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Heat Recovery from Wastewater Using a Gravity-Film
Heat Exchanger

Technology to capture heat from wastewater

Unidentified
3%

designisavertica, counterflow heat exchanger %

that extractsheat out of drainwater (usudly warm)
and appliesit to preheat the cold water entering the
Dishwasher building. The GFX isingtalledinto asection of
13% available, verticd drainlineinadwelling. The
design consists of a3- or 4-inch centra copper pipe
(that carriesthe warm wastewater) with 1/2-in. cop-
per coilswound around the central pipe. Hesat is
transferred from the wastewater passing through the
large, central pipeto cold water s multaneoudy mov-
ing upward through the coilson the outside of the
pipe. Thecoilsareflattened alittlewherethey touch
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20% 43% the pipeto increasethe contact areaand improve heeat and resource
transfer. Thekey to this patented device wasthe management
inventor’sobservation that wastewater clingsina

Introduction film-likefashion totheinsidewal| of the pipe asit Prepared by the

Thereareanumber of usesof hot water in buildings,
including showers, tubs, sinks, dishwashers, and
clotheswashers. Invirtualy al of these cleaning
gpplications, thewastewater retainsasignificant
portion of itsinitia energy—energy that could be
recovered and used. Estimatesbased ontheU.S.
Department of Energy (DOE) test procedure for
water heatersindicatethat the equivalent of

350 hillion kwh worth of hot water isdiscarded
annualy through drains, and alarge portion of this
energy is, infact, recoverable. To capture heat from
wastewater produced by all sourcesin adwelling
and put it to usewould require aregenerator-type,
double-walled heat exchanger—onethat can capture
heat from wastewater generated by onefixtureor
appliance (e.g., aclotheswasher) and apply thisheat
to assist another hot water demand that may occur at
alater time. If wastewater generation isconcurrent
with the need for hot water (e.g., ashower), a
nonregenerative, sraightforward heat exchanger
canbeused. Heat exchanger systemsof eachtype
areavailablefor useinbuildings.

The Gravity-Film Heat Exchanger
(GFX)
The GFX isasmple heat exchanger design for heat

recovery that was developed under agrant fromthe
DOE Inventions Program. Thisstraightforward

Internet: http://www.eren.doe.gov/femp

undergoesgravity flow inthe open drain, and this
warm, faling film transfers heat through the pipe
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wall totheincoming cold water that
passes through the copper coil wound
around the pipe.

The GFX hasanumber of advantagesfor
wastewater heat recovery:

» Rugged, no moving parts
 All copper construction

» Compact; replacesabout fivefeet of
vertical drainling; can beinstalled
wheredrainsarepiped, including in-
sidestudwalls

» Swest connectionsat each end of the
coil whereline pressure exists; rubber
connectorsto attach each end of the
copper pipetothedrain

» Availablewithmultiple parale coils
outsidethe central pipeto reduce pres-
suredrop.

Becausethe GFX hasrdatively little ther-
mal mass, it is unableto store much heat
energy for later use. Consequently, the
GFX isdesigned to work best whenthe
production of warm wastewater and the
need for hot or warm water coincide. For
example, aGFX would not be particu-
larly beneficia for preheating water for a
bath, but it isideal for usewith showers
wheretheuse of hot or warm water for
the shower and the production of waste-
water from the shower occur a the same
time. Small sinks could also benefit from
aGFX if water flowsto and fromthesink
a thesametime.

GFX Performance

To eva uate the performance of the

GFX inatypica residentia application,
weingdled a60-inch GFX systemin

the basement of asinglefamily homein
Knoxville, Tennessee. Weinstrumented
the system and performed experimentsto
measureits performance. The basement
layout of the water heater, entering water
piping, and distribution piping to the
home were such that the hot and cold wa:
ter to the shower (aswdll asall other fix-
tures) first passed through the GFX, as
showninFigure 1. For theevauation, we
ranthe shower at several settings, ranging
from thewarmest shower temperature
available (no cold water to the shower) to
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the coolest reasonable shower
temperature (90°F) by adjusting
the hot and cold water valves.
During thistime, we measured
water flowrates(M) and water
temperatures(T) including the
shower temperature, T6, and the
ambient air temperature, T7. We
maintai ned each setting for severa
minutesto alow temperaturesto
reach constant values before mea-
surementswere recorded.

