ﬁplw Designation: F 2140 — 01

—~yl?
INTERNATIONAL
Standard Test Method for
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Performance of Hot Food Holding Cabinets
This standard is issued under the fixed designation F 2140; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3. Terminology

1.1 This test method evaluates the preheat energy consump-3.1 Definitions:
tion and idle energy consumption of hot food holding cabinets. 3.1.1 energy input raten—peak rate at which a hot food
The food service operator can use this evaluation to select a hhblding cabinet consumes energy (kW), typically reflected
food holding cabinet and understand its energy performanceluring preheat.
temperature uniformity, and relative humidity (if applicable). A 3.1.2 holding cavity n—that portion of the appliance in
hot food holding cabinet is described as a commercial kitchemhich food products are held.
appliance that is used to hold hot food (usually no greater than 3.1.3 hot food holding cabinetn—an appliance that is
200°F) that has been cooked in a separate appliance atdesigned to hold hot food that has been cooked in a separate

specified temperature. appliance at a specified temperature.
1.2 This test method is applicable to electric hot food 3.1.4 idle energy rate—dryn—the rate of energy consumed
holding cabinets. (kW) by the hot food holding cabinet while “idling” the
1.3 The hot food holding cabinet can be evaluated withholding cavity at the control set point without using the
respect to the following (where applicable): humidity generating device, if applicable.
1.3.1 Energy input rate (10.2), 3.1.5 idle energy rate—weh—the rate of energy consumed
1.3.2 Temperature calibration (10.3), (kw) by the hot food holding cabinet while “idling” the
1.3.3 Preheat energy consumption and time (10.4), holding cavity at the control set point while generating
1.3.4 Energy consumption (idle energy rate) (10.5), humidity, if applicable.

1.3.5 Energy consumption with water (humidity pan) device 3.1.6 preheat energyn—amount of energy consumed by
and relative humidity (if applicable) (10.5) and the hot food holding cabinet while preheating the cabinet from
1.3.6 Temperature uniformity (10.5). ambient room temperature (75 2.5°F) to 150°F, with the

1.4 The values stated in inch-pound units are to be regardetbntrol(s) set to a calibrated 150°F.
as standard. 3.1.7 preheat rate n—average rate (°F/min) at which the

1.5 This standard does not purport to address all of thehot food holding cabinet is heated from ambient temperature
safety concerns, if any, associated with its use. It is th€75 = 2.5°F) to 150°F, with the control(s) set to a calibrated
responsibility of the user of this standard to establish appro-150°F.
priate safety and health practices and determine the applica- 3.1.8 preheat time n—time required for the hot food

bility of regulatory limitations prior to use. holding cabinet to preheat from ambient room temperature (75
+ 2.5°F) to 150°F, with the control(s) set to a calibrated 150°F.
2. Referenced Documents 3.1.9 uncertainty n—measure of systematic and precision
2.1 ASHRAE Documert: errors in specified instrumentation or measure of repeatability
ASHRAE Guideline 2—1986 (RA90) “Engineering Analy- of a reported test result.
sis of Experimental Data” 3.1.10 water device n—a humidity pan or similar water-
2.2 NSF Standarc® holding vessel, which is filled with water, that is built into the

Standard Number 4—Commercial Cooking, Rethermalizacabinet.
tion, and Powered Hot Food Holding and Transport
Equipment 4. Summary of Test Method
4.1 The hot food holding cabinet is connected to the
appropriate metered energy source, and energy input rate is

1 This test method is under the jurisdiction of ASTM Committee F26 on Food determined to confirm that the appliance is Operating within
Service Equipment and is the direct responsibility of Subcommittee F26.06 or;5 % of th | .
Productivity and Energy Protocol. o of the nameplate energy Input rate.

