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EXECUTIVE PRECIS

1. The energy ratings of food service equipment, in terms of Btu
{British Thermal Unit) consumption rate provided in this report, were based
on the power rating of an item of equipment muitiplied by the Btu conversion
factor and by the on-time factor. This report explains in detail the source
of equipment, Btu conversion factors, on-time factors, and how energy ratings
in terms of Btu consumnption are calculated.

2. Attached is an appendix listing the Btu ratings for equipment from
the Master Equipment Lis*, Enlisted Personnel Dining Facilities, published
by the Troop Support Agency. The format and order of listing equipment
follow the Master Equipment List. One exception is a group of items --
coffee urns, steam ccokers, etc. -- that operate with varicus energy
The Btu ratings for gas, electricity, end steam for these items are listed
on the same line for ready comparison.

3. Besides providing Btu ratings, this report also furnishes the costs
of energy for operation. The costs of energy can be computed by multiplying
the Btu ratings of equipment by the utility cost for gas, electricity or
steam, in terms of Btu values. The average utility costs, based on Btu,
are shown in Table 3, and a simple method for calculating the costs of
energy is shown in Chapter IV, Btu Ratings and Costs of Energy.

L. From calculations made on the Btu Rating List and from laboratory
testing conducted at NARADCOM, it has been learned that steam, Whenever it
can be used, is the least expensive type of energy, gas is second, and
electricity is the most expensive. However, more usage tests are necessary

to confirm these preliminary conclusions.
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5. The use of Btu ratings and energy costs provided in this report,
along with other considerations such as initial costs and product acceptance,

can contribute to a more rational selection of equipment and/or systems.
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PHEFACE

The main purpose for establishing an energy rating list for
equipment is to provide informaticn so that equipment energy con-
sumption rates can be compared. The costs of energy for operation
can be readily computed from energy consumption rates (equipment
Btu ratings). This information, together with other considerations,
can contribute to a meaningful means of equipment and system selec-
tion. This report provides not only a Btu Rating List, based on
equipment listed in the Army's Master Equipment List, Enlisted
Men's Dining Facilities, but also supplies basic information on how
Btu ratings are calculated and their significance, so that readers
can utilize the data in a most profitable way.

The authors would like to thank Mrs. Emily Prior of the Troop
Support Agency for her initial suggesticn for compiling equipment
energy ratings and her continued enthusiasm in supporting such an
effort. The authors would like to also thank Ms. Marianne Wilcox
of Saga Corporation and Mr. Jack Dimmick of Economic Laboratory for
their assistance. Thanxks are extended to Dr. R.V. Decareau, Messrs.
J. Nibi, G. Turk, and W. Roberts for their expert consultations and
comments, and also to our secretary, Ms. Hilma Laakko, for her

continued effort in typing and editing the manuscript.
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ENERGY RATING OF FOOD SERVICE EQUIPMENT USED

IN ARMY DINING FACILITIES

I. Introduction

The Food Engineering Laboratory of the U.S. Army Natick Research
and Development Command (NARADCOM) has been tasked by the Troop
Support Agency (TSA) to provide energy ratings of food service equip-
ment used in Army dining facilities. A booklet entitled, "Equipment
Btu Rating List," compiled by the Saga Corporation, was furnished as
an example.l

Commercial food service equipment, covered by Military, Federal
or Commercial Specifications, is generally used in Military dining
facilities. The primary purposes for establishing energy ratings
for equipment, in terms of Btu ratings, are:

a. To determine energy consumption data of different equipment
using the same energy source so that energy efficiencies, as well as
costs, can be readily compared. A number of foods can be cooked in
different equipment using the same energy source. For example, fro-
zen, precooked, breaded chicken can be heated for serving in four
different types of electrically operated equipment -- deep-fat

fryers, braisers, deck ovens, and convection ovens.< The cost of

1 saga Corporation. Equipment Btu Rating List. Saga Corporation,
Menlo Park, CA.

