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From: Daken.Abigail@epamail.epa.gov

To: Craig Haglund; Cronin, Daniel; Medepalli, Sarah; sworrell@drintl.
com;

Subject: Fw: ENERGY STAR VERSION 2.0 Water Heaters

Date: Tuesday, June 28, 2011 12:26:50 PM

Attachments: EPA ENERGY STAR Report 07.pdf

2001 DOE Certificate of Recognition Award.pdf
WaterSense article Aug. 09 news letter.pdf
WaterSense-EPA article.pdf

IAPMO 2010 ETS Top 5.pdf

Abigail Daken
ENERGY STAR Program | U.S. Environmental Protection Agency

Phone: 202-343-9375 | Cell: 202-236-8848 | Fax: 202-343-2200

Street Address/Overnight Mail: 1310 L Street, N\W | MC 6202J | Washington,
DC 20005

Mail: 1200 Pennsylvania Ave. NW | MC 6202J) | Washington, DC 20460

----- Forwarded by Abigail Daken/DC/USEPA/US on 06/28/2011 12:24 PM -----

From: Larry Acker <LarryA@gothotwater.com>

To: Abigail Daken/DC/USEPA/US@EPA

Cc: Donna-Marie Acker <Donna-Marie@gothotwater.com>
Date: 06/24/2011 02:51 PM

Subject: ENERGY STAR VERSION 2.0 Water Heaters
Abigail,

We had the opportunity to meet at the ACEEE Water Forum in Berkeley a few
weeks ago.

| have attended the Water Forum since the beginning and in fact submitted a
paper at the National ACEEE Conference in Monterey in 1996. That paper was
on “IDENTIFYING THE PARAMETERS FOR UNDERSTANDING THE COSTS AND
BENEDFITS OF HOT WATER DEMAND PUMPING SYSTEM, A FLUE GAS BAFFLE
AND A FLUE DAMPER”. It was co-written by Gary Klein who at that time was
with the California Energy Commission. This paper is available if you would wish
to add to your collection of reasons for Energy Star Labeling. Interesting that
the study results (assumptions at that time) have proven to be very close to fact
in actual tests that occurred over the next 15 years.
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EPA has released a new policy that formally

recognizes the energy savings contribution to
ENERGY STAR Qualified Homes performance
requirements from on-demand water pumping

systems such as D'mand Systems.







Estimating Potential Savings from
Demand Controlled Pumping Systems

1. Execative Summary

N

The performance of a demand controlled pumping system in a typical residential water heating
installation was analyzed. Demand controlled pumping is a method of bringing water quickly to
fixtures far from the water heater in order to minimize the waste of water running down the drain
while waiting for hot water to arrive. As of January, 2006, there are three companies selling
products that do this: ACT Inc., Metlund Systems (www.gothotwater.com), TACO (www.taco-
hvac.com) and Uponor Wirsbo (www.wirsbo.com). These products and their application are the

subject of this analysis.

An analysis was performed to quantify the potential enhancement of water heater energy factor
due to the use of a demand controlled pumping system under a range of conditions expected to
be encountered in typical residential settings. A set of linked steady-state energy balance
equations was solved in a spreadsheet-based simulation to predict the energy factor (EF)
enhancement of a 40-gallon gas tank water heater, a 52-gallon electric tank water heater, (the
most-commonly-encountered sizes for storage water heaters) and for gas and electric tankless

water heaters.

Based on this analysis, 1t is reasonable to assign the following energy factor enhancement
coefficients when using demand controlled pumping systems:

Trunk and Branch
The savings due to a conservative 15% reduction in water consumption results in energy factor

enhancement coefficients ranging from 1.12 to 1.17 for the range of water heaters that were
evalnated (See Table 5).

Structured Plumbing
The savings due to a conservative 20% reduction in water consumption plus an additional

savings equivalent to another 10% reduction in water use due to insulation, result in energy
factor enhancement coefficients ranging from 1.27 to 1.42 for the range of water heaters that

were evaluated (See Table 5).

In order to obtain the highest combination of water and energy efficiency, the energy factor
enhancement for Structured Plumbing needs to be aligned with the top tier for Hot Water
Distribution Systems in LEED-H or similar green building programs.

Retrofitting Existing Recirculation Systems _ _
The savings here are energy, not water related as in the first two applications. Retrofitting a
demand controlled pump will reduce the energy needed to operate the pump and keep the
circulation loop hot by up to 98 percent (286 therms or 6,388 kWh per year) and is proportional -
to the run time of the existing system. :
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Literature Survey .

There are four studies that taken together document the energy savings potential of demand
pumping systems. In 1999, on behalf of the American Water Works Association Research
Foundation (AWWARF)', Aquacraft conducted research in many parts of the country as part of
the Residential End Uses of Water Study (REUWS). In 2002, Oak Ridge National Laboratory
(ORNL)” conducted a study in conjunction with the City of Palo Alto that examined the use of
demand pumping systems in retrofit applications. In 2003, the Davis Energy Group (DEG)’
conducted a study as part of their work for the Building America program on new construction
that showed that the use of a demand pumping system saves energy compared to standard
recirculation techniques. In 2005, the California Energy Commission® conducted a study
conducted to better understand hot water distribution systems.

Aquacraft’s REUWS took data from 1200 homes in 12 metropolitan areas in the 1J.S. and
Canada. Although the vast majority of the effort was focused on total water consumption, in
some of these locations hot water use was measured separately. Table 1 shows data from two of
these studies and from the REUWS. The range of hot water use in the REUWS is estimated
based on the rounded off percentages from the EBMUD and Seattle studies.

