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Drain Water Heat Recovery for Single Homes

© RenewABILITY Energy Inc. 2011



Review and Summary

 virtually no heat loss from drain water heat recovery
unit installed in room kept at 70°

« insulate DWHR unit to prevent condensation when
bottom half of unit can be below dew point ﬁmB_umBE_,m
during operation (enclosed in a wall)

 insulate when temperature of drain water exceeds 120F

© RenewABILITY Energy inc. 2011



Freshinlet~46°F  Drainlnlet~101°F Fresh Outlet ~ 75°F




Utility rebates: Union Gas,
Enbridge, Gaz Metro, Minnesota
Power, Virginia Public Utilities and
others

Energy Efficiency Programs:

Energy Star For New Homes in
United States & Canada, LEED,
state grant programs
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You can do it.
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Power-Pipe ™
Power-Fipe - 3 In. Diam, 48 In. Long
{Price includes drain connect r8}

© mm:m<<>m_c._.< Energy Inc. 2011
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Government of France:
http://www.rt-batiment.fr/fileadmin/documents/RT2005/titre_V/Arrete_Titre_V_14_octobre_2010_Power_Pipe.pdf

Government of Canada:
http://oee.nrcan.gc.ca/residential/personal/retrofit-homes/drain.cfm?attr=4

Minnesota Power:
http://www.mnpower.com/powerofone/one_home/waterheating/dwhr/

U.S. DOE:

http://www.energysavers.gov/your_home/water_heating/index.cfm/mytopic=13040

Sears Canada

http://www.sears.ca/stores/shop/search?langld=1&storeld=10051&catalogld=10001&N=0&Ntk=level1 &Ntt=drain
+water+heat+recovery&Nty=1&D=drain+water+heat+recovery&Ntx=mode+matchall&Dx=mode
+matchall&initialquery=true&internalSearch=true

Home Depot Canada:
http://www.homedepot.ca/catalog/drain-water-heat-recovery/173006



Falling Film Heat Exchangers - How they Work, Design and Background

Energy Factor (EF) Enhancement

e.g. 0.67 EF gas water heater without DWHR to 0.93 EF with DWHR Efficiency
of 57% at 2.25gpm

Limitation / Be Aware:
-Does not give actual energy savings

-Ensure that home energy simulation software does not reduce space
heating with increased input Water Heating EF

Advantage:
-On a level playing field with other water heating technologies (e.g. Tankless)
-Easy to compare technologies
-Is widely applicable for Residential labeling programs (e.g. Energy Star)

© RenewABILITY Energy Inc. 2011



Falling Film Heat Exchangers - How they Work, Design and Background

March 2004

 Community
e.zm HERS E%_... nam&.._. for

s___,nm._.m E,_..,.__E. Heat Recovery Device

Executive Summary

The El&.ﬁn:ﬁ of o waste water heat very %ﬁnﬁ ina J_,Engq residential water
heating installation was analyzed® and Energy § (€ ement coefficients
n_n.wn.._sz.ﬁg as a function of fuel {electricity or mnmu _ m.____.,__s_..___ Eﬁnﬁ__.._..i BOE EF, volume of
hot water use, water main inlet temperature, proportion of _..,3 water use that is "batch”
vs, “continuous™, heat exchanger effectiveness of the device, and waste water stream

NOTE:
-GFX is the tradename of a specific proprietary DWHR
-Wast Water Heat Recovery is not the “industry accepted term”

© RenewABILITY Energy Inc, 2011



Falling Film Heat Exchangers - How they Work, Design and 8ackground

Regression Equations
For the simulations performed for This study the % energy factor enhancesment
coeffitients are predicted by the following turve-fit equations, where,

HXeff = woste woter heat resovary device haot exchanger effectiveness [dimensioniess]
for any particular instollation

EFyee = the DOE energy factor rating of o water heater [dimensionless]

RE = the BOC recovery efficiency rating of o weter heater [dimensionless]

gpd = average gallons per doy of het water use [gallons per day)

Tuan = Vg, woter main Infet temperature [F] {ie,, avg. enmmi amblent air temperature)
MNote: aithough these simalations were for water heahers of particulor specified sizes, the
analysis the equations are wilid for other sizes since the thermal ibsses due to differant
sizes are embadied in the GAMASDIOE EF value,

The curve fits of the regression equations to the actual EF enhancement coefficlent and
eheryy cost savings data are shown grephicolly in the Results section above,