Current edition approved Oct. 10, 2001. Published December 2001. 4.2 The accuracy of the hot food holding cabinet’s tempera-
2 Available from the American Society of Heating, Refrigerating, and Air tyre control is checked at 150°F and adjusted as necessary to
Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329. within + 5°F

3 NSF International, PO Box 130140 Ann Arbor, MI 48113-0140.
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4.3 The amount of energy and time required to preheat th8. Preparation of Apparatus
hot food holding cabinet to 150°F, based on a calibrated 150°F

se;rl elol;];’elsra(:gtg?:jllgegﬁer consumption is determined Withmanufacturer's instructions in an appropriate space. All sides
| 9y P of the hot food holding cabinets shall be a minimum of 3 ft

the hot food holding cabinet set to maintain 150°F with no foodfrom any side wall, side partition, or other operating appliance.

load and no humidity generation. . . .
4.5 The rate of idle energy consumption with water deviceThe associated heating or cooling system for the space shall be

and relative humidity (if appiicable) with no food load. capable of maintaining an ambient temperature oft78.5°F

4.6 The degree of temperature stratification at 150°F iéN'thm the testing environment.

9.1 Install the hot food holding cabinets according to the

determined. 9.2 Connect the hot food holding cabinet to a calibrated
energy test meter. A voltage regulator may be required during
5. Significance and Use tests if the voltage supply is not withit 2.5% of the

5.1 The energy input rate and thermostat calibration testganufacturer's nameplate voltage.
are used to confirm that the hot food holding cabinet is 9.3 Confirm (while the elements are energized) that the
operating properly prior to further testing. supply voltage is within= 2.5 % of the operating voltage
5.2 Preheat energy and time can be useful to food servicepecified by the manufacturer. Record the test voltage for each
operators to manage energy demands and to know how quickigst.

the hot food holding cabinet can be ready for operation. . . . .

5.3 Energy consumption (idle energy rate) can be used b Note 1—It is the intent of the_testlng_ proce(_jure herein to fevaluate the

: . . . Merformance of a hot food holding cabinet at its rated electric voltage. If

the food service operator to estimate energy cONsUMPtioRy electric unit is rated dual voltage (that is, designed to operate at either
during operating periods. 208 or 240 V with no change in components), the voltage selected by the

5.4 Energy consumption (idle energy rate) with the watemanufacturer and/or tester shall be reported. If a hot food holding cabinet
device can be used by the food service operator to estimai& designed to operate at two voltages without a change in the resistance
energy consumption during operating periods with the humidgf the heatm.g elements, the performance of the unit (for example, preheat
: . time) may differ at the two voltages.
ity device.

5.5 The relative humidity percentage can be used by opera- 9.4 Assure that the hot food holding cabinet's vent (if
tors to select a hot food holding cabinet that will meet theirapplicable) is closed for all tests.

food-holding needs. . _ 9.5 For the preheat test and the idle test, each tested cabinet
5.6 The temperature uniformity can be used by operators t@;i|| have a minimum of three thermocouples regardless of the
choose a hot food cabinet that meets their food-holding needgnysical size of the unit. All thermocouple placements are to be
6. Apparatus centered front to bgck and side to side. These three m_inimum
thermocouple locations are:5 %2 in. from the top, 5t ¥z in.

6.1 Data Acquisition Systemfor measuring energy and from the bottom, and in the geometric center ¥z in.) of the
temperatures, capable of multiple channel displays updating a4pinet. See example in Fig. 1.

least every 2 s.
6.2 Humidity Measuring Devigawith an operating tempera-  Note 2—The thermocouple placement in 9.5 is in accordance with
ture range of 60 to 180°F, with an accuracy-of2 % relative =~ NSF Standard 4.

humidity. _ _ 9.5.1 For the idle energy consumption rate test, additional
6.3 Stop Watchwith a 1-s resolution. temperatures shall be measured with no more than 12 in.
6.4 Thermocouple(s)industry standard type T or type K yertically between adjacent measuring points, centered side to

thermocouple wire connected at the exposed ends by tightlyjde and front to back.