Table 1 Estimated Hot Water Consumption in the United States

EBMUD Seattle REUWS
Water Use ‘
{gallons/capita/day) : _
Hot Water ' 21.1 25.1 21 t0 28
Total Indoor 70.9 62.2 69.3
Water ' _
Percent 29.8 39.6 . 30 to 40
Number of People 2.5- 2.6 : 2.8
Hot Water Use , .
(gallons/household) ‘
Daily 52.75 65.26 : 58.8 to 78.4
Monthly 1,582 1,958 1,764 to 2,352
Ammually 18,990 23,494 21,168 to 28,224

! Residential End Uses of Water Stady (REUWS), American Water Works Association Research F oundation,

1999.
* Water and Energy Savings using Demand Hot Water Recirculating Systems in Residential Flomes: A Case

Study of Five Homes in Palo Alto, California, Moonis Ally and John Tomlinson, Oak Ridge National Laboratory,

September 2002.
? Progress Report on Building America Residential Water Heating Research, Davis Energy Group, November

2003, cited with permission of David Springer. : '
4 Hot Water Distribution System Research — Phase I Final Report, Carl Hiller, Applied Energy
Technology for the California Energy Commission, March 2005.
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Based on the large sample studied, it would appear that typical residential hot water consmpﬁdn |
is between 50 and 80 gallons per household per day. A percentage of this is wasted due to
inefficient hot water distribution systems.

The ORNL study on five existing homes showed that a demand pumping system saves both
water and energy m retrofit. Following typical practice in retrofit, they installed a demand
pumping system under a sink in the hot water location furthest from the water heater. Even
though there were multiple hot water locations served by the trunk line going to the last fixture,
only one activation mechanism was provided for each system. They presented estimates of water
and energy savings as shown in Table 2. The daily water savings have been calculated from the

annual savings.

Table 2 Water and Energy Savings in Existing Homes

| Number of | Daily Water Savings | Annual Water Savings | Annual Energy Savings
Hot Water - (gallons) (gallons) (kWh)
Use Points :
1 251082 900-3,000 200-400
4 1010 32.8 3,600-12,000 800-1,600

ORNL measured the savings from the one hot water use point that was served by the demand
pumping system and projected the savings presented for a house with four hot water use points.
ORNL determined that the waste of water and energy were due to both technical and behavioral
factors. One very interesting result was that when using the on-demand circulation pump, less
water came out of the pipe before water was hot enough to use. They determined empirically that
the ratio of water wasted at slow flow to the water wasted at circulation pump flow was 1.29:1.

The Davis Energy Group conducted a study as part of their work for the Building America
program on new construction that showed that the use of a demand pumping system saves
energy compared to standard recirculation techniques. In this 3080 square foot single story house
with a very large recirculation system, DEG tested six combinations of pump and controls to
determine which one performed best. Table 3 shows that the demand pumping system (Modes 3
and 4) ran the fewest minutes per gallon of hot water used. It ran one-fifth as long as the next
best option and one-seventieth as long as uncontrolled recirculation.

Table 3 Recirculation Pump Operating Time -

Pump Minates / Gallon

Parameter of Hot Water Used
Uncontrofled Reciveulation 74

T contreel {15 hoursiday} 334

Hode 1- Waitstopper system f.4

Mode I add return line wop seasor 4.3

Mede 3~ Metlund demond system ERHE

esde 4737wy 2 sensors shielded 138
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According to the report, run time could have been reduced by eliminating the false signals,
which due to the activation method chosen for the experiment, were 70 percent 6f the total
number of signals sent to the pump. Run times could have been around 0.24 minutes per gallon
of hot water used. With improved activation, they estimated that the energy to run the properly
configured system would have been 25 therms.

All of the other circulation pump control strategies DEG tested used significantly more energy
than that used by the demand controlled system. In addition, all recirculation systems except
demand recirculation systems use more energy than is associated with the water running down
the drain and therefore are energy inefficient. They have been installed for customer

convenience, not energy efficiency.

The energy consumed to operate the demand circulation system in this house with a Iong, high
volume circulation system is comparable to the energy that runs down the drain if only 5 gallons
per day is wasted while waiting for hot water to arrive, half that at 10 gallons per day and one
fourth at 20 gallons per day. This means that it takes less energy to operate the house with the
demand pump than it would to operate it without any circulation system at all. The branch piping
in this house was not intentionally configured to minimize the volume of water between the
fixtures and the circulation loop. In an intentional Structured Plumbing system it would be
possible to reduce the waste and wait by an additional 50 percent, while using no more energy
than would have been wasted letting 5 gallons per day run down the drain.

The California Energy Commission study looked at water and energy waste in three parts of a
hot water event as shown in Figure 1. They conducted a series of parametric tests in a laboratory
on ¥ and % inch copper and PEX-A (two layers of cross linked polyethylene with a film of
aluminum between them as an oxygen barrier). The tests were done on bare pipe and on pipe
with Y and % wall thickness insulation.

Ideally, the delivery phase is short (seconds), the use phase is however long is required and the
cool down phase is what happens between events. The water heater temperature must be hot
enough to overcome the losses in the hot water distribution system and provide water that is hot
enough to mix with some amount of cold water to get the desired temperature. The useful hot
water temperature varies with activity; for example, washing hands may be done at a different

temperature than taking a shower.
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Figure 1 Typical Hot Water Event

Water Heater Temperature
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The study found several ways to improve the delivery phase — getting hotter water sooner by
minimizing the waste of water, energy and time. These are:

Reduce the volume of water in the pipe between the source of hot water and the fixture.
In practice this means the piping needs to be smaller in diameter, shorter in length or a
combination of both.

Reduce the number of restrictions to flow. These restrictions include fittings, particularly
elbows and tees. Restrictions increase the “effective length” of the pipe and can result in
1.5 to 2 times the volume of the water in the pipe coming out of the pipe before hot water
gets to fixture. Removing the restrictions can bnng the extra volume down to less than 5
percent additional water.

Insulate the pipes, particularly for low flow rates. The temperature drop over a given
distance at flow rates less than 1 gallon per minute is substantlaliy higher than it is at
flow rates higher than 2 gallons per minute.

Increase the flow rate. The temperature drop over a given distance is less as flow rate

increases.

The study also found ways to improve the use and cool down phaSeS — increasing the perceived
availability of hot water and minimizing the energy waste.

