospitality buildings, fitness centers, and other buildings that keep the pool
open year-round, assume 8,760 operating hours per year and a coincidence factor of 1. For
schools and other facilities with seasonal pool shutdown, base the hours and coincidence factor
on the facility’s reported schedule.

TRM Savings Calculation Recommendation: Preliminary Program Level Savings Estimate

For building type-specific estimates of savings of variable speed pool pumps, follow the energy savings
calculation procedure for the measure C/I HVAC - Variable Speed Drives in version 2.1 of Minnesota’s
TRM with the following modification.

a) Use the following values for Energy Savings Factor (ESF) in place of the TRM’s Table 3.

ESFhospitaIity, multifamily = 0.45
ESFschool, fitness = 0.51

The potential number of applicable facilities should be based on an assumed 35 percent of pools
(same value for all building types).

b) Forindoor pools in hospitality buildings, fitness centers, and other buildings that keep the pool
open year-round, assume 8,760 operating hours per year and a coincidence factor of 1. For
schools assume 7,665 operating hours [i.e. pool shut down for 1 %2 months] and a coincidence
factor of 0.78.

2) High Efficiency Pool Heater (Commercial)

Basis for TRM Recommendation

Minnesota does not currently have a TRM measure that addresses pool heaters,' and Michigan is the
only Midwestern state that has a pool heater TRM measure to draw from."* However, the Michigan
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TRM gives a fixed savings value regardless of the pool heater efficiency even though there is about a 2:1
range of savings given the range of pool heater efficiencies available that meet the rebate requirement
(85% to 95%+). A much more accurate site-specific estimate of savings can be achieved by using a
formula that takes into account the new heater efficiency. This approach is already used in the
Minnesota TRM for Commercial HVAC - Boilers, Space Heating Only and Commercial Hot Water - Gas
Water Heater.

Besides taking into account the project-specific efficiency of the pool heater, an assumption of pool
heating load must also be made. If based on the minimum efficiency required for a heater, the Michigan
TRM savings would be based on an average load of 39% of the heater’s maximum capacity (or 16% if
95% heater efficiency was assumed). This range of average percent of design load is greater than was
measured in the accompanying study’s detailed investigations of two indoor public pool facilities with
dedicated, gas-fired heaters. CEE’s findings suggest that an assumed burner on-time (for a fixed firing
rate pool heater) of 12% gives a much better representation than the Michigan TRM’s apparent
assumption of 16% to 39%. The low annual average pool heating load (12% of design) is caused by
dramatic oversizing of indoor pool heating equipment. This dramatic oversizing tends to occur in pool
heaters more than in other mechanical heating equipment because they are typically sized according to
the ability to heat up the pool’s volume of water at a certain rate (typically 1°F to 2°F per hour) rather
than the peak steady-state load for a pool that is already at the normal operating temperature. This
sizing criteria leads to pool heaters that are several times larger than the maximum load during normal
operation (i.e. excluding any initial heat-up after a fill). It is reasonable to expect that this oversizing is
typically greater in Minnesota that in milder climates because of the colder water inlet temperatures.
Therefore, a 12% of pool heater design load is recommended.

The potential added accuracy and complication of using site-specific schedule information is not
recommended. A survey of 30 facilities in the companion study found that packaged, commercial pool
heaters are generally only found in hospitality and multifamily facilities that operate their pools year-
round.

TRM Savings Calculation Recommendation

For indoor public pool heater savings in Minnesota, the following savings calculation should be used.

1
EffBase B Efingh

Savings [therms] = BTUH _In X

Where:
BTUH_In = maximum input rating of the new pool heater [in units of BTU per hour]
Effvase = Baseline pool heater efficiency (78% [0.78] code minimum for new heater)

Effuign = Efficiency of the new high efficiency pool heater efficiency [as a decimal value (e.g. 0.95 for 95%
efficiency)]
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3) Pool Cover (Commercial)

Basis for TRM Recommendation

Minnesota does not currently have a TRM measure that addresses pool covers,’ but 3 other Midwestern
states do have TRMs to draw from."™*X While Michigan and lowa have per unit (square foot of pool
surface) savings estimates that are within about 20% of each other, lllinois has a savings value that is
more than twice these other two. This is despite lowa and Illinois both reportedly to be based on the
same software. CEE’s engineering estimate (based on more recent industry research of pool evaporation
rates) and observed savings for one site are fairly consistent with each other and fairly consistent with
the Michigan and lowa savings values. We recommend using the same calculation as Michigan because
of its greatest consistency with our observations and the ability to take into account the pool heater
efficiency. Although based on more complex engineering calculations with assumptions about operating
conditions and hours, it is simplified into a single, representative factor (which was field-verified as a
reasonable savings estimate for one site in Minnesota).

We could find no instances of the liquid pool cover technology being addressed by any TRM,** and
provide only a preliminary suggestion that should be validated further. Data from the manufacturer and
engineering calculations suggest that liquid pool cover annual savings would be about 80% of the
savings of traditional pool covers. However, the single site included in this study showed negligible
savings while two Minnesota hospitality buildings included in a separate CARD-funded study showed
savings that are 50% of the savings expected for traditional pool covers (as calculated per the approach
recommended below).”

TRM Savings Calculation Recommendation

For indoor public pool cover savings, the following savings calculation should be used for Minnesota.

Savi (th = 0.9 [therms/ft?] « Pool drea [ft?]
avings Ltherms " Pool Heater Ef ficiency ool Area [f

If the pool heater efficiency is not known, it should be assumed to be 80% (0.80).

For the use of a liquid pool cover, the preliminary suggestion is to assume 50% of savings for a
traditional pool cover—as calculated above. However, it is recommended that additional measurement
and verification be conducted before using this assumption for large-scale program implementation.

Optimized Operation of Indoor Public Pool Facilities
Center for Energy and Environment 55





Appendix C: Recommendations Regarding TRM Manual Additions & Savings Calculation Approaches

Recommended Savings Calculation Approaches

4) reducing outdoor air
5) modifying pool room temperature control
6) modifying pool room humidity control

For these last 3 measures addressed by this appendix, we recommend a particular, rigorous approach
for CIP program savings calculations (e.g. custom rebates or recommissioning savings estimates). In
particular we recommend that savings estimates be based on detailed hourly or BIN calculation models
that address the real interactions between these factors—plus the pool evaporation rate—with
assumptions that have a sound basis in the actual design and operating conditions. A degree of iteration
needs to be used to accurately estimate the savings from changing any one of these factors because
each of these key pool room or HVAC system parameters has an impact on the others. Because of these
interactions, some assumptions that have commonly been used in engineering calculations can cause
misleading savings estimates. For example, the actual relative humidity may be higher or lower than the
setpoint leading to a poor estimation the pool heating and dehumidification loads. Thus, setpoints
should be used as a starting point for iterative analysis of the actual conditions as they are influenced by
the other operating conditions and system limitations. The key interactive effects that need to be taken
into consideration are outlined below, as well as guidance and references to detailed formulas and
tables from Chapter 1 of the 2017 ASHRAE Fundamentals Handbook.

Key Interactive Effects

a) Impact of Pool Room Temperature & Relative Humidity on Pool Room Humidity Ratio. While
relative humidity is the most commonly used indicator of moisture level in the air for purposes
of comfort discussions, humidity ratio is the measure of the amount of water in air that is

ultimately used in most engineering calculations. This is because humidity ratio gives a direct
indication of the amount of water vapor in air. It is defined simply as the ratio of the mass of
water vapor to the mass of dry air. On the other hand, relative humidity indicates the ratio of
how much water is in the air compared to the maximum amount of water vapor that air can
hold at its current temperature.

The humidity ratio of air can be calculated from the relative humidity, temperature, and
atmospheric pressure. As one might expect, increasing the relative humidity for a given
temperature increases the humidity ratio proportionally. However, the humidity ratio also goes
up with the air temperature if the relative humidity is held constant. The warmer the air is, the
more sensitive the humidity ratio is to changes in temperature (if the relative humidity stays
constant). Below are the steps for calculating humidity ratio using equations in Chapter 1 of the
ASHRAE Fundamentals Handbook.

i. Using the temperature, calculate the partial vapor pressure of water vapor in air at saturation
[the point where water starts to condense out of the air], pws, using Table 3 or equation (6).

ii. Using this pressure, pws, and relative humidity, @, calculate the actual partial vapor pressure of
water in the air, pw, using equation (22) [@¢=pw/pws given here due to a handbook error in some
versions].
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iii. Using this pw and the atmospheric pressure [in units of psia and can be estimated from Table
1 in the handbook], p, calculate the humidity ratio, W, using equation (20).

b) Impact of Pool Temperature, Pool Room Humidity, and Pool Room Temperature on Pool
Evaporation Rate. Pool water evaporation rate is a key determinant of a pool facility’s energy
use for both pool heating and dehumidification. Although it happens in a less intense process,
evaporation of water at any temperature draws about as much energy from the surrounding
water as boiling water does from its heat source. This energy needs to be made up via the pool

water heater. Likewise, the water vapor that evaporates must be removed from the pool room
with a dehumidifying HVAC unit to keep the room’s humidity in check. Therefore, the
evaporation rate is the primary determinant of the loads on the both pool water heating and
pool room dehumidification equipment.

The two key inputs for calculating the evaporation rate of an indoor pool are pool temperature
and pool air moisture level. Here the steps for calculating the pool water evaporation rate
following the ASHRAE Fundamentals Handbook and the Natatoriums section within Chapter 5 of
the ASHRAE Applications Handbook.*

i. Using the pool water surface temperature, calculate the saturated vapor pressure of water at
the pool surface, pw, using Table 3 or equation (6) from Chapter 1 of the ASHRAE Fundamentals
Handbook [ignore the difference in subscript for p].

ii. Find the pool room’s partial vapor pressure of water in the air, p,, calculated fromii in a)
above (using pool room temperature and relative humidity).

iii. Based on the pool type and activity, choose an appropriate activity factor, F,, from the table
right after equation (2) in the Natatoriums section of the ASHRAE HVAC Application Handbook.
(This ranges from 0.5 for an unoccupied pool to 1.5+ for special water features.)

iv. Using the above vapor pressures and activity factor--along with the pool area--to calculate
the pool water evaporation rate, wp, using the equation below [equation (2) in Natatoriums
section of handbook].

wp[105/p,.| = 0.1 x Pool Area [£t2] x (2, — Pa)Fa

This pool evaporation rate can be used directly to calculate the evaporation impact on pool
water heating rate [in units of Btu/hr] by multiplying the evaporation rate by 1,000 [BTU/Ib.]

¢) Outdoor Air Flow and Humidity Ratio Impact on “Free Dehumidification” and Pool Room
Humidity Ratio. In Minnesota’s climate the outdoor air is usually much dryer than pool room air.
This means that the high, continuous outdoor air ventilation needed to dilute and remove pool

off-gassing provides significant “free” dehumidification throughout most of the year. The
amount of dehumidification provided by the outdoor air flow can be calculated using the steps
outlined below.

i. Using the outdoor temperature and humidity, calculate the outdoor air humidity ratio, Woa,
following the calculation steps i through iii outlined in a) above.

ii. Using the outdoor air flow rate along with pool room and outdoor humidity ratios, calculation
the moisture removal rate with the equation below.
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+3
Moisture Removal Rate [lbs/hr] = Outdoor Air Flow [%] X 0.075 [

min
] X 60 [W] X (Wro0m — Woa)

lbdry air
cubic foot

If the above calculated dehumidification provided by outdoor air (i.e. moisture removal rate) is
greater than the pool water evaporation rate, then the assumed pool room humidity level
should be lowered until these two values match. If, however, the calculated dehumidification
provided by outdoor air is less than the pool water evaporation rate, then the remaining
dehumidification load will be the difference between these two. If outdoor air ventilation is the
only (or first, economized) source of dehumidification, then the outdoor air flow rate would be
increased (up to the system’s maximum outdoor air flow rate) so that the calculated moisture
removal rate matches the pool water evaporation rate. If the moisture removal rate calculated
from the outdoor air, plus any compressorized dehumidifier at its maximum capacity, is less
than the calculated pool evaporation rate, then the pool room humidity level must be assumed
to increase until these two calculated values match.

Note that as outdoor air flow increases to provide dehumidification, the energy needed to heat
the outdoor air also increases. The relationship between outdoor air flow and energy used to
heat the outdoor air can be reasonably approximated with the equation below.