Wefound that the GFX couldraise
theinlet temperature from 60°F

to 85°F by maintai ning shower
conditions at 2.0 GPM and 120°F

(water heater setpoint; see

Figure2). Wenoticed that, under

these conditions, thetemperature

of thewastewater inlet to the GFX

unit (T3) was 12 F° lower than the
shower temperature (T6) dueto heat

| osses between the shower drain and

the GFX. From measured temperatures
and water flowsthrough the GFX during
thisexperiment, we cal culated the total
amount of heat transferred by the GFX
and the heat provided by thewater heeter.
The GFX preheatsthe cold water tothe
shower aswell astheinlet water tothe
water heater, and thedistribution of pre-
hesting depends on the end-use (shower)
temperature, asshownin Figure 2.

InFigure 2, thetotal prehesting by the
GFX isshown by thetwo lower segments
of each bar, and the upper segmentsindi-
cate heat provided by thewater heater.
With cooler shower temperatures, more
of the GFX contribution goesto prehesat-
ing the cold water, whereasfor warmer
showers(e.g., 120°F), most of the energy
fromthe GFX isused for prehesating hot
water. Over therange of shower tempera
tures studied, the GFX saved about 40%
of thetotal energy needed for the shower
inthisexperiment.

Installation Hints

We used datafrom the experiment to de-
velop asystem model of theGFX. Based
on the system model, we determined how
severd installed piping configurationsto
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Figurel. Layout of GFX systemin
residential application.

and from the GFX aswell asother factors
affect the performance of the GFX.

Balanced vs. Unbalanced Flow. There
arethree basic waysthat pipingto aGFX
system can beinstalled: balanced flow,
unbalanced flow for prehegting cold wa
ter, and unbaanced flow for preheating
water to thewater hegter. |nbaanced
flow, dl of thewater that passesinto the
building also passesthrough the GFX
before the split to thewater heater occurs.
Thisarrangement ensuresthat the
incoming water ishbalanced by an equa
flow of drainwater. The GFX inthe
experimental study wasingtalled for
balanced flow; accordingly, the GFX
preheats dl of the shower water, includ-
ing flow to the cold water side of the
shower faucet aswell asflow throughthe
water hester to the hot water side of the
faucet. Wheretheflowson both sides of
the GFX heat exchanger areequd (bal-
anced), the heat exchanger performance
ishigher than for any other flow arrange-
ment. In balanced flow, thetemperature
drop of thedrain water dways matches
thetemperature increase of theincoming
water.
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Figure2. Heat exchange from GFX.

Theimpact of unbalanced flow on

GFX performanceislessobvious. In
unbal anced flow configurations, the GFX
preheatsthe water to the cold side of the
faucet or thewater through the water
heater but not both. Inthisscenario, the
wastewater flowrate through center drain
pipe of the GFX ishigher than the water
flow through thetubing on the outside of
the GFX because the wastewater includes
cold water that bypassesthe GFX. Thus
for equa shower drain temperaturesand
flowrates, theriseintemperature of the
freshwater through the GFX isgreater
than the changeintemperature of the
wastewater asit flowsthrough the GFX.
Thisgpparent advantageislost, however,
becausethe fresh water flow through the
GFX issmaller for unbalanced flow than
for balanced flow at agiven wastewater
flowrate.

To understand how balanced or unbal-
anced flow affectsthe performance of the
GFX, wemodeled three casesfor asingle
shower: (1) balanced flow piping tothe
GFX, (2) unbdanced flow wherethe
GFX preheatsonly cold water tothe
shower, and (3) unbalanced flow where
the GFX preheatswater to thewater
heater (seeFigure 3). Inaccord withthe
DOE Water Hegter Test Procedure, weas-
sumed awater heater setpoint of 135°C

and anincoming water temperature of
58°F. Theresultsof thisanaysis, shown
in Figure 3, indicate that the GFX saves
more energy under balanced flow condi-
tionsfor all shower temperatures—
approximately 50% savingsin water
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In the unbalanced flow cases, wefound
that the energy saved by the GFX
depended on the end-use (shower)
temperature, asshown. Savingsranged
from 30% to about 45% over dl
reasonable shower temperaturesfor

the unbalanced flow case. Whereitis
impractica toingall the GFX for

bal anced flow, using the GFX to preheat
water to thewater heater (HW preheating
inthefigure) isareasonable option. Fur-
ther, therewould be no tempering of the
cold water ddlivered to thefixturesin the
dwelling.

