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using this appendix as codified on June 23, 
2023. 

0. Incorporation by Reference 

In § 430.3, DOE incorporated by reference 
the entire standard for ASME A112.18.1; how-
ever, only enumerated provisions of ASME 
A112.18.1 apply to this appendix, as follows. 
In cases in which there is a conflict, the lan-
guage of the test procedure in this appendix 
takes precedence over the referenced test 
standard. Treat precatory language in ASME 
A112.18.1 as mandatory. 

0.1 ASME A112.18.1: 
(a) Section 5.4 ‘‘Flow rate,’’ including Fig-

ure 3 but excluding Table 1 and excluding 
sections 5.4.2.3.1(a) and (c), 5.4.2.3.2(b) and (c), 
and 5.4.3, as specified in section 2.1 and 2.2 of 
this appendix; 

(b) Section 5.4.2.2(c), as specified in section 
3.1 of this appendix. 

(c) Section 5.4.2.2(d), as specified in sec-
tions 2.2 and 3.2 of this appendix. 

0.2 [Reserved] 

1. Scope 

This appendix covers the test requirements 
to measure the hydraulic performance of 
faucets and showerheads. 

2. Flow Capacity Requirements 

2.1. Faucets—Measure the water flow rate 
for faucets, in gallons per minute (gpm) or li-
ters per minute (L/min), or gallons per cycle 
(gal/cycle) or liters per cycle (L/cycle), in ac-
cordance with the test requirements speci-
fied in section 5.4, Flow Rate, of ASME 
A112.18.1. Record measurements at the reso-
lution of the test instrumentation. Round 
each calculation to the same number of sig-
nificant digits as the previous step. Round 
the final water consumption value to one 
decimal place for non-metered faucets, or 
two decimal places for metered faucets. 

2.2. Showerheads—Measure the water flow 
rate for showerheads, in gallons per minute 
(gpm) or liters per minute (L/min), in accord-
ance with the test requirements specified in 
section 5.4, Flow Rate, of ASME A112.18.1. 
Record measurements at the resolution of 
the test instrumentation. Round each cal-
culation to the same number of significant 
digits as the previous step. Round the final 
water consumption value to one decimal 
place. If using the time/volume method of 
section 5.4.2.2(d), position the container to 
ensure it collects all water flowing from the 
showerhead, including any leakage from the 
ball joint. 

3. General Instruction for Measuring Flow Rate 

3.1. Using the Fluid Meter Method To 
Measure Flow Rate 

When measuring flow rate upstream of a 
showerhead or faucet using a fluid meter (or 

equivalent device) as described in section 
5.4.2.2(c) of ASME A112.18.1, ensure the fluid 
meter (or equivalent device) meets the fol-
lowing additional requirements. First, en-
sure the fluid meter is rated for the flow rate 
range of the product being tested. Second, 
when testing showerheads or non-metering 
faucets, ensure that the fluid meter has a 
resolution for flow rate of at least 0.1 gallons 
(0.4 liters) per minute. When testing a meter-
ing faucet, ensure that the fluid meter has a 
resolution for flow rate of at least 0.01 gal-
lons (0.04 liters) per minute. Third, verify the 
fluid meter is calibrated in accordance with 
the manufacturer printed instructions. 

3.2. Using the Time/Volume Method To 
Measure Flow Rate 

There are several additional requirements 
when measuring flow rate downstream of a 
showerhead or faucet as described in section 
5.4.2.2(d) of ASME A112.18.1 to measure flow 
rate. First, ensure the receiving container is 
large enough to contain all the water for a 
single test and has an opening size and/or a 
partial cover such that loss of water from 
splashing is minimized. Second, conduct the 
time/volume test for at least one minute, 
with the time recorded via a stopwatch with 
at least 0.1-second resolution. Third, meas-
ure and record the temperature of the water 
using a thermocouple or other similar device 
either at the receiving container imme-
diately after recording the mass of water, or 
at the water in the supply line anytime dur-
ing the duration of the time/volume test. 
Fourth, measure the mass of water to a reso-
lution of at least 0.01 lb. (0.005 kg) and nor-
malize it to gallons based on the specific 
gravity of water at the recorded tempera-
ture. 

[88 FR 33545, May 24, 2023] 

APPENDIX T TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE WATER CONSUMP-
TION OF WATER CLOSETS AND URI-
NALS 

NOTE: After September 19, 2022, representa-
tions made with respect to the water con-
sumption of water closets or urinals must 
fairly disclose the results of testing pursuant 
to this appendix. 

On or after April 22, 2022 and prior to Sep-
tember 19, 2022 representations, including 
compliance certifications, made with respect 
to the water consumption of water closets or 
urinals must fairly disclose the results of 
testing pursuant to either this appendix or 
the appendix as it appeared at 10 CFR part 
430, subpart B, in the 10 CFR parts 200 to 499 
edition revised as of January 1, 2014. Rep-
resentations made with respect to the water 
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consumption of water closets or urinals test-
ed within that range of time must fairly dis-
close the results of testing under the se-
lected version. Given that after September 
19, 2022 representations with respect to the 
water consumption of water closets and uri-
nals must be made in accordance with tests 
conducted pursuant to this appendix, manu-
facturers may wish to begin using this test 
procedure as soon as possible. 

0. Incorporation by Reference 

DOE incorporated by reference in § 430.3, 
the entire standard for ASME A112.19.2–2018; 
however, only enumerated provisions of that 
document apply to this appendix, as follows. 
Treat precatory language in ASME A112.19.2– 
2018 as mandatory for the purpose of testing. 

a. Section 7.1.1 ‘‘All tests,’’ including Fig-
ures 11 and 12, as specified in section 2.a of 
this appendix; 

b. Section 7.1.2 ‘‘Gravity flush tank water 
closets,’’ as specified in section 2.a of this ap-
pendix; 

c. Section 7.1.3 ‘‘Flushometer tank, 
electro-hydraulic, or other pressurized flush-
ing device water closets,’’ as specified in sec-
tion 2.a of this appendix; 

d. Section 7.1.4 ‘‘Flushometer valve water 
closets,’’ as specified in section 2.a of this ap-
pendix; 

e. Section 7.1.5 ‘‘Procedures for standard-
izing the water supply system,’’ including 
Figures 11 and 12, as specified in section 2.a 
of this appendix; 

f. Section 7.3 ‘‘Water consumption test,’’ as 
specified in section 3.a of this appendix, ex-
cept sections 7.3.4 and 7.3.5; 

f. Section 8.2.1, including Figure 12, as 
specified in section 2.b of this appendix; 

g. Section 8.2.2, as specified in section 2.b 
of this appendix; 

h. Section 8.2.3, as specified in section 2.b 
of this appendix; 

i. Section 8.6 ‘‘Water Consumption Test,’’ 
as specified in section 3.b of this appendix, 
except sections 8.6.3 and 8.6.4; 

j. Table 5 ‘‘Static test pressures for water 
closets, kPa (psi),’’ as specified in sections 
2.a and 3.a of this appendix; and 

k. Table 6 ‘‘Static test pressures for uri-
nals, kPa (psi)’’ as specified in sections 2.a 
and 3.a of this appendix. 