Insulate the pipes. Insulation reduces heat loss in the pipes, delivering hotter water to the
fixtures. This will reduce the amount of hot water needed to get the desired temperature
or it will make it possible to lower the temperature of the water heater. Insulation is

- particularly important with low flow fixtures.

Insulation on the pipes increases the time it takes for the water in the pipes to cool down
to an unusable temperature. R-4 insulation doubles the cool down time for ¥z inch
diameter piping. It triples the cool down time for ¥ inch piping resulting in as much as a
one hour delay for % inch piping when the starting temperature in the pipes was 135F..
This additional time between hot water events will make it possible for many more hot
water use patterns to look like “clustered: use patterns. It will result in less delivery phase

waste and increase customer satisfaction.
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2. Energy Beunefits of Using Demand Conirolled Pumping Systems

Demand controlled pumping systems help hot water plumbing installations take advantage of the
of these research results. These systems can be installed on trunk and branch systems in both
new construction and in retrofit and on Structured Plumbing Systems in new construction or
major rehab. Analyzing the benefits of demand controlled pumping systems in these applications
in light of their ability to reduce water consumption was the primary focus of this study. The
benefits of installing them in retrofit on existing dedicated recirculation systems to reduce pump
run time and recirculation loop energy consumption will be discussed later in this report.

Trunk and Branch Plumbing
Trunk and branch plumbing is the most common type of hot water distribution system found in

both new and existing single family homes. It is characterized by one main trunk line coming
from the water heater that runs towards the furthest fixture. No particular effort is made to
optimize the length or volume of the branch lines serving individual fixtures. It is unlikely that
the pipes are insulated. Sometimes there are two main lines coming from the water heater serving
fixtures in different parts of the house. In this case, there are really two separate hot water

distribution systems.

In retrofit and in typical new construction applications, the primary benefit comes in the delivery
phase by reducing the waste of water while waiting for hot water to arrive. The energy savings
due to the reduction in water waste in these situations come from three things.
1. Less water runming down the drain means that less energy has to be used to heat the
water.
2. The temperature of the water in the circulation loop that is returned to the water heater is
generally warmer than the water coming into the house.
3. Since the on-demand pump moves water at a higher flow rate than typical fixtures, less
water is needed to prime the loop than would normally run down j:he drain.

The reduction in water waste will depend greatly on the configuration of the house, in particular
on the volume of water between the water heater and the fixtures, which fixtures are on the same
trunk line(s), and the volume in the branch lines off of the trunk line(s). These are the structural
variables. There are also behavioral variabies such as whether the occupants turn on the water
and leave, returning when they think that hot water has arrived at the fixture, and on whether hot
water events are clustered together or spread out intermittently throughout the day. This analysis
is only looking at the impact of improving the structural waste. Additional savings will accrue
from changing behavioral patterns.

From Tablel, the average daily hot water use ranges from 60 to 80 gallons per day. From Table
2, the water savings potential ranges from 10-30 gallons per day. Drawing on these two ranges,
the average household could save between 12.5% and 50% of its daily hot water consumption by
using a demand controlled pumping system. It is useful to note that the waste is greater than the

potential savings.

In retrofit applications, it is uniikely that any effort will be made to reconfigure the piping to
reroute the trunk lines to minimize the volume in the branch lines. In new construction, the
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typical installations of trunk and branch plumbing do not consider this either. In both cases, the
potential savings is less than would be possible with Structured Plumbing, which is discussed
below. A conservative assumption is that the savings from using a demand controlled pumping
system on Trunk and Branch plumbing systems is 15% of the daily water use.

Structured Plumbing
Additional energy savings are possible when demand controlied pumping Systems are used with

Structured Plumbing. Structured Plumbing is a concept that includes:
— A circulation loop as short as practical and with as few hard elbows as possible,
- Fixtures or appliances need to be located within 10 plumbing feet of the circulation loop
on branch lines that are no larger than ' inch diameter.
— All hot water pipes need to be insulated.
— An on-demand pumping system with electronic controls and activation mechanisms
placed in key locations throughout the house, generally one per hot water using location.

The circulation loop is intentionally located such that it is both as short as possible and within 10
plumbing feet of every fixture. Except for the friction losses due to 1ts length, it has few other
restrictions to flow. [deally, the only fittings in the circulation loop are the tees forthe branch
lines feeding each fixture. An on-demand pump, sized to overcome the now reduced losses in the
muain circulation line will be able to preheat the circulation loop in a relatively short amount of
time. The pump is activated shortly before the desired use to “prime the insulated line”, after
which the electronic controls automatically shut off the pump when they recognize that the water
in the circulation loop is hot. The insulation on the piping keeps the water hot for about an hour
between uses. The small volume of cold water in each branch line will be replaced with hot
water in just a few seconds. Water waste will be minimized, ideally to less than 2 cups per hot
water event. Hot water will arrive at each fixture in less than 5 seconds depending on the flow
rate at the fixture. Assuming that the average waste is 0.5 to 1 gallon per hot water event in
houses without a circulation system, this represents a 75 — 90 percent reduction in water waste.
There is a small additional cost of $1-2 per year to operate the demand controlled pump and

associated controls.

When demand controlled pumping is used in conjunction with Structured Plumbing systems, the
energy savings come primarily from four things — the same three as above and a more efficient
hot water distribution system. The more efficient hot water distribution system comes from
reducing the restrictions to flow and from insulating the piping.

With more efficient distribution, the water heater does not need to be set as high to overcome
these losses. It is very common to find a 5-10F temperature drop from the water heater to the
furthest fixtures in a house. For a given flow rate, R-4 insulation will reduce the temperature

drop by half. Consumers can take advantage of this in two ways.

1. For a given water heater set point, they will be able to reduce the amount of hot water
needed for a desired mixed temperature. This will save some energy. It will also increase

the effective capacity of a tank type water heater.
2. They could choose to reduce the set point of the water heater. This will save even more

energy, particularly for houses with tank type water heaters. For tank type water heaters,
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a reduction of 5F translates into a reduction of 10 percent in standby losses. F or tankless
water heaters, the reduction in temperature drop translates into beth a smaller temperature
rise and an effective increase in available hot water capacity.