2 F. Homanelli. Evalusting Food Service Equipment for Energy Effi-
ciency. Society for the Advancement of Food Service Research.
P 61-67. Proceedings of the 32nd Conference, 1976.
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energy for these four items of equipment can be obtained and compared
by knowing their Btu ratings.

b. To compare alternative energy sources and their costs. A number
of similar-type items of equipment could be operated by different energy
sources -- electricity, gas or steam. For example, the steam used in a
steam kettle could be generated either by electricity or gas; or it could
be generated directly by a house boiler. Therefore, there is a choice of
equipment, based on the energy source, which could affect the cost of
energy.

c. To compare sizes and capacities of equipment in terms of energy
usage and costs of energy. Reduction of energy consumption can be achieved
by proper selection of size and capacity of equipment to match recipe re-
quirement.

It is recognized that there are other factors besides energy thet nust
be taken into consideration in the final selection of equipment or a system,
such as initial costs, food product acceptance, labor, eace of operation,
time required for cooking, etc. Energy efficiencies and costs of energy

are important considerations in determining equipment and system selection.




ITI. Literaturz Review

In general, to determine the energy usage of equipment, suitable
meters are installed in the equipment for recording energy consumption.
Romanelli reported a method of estimating energy consumption by the use
of a stop watch to measure the on-time of the thermostat signal 1ight.3
The power rating of the equipment multiplied by the percentage of the
on-time during one hour and by the total hours required equalled the
estimated energy consumption. He found that the estimated energy consump-
tion checked well with the actual readings from an installed meter.

Nibi &lso employed the stop watch method in establishing estimated
energy consumption at Dining Facilities Building #8400 at Fort Lee,
Virginiu.14 In Nibi's study, the on-time factar {which is the percentage
of an hour in which equipment power is on during actual cooking) was
observed and rescorded. There is a list of on-time factors for commercial
operations, but its source could not be readily identified. Saga, Inc.
published an Equipment Btu Rating List in which the energy ratings, in
terms of Btu, of many food service equivment items are listed.” It shodld
be noted that there are a number of focd service equipment items, such as
ovens, fryers, and refrigerators, that operate intermittently using on.and-off
cycles, and there are also other items of equipment, such as slicers, mix-

ers, and pumps, etc., that run continuously when the power is turned on,

| e
See Reference 2.

L J.P. Nibi. Estimated Fnergy Comparison - Dining Facility, Bldg 8k00,
Fort Lee, VA. Memorandum for Record (unpublished), JS Army Natick
Research and Development Command, Natick, MA, 20 October 1977.

5 See Reference 1.




III. Methods and Procedures

A. Explanation of Btu Rating List

A Master Equipment List for Enlisted Personnel Dining Facilities6

was used as a basic document for compiling a Btu Rating List (See
Appendix). Our Btu Rating List follows the format and order of equipment
listed in the Master Equipment List. The equipment identification
numbers on the Btu Rating List are the same as on the Master Equipment
List so that items of equipment can be readily identified. Both the
Master Equipment List and the Btu Rating List are divided into seven
functional areas: the Main Entree/Short Order Serving Line; Self Service
Beverage, Salad and Dessert Area; Dishwashing Area; Kitchen Area; Pot and

Pan Wash Area; Storage Area; and Dining Area.

Some items of equipment on the Master Equipment List, which do not
use energy, such as pastry display cases, cash register stands, etc., are
not included on the Btu Rating List. Items that have been omitted or
replaced in *he Master equipment List are nct included in the Btu Rating
List. In short, the Btu Rating List is a condensed version of the Master

“quipment List dealing only with equipment that provides utility data.

A thousand Btu is represented by "M" on the Btu Rating List (as listed

by Saga).