In cases where there is a conflict, the lan-
guage of the test procedure in this appendix 
takes precedence over ASME A112.19.2–2018. 

1. Scope 

This appendix sets forth the test require-
ments used to measure the hydraulic per-
formances of water closets and urinals. 

2. Test Apparatus and General Instructions 

a. When testing a water closet, use the test 
apparatus and follow the instructions speci-
fied in Sections 7.1.1 (including Table 5), 

7.1.2, 7.1.3, 7.1.4, and 7.1.5 of ASME A112.19.2– 
2018). The flushometer valve used in the 
water consumption test must represent the 
maximum design flush volume of the water 
closet. Record each measurement at the res-
olution of the test apparatus. Round each 
calculation of water consumption for each 
tested unit to the same number of signifi-
cant digits as the previous step. 

b. When testing a urinal, use the test appa-
ratus and follow the instructions specified in 
Sections 8.2.1, 8.2.2, and 8.2.3 (including Table 
6) of ASME A112.19.2–2018. The flushometer 
valve used in the water consumption test 
must represent the maximum design flush 
volume of the urinal. Record each measure-
ment at the resolution of the test apparatus. 
Round each calculation of water consump-
tion for each tested unit to the same number 
of significant digits as the previous step. 

3. Test Measurement 

a. Water closets: 
(i) Measure the water flush volume for 

water closets, expressed in gallons per flush 
(gpf) or liters per flush (Lpf), in accordance 
with Section 7.3, Water Consumption Test, of 
ASME A112.19.2–2018. For dual-flush water 
closets, the measurement of the water flush 
volume shall be conducted separately for the 
full-flush and reduced-flush modes and in ac-
cordance with the test requirements speci-
fied Section 7.3, Water Consumption Test, of 
ASME A112.19.2–2018. The final measured 
flush volume for each tested unit is the aver-
age of the total flush volumes recorded at 
each test pressure as specified in Table 5 
‘‘Static test pressures for water closets, kPa 
(psi),’’ of ASME A112.19.2–2018, based on the 
average of the individual flush volumes at a 
given pressure from the three tests. 

(ii) Flush volume and tank trim compo-
nent adjustments: For gravity flush tank 
water closets, set trim components that can 
be adjusted to cause an increase in flush vol-
ume, including (but not limited to) the flap-
per valve, fill valve, and tank water level, in 
accordance with the printed installation in-
structions supplied by the manufacturer 
with the unit. If the printed installation in-
structions for the model to be tested do not 
specify trim setting adjustments, adjust 
these trim components to the maximum 
water use setting so that the maximum flush 
volume is produced without causing the 
water closet to malfunction or leak. Set the 
water level in the tank to the maximum 
water line designated in the printed installa-
tion instructions supplied by the manufac-
turer or the designated water line on the 
tank itself, whichever is higher. If the print-
ed installation instructions or the water 
closet tank do not indicate a water level, ad-
just the water level to 1±0.1 inches below the 
top of the overflow tube or, for gravity flush 
tank water closets that do not contain an 
overflow tube, 1±0.1 inches below the top rim 
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of the water-containing vessel for each des-
ignated pressure specified in Table 5 of 
ASME A112.19.2–2018. 

b. Urinals—Measure water flush volume for 
urinals, expressed in gallons per flush (gpf) 
or liters per flush (Lpf), in accordance with 
Section 8.6, Water Consumption Test, of 
ASME A112.19.2–2018. The final measured 
flush volume for each tested unit is the aver-
age of the total flush volumes recorded at 
each test pressure as specified in Table 6 
‘‘Static test pressures for urinals, kPa (psi),’’ 
of ASME A112.19.2–2018, based on the average 
of the individual flush volumes at a given 
pressure from the three tests. 

[87 FR 16386, Mar. 23, 2022] 

APPENDIX U TO SUBPART B OF PART 
430—UNIFORM TEST METHOD FOR 
MEASURING THE ENERGY CONSUMP-
TION OF CEILING FANS 

NOTE: Prior to February 13, 2023, manufac-
turers must make any representations with 
respect to the energy use or efficiency of 
ceiling fans as specified in section 2 of this 
appendix as it appeared on January 23, 2017. 
On or after February 13, 2023, manufacturers 
of ceiling fans, as specified in section 2 of 
this appendix, must make any representa-
tions with respect to energy use or efficiency 
in accordance with the results of testing pur-
suant to this appendix. Representations of 
standby power consumption for large-diame-
ter ceiling fans including for the purpose of 
certification, are not required until such 
time as compliance is required with an en-
ergy conservation standard for standby 
power consumption. Upon the compliance 
date(s) of any energy conservation standards 
for large-diameter ceiling fans with a blade 
span greater than 24 feet, use of the applica-
ble provisions of this test procedure to dem-
onstrate compliance with the energy con-
servation standard will also be required. 

0. Incorporation by Reference 

In § 430.3, DOE incorporated by reference 
the entire standard for AMCA 208–18, AMCA 
230–15, AMCA 230–15 TE, and IEC 62301; how-
ever, only enumerated provisions of AMCA 
230–15, AMCA 230–15 TE, and IEC 62301 are ap-
plicable as follows: 

0.1. AMCA 230–15 (including corresponding 
sections in AMCA 230–15 TE): 

(a) Section 3—Units of Measurement, as 
specified in section 3.4 of this appendix; 

(b) Section 4—Symbols and Subscripts; (in-
cluding Table 1—Symbols and Subscripts), as 
specified in section 3.4 of this appendix; 

(c) Section 5—Definitions (except 5.1), as 
specified in section 3.4 of this appendix; 

(d) Section 6—Instruments and Section 
Methods of Measurement, as specified in sec-
tion 3.4 of this appendix; 

(e) Section 7—Equipment and Setups (ex-
cept the last 2 bulleted items in 7.1—Allow-
able test setups), as specified in section 3.4 of 
this appendix; 

(f) Section 8—Observations and Conduct of 
Test, as specified in section 3.5 of this appen-
dix; 

(g) Section 9—Calculations (except 9.5 and 
9.6), as specified in section 3.5 of this appen-
dix; and 

(h) Test Figure 1—Vertical Airflow Setup 
with Load Cell (Ceiling Fans), as specified in 
section 3.4 of this appendix. 

