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To cite the regulations in
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ber. Thus, 10 CFR
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Explanation
The Code of Federal Regulations is a codification of the general and permanent
rules published in the Federal Register by the Executive departments and agen
cies of the Federal Government. The Code is divided into 50 titles which represent
broad areas subject to Federal regulation. Each title is divided into chapters
which usually bear the name of the issuing agency. Each chapter is further sub
divided into parts covering specific regulatory areas.
Each volume of the Code is revised at least once each calendar year and issued
on a quarterly basis approximately as follows:
Title 1 through Title 16..............................................................as of January 1
Title 17 through Title 27 .................................................................as of April 1
Title 28 through Title 41 ..................................................................as of July 1
Title 42 through Title 50 .............................................................as of October 1
The appropriate revision date is printed on the cover of each volume.
LEGAL STATUS
The contents of the Federal Register are required to be judicially noticed (44
U.S.C. 1507). The Code of Federal Regulations is prima facie evidence of the text
of the original documents (44 U.S.C. 1510).
HOW TO USE THE CODE OF FEDERAL REGULATIONS
The Code of Federal Regulations is kept up to date by the individual issues
of the Federal Register. These two publications must be used together to deter
mine the latest version of any given rule.
To determine whether a Code volume has been amended since its revision date
(in this case, January 1, 2014), consult the ‘‘List of CFR Sections Affected (LSA),’’
which is issued monthly, and the ‘‘Cumulative List of Parts Affected,’’ which
appears in the Reader Aids section of the daily Federal Register. These two lists
will identify the Federal Register page number of the latest amendment of any
given rule.
EFFECTIVE AND EXPIRATION DATES
Each volume of the Code contains amendments published in the Federal Reg
ister since the last revision of that volume of the Code. Source citations for
the regulations are referred to by volume number and page number of the Federal
Register and date of publication. Publication dates and effective dates are usu
ally not the same and care must be exercised by the user in determining the
actual effective date. In instances where the effective date is beyond the cutoff date for the Code a note has been inserted to reflect the future effective
date. In those instances where a regulation published in the Federal Register
states a date certain for expiration, an appropriate note will be inserted following
the text.
OMB CONTROL NUMBERS
The Paperwork Reduction Act of 1980 (Pub. L. 96–511) requires Federal agencies
to display an OMB control number with their information collection request.
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Many agencies have begun publishing numerous OMB control numbers as amend
ments to existing regulations in the CFR. These OMB numbers are placed as
close as possible to the applicable recordkeeping or reporting requirements.
PAST PROVISIONS OF THE CODE
Provisions of the Code that are no longer in force and effect as of the revision
date stated on the cover of each volume are not carried. Code users may find
the text of provisions in effect on any given date in the past by using the appro
priate List of CFR Sections Affected (LSA). For the convenience of the reader,
a ‘‘List of CFR Sections Affected’’ is published at the end of each CFR volume.
For changes to the Code prior to the LSA listings at the end of the volume,
consult previous annual editions of the LSA. For changes to the Code prior to
2001, consult the List of CFR Sections Affected compilations, published for 19491963, 1964-1972, 1973-1985, and 1986-2000.
‘‘[RESERVED]’’ TERMINOLOGY
The term ‘‘[Reserved]’’ is used as a place holder within the Code of Federal
Regulations. An agency may add regulatory information at a ‘‘[Reserved]’’ loca
tion at any time. Occasionally ‘‘[Reserved]’’ is used editorially to indicate that
a portion of the CFR was left vacant and not accidentally dropped due to a print
ing or computer error.
INCORPORATION BY REFERENCE
What is incorporation by reference? Incorporation by reference was established
by statute and allows Federal agencies to meet the requirement to publish regu
lations in the Federal Register by referring to materials already published else
where. For an incorporation to be valid, the Director of the Federal Register
must approve it. The legal effect of incorporation by reference is that the mate
rial is treated as if it were published in full in the Federal Register (5 U.S.C.
552(a)). This material, like any other properly issued regulation, has the force
of law.
What is a proper incorporation by reference? The Director of the Federal Register
will approve an incorporation by reference only when the requirements of 1 CFR
part 51 are met. Some of the elements on which approval is based are:
(a) The incorporation will substantially reduce the volume of material pub
lished in the Federal Register.
(b) The matter incorporated is in fact available to the extent necessary to
afford fairness and uniformity in the administrative process.
(c) The incorporating document is drafted and submitted for publication in
accordance with 1 CFR part 51.
What if the material incorporated by reference cannot be found? If you have any
problem locating or obtaining a copy of material listed as an approved incorpora
tion by reference, please contact the agency that issued the regulation containing
that incorporation. If, after contacting the agency, you find the material is not
available, please notify the Director of the Federal Register, National Archives
and Records Administration, 8601 Adelphi Road, College Park, MD 20740-6001, or
call 202-741-6010.
CFR INDEXES AND TABULAR GUIDES
A subject index to the Code of Federal Regulations is contained in a separate
volume, revised annually as of January 1, entitled CFR INDEX AND FINDING AIDS.
This volume contains the Parallel Table of Authorities and Rules. A list of CFR
titles, chapters, subchapters, and parts and an alphabetical list of agencies pub
lishing in the CFR are also included in this volume.
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An index to the text of ‘‘Title 3—The President’’ is carried within that volume.
The Federal Register Index is issued monthly in cumulative form. This index
is based on a consolidation of the ‘‘Contents’’ entries in the daily Federal Reg
ister.
A List of CFR Sections Affected (LSA) is published monthly, keyed to the
revision dates of the 50 CFR titles.
REPUBLICATION OF MATERIAL
There are no restrictions on the republication of material appearing in the
Code of Federal Regulations.
INQUIRIES
For a legal interpretation or explanation of any regulation in this volume,
contact the issuing agency. The issuing agency’s name appears at the top of
odd-numbered pages.
For inquiries concerning CFR reference assistance, call 202–741–6000 or write
to the Director, Office of the Federal Register, National Archives and Records
Administration, 8601 Adelphi Road, College Park, MD 20740-6001 or e-mail
fedreg.info@nara.gov.
SALES
The Government Printing Office (GPO) processes all sales and distribution of
the CFR. For payment by credit card, call toll-free, 866-512-1800, or DC area, 202512-1800, M-F 8 a.m. to 4 p.m. e.s.t. or fax your order to 202-512-2104, 24 hours
a day. For payment by check, write to: US Government Printing Office – New
Orders, P.O. Box 979050, St. Louis, MO 63197-9000.
ELECTRONIC SERVICES
The full text of the Code of Federal Regulations, the LSA (List of CFR Sections
Affected), The United States Government Manual, the Federal Register, Public
Laws, Public Papers of the Presidents of the United States, Compilation of Presi
dential Documents and the Privacy Act Compilation are available in electronic
format via www.ofr.gov. For more information, contact the GPO Customer Con
tact Center, U.S. Government Printing Office. Phone 202-512-1800, or 866-512-1800
(toll-free). E-mail, ContactCenter@gpo.gov.
The Office of the Federal Register also offers a free service on the National
Archives and Records Administration’s (NARA) World Wide Web site for public
law numbers, Federal Register finding aids, and related information. Connect
to NARA’s web site at www.archives.gov/federal-register.
The e-CFR is a regularly updated, unofficial editorial compilation of CFR ma
terial and Federal Register amendments, produced by the Office of the Federal
Register and the Government Printing Office. It is available at www.ecfr.gov.
CHARLES A. BARTH,
Director,
Office of the Federal Register.
January 1, 2014.
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THIS TITLE
Title 10—ENERGY is composed of four volumes. The parts in these volumes are
arranged in the following order: Parts 1–50, 51–199, 200–499 and part 500–end. The
first and second volumes containing parts 1–199 are comprised of chapter I—Nu
clear Regulatory Commission. The third and fourth volumes containing part 200–
end are comprised of chapters II, III and X—Department of Energy, chapter XIII—
Nuclear Waste Technical Review Board, and chapter XVII—Defense Nuclear Fa
cilities Safety Board. The contents of these volumes represent all current regula
tions codified under this title of the CFR as of January 1, 2014.
For this volume, Bonnie Fritts was Chief Editor. The Code of Federal Regula
tions publication program is under the direction of the Managing Editor, assisted
by Ann Worley.
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Pages 1 - 322 have been removed for easier reading.
The full text can be found at:
https://www.gpo.gov/fdsys/browse/collectionCfr.action?selectedYearFrom=2014&go=Go

Department of Energy

Pt. 430, Subpt. B, App. E

4.5 Per-cycle standby mode and off mode en
ergy consumption. Calculate the dryer inac
tive mode and off mode energy consumption
per cycle, ETSO, expressed in kWh per cycle
and defined as:
ETSO = [(PIA × SIA) + (POFF × SOFF)] × K/283
Where:
PIA = dryer inactive mode power, in watts, as
measured in section 3.6.1;
POFF = dryer off mode power, in watts, as
measured in section 3.6.2.
If the clothes dryer has both inactive mode
and off mode, SIA and SOFF both equal
8,620 ÷ 2 = 4,310, where 8,620 is the total
inactive and off mode annual hours;
If the clothes dryer has an inactive mode but
no off mode, the inactive mode annual
hours, SIA, is equal to 8,620 and the off
mode annual hours, SOFF, is equal to 0;
If the clothes dryer has an off mode but no
inactive mode, SIA is equal to 0 and SOFF
is equal to 8,620
Where:
K = 0.001 kWh/Wh conversion factor for watthours to kilowatt-hours; and
283 = representative average number of
clothes dryer cycles in a year.
4.6 Per-cycle combined total energy consump
tion expressed in kilowatt-hours. Calculate the
per-cycle combined total energy consump
tion, ECC, expressed in kilowatt-hours per
cycle and defined for an electric clothes
dryer as:
ECC = Ece + ETSO
Where:
Ece = the energy calculated in section 4.1 of
this appendix, and
ETSO = the energy calculated in section 4.5 of
this appendix, and defined for a gas
clothes dryer as:
ECC = Ecg + ETSO
Where:
Ecg = the energy calculated in section 4.4 of
this appendix, and
ETSO = the energy calculated in section 4.5 of
this appendix.
4.7 Energy Factor in pounds per kilowatthour. Calculate the energy factor, EF, ex
pressed in pounds per kilowatt-hour and de
fined for an electric clothes dryer as:
EF = Wbonedry/Ece
Where:
Wbonedry = the bone dry test load weight re
corded in section 3.4.1 of this appendix,
and
Ece = the energy calculated in section 4.1 of
this appendix, and and defined for a gas
clothes dryer as:
EF = Wbonedry/Ecg
Where:
Wbonedry = the bone dry test load weight re
corded in section 3.4.1 of this appendix,
and

Ecg = the energy calculated in section 4.4 of
this appendix,
4.8 Combined Energy Factor in pounds per
kilowatt-hour. Calculate the combined energy
factor, CEF, expressed in pounds per kilowatt-hour and defined as:
CEF = Wbonedry/ECC
Where:
Wbonedry = the bone dry test load weight re
corded in section 3.4.1 of this appendix,
and
ECC = the energy calculated in section 4.6 of
this appendix.
[78 FR 49647, Aug. 14, 2013]

