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THINGS YOU NEED TO KNOW ABOUT EFFICIENT SHOWERHEADS 

W. Michael Warwick, Pacific Northwest Laboratory (a) 
Curtis Hickman, Bonneville Power Administration 

ABSTRACT 

Efficient showerheads and faucet aerators are 
popular measures for conserving water and energy. 
Certainly, energy and water savings are evident in 
laboratory studies. However, the evidence from field 
studies is less clear. This is largely the result of 
insufficient field research and research designs that 
have not captured all of the necessary data. This 
paper addresses this issue with a summary of re- 
search conducted in the Pacific Northwest. The 
studies described here include information about all 
of the major variables thought to affect savings from 
efficient showerheads. The research results pre- 
sented highlight which of these factors are important 
predictors of savings and provide savings results 
specific to the region. 

INTRODUCTION 

Efficient showerheads and faucet aerators are 
popular measures for conserving water and energy. 
In fact, standards have been included in the Energy 
Policy Act of 1992, specifically to reduce energy use. 

Background 

Showerhead efficiency measures were first advocated 
during the energy crises of the 1970s. Typically, 
these measures consisted of installing flow restrictors 
upstream from the showerhead. Although millions of 
these low-cost devices were distriiuted, they were 
often removed by dissatisfied residents. 

The plumbq fixture industry began redesigning its 
fixtures to conserve water concurrent with these 
after-market conservation activities. Without specific 
standards, efforts by the major plumbq manufac- 
turers only gradually reduced water flow rates in 
showerheads and faucets. However, the last decade 
saw a rapid increase in businesses catering to the 
water and energy conservation market, especially util- 
ity conservation programs. This led to the introduc- 
tion of very efficient showerhead and faucet aerator 

designs by vendors who specialized in conservation 
devices rather than plumbing fixtures. These new 
showerheads were well-received by the public which 
tended to leave them in service rather than removing 
them. 

The increased selection of efficient showerheads and 
aerators removed several barriers to their use in 
energy and water conservation programs. These 
barriers included limits on supply, product choice 
(i.e., to match decor and participant preferences), 
and customer acceptance (e.g., engaging customers in 
the selection of measures increases both participation 
and retention). As a result, efficient showerhead pro- 
grams have been offered by hundreds of organiza- 
tions including energy and water utilities, social 
action agencies, governments, hotel chains, and so on. 
Most of these programs are justified based on savings 
estimated from changes in water flow rates and other 
factors. However, the methods to estimate savings 
were not developed using rigorous field data to 
support them; therefore, these methods often pro- 
duce unreliable and misleading results. The reasons 
for this are complex, despite the comparative sim- 
plicity of water saving measures. 

The Bonneville Power Administration (BonneviUe) 
supplies about one half of the electricity in the Pacific 
Northwest through over 100 retail utilities. It 
adopted an aggressive energy conservation program 
in 1980 to meet growing electrical demand. Although 
water efficiency measures were a feature of 
Bonneviue’s residential conservation programs from 
the beginnin& the focus on showerheads and aerators 
specifically started in 1992. Bonneae evaluates each 
of its conservation programs to verify cost and 
performance. 

Northwest Showerhead Studies 

This paper presents results from a variety of field and 
energy studies conducted by Bonneville and water 
and energy use studies conducted by others in the 
region to assess savings from efficient showerheads. 

Much of the discussion in this paper is based on 
three Northwest studies, which are referred to as 
Study 1, Study 2, and Study 3. 

The Pacific Northwest Laboratory is operated by 
Battelle Memorial Institute for the US. Department 
of Energy under Contract DE-ACO6-76RLO 1830. 
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Study 1 is field study of 100 homes that had 
participated in a Puget Sound Power and Light 
energy-efficient showerhead program. The field 
study was conducted in 1992 by Pacific Northwest 
Laboratory (Bailey and Warwick 1993) and included 
site visits to see how many of the showerheads were 
actually retrofitted, how many of the retrofit 
showerheads remained in use, and what flow rates 
were at the retrofit sites. 

Study 2 is a study of 154 homes conducted by PNL 
for Bonneville Power Administration in 1991 and 
reported in Warwick and Bailey (1993). In this study, 
PNL visited the participant households to install 
energy-efficient showerheads and collect data on pre- 
and post-retrofit water flow rates and occupant and 
site characteristics. 