0.2. IEC 62301: 

(a) Section 4.3.1—Supply voltage and fre-
quency (first paragraph only), as specified in 
section 3.6 of this appendix; 

(b) Section 4.3.2—Supply voltage wave-
form, as specified in section 3.6 of this appen-
dix; 

(c) Section 4.4—General conditions for 
measurements: Power measuring instru-
ments, as specified in section 3.6 of this ap-
pendix; 

(d) Section 5.3.1—General (except the last 
bulleted item), as specified in section 3.6 of 
this appendix and 

(e) Section 5.3.2—Sampling method (first 
two paragraphs and Note 1), as specified in 
sections 3.6 and 3.6.3 of this appendix. 

1. Definitions: 

1.1. 40% speed means the ceiling fan speed 
at which the blade RPM are measured to be 
40% of the blade RPM measured at high 
speed. 

1.2. Airflow means the rate of air movement 
at a specific fan-speed setting expressed in 
cubic feet per minute (CFM). 

1.3. Belt-driven ceiling fan means a ceiling 
fan with a series of one or more fan heads, 
each driven by a belt connected to one or 
more motors that are located outside of the 
fan head. 

1.4. Blade span means the diameter of the 
largest circle swept by any part of the fan 
blade assembly, including attachments. The 
represented value of blade span (D) is as de-
termined in 10 CFR 429.32. 

1.5. Ceiling fan efficiency means the ratio of 
the total airflow to the total power con-
sumption, in units of cubic feet per minute 
per watt (CFM/W). 

1.6. Centrifugal ceiling fan means a ceiling 
fan for which the primary airflow direction 
is in the same plane as the rotation of the 
fan blades. 

1.7. High speed means the highest available 
ceiling fan speed, i.e., the fan speed cor-
responding to the maximum blade revolu-
tions per minute (RPM). 

1.8. High-speed small-diameter (HSSD) ceiling 
fan means a small-diameter ceiling fan that 
is not a very-small-diameter ceiling fan, 
highly-decorative ceiling fan or belt-driven 
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ceiling fan and that has a represented value 
of blade edge thickness, as determined in 10 
CFR 429.32(a)(3)(iii), of less than 3.2 mm or a 
maximum represented value of tip speed, as 

determined in 10 CFR 429.32(a)(3)(v), greater 
than the applicable limit specified in the 
table in this definition. 

HIGH-SPEED SMALL-DIAMETER CEILING FAN BLADE AND TIP SPEED CRITERIA 

Airflow direction 
Thickness (t) of edges of blades Tip speed threshold 

Mm Inch m/s feet per minute 

Downward-only .............................................. 4.8 > t ≥ 3.2 3⁄16 > t ≥ 1⁄8 16.3 3,200 
Downward-only .............................................. t ≥ 4.8 t ≥ 3⁄16 20.3 4,000 
Reversible ..................................................... 4.8 > t ≥ 3.2 3⁄16 > t ≥ 1⁄8 12.2 2,400 
Reversible ..................................................... t ≥ 4.8 t ≥ 3⁄16 16.3 3,200 

1.9. High-speed belt-driven (HSBD) ceiling fan 
means a ceiling fan that is a belt-driven ceil-
ing fan with one fan head, and that has a rep-
resented value of blade edge thickness, as de-
termined in 10 CFR 429.32(a)(3)(iii), of less 

than 3.2 mm or a maximum represented 
value of tip speed, as determined in 10 CFR 
429.32(a)(3)(v), greater than the applicable 
limit specified in the table in this definition. 

HIGH-SPEED BELT-DRIVEN CEILING FAN BLADE AND TIP SPEED CRITERIA 

Airflow direction 
Thickness (t) of edges of blades Tip speed threshold 

Mm Inch m/s feet per minute 

Downward-only .............................................. 4.8 > t ≥ 3.2 3⁄16 > t ≥ 1⁄8 16.3 3,200 
Downward-only .............................................. t ≥ 4.8 t ≥ 3⁄16 20.3 4,000 
Reversible ..................................................... 4.8 > t ≥ 3.2 3⁄16 > t ≥ 1⁄8 12.2 2,400 
Reversible ..................................................... t ≥ 4.8 t ≥ 3⁄16 16.3 3,200 

1.10. Highly-decorative ceiling fan means a 
ceiling fan with a maximum represented 
value of blade revolutions per minute (RPM), 
as determined in 10 CFR 429.32(a)(3)(ii), of 90 
RPM, and a represented value of airflow at 
high speed, as determined in 10 CFR 
429.32(a)(3)(vi), of less than 1,840 CFM. 

1.11. Hugger ceiling fan means a low-speed 
small-diameter ceiling fan that is not a very- 
small-diameter ceiling fan, highly-decora-
tive ceiling fan, or belt-driven ceiling fan, 
and for which the represented value of the 
distance between the ceiling and the lowest 
point on the fan blades, as determined in 10 
CFR 429.32(a)(3)(iv), is less than or equal to 
10 inches. 

1.12. Large-diameter ceiling fan means a ceil-
ing fan that is not a highly-decorative ceil-
ing fan or belt-driven ceiling fan and has a 
represented value of blade span, as deter-
mined in 10 CFR 429.32(a)(3)(i), greater than 
seven feet. 

1.13. Low speed means the lowest available 
speed that meets the following criteria: 

Number of sensors per 
individual axis as 

determined in section 
3.2.2(6) of this appendix 

Number of sensors per 
individual axis measuring 

40 feet per minute or 
greater 

3 2 
4 3 
5 3 
6 4 
7 4 
8 5 
9 6 
10 7 
11 8 
12 9 

1.14. Low-speed small-diameter (LSSD) ceiling 
fan means a small-diameter ceiling fan that 
has a represented value of blade edge thick-
ness, as determined in 10 CFR 429.32(a)(3)(iii), 
greater than or equal to 3.2 mm and a max-
imum represented value of tip speed, as de-
termined in 10 CFR 429.32(a)(3)(v), less than 
or equal to the applicable limit specified in 
the table in this definition. 

