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Mr, A, Jack Viesllo
Director, Toventions & Ianovative Programs-CE-12
Conservation and Ren:wuhle Eaergy

Dopartaent of Energ:

oexeatal Duilding, St-csz

Washisgton, DC 20

Dear Hr. Vitullo:

Ve wish to call your artention to an invention entitled “System for Recovery
of Waste Mot Water Neat Fnergy" submitted to ua by Dr. Carmine F, Vasile for
evaluation under Section 14 of the Federal Nonmuclear Energy Research snd
Development Act of 1974. Our evaluaticn has been completed ond ve recommend
Dr. Vasile’s invention ae tecbnically valid and worthy of consideratien for
appropriate Covernment support. The enclosed evaluation report is provided
in suppore of cur recommendation.

The invention is & counter-flou heat exchanger intended for recovering heat
frou waste vater to preheat incoming cold water in residevce.

Second-atage snalyses weve conducted by Mesers, Harvey C. Stenmger and
Milton Pravda; their reports are included under Tab B. The final technical
review by Mr. . 5. Dhillon of the OERI ataff is given in Tab A, Mararial
submitted by the inventor is given in Tab C.

The coucapt and the design are theoreticsily sound, Hovever eventual
practicality is still in question. Support should Focus on validating cost-
effectiveness und cmersy-eaving catisstes, end confirming commerela
easibility in genersl

T4 you have any questions or would like additional information, you may comkact
Mr, Dhillon who has besn assigned as staff coordinator for the favention.
copy of our letter of notification to Dr. Yasile is enclosed.
Sincerely,
oristzal wignea by
Besres Py Levety

George P, Lew
Chief, Office of Haergy-Related Inventions
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Decenber 16, 1986

Dr. Carmine #. Vasile
4 Cordwaiuer Lane
Huntiogton, NY 11743

Dear Dr. Vasile:

We wish to inform you of the results of our evaluation of your inveacion
eatitled "System for Recovery of Waste Hot Water Heat Energy". The evaluation
was conducted in fulfillueat of our respomsibilities set forth in Section 16 of
the Federal Nonauclear Energy Research and Development Act of 1874.

Your invention has been selected for recommendation co the Department of Energy
(DOE) as worthy of eonsideration for possible Government support. Please mote
that our recomendation does pot insure £inancial support by DOE for your
invention, and that our recommendation to DOE should not be construed as an
eadorsemeat of the invention. We are forwardiog a copy of the disclosure and
che evaluacion report to DOE for their consideration; @ copy is enclosed For
your information.

Whea our recomendation is received in DOE, an invention coordinator in the
Iaventions and Inaovacive Programs OFfice, Conservetion and Remewable Energy
will be responsible for determining the type and smount of cupport, if any,
to be provided to you. You will receive a lotter from DOE describing the
inforaation that you will be required to furnish them to determine the type of
assistance. The decision depends upon our recommendation, a review of the
proposed vork, the availability of private sector funds, and the availebility
of Federal funds. Generally the information needed to make the determination
will include description of additional technical development and testing
required, a marketing plan, and a business plan. DOE will provide more
specific details on the inforvation needed.

Your in the evaluation program is i 1€ you have any
Grostione, Phosse 4o oot eriturs va tomect ver

Sincerely,

/ﬁor

ief, Offxce e Energy-Related Inventions

Enclosure



TITLE PAGE POR
ENERGY~RELATED IRVENTION DISCLOSURE

TITLE OF INVENTION: System For Recovery of Waste Hot Water Heat Energy

THE ATTACHED K)CUH:ENTS ARE THE PROPERTY
OF AND WILL BE RETURNED TO:

INVERTION SUPPORT DIVISION
CORSERVATION AND SOLAR
U.S. DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20585

The information contained in this disclosure was provided to the
Office of Energy-Related Inventions at the National Buresu of
Standards to ensble evalustion in accordance with Section 14 of
the Federal Nonnuclear Energy Research and Development Act of
1974 (Public Law 93-577). The information hes been provided to
the Department of Energy (DOE) for consideration for support
wder the same law. The information should mot be used for any
other purpose. Access should be restricted to those persons who
have been designated for receipt of the disclosure for
evaluation or administrative purposes, The information
tained herein should not be shown to or discussed with anyone
All requests for access or for further information by
persons other than those who require the information for
processing purposes mhould be referred directly to the DOE
Tavention Support Division.