Study 3 is a study conducted by SBW Consulting for 
Puget Sound Power and Light Company that included 
collection of data on water heater power consump- 
tion, total hot water consumption, individual fixture 
consumption, and other water usage and occupancy 
characteristics in 75 single-family residences. This 
study is documented in an unpublished report, the 
"Energy-Saving Shower Head and Facet Aerator Me- 
tering Study," prepared by SBW Consulting of 
Bellevue, Washington (Report number 9402, 
February 28,1994). 

Models of Savings 

The methods most commonly used to estimate sav- 
ings from efficient showerheads and aerators are 
based on the change in water flow rates. The 
simplest model assumes a reduction in flow rate 
translates directly into a comparable reduction in 
water and energy use. Substituting an estimate of 
current water or energy use into the model produces 
a savings estimate. 

Savings = Water use (gallons) * flow rate change 
(am)  

If the amount of water used per shower or faucet is 
not known, the model can be adapted by inserting 
factors to reflect the fraction of use for these devices. 

Savings = Total water use (gallons) * fraction used 
for showers and aerators * flow rate change (gpm) 

More complex models include behavioral factors. 

Savings = flow rate change (gpm) * occupants * 
showers/occupant. * shower length (min.) * hot/cold 
water ratio * energy used to heat 1 gallon of water 

These models generally assume or ignore certain 
field conditions, such as water pressure, inlet water 
temperature, number of showers in the home, etc. 

Water Heater Use 

Water heater use (water or energy) is necessary to 
benchmark some models, like the first two in this 
paper. It is also useful as a reference point for 
reviewing model results. Water heaters are storage 
devices as well as water heaters. Consequently, a 
fraction of the total energy used by the water heaters 
is for heating cold water to a preset temperature as 
it is withdrawn for use (demand) and another frac- 
tion is required to keep the water hot during storage 
(standby). PNL estimated these fractions in a pre- 
vious study (Pratt and Ross 1991). Actual water use 
data were collected from Study 3 using a 1-month 
monitoring period. These data which are shown in 
Table 1, are subject to climate changes, so estimates 
of annual use are projections rather than 
measurements. 

TABLE 1. ANNUAL WATER HEATER 
ENERGY USE AND HOT WATER USE 

Water Heater Electric Energy Use in 
kWh/household (2.7 people/household 
- Pratt and Ross 1991) 

Demand 3,200 

Hot Water Use (35 people/household 

Gallons/day 61.63 (measured) 

Gallons/year 22,495 (projected) 

- Study 3) 

Average annual hot water energy use is about 1,190 
kwh per person, but this masks any changes in use 
based on the number of occupants per household. 
Table 2 shows the relationship between energy use 
and the number of occupants in the household. 

None of the studies reviewed monitored energy use 
for each hot water use, but Study 3 did collect data 
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TABLE 2. ANNUAL HOT WATER ELECTRIC 
ENERGY DEMAND (in kWh/person) (Pratt and 
Ross 1991) 

UsejOccupant 

~ 

It 3 I 1320 II 
4 1100 

5 1080 

6 I 860 II 
II 7 

on total hot and cold water flow through shower- 
heads and hot water flow through kitchen and bath 
faucets. These data, shown in Table 3, provide a 
good indication of the fraction of hot water used for 
these major end uses. 

TABLE 3. HOUSEHOLD HOT WATER USE, 
DAILY AND PROJECTED ANNUAL() 

End Use Daily %of Projected 
Use total Annual 
(gal.) (gal.) 

Kitchen 1036 16.8 3,780 

Vanity 3.13 5.1 lJ42 

Shower (70% 2050 333 7,482 
hot) 

Shower 29.28 NA 10,685 
(hot + cold) 

water 

(a) Results are based on 35 persons per 
household and are not normalized for weather 
or vacancy. 

Total hot 61.63 NA Q495 

The conclusion is that hot water for both showers 
and faucets represents over half (55%) of the hot 
water used in single-family homes and about 1,750 
kwh of electricity use. Savings from efficiency 
measures will be a fraction of those figures. 

SITE CONDITIONS 

The fraction of hot water that can be conserved 
depends on a combination of site and occupant char- 
acteristics. The site conditions that affect savings are 
the characteristics of plumbing facilities and water 
pressure and flow rates. The principal plumbing 
variables are domestic water source, water heater 
inlet and outlet temperature, the number of showers 
and vanity and kitchen faucets, and the size and 
condition of the water supply pipes that serve them. 