LOW-SPEED SMALL-DIAMETER CEILING FAN BLADE AND TIP SPEED CRITERIA 

Airflow direction 
Thickness (t) of edges of blades Tip speed threshold 

Mm Inch m/s feet per minute 

Reversible ..................................................... 4.8 > t ≥ 3.2 3⁄16 > t ≥ 1⁄8 12.2 2,400 
Reversible ..................................................... t ≥ 4.8 t ≥ 3⁄16 16.3 3,200 
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1.15. Multi-head ceiling fan means a ceiling 
fan with more than one fan head, i.e., more 
than one set of rotating fan blades. 

1.16. Multi-mount ceiling fan means a low- 
speed small-diameter ceiling fan that can be 
mounted in the configurations associated 
with both the standard and hugger ceiling 
fans. 

1.17. Oscillating ceiling fan means a ceiling 
fan containing one or more fan heads for 
which the axis of rotation of the fan blades 
cannot remain in a fixed position relative to 
the ceiling. Such fans have no inherent 
means by which to disable the oscillating 
function separate from the fan blade rota-
tion. 

1.18. Small-diameter ceiling fan means a ceil-
ing fan that has a represented value of blade 
span, as determined in 10 CFR 429.32(a)(3)(i), 
less than or equal to seven feet. 

1.19. Standard ceiling fan means a low-speed 
small-diameter ceiling fan that is not a very- 
small-diameter ceiling fan, highly-decora-
tive ceiling fan or belt-driven ceiling fan, 
and for which the represented value of the 
distance between the ceiling and the lowest 
point on the fan blades, as determined in 10 
CFR 429.32(a)(3)(iv), is greater than 10 inches. 

1.20. Total airflow means the sum of the 
product of airflow and hours of operation at 
all tested speeds. For multi-head fans, this 
includes the airflow from all fan heads. 

1.21. Very-small-diameter (VSD) ceiling fan 
means a small-diameter ceiling fan that is 
not a highly-decorative ceiling fan or belt- 
driven ceiling fan; and has one or more fan 
heads, each of which has a represented value 
of blade span, as determined in 10 CFR 
429.32(a)(3)(i), of 18 inches or less. Only VSD 
fans that also meet the definition of an 
LSSD fan are required to be tested for pur-
poses of determining compliance with energy 
efficiency standards established by DOE and 
for other representations of energy effi-
ciency. 

2. Scope: 

The provisions in this appendix apply to 
ceiling fans except: 

(1) Ceiling fans where the plane of rotation 
of a ceiling fan’s blades is not less than or 
equal to 45 degrees from horizontal, or can-
not be adjusted based on the manufacturer’s 
specifications to be less than or equal to 45 
degrees from horizontal; 

(2) Centrifugal ceiling fans; 
(3) Belt-driven ceiling fans that are not 

high-speed belt-driven ceiling fans; and 
(4) Oscillating ceiling fans. 

3. General Instructions, Test Apparatus, and 
Test Measurement: 

The test apparatus and test measurement 
used to determine energy performance de-
pend on the ceiling fan’s blade span, and in 
some cases the ceiling fan’s blade edge thick-
ness. For each tested ceiling fan, measure 
the lateral distance from the center of the 
axis of rotation of the fan blades to the fur-
thest fan blade edge from the center of the 
axis of rotation. Measure this lateral dis-
tance at the resolution of the measurement 
instrument, using an instrument with a 
measurement resolution of least 0.25 inches. 
Multiply the lateral distance by two and 
then round to the nearest whole inch to de-
termine the blade span. For ceiling fans hav-
ing a blade span greater than 18 inches and 
less than or equal to 84 inches, measure the 
ceiling fan’s blade edge thickness. To meas-
ure the fan blade edge thickness, use an in-
strument with a measurement resolution of 
at least 0.001 inch and measure the thickness 
of one fan blade’s leading edge (in the for-
ward direction) according to the following: 

(1) Locate the cross-section perpendicular 
to the fan blade’s radial length that is at 
least one inch from the tip of the fan blade 
and for which the blade is thinnest, and 

(2) Measure at the thickest point of that 
cross-section within one inch from the lead-
ing edge of the fan blade. 

See Figure 1 of this appendix for an in-
structional schematic on the fan blade edge 
thickness measurement. Figure 1 depicts a 
ceiling fan from above. Round the measured 
blade edge thickness to the nearest 0.01 inch. 
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3.1. General instructions. 
3.1.1. Record measurements at the resolu-

tion of the test instrumentation. Round off 
calculations to the number of significant 
digits present at the resolution of the test 
instrumentation, except for blade span, 
which is rounded to the nearest inch. Round 
the final ceiling fan efficiency value to the 
nearest whole number as follows: 

3.1.1.1. A fractional number at or above the 
midpoint between the two consecutive whole 
numbers shall be rounded up to the higher of 
the two whole numbers; or 

3.1.1.2. A fractional number below the mid-
point between the two consecutive whole 
numbers shall be rounded down to the lower 
of the two whole numbers. 

3.1.2. For multi-head ceiling fans, the effec-
tive blade span is the blade span (as specified 
in section 3) of an individual fan head, if all 
fan heads are the same size. If the fan heads 
are of varying sizes, the effective blade span 
is the blade span (as specified in section 3) of 
the largest fan head. 

3.2. Test apparatus for low-speed small-di-
ameter and high-speed small-diameter ceil-
ing fans: All instruments are to have accura-
cies within ±1% of reading, except for the air 
velocity sensors, which must have accuracies 
within ±5% of reading or 2 feet per minute 
(fpm), whichever is greater. Equipment is to 
be calibrated at least once a year to com-
pensate for variation over time. 

3.2.1. Air Delivery Room Requirements 
(1) The air delivery room dimensions are to 

be 20 ± 0.75 feet x 20 ± 0.75 feet with an 11 ± 
0.75 foot-high ceiling. The control room shall 

be constructed external to the air delivery 
room. 

(2) The ceiling shall be constructed of sheet 
rock or stainless plate. The walls must be of 
adequate thickness to maintain the specified 
temperature and humidity during the test. 
The paint used on the walls, as well as the 
paint used on the ceiling material, must be 
of a type that minimizes absorption of hu-
midity and that keeps the temperature of 
the room constant during the test (e.g., oil- 
based paint). 