APPENDIX E TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP
TION OF WATER HEATERS
1. Definitions
1.1 Cut-in means the time when or water
temperature at which a water heater control
or thermostat acts to increase the energy or
fuel input to the heating elements, com
pressor, or burner.
1.2 Cut-out means the time when or water
temperature at which a water heater control
or thermostat acts to reduce to a minimum
the energy or fuel input to the heating ele
ments, compressor, or burner.
1.3 Design Power Rating means the nominal
power rating that a water heater manufac
turer assigns to a particular design of water
heater, expressed in kilowatts or Btu (kJ)
per hour as appropriate.
1.4 Energy Factor means a measure of water
heater overall efficiency.
1.5 First-Hour Rating means an estimate of
the maximum volume of ‘‘hot’’ water that a
storage-type water heater can supply within
an hour that begins with the water heater
fully heated (i.e., with all thermostats satis
fied). It is a function of both the storage vol
ume and the recovery rate.
1.6 Heat Trap means a device which can be
integrally connected or independently at
tached to the hot and/or cold water pipe con
nections of a water heater such that the de
vice will develop a thermal or mechanical
seal to minimize the recirculation of water
due to thermal convection between the water
heater tank and its connecting pipes.
1.7 Instantaneous Water Heaters
1.7.1 Electric Instantaneous Water Heater Re
served.
1.7.2 Gas Instantaneous Water Heater means
a water heater that uses gas as the energy
source, initiates heating based on sensing
water flow, is designed to deliver water at a
controlled temperature of less than 180 °F (82
°C), has an input greater than 50,000 Btu/h (53
MJ/h) but less than 200,000 Btu/h (210 MJ/h),
and has a manufacturer’s specified storage
capacity of less than 2 gallons (7.6 liters).
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The unit may use a fixed or variable burner
input.
1.8 Maximum gpm (L/min) Rating means the
maximum gallons per minute (liters per
minute) of hot water that can be supplied by
an instantaneous water heater while main
taining a nominal temperature rise of 77 °F
(42.8 °C) during steady state operation.
1.9 Rated Storage Volume means the water
storage capacity of a water heater, in gallons
(liters), as specified by the manufacturer.
1.10 Recovery Efficiency means the ratio of
energy delivered to the water to the energy
content of the fuel consumed by the water
heater.
1.11 Standby means the time during which
water is not being withdrawn from the water
heater. There are two standby time intervals
used within this test procedure: tstby,1 rep
resents the elapsed time between the time at
which the maximum mean tank temperature
is observed after the sixth draw and subse
quent recovery and the end of the 24-hour
test; tstby,2 represents the total time during
the 24-hour simulated use test when water is
not being withdrawn from the water heater.
1.12 Storage-type Water Heaters
1.12.1 Electric Storage-type Water Heater
means a water heater that uses electricity as
the energy source, is designed to heat and
store water at a thermostatically controlled
temperature of less than 180 °F (82 °C), has a
nominal input of 12 kilowatts (40,956 Btu/h)
or less, and has a rated storage capacity of
not less than 20 gallons (76 liters) nor more
than 120 gallons (450 liters).
1.12.2 Gas Storage-type Water Heater means a
water heater that uses gas as the energy
source, is designed to heat and store water at
a thermostatically controlled temperature of
less than 180 °F (82 °C), has a nominal input
of 75,000 Btu (79 MJ) per hour or less, and has
a rated storage capacity of not less than 20
gallons (76 liters) nor more than 100 gallons
(380 liters).
1.12.3 Heat Pump Water Heater means a
water heater that uses electricity as the en
ergy source, is designed to heat and store
water at a thermostatically controlled tem
perature of less than 180 °F (82 °C), has a
maximum current rating of 24 amperes (in
cluding the compressor and all auxiliary
equipment such as fans, pumps, controls,
and, if on the same circuit, any resistive ele
ments) for an input voltage of 250 volts or
less, and, if the tank is supplied, has a manu
facturer’s rated storage capacity of 120 gal
lons (450 liters) or less. Resistive elements
used to provide supplemental heating may
use the same circuit as the compressor if (1)
an interlocking mechanism prevents concur
rent compressor operation and resistive
heating or (2) concurrent operation does not
result in the maximum current rating of 24
amperes being exceeded. Otherwise, the re
sistive elements and the heat pump compo
nents must use separate circuits. A heat

pump water heater may be sold by the manu
facturer with or without a storage tank.
a. Heat Pump Water Heater with Storage
Tank means an air-to-water heat pump sold
by the manufacturer with an insulated stor
age tank as a packaged unit. The tank and
heat pump can be an integral unit or they
can be separated.
b. Heat Pump Water Heater without Stor
age Tank (also called Add-on Heat Pump
Water Heater) means an air-to-water heat
pump designed for use with a storage-type
water heater or a storage tank that is not
specified or supplied by the manufacturer.
1.12.4 Oil Storage-type Water Heater means a
water heater that uses oil as the energy
source, is designed to heat and store water at
a thermostatically controlled temperature of
less than 180 °F (82 °C), has a nominal energy
input of 105,000 Btu/h (110 MJ/h) or less, and
has a manufacturer’s rated storage capacity
of 50 gallons (190 liters) or less.
1.12.5 Storage-type Water Heater of More than
2 Gallons (7.6 Liters) and Less than 20 Gallons
(76 Liters). Reserved.
1.13 ASHRAE Standard 41.1–86 means the
standard published in 1986 by the American
Society of Heating, Refrigerating and AirConditioning Engineers, Inc., and titled
Standard Measurement Guide: Section on
Temperature Measurements.
1.14 ASTM–D–2156–80 means the test stand
ard published in 1980 by the American Soci
ety for Testing and Measurements and titled
‘‘Smoke Density in Flue Gases from Burning
Distillate Fuels, Test Method for’’.
1.15 Symbol Usage The following identity re
lationships are provided to help clarify the
symbology used throughout this procedure:
Cp specific heat capacity of water
Eannual annual energy consumption of a water
heater
Ef energy factor of a water heater
Fhr first-hour rating of a storage-type water
heater
Fmax maximum gpm (L/min) rating of an in
stantaneous water heater rated at a tem
perature rise of 77 °F (42.8 °C) across the
heater
i a subscript to indicate an ith draw during a
test
Mi mass of water removed during the ith
draw (i=1 to 6) of the 24-hr simulated use
test
M*i for storage-type water heaters, mass of
water removed during the ith draw (i=1 to
n) during the first-hour rating test
M10m for instantaneous water heaters, mass
of water removed continuously during a 10minute interval in the maximum gpm (L/
min) rating test
n for storage-type water heaters, total num
ber of draws during the first-hour rating
test
Q total fossil fuel and/or electric energy con
sumed during the entire 24-hr simulated
use test
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Qd daily water heating energy consumption
adjusted for net change in internal energy
Qda adjusted daily water heating energy con
sumption with adjustment for variation of
tank to ambient air temperature difference
from nominal value
Qdm overall adjusted daily water heating en
ergy consumption including Qda and QHWD
Qhr hourly standby losses
QHW daily energy consumption to heat water
over the measured average temperature
rise across the water heater
QHWD adjustment to daily energy consump
tion, Qhw, due to variation of the tempera
ture rise across the water heater not equal
to the nominal value of 77 °F (42.8 °C)
Qr energy consumption of fossil fuel or heat
pump water heaters between thermostat
(or burner) cut-out prior to the first draw
and cut-out following the first draw of the
24-hr simulated use test
Qr, max energy consumption of a modulating
instantaneous water heater between cutout (burner) prior to the first draw and
cut-out following the first draw of the 24hr simulated use test
Qr, min energy consumption of a modulating
instantaneous water heater from imme
diately prior to the fourth draw to burner
cut-out following the fourth draw of the 24hr simulated use test
Qstby total energy consumed by the water
heater during the standby time interval
tstby, 1
Qsu total fossil fueled and/or electric energy
consumed from the beginning of the first
draw to the thermostat (or burner) cut-out
following the completion of the sixth draw
during the 24-hr simulated use test
Tmin for modulating instantaneous water
heaters, steady state outlet water tem
perature at the minimum fuel input rate
T̄0 mean tank temperature at the beginning
of the 24-hr simulated use test
¯ 24 mean tank temperature at the end of the
T
24-hr simulated use test
¯ a, stby average ambient air temperature dur
T
ing standby periods of the 24-hr use test
¯ del for instantaneous water heaters, average
T
outlet water temperature during a 10minute continuous draw interval in the
maximum gpm (L/min) rating test
¯ del, i average outlet water temperature dur
T
ing the ith draw of the 24-hr simulated use
test
¯ in for instantaneous water heaters, average
T
inlet water temperature during a 10minute continuous draw interval in the
maximum gpm (L/min) rating test
¯ in, i average inlet water temperature during
T
the ith draw of the 24-hr simulated use test
¯ max, 1 maximum measured mean tank tem
T
perature after cut-out following the first
draw of the 24-hr simulated use test
¯ stby average storage tank temperature dur
T
ing the standby period tstby, 2 of the 24-hr
use test

T̄su maximum measured mean tank tempera
ture after cut-out following the sixth draw
of the 24-hr simulated use test
¯ t, stby average storage tank temperature dur
T
ing the standby period tstby, 1 of the 24-hr
use test
T̄*del, i for storage-type water heaters, aver
age outlet water temperature during the
ith draw (i=1 to n) of the first-hour rating
test
T*max, i for storage-type water heaters, max
imum outlet water temperature observed
during the ith draw (i=1 to n) of the firsthour rating test
T*min, i for storage-type water heaters, min
imum outlet water temperature to termi
nate the ith draw during the first-hour rat
ing test
UA standby loss coefficient of a storage-type
water heater
Vi volume of water removed during the ith
draw (i=1 to 6) of the 24-hr simulated use
test
V*i volume of water removed during the ith
draw (i=1 to n) during the first-hour rating
test
V10m for instantaneous water heaters, volume
of water removed continuously during a 10minute interval in the maximum gpm (L/
min) rating test
Vmax steady state water flow rate of an in
stantaneous water heater at the rated
input to give a discharge temperature of
135 °F ±5 °F (57.2 °C ±2.8 °C)
Vmin steady state water flow rate of a modu
lating instantaneous water heater at the
minimum input to give a discharge tem
perature of Tmin up to 135 °F ±5 °F (57.2 °C
±2.8 °C)
Vst measured storage volume of the storage
tank
Wf weight of storage tank when completely
filled with water
Wt tare weight of storage tank when com
pletely empty of water
n recovery efficiency
r
p density of water
tstby, 1 elapsed time between the time the
maximum mean tank temperature is ob
served after the sixth draw and the end of
the 24-hr simulated use test
tstby, 2 overall standby periods when no water
is withdrawn during the 24-hr simulated
use test
1.16 Tabletop water heater means a water
heater in a rectangular box enclosure de
signed to slide into a kitchen countertop
space with typical dimensions of 36 inches
high, 25 inches deep and 24 inches wide.
2. Test Conditions
2.1 Installation Requirements. Tests shall be
performed with the water heater and instru
mentation installed in accordance with Sec
tion 4 of this appendix.
2.2 Ambient Air Temperature. The ambient
air temperature shall be maintained between
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65.0 °F and 70.0 °F (18.3 °C and 21.1 °C) on a
continuous basis. For heat pump water heat
ers, the dry bulb temperature shall be main
tained at 67.5 °F ±1 °F (19.7 °C ±0.6 °C) and, in
addition, the relative humidity shall be
maintained between 49% and 51%.
2.3 Supply Water Temperature. The tempera
ture of the water being supplied to the water
heater shall be maintained at 58 °F ±2 °F (14.4
°C ±1.1 °C) throughout the test.
2.4 Storage Tank Temperature. The average
temperature of the water within the storage
tank shall be set to 135 °F ±5 °F (57.2 °C ±2.8
°C).
2.5 Supply Water Pressure. During the test
when water is not being withdrawn, the sup
ply pressure shall be maintained between 40
psig (275 kPa) and the maximum allowable
pressure specified by the water heater manu
facturer.
2.6 Electrical and/or Fossil Fuel Supply.
2.6.1 Electrical. Maintain the electrical sup
ply voltage to within ±1% of the center of the
voltage range specified by the water heater
and/or heat pump manufacturer.
2.6.2 Natural Gas. Maintain the supply pres
sure in accordance with the manufacturer’s
specifications. If the supply pressure is not
specified, maintain a supply pressure of 7–10
inches of water column (1.7–2.5 kPa). If the

water heater is equipped with a gas appli
ance pressure regulator, the regulator outlet
pressure shall be within ±10% of the manu
facturer’s specified manifold pressure. For
all tests, use natural gas having a heating
value of approximately 1,025 Btu per stand
ard cubic foot (38,190 kJ per standard cubic
meter).
2.6.3 Propane Gas. Maintain the supply
pressure in accordance with the manufactur
er’s specifications. If the supply pressure is
not specified, maintain a supply pressure of
11–13 inches of water column (2.7–3.2 kPa). If
the water heater is equipped with a gas ap
pliance pressure regulator, the regulator
outlet pressure shall be within ±10% of the
manufacturer’s specified manifold pressure.
For all tests, use propane gas with a heating
value of approximately 2,500 Btu per stand
ard cubic foot (93,147 kJ per standard cubic
meter).
2.6.4 Fuel Oil Supply. Maintain an uninter
rupted supply of fuel oil. Use fuel oil having
a heating value of approximately 138,700 Btu
per gallon (38,660 kJ per liter).
3. Instrumentation
3.1 Pressure Measurements. Pressure-meas
uring instruments shall have an error no
greater than the following values:

Item measured

Instrument accuracy

Gas pressure ................................
Atmospheric pressure ..................
Water pressure .............................