Installing Structured Plumbing in new construction or major rehab makes it possible to configure
the circulation loop to take advantage of the lessons learned from the research. The result will be
increased water savings due to the small residual volume of water in the branch lines serving
individual fixtures. There will be additional savings due to the insulation on the hot water piping.
A conservative assumption is that the water savings from using a demand controlled pumping
system on Structured Plumbmg systems 15 20% of the daily water use with additional savings

due to the insulation.

3. Performance Analysis

Trunk and Branch and Structured Plumbing Systems

An analysis was performed to quantify the potential enhancement of water heater energy factor
due to the use of a demand controlied pumping system under a range of conditions expected to
be encountered in typical residential settings. A set of linked steady-state energy balance
equations was solved in a spreadsheet-based simulation to predict the energy factor enhancement
of a 40-gallon pas tank water heater, a 52-gallon electric tank water heater, (the most-commonly-
encountered sizes for storage water heaters) and for gas and electric tankless water heaters. The
enhancement factor does not depend on the size water heater since the effect of that parameter is
already “encapsulated” in the value of the GAMA/DOE energy factor. The following ranges of
variables were simulated:

DOE Energy Factor (F) of conventional water heater
(from GAMA Directory or manufactarer’s literature)

Table 4 Water Heaters Evaluated in this Study

Fuel Type Volume | Energy Factor | Recovery Efflc:ency
Gas Tank 40 0.54 0.76
' Tank 40 0.63 0.80
Tankless * 0.82 0.84
Electric | Tank 52 0.86 0.98
Tank 52 0.93 0.98
Tankless * 0.98 0.99

*Volume of fankless water heaters is smail, generally less than 1 gallon.

Water Savings as a Percent of Daily Water Consumption
The percent reduction in water heating consumption due to the use of demand controlled

circulation or from Structured Plumbing was analyzed over the range of 0-50 percent. .
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Volume of hot water use per day
(proxy = number of hedrooms) ,
30 gallons of hot water use per day (studio)
40 gallons of hot water use per day {(1-bedroom)
50 gallons of hot water use per day (2-bedrooms})
60 gallons of hot water use per day (3-bedrooms) -
70 gallons of hot water use per day (4-bedrooms)
80 gallons of hot water use per day (5-bedrooms)

o o 0o o o0

Water Main Inlet Temperature
(proxy = average annual ambient outdoor air temperature)
The following set of climatic conditions are correlated to water main inlet temperature
o 45 I average annual inlet water/average annual ambient temperature - “cold” climate
o 55 F average annual inlet water/average annual ambient femperature - “mixed” climate
o 65 F average annual inlet water/average annual ambient temperature - “mild” climate
o 75 F average annual inlet water/average annual ambient temperature - “hot” climate

Equation 1 shows how to calculate the energy factor enhancement coefficient due to the use of a
demand controlled pumping system using the energy factor, the recovery efficiency and percent
water savings. The coefficient is independent of water use or incoming water temperature.

The equations used in the analysis were:
1. Calculate Energy Factor Enhancement Coefficient:
EFEC = [REpce /(REpoE - S*EFpor)]

where:

EFEC = Energy Factor enhancement coefficient

REpor = Recovery efficiency of water heater in DOE test

EFpoe = Energy factor of water heater in DOE test

S - =Volumetric water savings percentage expressed as a demmal fraction of volume
of water (e.g., for a 20% savings this would be 0.2)

The results of this analysis are presented in Table 5. The coefficient is smaller for less efficient
water heaters. It is'smaller for gas water heaters than for electric water heaters. The coefficient is
higher for larger water savings. It is higher for tankless water heaters than for tank type water
heaters. Figures 2 and 3 display this infermation graphically.

SA good approximation of annual average water main temperature in a particular location is the average -
apnual ambient air temperature for that location. See NOAA, isotherm map at

http://lwf.nede noaa. gov/img/documentlibrary/clim& | supp3/tempnormal_hires.ipg A slightly more refined

alternative is to use the prior month’s average ambient air temperature to estimate the current month’s average water
main temperature.
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Table 5 Energy Factor Enhancement Coefficient

Fuel Gas Electric
Type MAECA | High-Efficiency | Tankless | NAECA | High-Efficiency | Tankless
Voiume (Gailons) 40 40 * 52 52 *
Energy Factor 0.54 0.63 0.82 0.86 0.93 0.98
Recovery Efficiency 0.76 0.80 0.84 0.98 0.98 0.99
Water Savings (%) Energy Factor Enhancement Coefficient
0% 1 1 1 1 1 1
5% 1.04 1.04 1.05 1.05 1.05 1.05
10% 1.08 1.09 1.11 1.10 1.10 1.11
15% 1.12 1.13 1.17 1.15 1.17 1.17
20% 1.17 1.19 1.24 1.21 1.23 1.25
25% 1.22 1.25 1.32 1.28 1.31 1.33
30% 1.27 1.31 1.41 1.36 1.40 1.42
35% 1.33 1.38 1.52 1.44 1.50 1.53
40% 1.40 1.46 1.64 1.54 1.61 1.66
45% 1.48 1.55 1.78 1.65 1.75 1.80
50% 1.56 1.65 , 1.95 1.78 1.90 1.98
*Volume of tanklfess water heaters is smaill, generally less than 1 gallen.
Table 6 Enhanced Energy Factor
Fuel Gas Electric
Type NAECA | High-Efficiency ; Tankless | NAECA | High-Efficiency | Tankless
Volume (Gailons) 40 40 * 52 52 : *
Energy Factor 0.54 0.63 0.82 0.86 0.93 0.98
Recovery Efficiency 0.76 0.80 0.84 0.98 .98 0.99
Water Savings (%) Enhanced Energy Factor
0% 0.54 0.63 0.82 0.86 0.93 0.98
5% 0.56 0.66 0.86 0.90 0.98 1.03
10% 0.59 0.68 0.91 0.94 1.03 1.09
15% 0.61 0.71 0.96 0.99 1.08 1.15
20% 0.63 0.75 1.02 1.04 1.15 1.22
25% 0.66 0.78 1.08 1.10 1.22 1.30
30% 0.69 0.82 1.16 1.17 1.30 1.39
35% 0.73 0.87 1.25 1.24. 1.39 1.50
40% 0.76 0.92 1.35 1.33 1.50 1.82
45% 0.80 .98 1.46 1.42 1.62 1.77
50% 0.85 1.04 1.60 1.53 1.77 1.94