(3) The room must not have any ventila-
tion other than an air conditioning and re-
turn system used to control the temperature 
and humidity of the room. The construction 
of the room must ensure consistent air cir-
culation patterns within the room. Vents 
must have electronically-operated damper 
doors controllable from a switch outside of 
the testing room. 

3.2.2. Equipment Set-Up 
(1) Make sure the transformer power is off. 

Hang the ceiling fan to be tested directly 
from the ceiling, according to the manufac-
turer’s installation instructions. Hang all 
non-multi-mount ceiling fans in the fan con-
figuration that minimizes the distance be-
tween the ceiling and the lowest point of the 
fan blades. Hang and test multi-mount fans 
in two configurations: The configuration as-
sociated the definition of a standard fan that 
minimizes the distance between the ceiling 
and the lowest point of the fan blades and 
the configuration associated with the defini-
tion of a hugger fan that minimizes the dis-
tance between the ceiling and the lowest 
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point of the fan blades. For all tested con-
figurations, measure the distance between 
the ceiling and the lowest point of the fan 
blade using an instrument with a measure-
ment resolution of at least 0.25 inches. 
Round the measured distance from the ceil-
ing to the lowest point of the fan blade to 
the nearest quarter inch. 

(2) Connect wires as directed by manufac-
turer’s wiring instructions. Note: Assemble 
fan prior to the test; lab personnel must fol-
low the instructions provided with the fan by 
the fan manufacturer. Balance the fan blade 
assembly in accordance with the manufac-
turer’s instructions to avoid excessive vibra-

tion of the motor assembly (at any speed) 
during operation. 

(3) With the ceiling fan installed, adjust 
the height of the air velocity sensors to en-
sure the vertical distance between the lowest 
point on the ceiling fan blades and the air 
velocity sensors is 43 inches. 

(4) A single rotating sensor arm, two rotat-
ing sensor arms, or four fixed sensor arms 
can be used to take air velocity measure-
ments along four axes, labeled A–D. Axes A, 
B, C, and D are at 0, 90, 180, and 270 degree 
positions. Axes A–D must be perpendicular 
to the four walls of the room. See Figure 2 of 
this appendix. 

(5) Minimize the amount of exposed wiring. 
Store all sensor lead wires under the floor, if 
possible. 

(6) Place the sensors at intervals of 4 ± 
0.0625 inches along a sensor arm, starting 
with the first sensor at the point where the 
four axes intersect, aligning the sensors per-

pendicular to the direction of airflow. Do not 
touch the actual sensor prior to testing. Use 
enough sensors to record air delivery within 
a circle 8 inches larger in diameter than the 
blade span of the ceiling fan being tested. 
The experimental set-up is shown in Figure 3 
of this appendix. 
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(7) Table 1 of this appendix shows the ap-
propriate number of sensors needed per each 
of four axes (including the first sensor at the 
intersection of the axes) for common fan 
sizes. 

TABLE 1 TO APPENDIX U TO SUBPART B OF 
PART 430: SENSOR SELECTION REQUIREMENTS 

Fan blade 
span * 

(inches) 

Number 
of sensors 

36 6 
42 7 
44 7 
48 7 
52 8 
54 8 
56 8 
60 9 
72 10 
84 12 

* The fan sizes listed are illustrative and do not restrict 
which ceiling fan sizes can be tested. 

(8) Install an RPM (revolutions per minute) 
meter, or tachometer, to measure RPM of 
the ceiling fan blades. 

(9) Use an RMS sensor capable of meas-
uring power with an accuracy of ±1% to 
measure ceiling fan power consumption. If 
the ceiling fan operates on multi-phase 
power input, measure the active (real) power 
in all phases simultaneously. Measure test 
voltage within 6’’ of the connection supplied 
with the ceiling fan. 

(10) Complete any conditioning instruc-
tions provided in the ceiling fan’s instruc-
tion or installation manual must be com-
pleted prior to conducting testing. 

3.2.3. Multi-Head Ceiling Fan Test Set-Up. 
Hang a multi-headed ceiling fan from the 

ceiling such that one of the ceiling fan heads 
is centered directly over sensor 1 (i.e., at the 
intersection of axes A, B, C, and D). The dis-
tance between the lowest point any of the 
fan blades of the centered fan head can reach 

and the air velocity sensors is to be such 
that it is the same as for all other small-di-
ameter ceiling fans (see Figure 3 of this ap-
pendix). If the multi-head ceiling fan has an 
oscillating function (i.e., the fan heads 
change their axis of rotation relative to the 
ceiling) that can be switched off, switch it 
off prior to taking air velocity measure-
ments. If any multi-head fan does not come 
with the blades preinstalled, install fan 
blades only on the fan head that will be di-
rectly centered over the intersection of the 
sensor axes. (Even if the fan heads in a 
multi-head ceiling fan would typically oscil-
late when the blades are installed on all fan 
heads, the ceiling fan is subject to this test 
procedure if the centered fan head does not 
oscillate when it is the only fan head with 
the blades installed.) If the fan blades are 
preinstalled on all fan heads, measure air ve-
locity in accordance with section 3.3 of this 
appendix except turn on only the centered 
fan head. Take the power consumption meas-
urements separately, with the fan blades in-
stalled on all fan heads and with any oscil-
lating function, if present, switched on. 

3.2.4. Test Set-Up for Ceiling Fans with 
Airflow Not Directly Downward 

For ceiling fans where the airflow is not di-
rectly downward, adjust the ceiling fan head 
such that the airflow is as vertical as pos-
sible prior to testing. For ceiling fans where 
a fully vertical orientation of airflow cannot 
be achieved, orient the ceiling fan (or fan 
head, if the ceiling fan is a multi-head fan) 
such that any remaining tilt is aligned along 
one of the four sensor axes. Instead of meas-
uring the air velocity for only those sensors 
directly beneath the ceiling fan, the air ve-
locity is to be measured at all sensors along 
that axis, as well as the axis oriented 180 de-
grees with respect to that axis. For example, 
if the tilt is oriented along axis A, air veloc-
ity measurements are to be taken for all sen-
sors along the A–C axis. No measurements 
would need to be taken along the B–D axis in 

VerDate Sep<11>2014 12:17 May 07, 2025 Jkt 265032 PO 00000 Frm 00788 Fmt 8010 Sfmt 8002 Y:\SGML\265032.XXX 265032 E
R

16
A

U
22

.0
09

<
/G

P
H

>

js
pe

ar
s 

on
 D

S
K

12
1T

N
23

P
R

O
D

 w
ith

 C
F

R



777 

Department of Energy Pt. 430, Subpt. B, App. U 

this case. All other aspects of test set-up re-
main unchanged from sections 3 through 
3.2.2. 