Outdoor Air Heating Energy[Btu/hr] = 1.08 X Outdoor Air Flow X (Troom — Toa)/Eff
where Eff = heating efficiency (90% for a gas direct-fired make-up air unit)

The above relationships often need to be used iteratively to find what the actual conditions and loads
will be. Depending on how the HVAC system capacity and operation matches the loads, the modeling
will generally use the pool room setpoints as a starting point, and then adjust them where outdoor air
flow and system limitations will lead to a drift above or below the setpoint. Note that while it only
happens for very few hours in the year, the pool room temperature may similarly increase above the
setpoint due to outdoor air being brought in that is warmer than the pool room temperature.
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SUMMARY

Purpose
This guide outlines for you as a
recommissioning provider the most important
energy saving measures that should be
investigated for every indoor public pool
facility in Minnesota. It outlines 17 operational
checks that identify no cost, low cost, and
moderate cost changes that can be made
without major equipment upgrades. It also
points out a few situations where more
expertise and/or a little higher investment
might be required to take advantage of an
energy cost saving opportunity or solve a
problem. The recommended actions are
conservative to ensure that pool and space
conditions are not negatively impacted.

This guide would ideally be applied with the
support of a utility-funded Conservation
Improvement Program (CIP). Some of the
measures addressed are eligible for traditional
utility equipment rebates (e.g. the installation
of a variable speed drive on the pool pump),
while many other items may be rebated
through utility recommissioning programs
(e.g. fixing a control programming issue that
causes excess energy use), a behavior change
program, or other progressive program design.

Scope

The focus of this guide is on energy saving
measures that require no or moderate capital
costt and which are appropriate for
Minnesota’s climate. It is not intended to
systematically address water quality, air
quality, or moisture condensation issues. It
does not address all upgrades that might be
possible as part of major upgrades or

replacement of equipment.
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In addition, this guide does not fully address
water side operations related to water filtration
and treatment that can impact energy use. This
specialty subject is already addressed by
numerous other resources, including the pool
operators manuals listed on the next page.

How to Use the Guide

While a one-time use of portions of this guide
can yield energy savings, you will most
effectively achieve long-term energy savings,
comfort and minimal moisture condensation
issues if:

* all applicable checks are conducted for a
facility, and

* data is collected over the typical range
of operating conditions—especially

seasonal outdoor temperature variations

and major variations in the pool

activities schedule.

While each
worthwhile and written as a stand-alone item,

measure is  individually
there is a level of interdependence that makes
completion of all applicable items significantly
more effective. It is recommended that you
follow these steps:

1. Systematically go through the guide to
determine the applicability of each item
for the facility being investigated.

2. Conduct all applicable measurements at
a range of outdoor temperatures.

3. Follow through on the energy cost
saving actions.

4. Confirm successful operation after the
implementation of measures, and take
any subsequent corrective action
required.

5. Provide operations staff with clear and

adequate documentation and





instruction regarding the improvement
measures.

The checklist on the following page gives a
summary of measures to be addressed in a
pool recommissioning study. A summary of
each of these measures appears in the
Individual Measures section of this guide. The
“Detail” column in the table also notes where
more detailed information is available for
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many of the items. Some specific measures
have detailed
Appendix 1 of this guide. A two character

instructions provided in
letter and number code is noted for each of
these measure detail items. Note that while
these measure-detail write-ups in Appendix 1
were designed for pool technicians, they still
provide = summary and  investigation
information that you will likely find valuable

as a recommissioning provider.
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Indoor Pool ReCommissioning Checklist

Check Identifying How It Saves Energy Detail

Pool Area

Optimal Relative | Inspection & |Keeping the humidity lower than necessary increases the S1
Humiditjg Monitoring |evaporation rate and the energy usage of the dehumidifier. ASHRAE
Confirm Humidity Inspection | Fiumidity sensors tend to fail quickly causing either S
Sensor Accuracy p unnecessary dehumidifier operation or high humidity. ==
. . Overheating the pool increases the pool evaporation rate, NSPF,Ch.12
ptimal Pool ;

W 0 tT 41 200 Iﬁgﬁ;ﬁ?;(ﬁt heating energy and dehumidification needs. Lowering it within | NRPA,10-3
ater Iemperature &) |the comfort range prevents this. ASHRAE
Optimal Space Inspection & Overheating thg pool area air above th? pool water temperature | NSPF,Ch.12

T Monitoring | CAUSes excess air heating and evaporation. Reducing the air NRPA,20-5
lemperature & temperature within the comfort range prevents this. ASHRAE
. . . LED lighting retrofits typically give a quick energy cost
Lighting Inspection payback, plus the reduced maintenance costs are substantial.
HVAC
Dehumidifier Inspection & |Control problems can lead to over active dehumidification with H1
Operation Monitoring |excess energy use and equipment wear. —
Energy Recovery . Where an ERV is present, improper control or breakdown can
. Inspection & | . . . e .
Ventilator Monitorin eliminate its energy cost savings — typically without any change H2
Operation & |in space conditions that would draw attention.
. . Bringing in too much outdoor air increases energy costs, while
Outdoor Air Inspection & |, . ©.©, . . . H3
Jati Monitorin bringing in too little can cause air quality problems, and —
Ventilation & |excessive dehumidifier operation. ASHRAE
Compressor Heat All compressorized systems recover heat to reheat the
Recover Inspection & |dehumidified air, and some heat pool water as well. Sub- _
—.X Monitoring |optimal control coordination of heat recovery often significantly
Operation reduces the savings achieved.
Inspection & Using the exhaust air to preheat the fresh outdoor air provides
ERV Retrofit Mp o substantial savings when high continuous outdoor air -
onitoring o
ventilation is needed.
Compressor Heat | Inspection & |Adding or re-establishing heat recovery for pool water heating _
Recovery Retrofit Monitoring |may be cost-effective
Water Side
Interview, |Covering an unused pool to prevent evaporation is typically a
. . ) oo NSPF,Ch.12
Pool Cover Inspection & |large energy savings opportunity. The use of a liquid pool cover NRPA10-5
Monitoring |may provide savings in a similar say (although lower). e
Inspection & Oversizing of pumps is often compensated for by choking down
Pool Pump VFD I peet the flow. This uses more energy than slowing down the pump Wi
nterview . . .
with a variable speed drive.
Correct Pool Filter | Inspection & |Turning the pool over faster than the required 6 hour time E?{I;icchhlg
Flow Interview  |frame required for most pools increases pump energy use. Ch8,Ch.9
Operation of Pool | Inspection & Long-term pool water heater under-perform.ance can be masked
Interview by overheating of the air above the pool, which leads to NRPA, 10-2,3

Water Heat Source excessive heating energy use.

Pool Water Heat Iﬁcselssifznéz High efficiency condensing pool heaters (or condensing boilers ~
Source Change Monitoring with a heat exchanger) can reliably provide substantial savings
Inspection, |Pumps serving special pool features (e.g. water slide or play

Scheduling of Pool
Feature Pumps

Interview &
Monitoring

features) may use much more energy than the circulating pump.
These should be turned off when not needed.
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General Notes for Indoor Pool Facility Recommissioning

HVAC REQUIREMENTS & TYPES
Typical primary requirements for indoor public pool air HVAC are:

1) Provide continuous outdoor air ventilation as needed to dilute and remove pool chemical
breakdown products.
2) Provide adequate heat to maintain the space at temperatures of up to 85°F.

3) Provide dehumidification to maintain the space at a relative humidity of 45% to 60%.
4) Keep the pool area depressurized with respect to the adjacent portions of the building.

Note that the majority of existing indoor public pool HVAC systems in Minnesota do not have a
means to provide comfort cooling only (e.g. the cooling coil’s compressor has all of its heat put back
into the pool area air through a fully condensing reheat coil). Those that do have cooling capacity
generally only use the cooling-only mode for a very small percentage of the summer hours.

Larger pool rooms (e.g. in a school or fitness center) tend to be served by a single compressorized
dehumifidifier that uses refrigerant based cooling and reheat. These larger units have a wider variety
of options and configurations that can include energy recovery ventilation, and outdoor condenser
for getting rid of excess cooling/dehumidication compressor heat, heat reclaim for pool water
heating and/or variable speed fans. Exhaust/relief air is often built into the single main air handler,
but is also sometimes provided by separate exhaust system. Most of these large units have some
capability to tie into a building automation system (BAS).

On the other hand smaller pool areas tend to have a single outdoor-air-only dehumidifier that simply
brings in a varying amount of relatively dry outdoor air and heat it as needed to maintain the
appropriate temperature in the space. Most of these have a direct-fired gas burner. The outdoor-air
only units are often paired with an exhaust fan that has a variable speed drive. While one product
line for smaller pool rooms does have a variety of options for heat recovery, heat rejection and remote
data monitoring/control, most do not and this specific product line does not incorporate a heat
source so that another, external heater is also required. It is also noteworthy that a small, but
significant percentage of smaller units use electric heat. Most smaller HVAC units are installed with
stand-alone controls that are not connected to a BAS in any way.

WATER SIDE SYSTEMS & TYPES

Continuous circulation of pool water at a turnover rate of 6 hours is required in public pool facilities
in Minnesota. This is for cleaning of the water through filters that have a significant pressure drop,
and this continuous recirculation water stream is also used for pool heating, as well as water quality
monitoring and treatment. This water flow rate is measured and recorded every day as part of a pool
operations logs, but the pool water heat source often has only a portion of this recirculation water
flow going through it.

4 [Back to Checklist]
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Smaller systems tend use a commercial, packaged gas-fired pool heater with a simple burner on/off
control with a manually adjustable return water temperature setpoint that is displayed in degrees
Fahrenheit. Some spas and small pools may have a residential style heater without electrical power.
On the other hand, larger pools are often heated by a heat exchanger that receives heat from a steam
or hot water boiler system. Typically this boiler system serves other loads in the building, but in some
cases a dedicated pool boiler system uses a water to water heat exchanger.

SITE TO SITE-VARIATIONS IN SYSTEMS & OPPORTUNITIES

We found a very wide variety of both system designs, and site-specific modifications and operations
practices that have occurred since the original installation. This means that the preset list of potential
measures and investigation approaches described in this manual should not be considered as an
exhaustive list of what you should consider in your recommissioning efforts. An open-minded look
at the existing systems based on an appreciation of the key energy impact items will uncover other
site-specific opportunities. The typical list of recommissioning fundamentals apply, but with a slight
twist on many items. The following is a list of key energy impact factors to keep in mind with
recommissioning an indoor public pool facility:

1) Optimal outdoor air flow control balances its dehumidification potential against the need to
heat it to the high space temperature maintained in a pool room.

2) Dehumidification needs and actual humidity achieved vary seasonally because of changes in
outdoor air moisture levels and the surface temperatures of exterior windows and doors.

3) Evaporation represents the vast majority of pool heating load.

4) Scheduling opportunities are less than most facilities, but can still be worthwhile (especially
covering the pool).

5) The specialized and/or complicated HVAC systems for pools are often not optimally
controlled.

6) Heat reclamation opportunities are often worthwhile, but also often not optimally controlled

or maintained.

Both HVAC and pool heating trend data should be analyzed over a range of outdoor temperatures
and the variety of pool occupancy situations. Time series plots are valuable for observing control
sequencing while a combination of regression and BIN analysis (where relationships are not linear
over the range of observed conditions) is our recommended approach for the analysis of load and
system energy use variables. Also note that while the full on-off cycle length of pool heat systems can
be several hours, the actual burner on-time for gas -fired pool heaters tends to be only a very small
fraction of this full on-off cycle length.

MONITORING CONSIDERATIONS

Effective recommissioning of an indoor public pool facility may require the use of stand-alone data
loggers instead of the reliance on trend logs from Building Automation Systems (BAS) that is typical
for recommissioning. The specialized pool area HVAC units are often not linked into a BAS in a way

[Back to Checklist] 5
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that provides adequate trend logging capability. Some sites do not have any link to a BAS, while
some very common pool HVAC units used in larger facilities have been found to have BAS system
integration issues across multiple sites and vendors. Pool facility specific tips related to the use of
dataloggers and the logging of pool water heating equipment operation are outlined in the following
paragraphs.