*Volume of tankless water heaters is small, generally less than 1 gallon.
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Figure 2 Energy Factor Enhancement Coefficient for Gas Water Heaters
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Figare 3 Energy Factor Enhancement Coefficient for Electric Water Heaters
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The enhancement coefficient needs to be multipliéd by the water heater’s EF to determine the
enhanced energy factor as shown in Equation 2.

2. Calculate Enhanced Energy Factor

EFgnhanced = EFEC * EFpop

The results of this calculation for the water heaters evaluated are shown in Table 6. The most
notable observation is that there are many cases where the enhanced energy factor is greater than
1. While this may seem a bit counterintuitive, a large enough reduc’mon in use has the same effect
as having a much more efficient water heater.

The impact of the energy factor enhancement coefficient on a HERS rating for a specific house
needs to be evaluated in light of the daily volume of hot water and the incomning water
temperature (climate). The EFpgpanced number needs to be plugged into REM/Rate or other HERS

simulation software in place of normal EFpog
Retrofitting a Demand Controlled Pump in Homes with an Existing Circulation System

The previous section examined the impact on energy factor when using demand controlled
pumping systems on trunk and branch and Structured Plumbing systems. Another application of
the technology is to retrofit a demand pumping system on a dedicated recirculation system.

In this application there is a large reduction in energy consumption based on dramatically
reduced run times of the pump. According to Davis Energy Group, a demand circulation system
will use more than 90% less energy than is consumed by an uncontrolled recirculation pump
running 24 hours per day. The savings is a combination of a reduction in the electrical energy
used to run the pump and much more importantly a reduction in the heat loss in the loop. The
waste of water and the time it takes to get hot water will probably remain the same after the
retrofit, since nothing is likely to be done to change the volume of water in the branch lines
serving each fixture. The following tables provide a means for estimating the savings.

Table 7 Energy Use for a Circulation System attached to a Gas Water Heater (Therms)

Contmuous Pumping at 1 Gallon Per Minuie
Temperature Drop in °
Days 1 5 10 20
1 0.16 0.80 1.60 320
36 5 24 48 96
365 58 292 584 1,168
Pump Flow Rate in Gallons Per Minute
1 58 292 584 1,168
5 292 1,460 2,920 5,340
10 584 2,920 5,840 11,680 |
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Table 8 Energy Use for a Circulation System attached to an Electric Water Heater (kWh)

Continuous Pumping at 1 Gallon Per Minute
Temperature Drop in "F
Days 1 5 10 20
1 3.50 17.30 35.00 70.00
30 105 525 1,050 2,100
365 1,278 6,388 12,775 25,550
Pump Flow Rate in Gallons Per Minute
1 1,278 6,388 12,775 25,550
5 6,388 31,938 63,875 127,75G |
10 12,775 63,875 127,750 255,500

In these tables, the steady state heat transfer efficiency is assumed to be 75% for natural gas and
100% for electric. For most single family circulation systems it is reasonable to assume that the
temperature drop is 5°F and that the pump flow rate is 1 gpm. This means that annual energy
associated with a circulation system running 24 hours a day is 292 therms or 6,388 kWh. If the
flow rate is faster, say 2 gpm or the temperature drop is larger, say 10°F, or both, select the
appropriate eénergy use from the tables. If the system has a timer set for fewer hours, proportlon
these amounts accordingly.

Savings due to the retrofit of a demand controlled pumping system are proportional to the
reduction in hours of operation. The démand controlled pump will move the water faster at closer
to 5 gpm, but due to the higher flow rate, the temperature drop will be closer to 1°F. Assuming
that the pump operates a relatively long time of 30 minutes as needed over the day, the savings
will be 98%, or 286 therms or 6,255 kWh per year.
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Conclusions
Based on this analysis, it is reasonable to assign the followmg first-order energy factor

enhancement coefficients when using demand controlled pumping systems:

Trunk and Branch _
The savings due to a conservative 15% reduction in water consumption results in energy factor

enhancement coefficients ranging from 1.12 to 1.17 for the range of water heaters that were
evaluated (See Table 5).

Structured Plumbing
The savings due to a conservative 20% reduction in water consumption plus an additional

" savings equivalent to another 10% reduction in water use due to insulation, result in energy
factor enhancement coefficients ranging from 1.27 to 1.42 for the range of water heaters that

were evaluated (See Table 5).

In order to obtain the highest combination of water and energy efficiency, the energy factor
enhancement for Structured Plumbing needs to be aligned with the top tier for Hot Water
Distribution Systems in LEED-H or similar green building programs. '

Retrofittmg Existing Recirculation Systems
The savings here are energy, not water related as in the first two applications. Retroﬁﬁ:mg a

demand controlled pump will reduce the energy needed to operate the pump and keep the
circulation loop hot by up te 98 percent (286 therms or 6,388 kWh per year) and is proportional

to the run time of the existing system.
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Home Is Where the Smart Is

In its latest effort to bring water efficiency directly to American
homeowners, the WaterSense program's specification for water-
efficient new homes asks the question, what if you could buy a
house that made saving water convenient for you?