Electric: B2-gallon tank, EFuoe ranging from 0.80 to 094
EF emhoncement facter = {HXeff/D 5) 1. 15 =
(1.35 + 0.285 ™ Ln { EFpe®® * gpd®™ / [(Taueer 4534551 1)
- Se, mmx‘msrnanmn new E..G..E. factor = old energy facter  EF enhancement fachor
ghiohe:  Mubriply the water heater's EFooe by the EF
grﬂﬁg‘, ?ﬁ% E.a_ 331 this new value o the EFnee in the HERS rating algarithm

fle., as a HERS rating seftware lnmf), {R¥20.55)
Gas: 40-gallon tank, EF por ranging from 0.34 to 0.68
EF enhancement factor = (HXeff/0.5)" 116 *

{1.3015 » 0284 * Ln { EFpoe™® / REDH » gpd™ T ® [T 53 0450)75 § 3
- 39, mwx&ﬁrﬁnﬂq e nz«ﬁ.. focter = ofd energy forter * EF snhatcement factar
i o uss Ao Calcintions: Mulriply the water heater's EFuqe by the BF
nzraﬁ@_ﬁ,ﬂ ._mn% _uan_ u&n_.. »Em new value a8 the EFpeg in the HERS ratfing n_w_ﬁ_.iws
{i.e., o5 4 HERS rating software input], {20, 95)

© RenewABILITY Energy Inc, 2011




Falling Film Heat Exchangers - How they Work, Design and Background

Mixed Climates with Natural Gas Water Heating

DWHR Rated Gas Tank Gas Tank Gas Tank ‘Gas Tank
Effectiveness Mixed Climate Mixed Climate Mixed Climate  Mixed Climate
2 bedrooms 3 bedrooms 4 bedrooms 5 bedrooms

42.0% 0.960 0.964 0.967 0.970
44.0% 1.014 1.018 1.022 1.025
46.0% 1.069 1.073 1.077 1.080
48.0% 1.124 1.128 1.132 1.136
50.0% 1.179 1.184 1.188 1.192
52.0% 1.235 1.240 1.244 1.248
54.0% 1.291 1.297 1.301 1.305

. B60%  1.348 L1888 1388 1362

BTO%. 1378 Sagez o Taasr 13010

58.0% 1.405 1.411 1.416 1.420
60.0% 1.462 1.468 1.473 1.478
62.0% 1.520 1.526 1.531 1.536
64.0% 1.578 1.584 1.590 1.595
66.0% 1.636 1.643 1.649 1.654
68.0% 1.695 1.702 1.708 1.713
70.0% 1.754 1.761 1.767 1.773
72.0% 1.813 1.821 1.827 1.833

For example, DWHR (57% efficiency at 2.25gpm) and with a Gas Water Heater
having an EF=0.67, the “EF for Water Heating” is now EF=0.93 (which is
0.67%1.387) according to EPA methodology for a 4 Bedroom Home on Gas

Water Heating in a mixed climate zone
© RenewABILITY Energy Inc. 2011



Fatling Film Heat Exchangers - How they Work,

Design and Background

DWHR Rated
Effectiveness

42.0%
44.0%
46.0%
48.0%
50.0%
52.0%
54.0%

56.0%

U BT.0%.

58.0%
60.0%
62.0%
64.0%
66.0%
68.0%
70.0%
72.0%

Mixed Climates with Electric Water Heating

Electric Tank Electric Tank Electric Tank
Mixed Climate Mixed Climate Mixed Climate
2 bedrooms 3 bedrooms 4 bedrooms
0.996 0.999 1.001
1.051 1.054 1.056
1.106 1.109 1.111
1.162 1.165 1.167
1.217 1.221 1.223
1.274 1.277 1.280
1.330 1.334 1.336

. 1.387 . 1.390
: ‘_N:m R CE1A19
1.444 1.448
1.501 1.505
1.559 1.563
1.617 1.621
1.675 1.680
1.734 1.738
1.793 1.797
1.852 1.856 1.860

Electric Tank
Mixed Climate

5 bedrooms
1.003
1.058
1.113
1.169
1.226
1.282
1.339
1.396

Cq4s

1.454
1.511
1.569
1.628
1.686
1.745
1.805
1.864

For example, a DWHR (57% efficiency at 2.25gpm) and with an Electric Water

Heater having an EF=0

92

)

the

“EF for Water Heating

7

is now EF

1

31 (which

15 0.9271.422) according to EPA methodology for a 4 Bedroom Home on
Electric Water Heating in a mixed climate zone

© RenewABILITY Energy Inc. 2011



Falling Film Heat Exchangers - How they Werk, Design and Background

3.10.2. Drainw v (DHR)

{1) Drainwater Heat mmn@ﬁi Emmu H&,_.EEE has gemonsirated a significant potential to reduce
energy use and peak lpads for water heating and Is eligible for credits in ENERGY STAR qualified
new homes using one of the options below:

{8} Under Section 3.11 Blectrical and Appliances Savings Requirements, or under Section 3.12
Fuel Sawings Credits. |
{b) Using a gagaﬂ energy factor (EF) with a hot water heater| it may meet the EF
requirements for water s_ﬁﬁa in the Eﬁﬁmﬂ% Building Packages described in Sechion 4.
(c) Using a icombined EF with a hot water heater| or as an mamﬁ% __“wmamr it may be part of
_ﬁgmﬁﬂgﬁ__maﬂpﬁzm mmgx oftware as de ection 5.