Fixture Inventory 

Data on fixtures were collected in all three studies. 
The results were similar, since single-bathroom 
homes make up roughly half of the single-family 
housing stock. The number of multiple-shower 
homes affects program design because complete 
retrofits of all the showerheads in each home is more 
difficult to achieve and incomplete jobs do not 
capture all savings. Study 2 used professional 
installers to replace dl of the showerheads (Table 4) 
and even then the replacement rate was only 90% 
(Warwick and Bailey 1993). 

TABLE 4. SHOWER RETROFITS PER HOME 
(Study 2) 

No. of Showers Tot 
per Site al 

Supply Piping 

Water supply lines in newer homes conform to 
standard sizes and materials. However, some older 
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homes use non-standard pipe sizes and even non- 
standard materials such as lead pipe. Most programs 
skip these homes. In Study 2,3% of the homes were 
in this category. A similar condition may exist in 
homes with bath/shower combinations. In Study 2, 
97% of the showers were activated through a diverter 
value on the bathtub spout. These diverter valves 
can leak water, which prevents sufficient water from 
reaching the showerhead to deliver a satis-factory 
shower. The percentage of tub/shower combinations 
was 62% in Study 1 and 65% in Study 2. Three 
diverter spouts (2.9%) had to be replaced due to 
excessive leakage. 

Water Pressure and Supply 

There are two primary sources of domestic water: 
wells and city water supplies. Most people in the 
Pacific Northwest are served by city water (80%), 
although some small water districts rely on wells. 
The distinction between city water and on-site 
domestic wells is significant. City water systems 
usually regulate their water supply to maintain 
standard water pressure, usually at around 60 pounds 
per square inch (psi). On-site domestic wells have 
controls that can be manipulated by the resident. 
Typically, these provide water pressure between 25 
and 45 psi. The end result is that water pressure to 
individual homes can vary significantly, which affects 
the performance. of all plumbing fixtures (Table 5). 

TABLE 5. WATER PRESSURE VARIATIONS 

Study1 Study2 

Average (avg. psi) 66.7 605 

Range (avg. psi) 30-148 28-110 

Percentage of Sites 29% 20% 
on Wells 

Well Pressure (avg. 495 39 
Psi) 

City Pressure (avg. 
Psi) 

Existing Flow Rates 

The wide range of water pressures contributes to a 
wide variation in shower and faucet flow rates. What 
is particularly striking is how much these flow rates 
differ from conventional wisdom. For example a 

recent issue of Southern Living (Joyner 1994) cited 
flow rates for 'standard showerheads' of %tween 
5 and 9" gpm. In contrast, less than 10% of the 
showers in Study 2 had flow rates over 5 gpm. The 
average for the existing showerhead flow rates in the 
three studies was about 3 gpm. A comparison of 
flow rates for existing showerheads in these studies is 
shown in Table 6. 

TABLE 6. FLOW RATES OF EXISTING 
SHOWERHEADS 

Study Flow (avg. gpm) 

I 1  2.7 

2 3.2 

3 3.0 

Comparable data on faucet flow rates is available 
only for Study 3. Kitchen sinks had an average flow 
rate of 1.98 gpm and vanity sinks had an average flow 
rate of 2.18 gpm. 

Water Heater Data 

The three studies focused on homes with electric 
water heaters, all of which were nominal 50-gdon 
water heaters. Some homes had multiple water 
heaters (4%). Hot water temperature was reported 
in Study 3 as an average 132' F. Water heater 
wraps are a popular energy conservation measure in 
the region, and virtually all utilities have offered them 
for over a decade, most with cash incentives. Never- 
theless, less than half of the water heaters inspected 
in two studies had extra insulation (30% in Study 1 
and 38% in Study 2). 

Summary 

We can conclude from these results that physical 
characteristics of existing plumbing fixtures have a 
significant effect on potential savings from hot water 
efficiency measures and that these characteristics are 
neither as uniform nor as 'bad' as assumed. Flow 
rates for existing b e s  are already close to Federal 
standards, on average. Domestic wells reduce savings 
potential because their lower water pressure 
significantly reduces flow rates. Finally, about two- 
thirds of energy use is for hot water demand and 
one-third is for standby and about half of the hot 
water 'demand' energy (or one-third of the total 
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energy use) is in hot water uses that are affected by 
showerhead and faucet efficiency measures in single- 
family homes. 

