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EXE CUTIVE PRE CIS

1. The information and data presented in this report are the

result of an energy evaluation in the Central Food Preparation System

(CFP5) and three dining halls (DH) at Fort Lee, Virginia. Two dining

halls were used as satellite dining facilities in which CFPS—prepared

foods were served; one dining hail was used as a non-satellite dining

facility In which no CFPF-prepared foods were served. Thirty meters

were installed to monitor energy usage in these buildings and in the

major equipment at CFPF. The main objectives of this study were (a)

to analyze the energy usage pattern of CFPS-prepared foods against foods

prepared at individual dining halls and (b) to assess the energy costs.

2. The CFPS at Fort Lee can be divided into two subsystems --
the Central Food Preparation Facility (CFPF) and the Ingredient Prepa-

ration Facility (IPF). The CFPF is devoted to preparing entrees and

- 
I bakery desserts. It employs a cook-freeze method . The IPF is devoted

to preparing salads and gelatin desserts and to slicing cold-cuts.

Only simple washing , shredding , etc., are involved . No cooking nor

freezing is required .

3. In item-for-item comparisons , there were energy savings in

cooking large batches of food with large equipment at CFPF against

cooking small batches with small equipment at the individua l dining

halls. The average energy savings in cooking nine entrees at CFPF
~~~- -t was 356 Btu per serving which is equivalent to 42% savings as compared

- 4
to that cooked at dining halls. However, due to extra steps required

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

L i
- - -  -~~ ---- -~~~~~-- -~~~~~~ - - - -~~~~~- -,- .~~. — .- -  

H.l~~
-t

— ~~~~~~~~~~~~ 
- .-

~~~~~~~
- -- ------ — ---



for preserving , storing , and reheating entrees prepared at CFPF, -

not only is the energy savings resulting from large batch cooking

at CFPF lost , but there is a net energy loss of 177 Btu per serv-

ing , which is equivalent to an additional 21% energy expenditure.

4. The energy directly used for cooking , freezing, and

frozen s tora ge of foods pre pared in CFPF i s 796 Btu per serv ing

(including entrees and bakery desserts). This is equivalent to

about 35% of the total energy used for overall CFPF operation; the

rest (65%) is used for space heating , overhead, and maintenance.

- - 5. The energy directly used for IPF-prepared foods is very

small , only an average of 24 Btu per serving. An item-for-item

comparison was made on slicing roast beef. The energy savings of

a large batch against a small batch was about 46%. This saving

can be reasonably retained , because there are no extra steps re-

quired for serving IPF type products as required for CFPF-prepared

foods. Due to changes and modifications, the equipment and clean—

ing arran gements in the IPF opera tion at For t Lee have not been

set up in a most efficient and logical manner.

6. The total energy required for preparing foods in CFPF is

about 2,270 Btu per serving (including space heating), costing

about 1.3~ per serving ; whereas the energy required for preparing

IPF items is about 671 Btu per serving , costing about O.22~ per

serving .

2
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7. The total energy required for preparing and serving foods

in a satellite dining hall is about 14,580 Btu per meal (with space

heating), costing about 6.64 per meal ; whereas the energy required

for preparing and serving foods in a non—sate llite dining hall is

about 14,400 Btu per meal, costing about 6.5st per meal. The total

energy required and the energy costs in individual dining halls can

vary, depend ing on the size of dining halls, number of mea l s served ,

and type of foods prepared . Therefore, the data cited above should

not be construed as universally applicable. Al so, if electricity

were used for cooking , the energy cost might be higher .

8. Compar i sons were made on two big ov ens in CFPF -- elec tr ic

revolv ing oven vs. gas convection oven. Basically, they are differ—

ent in design. The revolving oven can accommodate more servings of

food such as roas t beef that requ ires a lar ge amount of space due to

its height. On the other hand , the gas convection oven can acconino-

date more servings of products such as cookies and cakes that require

flat areas. The gas convection oven used more Btu per serving than

the electric revolving cven. The Btu ratio ranges from 2.3 to 1 to

as high as 3.3 to 1 depending on the products. However, the higher

efficiency advantage of the electric revolving oven is lost because,

In genera l , thermal energy derived from electricity costs four times

more than gas.