±0.1 inch of water column (±0.025 kPa)
±0.1 inch of mercury column (±0.34 kPa)
±1.0 pounds per square inch (±6.9 kPa)

3.2 Temperature Measurement
3.2.1 Measurement. Temperature measure
ments shall be made in accordance with the
Standard Measurement Guide: Section on
Temperature
Measurements,
ASHRAE
Standard 41.1–86.
Item measured

Instrument precision
±0.05 inch of water column (±0.012 kPa).
±0.05 inch of mercury column (±0.17 kPa).
±0.50 pounds per square inch (±3.45 kPa).

3.2.2 Accuracy and Precision. The accuracy
and precision of the instruments, including
their associated readout devices, shall be
within the following limits:

Instrument accuracy

Air dry bulb temperature ..............................
Air wet bulb temperature .............................
Inlet and outlet water temperatures .............
Storage tank temperatures ..........................

±0.2
±0.2
±0.2
±0.5

°F
°F
°F
°F

(±0.1
(±0.1
(±0.1
(±0.3

°C)
°C)
°C)
°C)

3.2.3 Scale Division. In no case shall the
smallest scale division of the instrument or
instrument system exceed 2 times the speci
fied precision.
3.2.4 Temperature Difference. Temperature
difference between the entering and leaving
water may be measured with any of the fol
lowing:
a. A thermopile
b. Calibrated resistance thermometers
c. Precision thermometers
d. Calibrated thermistors
e. Calibrated thermocouples

Instrument precision

........................................
........................................
.........................................
........................................

±0.1 °F (±0.06 °C)
±0.1 °F (±0.06 °C)
±0.1 °F (±0.06 °C)
±0.25 °F (±0.14 °C)

f. Quartz thermometers
3.2.5 Thermopile Construction. If a thermo
pile is used, it shall be made from calibrated
thermocouple wire taken from a single spool.
Extension wires to the recording device shall
also be made from that same spool.
3.2.6 Time Constant. The time constant of
the instruments used to measure the inlet
and outlet water temperatures shall be no
greater than 5 seconds.
3.3 Liquid Flow Rate Measurement. The ac
curacy of the liquid flow rate measurement,
using the calibration if furnished, shall be
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equal to or less than ±1% of the measured
value in mass units per unit time.
3.4 Electric Energy. The electrical energy
used shall be measured with an instrument
and associated readout device that is accu
rate within ±1% of the reading.
3.5 Fossil Fuels. The quantity of fuel used
by the water heater shall be measured with
an instrument and associated readout device
that is accurate within ±1% of the reading.
3.6 Mass Measurements. For mass measure
ments greater than or equal to 10 pounds (4.5
kg), a scale that is accurate within ±1% of
the reading shall be used to make the meas
urement. For mass measurements less than
10 pounds (4.5 kg), the scale shall provide a
measurement that is accurate within ±0.1
pound (0.045 kg).
3.7 Heating Value. The higher heating value
of the natural gas, propane, or fuel oil shall
be measured with an instrument and associ
ated readout device that is accurate within
±1% of the reading. The heating value of nat
ural gas and propane must be corrected for
local temperature and pressure conditions.
3.8 Time. The elapsed time measurements
shall be measured with an instrument that is
accurate within ±0.5 seconds per hour.
3.9 Volume. Volume measurements shall be
measured with an accuracy of ±2% of the
total volume.
4. Installation
4.1 Water Heater Mounting. A water heater
designed to be freestanding shall be placed
on a 3⁄4 inch (2 cm) thick plywood platform
supported by three 2 × 4 inch (5 cm × 10 cm)
runners. If the water heater is not approved
for installation on combustible flooring,
suitable non-combustible material shall be
placed between the water heater and the
platform. Counter-top water heaters shall be
placed against a simulated wall section.
Wall-mounted water heaters shall be sup
ported on a simulated wall in accordance
with the manufacturer-published installa
tion instructions. When a simulated wall is
used, the recommended construction is 2 × 4
inch (5 cm × 10 cm) studs, faced with 3⁄4 inch
(2 cm) plywood. For heat pump water heaters
that are supplied with a storage tank, the
two components, if not delivered as a single
package, shall be connected in accordance
with the manufacturer-published installa
tion instructions and the overall system
shall be placed on the above-described ply
wood platform. If installation instructions
are not provided by the heat pump manufac
turer, uninsulated 8 foot (2.4 m) long con
necting hoses having an inside diameter of 5⁄8

inch (1.6 cm) shall be used to connect the
storage tank and the heat pump water heat
er. With the exception of using the storage
tank described in 4.10, the same require
ments shall apply for heat pump water heat
ers that are supplied without a storage tank
from the manufacturer. The testing of the
water heater shall occur in an area that is
protected from drafts.
4.2 Water Supply. Connect the water heater
to a water supply capable of delivering water
at conditions as specified in Sections 2.3 and
2.5 of this appendix.
4.3 Water Inlet and Outlet Configuration. For
freestanding water heaters that are taller
than 36 inches (91.4 cm), inlet and outlet pip
ing connections shall be configured in a man
ner consistent with Figures 1 and 2. Inlet and
outlet piping connections for wall-mounted
water heaters shall be consistent with Fig
ure 3. For freestanding water heaters that
are 36 inches or less in height and not sup
plied as part of a counter-top enclosure
(commonly referred to as an under-thecounter model), inlet and outlet piping shall
be installed in a manner consistent with Fig
ures 4, 5, and 6. For water heaters that are
supplied with a counter-top enclosure, inlet
and outlet piping shall be made in a manner
consistent with Figures 7A and 7B, respec
tively. The vertical piping noted in Figures
7A and 7B shall be located (whether inside
the enclosure or along the outside in a re
cessed channel) in accordance with the manufacturer-published
installation
instruc
tions.
All dimensions noted in Figures 1 through
7 shall be achieved. All piping between the
water heater and the inlet and outlet tem
perature sensors, noted as TIN and TOUT in
the figures, shall be Type ‘‘L’’ hard copper
having the same diameter as the connections
on the water heater. Unions may be used to
facilitate installation and removal of the
piping arrangements. A pressure gauge and
diaphragm expansion tank shall be installed
in the supply water piping at a location up
stream of the inlet temperature sensor. An
appropriately rated pressure and tempera
ture relief valve shall be installed on all
water heaters at the port specified by the
manufacturer. Discharge piping for the relief
valve shall be non-metallic. If heat traps,
piping insulation, or pressure relief valve in
sulation are supplied with the water heater,
they shall be installed for testing. Except
when using a simulated wall, clearance shall
be provided such that none of the piping con
tacts other surfaces in the test room.
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4.4 Fuel and/or Electrical Power and Energy
Consumption. Install one or more instru
ments which measure, as appropriate, the
quantity and rate of electrical energy and/or
fossil fuel consumption in accordance with
Section 3. For heat pump water heaters that
use supplemental resistive heating, the elec
trical energy supplied to the resistive ele
ment(s) shall be metered separately from the
electrical energy supplied to the entire ap

pliance or to the remaining components
(e.g., compressor, fans, pumps, controls).
4.5 Internal Storage Tank Temperature Meas
urements. Install six temperature measure
ment sensors inside the water heater tank
with a vertical distance of at least 4 inches
(100 mm) between successive sensors. A tem
perature sensor shall be positioned at the
vertical midpoint of each of the six equal
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volume nodes within the tank. Nodes des
ignate the equal volumes used to evenly par
tition the total volume of the tank. As much
as is possible, the temperature sensor should
be positioned away from any heating ele
ments, anodic protective devices, tank walls,
and flue pipe walls. If the tank cannot ac
commodate six temperature sensors and
meet the installation requirements specified
above, install the maximum number of sen
sors which comply with the installation re
quirements. The temperature sensors shall
be installed either through (1) the anodic de
vice opening; (2) the relief valve opening; or
(3) the hot water outlet. If installed through
the relief valve opening or the hot water out
let, a tee fitting or outlet piping, as applica
ble, shall be installed as close as possible to
its original location. If the relief valve tem
perature sensor is relocated, and it no longer
extends into the top of the tank, a substitute
relief valve that has a sensing element that
can reach into the tank shall be installed. If
the hot water outlet includes a heat trap, the
heat trap shall be installed on top of the tee
fitting. Added fittings shall be covered with
thermal insulation having an R value be
tween 4 and 8 h/ft2÷ °F/Btu (0.7 and 1.4 m2÷ °C/
W).
4.6 Ambient Air Temperature Measurement.
Install an ambient air temperature sensor at
the vertical mid-point of the water heater
and approximately 2 feet (610 mm) from the
surface of the water heater. The sensor shall
be shielded against radiation.
4.7 Inlet and Outlet Water Temperature Meas
urements. Install temperature sensors in the
cold-water inlet pipe and hot-water outlet
pipe as shown in Figures 1, 2, 3, 4, 5, 6, 7a and
7b, as applicable.
4.8 Flow Control. A valve shall be installed
to provide flow as specified in sections 5.1.4.1
for storage tank water heaters and 5.2.1 for
instantaneous water heaters.
4.9 Flue Requirements.
4.9.1 Gas-Fired Water Heaters. Establish a
natural draft in the following manner. For
gas-fired water heaters with a vertically dis
charging draft hood outlet, a 5-foot (1.5meter) vertical vent pipe extension with a
diameter equal to the largest flue collar size
of the draft hood shall be connected to the
draft hood outlet. For gas-fired water heat
ers with a horizontally discharging draft
hood outlet, a 90-degree elbow with a diame
ter equal to the largest flue collar size of the
draft hood shall be connected to the draft
hood outlet. A 5-foot (1.5-meter) length of
vent pipe shall be connected to the elbow and
oriented to discharge vertically upward. Di
rect vent gas-fired water heaters shall be in
stalled with venting equipment specified in
the manufacturer’s instructions using the
minimum vertical and horizontal lengths of
vent pipe recommended by the manufac
turer.