When choosing and installing datalogging equipment, careful consideration should be given to the
potential for greatly accelerated deterioration due to high humidity and the presence of corrosive
chemicals in pool area air. Sensors and/or loggers should be chosen accordingly. Where practical, the
most reliable arrangement is typically to have only the sensor(s) in the pool return duct or pool area,
and have them connect to a logger that is not directly exposed to the pool area air. However, pool
maintenance room air is often not much better than pool air in regards to corrosive chemical vapors.
If loggers are left in place for an extended period of time, the conditions of the sensors and loggers
should be verified monthly —including verification of data consistency over time or against a reliable
spot reading.

Gas-fired pool heaters only require a burner on/off status indicator via a connection to the burner
control or power signal. Pool water heating energy use can then be simply calculated using the buner
on-time fraction in connection with the burner’s fixed input rate. You may also run across a smaller
residential pool heater that doesn’t have electrical power. In this case, a temperature measurement in
the flue or vent (with a small gauge thermocouple read by a datalogger) can be used to tell when the

burner runs.

When a water to water (or steam to water) heat exchanger is used for pool heating, it may not be
possible to get a very accurate measurement of pool water heating energy use. There are some cases
with heat exchangers where reasonably reliable estimates can be made:

1) the water flow rate is known (either constant or logged) and the temperature rise (or
drop) of more than 6°F is logged with sensors inserted into the pipe; or

2) the boiler supplying water to the heat exchanger is dedicated to serving only the pool
heating load (and the energy use of the boiler can be determined as noted above for a
constant firing rate boiler or through logging of modulated firing rate).

The limited accuracy of individual water temperature sensors makes the measurement of smaller
temperature rises (or drops) relatively inaccurate. There are only limited cases where strap-on pipe
temperature sensors (with insulation wrapped around the outside) are useful in pool systems
because most pool water piping is plastic. The piping adjacent to a heat exchanger can sometimes be
an exception to this. While it is often easier to measure pipe temperatures on the boiler side of a heat
exchanger, it is usually difficult to accurately estimate the water flow rate on that side of the heat
exchanger. It is also common to not be able to reliably estimate the water flow through the pool side
of the heat exchanger because of many of the systems having only a fraction of the full, measured
recirculation flow going through the heat exchanger. The actual bypass flow rate tends to be constant
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over time based on a manual bypass valve setting. This means that changes in pool heating load over
time can be compared through temperature rise measurements, but the assumption of constant
manual valve setting must be confirmed over the course of the monitoring period. Because of these
various site to site challenges recommissioning efforts will sometimes not be able to make reliable
direct measurement of pool water heating load and its dependence on multiple factors.

Individual Measures

For those checks on the checklist that have a single letter and single number code in the detail
column, a detailed check with that letter-number code can be found in this section. These specific
items were chosen based on consideration of significant potential energy impact and/or a shortage of
clear information available in other readily available pool technical resources. For a number of other
items, the checklist refers you to specific parts of the two most prominent pool operator training
manuals and/or an ASHRAE Handbook . These documents are:

e NSPF: National Swimming Foundation, Pool & Spa Operator Handbook, 2012, 2014, & 2017
Editions.

e NRPA: National Recreation and Park Association, Aquatic Facility Operator Manual, Revised
6th Edition.

e ASHRAE: ASHRAE Handbook —HVAC Applications, Chapter 5, Pages 5.6 - 5.8, 2011.

Also note that the checks are broken down into three categories, which are described in greater detail
below.

POOL AREA SETPOINTS & LIGHTING

Suboptimal control settings and/or inaccurate sensors commonly cause pool systems to use more
energy than needed and lead to occupant discomfort. The measures in this section outline a few key
items that commonly provide cost-effective savings opportunities:

Optimal Relative Humidity [S1 in Appendix 1 has more information]
While pool operator training materials give guidance for pool room humidity based primarily on

comfort considerations, facilities in Minnesota may need to seasonally maintain lower humidity
levels to prevent condensation on windows, door frames, and other exterior surfaces. This
condensation issue is much worse in severe cold weather, so the low humidity that is needed in these
conditions does not necessarily need to be maintained at more mild conditions. Maintaining lower
than required humidity during mild weather can significantly increase energy use and wear on
dehumidification equipment. Also, in Minnesota the low wintertime moisture content of outdoor air
that is continually brought in will typically bring the relative humidity below the setpoint in cold
weather so relative humidity control setpoints may not even need to be based on the worst case
design dewpoint/condensation thresholds. The optimal approach is usually to have a low relatively
humidity setpoint when it is very cold out, and then to have the relative humidity increase gradually
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to a higher relative humidity in warm weather. The ability to accomplish such setpoint variation
automatically will vary from site to site, but will more often be possible when a BAS is used. Where
not possible, operations staff can be instructed to manually vary the relatively humidity setpoint
seasonally.

Identifying and addressing envelope condensation causes may also allow the relative humidity to be
increased. Common areas of concern are door frames, window frames and structural steel or concrete
that extend all the way through the exterior envelope without thermal protection. This leads to cold
surfaces that can be below the dewpoint and have condensation. Having adequate supply air flow
rate over such surfaces can also minimize condensation by raising the surface temperature supply
airflow rate and diffuser distribution should also be investigated where there are doors, windows or
other envelope components susceptible to condensation.

Long-term monitoring of pool area temperature and relative humidity over the extremes of outdoor
temperature variation is recommended for investigation of this measure, as well as periodic spot-
checking of controller humidity setpoints. Return or exhaust duct temperature and humidity may be
substituted for pool area values when these are more readily available. When available, trending with
a Building Automation System (BAS) is typically the easiest way to accomplish this (and setpoints
can also typically be monitored as well), but the accuracy of the temperature and humidity sensors
should be verified at the start of trending (see next item). If BAS trending cannot be used to capture
seasonal variations, dataloggers may be used. Note that the chloramines in pool area air can lead to
greatly accelerated corrosion, so sensors and/or loggers should be chosen accordingly. Where
practical, the most reliable arrangement is typically to have only the sensor(s) in the pool return duct
or pool area, and have them connect to a logger that is not directly exposed to the pool area air.
However, pool maintenance room air is often not much better than pool air in regards to corrosion.

Estimation of savings should take into account the site-specific relationships between dehumidifier
operation, outdoor temperature, and indoor relative humidity, besides the relationship between pool
area humidity and outdoor temperature. The use of theoretical calculations of annual impact of pool
area humidity changes should be conservatively with careful attention paid to assumptions about the
impact of seasonal outdoor air absolute humidity on the HVAC unit dehumidification load.

Confirm Humidity Sensor Accuracy [S2 in Appendix 1 has more information]
Humidity sensor accuracy is critical in pool facilities, and the general tendency towards humidity

sensor problems is greatly exacerbated in these facilities by the presence of chloramine gas in the pool
room air. The investigation should both confirm that the relative humidity sensors used to control
equipment is rated for a chlorinated environment and that it currently gives an accurate reading. As a
recommissioning provider serving pool facilities, you should use a handheld relative humidity
sensor with an accuracy of +2% that is recalibrated within the manufacturer’s recommend interval.
Since relative humidity measurements are very sensitive to both temperature and absolute humidity,
it is crucial to have the handheld humidity sensor as close as possible to the BAS sensor or humidistat
during a humidity sensor accuracy check. If there is a small bias in temperature, the adjustment noted
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in S2 can be used; however, it is preferable to use a psychrometric chart or calculation when making
an adjustment for such bias. Relative humidity readings can be slower to respond than temperature
readings, so be sure and wait until both are steady before taking readings for a comparison between a
reference probe measurement and the HVAC system’s sensor. Also note that many humidity sensors
perform poorly below 15-20% RH or above 80-85% RH, so a repeat check on the accuracy of the
HVAC system sensor should be made at another time if the relative humidity is not between 20% and
80% at the time of verification. Use of a datalogger can be useful in situations like this or to compare
against trend log data, but the datalogger’'s RH sensor accuracy should be verified against a
calibrated probe at the beginning and end of its deployment. Industrial grade dataloggers and
sensors are recommended to prevent premature failure due to exposure to high humidity and
chloramine gas.

Optimal Pool Water Temperature

While the mid to low 80’s is the optimal temperature for comfort in most situations, pools that used
exclusively for lap swimming and competition are generally maintained at the low end of this range,
and sometimes in the very high 70’s. Heating the pool warmer than necessary greatly increases
energy use — primarily by increasing evaporation—so keeping it as low as possible without causing
undo comfort issues is important for minimizing energy costs. Depending on the relationship
between the capacity of the pool heating equipment and the pool water volume, it may be practical to
set back the pool water temperature during long periods of non-use or to change the temperature for
varying uses (e.g. senior aerobics class vs swim team practice).

Although it is generally very difficult to monitor pool water temperature with a temporary logger,
most operators keep long-term logs of water temperature and spot measurements can be made
quickly and easily. Pool operators are required to keep long-term logs of many pool water quality
indicators and nearly always include pool water temperature in their logs. Spot measurements are
useful as a reality check on the appropriate temperature and also to verify the accuracy of the pool
water sensor or controller. The plastic piping used for pool water makes strap on sensors inaccurate
(even if insulation is wrapped around it). Where pool water temperature is linked into a BAS, long-
term trending can be useful.

Optimal Space Temperature

While a number of resources suggest keeping the pool room temperature higher than the pool
temperature, our findings indicate that energy use in Minnesota pool facilities is minimized with pool
area temperatures that match the pool temperature (or are even lower within comfort levels). It
appears that the assumptions behind recommendations in previous documents and calculators that
focus on dehumidification loads do not take fully into account some key realities related to the
annual operating season in Minnesota:

1) Outdoor Air Heating Loads. For the vast majority of the year in Minnesota, a pool space that is

kept at a much higher temperature than a typical occupied space must heat the fresh outdoor
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air that is continually brought in to provide adequate air quality (and the outdoor air is seldom
cooled).
2) Humidity Often Below Setpoint. Previous analysis of pool evaporation and related energy use

has generally assumed that the relative humidity will always be right at the controller’s
constant humidity setpoint when the temperature is changed. However, just brining in the
minimum required outdoor air often causes the relative humidity to drift below the controller
setpoint during the heating season in Minnesota. This is because the cold outdoor air is very
dry (e.g. 25°F air has a relative humidity of 10% or less after being heated to 85°F). Therefore,
the constant relative humidity assumption overestimated the sensitivity of evaporation rate to
pool area air temperature for a majority of the operating season.

3) Average Activity Level Well Below Design Values. Activity levels used for worst-case design

evaporation rate circumstances lead to overestimation of evaporation rates —and the energy
impact of changes in evaporation rate — for the vast majority of the year.

The impact of these factors is reflected in our monitoring of the impact of space temperature on
energy use. Our monitoring generally suggests that keeping the heating season air temperature as
low as possible within an acceptable comfort range will provide the lowest energy costs. This is in
contrast to previous suggestions that the combination of HVAC and pool heating energy use is
minimized by keeping the air temperature 1°F to 4°F above the pool water temperature. We instead

suggest that minimum energy use is achieved with air temperatures up to 5°F below the pool water

temperature — especially during low and no occupancy periods. Of course minimum energy use must
be balanced against comfort considerations for occupants wearing only swimming suits and being
wet as they come out of the pool.

Using overnight setback in cool weather is a way to take advantage of the above relationship that has
been misunderstood, but care must be taken to prevent inadvertent overuse of the dehumidification
equipment. This is because with constant absolute humidity the relative humidity goes up as the air
temperature goes down. Over-dehumidification during setback can be prevented through the use of
dewpoint setpoint instead of relative humidity setpoint, or an increase in relative humidity setpoint
as the temperature setpoint is reduced.

Lighting

The replacement or upgrade of existing fixtures to LEDs is typically one of the best energy cost
saving investments with a quick return on investment. Substantially reduced long-term maintenance
costs are also a key benefit. This applies to both overhead (general area) lighting and underwater
lighting, although special considerations for each are noted below.

For overhead lighting in pool areas, only fixtures that are specifically designed for such a harsh
environment are recommended. Fixtures must be able to withstand possible splashing, high
humidity, high temperatures, and corrosive chloramine vapor.
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Our survey of existing facilities found that the actual use of underwater pool lighting can be
inconsistent (i.e. some facilities that have underwater lighting only use it for a small fraction of the
time, and some do not use it at all). When looking at the economics of underwater lighting upgrades,
be sure to specifically confirm the expected operating hours of underwater lighting separate from the
hours of overhead lighting and pool operation hours.