twisting or soldering the two wires together, with a range of 0

to 250°F and an uncertainty of 1°F. Note 3—For example, a hot food holding cabinet (measured approxi-
6.5 Watt-Hour Meter for measuring the electrical energy mately 58 in. inside the cavity, top to bottom) will have the initial

consumption of a hot food holding cabinet, shall have aglinimum three thermocouples per 9.5. This leaves a 24-in. space between
. . . oth the top and/or bottom thermocouples and the center thermocouple.
resolution of at least 10 W-h and a maximum uncertainty ncbividing the space (24 in.) by 12 in. results in 2 sections of 12 in. where
greater than 1.5 % of the measured value for any demangle additional thermocouples can be placed (1 additional thermocouple in
greater than 100 W. For any demand less than 100 W, the mete#ich 24-in. section) . Installing additional thermocouples results in

shall have a resolution of at least 10 W-h and a maximunthermocouple placement every 12 in., for a total of 5 thermocouples in a

uncertainty no greater than 10 %. full-size hot food holding cabinet. A half-size hot food holding cabinet
(measured approximately 24 in. inside the cavity, top to bottom) will have
7. Reagents and Materials the minimum of three thermocouples. Since the space between either the

top or bottom thermocouples and the center thermocouple is already 7 in.,

7.1 Aluminum Sheet Pansneasuring 18< 26 X 1 in. for it does not require additional thermocouples.

the idle tests. (Pans measuring23.8 X 1 in. may be used for

smaller units if the larger pans do not fit). 9.5.2 For the idle energy consumption test, install a relative
humidity sensor in the geometric center of the hot food holding
8. Sampling, Test Units cabinet.
8.1 Hot Food Holding Cabinet-Select a representative 9.6 The idle energy consumption test will use sheet pans.
production model for performance testing. One sheet pan is to be placed in the cabinet for each vertical
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FIG. 1 Placement of Thermocouples

foot. Measure the inside of the cavity from top to bottom andelements commence cycling (not when the hot food holding
divide by 12. This will determine the number of sheet panscabinet’s ready light comes on).

required for the idle energy test. Note 4—A cabinet’s ready light is an indication that the cabinet is up

10. Procedure to temperature and not an indication of whether the elements are on or
drawing power. It is the intent of this Energy Input Rate procedure to
10.1 General o S y

. . monitor the energy during a continuous period when the elements are
10.1.1 For the hot food holding cabinets, record the follow-gnergized.

ing for each test run:

10.1.1.1 Voltage while elements are energized,

10.1.1.2 Ambient temperature, and

10.1.1.3 Energy input rate during or immediately prior to
each test run.

10.1.2 For each test run, confirm that the peak input rate i
within = 5 % of the rated nameplate input. If the difference is
greater than 5 %, terminate testing and contact the manufac-Nore 5—If the temperature dial does not have a temperature scale (for
turer. The manufacturer may make appropriate changes @xample, 70 to 200°F), but instead has a numbered setting dial (for

10.3 Temperature Calibration

10.3.1 Install a thermocouple at the geometric center of the
hot food holding cabinet.

10.3.2 Set the controls to maintain a cabinet temperature of
%50°F and turn the unit on. Stabilize for 60 min after the
elements commence cycling at the thermostat set point.

adjustments to the hot food holding cabinet. example, 1 to 10) use a best guess estimate at what may be 150°F for the
10.2 Energy Input Rate initial thermostat calibration setting and adjust as necessary thereafter.
10.2.1 Set the temperature controls to 150°F and turn on the 10.3.3 Monitor and record the cavity temperature every 30

hot food holding cabinet. s for a minimum of 1 h. Average these recorded temperatures.

