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Efficiency and Solar Water Heating:
Untapped Potential

by Brady Bancroft

Sol.ør water heøting'is more than
just a dream for an enuironmmtølþ
sound.fuhtre. If combined utith inqeased

ffiti*"y of ihe entire utøterheating

þrocess, it is þactical today.

:f ì7-rrtuallv all of the electri at-

\ / t"g *Jr., .u., be saved of
Y technologies and strate ed

service, and at a cost lower than the typical residential
electric resistance water heating system. This is the sur-
prising conclusion of the Rocky Mountain Institute's com-
prehensive report on water heating, part of ia Competitek
series of reports on electric energy efficiency.t

In fact, the majority of residential water heating energy
(6I45Vo) can be saved through a wide v¿riety of efficiency
irnprovements at an average cost of saved energy (CSE)'z

of less than 0.71lkWh. The remaining 3T39Vo savings
can be achieved through a number of alternative water
heating strategies, including solar. The average CSE for
these alternative water heating systems was found to be
about24Í/kWh. Although this ishigher tha¡r the 0'7É for
the efficiency measures, it is considerably lower than the
U.S. average residential rate of 8llkWh, which is the cost
of heating water with a standard electric resistance stor-
age tank system.r

Saving virtually all of the electricity used for water heat-
ing is possible for several reasons:

. A number of water+fficient end-use devices can delive r
the desire d hot-water service (namely clothes washing,
dishwashing, showering, etc) while using substantially
less hot water than their conventional, less<ffrcient,
counterparts.

Bradry Bancvofi co-øuthored "State of llw Art: Watr Heating,"
uhil¿ aresearch¿rwith Rocþ Mu,ntain Institute. He is cunmtly
an associate of IRT Ent¡ironm¿nt's Results Cmter and of th¿ Sohr
'lechnology Institut¿ near Asþm, Colo.

a direct current pump to drive the unit.

o

@Ë5ô:
c
.>r
cþo
E.

Water-Efficient End-Use I) evices
f mplementation of water-effrrcient end-use technologies
I is ttte first step to reducing home hot water energy' Aver-
age hot water use breaks down as follows:

. 49Vo for bathing, of which roughly three-fourths is

for sltowers,

SOLAR
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o 26Vo for clothes washing,
. l4Vo for dishwashing, and
o llVo for sinks.

This breakdown is helpful in pinpointing the potential
savings from each end use. If showerhead flow rate is
reduðed from a nominal 4.0 gal/minto l.4gal/min,65Vo
of shower hotwater can be saved. A 2Gyear lifetime water-
efficient showerhead is a great investment with a CSE of
only 0.llÉlkWh.
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Let me tell you, it sure has made a difference
in the way I look at baths!

o Decrease the tank water temperature by lowering the
thermostat to about 120"F.

. Add anti-convection valves or 360oloop heat traps on
both the tank's inlet and outlet pipes.

o Insulate the first few feet of both the inlet and outlet
pipes to cut conductive heat loss from the tank through
the metal pipes.

o Insulate around other tank penetrations including the
thermostat and the bottom drain valve. A new device
called a "pop cory" insulates the pressure-temPerature
reliefvalve without touching it, allowing safe insulation
of even that orifice. fEditor's note Make sure not to insu-
late the pressure relief valve with the water heater blan-
ket, for safety reasons, or the air intake of gas water
heaters, to allow sufficient oxygen to the flame.]

Distribution losses,which accountforl-15% of the total
hot water energ'y use, can be reduced by h¡¡ethirds for less

than 0.7Ø/kWh with the following measures:

o Insulate all of the hot water pipe runs to slow the rate
of heat loss from the hot water in the pipes.

o Reduce the temP€rature of the hot water, thus reduc-
ing the temperature difference between the pipes and
the ambient air.

. Locate the hot water tank closer to the end-use devices
to minimize the length of the pipe runs and thus the
amount of hot water stranded in the pipes.

. Do not turn on the hotwater tap for draws so small that
hot water will not even have time to reach the faucet.
(Children will often do this.)

¡ Use smallerdiameter pipes as permitted by water<ffr-
cient end-use devices (subject to local codes).

The Solar Alternative
/\nce hot water
Ll.iency measttr
extremely attractive
remaining hot water.

Solar water heating offers the best long-run solution to
the permanent reduction and elimination of electricity
used for heating water. These statements may come as a

with solar hotwater
d earþ 1980s. That
pulous salespeople,

a general lack of understanding of how to best implement
this technology, and many slapdash systems thatwere poor-
ly designed and never worked well. To make matters worse,
when the tax credits disappeared, so did many solar busi-
nesses, leaving thousands of "orphan systems" that were
doomed to break down for lack of proper maintenance.
The net result was a lot of irate solar system owners and a
black eye for the entire solar industry.

Revisiting the solar option with a fresh perspective
reveals a small but stable industry. A variety of well-made
solar wate Y available
throughas ablePeoPle
who can si a solar hot
water system.

The batchwaterheater, one of the simplest solar designs,
is still being made by at least two companies in the United

I
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One-quarter of the hot water delivered to washing
machines can be saved by eliminating the warm water
rinse. (The 1994 Federal
this feature.) Full use of
of vertical-axis machine
machine hot water at a zero marginal cost, while switch-
ing to cold water detergents could save all the hot water
energy at zero cost.

Abãut 22Vo of dishwashing hot water can be saved
through a number of efficiency improvements in the
dishwasher's food filters, spray a.rm geometry, fill control,

save half of the sink hot water at a CSE of between 0.08Ø

and 0.381/kWh. When these aerators are combined with
the new ultrasonic onrloff sink controls, the estimated sav-

ings rise to 68Vo at a combined CSE of 4.26(/kYth'

Reducing Losses
Q tandby losses account for 10-20Vo of tli'e total energy
Ù"use" in a typical residential hot water system. To min-
inrize standby losses:

o Increase the storage-tank-wall insulation.
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Batch collectors, such as these undergoing testing, are an
efficient solution to the water heating needs of an increas.
ing number of schools and businesses.