HVAC MEASURES

The specialized HVAC equipment and control requirements for indoor public pools are too often not
fully understood by designers, contractors, and operators. This can lead to a variety of energy
wasting HVAC operating conditions that can be identified and corrected through recommissioning
and subsequent implementation. The majority of cost-effective HVAC energy-saving opportunities
found at the study sites can be identified through HVAC investigation efforts focused on the general
issues noted in the checklist and repeated below. However, the large site to site variations in details
of the equipment and problems encountered means that the specific opportunities related to these
issues should not be limited to a pre-set list of possible corrective measures.

Dehumidifier Control [H1 in Appendix 1 has more information]

Indoor public pool spaces in Minnesota get significant inadvertent “economizer” dehumidification
much of the year. This is because the high amount of outdoor air needed for adequate dilution of
pool chemical breakdown products is relatively dry during cold weather (e.g. 25°F outdoor air has a

relative humidity of 10% or less when heated to 85°F). Having too low of relative humidity setpoint,

or numerous other control problems that lead to excessive operation of the dehumidifier, can greatly
increase energy costs and accelerate deterioration of the dehumidifier. While the previous “Optimal
Relative Humidity” portion of this document goes into greater detail regarding optimal seasonal
changes in humidity setpoint, this item focusses on determining if excessive dehumidifier operation
is occurring.

The information in check H1 in Appendix 1 should be used as a guideline for determining whether
dehumidifier operation can be reduced significantly. For recommissioning purposes, the actual
amount of dehumidifier operation over a range of outdoor temperature conditions can be obtained
through BAS trend logs in some cases, and will require the use of temporary dataloggers in other
circumstances. Where datalogger(s) are required for monitoring of a compressorized dehumidifier, a
CT (current transformer) on the dehumidification unit (or multiple CTs on individual compressors)
can be used with a datalogger to determine the operating state of one or more compressors. For
outdoor air only dehumidifiers, there are two approaches that might be possible depending on
details of the unit configuration. The first approach is to use a datalogger that measures tilt and attach
it to an appropriate portion of the damper actuator or damper. Where this is not practical, the second
approach is to measure the temperature of the outdoor air intake and the air stream it is mixing with
before and after the location where the outdoor air is introduced. Note that many dehumidifiers have
configurations that make the locations of these measurements different than the typical return air,
mixed air and outdoor air locations on other units, and/or make it impractical to measure a
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representative average of all three of these temperatures (without a coil or heating element
introducing an additional impact on one of the temperatures). No matter which approach is taken to
monitor the operation of the dehumidifier, concurrent monitoring of pool room relative humidity
and temperature, outdoor temperature, and other dehumidifier control details (e.g. reheat) are
typically very important for understanding the cause and correction path should excessive
dehumidifier operation be found.

Estimates of energy impact should involve use of the actual monitored data of current operation
along with an educated estimate of the reduced dehumidifier operation that will be achieved. The
information in H1 can be combined with an engineering calculation of reduced dehumidification
loads if setpoint changes are to be made.

Energy Recovery Ventilator Operation [H2 in Appendix 1 has more information]
When an Energy Recovery Ventilator (ERV) is present, the information in check H2 should be used as

a guideline for a basic determination of whether or not it is operating as it should be. The Typical ERV
On/Off Operation Ranges chart in the Compare section of H2 shows the expected operation at different
outdoor temperatures, while the Investigate section of H2 describes how ERV On and Off operation
status is determined.

Of course recommissioning efforts should expand the spot determinations described in H2 to
monitoring over a range of seasonal conditions through either BAS system trend logging or the use of
temporary datalogger(s). Even though BAS or logger monitoring over time is important, direct
physical observations of ERV on-off status (i.e. turning of a wheel or the position of face/bypass
dampers) should also be done at least once for each status. Wherever possible, logged indicators of
ERV on/ off status (i.e. wheel motor operation as determined by control signal or current measures or
a damper position indication) should be confirmed through concurrent data on the temperature of
the various air streams. While further optimization of control is possible through recommissioning
efforts, the vast majority of cost-effective savings from ERV recommissioning is obtained through the
correction of issues related to this basic on/off status control. One exception where further
measurement/investigation is recommended is the case of ERV units that have a variable speed drive
on the exhaust side. In this case, logging of data should be adequate to compare VFD speed and/or
exhaust side air flow against outdoor air flow and the total flow through the non-exhaust side of the
heat exchanger. Significantly unbalanced flows can make the savings of the ERV feature dramatically
less.

Wherever possible, estimates of savings from changes/corrections to ERV control should be based on
site-specific monitored data of the amount of heat recovered at or near the expected operating
conditions (as opposed to engineering calculations using rated effectiveness, etc.).

Outdoor Air Ventilation [H3 in Appendix 1 has more information]
Excess outdoor air and economizer operation are a typical focus of recommissioning efforts, and are

even more important in indoor public pool facilities, with some unique twists. Outdoor air can
provide “economizer” style dehumidification since it is dryer than the pool room for most of the year.
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However, the high pool room temperature also means that for the same outdoor air flow, the heating
load extends over many more hours and is greater at the same outdoor temperature than for other
spaces. Therefore, the review of the control of outdoor flow air variations above the minimum
required often identifies cost-effective improvement opportunities. Moreover, a high minimum level
of outdoor ventilation is also needed for dilution of contaminants, except when the pool is covered.
This high minimum outdoor air flow typically over-dehumidifies the pool room throughout much of
the heating season, which increases the pool water evaporation rate and heating needs. Therefore,
reducing the continuous outdoor air flow by even a modest amount can provide substantial energy
cost saving benefits, both directly and indirectly. As a result, measurements and/or logging to verify
that the minimum level of outdoor air flow is appropriate is critical in pool facilities. More
information related to outdoor air for pool facilities can be found in the H3 operator’s instructions
document found in Appendix 1.

When scheduled activity levels and/or the use of a pool cover allows, it may be possible to reduce
the outdoor air ventilation level at night. Using a variable speed drive on the supply fan with a lower
“unoccupied” speed setting may be a cost-effective way to both reduce outdoor air ventilation and
fan power.

Compressor Heat Recovery Operation

Sub-optimal control of compressor heat recovery and/or a lack of coordination of other heat sources
with heat recovery often reduce the savings achieved and provide a good recommissioning savings
opportunity in pool facilities. Identifying these control opportunities requires simultaneous logging
of compressor operation, heat reclaim operation, and primary heat source operation, and careful
review of the data. For example, we found that independent control of an electric supply duct heater
and hot-gas reheat increased the electric use. In this case, the dehumidifier could either reject heat via
an outdoor condenser or a hot-gas reheat coil located right after the cooling coil. During mild
summer weather when the compressor was cycling frequently, the unit was found to be rejecting
most of the heat through the outdoor condenser instead of the reheat coil causing the electric heater
in the supply duct to cycle on shortly after the compressor cycled off. Similarly, if heat is reclaimed
for pool water heating, using this reclaimed heat as a first stage of heating while holding off use of
the primary pool heat source until a second stage of heating is really needed to prevent an impact on
comfort will maximize the energy savings from having the pool water heat reclaim feature. In each of
the above cases, the key to finding these savings opportunities was to understand the HVAC unit
thoroughly —especially the heat reclaim features and the primary heat sources they are supplanting
when they operate —before beginning logging. This will ensure that the logging will capture all of the
data needed to spot situations where both heat sources are operating simultaneously and/or cycling
over the same time period.

Energy Recovery Ventilator (ERV) Retrofit

Although a recommissioning study scope typically doesn’t include such a significant design change
and capital-intensive equipment upgrade, the high continuous outdoor air ventilation rates and high
pool room temperatures may make an ERV retrofit cost-effective for an indoor public pool facility —
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especially if there is a need to replace the dehumidifier anyway. When installed as part of a new or
replacement unit, the use of an ERV may allow the heating and/or cooling capacity of the unit’s
primary systems to be substantially lower than for a unit without and ERV. Site-specific logging of
outdoor air heating loads will yield a much more accurate energy cost savings estimate that design
and engineering calculations alone.

Compressor Heat Recovery Retrofit

For facilities with at least one dehumidifier compressor operating over the majority of the time in the
summer months, the addition of compressor heat reclaim for pool water heating might be cost-
effective. Actual logging of dehumidifier operation and pool heating energy use should be used as a
basis for determining the site-specific savings potential. Savings should be estimated based on the
lesser of each of the following values for each hour (or the average for those conditions when typical
equipment cycle length is longer than an hour :

1) The pool water heating energy use;

2) the calculated heat rejection from the cooling compressors; and-

3) the proposed pool reclaim exchanger’s capacity multiplied by the fraction of time that the
compressor operates in that condition.

Controls must be carefully integrated to use the reclaimed heat as the first stage of heating during
time periods that the waste heat is available (i.e. disable the primary heat source except when the
reclaimed heat can’t keep up). See the Compressor Heat Recovery Operation topic within this list for
more information about compressor heat reclaim control issues.

WATER SIDE MEASURES

This category addresses a number of items that can lead to more efficient operation of a pool facility.
Some of these require no capital cost while others are aimed at finding specific facility conditions that
may require significant capital, but which will typically yield a worthwhile return on the investment.
Depending on the applicability in a particular facility, a couple of these items should be worked into
regular operating procedures.

Pool Cover

Although they require a daily commitment to operate and are prone to repair needs, the use of pool
cover during unoccupied times is widely recognized by pool operators as providing substantial
energy cost savings. Before making specific plans to implement, you should ask about a facility’s
history with using a pool cover as a number have used them at one time and then abandoned the
practice due to problems with the cover, concerns about a lack of off-gassing of contaminants while
the pool is covered, and/ or inconsistent follow-through on the use of the cover. Site-specific concerns
need to be recognized and addressed in order to achieve buy-in from the facility owner and staff.
Whenever possible, actual monitored pool water heating energy use during unoccupied times should
be used for estimating the site-specific energy cost savings of a pool cover. This is because the many
assumptions that go into engineering calculation estimates of pool evaporation rates and the
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subsequent energy costs do not always align well with the specific characteristics at a particular pool
facility.

Using a pool cover during unoccupied times also provides an opportunity to reduce outdoor air flow
rate, ventilation fan power, and the space temperature setpoint. However, ongoing care should be
taken to ensure that the HVAC unit operation keeps up with pool operational schedule changes. If a
BAS system is used, a reading of pool room humidity could be used as a backup to respond to times
when the pool cover is not used or the activity schedule is changed. After the pool cover is put in
place, continuous outdoor air ventilation will reduce the relative humidity of the space
substantially —especially during the heating season.

There is also a liquid pool cover product that appears to have the potential to achieve a significant
portion of a pool cover’s energy savings without the expense and daily operation of a traditional pool
cover. The liquid pool cover is thin film of clear liquid that floats on top of the water and acts as a
barrier that reportedly reduces the pool water evaporation rate to about half of what it would
otherwise be. During pool use it is relatively ineffective as it gets mixed in with the water, and then
returns to the surface to form a thin layer again whenever the pool is not used for a period of time.
While other studies! and anecdotal information have suggested that this product does provide a
substantial benefit, our study of this in one recommissioned facility did show the achievement of

significant savings.?

Pool Pump VFD [W1 in Appendix 1 has more information]

The potential savings from adding a variable speed drive to the pool circulation pump varies
substantially from site to site. Current pool code in Minnesota is generally interpreted as requiring a
constant minimum circulation rate, so the primary source of savings potential is in using a variable
speed drive to balance the system to the minimum flow rate instead of throttling main line valves.
About one-quarter of sites surveyed were found to have the main line pump throttled at a 45 degree
angle, so the use of a lower pump speed with the valve fully open would reduce the pump’s pressure
drop substantially while still providing the proper flow rate. More than 10 percent of the facilities
surveyed were also found to have the pool circulation flow rate at least 20 % above the required flow
rate, which provides an opportunity for savings through reduced pump flow rate via a variable
speed drive reduction of pump speed. It is site specific instances like these where large variable speed
drive pump savings is possible. Most of the savings can be achieved through manual, one-time
adjustment during balancing.

When a variable speed drive is put in place to achieve better balancing, there is also some secondary
savings potential that can be achieved by automatically adjusting the speed in response to a flow

1 One such study that showed energy saving is another Minnesota funded CARD Grant study conducted by Michaels
Energy (Hotel Energy Efficiency: Market Potential for Minnesota’s Hospitality Center, Bruce Dvorak, et al., 2015).