3.3. Active mode test measurement for low- 
speed small-diameter and high-speed small- 
diameter ceiling fans. 

3.3.1. Test conditions to be followed when test-
ing: 

(1) Maintain the room temperature at 70 
degrees ± 5 degrees Fahrenheit and the room 
humidity at 50% ± 5% relative humidity dur-
ing the entire test process. 

(2) If present, the ceiling fan light fixture 
is to be installed but turned off during test-
ing. 

(3) If present, any additional accessories or 
features sold with the ceiling fan that do not 
relate to the ceiling fan’s ability to create 
airflow by rotation of the fan blades (for ex-
ample light kit, heater, air ionization, ultra-
violet technology) is to be installed but 
turned off during testing. If such an acces-
sory or feature cannot be turned off, it shall 
be set to the lowest energy-consuming mode 
during testing. If the ceiling fan is offered 
with a default controller, test using the de-
fault controller. If multiple controllers are 
offered, test using the minimally functional 
controller. 

(4) If present, turn off any oscillating func-
tion causing the axis of rotation of the fan 
head(s) to change relative to the ceiling dur-
ing operation prior to taking air velocity 
measurements. Turn on any oscillating func-
tion prior to taking power measurements. 

(5) Test ceiling fans rated for operation 
with only a single- or multi-phase power sup-
ply with single- or multi-phase electricity, 
respectively. Test ceiling fans capable of op-
erating with single- and multi-phase elec-
tricity with single-phase electricity. DOE 
will allow manufacturers of ceiling fans ca-
pable of operating with single- and multi- 
phase electricity to test such fans with sin-
gle-phase power and make representations of 
efficiency associated with both single and 
multi-phase electricity if a manufacturer de-
sires to do so, but the test results in the 
multi-phase configuration will not be valid 
to assess compliance with any amended en-
ergy conservation standard. All tested power 
supply should be at 60 Hz. 

(6) The supply voltage shall be: 
(i) for ceiling fans tested with single-phase 

electricity, the supply voltage shall be: 
(a) 120 V if the ceiling fan’s minimum rated 

voltage is 120 V or the lowest rated voltage 
range contains 120 V, 

(b) 240 V if the ceiling fan’s minimum rated 
voltage is 240 V or the lowest rated voltage 
range contains 240 V, or 

(c) The ceiling fan’s minimum rated volt-
age (if a voltage range is not given) or the 
mean of the lowest rated voltage range, in 
all other cases. 

(ii) for ceiling fans tested with multi-phase 
electricity, the supply voltage shall be: 

(a) 240 V if the ceiling fan’s minimum rated 
voltage is 240 V or the lowest rated voltage 
range contains 240 V, or 

(b) The ceiling fan’s minimum rated volt-
age (if a voltage range is not given) or the 
mean of the lowest rated voltage range, in 
all other cases. 

(iii) The test voltage shall not vary by 
more than ±1% during the tests. 

(7) Conduct the test with the fan connected 
to a supply circuit at the rated frequency. 

(8) Measure power input at a point that in-
cludes all power-consuming components of 
the ceiling fan (but without any attached 
light kit energized; or without any addi-
tional accessory or feature energized, if pos-
sible; and if not, with the additional acces-
sory or feature set at the lowest energy-con-
suming mode). If the ceiling fan is offered 
with a default controller, test using the de-
fault controller. If multiple controllers are 
offered, test using the minimally functional 
controller. 

3.3.2. Air Velocity and Power Consumption 
Testing Procedure: 

Measure the air velocity (FPM) and power 
consumption (W) for HSSD ceiling fans until 
stable measurements are achieved, meas-
uring at high speed only. Measure the air ve-
locity and power consumption for LSSD and 
VSD ceiling fans that also meet the defini-
tion of an LSSD fan until stable measure-
ments are achieved, measuring first at low 
speed and then at high speed. To determine 
low speed, start measurements at the lowest 
available speed and move to the next highest 
speed until the low speed definition in sec-
tion 1.13 of this appendix is met. Air velocity 
and power consumption measurements are 
considered stable for high speed if: 

(1) The average air velocity for each sensor 
varies by less than 5 percent or 2 FPM, 
whichever is greater, compared to the aver-
age air velocity measured for that same sen-
sor in a successive set of air velocity meas-
urements, and 

(2) Average power consumption varies by 
less than 1 percent in a successive set of 
power consumption measurements. 

(a) Air velocity and power consumption 
measurements are considered stable for low 
speed if: 

(1) The average air velocity for each sensor 
varies by less than 10 percent or 2 FPM, 
whichever is greater, compared to the aver-
age air velocity measured for that same sen-
sor in a successive set of air velocity meas-
urements, and 

(2) Average power consumption varies by 
less than 1 percent in a successive set of 
power consumption measurements. 

(b) These stability criteria are applied dif-
ferently to ceiling fans with airflow not di-
rectly downward. See section 3.3.3 of this ap-
pendix. 

Step 1: Set the first sensor arm (if using 
four fixed arms), two sensor arm (if using a 
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two-arm rotating setup), or single sensor 
arm (if using a single-arm rotating setup) to 
the 0 degree Position (Axis A). If necessary, 
use a marking as reference. If using a single- 
arm rotating setup or two-arm rotating 
setup, adjust the sensor arm alignment until 
it is at the 0 degree position by remotely 
controlling the antenna rotator. 

Step 2: Set software up to read and record 
air velocity, expressed in feet per minute 
(FPM) in 1 second intervals. (Temperature 
does not need to be recorded in 1 second in-
tervals.) Record current barometric pressure. 

Step 3: Allow test fan to run 15 minutes at 
rated voltage and at high speed if the ceiling 
fan is an HSSD ceiling fan. If the ceiling fan 
is an LSSD or VSD ceiling fan that also 
meets the definition of an LSSD fan, allow 
the test fan to run 15 minutes at the rated 
voltage and at the lowest available ceiling 
fan speed. Turn off all forced-air environ-
mental conditioning equipment entering the 
chamber (e.g., air conditioning), close all 
doors and vents, and wait an additional 3 
minutes prior to starting test session. 