Wastewater Temperature. Basedon
the experiment, we determined that the
temperature of thewastewater stream
into the GFX hasalargeeffect on GFX
performance. Thetemperature of waste-
water entering the GFX from a 120°F
shower was appreciably cooler thanthe
shower temperature dueto heat losses
fromthedrainline. Had it been
possibletoinsulatethedrain line between
the shower and the GFX, its performance
would have been higher. Inthesystems
modeled, we assumed that the shower
temperature was 12°F higher than the

hesting energy required for ashower. wastewater stream entering the GFX unit.
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Figure 3. Energy saved by using GFX according to flow.
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Had we assumed that therewas no heat lost by the
shower drainwater beforeit reached theinlet to the
GFX, thewater heating energy savingswould beten
times greater than that shown.

Economics

A recent field evaluation of the GFX conducted by
Pennsylvania Power and Light found thesmple
payback of aresidentia GFX systemto rangefrom
2to5years. Thiswasbased onaninstaled GFX
cost of $500 and electricity savingsranging from

800 kWh/y to 2300 kWh/y depending on the average
number of daily showersin eachhome. The
economics of the GFX improved with the number

of daily showersintheresidence asexpected. In
generd, buildingsthat require large amounts of hot
water for showers(e.g., homesof familieswith
severa children, multifamily apartments, or barracks
with showers on acommon drain line) would be
idedl candidatesfor the GFX and would lead to
shorter paybacks.

In addition to operating cost reductionsbased on
energy savingsaone, the GFX providesadditiona
benefits. By recovering heat from drainwater and
simultaneoudy using thishest for prehesting water
to thewater heater, the GFX effectively shortensthe
time needed for thewater heater to recover. Thisis
important if the existing water heeter isundersized
or if thereare more showersthan usua taken back-
to-back. Becausehest isextracted from drainwater
by the GFX, the capacity of thewater heeting system
isincreased. Thismeansthatitispossibletolower
thethermostat setting on the water heater without
directly affecting the capacity of thewater heating
system. These benefits, however, depend on hot
water consumption patternsand thefraction of over-
al hot water consumption that isamenableto heat
recovery by the GFX.
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Summary

The GFX isasimple and effective method for sig-
nificantly reducing the energy needed to produce hot
water. Thesavingsinwater heating energy depends
on the specific instdlation, hot water consumption
patterns, and whether the GFX is piped asbal anced
or unbalanced flow; however, based on our measure-
ments, a30 to 50% savingsin the energy needed to
heat shower water seemsreasonable. Balanced flow
and, if possible, aninsulated drain lineto the GFX
improveitsddivered performance. Theimpact on
overall hot water energy consumption depends on
thefraction of total hot water consumption that
simultaneoudly produceswarm drainwater. Good
candidatesfor GFX gpplicationinthe Federa

sector would be dormitories and barracks, health
fecilities, and commercia and indugtrial
facilitiesthat produce waste heset that could
otherwise be used for preheating water.

Where to go for further information

WaterFilm Energy, Inc.

PO. Box 128, Medford, NY 11763
Tel: 631-758-6271; Fax 631-730-3918
Attn: Dr. Carmine Vasile, President
E-mail: gfx-ch@msn.com
www.gfxtechnology.com

Disclaimer

This report was sponsored by the United States Department of Energy, Office of Federal Energy Management
Programs. Neither the United States Government nor any agency or contractor thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, complete-
ness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade
name, mark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommenda-
tion, or favoring by the United States Government or any agency or contractor thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or any agency or

contractor thereof.

Printed with a renewable-source ink on paper containing at least 50% wastepaper, including 20% post consumer waste

Richland, WA
Phone: (509)

Oak Ridge, TN 3783
Phone: (865) 574 o|» 9
tomlinsonjj@ornl.go

linkousrl@ornl.go

DOE/EE-0247 Revise
July 2005 Revision

)

i


http"//www.oikos.com/gfx/
http"//www.gfxtechnology.com