10.2.2 Start recording time and energy consumption when 10.3.4 As required (as indicated by the average tempera-
the elements are energized and stop recording when theare), adjust the temperature control(s) to attain an actual
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holding cavity temperature of 158 5°F. Repeat 10.3.3 to 10.6.5 Begin recording the hot food holding cabinet’s tem-
confirm that the cavity temperature is 1505°F. perature, humidity, and energy consumption for an additional 3
10.3.5 To facilitate further testing, mark on the dial theh while the hot food holding cabinet is operated in this
exact position of the thermostat control(s) that corresponds toondition with the sheet pans and water generating device.
an average holding cavity temperature of t5&°F . Record .
the final control setting. 11. Calculation and Report

10.4 Preheat Energy Consumption and Time 11.1 Test Hot Food Holding Cabinet
. 11.1.1 Summarize the physical and operating characteristics
operation on the day of the test, starting with the holding cavity at room8f the hot food_holdlng cabl_ne_t. If needed, d.e.scnb.e other
temperature (75 2.5°F). ?aetisc;%notf)rt r:)ep(;:‘g:?r;(gsirl]tz;racter|st|cs that may facilitate interpre-
10.4.1 Assure that there are no sheet pans in the cabinet. 11.2 Apparatus and Procedure
Note 7—The preheat test requires that no sheet pans are in the hot food 11.2.1 Confirm that the testing apparatus conformed to all of
holding cabinet. the specifications in Section 6. Describe any deviations from
10.4.2 Record oven cavity temperature and ambient temthose specifications.
perature at the start of the test. The cavity temperature shall be 11.2.2 Report the voltage for each test.
75 + 2.5°F at the start of the test. 11.3 Energy Input Rate
10.4.3 Turn the unit on with control(s) set to maintain 150°F 11.3.1 Report the manufacturer's nameplate energy input
at each thermocouple, as determined in 10.3.5. rate in kW for the electric hot food holding cabinet.
10.4.4 Record the cavity temperature over a minimum of 11.3.2 For the hot food holding cabinets, calculate and
5-s intervals during the course of preheat. report the measured energy input rate (kW) based on the
10.4.5 Record the energy and time to preheat the hot foodnergy consumed by the hot food holding cabinet during the
holding cabinet. Preheat is judged complete when the tempergeriod of peak energy input according to the following rela-
ture at the geometric center of the cabinet reaches 150°F, @ignship:
indicated by the thermocouple. E % 60
10.5 Energy Consumption (Idle Energy Rate—Dry) Ghnput = ¢ 1)

Note 6—The preheat test should be conducted as the first applian

Note 8—The idle test may be conducted immediately following the here:
preheat test (10.4). In addition, testing at Pacific Gas and Electric’s FoodW ’
Service Technology Center has determined that the ambient temperaturginput
during the idle energy consumption test can affect the energy usage,

measured peak energy input rate, kW,
energy consumed during period of peak energy

therefore, it is important to record the average ambient temperature during input. kW-h, and . )
testing. t = period of peak energy input, min.
10.5.1 Preheat the hot food holding cabinet to 150°F. 11.3.3 Calculate and report the percent difference between

10.5.2 Place the sheet pans as determined in 9.6 into tHee manufacturer's nameplate energy input rate and the mea-
predetermined positions and center front to back and side tgured energy input rate.

side (if applicable). 11.4 Temperature Calibration
10.5.3 Stabilize the hot food holding cabinet foh after the 11.4.1 For the as-received condition, report the holding
sheet pans have been inserted. cavity temperature (at the geometric center of the cabinet) that

10.5.4 Begin recording the hot food holding cabinet's tem-corresponds to the 150°F setting on the hot food cabinet's
perature and energy consumption for an additiéha while ~ thermostat control.

the hot food holding cabinet is operated in this condition with 11.4.2 Report any discrepancies greater than 5°F between
the sheet pans. the temperature indicated by the hot food cabinet’s control and
_ the 150°F hot food cabinet cavity temperature.
Note 9—Idle energy consumption rate can be used to calculate 11.5 Preheat Energy and Time

real-world energy usage. It has been determined at Pacific Gas and .
Electric’'s Food Service Technology Center that the energy consumption of 11.5.1 Report the preheat energy consumption (kWh) and

an empty hot food holding cabinet and a fully loaded (with food) cabinetPr€heat time (min).
are very similar. 11.5.2 Calculate and report the average preheat rate (°F/