THIS DOCUMENT MAY CORTAIN IKFORMATION WHICH IS {a) A TRADE SECRET
OR {b) COMMERGIAL OR FINANCIAL INFORMATION TEAT IS PRIVILEGED OR
CONFIDENTIAL.
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FINAL TECHNICAL REVIEW
System for Recovering Waste Heat
OERT No. 009925

LNZRODUCTION

The igveation entitled "System for Recoveriag Waste Heat” was submitted by
Dr. Carmine Vasile o Jenuary 9, 1984, for evaluation under Section 14 of
the Federal Nounuclesr Energy Research and Development Act of 1974,

It was entered into first-stage evaluation on February 13, 1984, Two
congultant opinions were obtained et the first-stege level. The invention was
subsequently rejected ou Mey 2, 1984, meiniy due to ite high initial cost end
expected long payback period. The inventor submitted new informetion in which
he addressed most of our techoical objections and stressed that the iavention
is cost effective. Auother first-stage coasultant opinion was obtaived and the
invention vas entered into age level on November 29,
1984, Two second-stage reviews were conducted, one by Mr. Harvey Stenger and
fhe second by We. Hilton F. Prawa. Thelr veporto are included under Tab

The second-stage revievers contributed beavily towards redesigning th

Suvontion vbich shouls be acceptable oo the sarker Total eveluscion time for
this invention was 30 months.

This iovention is currently at a prototype development and test stage. A
pateat for this invention has been applied for,

DESCRIPTION

The inveotion is a counterflow heat exchanger (EX) intended for recovering heat
from vaste water to preheat the incoming cold water in a home. Botb stresms of
vater in the EX bave essentially equal mess flow ratio. The HX proposed by the
inventor is a double-valled metallic (copper) pipe as shown in the attached
sketches A-1 and A-2 drews by Kr. Stemger. Warm vaste water flows through

the inner drain pipe while the cold water flows in the outer jacket, thus
recovering part of the enevgy from the waste water. After initial tempering,
part of the water in the cold pipe flows through e conventional heater to raise
its temperature to the appropriare level. The hot vater from the water heater
and lyke-varm vater from the X ave mixed at the shower head., The mixed warm
water along with the soap suds flows into the drain and through the BX im the
vertical section of the drain pipe in the basement.

DISCUSSION

Maoy heat exchanger (HX) designs have been put forward in the past to
economically recover heat from the waste water in # reaidence. The efficiescy
of such BXs in generally low while the installed cost is generally bigh.
Therefore, such KXo are not economically appesling for emergy conservation.
The current invention slso makes au sttempt to recover heat from tbe waste
vater in au economical manver.



It is different from previous BX designs in two weys. First, it utilizes
a thin falling film principle to transfer heat from the vaste water to the
incoming cold water. It is @ very efficient way of transferring beat and
keeping the HX surface relatively clesn. Fouling of the hest exchanger
surfaces does mot appear to be a sigpificant problem according to th
inventor”s experience with the prototype. Due to a vertical mature of the
hest exchanger, solids and sediments do not have opportunity to settle on HXs
Instesd, periodic flow of shempoo and soap suds may belp to

inner surface.
keep it relatively clean

The thickness of the waste water film will be 11,5 mils for 0.5 gpu flov rate
in & 3-inch diameter pipe. This thickness increases to 27.2 mils for a flow
rate of 3.11 gpm. Dr. Barvey G. Stemger, Jr. conducted experiments in the
laboratory which proved that at 3 gpm fiow rate in 2.5-inch diameter pipe,
the water adheres to the inmer surface of the pipe. Wo flow separation vas
observed from the pipe surface. The proposed HX is an ideal application in
vertical portion of the main waste pipe in the basement of a house.