States: Alternative Systems (Tucson, Ariz.) and Sunshine
Systems (Grass Valle¡ Calif.). This design continues to be
popular due to its low cost and high reliability. (A two-
collector batch system can be purchased for as little as

$1,200 uninstalled. A do-it-yourseHer can still make one
of these collectors from no more tha¡r $l0G-200 worth of
materials.) A $1,200 system plus $100 for extra plumbing
and another $300 for installation would, over its lifetime,
deliven hotwater at a CSE of less than 3ÉlkWh. This solar
water heater design is generally underutilized because of
the perception that it is not very efficient. Although it is
t¡ue that some other designs have higher efficiencies, in
many locations this should not be a determining factor.
For example, in areas with lots of sunshine, the differ-
ences in collector efficiencies become less critical. This is
especially true in mild climates. A good general rule is to
install the simþlzstsystem thatwill do thejob.

Another relatively simple passive design is the thermo-
siphon s¡rstem, which has seen some design refinements
that have made units more efficient and more versatile.
Many of the new systems have improved heat exchange
designs and better insulated stoftrge tanks. One such sys-

tem, which holds some promise (although as yet
unproven in the United States), has a collectorwith flex-
iblè riser tubes that expand and contract during freezing

Carter Quillen examines an evacuated tube solar system
at a Florida Solar Energy Center test facility. This type of
Ð/stem is one of the most efEcient in existence, but replace-
ment of broken tubes is costly,

and thawing
directly thro
the system's
This produc
is not available in the United States yet'

Some more advanced passive designs are more compli-
cated and more expensive. However, they tend to have

tubes break.
One of the most popular advanced passive designs to

enter the ma¡ket in recent years is the Copper Cricket,
made by Sage Advance Corp., in Eugene, Ore. It uses a
fluid action similar to percolating coffee to circulate the
hot fluid to the heat exchange. This highly efficient design

An analysis of this system in different locations from Boston
to Phoenix revealed that it delivered hot water in the range
oiS.+ç-g.+ø/kWh. This is within the range of normal U.S.
residential electric rates but without the problems associ-
ated with fossil fuel and nuclear power plants.

sola¡ water heater works on a tPer'

t fluids from the collector Portion
exchanger without need of a PumP.

till be worthwhile, esPeciallY in
I multifamily) aPPlications' In
I output of the system increases
faster than the costs of additional collectors, PumPs, con-
trollers, and installation labor. Because the quality of the
components is higher than it was a decade ago, a well-
maintained active solar system is an increasingly reliable,
cost-effective water heating option'

There are two main barriers to the widespread use of
sola¡ water heating. The first is that the individual is exPect-
ed to pay the entire capital cost up front and realize the
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savings over tïe life of the system. Yet this same consumer
never pays the cost of an electric generating plant uP fronl
This difference in energy pafment mechanisms makes
solar water heating appear to cost more, even though over
the life of the system it is usually a less expensive option.

An additional barrier is that the lrue cost of energy is
not reflected in its aþþørmt cost. True costs include gov-
ernment subsidies, tax breaks, environmental costs, and
health effece. When these hidden costs are incorporated'
into the cost of each energy option (and this is beginning
to happe n), solar energy will become even more ecG
nomicallyviable than it is today. I !

Endnotes
l. "State of the Art: Water Heating" Competitek report. Snow-

mass, Colo.: Rocky Mountain Institute, Fall 1991.
2. The report compared all options to the "base case" of electric

resistance heating, using a cost{ffective measurement called
the "cost of saved energy" or CSE. The cost and potential sav-

ing estimates given in this report were stated in the context of
savings for the whole United States, but are equally valid for
individuals who wish to reduce water heating in their homes.

Numbers in the report represent the technical potential for
savings, Although very large savings can be achieved relative-
ly easily and at a low cost, it is not likely that the full potential
can be reached without a serious commitment to removing the
barriers that impede the progress of achieving this potential.

3. The average residential elecric water heater uses about 4,480
kwh/yr, costing about $358/yr. (Girde No, 8l on Reader Request Card)

(Circle No. 82 on Reader Request Card)

slim profrle, immunity tofreeze damage and
low maintenance have put the Copper
Crickerru in the forefront of solar téchnology.
Learn the whole cost-saving, energy-eflicient
story. Call or write today.
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WEATHERIZATI@N
Products and Services for
Residential Energy Conservat¡on

. Community Based Organizations

. Weatherization Specialists

. Ut¡l¡ty Companies

- Turnkey Fulfillment

- DSM Programs

- Marketing and Research

FOR INFORMATION AND CATALOG

1-800-221-3359

SERVING

NATIONWIDE

Publications and Software
¡ Energ)¡ Conservation

. Efficient Equipment and Appliances
. Daylighring

. Solar Architecture

Homes aÍe more affordable,
economÍcal, b eautìful and

comfortable,
marketable!

...with these passive solar features. And tbey are
energy efficient and environmentally sound. The Passive

Solâr Industries Council (PSIC| publishes i¡formation
on how to easily and economically incorporate these
features into i¡novative and conventional homes.

Now available:
. Desi8:t Guidelines for New Homes or

Remodeling lSSOl
c Computerized "Workshe¿ts" ($1001

. Workshop/Ttaining Classes (prices vary locally)

Passive Solar Industries Council
1090 Vermont Ave., Suite 1200
\ryashington, DC 20005
(202137r-O3s7
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