4.9.2 Oil-Fired Water Heaters. Establish a
draft at the flue collar at the value specified
in the manufacturer’s instructions. Establish
the draft by using a sufficient length of vent
pipe connected to the water heater flue out
let, and directed vertically upward. For an
oil-fired water heater with a horizontally
discharging draft hood outlet, a 90-degree
elbow with a diameter equal to the largest
flue collar size of the draft hood shall be con
nected to the draft hood outlet. A length of
vent pipe sufficient to establish the draft
shall be connected to the elbow fitting and
oriented to discharge vertically upward. Direct-vent oil-fired water heaters should be
installed with venting equipment as speci
fied in the manufacturer’s instructions,
using the minimum vertical and horizontal
lengths of vent pipe recommended by the
manufacturer.
4.10 Heat Pump Water Heater Storage Tank.
The tank to be used for testing a heat pump
water heater without a tank supplied by the
manufacturer (see Section 1.12.3b) shall be an
electric storage-type water heater having a
measured volume of 47.0 gallons ±1.0 gallon
(178 liters ±3.8 liters); two 4.5 kW heating ele
ments controlled in such a manner as to pre
vent both elements from operating simulta
neously; and an energy factor greater than
or equal to the minimum energy conserva
tion standard (as determined in accordance
with Section 6.1.7) and less than or equal to
the sum of the minimum energy conserva
tion standard and 0.02.
5. Test Procedures
5.1 Storage-type Water Heaters, Including
Heat Pump Water Heaters.
5.1.1 Determination of Storage Tank Volume.
Determine the storage capacity, Vst, of the
water heater under test, in gallons (liters),
by subtracting the tare weight—measured
while the tank is empty—from the gross
weight of the storage tank when completely
filled with water (with all air eliminated and
line pressure applied as described in section
2.5) and dividing the resulting net weight by
the density of water at the measured tem
perature.
5.1.2 Setting the Thermostat.
5.1.2.1 Single Thermostat Tanks. Starting
with a tank at the supply water tempera
ture, initiate normal operation of the water
heater. After cut-out, determine the mean
tank temperature every minute until the
maximum value is observed. Determine
whether this maximum value for the mean
tank temperature is within the range of 135
°F±5 °F (57.2 °C±2.8 °C). If not, turn off the
water heater, adjust the thermostat, drain
and refill the tank with supply water. Then,
once again, initiate normal operation of the
water heater, and determine the maximum
mean tank temperature after cut-out. Re
peat this sequence until the maximum mean
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tank temperature after cut-out is 135 °F±5 °F
(57.2 °C±2.8 °C).
5.1.2.2 Tanks with Two or More Thermostats.
Follow the same sequence as for a single
thermostat tank, i.e. start at the supply
water temperature, operate normally until
cutout. Determine if the thermostat that
controls the uppermost heating element
yields a maximum water temperature of 135
°F±5 °F (57.2 °C±2.8 °C), as measured by the
in-tank sensors that are positioned above the
uppermost heating element. If the tank tem
perature at the thermostat is not within 135
°F±5 °F (57.2 °C±2.8 °C), turn off the water
heater, adjust the thermostat, drain and re
fill the tank with supply water. The thermo
stat that controls the heating element posi
tioned next highest in the tank shall then be
set to yield a maximum water temperature
of 135 °F±5 °F (57.2 °C±2.8 °C). This process
shall be repeated until the thermostat con
trolling the lowest element is correctly ad
justed. When adjusting the thermostat that
controls the lowest element, the maximum
mean tank temperature after cut-out, as de
termined using all the in-tank sensors, shall
be 135 °F±5 °F (57.2 °C±2.8 °C). When adjusting
all other thermostats, use only the in-tank
temperature sensors positioned above the
heating element in question to evaluate the
maximum water temperature after cut-out.
For heat pump water heaters that control
an auxiliary resistive element, the thermo
stat shall be set in accordance with the man
ufacturer’s installation instructions.
5.1.3 Power Input Determination. For all
water heaters except electric types having
immersed heating elements, initiate normal
operation and determine the power input, P,
to the main burners (including pilot light
power, if any) after 15 minutes of operation.
If the water heater is equipped with a gas ap
pliance pressure regulator, the regulator
outlet pressure shall be set within ±10% of
that recommended by the manufacturer. For
oil-fired water heaters the fuel pump pres
sure shall be within ±10% of the manufactur
er’s specified pump pressure. All burners
shall be adjusted to achieve an hourly Btu
(kJ) rating that is within ±2% of the value
specified by the manufacturer. For an oilfired water heater, adjust the burner to give
a CO2 reading recommended by the manufac
turer and an hourly Btu (kJ) rating that is
within ±2% of that specified by the manufac
turer. Smoke in the flue may not exceed No.
1 smoke as measured by the procedure in
ASTM–D–2156–80.
5.1.4 First-Hour Rating Test.
5.1.4.1 General. During hot water draws, re
move water at a rate of 3.0±0.25 gallons per
minute (11.4±0.95 liters per minute). Collect
the water in a container that is large enough
to hold the volume removed during an indi
vidual draw and suitable for weighing at the
termination of each draw. Alternatively, a

water meter may be used to directly measure
the water volume(s) withdrawn.
5.1.4.2 Draw Initiation Criteria. Begin the
first-hour rating test by imposing a draw on
the storage-type water heater. After comple
tion of this first draw, initiate successive
draws based on the following criteria. For
gas-and oil-fired water heaters, initiate suc
cessive draws when the thermostat acts to
reduce the supply of fuel to the main burner.
For electric water heaters having a single
element or multiple elements that all oper
ate simultaneously, initiate successive
draws when the thermostat acts to reduce
the electrical input supplied to the ele
ment(s). For electric water heaters having
two or more elements that do not operate si
multaneously, initiate successive draws
when the applicable thermostat acts to re
duce the electrical input to the element lo
cated vertically highest in the storage tank.
For heat pump waters heaters that do not
use supplemental resistive heating, initiate
successive draws immediately after the elec
trical input to the compressor is reduced by
the action of the water heater’s thermostat.
For heat pump waters heaters that use sup
plemental resistive heating, initiate succes
sive draws immediately after the electrical
input to the compressor or the uppermost re
sistive element is reduced by the action of
the applicable water heater thermostat. This
draw initiation criterion for heat pump
water heaters that use supplemental resis
tive heating, however, shall only apply when
the water located above the thermostat at
cut-out is heated to 135 °F±5 °F (57.2 °C±2.8
°C).
5.1.4.3 Test Sequence. Establish normal
water heater operation. If the water heater
is not presently operating, initiate a draw.
The draw may be terminated anytime after
cut-in occurs. After cut-out occurs (i.e., all
thermostats are satisfied), monitor the in
ternal storage tank temperature sensors de
scribed in section 4.5 every minute.
Initiate a draw after a maximum mean
tank temperature has been observed fol
lowing cut-out. Record the time when the
draw is initiated and designate it as an
elapsed time of zero (t* = 0). (The superscript
* is used to denote variables pertaining to
the first-hour rating test.) Record the outlet
water temperature beginning 15 seconds
after the draw is initiated and at 5-second in
tervals thereafter until the draw is termi
nated. Determine the maximum outlet tem
perature that occurs during this first draw
and record it as T*max, 1. For the duration of
this first draw and all successive draws, in
addition, monitor the inlet temperature to
the water heater to ensure that the required
58 °F±2 °F (14.4 °C±1.1 °C) test condition is
met. Terminate the hot water draw when the
outlet temperature decreases to T*max,1¥25 °F
(T*max,1¥13.9 °C). Record this temperature as
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T*min,1. Following draw termination, deter
mine the average outlet water temperature
and the mass or volume removed during this
first draw and record them as T̄*del,1 and M*1
or V*1, respectively.
Initiate a second and, if applicable, succes
sive draw each time the applicable draw ini
tiation criteria described in section 5.1.4.2
are satisfied. As required for the first draw,
record the outlet water temperature 15 sec
onds after initiating each draw and at 5-sec
ond intervals thereafter until the draw is
terminated. Determine the maximum outlet
temperature that occurs during each draw
and record it as T*max, i, where the subscript
i refers to the draw number. Terminate each
hot water draw when the outlet temperature
decreases to T*max, i¥25 °F (T*max, i¥13.9 °C).
Record this temperature as T*min, i. Calculate
and record the average outlet temperature
and the mass or volume removed during each
draw (T̄*del, i and M*i or V*i, respectively).
Continue this sequence of draw and recovery
until one hour has elapsed, then shut off the
electrical power and/or fuel supplied to the
water heater.
If a draw is occurring at an elapsed time of
one hour, continue this draw until the outlet
temperature decreases to T*max, n¥25 °F
(T*max, n ¥13.9 °C), at which time the draw
shall be immediately terminated. (The sub
script n shall be used to denote quantities
associated with the final draw.) If a draw is
not occurring at an elapsed time of one hour,
a final draw shall be imposed at one hour.
This draw shall be immediately terminated
when the outlet temperature first indicates a
value less than or equal to the cut-off tem
perature used for the previous draw (T*min,
n¥1). For cases where the outlet temperature
is close to T*min, n¥1, the final draw shall pro
ceed for a minimum of 30 seconds. If an out
let temperature greater than T*min, n¥1 is not
measured within 30 seconds, the draw shall
be immediately terminated and zero addi
tional credit shall be given towards firsthour rating (i.e., M*n = 0 or V*n = 0). After
the final draw is terminated, calculate and
record the average outlet temperature and
the mass or volume removed during the draw
(T̄*del, n and M*n or V*n, respectively).
5.1.5 24-Hour Simulated Use Test. During the
simulated use test, a total of 64.±3 1.0 gallons
(243±3.8 liters) shall be removed. This value is
referred to as the daily hot water usage in
the following text.
With the water heater turned off, fill the
water heater with supply water and apply
pressure as described in section 2.5. Turn on
the water heater and associated heat pump
unit, if present. After the cut-out occurs, the
water heater may be operated for up to three
cycles of drawing until cut-in, and then oper
ating until cut-out, prior to the start of the
test.
At this time, record the mean tank tem
¯ o), and the electrical and/or fuel
perature (T