Secand, the proposed X uses balanced mass flow rates of the waste vater as
wvell as the incoming cold water. All the incoming cold water passes through
the BX. Then part of the water goes to the water helr.u for further heating
to an appropriate temperature level (120°F). The remainder of the luke warm
Vacer goes to the verioss fixturcs. This set-up Vll recover sigaif icantly
more energy from the waste water compared to & set-up in unm. the cold vater
quantity equivalent to the hot water flow is sllowed through is
festure may also belp in reducing the piping cost by cansol)dltlng 811 the
cold water and the lukewarm vater in a single piping run.

Another side benefit could be the reduction of cold water pipe sweatiog dova

stream of the RX. the temperature of the incomiug cold water is lover

Than the dew poist temperature of the faside sic, molecure will condense oo
is

The tempereture of the lukewsrn water coming out of

the pipe.
The sweating will be

10-15%°F bigher than that of the incoming cold water.
prevented only during showering and some time thereafter.

The lukewarm water from FX is piped to the toilets in the current design. If
e hmﬂy member flusbes a toilet while the shover is in use, it would result
mall wastage of recovered heat. However, the likelihood of using & Flush

toiler ad o shower simiicancously is small:

The governing health suthorities may require a double-walled separation between
the potable vater and waste pever. Approval from bealth autborities must be
scquired before f e design and of the prototype heat
exchangers, Mr., Pravda hes auggeazed @ double-walled HX design which satisfies
this requirement. This XX design appears to be fairly simple aud could be mass
Produced with current level of techuology.




The proposed AX will recover heat only during showering and when the sinks
are used for vashing hands or during food preparation, etc. There will be av

laundry machine, or using a dishwesher since hot and cold water do mot flow
simltanecusly through the

Dr. Vasile has performed a patent search for his iavention. The search
Teitosnes thet b Johuson”s HE ia quite similer to the propuaed uwen[xnn
except that it utilizes a circulator to pump vater through the HX. ur
Spinion, a cireulator 1o not required. The city vater peossure will be
sufficient to overcome the X pressure drop and deliver hot water at the
fixtures at adequate pressure. The circulator will use electric energy,

thus reducing met evergy recovered. To our knowledge, this product is mot
available on the market. ¥r. Raymond Hunter”s iavention was recommended by
this office (OER1 No. 9516) to the Depertment of Emergy for goverament support.
Mr. Hunter”s AX recovers heat omly from individoel shower drains using flooded
type B, while br. Sasile steempts to recover hest gt the mein vaste pipe using
thia falliog filu principle. The proposed IX is suitable for retrofitting in
Momen with banements end verticul vaste pipes

The material proposed for the heat exchanger is copper, however otber corrosion
resiotant materials can be used. Copper hao a very bigh thermal conductivity
but cheaper materiale shoutd be explored for substitution. Plastics should
also be explored for this applicetion even though they heve relatively lower
thermal conductivity, If sigeificent weste heat cem be Tecovered using plastic
materials they would be visble materisls for the proposed heat exchanger.
Plastico should be considered only if heat transfer caleularious show a
favorable payback.

Energy Saving Potential
As moted ip Mr. ruva. . repu!t, the amual B consumption of emergy for
residestial wate: sbout 2.23 x Btu. Assume 601 water beater

nesal fuel veitizatieo ek'k'xcxency (AFOE) ..-a that 302 is vasted during
showering due to Purcher, assuse that
361 bot water is used for nom-emergy recoveruhla operations such Lau

aoher, tub barbe, ete. The encrgy aveilible for recovery i the
B sbout

a

machines,
vaste pipe

2,23 % 10%% Bru x 0.60 x 0.7 x 0,64 = 0.6 x 10'5 Bru.
Aspuning 50% bomes have basements which can use the proposed invention assuming
5% warket penetrstion end using 53% HX effectiveness s calculated in
Mr. Pravda‘s report, the iovention has the potencial to save