Jennifer Bowman and her family of four found out first hand
when they became the first family to move into a home built to
meet WaterSense criteria for water-efficient new homes. The
house, just outside Chapel Hill, North Carolina, touts a host of
water-saving features, including kitchen and bathroom fixtures
with aerators that reduce the amount of water needlessly sent
down the drain as well as WaterSense labeled toilets. “We love
this house,” says Bowman. “Living here has enabled us to do
good things for the environment, without drastically changing our
lifestyle.”

If anything, some aspects of the home have made life more
convenient for the Bowmans. Doorbell-shaped buttons in
the kitchen and bathrooms flush and re-circulate water
through the pipes, allowing hot water to arrive to fixtures
quicker, saving time and water. “Guests are curious when
they see those buttons, but once we explain it, they think
it's the coolest thing... they think we’re like the Jetsons,”
Bowman says. Indeed, the future is now for homes that can
help conserve water resources without giving up quality of
life.

Saving some serious change in the process is another perk. The
Bowman family’s water bills are routinely in the lowest or
second-lowest range of usage possible, and they don't have to
obsess over every last drop. Still, the Bowmans, who have
always been water-conscious, find that their home's
performance motivates them to do their part to conserve water.

“When people think green, they think sacrifice,” says Bowman,
“but [in the future] buying a WaterSense labeled home won't
change your way of life, and it won't break the bank. It's also the
right thing to do for my kids and eventually my grandkids.”
Especially in states with recurring drought concerns, conserving
water every day by purchasing a home built to the WaterSense
program’s specification will be a smart investment for future
homebuyers and future generations.

The WaterSense program released a revised draft of the
specification to establish the criteria for water-efficient new
homes in May. The Bowmans' home was built as part of a pilot
program in 2009. When the specification is finalized later this
year, the voluntary WaterSense New Homes program will open

Water
Dreplets

Did you know that backyard
pools lose their water just
by sitting in the sun?
Covering your pool could
cut its evaporative water
loss by as much as 50
percent, saving both the
cost of water and the cost of
pool chemicals. Using a
cover could save up to
14,000 gallons annually in
places where pools remain
open year-round. That's
enough water to wash your
family's bathing suits and
pool towels more than 300
times!








for builders who construct single-family homes and townhomes,
three stories or less in size. Visit the revised draft WaterSense
new homes specification page for more information about the
upcoming program, or learn more about the Bowmans' water-
efficient digs in a story featured in University City Magazine
(PDF) (3 pp, 1.3MB, About PDF).

[ top of page ]









A Home With
a Higher 1Q

WaterSense Looks to
Cut Residential Water Use
by 20 Percent

By Tim denHartog

ow much water do you use at home on a daily

basis? Five or more minutes in the shower, a cou-

ple minutes brushing your teeth, flushing the toilet
numerous times throughout the day, running the dishwasher
or doing a load of laundry?

Add that all up and you may be amazed at the total
amount. If you're the average American, most studies put the
number between 80-100 gallons of water per person per
day. Overall, residential water use accounts for 47 percent of
all water supplied to U.S. communities. The EPAs
WaterSense program has been working to reduce that num-
ber by promoting water efficient products and services
through its WaterSense label.

WaterSense is a relatively new program, but its sym-
bol may soon become as prevalent as the EPA's blue ENER-
GY STAR. In a nutshell, the WaterSense label makes it easy
for consumers to find and select water-efficient products with
good performance. The EPA says the program “enhances the
market for water-efficient products by building a national
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brand” that consumers can trust. Manufacturers earn the
WaterSense label by being tested and/or certified by a third-
party organization such as IAPMO R&T. Often the products
must meet a higher standard of performance than their more
wasteful counterparts.

The first product to receive the WaterSense label
was the high efficiency toilet (HET). HET's are old news by
now, but they reduce the standard 1.6 gallons per flush (gpf)
to 1.28 gpf. There are more than 160 models offered by var-
ious manufacturers, and the WaterSense HET's have proven
their worth in homes and businesses around the nation.
Many cities are following the lead of California, which passed
a law mandating that all new homes constructed in 2014
install toilets with 1.28 gpf or less. :

Bathroom faucets can also be found with the
WaterSense label. The maximum flow rate of WaterSense
faucets and aerators is 1.5 gpm, tested at a flowing pressure
of 60 psi. The faucets must also have a minimum flow rate
of 0.8 gpm @ 20 psi to ensure performance across a variety
of different household conditions.








WaterSense:

New Home Specifications

The EPA has rolled out its newest label and is seek-
ing comment on a WaterSense draft specification for water-
efficient new homes. Applying to new single-family homes
and townhouses three stories or fewer, the criteria are
expected to achieve a 20 percent reduction in water use, or
about 10,000 gallons of water per household a year. To
achieve the savings, the specifications incorporate
WaterSense labeled products as well as other water-efficient
products and practices. The criteria are divided into three
categories: indoor, outdoor and education.

I. Indoor Water Efficiency

Fixtures

Some of the reguirements for indoor water efficien-
cy are what one would expect — toilets and bathroom faucets
that carry the WaterSense |label. Expected savings from HET's
is 20 percent, bathroom faucets are 5 percent. Kitchen
faucets are only required to meet the Federal standards for
- maximum flow rate of 2.2gpm @ 60 psi.

Roughly 17-20 percent of residential water use can
be attributed to the shower, accounting for 1.3 trillion gallons
of water in the U.S. every year. Showerheads are currently
only regulated to the 1992 EPACt standard of 2.5 gpm @ 80
psi, but the criteria will be updated once the WaterSense
showerhead specifications are complete.

Showerheads must also be equipped with an auto-
matic compensating valve that complies with ASSE 1016 or
ASME A112.18.1/CSA B125.1 and be specifically designed
to provide thermal shock and scald protection at the flow rate
specified above.

The specification goes a step further by establishing
a total allowable Tlow rate of 2.5 gpm per compartment. The
specification, which applies to multiple showerheads, rain
systems, waterfalls, body sprays, and jets, is meant to
address the growing trend of luxury showers. These systems
can use as much as 10 gallons per minute, and defeat the
purpase of water efficient fixtures.