measurement readings, as appropriate. Begin
the 24-hour simulated use test by with
drawing a volume from the water heater that
equals one-sixth of the daily hot water
usage. Record the time when this first draw
is initiated and assign it as the test elapsed
time (t) of zero (0). Record the average stor
age tank and ambient temperature every 15
minutes throughout the 24-hour simulated
use test unless a recovery or a draw is occur
ring. At elapsed time intervals of one, two,
three, four, and five hours from t = 0, initiate
additional draws, removing an amount of
water equivalent to one-sixth of the daily
hot water usage with the maximum allow
able deviation for any single draw being ±0.5
gallons (1.9 liters). The quantity of water
withdrawn during the sixth draw shall be in
creased or decreased as necessary such that
the total volume of water withdrawn equals
64.3 gallons ±1.0 gallon (243.4 liters ±3.8 li
ters).
All draws during the simulated use test
shall be made at flow rates of 3.0 gallons
±0.25 gallons per minute (11.4 liters ±0.95 li
ters per minute). Measurements of the inlet
and outlet temperatures shall be made 15
seconds after the draw is initiated and at
every subsequent 5-second interval through
out the duration of each draw. The arith
metic mean of the hot water discharge tem
perature and the cold water inlet tempera
¯ del,
ture shall be determined for each draw (T
i and T̄in, i). Determine and record the net
mass or volume removed (Mi or Vi), as appro
priate, after each draw.
At the end of the recovery period following
the first draw, record the maximum mean
tank temperature observed after cut-out,
T̄max, 1, and the energy consumed by an elec
tric resistance, gas or oil-fired water heater,
Qr. For heat pump water heaters, the total
electrical energy consumed during the first
recovery by the heat pump (including com
pressor, fan, controls, pump, etc.) and, if ap
plicable, by the resistive element(s) shall be
recorded as Qr.
At the end of the recovery period that fol
lows the sixth draw, determine and record
the total electrical energy and/or fossil fuel
consumed since the beginning of the test, Qsu.
In preparation for determining the energy
consumed during standby, record the reading
given on the electrical energy (watt-hour)
meter, the gas meter, and/or the scale used
to determine oil consumption, as appro
priate. Record the maximum value of the
¯ su.
mean tank temperature after cut-out as T
Except as noted below, allow the water heat
er to remain in the standby mode until 24
hours have elapsed from the start of the test
(i.e., since = 0). Prevent the water heater
from beginning a recovery cycle during the
last hour of the test by turning off the elec
tric power to the electrical heating elements
and heat pump, if present, or by turning
down the fuel supply to the main burner at
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an elapsed time of 23 hours. If a recovery is
taking place at an elapsed time of 23 hours,
wait until the recovery is complete before
reducing the electrical and/or fuel supply to
the water heater. At 24 hours, record the
¯ 24, and the electric
mean tank temperature, T
and/or fuel instrument readings. Determine
the total fossil fuel or electrical energy con
sumption, as appropriate, for the entire 24hour simulated use test, Q. Record the time
interval between the time at which the max
imum mean tank temperature is observed
after the sixth draw and the end of the 24hour test as stby, 1. Record the time during
which water is not being withdrawn from the
water heater during the entire 24-hour period
as stby, 2.
5.2 Instantaneous Gas and Electric Water
Heaters
5.2.1 Setting the Outlet Discharge Tempera
ture. Initiate normal operation of the water
heater at the full input rating for electric in
stantaneous water heaters and at the max
imum firing rate specified by the manufac
turer for gas instantaneous water heaters.
Monitor the discharge water temperature
and set to a value of 135 °F ±5 °F (57.2 °C ±2.8
°C) in accordance with the manufacturer’s
instructions. If the water heater is not capa
ble of providing this discharge temperature
when the flow rate is 3.0 gallons ±0.25 gallons
per minute (11.4 liters ±0.95 liters per
minute), then adjust the flow rate as nec
essary to achieve the specified discharge
water
temperature.
Record
the
cor
responding flow rate as Vmax.
5.2.2 Additional Requirements for Variable
Input Instantaneous Gas Water Heaters. If the
instantaneous water heater incorporates a
controller that permits operation at a re
duced input rate, adjust the flow rate as nec
essary to achieve a discharge water tempera
ture of 135 °F ±5 °F (57.2 °C ±2.8 °C) while
maintaining the minimum input rate.
Record the corresponding flow rate as Vmin. If
an outlet temperature of 135 °F ±5 °F (57.2 °C
±2.8 °C) cannot be achieved at the minimum
flow rate permitted by the instantaneous
water heater, record the flow rate as Vmin and
the corresponding outlet temperature as Tmin.
5.2.3 Maximum GPM Rating Test for Instanta
neous Water Heaters. Establish normal water
heater operation at the full input rate for
electric instantaneous water heaters and at
the maximum firing rate for gas instanta
neous water heaters with the discharge
water temperature set in accordance with
Section 5.2.1. During the 10-minute test, ei
ther collect the withdrawn water for later
measurement of the total mass removed, or
alternatively, use a water meter to directly
measure the water volume removed.
After recording the scale or water meter
reading, initiate water flow throughout the
water heater, record the inlet and outlet
water temperatures beginning 15 seconds
after the start of the test and at subsequent

5-second intervals throughout the duration
of the test. At the end of 10 minutes, turn off
the water. Determine the mass of water col
lected, M10m, in pounds (kilograms), or the
volume of water, V10m, in gallons (liters).
5.2.4 24-hour Simulated Use Test for Gas In
stantaneous Water Heaters.
5.2.4.1 Fixed Input Instantaneous Water Heat
ers. Establish normal operation with the dis
charge water temperature and flow rate set
to values of 135 °F ±5 °F (57.2 °C ±2.8 °C) and
Vmax per Section 5.2.1, respectively. With no
draw occurring, record the reading given by
the gas meter and/or the electrical energy
meter as appropriate. Begin the 24-hour sim
ulated use test by drawing an amount of
water out of the water heater equivalent to
one-sixth of the daily hot water usage.
Record the time when this first draw is initi
ated and designate it as an elapsed time, t, of
0. At elapsed time intervals of one, two,
three, four, and five hours from t = 0, initiate
additional draws, removing an amount of
water equivalent to one-sixth of the daily
hot water usage, with the maximum allow
able deviation for any single draw being ±0.5
gallons (1.9 liters). The quantity of water
drawn during the sixth draw shall be in
creased or decreased as necessary such that
the total volume of water withdrawn equals
64.3 gallons ±1.0 gallons (243.4 liters ±3.8 li
ters).
Measurements of the inlet and outlet
water temperatures shall be made 15 seconds
after the draw is initiated and at every 5-sec
ond interval thereafter throughout the dura
tion of the draw. The arithmetic mean of the
hot water discharge temperature and the
cold water inlet temperature shall be deter
mined for each draw. Record the scale used
to measure the mass of the withdrawn water
or the water meter reading, as appropriate,
after each draw. At the end of the recovery
period following the first draw, determine
and record the fossil fuel or electrical energy
consumed, Qr. Following the sixth draw and
subsequent recovery, allow the water heater
to remain in the standby mode until exactly
24 hours have elapsed since the start of the
test (i.e., since t = 0). At 24 hours, record the
reading given by the gas meter and/or the
electrical energy meter as appropriate. De
termine the fossil fuel or electrical energy
consumed during the entire 24-hour simu
lated use test and designate the quantity as
Q.
5.2.4.2 Variable Input Instantaneous Water
Heaters. If the instantaneous water heater in
corporates a controller that permits contin
uous operation at a reduced input rate, the
first three draws shall be conducted using
the maximum flow rate, Vmax, while remov
ing an amount of water equivalent to onesixth of the daily hot water usage, with the
maximum allowable deviation for any one of
the three draws being ±0.5 gallons (1.9 liters).
The second three draws shall be conducted at
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((121.7 + 3 ÷ V4,5,6) ±3.8 liters).
Measurements of the inlet and outlet
water temperatures shall be made 5 seconds
after a draw is initiated and at every 5-sec
ond interval thereafter throughout the dura
tion of the draw. Determine the arithmetic
mean of the hot water discharge temperature
and the cold water inlet temperature for
each draw. Record the scale used to measure
the mass of the withdrawn water or the
water meter reading, as appropriate, after
each draw. At the end of the recovery period
following the first draw, determine and
record the fossil fuel or electrical energy
consumed, Qr, max. Likewise, record the read
ing of the meter used to measure fossil fuel
or electrical energy consumption prior to the
fourth draw and at the end of the recovery
period following the fourth draw, and des
ignate the difference as Qr,min. Following the
sixth draw and subsequent recovery, allow
the water heater to remain in the standby
mode until exactly 24 hours have elapsed
since the start of the test (i.e., since t=0). At
24 hours, record the reading given by the gas
meter and/or the electrical energy meter, as
appropriate. Determine the fossil fuel or
electrical energy consumed during the entire
24-hour simulated use test and designate the
quantity as Q.
6. Computations
6.1 Storage Tank and Heat Pump Water Heat
ers.
6.1.1 Storage Tank Capacity. The storage
tank capacity is computed using the fol
lowing:

n

Fhr = ∑ Vi*

i=1
Where:
n = the number of draws that are completed
during the first-hour rating test.
V*i = the volume of water removed during
the ith draw of the first-hour rating test,
gal (L)
or, if the mass of water is being measured,

Vi* =

M *i
ρ

Where:
M*i = the mass of water removed during the
ith draw of the first-hour rating test, lb
(kg).
r = the water density corresponding to the
average outlet temperature measured
during the ith draw, (T̄*del, I), lb/gal (kg/
L).
For the case in which a draw is not in
progress at the elapsed time of one hour and
a final draw is imposed at the elapsed time of
one hour, the first-hour rating shall be cal
culated using
*
*
n−1
⎛ Tdel
⎞
, n − Tmin, n−1
Fhr = ∑ Vi* + Vn* ⎜ *
⎟
*
⎝ Tdel, n −1 − Tmin, n−1 ⎠
i =1
where n and V*i are the same quantities as
defined above, and
V*n = the volume of water drawn during the
nth (final) draw of the first-hour rating
test, gal (L)
T̄*del,n¥1 = the average water outlet tempera
ture measured during the (n¥1)th draw
of the first-hour rating test, °F (°C).
T̄*del,n = the average water outlet tempera
ture measured during the nth (final)
draw of the first-hour rating test, °F (°C).
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where Tmin is the outlet water temperature at
the flow rate Vmin as determined in Sec
tion 5.2.1, and where the maximum allow
able variation for any one of the three
draws is ±0.5 gallons (1.9 liters). The
quantity of water withdrawn during the
sixth draw shall be increased or de
creased as necessary such that the total
volume of water withdrawn equals (32.15
+ 3÷V4,5,6) ±1.0 gallons

ER11MY98.005</GPH>

⎤
243 L ⎡
42.8° C
×⎢
⎥
6
⎢⎣ (Tmin − 14.4° C) ⎥⎦

ER11MY98.004</GPH>

V4, 5, 6 =

or

ρ

Where:
Vst = the storage capacity of the water heat
er, gal (L).
Wf = the weight of the storage tank when
completely filled with water, lb (kg).
Wt = the (tare) weight of the storage tank
when completely empty, lb (kg).
r = the density of water used to fill the tank
measured at the temperature of the
water, lb/gal (kg/L).
6.1.2. First-Hour Rating Computation. For
the case in which the final draw is initiated
at or prior to an elapsed time of one hour,
the first-hour rating shall be computed
using,

ER11MY98.003</GPH>

⎤
64.3 gal ⎡
77° F
×⎢
⎥
6
⎣⎢ (Tmin − 58° F ) ⎦⎥

(Wf − Wt )

ER11MY98.002</GPH>

V4, 5, 6 =

Vst =

ER11MY98.001</GPH>

Vmin. If an outlet temperature of 135 °F ±5 °F
(57.2 °C ±2.8 °C) could not be achieved at the
minimum flow rate permitted by the instan
taneous water heater, the last three draws
should be lengthened such that the volume
removed is:

Department of Energy

Pt. 430, Subpt. B, App. E

T̄*min,n¥1 = the minimum water outlet tem
perature measured during the (n¥1)th
draw of the first-hour rating test, °F (°C).

(

M1C p1 Tdel, 1 − Tin, 1

) + V ρ C (T
st 2

p2

max, 1

− To

)

Qr

Where:
M1 = total mass removed during the first
draw of the 24-hour simulated use test, lb
(kg), or, if the volume of water is being
measured,
M1 = V1 r1
V1 = total volume removed during the first
draw of the 24-hour simulated use test,
gal (L).
r1 = density of the water at the water tem
perature measured at the point where
the flow volume is measured, lb/gal (kg/
L).
Cp1 = specific heat of the withdrawn water,
¯ del,1 + T
¯ in,1) 2, Btu/lb °F (kJ/kg °C).
(T
¯ del,1 = average water outlet temperature
T
measured during the first draw of the 24hour simulated use test, °F (°C).
¯
Tin,1 = average water inlet temperature measured during the first draw of the 24-hour
simulated use test, °F (°C).
Vst = as defined in section 6.1.1.
¯ max,1 + T
¯ o)/
r2 = density of stored hot water, (T
2, lb/gal (kg/L).
Cp2 = specific heat of stored hot water evalu
¯ max,1 + T
¯ o) / 2, Btu/lb °F (kJ/kg2
ated at (T
°C).
T̄max,1 = maximum mean tank temperature
recorded after cut-out following the first
draw of the 24-hour simulated use test,
°F (°C).
¯ o = maximum mean tank temperature re
T
corded prior to the first draw of the 24hour simulated use test, °F (°C).
Qr = the total energy used by the water heat
er between cut-out prior to the first draw
and cut-out following the first draw, in
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec
trical auxiliary energy shall be converted
to thermal energy using the following
conversion: 1 kWh = 3,412 Btu.)
The recovery efficiency for electric water
heaters with immersed heating elements is
assumed to be 98%.
6.1.4 Hourly Standby Losses. The hourly
standby energy losses are computed as:

(

Vst ρC p T24 − Tsu

Q hr =

ηr

)

τ stby, 1

Where:
Qhr = the hourly standby energy losses of
the water heater, Btu/h (kJ/h).
Qstby = the total energy consumed by the
water heater between the time at which
the maximum mean tank temperature is
observed after the sixth draw and the end
of the 24-hour test period, Btu (kJ).
Vst = as defined in section 6.1.1.
¯ 24 + T
¯ su) /
r = density of stored hot water, (T
2, lb/gal (kg/L).
¯
Cp = specific heat of the stored water, (T24 +
¯ su) / 2, Btu/lb÷°F (kJ/kg÷°C).
T
T̄24 = the mean tank temperature at the end
of the 24-hour simulated use test, °F (°C).
¯ su = the maximum mean tank temperature
T
observed after the sixth draw, °F (°C).
hr = as defined in section 6.1.3.
tstby, 1 = elapsed time between the time at
which the maximum mean tank tempera
ture is observed after the sixth draw and
the end of the 24-hour simulated use test,
h.
The standby heat loss coefficient for the
tank is computed as:

UA =

Q hr
Tt , stby, 1 − Ta , stby, 1

Where:
UA = standby heat loss coefficient of the
storage tank, Btu/h÷°F (kJ/h÷°C).
Qhr = as defined in this section.
¯
Tt, stby,1 = overall average storage tank tem
perature between the time when the
maximum mean tank temperature is ob
served after the sixth draw and the end of
the 24-hour simulated use test, °F (°C).
¯
Ta, stby,1 = overall average ambient tempera
ture between the time when the max
imum mean tank temperature is ob
served after the sixth draw and the end of
the 24-hour simulated use test, °F (°C).
6.1.5 Daily Water Heating Energy Consump
tion. The daily water heating energy con
sumption, Qd, is computed as:
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Where:

Q stby −

ER11MY98.008</GPH>

Qr

ER11MY98.007</GPH>

ηr =

6.1.3 Recovery Efficiency. The recovery effi
ciency for gas, oil, and heat pump storagetype water heaters is computed as:

Pt. 430, Subpt. B, App. E

The energy used to heat water, Btu/day
(kJ/day), may be computed as:
6

Q HW = ∑

(

M i C pi Tdel, i − Tin, i
ηr

)

i=1
Where:
Mi = the mass withdrawn for the ith draw (i
= 1 to 6), lb (kg).
Cpi = the specific heat of the water of the ith
draw, Btu/lb÷ °F (kJ/kg÷ °C).
¯ del, i = the average water outlet temperature
T
measured during the ith draw (i=1 to 6),
°F (°C).
¯ in, i = the average water inlet temperature
T
measured during the ith draw (i=1 to 6),
°F (°C).
hr = as defined in section 6.1.3.
The energy required to heat the same
quantity of water over a 77 °F (42.8 °C) tem
perature rise, Btu/day (kJ/day), is:
6

Q HW, 77°F = ∑

M i C pi (135°F − 58°F )
ηr

i=1

6

or Q HW, 42.8°C = ∑

M i C pi (57.2°C − 14.4°C)
ηr

i=1

6

M i C pi (135° F − 58° F )

i=1

Q dm

Ef = ∑
or
6

Ef = ∑

M i C pi (57.2° C − 14.4° C)

Q dm
i=1
Where:
Qdm = the modified daily water heating en
ergy consumption as computed in accord
ance with section 6.1.6, Btu (kJ).
Mi = the mass withdrawn for the ith draw (i
= 1 to 6), lb (kg).
Cpi = the specific heat of the water of the ith
draw, Btu/lb °F (kJ/kg °C).
6.1.8 Annual Energy Consumption. The an
nual energy consumption for storage-type
and heat pump water heaters is computed as:
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The difference between these two values is:
QHWD = QHW, 77°¥F ¥QHW
or QHWD = QHW,42.8°¥F ¥QHW
which must be added to the adjusted daily
water heating energy consumption value.
Thus, the daily energy consumption value
which takes into account that the tempera
ture difference between the storage tank and
ambient temperature may not be 67.5 °F (37.5
°C) and that the temperature rise across the
storage tank may not be 77 °F (42.8 °C) is:
Qdm = Qda + QHWD
6.1.7 Energy Factor. The energy factor, Ef,
is computed as:

ER11MY98.013</GPH>

ηr
Where:
Q = total energy used by the water heater
during the 24-hour simulated use test in
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec
trical auxiliary energy shall be converted
to thermal energy using the following
conversion: 1 kWh = 3,412 Btu.)
Vst = as defined in section 6.1.1.
¯ 24 + T
¯ o)
r= density of the stored hot water, (T
/ 2, lb/gal (kg/L).
¯ 24 +
Cp = specific heat of the stored water, (T
¯ o) / 2, Btu/lb÷°F (kJ/kg÷°C).
T
¯ 24 = mean tank temperature at the end of
T
the 24-hour simulated use test, °F (°C).
¯ o = mean tank temperature at the begin
T
ning of the 24-hour simulated use test,
recorded one minute before the first draw
is initiated, °F (°C).
hr = as defined in section 6.1.3.
6.1.6 Adjusted Daily Water Heating Energy
Consumption. The adjusted daily water heat
ing energy consumption, Qda, takes into ac
count that the temperature difference be
tween the storage tank and surrounding am
bient air may not be the nominal value of
67.5 °F (135 °F–67.5 °F) or 37.5 °C (57.2 °C–19.7
°C) due to the 10 °F (5.6 °C) allowable vari
ation in storage tank temperature, 135 °F ±5
°F (57.2 °C ±2.8 °C), and the 5 °F (2.8 °C) allow
able variation in surrounding ambient tem
perature 65 °F (18.3 °C) to 70 °F (21.1 °C). The
adjusted daily water heating energy con
sumption is computed as:
¯ stby, 2 ¥ T
¯ a, stby,2) ¥ (135 °F ¥ 67.5
Qda = QD ¥ [(T
°F)] UAtstby, 2
¯ stby, 2 ¥ T
¯ a, stby, 2) ¥ (57.2 °C
or Qda = QD ¥ [(T
¥ 19.7 °C)] UAtstby, 2
Where:
Qda = the adjusted daily water heating energy
consumption, Btu (kJ).
Qd = as defined in section 6.1.5.
¯ stby, 2 = the mean tank temperature during
T
the total standby portion, tstby, 2, of the
24-hour test, °F (°C).
T̄a, stby, 2 = the average ambient temperature
during the total standby portion, tstby, 2,
of the 24-hour test, °F (°C).
UA = as defined in section 6.1.4.
tstby, 2 = the number of hours during the 24hour simulated test when water is not
being withdrawn from the water heater.
A modification is also needed to take into
account that the temperature difference be
tween the outlet water temperature and sup
ply water temperature may not be equiva
lent to the nominal value of 77 °F (135 °F–58
°F) or 42.8 °C (57.2 °C–14.4 °C). The following
equations adjust the experimental data to a
nominal 77 °F (42.8 °C) temperature rise.

ER11MY98.012</GPH>

)

ER11MY98.011</GPH>

Vst ρC p T24 − To

ER11MY98.010</GPH>

Qd = Q −

(
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)

10 (ρ) (57.2° C − 14.4° C)

which may be expressed as:

Fmax =

(

M10m Tdel − Tin
10 (ρ) (77° F )

or Fmax =

)

(

M10m Tdel − Tin
10 (ρ) ( 42.8° C)

)

Where:
M10m = the mass of water collected during
the 10-minute test, lb (kg).
T̄del = the average delivery temperature, °F
(°C).
T̄in = the average inlet temperature, °F (°C).
r = the density of water at the average deliv
ery temperature, lb/gal (kg/L).
If a water meter is used the maximum gpm
(L/min) rating is computed as:

Fmax =

(

V10m Tdel − Tin

or Fmax =

10 (77° F )

)

(

V10m Tdel − Tin
10 ( 42.8° C)

)

Where:
V10m = the volume of water measured during
the 10-minute test, gal (L).
¯ del = as defined in this section.
T
¯ in = as defined in this section.
T
6.2.2 Recovery Efficiency
6.2.2.1 Fixed Input Instantaneous Water Heat
ers. The recovery efficiency is computed as:

ηr =

(

M1C p1 Tdel, 1 − Tin, 1

)

η r, max =

(

M1C p1 Tdel, 1 − Tin, 1

)

Q r, max

Where:
M1 = as defined in section 6.2.2.1.
Cp1 = as defined in section 6.2.2.1.
¯ del, 1 = as defined in section 6.2.2.1.
T
¯ in, 1 = as defined in section 6.2.2.1.
T
Qr, max = the total energy used by the water
heater between burner cut-out prior to
the first draw and burner cut-out fol
lowing the first draw, including auxiliary
energy such as pilot lights, Btu (kJ).
The minimum recovery efficiency is com
puted as:

η r, min =

(

M 4 C p4 Tdel, 4 − Tin, 4

)

Q r, min

Where:
M4 = the mass withdrawn during the fourth
draw, lb (kg), or, if the volume of water
is being measured,
M4 = V4 r

Qr

Where:
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(

M10m Tdel − Tin

ER11MY98.019</GPH>

or Fmax =

ER11MY98.018</GPH>

)

10 (ρ) (135° F − 58° F )

ER11MY98.017</GPH>

(

M10m Tdel − Tin

ER11MY98.016</GPH>

Fmax =

M1 = total mass removed during the first
draw of the 24-hour simulated use test, lb
(kg), or, if the volume of water is being
measured,
M1 = V1. r
Where:
V1 = total volume removed during the first
draw of the 24-hour simulated use test,
gal (L).
r= density of the water at the water tem
perature measured at the point where
the flow volume is measured, lb/gal (kg/
L).
Cp1 = specific heat of the withdrawn water,
¯ del,1 + Tin,1) / 2, Btu/lb °F (kJ/kg °C).
(T
¯ del, 1 = average water outlet temperature
T
measured during the first draw of the 24hour simulated use test, °F (°C).
¯
Tin, 1 = average water inlet temperature
measured during the first draw of the 24hour simulated use test, °F (°C).
Qr = the total energy used by the water heat
er between cut-out prior to the first draw
and cut-out following the first draw, in
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec
trical auxiliary energy shall be converted
to thermal energy using the following
conversion: 1 kWh = 3,412 Btu.)
6.2.2.2 Variable Input Instantaneous Water
Heaters. For instantaneous water heaters
that have a variable firing rate, two recovery
efficiency values are computed, one at the
maximum input rate and one at the min
imum input rate. The recovery efficiency
used in subsequent computations is taken as
the average of these two values. The max
imum recovery efficiency is computed as:

ER11MY98.015</GPH>

Eannual = 365 × Qdm
Where:
Qdm = the modified daily water heating en
ergy consumption as computed in accord
ance with section 6.1.6, Btu (kJ).
365 = the number of days in a year.
6.2 Instantaneous Water Heaters.
6.2.1 Maximum GPM (L/min) Rating Computa
tion. Compute the maximum gpm (L/min)
rating as:

Pt. 430, Subpt. B, App. E
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Where:
V4 = total volume removed during the first
draw of the 24-hour simulated use test,
gal (L).
r = as defined in 6.2.2.1
Cp4 = the specific heat of water, Btu/lb °F
(kJ/kg °C).
T̄del, 4 = the average delivery temperature for
the fourth draw, °F (°C).
¯ in, 4 = the average inlet temperature for the
T
fourth draw, °F (°C).
Qr, min = the total energy consumed between
the beginning of the fourth draw and
burner cut-out following the fourth draw,
including auxiliary energy such as pilot
lights, Btu (kJ).
The recovery efficiency is computed as:

η r, max + η r, min

M i C pi (135° F − 58° F )
6

or Q HW, 42.8°C = ∑

2

hr,max = as calculated above.
hr,min = as calculated above.