OCCUPANT INnuENcEs 

The primary occupant influences are installation rates 
for efficiency measures (how many of the ‘old’ 
measures are retrofit), shower temperature and flow 
settings, number of showers and their length, number 
of occupants, and response to efficiency measures. 

Flow Rate Changes 

There are two influences on flow rate changes: the 
performance of the measures themselves, and how 
occupants use them. 

Occupant settings for shower controls is hotly 
debated. Surveys and even in-home inspections 
indicate that some occupants do not turn showers to 
their full ‘on” position. However these responses 
may not be an accurate reflection of actual settings, 
especially over the course of a shower or from one 
day to the next. The usefulness of this statistic is 
questionable as well, because only a fraction of the 
population even claims to use less than full force 
settings and their behavior is likely to change if they 
use different showers. 

Attempts were made to address this subject in two 
regional studies. Study 1 asked about shower settings 
in a survey. About a quarter (27%) of the parti- 
cipants responded that they used a ‘partial” setting. 
It is not clear from this response if that setting was 
for the respondent or all bathers in the household, 
About one-third (35%) responded that they used 
‘full force” settings. The remainder either didn’t 
know or didn‘t respond to the question. Study 3 
used on-site inspectors who asked one occupant to 
adjust the shower to the setting they normally use. 
The result was a significant reduction from the ‘full 
force‘ measurement for both existing and effiaent 
measures. 

Again, it is not clear that these settings are 
representative of either the entire household or for 
an entire shower. However, they tend to indicate 
that current showerhead flow rates may be even 
lower than field measurements indicate and that 
occupants attempt to compensate for the reduced 
flow of efficient showerheads by turning up the water 
volume. These data indicate the combined effect is 
to reduce expected flow rate from the full force 
estimate of 38% to the partial setting flow rate of 

27%. This reduces the estimated savings by 41% 
(see Table 7). 

TABLE 7. FULL AND ADJUSTED FLOW 
RATES AND DIFFERENCES 

Full 
Force 
Flow 

Old 3.01 gpm 
Head 

New 1.87 gpm 
Head 

Differ- 1.14 gpm 
en= 38% 

Partial 
Setting 
Flow 

2.45 gpm 

1.78 gpm 

0.67 gpm 
27% 

Differ- 
ence 

056 
gpm 
19% 

0.09 
gprn 5% 

The data presented also hint at another key finding 
regarding the performance of efficiency measures 
themselves. The retrofit showerheads used in the 
previous table were rated at 23 gpm. Their in-field 
performance averaged 1.9 gpm. AU three studies 
concurred that in-field performance of showerheads 
differs significantly from manufacturers’ ratings (see 
Table 8). 

TABLE 8. FIELD MEASUREMENTS OF 
EFFICIENT SHOWERHEADS 

Study Flow Measured 
&tin% Flow (gprn) 
(gP4 

Studv 1 23 1.8 

Study 2 2.1 1.8 

Study 3 23 1.9 

Retrofit Rates 

The second major occupant influence on showerhead 
savings is the rate of replacement of old showerheads 
with effiaent new ones. There are two factors that 
influence the retrofit rate: the number of showers 
per home and whether retrofitting is done profes- 
sionally or not. To ensure complete retrofitting (a 
100% replacement rate), each home has to be pro- 
vided with sufficient retrofit showerheads, which 
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complicates program design. Use of professional 
installers is likely to result in near 100% replacement 
rates, but is expensive. Self-installation by participants 
is less expensive but has its own limitations. Distri- 
buting too many showerheads increases costs without 
increasing savings and incomplete retrofitting (less 
than 100% replacement) reduces both costs and 
savings. 

Studies 2 and 3 used professional installers. Study 2 
attempted to replace all showerheads but encount- 
ered barriers that limited the replacement rate to 
9076, a likely maximum replacement rate for a large- 
scale program. Study 3 did not attempt to replace all 
showerheads. 

person. For example, people may respond to the 
question based on their %ormalU routine, but 
ignore weekends and holidays when they do not 
follow that routine. b o t h e r  interpretation is that 
the number of showers may be accurate; however, 
they are not necessarily taken in the home. For 
example, some days people may shower at school or 
at a gym or they may be traveling. Previous PNL 
research has identified this kind of %on-routine" 
behavior as a major contriiutor to inaccuracy in 
engineering estimates of energy use. 