Pressure

Too much water pressure causes higher flow rates
and wastes water. All model-plumbing codes require a pres-
sure-reducing valve when the water main pressure is greater
than 80 psi. WaterSense goes a step further, requiring the
static line pressure to not exceed 60 psi. A pressure reduc-
tion of 20 psi can reduce water flow by more than 10 per-
cent without sacrificing performance. Loweting the service
pressure also helps to reduce the chance of leaks and bro-
ken pipes.

Hot Water

Running water down the drain while waiting for hot
water to get to the tap wastes 10,000 gallons each year in
the average American household. Research has suggested
that water waste could be reduced by 90 percent if homes
are constructed with efficient systems that address plumbing
design, pipe insulation, demand recirculation and drain heat
recovery.

To be labeled a WaterSense home, all hot water
pipes, above and below ground will need to be insulated to a
minimum of R4. Insulated pipes can keep the water temper-
ature 2°F to 4°F hotter, reducing heat loss and increasing the
time water stays hot between events.

The specifications require that the home be
equipped with at least one of the following: demand-initiated
hot water recirculating system, whole house manifold system
and/or core plumbing system.

Hot water recirculating systems reroute cold water
sitting in the hot water pipes back to the heating system
before use, saving water from going down the drain while
waiting for the hot water. A pump is used to deliver hot water
to fixtures quickly, further reducing the wait for the water to
get hot. Instead of continually recirculating the water, on-
demand systems only run when hot water is heeded, result-
iNng in a savings.on energy costs. WaterSense specifications
require that the demand initiated hot water recirculating sys-
tems must be designed so that less than 0.13 gallons of
water are in the piping between the recirculating loop and
any hot water fixture.
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!| Disclaimers

v The authors (Gauley & Koeller) have no special
interest, financial or otherwise, in the products,
technologies, companies, or organizations
manufacturing, promoting, or selling the products
described in this presentation.

v This presentation identifies those products that, in

the authors’ opinion, are innovative, and likely to
result in substantial water savings.
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Criteria for selection...

v Indoor water use reduction (irrigation is another matter)
v Residential and non-residential applications

v Generally available in the marketplace
* A product, technology, or program
e Can be a new approach to an old application
e But, no “ideas” or undeveloped products

v Water use can be determined
* Field or laboratory - “real world” preferred

v Potential for significant, long-term impact
* Regional or all of North America
* Potable or non-potable water
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& How did we select?

v Work with manufacturers & industry leaders

v Feedback from water utilities & water efficiency practitioners
v Laboratory and field testing by Veritec, Koeller, & others
v Interviews with other stakeholders...

e Green building advocates
o WaterSense® implementation team members
e Facilities managers and property owners
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S0, let’s get started
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#5 High-Efficiency

* Commercial Dishwashers

v 150,000 high-capacity DWs in N.A.

e Conveyor & Flight-type
 Many over 15 years old
* Energy costs driving machine efficiencies

2010 IAPMO / WPC Emerging Technology Symposium - May 11-12, 2010 6








#5 High-Efficiency
Commercial Dishwashers

v Evolution of hot water use efficiency to wash,
rinse, sanitize
 1990s - 2.5 gallons per rack (9.5 Litres)
e 2000 - 1.2 gallons per rack (4.5 Litres)
« 2010 - 0.3 gallons per rack (1.1 Litres)

v Standard DW ‘rack’ - 20” x 20” (500 mm x 500 mm)
« Capacity equivalent = ~30 plates

2010 IAPMO / WPC Emerging Technology Symposium - May 11-12, 2010 7








Dishwasher Water Use (2 racks)

20.0

[y
o0
o

(Y
o
(=]

Gallons per full wash & rinse cycle

16.0 |
14.0 -
12.0 |

Hand washing New Non-Efficient New Efficient Most Efficient New

©ON H» O ®
© o o o o©

(Univ of Bonn) Residential Energy Star Commercial
Dishwasher (Avg) Residential Dishwasher
Dishwasher (Typ)
Type of Dishwasher

2010 IAPMO / WPC Emerging Technology Symposium - May 11-12, 2010








#5 - High-Efficiency

i Commercial Dishwashers

...Tor U.S.-Canada

v Total potential annual potable water
savings - estimated -

21 billion gallons or 80 bil. litres

2010 IAPMO / WPC Emerging Technology Symposium - May 11-12, 2010 9








TOP PRODUCT #4
Waterless Wok

The “typical” kitchen!








i #4 - Waterless Wok

v Originally conceived & developed in
Australia - Sydney Water & others

v U.S. development: Wok Water Saver
Double-burner wok table
Burner efficiency same as conventional

Water recirculation loop to external chiller
v Removes excess heat from wok table
v Only 2.3% additional energy

Savings = ~120 gallons per hour
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i #4 - Waterless Wok

...Tor U.S.-Canada

v Total potential annual potable water
savings -
37 billion gallons or
140 billion litres

v BUT, a “difficult sell”

2010 IAPMO / WPC Emerging Technology Symposium - May 11-12, 2010 13








#3 Hot water demand system
(after-market)

= Not “new’....available for years

= Used to reduce “wait time” for hot water
= Primary user benefit
= Water use reduction a secondary benefit

= Not a “tankless water heater” nor
“point-of-use water heater”

14








#3 Hot water demand system
(after-market)

= Uses dedicated ‘return line’ OR existing cold
water supply line

7

= Timer, temperature-controlled, or “on-demand

= Barrier to installation: requires electrical outlet
under lav sink furthest from water heater

(cost of unit PLUS cost of electrician)

= User/homeowners install for convenience and
just happen to save water

15








#3 Hot water demand system
(after-market)








#3 Hot water demand system
(after-market)

...Tor U.S.-Canada

v Total potential annual potable water
savings -
250+ billion gallons or
950+ billion litres
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#2 - After-market dual-flush
retrofit conversion device

e Design Concept: Convert single-flush toilets
to dual-flush toilets

e BUT - Many mfrs (>12) with products of
qguestionable performance & safety

e Result: 2009 - Koeller and Veritec issued

serious CAUTION STATEMENT!!
» Retrofit devices...