ηr
i=1
Where:
Mi = the mass withdrawn during the ith
draw, lb (kg).
Cpi = the specific heat of water of the ith
draw, Btu/lb °F (kJ/kg (°C).
hr = as calculated above.
The difference between these two values is:
QHWD = QHW, 77 °F ¥ QHW
or QHWD = QHW, 42.8 °C ¥ QHW

Qdm = Qd + QHWD

6.2.3 Daily Water Heating Energy Consump
tion. The daily water heating energy con
sumption, Qd, is computed as:

6.2.4 Energy Factor. The energy factor, Ef, is
computed as:
6

Ef = ∑

Qd = Q
Where:

M i C pi (135° F − 58° F )
Q dm

i=1

Q = the energy used by the instantaneous
water heater during the 24-hr simulated
use test.
A modification is needed to take into ac
count that the temperature difference be
tween the outlet water temperature and sup
ply water temperature may not be equiva
lent to the nominal value of 77 °F (135 °F¥58
°F) or 42.8 °C (57.2 °C¥14.4 °C). The following
equations adjust the experimental data to a
nominal 77 °F (42.8 °C) temperature rise.
The energy used to heat water may be
computed as:

ηr

M i C pi (57.2° C − 14.4° C)

Q dm
i=1
Where:
Qdm = the daily water heating energy con
sumption as computed in accordance
with section 6.2.3, Btu (kJ).
Mi = the mass associated with the ith draw,
lb (kg).
Cpi = the specific heat of water computed at
a temperature of (58 °F + 135 °F) / 2, Btu/
lb °F [(14.4 °C + 57.2 °C) / 2, kJ/kg °C].
6.2.5 Annual Energy Consumption. The an
nual energy consumption for instantaneous
type water heaters is computed as:
Eannual = 365 × Qdm

Where:
Mi = the mass withdrawn during the ith
draw, lb (kg).
Cpi = the specific heat of water of the ith
draw, Btu/lb °F (kJ/kg (°C).
¯ del,i = the average delivery temperature of
T
the ith draw, °F (°C).
¯ in,i = the average inlet temperature of the
T
ith draw, °F (°C).
hr = as calculated in section 6.2.2.2.
The energy required to heat the same
quantity of water over a 77 °F (42.8 °C) tem
perature rise is:

Where:
Qdm = the modified daily energy consump
tion, Btu/day (kJ/day).
365 = the number of days in a year.
7. Ratings for Untested Models
In order to relieve the test burden on man
ufacturers who offer water heaters which dif
fer only in fuel type or power input, ratings
for untested models may be established in
accordance with the following procedures. In
lieu of the following procedures a manufac
turer may elect to test the unit for which a
rating is sought.
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M i C pi Tdel, i − Tin, i

6

ER11MY98.022</GPH>

Q HW = ∑

(

M i C pi (57.2°C − 14.4°C)

which much be added to the daily water
heating energy consumption value. Thus, the
daily energy consumption value which takes
into account that the temperature rise
across the storage tank may not be 77 °F
(42.8 °C) is:

Where:

6

ηr

i=1

ER11MY98.021</GPH>

ηr =

6

Q HW, 77°F = ∑
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7.1 Gas Water Heaters. Ratings obtained for
gas water heaters using natural gas can be
used for an identical water heater which uti
lizes propane gas if the input ratings are
within ±10%.
7.2 Electric Water Heaters
7.2.1 First-Hour Rating. If an electric stor
age-type water heater is available with more
than one input rating, the manufacturer
shall designate the standard input rating,
and the water heater need only be tested
with heating elements at the designated
standard input ratings. The first-hour rat
ings for units having power input rating less
than the designated standard input rating
shall be assigned a first-hour rating equiva
lent to the first draw of the first-hour rating
for the electric water heater with the stand
ard input rating. For units having power in
puts greater than the designated standard
input rating, the first-hour rating shall be
equivalent to that measured for the water
heater with the standard input rating.
7.2.2 Energy Factor. The energy factor for
identical electric storage-type water heaters,
with the exception of heating element watt
age, may use the energy factor obtained dur
ing testing of the water heater with the des
ignated standard input rating.
[63 FR 26008, May 11, 1998; 63 FR 38738, July
20, 1998, as amended at 66 FR 4497, Jan. 17,
2001]

APPENDIX F TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP
TION OF ROOM AIR CONDITIONERS
NOTE: Manufacturers are not required to
use the test procedures and calculations that
refer to standby mode and off mode energy
consumption, (specifically, sections 2.2, 3.2,
4.2, and 5.3 of this appendix F) until the com
pliance date of any amended energy con
servation standards for room air condi
tioners at 10 CFR 430.32(b).
1. Definitions.
1.1 ‘‘Active mode’’ means a mode in which
the room air conditioner is connected to a
mains power source, has been activated and
is performing the main function of cooling or
heating the conditioned space, or circulating
air through activation of its fan or blower,
with or without energizing active air-clean
ing components or devices such as ultra
violet (UV) radiation, electrostatic filters,
ozone generators, or other air-cleaning de
vices.
1.2 ‘‘ANSI/AHAM RAC–1’’ means the test
standard published jointly by the American
National Standards Institute and the Asso
ciation of Home Appliance Manufacturers,
titled ‘‘Room Air Conditioners,’’ Standard
RAC–1–2008 (incorporated by reference; see
§ 430.3).

1.3 ‘‘ANSI/ASHRAE 16’’ means the test
standard published jointly by the American
National Standards Institute and the Amer
ican Society of Heating, Refrigerating, and
Air-Conditioning Engineers titled ‘‘Method
of Testing for Rating Room Air Conditioners
and Packaged Terminal Air Conditioners,’’
Standard 16–1983 (RA 2009) (incorporated by
reference; see § 430.3).
1.4 ‘‘IEC 62301’’ means the test standard
published by the International Electrotechnical
Commission,
(‘‘IEC’’),
titled
‘‘Household electrical appliances—Measure
ment of standby power,’’ Publication 62301
(first edition June 2005), (incorporated by ref
erence; see § 430.3).
1.5 ‘‘Inactive mode’’ means a standby mode
that facilitates the activation of active mode
by remote switch (including remote control)
or internal sensor or which provides contin
uous status display.
1.6 ‘‘Off mode’’ means a mode in which a
room air conditioner is connected to a mains
power source and is not providing any active
or standby mode function and where the
mode may persist for an indefinite time. An
indicator that only shows the user that the
product is in the off position is included
within the clasification of an off mode.
1.7 ‘‘Standby mode’’ means any product
modes where the where the energy using
product is connected to a mains power
source and offers one or more of the fol
lowing user oriented or protective functions
which may persist for an indefinite time:
(a) To facilitate the activation of other
modes (including activation or deactivation
of active mode) by remote switch (including
remote control), internal sensor, or timer.
(b) Continuous functions, including infor
mation or status displays (including clocks)
or sensor-based functions. A timer is a con
tinuous clock function (which may or may
not be associated with a display) that pro
vides regular scheduled tasks (e.g., switch
ing) and that operates on a continuous basis.
2. Test methods.
2.1 Cooling. The test method for testing
room air conditioners in cooling mode shall
consist of application of the methods and
conditions in ANSI/AHAM RAC–1 sections 4,
5, 6.1, and 6.5 (incorporated by reference; see
§ 430.3), and in ANSI/ASHRAE 16 (incor
porated by reference; see § 430.3).
2.2 Standby and off modes. The method for
testing room air conditioners in standby and
off modes shall consist of application of the
methods and conditions in IEC 62301 (incor
porated by reference; see § 430.3), as modified
by the requirements of this standard. The
testing may be conducted in test facilities
used for testing cooling performance. If test
ing is not conducted in such a facility, the
test facility shall comply with IEC 62301 sec
tion 4.2.
3. Test conditions.
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§ 431.105

10 CFR Ch. II (1–1–14 Edition)
TEST PROCEDURES

§ 431.105 Materials incorporated by
reference.
(a) General. DOE incorporates by ref
erence the following test procedures
into subpart G of part 431. The mate
rials listed have been approved for in
corporation by reference by the Direc
tor of the Federal Register in accord
ance
with
5
U.S.C.
552(a)
and
1 CFR part 51. Any subsequent amend
ment to the listed materials by the
standard-setting organization will not
affect the DOE regulations unless and
until such regulations are amended by
DOE. Materials are incorporated as
they exist on the date of the approval,
and a notice of any change in the mate
rials will be published in the FEDERAL
REGISTER. All approved materials are
available for inspection at the National
Archives and Records Administration
(NARA). For information on the avail
ability of this material at NARA, call
(202)
741–6030,
or
go
to:
http://
www.archives.gov/federallregister/
codeloflfederallregulations/
ibrllocations.html. Also, this material
is available for inspection at U.S. De
partment of Energy, Office of Energy
Efficiency and Renewable Energy,
Building Technologies Program, 6th
Floor, 950 L’Enfant Plaza, SW., Wash
ington, DC 20024, (202) 586–2945, or go to:
http://www1.eere.energy.gov/buildings/
appliancelstandards The referenced
test procedure standards are listed
below by relevant standard-setting or
ganization, along with information on
how to obtain copies from those
sources.
(b) ANSI. American National Stand
ards Institute, 25 W. 43rd Street, 4th

Floor, New York, NY 10036, (212) 642–
4900, or go to: http://www.ansi.org.
(1)
ANSI
Z21.10.3–1998
(‘‘ANSI
Z21.10.3–1998’’), ‘‘Gas Water Heaters, Vol
ume III, Storage Water Heaters With
Input Ratings Above 75,000 Btu Per Hour,
Circulating and Instantaneous, Z21.10.3–
1998, CSA 4.3–M98, and its Addenda,
ANSI Z21.10.3a–2000, CSA 4.3a–M00,’’ ap
proved by ANSI on October 18, 1999,
IBR approved for § 431.106.
(2)
ANSI
Z21.10.3–2011
(‘‘ANSI
Z21.10.3–2011’’), ‘‘Gas Water Heaters, Vol
ume III, Storage Water Heaters With
Input Ratings Above 75,000 Btu Per Hour,
Circulating and Instantaneous,’’ ap
proved on March 7, 2011, IBR approved
for § 431.106.
(3) [Reserved]
[77 FR 28996, May 16, 2012]

§ 431.106 Uniform test method for the
measurement of energy efficiency
of commercial water heaters and
hot water supply boilers (other
than commercial heat pump water
heaters).
(a) Scope. This section covers the test
procedures you must follow if, pursu
ant to EPCA, you are measuring the
thermal efficiency or standby loss, or
both, of a storage or instantaneous
water heater or hot water supply boiler
(other than a commercial heat pump
water heater).
(b) Testing and Calculations. Deter
mine the energy efficiency of each cov
ered product by conducting the test
procedure(s), set forth in the two right
most columns of the following table,
that apply to the energy efficiency
descriptor(s) for that product:
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§ 431.106

TABLE 1 TO § 431.106—TEST PROCEDURES FOR COMMERCIAL WATER HEATERS AND HOT WATER
SUPPLY BOILERS
[Other than commercial heat pump water heaters]

Equipment type

Energy efficiency
descriptor

Gas-fired Storage and
Thermal Efficiency
Instantaneous Water
Standby Loss .......
Heaters and Hot
Water Supply Boilers *.

Use test setup, equipment
and procedures in sub
section labeled ‘‘Method of
Test’’ of
ANSI Z21.10.3–1998 **,
§ 2.9.
ANSI Z21.10.3–1998 **,
§ 2.10.