6 us Army Troop Support Agency, Fort Lee, Va. Master Equipment List,
Fnlisted Personnel Dining Facilities, New Construction and Modernization
Programs, 30 April 1978 Revision.
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Similar items of equipment that can be operated with various
energy sources are listed as a group on the Btu Rating List. Their Btu
ratings, in terms of gas, electricity, and steam, are listed in one row
for ready comparison. A typical example is the coffee urn (available in
6-gallon or 8-gallon capacities), which can use gas, electricity or
steam for operation. All 6-gallon coffee urns are listed as a group
with Btu ratings for gas, electricity, or steam operation in one row.
The same applies to the 8-gallon coffee urn. With this grouping, it is
possible to readily determine which energy source is most energy effec-
tive for equipment. Since energy costs per Btu vary with the type of
energy source, energy effectiveness does not necessarily mean cost ef-
fectiveness. Calculations of energy costs will be discussed in the

chapter on Btu Ratings and Costs of Energy.

B. Calculations of Btu Ratings

Without the benefit of installed meters, the Btu ratings of equip-

ment are calculated as follows:

Btu rating = (Power rating of item, from name plate or specification)

x (appropriate Btu conversion factor) x (On-time factor) (1)

11




1. On-Time Factors

A number of food service equipment items, such as ovens, fryers,
refrigerators. fieezers, etc., follow an on-and-off cycle. The
percentage of time in one hour that the power is on is called an "on-time
factor." For examples of this factor, see Btu Rating List (Appendix).

The on-time factors developed by these Laboratories, and used for calculat-
ing Btu ratings, are shown in Table 1.7 For factors not available from
Table 1, equipment manufacturers and knowledgable personnel in equipment
utilization were consulted to arrive at reasonable values.

There is another category of equipment that does not cycle on and
off, such as slicers, pumps, etc. -- the power is off only when the equip-
ment is turned off. An on-time factor of 1.00 is automatically assumed
for this category of equipment.

2. Btu Conversion Factors

Generally, there are two types of equipment used in food service:
one uses energy for heating or cooking foods, and for cold storage; the
other uses energy for mechanical operations, such as slicing, mixing,
pumping of water, etc. Therefore, there are two types of counversion fac-

tors to be recognized.

T See Reference L.
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10.
11.
12.
13.
14,
15.
16.

17.
18.
19.
20.
1.
22.

23.

Table 1.

On-Time Factors

Items of Equipment

Cublnet, food warmer
Counter, cold food
Table, hot food counter
Table, cold food

Cooker, steam
Dishwashing machine

Cabinet, frozen food
Fryer, deep fat
Griddle

Cabinet, ice cream
Machine, ice making
Kettle, steam

Meat Slicing

Mixing machine

Oven, convection

Range, hot top or grill top

Refrigerator, 25 ft3

Refrigerator, rcll-in, 179 ft3
Toaster, electric

Urn, coffee

Opener, can, electric
Dispenser, condiment

Dispenser, milk

e e ——

On-Time Factors

0.38
0.80
0.80

0.80

0.66
0.75
0.70
0.70

1.00

1.00
0.70

0.70

13

(Steam generator)
(Controls)

(Booster and Heating elements)
(Pumps and motors)

(Gas)

(Gas)

(Range top)
(Oven)

(6-gal cap)



Table 1. On-Time Factors (Cont.)

Items of Equipment On=-Time Factors
24, Dispenser, carbonated 0.70
beverage
25. Microwave oven 1.00%

*In general, microwave ovens do not use thermostatic controls; therefore
there is no on-and-off cycling of power inputs. If operated at fu.l or
high :power setting, the on-time factor is one. Some microwave ovens vary
pover by pulsing at a percentage of full power -- this percentage, as a
decimal, would be the on-time factor.




a. lnergy Used for lleating or Ccoling

The generally accepted energy conversion factors are acs follows:

Flectricity: kWh x 3,413 Btu/kWh = Btu
Gas: cu ft x 1,000 Btu/cu ft = Btu
Steam: 1b x 1,020 Btu/lb = Btu
Hot water: gal x 751 Btu/gal = Btu

b. Energy Used for Mechanical Operations

The energy conversion factor of an electric motor is usually
calculated as HP x 0.746 kW/HP = kW. Motor efficiency has to be taken
into consideration in calculating actual electric consumption. In order
t» compensate for the inefficiency of a motor, the fqllowing equation is

used:

0.746 kW/HP (2)

kW = HP X
efficiency of motor

Motor efficiency depends on various factors, such as type, rpm,
size, and phase of motor. To elimina.e the necessity of finding various

8

factors and looking into lengthy motor performance data tables,” motor
efficiencies were grouped in Table 2 by averaging the efficiencies as
listed in the data table. Therefore, the actual rate of consumption of
electricity, in terms of kilowatt hours, can be calculated by using

Equation (2). Then, by multiplying the kWh by its Btu equivalent of 3,413

the Btu rating of the equipment can be obtained.

8 Buldor Electric Company. Standard Motor Performance Data and Connection
Diagrams, Data Sections 5038504, 1 October 1971.

15




Table 2. Motor Efficiency Estimates

Efficiency
! Motors Estimates
A. 1l-phase Below 1 HP 0.60
1-5 HP 0.80
Above 5 HP 0.85
B. 3-phase Below 1 HP 0.75
1-5 HP 0.85
Above 5 HP 0.90
¢
f c. Energy Used for Heating and Mechanical Operations
5 There are a number of items of equipment that use one or two
N
{1 energy sources for heating and performing mechanical operations. For
X example, in a dishwashing machine, steam or electricity is used for heat-
\
! ing elements and boosters of hot water, and electricity is also used “or
: operating pumps and motors. 1In this case, the energies used for mechanicel

operations are calculated scparately and then added together with heating

energy to obtain the Btu ratings of the equipment.

A
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IV. ENERGY RATINGS AND COSTS OF ENERGY

A. Comparison of Equipment Using the Same Energy Source

The average unit energy cost per cubic foot of gas, kWh of electricity
or pound of steam is the same regardless of the type or capacity of equip-
ment in which the energy is consumed. Therefore, for comparing items of
equipment using the same energy source, such as gas, electricity or stean,

the costs of energy are directly proportional to their Btu ratings.

B. Comparison of Eauipment Using Various Energy Sources

For comparing items of equipment performing similar type functions but
using different energy sources, the costs of energy depend not only on the
energy effectiveness of the equipment but also on the kind of energy used.
Table 3 shows the energy costs, per 10,000 Btu, of the three major energy
sources: gas, electricity and steam. It can readily be seen that elec-
tricity costs 3 to 4 times mcre than natursl gas or steam. Of course, the
1e ative costs of energy may change in the future, and they are also sub-

Ject to local variations.

Table 3. Utility Costs of Energy Sources

Gas Electricity Steam
(100 psig)
Average utility costs 3.04/10 cu ft = L.0¢/kWh = 3.3¢/10 1t =
3.C¢/10,000 Btu L.0#/3413 Btu | 3.3¢/10,200 Btu

Energy costs/10,000 Btu 3.0¢ 11.7¢ 3.2¢

17




Table 4 shows Btu ratings and operating costs per hour for several types
of equipment. The equipment in Table 4 was sclected from the Btu Rating List
(Appendix), for illustrative purposes, to cover a broad range of equipment
using two or three energy sources. For example, the Btu ratings of coffee
urns operated by gas, electricity, or steam are 22.50 M, 20.48 M, and 15.30 M,
regpectively, on our Btu Rating List. These Btu values were multiplied by the
energy costs listed in Table 3, giving relative costs of energy for coffee
urns operated by three different energy sources. In our analysis, without
exception, electricity is the most expensive energy source for heating,
natural gas is second, and steam is the least expensive whenever it can be
used directly.

Swift et al. conducted a laboratory study using five types of equipment
for heating four types of frozen, precooked foods.9 The average Btu required
per pound of product, as well as the average cost of energy per pound of pro-
duct, are shown in Table 5. The electric oven consumed the least amount of
Btu per pound and had the highest cost for energy, the steam cooker consumed
a moderate amount of Btu per pound and had the lowest cost for energy, and
the gas oven consumed the highest amount of Btu per pound and had a moderate

cost for energy.

