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uch water and energy
is wasted in residential
buildings, due to
poorly designed, poorly installed—and
therefore  poorly functioning—hot
water delivery systems. Homes built in
the United States today are typically
larger than ever before and include a
number of hot water fixtures not seen a
generation ago, such as second and third
bathrooms and spa-style showers. And
water heaters are typically far away from
many of the hot water fixtures. All this
adds up to long waits for hot water at
fixtures and water and energy down the
drain to no purpose (see “Hot Water
Runs Cold,” HE Mar/Apr ’05, p. 28).
One solution to water and energy
waste is to deliver hot water quickly to
where it is needed. By bringing water
quickly to fixtures that are far from the
water heater, a demand-controlled
pumping system minimizes the waste of
water and energy running down the
drain while someone waits for the hot
water to arrive.When signaled to do so
by a hot water user using a push-button
control, an electronically demand-con-
trolled pumping system sends cold water
back to the water heater until hot water
arrives at the sink, shower, or other fix-
ture where it is needed.
Demand-controlled pumping devices
include sensors and electronics that auto-
matically adjust to standing ambient tem-
peratures in the hot and cold water lines.
When the pump is operating, it measures
a change of temperature; it turns the
pumping system off when the desired
temperature change is met. This keeps
warm water from the cold water side of
the pump.The pumps adjust to ambient

temperatures automatically, anywhere in
North America.

Demand-controlled pumping sys-
tems can be installed on trunk and
branch systems both in new construc-
tion and in retrofits and on structured
plumbing systems installed in new con-
struction or during a major rehab.

In retrofit and in typical new-con-
struction applications, the primary bene-
fit of demand-controlled pumping comes
in the delivery phase: It reduces the waste
of water and energy while users wait for
hot water to arrive. The energy savings
due to the reduction in water waste are
attributable to three factors:

e The water in the circulation loop
that is returned to the water heater is
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generally warmer than the water coming
into the house. Less energy is needed to
keep the water in the tank hot.

e Hot water that is sent at a high
flow rate to fixtures loses significantly
less heat through the walls of pipes than
slow-moving hot water.

« Since the on-demand pump moves
water at a higher flow rate than is typi-
cal, the hot water gets to the fixture
faster, and less hot water is needed to
prime the loop.

Savings Potential

In order to quantify the effects of
demand-controlled pumping, a number
of researchers have studied the character-
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istics, and estimated the hot water effi-
ciency, of demand-controlled pumping
systems in both trunk and branch and



Hot Water

tems installed in new construction
or during a major rehab.

Trunk and branch plumbing is
the most common type of hot
water distribution system found in
both new and existing single-fam-
ily homes. It is characterized by one
main trunk line coming from the
water heater that runs toward the
furthest fixture. No particular effort
is made to optimize the
length or volume of the
branch lines serving
individual fixtures. The
pipes are seldom insu-
lated. Sometimes there
are two main lines
coming from the water

heater to serve fixtures in dif-
ferent parts of the house. In
this case, there are really two
separate hot water distribu-
tion systems, each with its
own waste of water, energy,
and time.

The reduction in water
waste will depend greatly on
the configuration of the
plumbing in the house. In
particular it will depend on
the volume of water between
the water heater and the fix-
tures, on how many and
which fixtures are on the
same trunk line or lines, and on the vol-
ume of water in the branch lines off the
trunk line. These are the structural vari-
ables. There are also behavioral variables,
such as whether the occupants turn on
the water and then 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.
The savings described here only accrue
from improving the structural waste;
changing behavioral patterns would gen-
erate additional savings.

According to the Aquacraft report, the
average daily hot water use per household
ranges from 60 to 80 gallons per day.
According to the ORNL study, the water
savings potential ranges from 10 to 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-
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controlled pumping system. It is useful to
note that the waste is greater than the
potential savings; you can't save more than
you waste.