Step 4a: For a rotating sensor arm: Begin 
recording readings. Starting with Axis A, 
take 100 air velocity readings (100 seconds 
run-time) and record these data. For all fans 
except multi-head fans and fans capable of 
oscillating, also measure power during the 
interval that air velocity measurements are 
taken. Record the average value of the air 
velocity readings for each sensor in feet per 
minute (FPM). Determine if the readings 
meet the low speed definition as defined in 
section 1.13 of this appendix. If not, restart 
Step 4a at the next highest speed until the 
low-speed definition is met. Once the low 
speed definition is met, rotate the arm, sta-
bilize the arm, and allow 30 seconds to allow 
the arm to stop oscillating. Repeat data re-
cording and rotation process for Axes B, C, 
and D. Step 4a is complete when the readings 
for all axes meet the low speed definition at 
the same speed. Save the data for all axes 
only for those measurements that meet the 
low speed definition. Using the measure-
ments applicable to low speed, record the av-
erage value of the power measurement in 
watts (W) (400 readings). Record the average 
value of the air velocity readings for each 
sensor in feet per minute (FPM) (400 read-
ings). 

Step 4b: For a two-arm rotating setup: 
Begin recording readings. Starting with Axes 
A and C, take 100 air velocity readings (100 
seconds run-time) for both axes and record 
these data. For all fans except multi-head 
fans and fans capable of oscillating, also 
measure power during the interval that air 
velocity measurements are taken. Record 
the average value of the air velocity readings 
for each sensor in feet per minute (FPM). De-
termine if the readings meet the low speed 
definition as defined in section 1.13 of this 
appendix. If not, restart Step 4b at the next 

highest speed until the low speed definition 
is met. Once the low speed definition is met, 
rotate the two-arm, stabilize the arm, and 
allow 30 seconds to allow the arm to stop os-
cillating. Repeat data recording for Axes B 
and D. Step 4b is complete when the readings 
for all axes meet the low speed definition at 
the same speed. Save the data for all axes 
only for those measurements that meet the 
low speed definition. Using the measure-
ments applicable to low speed, record the av-
erage value of the power measurement in 
watts (W) (200 readings). Record the average 
value of the air velocity readings for each 
sensor in feet per minute (FPM) (200 read-
ings). 

Step 4c: For four fixed sensor arms: Begin 
recording readings. Take 100 air velocity 
readings (100 seconds run-time) and record 
this data. Take the readings for all sensor 
arms (Axes A, B, C, and D) simultaneously. 
For all fans except multi-head fans and fans 
capable of oscillating, also measure power 
during the interval that air velocity meas-
urements are taken. Record the average 
value of the air velocity readings for each 
sensor in feet per minute (FPM). Determine 
if the readings meet the low speed definition 
as defined in section 1.13 of this appendix. If 
not, restart Step 4c at the next highest speed 
until the low speed definition is met. Step 4c 
is complete when the readings for all axes 
meet the low speed definition at the same 
speed. Save the data for all axes only for 
those measurements that meet the low speed 
definition. Using the measurements applica-
ble to low speed, record the average value of 
the power measurement in watts (W) (100 
readings). Record the average value of the 
air velocity readings for each sensor in feet 
per minute (FPM) (100 readings). 

Step 5: Repeat step 4a, 4b or 4c until stable 
measurements are achieved. 

Step 6: Repeat steps 1 through 5 above on 
high speed for LSSD and VSD ceiling fans 
that also meet the definition of an LSSD fan. 
Note: Ensure that temperature and humidity 
readings are maintained within the required 
tolerances for the duration of the test (all 
tested speeds). Forced-air environmental 
conditioning equipment may be used and 
doors and vents may be opened between test 
sessions to maintain environmental condi-
tions. 

Step 7: If testing a multi-mount ceiling fan, 
repeat steps 1 through 6 with the ceiling fan 
in the ceiling fan configuration (associated 
with either hugger or standard ceiling fans) 
not already tested. 

If a multi-head ceiling fan includes more 
than one category of ceiling fan head, then 
test at least one of each unique category. A 
fan head with different construction that 
could affect air movement or power con-
sumption, such as housing, blade pitch, or 
motor, would constitute a different category 
of fan head. 
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Step 8: For multi-head ceiling fans, meas-
ure active (real) power consumption in all 
phases simultaneously at each speed con-
tinuously for 100 seconds with all fan heads 
turned on, and record the average value at 
each speed in watts (W). 

For ceiling fans with an oscillating func-
tion, measure active (real) power consump-
tion in all phases simultaneously at each 
speed continuously for 100 seconds with the 
oscillating function turned on. Record the 
average value of the power measurement in 
watts (W). 

For both multi-head ceiling fans and fans 
with an oscillating function, repeat power 
consumption measurement until stable 
power measurements are achieved. 

3.3.3. Air Velocity Measurements for Ceiling 
Fans with Airflow Not Directly Downward: 

Using the number of sensors that cover the 
same diameter as if the airflow were directly 
downward, record air velocity at each speed 
from the same number of continuous sensors 
with the largest air velocity measurements. 
This continuous set of sensors must be along 
the axis that the ceiling fan tilt is directed 
in (and along the axis that is 180 degrees 
from the first axis). For example, a 42-inch 
fan tilted toward axis A may create the pat-

tern of air velocity shown in Figure 4 of this 
appendix. As shown in Table 1 of this appen-
dix, a 42-inch fan would normally require 7 
active sensors per axis. However, because the 
fan is not directed downward, all sensors 
must record data. In this case, because the 
set of sensors corresponding to maximum air 
velocity are centered 3 sensor positions away 
from the sensor 1 along the A axis, sub-
stitute the air velocity at A axis sensor 4 for 
the average air velocity at sensor 1. Take the 
average of the air velocity at A axis sensors 
3 and 5 as a substitute for the average air ve-
locity at sensor 2, take the average of the air 
velocity at A axis sensors 2 and 6 as a sub-
stitute for the average air velocity at sensor 
3, etc. Lastly, take the average of the air ve-
locities at A axis sensor 10 and C axis sensor 
4 as a substitute for the average air velocity 
at sensor 7. Stability criteria apply after 
these substitutions. For example, air veloc-
ity stability at sensor 7 are determined based 
on the average of average air velocity at A 
axis sensor 10 and C axis sensor 4 in succes-
sive measurements. Any air velocity meas-
urements made along the B–D axis are not 
included in the calculation of average air ve-
locity. 