» May increase full flush volume
« May negatively affect toilet performance
» May reduce trap seal

18








#2 - After-market dual-flush
retrofit conversion device

e PROBLEM: No accepted performance “standard”
for such after-market devices

e Koeller and Veritec offer manufacturers
participation in 3"-party testing to address
Issues (manufacturers pay for testing)

e Manufacturers informed that all test results would
be published — good or poor

v Maximum flush volumes

v Independently adjustable full and reduced flush volumes

v Ease of installation (need to remove tank?)

v Ease of adjustment

v' Quality of kit, expected water savings 19








#2 - After-market dual-flush
retrofit conversion device

e Manufacturer response to 3rd-party testing-
* Many initially show initial interest
e Only 2 submit products for testing

e Only 1 (so far) meets minimum requirements
e | arge potential savings —

* Remaining devices at risk (water use, perf., safety)
e CAUTION STATEMENT remains

All such products must be 3rd-party tested to a
recognized protocol!!!
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#2 - After-market dual-flush
retrofit conversion device








#2 - After-market dual-flush
retrofit conversion device








#2 - After-market dual-flush

i retrofit conversion device

...Tor U.S.-Canada

v Total potential annual potable water
savings -
300+ billion gallons or
1+ trillion litres
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TOP PRODUCT #1

i 0.8gal/3.0L Residential Toilet

v Canadian development...2009

» “Proficiency” in Canada and
- “Stealth” in U.S.

v Field testing

» Successfully completed in Ontario
« Underway in Southern California

v Drainline transport addressed in 2005
v Single flush - NO “behavioral” element!!
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TOP PRODUCT #1

i 0.8gal/3.0L Residential Toilet

...Tor U.S.-Canada

v Total potential annual potable water
savings -
1 trillion gallons or
4 trillion litres
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Total Potential
Annual Water
Savings

Capturable Annual

- Relative
Water Savings

Degree of
Difficulty &
Cost to
(Billions 9% Likely (billions (Billions Implement

of litres) Capture* of gals) of litres)

Behavioral
Change
Required?

(billions
of gals)

#1 - 3L Toilets for 1,038 3,929 20% 208 786 Low None
Residential

#2 - Dual-Flush 309 1,168 20% 62 234 Low slight
Conversion Device

#3 - Hot Water 258 976 10% 26 98 Medium | Slight
Demand System

#4 - Waterless Woks 37 141 10% 4 14 High Maybe
#5 - High-Efficiency " .

Coma’l Disiwashars 21 81 5% 1 - High None

*-without financial incentives








i And finally...

v Can these products (and others) reduce
North American potable water consumption,
accommodate growth, and defer major
infrastructure capital expenditures?

Absolutely!!!
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Thank you...

Contact...
John Koeller, Prof. Engr. Bill Gauley, Prof. Engr.
Koeller & Company Veritec Consulting, Inc.
Yorba Linda, California Mississauga, Ontario
Tel. (714) 777-2744 Tel. (905) 696-9391
koeller@earthlink.net bill@veritec.ca
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This web site is one of the Energy Star web sites that talks about and credits
Demand Control Pumping Systems. Don’t know if you had a chance to review or
not. http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/

ES 2011 Mandatory Requirements.pdf

It is important to know that residential pumping systems have been in the
market for over 70 years and in the last 20 years Demand Control Systems have
been installed in existing homes, new homes and multi-family homes. Demand
Control Systems been studied and reviewed as a major part of the water and
energy savings that occurs in a home for the last 13 years. The study of “Hot
Water Distribution” and the pumping systems that operate the hot water
distribution has been one of the most researched and tested of any fixtures in
the home, including hot water heaters, shower heads and fixtures. Every test
has concluded that “controlled pumping Systems” save both water and energy
at a cost of less than $5.00 a year.

The studies have been conducted by Oak Ridge National Laboratory (funded by
the DOE), The California Energy Commission, the AWWA as well as a number of
utilities including Australia and Mexico with awards being given for savings of
water and energy.

Controlled Pumping Systems are EPA HERS accepted credits, LEED Credits, NAHB
Green Building Credits and recommended by the WaterSense group. But the
most important approval is in the California Energy Commission Title 24 Code
that allows Energy Credits for new residential construction in California.
Demand Control Systems have received Energy Credits as early as 2006 with the
CEC who recognized the energy efficiency at an early stage.

Another very important fact is that the three manufactories of controlled
pumping systems are AMERICAN MADE Products.

| have attached a few of the important documents that need to be included in
the report including the report released by the EPA in late 2006 that is an
accumulation of many of the studies completed over the last 12 years.

| will also send you a CD that describes not only the residential savings and
background on Demand Controlled Systems for residential but also commercial
studies completed on Multi-family homes but Southern California Gas and San
Diego Gas & Electric.



http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/ES_2011_Mandatory_Requirements.pdf

http://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/ES_2011_Mandatory_Requirements.pdf



There are over 30 manufactories of residential and commercial pumping
systems and three US companies that manufacture Demand Control Systems.

ACT Inc. D’MAND SYSTEMS www.gothotwater.com
UPONOR (Wrisbo) www.uponor.com
TACO Pumps Co. www.taco-hvac.com

Currently Demand Control Systems are being exported out of the US to seven
other countries and have received awards from Australia and Mexico for their
Water and Energy savings. | have attached the award from Mexico for your
review in both Spanish and English.

Due to the size of some of the files | will send another e-mail and mail to you by
postal mail the CD that shows other studies on both the residential and
commercial buildings.

Thanks you for the consideration and | look forward to your comments.

Larry,

Larry K. Acker CEO

ACT Inc. D'MAND Systems

3176 Pullman Street--Suite 119
Costa Mesa, California 92626
e-mail larryA@gothotwater.com

ph. 714 668 1200 ext. 109
Designed for Today Dedicated to the Future

www.gothotwater.com
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