2 1t is hard to draw a firm conclusion from the combination of these two studies as the Michaels Energy study did not
carefully consider the confounding impact of seasonal changes, and CEE’s study could not definitively rule out the
possibility of unintended changes in outdoor air ventilation that may have impacted the results.

[Back to Checklist] 15






Recommissioning Guide for Indoor Public Pool Facilities in Minnesota

measurement. This is because most systems use sand or similar filters that have a moderate swing in
pressure between backwash cycles. The magnitude of this swing can be seen by looking at the history
of pool operator logs to see the daily pressure and flow variations between backwash cycles that
typically occur no more than once a week, and often less often than that.

Correct Pool Filter Flow

It is common for public pool facilities to operate with a pool filter flow rate that is moderately or
significantly higher than required by the current Minnesota Pool Code. For typical pools (not wading,
zero, plunge or other special purpose) the code requires that the pool filter flow rate is adequate to
recirculate the the full pool volume in 6 hours. In the industry, this is typically referred to as a 6 hour
turnover rate. For public spas the required turnover rate is 30 minutes. Moderately or significantly
faster turnover rates often provide an opportunity for reduced pool pump energy use. Proper
balancing of the pool flow rate might be accomplished through simple balance valve adjustment, or
through the installation of a variable speed drive with either a fixed speed control or a control that
automatically adjusts the speed to provide the required flow rate (see previous checklist item for
more information). All public pools will have an indicator of pool filter water flow rate and log this at
least daily. Also, most pool operators either know the pool volume, or have it on reference material
that is easily at hand (e.g. printed on the pool log book). This usually makes it relatively easy to
determine the current pool turnover rate. When rates are higher than the code required level, there
should also be inquiries to pool operations staff and review of design documents to investigate
whether this pool has a special need for a recirculation rate that is higher than the code requirement.

Operation of Pool Water Heat Source

Although infrequent, we did find multiple indoor public pool facilities that had woefully
underperforming pool water heating. In these cases, significant overheating of the space
compensated for the lack of adequate direct water heating capacity, but with a high energy penalty
associated with the outdoor air heating load and increased envelope heat loss (as well as poor
comfort for occupants). In one case this inadequate water heating only occurred seasonally when a
different heat-exchanger was used, and the pool operations team did not appear to be aware of the
problem. Because of the long cycles of pool water heating (a heat source cycle may last hours with the
heat source only on for a period of minutes of that time period), this problem was identified through
long-term datalogging, and then confirmed through targeted follow-up spot measurements.

Pool Water Heat Source Retrofit

While the high capital cost of replacing heating equipment is beyond the scope of a recommissioning
study, it may be considered in certain circumstances. High efficiency condensing pool heaters and/or
dedicated high efficiency condensing boiler-heat exchanger combinations are often much more
efficient than existing pool heaters or central boiler systems. Besides having a higher efficiency rating
than the boilers in most central boiler plants, the operating conditions of dedicated pool heating
equipment make the achieved operating efficiency of high efficiency condensing equipment much
higher than a similar boiler serving typical building heat loads. This is because the low temperature
of the pool water compared to boiler water temperatures needed for most space-heating applications
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in Minnesota is ideal for condensing boilers and pool heaters. In one site, we even found an
opportunity to achieve substantial savings by simply using the boiler that was installed for summer-
only operation (to allow the central boiler plant to be shut down) on a year-round basis. The results of
site-specific logging of pool water heating loads will provide much more accurate estimates of the
potential energy cost savings than engineering estimates.

Scheduling of Pool Feature Pumps

Pool features such as water slides, waterfalls, and play features require the use of pumps that are
typically even larger than the primary pump used for filtering the pool water. Limiting their hours of
operations to only those times that they are needed can provide substantial energy cost savings. This
savings is primarily directly through reduced pump energy use, but depending the type of feature,
the evaporation rate may be reduced substantially as well (e.g. air jets in a spa). Beyond shutting
features off during unoccupied times, a number of facilities limit the operation of specific features to
posted, scheduled times. For facilities that are not doing so, a recommissioning report should
quantify the potential savings from doing so to facilitate an informed decision by the facility owner.
Spot measurements of pool feature pump motor current or power is recommended to increase the
reliability of savings estimates. This is because the custom nature of pool feature design and pump
selection may cause the load factor (ratio of actual motor load to nominal rated load [i.e. brake
horsepower: nameplate horsepower]) to be substantially different from the typical 0.8 load factor
assumption.
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Appendix 1. Operator Inspection Instructions for
Select Measures

The following documents were prepared for the purpose of providing pool operators and
contractors with guidance for spot-checking the operation of an indoor public pool facility to
see if there are opportunities to save energy through low or no cost operational changes. Much
of the material is also useful a useful reference for recommissioning providers. Specific
documents are referenced by their two character reference ID in the summary checklist and the
individual measure sections of the guide.
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S1. Optimal Relative Humidity

While too high of humidity at the wrong time can cause familiar condensation problems, being

too aggressive at maintaining a low humidity can also significantly increase energy use and

make it feel uncomfortably cold for swimmers after they exit the water. Also, humidity far

above or below the setpoint can be a symptom of a problem that is preventing the HVAC

system from performing as intended or performing in a way that uses more energy than

necessary.

WHEN TO CHECK: EVERY 2 MONTHS

INVESTIGATE COMPARE ACTION
* Record * Actual humidity * Adjust humidity
humidity vs. setpoint setting
setpoint )
e Setpoint and e Correct issues
e Record —> value vs. typical —> (e.g. too much
humidity value range outdoor air)
* Record outdoor
temperature
INVESTIGATE
Record Humidity Setpoint % RH

Depending on the unit and controls arrangement, the humidity sensor display may be
accessible at a few different locations.

Often the humidity setpoint is accessed either through a control display at the HVAC
unit itself, on a control device attached to the return duct, or through a Building
Automation System (BAS) interface.

Sometimes, a thermostat-like device in the pool room has an accessible setpoint,
although there would typically be a locking cover, or some other way to limit access. If
a device in the pool room displays humidity but does not have arrow buttons, a dial, or
a lever for adjusting, it is probably only displaying the current value and is not
displaying the setpoint.

Record Actual Humidity Value % RH

19

Depending on the unit and controls arrangement, the current sensor reading may be
accessible at a few different locations.

Often the current reading for the humidity sensor is visible either through a control
display at the HVAC unit itself, on a control device attached to the return duct, or
through a BAS interface.
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Sometimes, a thermostat-like device in the pool room has a display that shows the
current humidity. If a device in the pool room has arrow buttons, a dial, or a lever for
adjustment, it may display the setpoint instead of (or in addition to) the current sensor
reading. If so, look carefully to be sure that you do not confuse the RH setpoint for the
current value.

Record Outdoor Temperature °F

Outdoor temperature can be measured on-site via a BAS sensor or thermometer (in the
shade)

Or, you can use a cell phone app (or website) to get a current nearby weather station
reading.

COMPARE

If the RH Setpoint and RH Value Differ by More Than 6%

If there’s no compressor, the RH is above setpoint, and it’s above 60°F outside, the unit
may be functioning as designed, but it has a limited ability to maintain a RH well below
60% in warm weather. If the HVAC unit is bringing in its maximum possible outdoor
air (see H1 for more information), then no action is needed to address this discrepancy.
If the RH is above setpoint and it’s above 75°F outside, the unit may be functioning as
designed, but it has a limited ability to maintain a RH well below 60% in hot, humid
weather. If the dehumidifier appears to be operating at its maximum capacity (see H1
for more information), then no action is needed to address this discrepancy.

If the RH is below setpoint and it’s below 50°F outside, the unit may be functioning as
designed, but the dry outdoor air needed for air quality reasons is providing more
inadvertent dehumidification than is needed. If the HVAC unit is not trying to
dehumidify (see H1 for more information), then no action is needed to address this
discrepancy.

If the RH is well above or below setpoint under other circumstances, take the associated
steps noted in the action list for this check.

Typical Humidity Control Chart
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The chart shows the typical range of pool area relative humidity setpoints and actual
values.

The solid, dark blue lines show the suggested range of RH setpoint.

The dashed green lines show the range of actual RH values that are somewhat common
to see.

The higher observed humidity levels at high outdoor temperatures tend to occur for
outdoor air only dehumidifier systems. HVAC units with cooling coils and/or desiccant
dehumidification tend to control the humidity better at these extreme conditions.
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Typical Relative Humidity Ranges
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Compare Humidity Setting and Value to Chart Ranges
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Setting the HVAC unit to provide a lower humidity than suggested by the “setpoint”
range significantly increases energy use, pool water evaporation, and wear on any
compressors. This should only be done to the extent that site-specific experience has
shown a need to do so to prevent condensation problems. Note that condensation
problems are far worse in very cold weather, when the inside part of exterior surfaces
can get cooled below the dew point of the humid, pool room air. So higher a RH
setpoint during mild winter weather may be fine in a facility that needs lower humidity
in very cold weather to prevent condensation problems. If a setpoint is unnecessarily
below the suggested range, see the associated action.

Humidity setpoints above the range are not recommended due to the likelihood of
condensation and/or comfort issues. If a setpoint is unnecessarily above the suggested
range, see the associated action.

Actual RH values below the range shown suggest that there may be more outdoor air
ventilation than is needed. Take the associated action to investigate and correct if
needed.

Actual RH values above the range shown suggest that there may be less than the
needed amount of outdoor air ventilation. Take the associated action to investigate and
correct if needed.
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ACTION

If Direction to Action for RH Setpoint versus Value Discrepancy
e To degree to which it is possible, check on dehumidifier operation (see H1 for more
information) to see the extent to which it is actively trying to dehumidify.
e If the RH is above setpoint and:
e If the HVAC unit is not trying to dehumidify as much as possible, then a qualified
technician should inspect for what is probably a controls issue; or
e If the unit is trying to dehumidify as much as possible under conditions for which
it is expected to keep up, then a qualified technician should inspect for what is
probably an equipment issue.
e If the RH is below setpoint and:
e [If the HVAC unit is not trying to dehumidify, check for excessive outdoor air; or
e If the unit is still trying to dehumidify when it is not needed, a qualified technician
should inspect for what is probably a controls issue.

If Directed to Action for a RH Setpoint Outside of Suggested Range

e Change the setpoint to a value within the suggested range.

e If the setpoint control is right on the unit or a thermostat like device, it will probably
have a fixed setpoint. This may need to be manually changed seasonally to get the
optimal balance between comfort, energy use, and condensation.

e Many BAS (and some stand-alone controllers) will have the capability to automatically
adjust the relative humidity setpoint in response to outdoor air temperature. If so, this
will probably provide the best approach. However, note that the control logic should be
verified as much as possible to confirming the proper setpoint on displays and that such
automatic control is also susceptible to any errors in the outdoor sensor readings and
should also be checked periodically.

If Directed to Action for an Actual RH Value Below Expected Range

e Check for excessive or inadequate outdoor air by first seeing if a motor-driven outdoor
air damper has a problem with the actuator or linkage that is causing it to be open or
closed farther than it should be based on the expected control. If so, have this corrected
by a qualified technician.

e If the outdoor airflow is a fixed value or at its expected value, it is suggested that the
airflow be checked by someone who is qualified to assess the desired minimum outdoor
air ventilation rate and measure the actual outdoor airflow rate. If outdoor air
ventilation is found to be significantly above or below the amount needed, have it
corrected.
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S2. Confirm Humidity Sensor Accuracy

Relative humidity sensors are notorious for failing and leading to control problems. For pool

areas humidity control is more critical than in many other situations, and the presence of

chloramines and high humidity make humidity sensor life even more problematic in pool

systems. This check gives detailed guidance on how you should regularly confirm the

accuracy of the humidity sensor used to control the pool dehumidifier.

WHEN TO CHECK: QUARTERLY

INVESTIGATE COMPARE ACTION

e Purchase e Controller RH * Have sensor
hygrometer vs. handheld calibrated

g | RH

Record contro s s Have sensor
sensor RH replaced

e Record
handheld RH

INVESTIGATE

Obtain and Maintain Hygrometer (i.e. Relative Humidity Meter)

A handheld hygrometer that measures RH with an accuracy of +3% can be purchased
from many different industrial suppliers or retail suppliers for less than $150. If the pool
area’s humidity sensor has a case that can hold up a small desktop type hygrometer, the
price may be even lower.3

DO NOT STORE THE HYGROMETER IN THE POOL EQUIPMENT ROOM. Doing so
would greatly accelerate the failure of this meter. It is best stored in a conditioned
indoor environment that does not experience extremely high humidity levels.