TABLE 10. SELF-INSTALLATION RATE 

Study 1 relied primarily on self-installation. Two 
findings emerged from this study. First, self- 
installation did not achieve 100% replacement rates 
and second, there was a long lag time between 
receipt and installation of the second showerhead 
(see Tables 9 and lo). It is highly likely that some of 
these showerheads were installed because the parti- 
cipants had been contacted to arrange an on-site 
inspection to verify their installation. 

TABLE 9. SELF-INSTALIATION TIME LAG 

Months after Within 4 
Receipt 

No. Homes 

Percent 

Shower Use and Duration 

The final major occupant influence on efficient 
showerhead performance is showering behavior. As 
noted previously, reliable data on this topic is difficult 
to acquire and nearly impossible to use to produce 
accurate estimates of expected savings. Bonneville 
cited three non-regional surveys to justify its assump- 
tion of 0.77 showers per person per day averaging 6 5  
minutes each. Study 2 used two participant surveys 
to assess these factors and received responses indi- 
cating 0.9 showers per person per day averaging 7.4 
minutes each. 

PNL did some exploratory analysis in an attempt to 
separate hot water use for showers from other uses. 
One interpretation of the results is that survey 
responses overstate the number of showers per 

Showers/ #of # of # of Showerheads 
Home Homes Show- Retrofit/Home 

CIS 
1 2 3  

1 43 43 13 30 N 
A 

2 52 104 4 2 8 7  

3 or more above # for 2 + 
Showers/home 

Average showers/horne = 1.64 
Avemge replacement rate = 72/159 =45% 

SAVINGS ESTIMATES 

These studies provide several methods for estimating 
savings, changes in water flows, engineering methods, 
and observed changes in water and energy use. 

Water Flow Changes 

Changes in the water flow rates for showerheads for 
the three studies are shown in Table 11. Study 1 
changed only some of the showerheads, which makes 
a comparison of existing and efficient showerheads 
possible. However, it is likely the least efficient 
showerheads were the ones that were retrofitted. 
Faucet aerators were only monitored in Study 3 (see 
Table 12). The observed changes in flow rates are 

Engineering Estimates 
significant. 

Engineering models of energy use and savings, like 
those described in a previous section, Models of 
Savings, are often used to estimate savings potential. 
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Initial estimates of electricity savings were developed 
by Bomeville using the last equation in the section 
and assumptions based on published research. This 
produced an estimated electricity savings of 400 kwh 
per year. When the results of local field studies were 
substituted in the equation, significantly different 
results were obtained (see Table 13). 

Factor 

Showerheads 
Retrofit 

Shower Duration 

Water Flow 
Reduction 

Hot/Cold Water 
Mix Ratio 

Showers/Person/ 
Day 
Person/Home 

Estimated 
Savings 

TABLE 11. SHOWERHEAD FLOW RATE 
CHANGES 

Engineering Field 
Estimate Data 

100% 90% 

6 5  min. 7.4 min. 

1 gpm 1.4 gpm 

50% hot 70% hot 

.n .95 

23 2.8 

4OOkWh 1 , a  
kWh TABLE 12. FAUCET FLOW RATE CHANGES 

Flow Change 

change 
Percent 

1 

035 0.46 

18% 21% 

Pre-Flow 
gpm) 

Post-Flow 

To put these results into perspective, PNL has esti- 
mated total electricity use for all hot water uses at 
3,200 kwh annually. The l,225-kwh savings estimate 
would equal one-third of all hot water energy use! 

A common limitation of engineering models is that 
they do not capture important dynamics. Generally, 
this is because these dynamics are unknown or 
parameters for them are difficult to estimate when 
the models are constructed. Adding additional 
parameters is one way to improve the accuracy of 
engineering models; however, it also increases the 

amount of data that needs to be collected. An 
alternative approach is to directly measure changes in 
use and derive savings estimates from those data. 