{2} The combined _mm miay be calkculated as shown in ﬂ.ﬁ E_E. gu,_m_%mﬂmq immﬁ Recow
ENERGY STAR Qualified New Homes®, Energy Building Group Ltd., 21 March, m-m

[3) The product m.::m_ﬂ be labeled: “Approved for Potable Water™, The ﬁ.&:ﬁ must be certified by a
Canadian licensed certification company such as ULC, CSA, ETL, et

{4) The product: must be tested for heat exchange effectiveness at 9.5 lpm flow using hot water drain
at 41.0C and entering water ma_u._w_ﬂ no greater than 9.5,

{5) The product must be installed according to the manufachurer's Instrudions.

[B) E_..m.,m a single DHR unit is installed in a house with two or more stacks the credit must be
reduoed by 1/3 if not connected to all the showers in the house,

© RenewABILITY Energy Inc. 2011



Falling Film Heat Exchangers - How they Work, Design and Background

Calculatiorn of the Combined Energy Factor

It is recommended that the credits be based upon the determination of a
“Combined Energy Factor”, (Ef_combined) which Is a reformulation of the US DOE
method (ref 2) for testing and rating of water heaters with consideration to
addition of a DHR unit to the home. This Ef_combined for a water heating
combines both DHR and any primary water heater which has been rated and is
listed by GAMA: Gas Appliance Manufacturers Association (www.gamanet.org).
This method is general enough to include combinations of all primary energy
consuming water heaters and all accepted DHR units as described above; it also
considers standby losses separate from recovery efficiency. This method was
recently proposed by Gerald Van Decker, P.Eng., M.A.Sc. of RenewABILITY Enengy
Inc., manufacturer of the Power-Pipe fine of DHR products (ref 3).

 Ef_combined = Q load / Q_TotalFuel

Where,
..@. ,Em_m:m_ Q.stby N+
_ @:_ama * _M H ..ux_ﬂz

Bamadd

P_omn_ Hm mms #.. z“_?mm_. Qm_“ B
Qstby = Q_load * [ (N_r /ER) — 1) ]

Note: These Equations were developed based upon Energy Balances with the EF Test Methodology.

DHRMaxFactor=.599 was determined from testing by NRCan. N_DHR is the DWHR rated efficiency, PF is 1 for
equal flow and 0.75 for unequal flow and Nr is the water heater Recovery Efficiency

© RenewABILITY Energy Inc. 2011



ralling Fiim Heat Exchangers - How they Work, Design and Background
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These Numbers are based upon the “Combined m:mﬂmv\_umnﬁoﬁ: Calculations and
Independent Performance Testing according to an NRCan Protocol

A CSA Performance Testing Standard may be released in late 2012 / all Manufacturers

are expected to have their units by July 2013
© RenewABILITY Energy Inc. 2011



Falling Film Heat Exchangers - How they Work, Design and Background

-Both Methods were developed Independently
-Both Methods have the same Purpose
-The U.S. Method Includes Climate Zone

-The Canadian Method is based upon Energy Balance, Results in a
Simpler Equation(s) and works for all water heaters and all
DWHR Efficiencies

NOTE:

-EF for Water Heaters is fairly good but it is based upon an
Average US Climate and an Average US Load

-EF itself does not provide a means to accurately model/
predict actual Hot Water Energy Consumption for any site

© RenewABILITY Energy Inc. 2011



Falling Fitm Heat Exchangers - How they Work, Design and Background

What is Needed:
-We Propose a Method for Calculating “Site

Specific EF” based upon: Rated EF,
Climate Zone, Load, and use of

DWHR (and/or Solar Water Heating)

-This Site Specific EF would also make it simple to account for the
energy savings from having Efficient Water Distribution Systems
because a Reduced Load would easily be considered

-This Site Specific EF has been developed and is under Preliminary Review
-1t is a based upon a big, yet straightforward equation

-Some results shall now be presented....
© RenewABILITY Energy Inc. No:



Falling Film Heat Exchangers - How they Work, Design and Background

w Heater EF Tost

Water Hoator 5i

© RenewABILITY Energy Inc. 2011
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Falling Film Heat Exchangers - How they Work, Design and Background

Site Specific Water Heating EF with and witt

© RenewABILITY Energy Inc. 2011




Falling Film Heat Exchangers - How they Work, Design and Background

|
i
i

Rated Energy Fa .nﬁ._._

_._m_umm_ _ummmw_
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