9 J. Swift, S. F. Conca, and J. M. Tuomy. Efficiency and Cost Factors
in Re-thermalizing Frozen Foods in Typical Dining Hall Equipment,
Technical Report, NATICK/TR-T78/01k4, US Army Natick Research and
Development Command, January i978.

18
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Table N,

Fnergy Source Comparison:

Btu Ratings and

Costs of Fnergy per Hour

Equipment

¥* %

Urn, coffee, twin, 6-gal cap.

Dishwashing machine, 50 rackg
per hour

Cooker, steam (steam genera-
tor) l-compartment

Fryer, deep-fat, 30-1b pro-
duction per hour cap.

Kettle, steam jacketed,
20-gal. cap.**

1

H

*

136.00 M L0.8¢

39.60 M 11.9¢

75.00 M 22.5¢

Gas Electricity Steam
Btu i Btu Btu
Rating ! Costs| Rating [ Costs ! Rating ' Costs
22.50 M| 6.8¢ | 20.48 M [ 23.9¢ | 15.30 M L.09¢

65.79 M 77.0¢ ' 88.68 Mj 28.4¢
65.53 M | 76.7¢ *
!

13.52 M 15.8¢  *

Lo.96 M L4T.9¢ 25.50M 8.2¢

|

Oven, revolving tray, 2i-bun hh7.09 M LL,1¢ 123.77 M 1LL. 8¢ & *

pan cap.

Pan, frying and braising,
30-gal cap.

'
t
i

' 56.00 M 16.8¢ 3k.7Th M L0.6¢ %

Range, Type II, griddle top 112.20 M 33.7¢ ' 61.10 M T1.5¢  *

w/oven

19

* The energy source was not used for this specific equipment.

The utility rating of this item was based on heating the maximum working
load of water from room temperature through a 130°F temperature rise in
one hour,
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Table 5. Average Energy Usage and Cost for Heating Precooked
rozen Foods with Five Types of Equipment

o i o
Conventional Gas Oven 1,068 0.31
Convection Gas Oven Th3 0.27
Convection Electric Oven 435 0.65
Steam Cooker (Spsig) LLo 0.17
Steam Cooker (15 psig) 599 0.21

Hu et al. conducted studies for comparing electric revolving ovens
vs. gas convection ovens for cooking five products in a Central Food
Preparation Facility.lo Their findings also showed that the gas
convection oven used more Btu per serving of food than the electric re-
volving oven. However, due to the high cost of electricity, the actual

cost of energy is higher for electricity than for gas.

10 K.H. Hu, J. Swift, G.W. Hudson, R.A. Lampi, and J.M. Tuomy.

Quantitative Analysis of Energy Usage in Central Food Preparation
System at Fort Lee, VA. Technical Report, NATICK/TR-T79/032,
US Army Natick Research and Develcpment Command, June 1979.

20




V. CONCLUSIONS

1. The Btu Rating List attached to this report as an Appendix
can be used as a reference for equipment energy efficiencies and for
calculating costs of energy for operation. When comparing items of
equipment using the same energy source, the costs of energy are directly
proportional to the Btu ratings. When comparing items of equipment that
can operate with different energy sources, the cost of energy can be
calculated by multiplying Btu ratings by the utility cost in terms of Btu
value. A simple method for calculating cost of energy is shown in Chap-
ter IV of this report.

2. From calculations made on the Btu Rating List and from the labo-
ratory testing conducted at NARADCOM, steam (whenever it can be used)
offers™the least expensive energy, gas the second, and electricity the
most. expensive. This information, together with other considerations,
such as initial cests, maintenance costs, product acceptance, can contribute
to & meaningful means of selection of equipment and/or system.

3. Since we are conducting more tests and gaining more experience,
the Btu Rating List should be revised from time to time. Revisions of the
Btu Rating List should be published periodically. Cumments concerning Btu
Rating l.ist should be referred to the authors so that corrections and/or

additions can be made in the future revisions.

21
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