10.6 Energy Consumption (Idle Energy Rate—Wet) min) based on the preheat pgriod. Also report the starting
10.6.1 Preheat the hot food holding cabinet to 150°F.  temperature of the holding cavity. _ _
10.6.2 Place the sheet pans as determined in 9.6 into the 11.5.3 Generate a graph showing the holding cavity tem-
predetermined positions and center front to back and side tBerature versus time based on the preheat period.
side (if applicable). 11.6 Energy Consumption (Idle Energy Rate) With and

10.6.3 Fill the water device (humidity pan) with 20 2°F ~ Without Humidity _ _
water to the full mark (if applicable) or to 90 % of the pan 11.6.1 Calculate and report the idle energy consumption rate
capacity. If the unit being tested has a separate control fofkW) based on:
humidity generation, turn the control to the highest setting. E X 60

10.6.4 Stabilize the hot food holding cabinet foh after the Gidle = ¢ )
sheet pans have been inserted and the water-generating devic ]
has been activated and filled with water. where-




Gidle
E

t

where:
Gidie,w

E =

t =

11.6.3 Report the number of thermocouples used in the idle

: r

energy consumption rate test. Also report the number of she&
pans used in the idle energy consumption rate test stratification:

Ay F 2140

energy consumption (idle energy rate), kW, 11.6.5 Report the average relative humidity from the 36

energy consumed during the test period, kwW-h, andmeasurements taken.

test period, min.
11.6.2 Calculate and report the idle energy consumption rate

(kW) with water in the humidity pan (water device) based on:

12. Precision and Bias

12.1 Precision

12.1.1 Repeatability (within laboratory, same operator and

e = E X 60 3) equipment).

e t 12.1.1.1 The repeatability for each reported parameter is
being determined.

= energy consumption (idle energy rate) with water 12.1.2 Reproducibility (multiple laboratories).

in the humidity vessel, kW, 12.1.2.1 The interlaboratory precision of the procedure in
energy consumed dur’ing the test period, kw-h, this test method for measuring each reported parameter is being
and determined.

test period, min. 12.2 Bias

12.2.1 No statement can be made concerning the bias of the
ocedures in this test method because there are no accepted
reference values for the parameters reported.

11.6.4 Report the greatest temperature differences betwedid. Keywords
the thermocouples during the idle energy consumption rate 13.1 hot food holding cabinet; idle energy consumption;

test.

preheat time and energy consumption
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APPENDIX
(Nonmandatory Information)

X1. RESULTS REPORTING SHEETS
X1.1

Manufacturer
Model

Date

Test Reference Number (optional

Section 11.1 Test Hot Food Holding Cabinet

Description of operational characteristics:

Section 11.2 Apparatus

Check if testing apparatus conformed to specifications in Section 6.
Deviations:

Section 11.3 Energy Input Rate

Test Voltage (V)

Measured (kW)

Rated (kW)

Percent Difference between Measured and Rated (%)

1]

Section 11.4 Thermostat Calibration

As-Received:
Temperature Control Setting (°F) 15
Cavity Temperature (°F)
As-Adjusted:
Temperature Control Setting (°F)
Cavity Temperature (°F)

=

Section 11.5 Preheat Energy and Time

Test Voltage (V)

Starting Temperature (°F)
Energy Consumption (kW h)
Duration (min)

Preheat rate (°F/min)

1

FIG. X1.1 Results Reporting Sheet
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215

200

185
170

155

140

125

110

Temperature (°F)

95

80

65

50

0 5 10 15 20 25 30 35 40 45 50

Time (min)

FIG. X1.2 Preheat Curve

Section 11.6 Energy Consumption (Idle Energy Rate)

55 60

Without
Water

With
Water

Test Voltage (V)

Energy Consumption @ 150°F (kW)

Ambient Temperature for Energy Consumption Test (°F)

Number of Thermocouples

Number of Sheet Pans

Average Temperature at Top of Cabinet (°F)

Average Temperature at Center of Cabinet (°F)

Average Temperature at Bottom of Cabinet (°F)

Additional Average Temperatures (°F)

Maximum Temperature Difference (°F)

Average Relative Humidity (%)

N/A

Fig. X1.3 Idle Energy Results Table
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