3.4. Test apparatus for large-diameter ceiling 
fans and high-speed belt-driven ceiling fans: 

The test apparatus and instructions for 
testing large-diameter ceiling fans and 
HSBD ceiling fans must conform to the re-
quirements specified in Sections 3 through 7 
(including Test Figure 1) of AMCA 230–15, 
with the following modifications: 

3.4.1. A ‘‘ceiling fan’’ is defined as in 10 
CFR 430.2. 

3.4.2. Test ceiling fans rated for operation 
with only a single- or multi-phase power sup-
ply with single- or multi-phase electricity, 
respectively. Test ceiling fans capable of op-

erating with single- and multi-phase elec-
tricity with multi-phase electricity. DOE 
will allow manufacturers of ceiling fans ca-
pable of operating with single- and multi- 
phase electricity to test such fans with sin-
gle-phase power and make representations of 
efficiency associated with both single and 
multi-phase electricity if a manufacturer de-
sires to do so, but the test results in the sin-
gle-phase configuration will not be valid to 
assess compliance with any amended energy 
conservation standard. All tested power sup-
ply should be at 60 Hz. 

3.4.3. Supply Voltage: 
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(1) For ceiling fans tested with single- 
phase electricity, the supply voltage shall 
be: 

(a) 120 V if the ceiling fan’s minimum rated 
voltage is 120 V or the lowest rated voltage 
range contains 120 V, 

(b) 240 V if the ceiling fan’s minimum rated 
voltage is 240 V or the lowest rated voltage 
range contains 240 V, or 

(c) The ceiling fan’s minimum rated volt-
age (if a voltage range is not given) or the 
mean of the lowest rated voltage range, in 
all other cases. 

(2) For ceiling fans tested with multi-phase 
electricity, the supply voltage shall be: 

(a) 240 V if the ceiling fan’s minimum rated 
voltage is 240 V or the lowest rated voltage 
range contains 240 V, or 

(b) The ceiling fan’s minimum rated volt-
age (if a voltage range is not given) or the 
mean of the lowest rated voltage range, in 
all other cases. 

3.5. Active mode test measurement for large-di-
ameter ceiling fans and high-speed belt-driven 
ceiling fans: 

(1) Test large-diameter ceiling fans and 
high-speed belt-driven ceiling fans in accord-
ance with AMCA 208–18, in all phases simul-
taneously at: 

(a) High speed, and 
(b) 40 percent or the nearest speed that is 

not less than 40 percent speed. 
(2) When testing at 40 percent speed for 

large-diameter ceiling fans that can operate 
over an infinite number of speeds (e.g., ceil-
ing fans with VFDs), ensure the average 
measured RPM is within the greater of 1 per-
cent of the average RPM at high speed or 1 
RPM. For example, if the average measured 
RPM at high speed is 50 RPM, for testing at 
40 percent speed, the average measured RPM 
should be between 19 RPM and 21 RPM. If the 
average measured RPM falls outside of this 
tolerance, adjust the ceiling fan speed and 
repeat the test. Calculate the airflow and 
measure the active (real) power consumption 
in all phases simultaneously in accordance 
with the test requirements specified in Sec-
tions 8 and 9, AMCA 230–15, with the fol-
lowing modifications: 

3.5.1. Measure active (real) power consump-
tion in all phases simultaneously at a point 
that includes all power-consuming compo-
nents of the ceiling fan. If present, any addi-
tional accessories or features sold with the 
ceiling fan that do not relate to the ceiling 
fan’s ability to create airflow by rotation of 
the fan blades (for example light kit, heater, 
air ionization, ultraviolet technology) are to 
be installed but turned off during testing. If 
the accessory/feature cannot be turned off, it 
shall be set to the lowest energy-consuming 
mode during testing. If the ceiling fan is of-
fered with a default controller, test using the 
default controller. If multiple controllers are 
offered, test using the minimally functional 
controller. 

3.5.2. Measure active (real) power consump-
tion in all phases simultaneously continu-
ously at the rated voltage that represents 
normal operation over the time period for 
which the load differential test is conducted. 

3.6. Test measurement for standby power con-
sumption. 

(1) Measure standby power consumption if 
the ceiling fan offers one or more of the fol-
lowing user-oriented or protective functions: 

(a) The ability to facilitate the activation 
or deactivation of other functions (including 
active mode) by remote switch (including re-
mote control), internal sensor, or timer. 

(b) Continuous functions, including infor-
mation or status displays (including clocks), 
or sensor-based functions. 

(2) Measure standby power consumption 
after completion of active mode testing and 
after the active mode functionality has been 
switched off (i.e., the rotation of the ceiling 
fan blades is no longer energized). The ceil-
ing fan must remain connected to the main 
power supply and be in the same configura-
tion as in active mode (i.e., any ceiling fan 
light fixture should still be attached). Meas-
ure standby power consumption according to 
Sections 4.3.1, 4.3.2, 4.4, and 5.3.1 through 
5.3.2, of IEC 62301 with the following modi-
fications: 

3.6.1. Allow 3 minutes between switching 
off active mode functionality and beginning 
the standby power test. (No additional time 
before measurement is required.) 

3.6.2. Simultaneously in all phases, meas-
ure active (real) power consumption continu-
ously for 100 seconds, and record the average 
value of the standby power measurement in 
watts (W). 

3.6.3. Determine power consumption ac-
cording to section 5.3.2 of IEC 62301, or by 
using the following average reading method. 
Note that a shorter measurement period may 
be possible using the sample method in sec-
tion 5.3.2 of IEC 62301. 

(1) Connect the product to the power sup-
ply and power measuring instrument. 

(2) Select the mode to be measured (which 
may require a sequence of operations and 
could require waiting for the product to 
automatically enter the desired mode) and 
then monitor the power. 

(3) Calculate the average power using ei-
ther the average power method or the accu-
mulated energy method. For the average 
power method, where the power measuring 
instrument can record true average power 
over an operator selected period, the average 
power is taken directly from the power 
measuring instrument. For the accumulated 
energy method, determine the average power 
by dividing the measured energy by the time 
for the monitoring period. Use units of watt- 
hours and hours for both methods to deter-
mine average power in watts. 
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