The accuracy of the handheld hygrometer should be checked periodically. A convenient
way to get a rough confirmation of a handheld hygrometer is against a nearby weather
station reading obtained from a website, news report, or mobile phone app. Don’t do
this comparison if the outdoor RH is below 15% or above 80%. Also note that the RH
reading is dependent on temperature, so this comparison will only give a close match if
the meter’s temperature reading is within 2°F to 3°F of the weather station temperature.

3 A hand-held sling psychrometer is a moderately lower cost alternative that will not need to
be calibrated. During each use of a sling psychrometer, the sock on a wet-bulb thermometer
must be wetted and the thermometers must be spun for a few minutes until the wet-bulb
temperature stops going down. Then the relative humidity is found from the wet-bulb
temperature and a dry-bulb temperature (on the same device) using a slide rule that is on the
psychrometer, or that comes in the same package.
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Also note that site-specific conditions (e.g. sunny versus cloudy or a nearby lake) can
cause discrepancies between the weather station and the handheld hygrometer.

Record Handheld Hygrometer Humidity and Temperature Values % RH °F

The dehumidifier will have a humidity sensor either in the pool room itself or within
the ductwork that returns air from the pool room to the HVAC unit. If the sensor is in
the room itself, measure the RH right where the sensor is located. If the control sensor is
in the return duct, hold the handheld sensor as close to the return grill as possible.
(Although return grills are often near the ceiling so you may not be able to get very
close.)

Note that humidity sensors can be sensitive to temperature or RH fluctuations caused
by your breathing or body heat. Take care to avoid breathing on the device and
whenever possible stand at arm’s length while taking the reading.

If there is a convenient and safe place to set the portable hygrometer on top of the
control sensor case, set it there for at least five minutes before taking a reading. If that’s
not possible, hold the portable device as close to the control sensor as possible and wait
at least two minutes to record the values. If either the RH or temperature are still
changing every few seconds, wait until they are both steady (being careful to breath
away from the sensor).

Record Control Sensor Humidity and Temperature Values % RH °F

Take the control sensor readings as soon as possible after taking the handheld meter
readings.

Depending on the unit and controls arrangement, the current sensor reading may be
accessible at a few different locations.

Often the humidity sensor is visible through a control display at the HVAC unit itself,
either on a control device attached to the return duct or through a BAS interface.
Sometimes, a thermostat-like device in the pool room has a display that shows the
current humidity. If a device in the pool room has arrow buttons, a dial, or a lever for
adjustment, it may display the setpoint instead of (or in addition to) the current sensor
reading. If so, look carefully to be sure that you don’t confuse the RH setpoint for the
current value.

Humidity sensors can be sensitive to temperature or RH fluctuations caused by your
breath or body heat. If you are taking a reading directly from the display of a
thermostat-like device in the pool room, take care to avoid breathing on the device and
whenever possible stand at arm’s length while taking the reading.

COMPARE

Put Inputs into RH Comparison Calculations Below
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Enter the temperature and RH measurements you recorded above into the blanks by the
blue highlighted labels in the first calculation table below.
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* Use the control sensor RH value to find the “adjustment factor” from the calculation
table on the right hand side. Enter this “adjustment factor” into the calculation in the
blank below the orange highlighted label.

Perform the Calculations as Laid Out

* Be careful to carry and negative (minus) sign from one box to the next. If both numbers
being multiplied together are negative, the adjustment value will be positive.

* An example calculation appears immediately after the blank calculation table.

Compare Adjusted Handheld RH to Control Sensor RH (Two Value on Bottom Row)

* If there is less than a 5% discrepancy, no action is needed.

* If there is a 5% to 8% discrepancy, you should consider checking again soon and
making the seasonal dehumidifier operation check to see if it contributes to unusual
control.

* If the discrepancy is more than 8%, take action as noted in the next subsection.

Humidity Comparison Calculations

°F Adjustment Factor
— °F (From Table) Adjustment
°F| X |—= % per °F = | % Control ~ Adjustment

=+
Sensor RH Factor

% <40% -1 % per °F

Adjustment| * % 40-50% | -1.5 % per °F

Adjusted Handheld RH = % | VS % >50% -2 % per °F

Sample Humidity Comparison Calculations

84 °F Adjustment Factor
— 81°F (From Table) Adjustment
= 3°F | X -1.5 % per °F = -4.5 %

54 %
Adjustment| + -4.5 %
Adjusted Handheld RH = 495 % | VS 48 %

ACTION

If >20% - 25% discrepancy

* Replace the humidity sensor.

* Adjust control setting to compensate in the meantime
If 15% - 25% discrepancy

* (Calibrate or replace the humidity sensor.

* Adjust control setting to compensate in the meantime

* Repeat checks on this sensor more often than the typical frequency.
If 8% - 15% discrepancy

* Have the humidity sensor calibrated.

* Adjust control setting to compensate in the meantime
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Repeat checks on this sensor more often than the typical frequency.
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H1. Seasonal HVAC Operation

Indoor public pool facilities in Minnesota get adequate “free” dehumidification much of the
year. This is because a certain amount of outdoor air must be continuously circulated through
the pool area to keep the air fresh, and for most of the year the outdoor air is much dryer than
the humid pool area air. Some HVAC systems dehumidify a pool area by simply bringing in
enough dry, out outdoor air to keep the indoor humidity in check, while others use air
conditioning compressors to cool and then reheat the air. Whichever, approach is used,
excessive operation of the dehumidifier in cool (dry air) weather can cause both excessive
energy use and accelerated deterioration of the dehumidifier. Here’s how to check for this
excessive operation.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION
e Record outdoor e Typical e Check RH
temperature humidifier setting
* Determine if range vs. e Check RH
dehumidification —> overserved —> Sensor
is occurring operation * Have an expert
evaluate

INVESTIGATE

When to Measure
e [t's best to check when there hasn’t been unusual activities that increase load.
* Wait until at least two hours after unusually high activity levels to do your check.

Record Outdoor Temperature °F
* Outdoor temperature can be measured with a BAS sensor or thermometer (in the shade)
* Or, you can use a cell phone app (or website) to get a nearby weather station reading.
e If dehumidifier operation is monitored over a period of time, record the outdoor
temperature periodically (being sure to get a high and low reading).

Record HVAC Operation Status
* For systems with variable outdoor air dampers, observe outdoor and return air
dampers. Outdoor Air % open,;_Return Air % open
and/or exhaust fan variable speed drive (if it has) Hz +60 Hz = % speed
* For systems with compressors, observe which compressor(s) run and roughly the
percentage of time that they run [see compressor observation tips].
#1 % on; #2 % on; #3 % on; #4 % on
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COMPARE

Typical Dehumidifier Operation Chart (below)

* The chart shows how the typical dehumidifier load varies seasonally in Minnesota,
where the fresh outdoor air needed for ventilation is cold and very dry in the winter,
but carries in more moisture in warmer weather.

e Dehumidifiers that use compressors are represented on the left. [See “Compressor

Observation Tips” for more information about how to know if a compressor is running
or cycling.]
* Dehumidifiers that vary the outdoor airflow to dehumidify are represented on the right.

Compare Actual Dehumidifier Operation to Chart

* Does the actual compressor/outdoor air match chart closely? Okay as is.
* Is the actual compressor/outdoor air > chart (or <<)? Take Action to save
e If Outdoor Air % Open + Return Air % Open #100% (£20%) Take Action to save

Typical Dehumidification Operation Chart

&
SYSTEMS WITH SYSTEMS WITH VARIABLE
COMPRESSOR(S) OUTDOOR AIR DAMPERS
ON CONTINUQUSLY NEAR FuLL-LOAD DEHUMIDIFICATION FULLY OPEN TO
{IF MULTIPLE OUTDOOR AIR
COMPRESSORS, {IF HAS COMPRESSORS
MOSTORALL ON} -7 e e . TOO, MAY BE MIN
] 80°F OUTDOOR AR}
CYCLING ™ v — 7O°F
{IF MULTIPLE MODULATING:
COMPRESSORS, PART-LOAD DEHUMIDIFICATION BETWEEN MINIMUM
NOTALL ON}  -## & FULLY OPEN
/ — 60°F
— 50°F
ALL OFF . No DEHUMIDIFICATION MINIMUM
OUTDOORAIR
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ACTION

Check Humidity Control Settings [see S1]
* If it’s lower than it needs to be, adjust and repeat observations to confirm reduced
dehumidifier operation.
* If it checks out okay, continue on to the next action on the list.

Check the Humidity Sensor for Accuracy [see S2]
e If it's inaccurate, replace and repeat observations to confirm reduced dehumidifier
operation
* If it checks out okay, continue on to the next action on the list.

Have an Expert Evaluate the System for Other Issues and Solutions Such As:
* Not enough outdoor air to ensure good air quality.
* Minimum outdoor air is too high (likely if compressor runs much less than chart).
e Damper actuator failure.
* Suboptimal control sequencing.

SAMPLE OF SAVINGS — FITNESS CENTER

$20,700 PER YEAR

One fitness center had poor control of the hot water
heating coil that caused the compressor to run
continuously in the winter for heating purposes. Besides
dramatically increasing the energy costs, this was causing
the compressor to fail an average of every two years at a
replacement cost of $30,000.
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H2. Energy Recovery Ventilator Basic Check

Energy recovery ventilators (ERV) provide dramatic energy cost savings for public pool
facilities because of the need for high continuous outdoor air ventilation rates. When present,
ensuring proper operation of an ERV is typically the most important energy saving check. This
is because, although they have a dramatic impact on energy use, their failure usually doesn’t
cause any other adverse effects that would alert an operator of a problem. Another heating
source typically picks up the slack without there being any impact on pool room conditions.
This check outlines how you can quickly confirm that an ERV is operating as intended.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION
* Record e ERV on/off * Check/correct
outdoor air status vs. physical
temperature expected status breakdowns
* Observe ERV * Track over * Check/adjust
on/ off range of control settings
) —> outdoor —> 5
operation temperatures * Have expert
* Alternatively, review control
observe ERV logic
supply
temperature
INVESTIGATE
Record Outdoor temperature °F

* This can be measured on-site via a BAS sensor or thermometer (in the shade), or you

can use a cell phone app (or website) to get a current nearby weather station reading.
Fixed Plate ERV Face and Bypass Damper Control On (face) or Off (bypass)

* Fixed plate ERV units turn the heat recovery “on” or “off” by having air flow through

the heat exchanger (i.e. face) or around the heat exchanger through an alternative
airflow path (i.e. bypass). When an ERV is “on,” the face damper is open to allow air to
flow through the heat exchanger, and the bypass damper is closed.

* The face/bypass damper arrangement is usually on only one air stream — either the
fresh outdoor air stream or the exhaust air stream.

* Some systems will vary the ERV capacity with an “on” condition that allows a portion
of airflow through both the face and bypass dampers at the same time. If this is
observed, record: % open to heat exchanger and % open to bypass.
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* BAS displays will often have a graphic that notes the intended damper position. While
this can provide a good indication of the intended control, it is recommended that you
make a direct observation of the dampers to the degree that this is possible. On some
systems, opening a specific panel will provide a clear view of damper positions. Clear
indications of damper positions might also be possible by looking at the damper
actuator and linkage assembly.

Recovery Wheel Control _ On (Wheel Spinning) or Off (Wheel is Still)

* Systems with wheels for recovering energy turn “on” or “off” by having the recovery
wheel rotate or not. Complex systems may even vary the wheel rotation speed instead
of having it simply on or off. If the control system displays a wheel speed, record that
here: wheel speed as % of maximum.

* BAS displays will often have a graphic that notes the intended damper position. While
this can provide a good indication of the intended control, it is recommended that you
make a direct observation of the wheel itself to confirm that it is actually rotating or not.

Alternative ERV Recovery Status Observation On or Off

* If direct observation of the face/bypass or recovery wheel operation is not possible, it is
sometimes possible to get a good indication of its operation status by looking at a BAS
or control panel readout of the preheated (or precooled if in hot summer weather) air
temperature after the recovery section and before any other heating or cooling coils.