In retrofit applications, it is unlikely
that any effort will be made to reconfig-
ure the piping to reroute the trunk lines
to minimize the volume in the branch
lines. In new construction, the typical
installations of trunk and branch plumb-
ing do not consider this either. In both
cases, the potential savings are less than

mechanisms placed in key locations
throughout the house, generally one per
hot water-using location.

The circulation loop is intentionally
located so that it is both as short as possi-
ble and within 10 plumbing feet of every
fixture. Except for the friction losses due
to its length, it offers few other restrictions
to flow. Ideally, the only fittings in the cir-
culation loop are the tees for the branch
lines feeding each fixture. An on-demand
pump—sized to overcome the now-

reduced losses in the main circu-
lation line—will be able to
preheat the circulation loop rel-
atively quickly. The pump is

activated shortly before the

desired use to prime the insu-

lated ling, after which the elec-

tronic controls automatically

shut off the pump when they

recognize that the water in the

circulation loop is hot. The

insulation on the pipes keeps
the water hot for about an hour

would be possible with structured plumb-
ing, which is discussed below. A conserv-
ative assumption is that the savings from
using a demand-controlled pumping sys-
tem on trunk and branch plumbing sys-
tems are 15% of daily water use.

Additional energy savings are possi-
ble when demand-controlled pumping
systems are used with structured plumb-
ing. Structured plumbing includes

* a circulation loop that is as short as
is practical and that has as few hard
elbows as possible;

« fixtures or appliances that are
located within 10 plumbing feet of the
circulation loop on branch lines that are
no larger than /2 inch diameter;

« insulation (R-3 minimum) on all of
the hot water pipes; and

e an on-demand pumping system
with electronic controls and activation
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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

five seconds, depending on the

flow rate at the fixture. Assum-

ing that the average waste is

0.5-1 gallon per hot water event in
houses without a circulation system, this
represents a 75%—90% 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 factors—the
three mentioned near the beginning of
this article and a more efficient hot
water distribution system. The more effi-
cient hot water distribution system
comes from reducing the restrictions to
flow (by eliminating unnecessary fittings
and sharp elbows) and from insulating
the pipes. With more efficient distribu-
tion, the water heater need not be set as
high to overcome losses caused by heat
loss through the pipes. It is very com-
mon to find a 5°F-10°F temperature
drop from the water heater to the fur-
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thest fixtures in a house. According to a
study sponsored by the California
Energy Commission (CEC), for a given
flow rate, R-4 insulation will reduce the
temperature drop by half (see Figure 1).



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 noth-
ing is likely to be done to

Savings due to the retrofit of a demand
controlled pumping system are roughly
proportional to the reduction in hours of
operation. The demand-controlled pump

Assuming that the pump operates a rela-
tively long time of 30 minutes as needed
over the day, the savings will be 98%, or
286 therms, or 6,260 kWh per year.

The demand pumping system

change the volume of water in
the branch lines serving each
fixture. Tables 3 and 4 provide
a means for estimating the sav-
ings. In these tables, the steady-
state heat transfer efficiency is
assumed to be 75% for natural
gas and 100% for electricity.
For most single-family circula-
tion systems it is reasonable to
assume that the temperature
drop is 5°F and that the pump
flow rate is 1 gpm.
The standard circulation
pump that is being used in over
90% of the homes with this type of
hot water distribution is a 3 gpm
with 6 feet of head. The average
speed of the water is 1 gpm. Any-
thing much faster will damage the
walls of the pipe very quickly. The
pumps are chosen to have low flow
rates, in large part so that face veloc-
ity in the smallest-diameter and
most turbulent sections of pipe stays
below about 8 feet per second.
Using Figure 1 (p. 20), it is possi-
ble to estimate the flow rate based
on the temperature drop, and vice
versa. Assuming that the loop is
roughly 200 feet long (not a bad
length, given the size of the houses
with recirculation systems), the
temperature drop at a given flow
rate will be roughly twice as much
as that shown in the graph, which
was calculated for 100 ft. At 1 gpm,
this will mean a temperature drop
of more than 5°F If the flow rate is
lower, the temperature drop is
higher. If the flow rate is faster, the
temperature drop is lower. Since
the water heater sees flow rate
times temperature drop, it balances
out. 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 tem-
perature drop is larger, say 10°F, or if
both are true, select the appropriate

energy use from the Tables 3 and 4. If the
system has a timer set for fewer hours,
proportion these amounts accordingly.
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Table 3. Energy Use for a Circulation System
and Gas Water Heater (Therms)