9
0.6 x 1015 x 0.5 x 0.05 x 0.53 = 7.96 x 1012 Bew (2.3 3 X/0 kW)

or 1.35 x 105 barrels of oil equivalent per year. For electrically-beated



wvater, this energy savinge will be twice the amount caleulated above. The
overall energy savings will be much greater if the applicstion of the proposed
X is extended to installations with high hot water ussge, such as apartment
buildings, restaurants, achools, nursing homes, dormitories, motels and
barracks,

Marketing Considerations

An aversge residence cousumes about 87 galloms per day of hot water. The
energy required to beat the water from an average city weter temperature of
55%F to 120°F is 1.72 x 10/ Btu per year. Taking isto sccount the sssumptions
in the previous paragraph, such as 36X hot water is used for nom-emergy
xecoverable operationn, 307 encrgy ia lost during showoring, and 331 X
effectiveness, the et recovered emergy

1,72 x 107 x 0.64 x 0.7 x 0.53 = 4.08 x 10° Beu per year.

This would result in about 2 years” payback period for homes with electric
water heaters vsing 8.66 cents per kW electric rate. The payback would be
6-1/2 years for houses vith natural gas-fired water heaters using 63.5 cents
per therm for the cost of gas. The payback would be & years for homes with
oil-fired vater heaters using $1 per gallon the cont of oil. It is evident
that the proposed HX is not very cost effective for homes with gas-fired water
heaters, and only merginally cost effective for homes with oil-fired water
heaters. But it is very cost effective for homes with electric water hesters.

For 2 family havivg less thau 4 members, or fewer shovers thau 3 taken per day,
the payback period will be longer. Also, if more than one tub bath per day is
taken, the emergy savings will be smaller since the opportunity ro recover
waste beat is very low. Ou the other hand, if a family haa more thau 4
mewbers, the paybsck period for the HX could be shorter. The propossd KX
could be particularly useful for instailations which use significantly more
ot vater, such ao motels, dormitories, barracks, aud apartment buildings.

To our knowledge there ia no such product currently on the market for domestic
use. Since major capital investment is required for tooling and production of
a marketable product in large quantities, licenning may be au appropriste route
for this inveution. The product ¢ould be istroduced as & recrofit produet for
do-it-yourselfers through locel bardware snd plumbing stores, Next, volume
homebuilders could be approsched for use of this FX in the mew comstruction,

Before this product is marketed, approval must be obtained from local health
authorities. It appesrs a double-wall separation will be required between the
potable water and the vaste water. Mr. Pravda has proposed a HX deaign with
dovble-vall separation.
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CONCLUSIONS

« The proposed heat exchenger is technically sound, It recovers waste heat
on the warm waste water and it transfere to the incoming cold water.

2. It has the oversll potential to save 1.35 x 108 barrels of oil per year.

3. Payback for this product is expected to be sbout 2 yeara for sn aversge home
equipped with an electric water heater. Payback will be less for users of
high volume hot water.

+ A design development and test program is needed for the proposed BX.

A practical EX system should be engineered and demign Srawings

.
prepared, keeping in view the recrofit spplication for a majority
of hones. Approval of the HX design from appropriste health
authorities should be obteined before proceeding with fabrications.

The sppropriste IX material should be salected based ou verious factors
involved, inieial cost, ease of fabrication and installation,
optimum el\exgy saved and shorter payback.

b, A detailed cost analysis should be prepared to determine the BX cost
effectiveness,

©. Fabricate prototype heat exchauger

d.  Conduct a prototype test/demonstretion program, For example, inseall
the prototypes in homes occupied by average families and barracks (or
dormitories) in various geographic locations of the United States.
Monitor the energy savings and EX efficiency for & period of ome to two
years. At the end of the test period, the formation of scum on the EX
surface should be checked end its effects on HX performance should be
deternined. If the reduced EX performence results i uneconcmical
payback, the support shonld be terminate:

It test esults are favorsble and BX is as cost effective se
tion should be