* It is typically possible to get a BAS readout on a “preheated” temperature for recovery
wheel units. However, this is often not possible on plate ERV units because a true
indication of the preheated temperature for plate ERV units can only be observed after
the face and bypass airflows mix together. Many units have a heating or cooling coil
immediately after the heat exchanger and this changes the air temperature before the
face and bypass flows mix back together. Any heating or cooling provided by this coil
makes it impossible to get a true “preheated” air temperature that is a representative
average of all of the fresh outdoor air coming through the unit.

* Where a representative “preheated” air temperature is available, you can tell the ERV’s
on/off status by comparing this temperature to the outdoor and pool room
temperatures. If the “preheated” air temperature is closer to the pool room than to the
outdoor temperature, the ERV is “on.” If the “preheated” temperature is closer to the
outdoor temperature, then the ERV is “off” or operating at a reduced capacity

COMPARE

Typical ERV On/Off Operation Ranges
* The next figure shows when a pool ERV should be “on” or “off”.
* While the ideal exact transition points will vary somewhat based on site and equipment
specific details, operation that is clearly inconsistent with this should be addressed.
ERV On Ranges
* During most cold weather periods and very hot weather periods the ERV should be
operating to preheat or precool the outdoor air. The energy savings that can be achieved
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by operating during these time periods is the reason that an ERV is installed. If there is
significant ERV “off” status in these ranges, take action to correct this.
Depending on the HVAC unit arrangement, a failure of the ERV to operate in cooling
mode can cause comfort problems with either the humidity or temperature drifting up
beyond the desired range, and action should be taken to address this.

ERV Off Ranges

32

Significant operation of the ERV in the “ERV Off: Frost Control” range could lead to
problems with icing up of the ERV that cause damage, prevent adequate ventilation, or
greatly reduce the ability of the unit to recover heat. Some units will vary the capacity in
this range to allow for some heat recovery without frost problems. In either case, watch
for ice build-up and take action to correct if there are signs of frosting.

The “ERV Off: Free Cooling” zone of operation is more variable based on site and
system details. If the ERV is “on” in this area, it is not necessarily a sign of a problem.
The possible drawback is overheating, which could either cause the pool room to be
warner than desired or cause extra compressor use for cooling. If either of these issues is
suspected see “Have Control Evaluated By and Expert” section within the action items.

Typical ERV On/Off Operation Ranges

ﬁ
ERV ON: CooLing MoDE
—————————— 80°F
ERV OFF: FREE COOLING
— 60°F
ERV ON: HEATING MODE I
_—— _—— _— _—— _—— _— _— _—— _— _— 2D°F
ERV OFF: FROSTCONTROL — 0°F

QuTDOORAIR TEMPERATURE ‘ ’
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ACTION

Check for Physical Malfunctions

* For fixed-plate ERVs, check that ERV face and bypass damper linkages are all securely
attached and that there are no visible problems with the damper assemblies. As
necessary, have an expert evaluate damper actuators and linkages.

* For wheel-type ERVs, check for a loose or broken belt or gear assembly and make sure
that the wheel motor is operational. As needed, have an expert evaluate and/or repair
the wheel rotor assembly.

Check/Adjust ERV Settings

* See if the frost control settings or economizer settings are significantly different from

expected in the previous table. If so, make adjustments and/or work with a qualified

expert to make control changes.
Have the Control Evaluated By an Expert

* ERV controls often do not have the frost control and/or economizer control logic clearly
shown on BAS system screens or other control diagrams, so it may be difficult to
determine what the controls are trying to do.

* As necessary, consult an expert to evaluate and correct ERV controls that are causing
significantly different operation (more than 10°F variance from outdoor temperature
ranges) than what is outlined in the table.
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H3. Outdoor Air Ventilation Rough Check

Continuous outdoor air ventilation to a certain degree is required in pool rooms to prevent air

quality problems. Having too much outdoor air ventilation can greatly increase energy use

and cause comfort problems, while not providing enough outdoor air can contribute to air

quality problems and condensations issues, as well as extra dehumidifier energy use and wear.

Here is how you can check to see if this is an issue.

WHEN TO CHECK: QUARTERLY (EXCEPT IN THE SUMMER)

INVESTIGATE COMPARE ACTION

* Record outdoor e Current outdoor * Fix broken
air % air cfm vs. damper control

original &

* Record total common design * Have expert
HVAC flow outdoor air cfm evaluate

* Look at pool e Covered cfm vs. * Better optimize

p s s P

and deck uncovered damper control

dimensions

e [f covered,
observe
overnight
ventilation

INVESTIGATE

Observe Current Minimum % Outdoor Air Damper % Open Outdoor Air Damper

34

For systems connected to a BAS system, a careful look through the display screens may
clearly show the minimum outdoor air damper setting and current intended damper
position. A manual observation of the damper position should be carried out to confirm
the actual current percent outdoor air.

If the weather outside is cool, the system is likely already at the minimum outdoor air
so there may be no need to do anything special to observe the minimum outdoor air
control condition.

If necessary, the dehumidifier control can typically be temporarily set to a humidity
setpoint that is 15% to 20% RH above the current sensor reading. This should disable
any dehumidification efforts by the HVAC unit and may cause it to operate at the
minimum outdoor air. However, some economizer control features will make it difficult
to force the unit to temporarily control to the minimum outdoor air, especially in mild
weather.
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* For systems with variable outdoor air dampers, observe outdoor and return air damper
temperatures
Outdoor_Air % open;_Return Air % open

* Note that some HVAC units are not designed to bring in 100% outdoor air even when
the outdoor air opening is fully opened. If the outdoor air opening has a smaller area
than the supply duct, record the dimensions of the outdoor air opening inches by

inches; and supply duct inches by inches
Find Pool HVAC Unit Total Design Flow (cfm)

* The HVAC unit total supply flow may be shown on the equipment’s nameplate, on
plans (look at the mechanical schedules which are usually the last M pages), equipment
documentation within a 3-ring binder, or on a BAS display screen.

* If it cannot be found by any of the above means, find the unit’s manufacturer, model
number, and serial number from the nameplate and contact the manufacturer to find
out (start with a local manufacturer’s representative if available).

Obtain Pool and Wetted Duck Dimensions ft by ft
* Do not include spectator areas, which are generally meant for people that are not

swimming; only measure the area of the pool and around the pool that is designed for
swimmers to occupy.
If Pool Cover is Used, Investigate Outdoor Air Control during the Covered Pool Time
* If there is BAS control of the HVAC unit, there may be an indication in the BAS screens
or documentation about the intent to control outside air differently when the pool is
covered. If so, it is still recommended that you actually observe that the system follows
this intent at a time when the cover is in place and the ventilation is to be reduced.

COMPARE

Current Minimum Outdoor Air Ventilation Rate
 If the outdoor air opening is smaller than the supply duct, calculate the ratio of opening

sizes:
outdoor air duct area ( inches X inches) )
- - - = % max outdoor air (0A)
supply air duct area ( inches X inches)
. Calculate current outdoor air flow:
Total flow cfm x OA damper % open X max outdoor air _% = cfm Actual OA

Common Design Outdoor Air Ventilation Rate
* Calculate the wetted pool area as the product of the pool area dimensions:
square feet.
* Calculate a current typical outdoor air design flow (not considering spectator area):
square feet X 0.5 cfm per square foot = Typical _ OA cfm.
* If the actual outdoor air cfm and typical outdoor air cfm are more than 20% different,

Wetted pool room area ___

the take action to have an expert determine if a change is warranted.
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Other Indicators of Possible Outdoor Air Amount Issues
* An inability to keep adequate pool area temperatures, or low discharge air
temperatures, could be symptoms of the system providing too much outdoor air.
* Also, if Outdoor Air % Open + Return Air % Open # 100% (£20%), take action to save
energy and reduce control problems.
* Indicators of potential over- and under-ventilation are also noted in the S1 check.
Compare Pool Covered Ventilation to regular Occupied Ventilation
* If the outdoor air ventilation rate is not reduced significantly during most of the time
that the pool is covered, take action to take advantage of this opportunity.

ACTION

If Referred to Action Because of Improper Combination of Qutdoor Air and return Damper Positions
* Inspect any linkages between dampers to look for loose connections. If simple
tightening of a linkage doesn’t provide a solution, have a qualified technician check the
damper actuators and controls to identify and solve the problem.
If Mismatch between Actual and Typical Design Outdoor Air cfm, Consult an Expert and Possible
Adjust Outdoor Air Damper Control

* Providing adequate outdoor air ventilation is critical so a qualified expert should be
consulted to confirm the potential to change the minimum outdoor air flow, if this was
suggested by the comparisons.

* The minimum outdoor air position is typically set via automatic modulating damper
controls that receive a signal from a central BAS system or controls that are at the
HVAC units. Where a comparison has found improper outdoor air flow control, modify
the setpoints and/or programming to correct the issue.

* Sometimes the outdoor air is manually controlled or fixed with an opening that only
has a manual balancing damper or no damper. If adjustable, this damper can be
adjusted to obtain the proper outdoor airflow.

* Where sizable spectator areas are present, this can cause a need for higher ventilation
rates during the events when a large number of spectators are present. A means to
automatically or manually provide adequate outdoor airflow during these infrequent
events should be provided. However, the needs during these infrequent events should
not cause the pool area to receive more outdoor air ventilation than is needed during

the rest of the year.
If Referred to Action for Not Reducing Ventilation When the Pool is Covered

* Explore options for reducing the outdoor air ventilation rate when the pool is covered.

* Ideally, a reduced, pool-covered, ventilation rate would be enabled and disabled by a
reliable form of feedback about whether or not the cover is being used. An interlock
with the pool cover mechanism is ideal.
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W1. Main Valve Throttling

Many public pools end up with pumps larger than what is actually needed because of safety
factors in design and the limited selection of pump and motor sizes. For example, going from a
1 HP motor to a 1.5 HP motor (the next largest size) is a 50% jump in capacity. When dramatic
oversizing occurs, the pool water flow rate is usually still limited to the minimum needed for
adequate turnover by severely choking down the flow with a throttling valve. In such cases,
the pump must work against a high pressure caused by the throttling and it uses much more
energy than is really needed. Here’s how to see if your system has severe throttling that may
be worth correcting through pump motor control and/or replacement.

WHEN TO CHECK: ANNUALLY

INVESTIGATE COMPARE ACTION
* Record valve * Throttling % vs. Get help
throttle % typical throttling evaluating:
* Record S| Look @ possible % * Variable speed

horsepower (HP) savings given and pumping

horsepower (HP) * Replace

pump/motor

INVESTIGATE

Locating Main Line Valves

e Although main line valves that may be throttled are typically located near the outlet of
the pump, they could be anywhere along the main piping line that comes the pool to
the pump, from the pump to the filter, and from the filter to the pool.

e Ignore throttling of valves along the main line that are used to force some water
through smaller bypass lines (smaller pipes located just before and after the valve) that
divert some of the main flow to the heater. (See Valve Throttling Reference for more
detail.)

* Ignore any throttling of valves in the piping of a booster pump.

Record % Throttled for Each Valve: # 1 %; #2/Spa %; #3 %; #4 %
* Note the percentage closed above for each main line valve based on where the valve

handle points between perpendicular to the pipe (100%) and parallel to the pipe (0%).

* See “Valve Throttling Reference” for more detail on valve position.

Record Pump Horsepower (HP)
* Record pump nameplate HP (look on the pump or motor nameplate) for the pump
corresponding to each valve noted above Valve # 1 HP; Valve #2 HP;
Valve; #3 HP; Valve #4 HP

37 [Back to Checklist]






Recommissioning Guide for Indoor Public Pool Facilities in Minnesota

COMPARE

* If any main line valve is throttled 25% or more, use the table in “Valve Throttling
Reference” to estimate potential annual kilowatt-hour (kWh) savings using the percent
throttling value in combination with pump horsepower.

* Also use the table if a pump larger than 5 HP has a valve throttled 10% or more.

e Estimate potential cost savings by multiplying the kWh savings by $0.11 per kWh (or
another available representative utility rate that includes usage and demand savings).

* If the potential energy savings is significant enough, take action to save energy.

ACTION

* Consider the installation of a variable speed pump or the addition of a variable speed
drive to the pump motor. Operating at a lower pump speed with the previously
throttled valve wide open can provide the required flow while using less energy.*

* If the economics of the variable speed drive retrofit based on the above estimate is
questionable, have an engineer or other qualified individual perform a detailed analysis
of the potential to replace the pump and/or motor with one selected to provide the
design flow without significant throttling.