Continuous Pumping at 1 gpm

Temperature Drop
Days | 1°F 5°F 10°F 20°F
1 0.16 0.8 1.6 3.2
30 5 24 48 96
365 58 292 584 1,168
Pump
Flow
Rate
(gpm)
1 58 292 584 1,168
5 292 1,460 | 2,920 5,840
10 584 2,920 | 5,840 1,680

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

www.homeenergy.org

trades off cool down with the need
to continuously reheat the water in
the loop. However, if the recircula-
tion system is insulated (as it should
be), the pump will need to prime
the line only a few times a day.
Once the line is hot, the insulation
will keep it hot for 30—60 minutes.
This is long enough to cover many
of the grouped uses in a typical
daily hot water use pattern. Each
use of hot water during this period
brings hot water to the relevant
fixture, keeping the water in the
line to that point hot for the next
hot water event. At some point the
pipes will cool down below a use-
ful hot water temperature and the
next user will need to prime the
line again. So while some energy is
lost when the pipe cools down, it is
much less than the energy needed
to keep the line hot all day. Note
that most demand pumping sys-
tems run much less than 30 min-
utes a day, so the savings are likely
to be larger.

Significant Savings

Based on this analysis, the sav-
ings on trunk and branch hot water
distribution systems due to a con-
servative 15% reduction in water
consumption result in energy fac-
tor enhancement coefficients rang-
ing from 1.12 to 1.17 for the range
of water heaters that we evaluated.

The savings in structured
plumbing hot water distribution
systems due to a conservative 20%
reduction in water consumption—
the latter due to the demand-con-
trolled pump and the smaller
volume branch lines—plus an
additional savings equivalent to
another 10% reduction in water
use due to insulation, result in
energy factor enhancement coeffi-
cients ranging from 1.27 to 1.42
for the range of water heaters that

were evaluated.
The on-demand pump primes the
line just before hot water is desired. The
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small-volume branch lines minimize
water waste. The insulation keeps the
circulation loop hot for the next use,
so that the next user sees hot water
very quickly as it comes through the
branch line.

The savings for retrofitting exist-
ing recirculation systems are energy,
not water, related, as they are 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% (a savings of
286 therms or 6,260 KWh per year).
This reduction is roughly propor-
tional to the reductions in the pump
run time of the existing system. &

Larry Acker is CEO of ACT Incorpo-

rated, Metlund Systems in Costa Mesa, California. Gary
Klein is an energy specialist with the California Energy
Commission.
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Glenn Chinery of EPA developed the algorithm used in this
study to convert percentage hot water savings into enhanced
eneigy factors for water heaters.
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The following companies offer demand-controlled pumping

Uponor Wirsbo (www.wirsho.com/index.php?id=122&pid=24)

All of these products comply with the applicable plumbing

M. R. Ally, J. J. Tomlinson, and B. T. Ward. Water and Energy
Systems in Residential Homes: A Case Study of Five Homes in

Ridge, Tennessee ORNL/TM-2002/245, October 21, 2002.
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water and energy saving products.
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Websi tiongroup.com
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* Smoke Detectors (30
* Toilet Tank Water Savers |E

Your source for honest, to the point, and useful information to
help you “green” your homes and surrounding landscapes.

Two new resources for residential
green building information . . .
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of BuildingGreen, Inc. C‘I1|y $34.95

Only $17.95
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Brattleboro, Vermont = 800-861-0954
www.BuildingGreen.com
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