TABLE 13. COMPARISON OF ENGINEERING 
ESTIMATl33 WITH FIELD DATA (Study 2) 

Measured Change in Water Use 

Study 3 monitored water use directly. However, the 
monitoring periods were limited to 4 weeks before 
and after efficiency measures were installed. This is 
probably too short a period to fully capture dynamic 
and climatic effects. Linear extrapolations from this 
data are risky. Nevertheless, it is the best data 
available on water use in the region. Table 14 shows 
actual daily and projected annual changes in water 
use after retrofit. 

Significant reductions in water use from efficient 
showerheads are evident in these data. However, 
only a fraction of the reduction is hot water, which is 
where energy savings are obtained. -4n estimate of 
hot water savings is provided assuming the hot-to- 
cold water ratio is 70%. The new faucet aerators 
show a slight increase in use, although their flow rate 
has been reduced, which may reflect the novelty of 
having aerators that swiveL The net effect on total 
use is significantly different for each efficiency 
measure, but is consistent with the reduction in hot 
water use for showering. 
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Ejrtrapolatin energy use from these data is 
complicated I the fact that inlet water temperatures 
vary over the course of the year. These data were 
collected during the fall with cold water temperahue 
varying from 61° F to 52O F. Seasonal Variation in 
ground water temperature in the area ranges from 
39' F in the Winter to an average of 58O F in the 
late summer. 

TABLE 14. WATER USE CHANGES FROM 
EFFICIENCY MEASURES (Study 3) 

Daily Percent Projected 

Shower 
(hot + cold) 

ShowCr(70% -4.23 -21% -135 
hot) 

Kitchen + 0.2 +2% +n 
B a t h m  + 0.2 + 6% +n 
Total Hot -4.65 -75% -1,697 
Water 

Measured Change in Energy Use 

Another perspective on savings is provided from the 
observed change in energy use. This may provide a 
more direct measurement of hot water savings, 
because any change in the mix of hot-to-cold water is 
reflected in the data, Changes in the mixing ratio are 
one source of error in engineering estimates. Such 
changes are likely as consumers attempt to 
compensate for the reduced volume of hot water and 
the finer spray patterns from efficient showerheads. 

Only one of the three studies (Study 2) directly 
monitored hot water energy use. The results from 
that study produced an estimated 515 kwh savings in 
the first year. These results are specific to the 
conditions summarized in Table 15. 

PROJECTING SAVINGS 

These studies provide a rich source of information 
about the performance of efficient showerheads and 
faucet aerators. However, these results are from 
studies of limited duration. Translating these results 
into savings that are representative for the entire life 
of a showerhead requires information about the mea- 
sure's replacement age and rate. Unfortunately, this 

TABLE 15. ESTMATED SAVINGS FROM 
EFFICIENT SHOWERHEADS (Study 2) 

Number of I 1.7 
Showers/home 

Retrofit rate of 
showerheads 

~~ 

Number of occupants 2.8 

Fraction of homes on 20% 
wells (low water 
pressure) 

Rating of efficient 2.1 gpm 
showerhead 

Flow rate change 1.4 gpm 

Monitored savings 515 kwh 

information is not readily available. 

Two of the three studies reviewed in this paper col- 
lected data on replacement rates in the first year 
after showerheads were installed. The results indi- 
cate that about 10% of showerheads are replaced in 
the first year, primarily for performance and appear- 
ance reasons. There are two major innuenax on 
showerhead and aerator replacement. One is its age, 
in other words, "is it worn out yet?" The other is its 
appearance or performance. A showerhead or aera- 
tor is exposed to a replacement 'riskm as a function 
of these two factors. Showerheads are simple devices 
and the risk of failure should be low until the end of 
their engineering life. However, they face a risk of 
replacement with each new occupant in a home. As 
a result, our studies assume that the effective lifetime 
for a showerhead is 12 years. We assume a 10% 
replacement rate in the first year and an 8% rate for 
each of the remaining 11 years. 

Replacement rates are primarily used to estimate 
lifetime savings from measures and cost-effectiveness 
for retrofit programs. When showerheads are 
removed today, they are likely to be replaced with an 
efficient showerhead because Federal standards now 
prohibit the sale of showerheads that exceed 2.5 gpm. 
As a result, the principal benefit of showerhead 
retrofit programs today is to accelerate the 
replacement of wasteful fixtures to reap the benefits 
associated with energy and water savings from 
efficient devices. 
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