Example of a Variable Speed Drive for a Pump

4 More information about variable speed pool pump control can be found in NSPF, Ch.10 and
NRPA, 7-6 to 7-7.
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Appendix 2. Detailed Savings Calculation Guidance for
Select Measures

The following pages provide detail regarding recommendations related to energy savings
calculation recommendations for the measures listed below:

Recommended Minnesota TRM Manual Additions

1) variable speed pool pumping
2) high efficiency pool heater
3) pool cover
Recommended Savings Calculation Approaches

4) reducing outdoor air
5) modifying pool room temperature control
6) modifying pool room humidity control
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RECOMMENDED MINNESOTA TRM MANUAL ADDITIONS

1) Variable Speed Pool Pumping (Commercial)

Site Specific Savings

For site-specific estimates of savings for variable speed pool pumps, follow the energy savings
calculation procedure for the measure Electric Utility Infrastructure - Variable Speed Drives (non-
HVAC) in version 2.1 of Minnesota’s TRM with the following modification.

a) Calculate the Energy Savings Factor as the difference between the current and proposed
conditions in the Table of PLR Values below. (This replaces the use of the TRM’s Table 5
with multiple load factor and % of design flow values per the format of the TRM's

Tables 1 and 2.)
Table of PLR Values

Min % Max %
of of Variable
Wide Wide  Throttle Speed
Open Open Valve  Drive
Flow Flow PLR PLR

0% To 10% 0.8 0.05

10% To 20% 0.81 0.06

20% To 30% 0.82 0.09
30% To 40% 0.83 0.12

40% To  50% 0.85 0.18
50% To 60% 0.87 0.27
60% To 70% 0.9 0.39

70% To  80% 0.93 0.55
80% To 90% 0.96 0.75
90% To 100% 1 1

b) The following equations will apply with Wide Open Flow being defined as the pool
water flow rate at full pump speed with any throttling valves wide open

ESF = PLRThrottle Valve,current — PLRVSD,proposed

Code Required Flow

% of Wide Open Flowyoposea = % of Wide Open Flow yyrens X Current Flow

Code Required Flow[gallons per minute]
Pool Volume[gallons]

minutes
hour

60 [ ] X Code Turnover Time[hours]
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c) Reference the current Minnesota Swimming Pool Code for the maximum time to run
the pools entire volume through the filtering and treatment system. The table below
summarizes the maximum turnover time requirement in the code volume published in
2009 and in force as of December of 2017.1

Table of Code Turnover Time

Pool Type Max Turnover Time
General 6 hours
Wading 2 hours
Spa 0.5 hours
Dedicated Plunge 1 hour
Zero Depth 2 hours (for area < 3 feet deep)

d) For indoor pools in hospitality buildings, fitness centers, and other buildings that keep
the pool open year-round, assume 8,760 operating hours per year and a coincidence
factor of 1. For schools and other facilities with seasonal pool shutdown, base the hours
and coincidence factor on the facility’s reported schedule.

Preliminary Program Level Savings Estimate

For building type-specific estimates of savings of variable speed pool pumps, follow the
energy savings calculation procedure for the measure C/I HVAC - Variable Speed Drives in
version 2.1 of Minnesota’s TRM with the following modification.

a) Use the following values for Energy Savings Factor (ESF) in place of the TRM's Table 3.

ESFhospitality, multifamily = 0.45
ESFschool, fitness = 0.51

The potential number of applicable facilities should be based on an assumed 35 percent
of pools (same value for all building types).

b) For indoor pools in hospitality buildings, fitness centers, and other buildings that keep
the pool open year-round, assume 8,760 operating hours per year and a coincidence
factor of 1. For schools assume 7,665 operating hours [i.e. pool shut down for 1 2
months] and a coincidence factor of 0.78.

2) High Efficiency Pool Heater (Commercial)

For indoor public pool heater savings in Minnesota, the following savings calculation should
be used.

1

1
Savings [therms]| = BTUH_In X —
EffBase Efingh

Where:

BTUH_In = maximum input rating of the new pool heater [in units of BTU per hour]
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Effoase = Baseline pool heater efficiency (78% [0.78] code minimum for new heater)

Effuign = Efficiency of the new high efficiency pool heater efficiency [as a decimal value (e.g.
0.95 for 95% efficiency)]

3) Pool Cover (Commercial)

For indoor public pool cover savings, the following savings calculation should be used for
Minnesota.

0.9 [therms/ft?]

Savi th = X Pool A t?
avings [therms] Pool Heater Ef ficiency ool Area [ft*]

If the pool heater efficiency is not known, it should be assumed to be 80% (0.80).

For the use of a liquid pool cover, the preliminary suggestion is to assume 50% of savings for a
traditional pool cover —as calculated above. However, it is recommended that additional
measurement and verification be conducted before using this assumption for large-scale
program implementation.

42 [Back to Checklist]






Recommissioning Guide for Indoor Public Pool Facilities in Minnesota

Recommended Savings Calculation Approaches

4) reducing outdoor air
5) modifying pool room temperature control
6) modifying pool room humidity control

For these last 3 measures addressed by this appendix, we recommend a particular, rigorous
approach for CIP program savings calculations (e.g. custom rebates or recommissioning
savings estimates). In particular we recommend that savings estimates be based on detailed
hourly or BIN calculation models that address the real interactions between these factors —
plus the pool evaporation rate —with assumptions that have a sound basis in the actual design
and operating conditions. A degree of iteration needs to be used to accurately estimate the
savings from changing any one of these factors because each of these key pool room or HVAC
system parameters has an impact on the others. Because of these interactions, some
assumptions that have commonly been used in engineering calculations can cause misleading
savings estimates. For example, the actual relative humidity may be higher or lower than the
setpoint leading to a poor estimation the pool heating and dehumidification loads. Thus,
setpoints should be used as a starting point for iterative analysis of the actual conditions as
they are influenced by the other operating conditions and system limitations. The key
interactive effects that need to be taken into consideration are outlined below, as well as
guidance and references to detailed formulas and tables from Chapter 1 of the 2017 ASHRAE
Fundamentals Handbook.it

Key Interactive Effects

a) Impact of Pool Room Temperature & Relative Humidity on Pool Room Humidity

Ratio. While relative humidity is the most commonly used indicator of moisture level in
the air for purposes of comfort discussions, humidity ratio is the measure of the amount
of water in air that is ultimately used in most engineering calculations. This is because
humidity ratio gives a direct indication of the amount of water vapor in air. It is defined
simply as the ratio of the mass of water vapor to the mass of dry air. On the other hand,
relative humidity indicates the ratio of how much water is in the air compared to the
maximum amount of water vapor that air can hold at its current temperature.

The humidity ratio of air can be calculated from the relative humidity, temperature, and
atmospheric pressure. As one might expect, increasing the relative humidity for a given
temperature increases the humidity ratio proportionally. However, the humidity ratio
also goes up with the air temperature if the relative humidity is held constant. The
warmer the air is, the more sensitive the humidity ratio is to changes in temperature (if
the relative humidity stays constant). Below are the steps for calculating humidity ratio
using equations in Chapter 1 of the ASHRAE Fundamentals Handbook.

i. Using the temperature, calculate the partial vapor pressure of water vapor in air at
saturation [the point where water starts to condense out of the air], pws, using Table 3 or
equation (6).

ii. Using this pressure, pws, and relative humidity, ¢, calculate the actual partial vapor
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pressure of water in the air, pw, using equation (22) [o=pw/ pws given here due to a
handbook error in some versions].

iii. Using this pw and the atmospheric pressure [in units of psia and can be estimated
from Table 1 in the handbook], p, calculate the humidity ratio, W, using equation (20).

Impact of Pool Temperature, Pool Room Humidity, and Pool Room Temperature on

Pool Evaporation Rate. Pool water evaporation rate is a key determinant of a pool
facility’s energy use for both pool heating and dehumidification. Although it happens in
a less intense process, evaporation of water at any temperature draws about as much
energy from the surrounding water as boiling water does from its heat source. This
energy needs to be made up via the pool water heater. Likewise, the water vapor that
evaporates must be removed from the pool room with a dehumidifying HVAC unit to
keep the room’s humidity in check. Therefore, the evaporation rate is the primary
determinant of the loads on the both pool water heating and pool room
dehumidification equipment.

The two key inputs for calculating the evaporation rate of an indoor pool are pool
temperature and pool air moisture level. Here the steps for calculating the pool water
evaporation rate following the ASHRAE Fundamentals Handbook and the Natatoriums
section within Chapter 5 of the ASHRAE Applications Handbook.iii

i. Using the pool water surface temperature, calculate the saturated vapor pressure of
water at the pool surface, pw, using Table 3 or equation (6) from Chapter 1 of the
ASHRAE Fundamentals Handbook [ignore the difference in subscript for p].

ii. Find the pool room’s partial vapor pressure of water in the air, pa, calculated from ii
in a) above (using pool room temperature and relative humidity).

iii. Based on the pool type and activity, choose an appropriate activity factor, Fa, from
the table right after equation (2) in the Natatoriums section of the ASHRAE HVAC
Application Handbook. (This ranges from 0.5 for an unoccupied pool to 1.5+ for special
water features.)

iv. Using the above vapor pressures and activity factor--along with the pool area--to
calculate the pool water evaporation rate, wy, using the equation below [equation (2) in
Natatoriums section of handbook].

wy[105/,..| = 0.1 x Pool Area [£t2] x (p,, = pa)Fs

This pool evaporation rate can be used directly to calculate the evaporation impact on
pool water heating rate [in units of Btu/hr] by multiplying the evaporation rate by 1,000
[BTU/1b.]

Outdoor Air Flow and Humidity Ratio Impact on “Free Dehumidification” and Pool

Room Humidity Ratio. In Minnesota’s climate the outdoor air is usually much dryer

than pool room air. This means that the high, continuous outdoor air ventilation needed
to dilute and remove pool off-gassing provides significant “free” dehumidification
throughout most of the year. The amount of dehumidification provided by the outdoor
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air flow can be calculated using the steps outlined below.

i. Using the outdoor temperature and humidity, calculate the outdoor air humidity
ratio, Woa, following the calculation steps i through iii outlined in a) above.

ii. Using the outdoor air flow rate along with pool room and outdoor humidity ratios,
calculation the moisture removal rate with the equation below.

b i min
x 0.075 [ dry air ] X 60 [—] X Wroom — Woa)

. b . ft?
Moisture Removal Rate [ S/hr] = Outdoor Air Flow in cubic foot =

If the above calculated dehumidification provided by outdoor air (i.e. moisture removal
rate) is greater than the pool water evaporation rate, then the assumed pool room
humidity level should be lowered until these two values match. If, however, the
calculated dehumidification provided by outdoor air is less than the pool water
evaporation rate, then the remaining dehumidification load will be the difference
between these two. If outdoor air ventilation is the only (or first, economized) source of
dehumidification, then the outdoor air flow rate would be increased (up to the system’s
maximum outdoor air flow rate) so that the calculated moisture removal rate matches
the pool water evaporation rate. If the moisture removal rate calculated from the
outdoor air, plus any compressorized dehumidifier at its maximum capacity, is less
than the calculated pool evaporation rate, then the pool room humidity level must be
assumed to increase until these two calculated values match.

Note that as outdoor air flow increases to provide dehumidification, the energy needed
to heat the outdoor air also increases. The relationship between outdoor air flow and
energy used to heat the outdoor air can be reasonably approximated with the equation
below.

Outdoor Air Heating Energy[Btu/hr]

= 1.08 X Outdoor Air Flow X (T,oom — Toa)/Eff
where Eff = heating efficiency (90% for a gas direct-fired make-up air unit)

The above relationships often need to be used iteratively to find what the actual conditions

and loads will be. Depending on how the HVAC system capacity and operation matches the

loads, the modeling will generally use the pool room setpoints as a starting point, and then

adjust them where outdoor air flow and system limitations will lead to a drift above or below

the setpoint. Note that while it only happens for very few hours in the year, the pool room

temperature may similarly increase above the setpoint due to outdoor air being brought in that

is warmer than the pool room temperature.

References for Appendix 2

i Minnesota Administrative Rules, Section 4717.2560 Recirculation Rate. The Office of the
Revisor of Statutes. May 11, 2009.
it ASHRAE Handbook 2017 Fundamentals (I-P Edition). ASHRAE, Atlanta, GA.
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iii 2011 ASHRAE Handbook HVAC Applications (I-P Edition). ASHRAE, Atlanta, GA.
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