Test procedure re
quired for compli
ance until

With these additional stip
ulations

May 13, 2013 .........
May 13, 2013

A. For all products, the
duration of the standby
loss test shall be until
whichever of the fol
lowing occurs first after
you begin to measure
the fuel and/or electric
consumption: (1) The
first cutout after 24
hours or (2) 48 hours, if
the water heater is not
in the heating mode at
that time.
B. For oil and gas prod
ucts, the standby loss
in Btu per hour must be
calculated as follows:
SL (Btu per hour) = S
(% per hour) × 8.25
(Btu/gal-F) × Measured
Volume (gal) × 70 (de
grees F).
C. For oil-fired products,
apply the following in
conducting the thermal
efficiency and standby
loss tests: (1) Venting
Requirements—Con
nect a vertical length of
flue pipe to the flue gas
outlet of sufficient
height so as to meet
the minimum draft
specified by the manu
facturer. (2) Oil Sup
ply—Adjust the burner
rate so that: (a) The
hourly Btu input rate
lies within ±2 percent of
the manufacturer’s
specified input rate, (b)
the CO2 reading shows
the value specified by
the manufacturer, (c)
smoke in the flue does
not exceed No. 1
smoke as measured by
the procedure in
ASTM–D–2156–80, and
(d) fuel pump pressure
lies within ±10 percent
of manufacturer’s speci
fications.
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§ 431.106

10 CFR Ch. II (1–1–14 Edition)

TABLE 1 TO § 431.106—TEST PROCEDURES FOR COMMERCIAL WATER HEATERS AND HOT WATER
SUPPLY BOILERS—Continued
[Other than commercial heat pump water heaters]

Equipment type

Energy efficiency
descriptor

Use test setup, equipment
and procedures in sub
section labeled ‘‘Method of
Test’’ of

Test procedure re
quired for compli
ance until

With these additional stip
ulations
D. For electric products,
apply the following in
conducting the standby
loss test: (1) Assume
that the thermal effi
ciency (Et) of electric
water heaters with im
mersed heating ele
ments is 98 percent. (2)
Maintain the electrical
supply voltage to within
±5 percent of the center
of the voltage range
specified on the water
heater nameplate. (3) If
the set up includes mul
tiple adjustable thermo
stats, set the highest
one first to yield a max
imum water tempera
ture in the specified
range as measured by
the topmost tank ther
mocouple. Then set the
lower thermostat(s) to
yield a maximum mean
tank temperature within
the specified range.
E. Install water-tube water
heaters as shown in
Figure 2, ‘‘Arrangement
for Testing Water-tube
Type Instantaneous
and Circulating Water
Heaters.’’

* As to hot water supply boilers with a capacity of less than 10 gallons, these test methods become mandatory on October 21,
2005. Prior to that time, you may use for these products either (1) these test methods if you rate the product for thermal effi
ciency, or (2) the test methods in Subpart E if you rate the product for combustion efficiency as a commercial packaged boiler.
** Incorporated by reference, see § 431.105.

616

VerDate Mar<15>2010

16:35 Feb 18, 2014

Jkt 232032

PO 00000

Frm 00626

Fmt 8010

Sfmt 8010

Q:\10\10V3.TXT

ofr150

PsN: PC150

Department of Energy

§ 431.106

TABLE 2 TO § 431.106—TEST PROCEDURES FOR COMMERCIAL WATER HEATERS AND HOT WATER
SUPPLY BOILERS
[Other than commercial heat pump water heaters]

Equipment type

Gas-fired Storage and
Instantaneous Water
Heaters and Hot
Water Supply Boilers *.
Oil-fired Storage and Instantaneous Water
Heaters and Hot
Water Supply Boilers *.
Electric Storage and Instantaneous Water
Heaters.

Energy
efficiency
descriptor
Thermal
Standby
Thermal
Standby
Standby

Efficiency
Loss .......
Efficiency
Loss .......
Loss .......

Use test setup, equipment
and procedures in sub
section
labeled ‘‘Method of Test’’ of
ANSI Z21.10.3–2011 **,
hibit G1.
ANSI Z21.10.3–2011 **,
hibit G2.
ANSI Z21.10.3–2011 **,
hibit G1.
ANSI Z21.10.3–2011 **,
hibit G2.
ANSI Z21.10.3–2011 **,
hibit G2.

ExExEx-

Test procedure re
quired for compli
ance on and after
May
May
May
May
May

13,
13,
13,
13,
13,

With these additional stip
ulations

2013 .........
2013
2013
2013
2013

ExEx-

A. For all products, the
duration of the standby
loss test shall be until
whichever of the following occurs first after
you begin to measure
the fuel and/or electric
consumption: (1) The
first cutout after 24
hours or (2) 48 hours, if
the water heater is not
in the heating mode at
that time.
B. For oil and gas prod
ucts, the standby loss
in Btu per hour must be
calculated as follows:
SL (Btu per hour) = S
(% per hour) × 8.25
(Btu/gal-F) × Measured
Volume (gal) × 70 (de
grees F).
C. For oil-fired products,
apply the following in
conducting the thermal
efficiency and standby
loss tests: (1) Venting
Requirements—Con
nect a vertical length of
flue pipe to the flue gas
outlet of sufficient
height so as to meet
the minimum draft
specified by the manu
facturer. (2) Oil Sup
ply—Adjust the burner
rate so that: (a) The
hourly Btu input rate
lies within ±2 percent of
the manufacturer’s
specified input rate, (b)
the CO2 reading shows
the value specified by
the manufacturer, (c)
smoke in the flue does
not exceed No. 1
smoke as measured by
the procedure in
ASTM–D–2156–80, and
(d) fuel pump pressure
lies within ±10 percent
of manufacturer’s speci
fications.
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§ 431.107

10 CFR Ch. II (1–1–14 Edition)

TABLE 2 TO § 431.106—TEST PROCEDURES FOR COMMERCIAL WATER HEATERS AND HOT WATER
SUPPLY BOILERS—Continued
[Other than commercial heat pump water heaters]

Equipment type

Energy
efficiency
descriptor

Use test setup, equipment
and procedures in sub
section
labeled ‘‘Method of Test’’ of

Test procedure re
quired for compli
ance on and after

With these additional stip
ulations
D. For electric products,
apply the following in
conducting the standby
loss test: (1) Assume
that the thermal effi
ciency (Et) of electric
water heaters with im
mersed heating ele
ments is 98 percent. (2)
Maintain the electrical
supply voltage to within
±5 percent of the center
of the voltage range
specified on the water
heater nameplate. (3) If
the set up includes mul
tiple adjustable thermo
stats, set the highest
one first to yield a max
imum water tempera
ture in the specified
range as measured by
the topmost tank ther
mocouple. Then set the
lower thermostat(s) to
yield a maximum mean
tank temperature within
the specified range.
E. Install water-tube water
heaters as shown in
Figure 2, ‘‘Arrangement
for Testing Water-tube
Type
Instantaneous and Circu
lating Water Heaters.’’

* As to hot water supply boilers with a capacity of less than 10 gallons, these test methods become mandatory on October 21,
2005. Prior to that time, you may use for these products either (1) these test methods if you rate the product for thermal effi
ciency, or (2) the test methods in Subpart E if you rate the product for combustion efficiency as a commercial packaged boiler.
** Incorporated by reference, see § 431.105.

[77 FR 28996, May 16, 2012]

§ 431.107 Uniform test method for the measurement of energy efficiency of com
mercial heat pump water heaters. [Reserved]
ENERGY CONSERVATION STANDARDS
§ 431.110 Energy conservation standards and their effective dates.
Each commercial storage water heater, instantaneous water heater, unfired hot
water storage tank and hot water supply boiler 1 must meet the applicable energy
conservation standard level(s) as follows:
1 Any packaged boiler that provides service
water, that meets the definition of ‘‘com
mercial packaged boiler’’ in subpart E of this
part, but does not meet the definition of ‘‘
hot water supply boiler’’ in subpart G, must
meet the requirements that apply to it under
subpart E.
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§ 431.132
Energy conservation standard a (products manufactured on and after Octo
ber 29, 2003) b

Product

Size
Minimum thermal
efficiency

Electric storage water heat
ers.
Gas-fired storage water
heaters.
Oil-fired storage water heat
ers.
Gas-fired instantaneous
water heaters and hot
water supply boilers.
Oil-fired instantaneous
water heaters and hot
water supply boilers.

All .........................

N/A .......................

0.30 + 27/Vm (%/hr)

≤155,000 Btu/hr ...
>155,000 Btu/hr ...
≤155,000 Btu/hr ...
>155,000 Btu/hr ...
<10 gal ................
≥10 gal .................

80%
80%
78%
78%
80%
80%

Q/800
Q/800
Q/800
Q/800
N/A
Q/800

<10 gal ................
≥10 gal .................

80% .....................
78% .....................

Product
Unfired hot water storage
tank.

Maximum standby loss c

.....................
.....................
.....................
.....................
.....................
.....................

Size
All .........................

+
+
+
+

110(Vr) 1⁄2
110(Vr) 1⁄2
110(Vr) 1⁄2
110(Vr) 1⁄2

(Btu/hr)
(Btu/hr)
(Btu/hr)
(Btu/hr)

+ 110(Vr) 1⁄2 (Btu/hr)

N/A
Q/800 + 110(Vr) 1⁄2 (Btu/hr)

Minimum thermal insulation
R–12.5

aV

m is the measured storage volume and Vr is the rated volume, both in gallons. Q is the nameplate input rate in Btu/hr.
b For hot water supply boilers with a capacity of less than 10 gallons: (1) the standards are mandatory for products manufac
tured on and after October 21, 2005, and (2) products manufactured prior to that date, and on or after October 23, 2003, must
meet either the standards listed in this table or the applicable standards in subpart E of this part for a ‘‘commercial packaged
boiler.’’
c Water heaters and hot water supply boilers having more than 140 gallons of storage capacity need not meet the standby loss
requirement if (1) the tank surface area is thermally insulated to R–12.5 or more, (2) a standing pilot light is not used and (3) for
gas or oil-fired storage water heaters, they have a fire damper or fan assisted combustion.

[69 FR 61983, Oct. 21, 2004; 69 FR 63574, Nov. 2, 2004]

Subpart H—Automatic
Commercial Ice Makers
SOURCE: 70 FR 60415, Oct. 18, 2005, unless
otherwise noted.

§ 431.131 Purpose and scope.
This subpart contains energy con
servation requirements for commercial
ice makers, pursuant to Part C of Title
III of the Energy Policy and Conserva
tion Act, as amended, 42 U.S.C. 6311–
6317.
§ 431.132 Definitions concerning auto
matic commercial ice makers.
Automatic commercial ice maker means
a factory-made assembly (not nec
essarily shipped in 1 package) that—
(1) Consists of a condensing unit and
ice-making section operating as an in
tegrated unit, with means for making
and harvesting ice; and
(2) May include means for storing ice,
dispensing ice, or storing and dis
pensing ice.
Basic model means all units of a given
type of covered product (or class there
of) manufactured by one manufacturer,
having the same primary energy
source, and which have essentially

identical electrical, physical, and func
tional (or hydraulic) characteristics
that affect energy consumption, energy
efficiency, water consumption, or
water efficiency.
Batch type ice maker means an ice
maker having alternate freezing and
harvesting periods. This includes auto
matic commercial ice makers that
produce cube type ice and other batch
technologies. Referred to as cubes type
ice maker in AHRI 810 (incorporated by
reference, see § 431.133).
Continuous type ice maker means an
ice maker that continually freezes and
harvests ice at the same time.
Cube type ice means ice that is fairly
uniform, hard, solid, usually clear, and
generally weighs less than two ounces
(60 grams) per piece, as distinguished
from flake, crushed, or fragmented ice.
Note that this conflicts and takes prec
edence over the definition established
in AHRI 810 (incorporated by reference,
see § 431.133), which indicates that
‘‘cube’’ does not reference a specific
size or shape.
Energy use means the total energy
consumed, stated in kilowatt hours per
one-hundred pounds (kWh/100 lb) of ice
stated in multiples of 0.1. For remote
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