9. Electricity is still the highest major energy cost In

either CFPF or di n ing hal l operations. To our surpr ise , the heating
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of water constitutes the second highest energy cost for satellite

dining halls. The volume of hot water used in building #8402 is

about 8,700 gal lons per day.

10. It has been clearly demonstrated that there are energy

savings advantages to loading ovens as full as possibl e and process-

ing foods in large batches.

11. As a result of this energy evaluation , the IPF is consider-

ed to be energy viabl e, but the cook-freeze system at CFPF is not.

More detailed information is included in the Recommendation Section.

4
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PREFACE

The US Army Natick Research and Development Comand was

tasked to serve as technical advisor to the Troop Support Agency

for the evaluation of the Central Food Preparation System at

Fort Lee. Energy evaluation was one part of the total evaluation

of the Central Preparation System. The overal l objective of the

energy evaluation was to analyze the energy usage pattern and to

assess energy costs. The basic approach was to follow mass

energy flow so as to evaluate how energies were utilized . To

provide energy inpu t data, thirty utility meters were installed

at strategic points. Daily collection of total energy input , as

wel l as collection of energy consumption at different steps of

food preparation , was taken. This report summarizes these data

col l ec tions , assesses the energy costs, and makes interpretations

and recommendations.

The authors, specifically , would like to thank Messrs. D.L.

Brookman and J.J. Oliver of the Directorate of Facilities Engi-

neering at Fort Lee for their splendid efforts in specifying and

installing all the meters needed for the evaluation. The authors

would like to also thank LTC J.E. Turner, LTC B.G. Belcher,

Messrs. M.E. McCorinack, and R.L. Helmer of the Directorate of

• Concept and Systems Division , TSA, for their advice and support,

and Ms M. Lewis, Messrs. R. Stanton, and E. Palco for their
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efforts in collecting energy data . Thanks are extended to

LTC C.S. Napol i , Director of Food Management, Fort Lee, Virginia,

and his team members connected wi th the operation of CFPS for

their constant assistance during the course of this study and also

to our secretar y, Ms H i lma Laakko, for her diligent effort in
typing and editing the manuscript.
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QUANTITATIVE ANALYSIS OF ENERGY USAGE IN CENTRAL FOOD
PREPARATION SYSTEM AT FORT LEE , VIRGINIA

I. INTRODUCTION

A. General.

The US Army Natick Research and Development Command (NARADCOM)

was tasked to serve as a technical advisor to the Troop Support

Agency (ISA) for the evaluation of Central Food Preparation System

(CFPS) at Fort Lee. The Food EngineerThg Laboratory , one of several

elements at NARADCOM involved in the conduct of the evaluation , was

tasked to conduct one part of the evaluation plan: to determine

energy utilization at the Central Food Preparation System.

To obtain actual and meaningful data on energy utilization ,

thirty monitoring meters were installed in buildings that house the

Central Food Preparation Facility (CFPF), Ingredient Preparation

Facility (IPF), two satellite and one non-satellite dining halls,

and major equipment in CFPF. Because some utilities in dinin g halls

are shared with other activities such as sleeping quarters and offices ,

extra meters were installed at strategic points so that energy consumed

by other activities and energies used by dining halls only could be

measured . The Facilities Engineer Directorate at Fort Lee was respon-

sible for installing all these meters; NARADCOM personnel were respon-

sible for compiling and analyzing the energy data; and personnel at

the Concept and Systems Directorate of ISA acted as liaison and ac-

tually collected energy consumption data .

11
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B. Objective

The objective of the energy evaluation was to obtain overall

information on the energy usage pattern in the operation of CFPS.

It involved :

1. Analysis of energy consumption in preparing foods at CFPF

ij compared to energy consumption in preparing and serving foods at

individual dining halls.

2. Analysis of energy used directly for cooking , freezing, and

storage compared to energy used for maintenance in CFPS operation.

3. Assessment of energy costs.

12
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II. LITERATURE REVIEW

There are publications dealing especially with identification

of energy utilizat ion and energy auditing in the food service

area. Dwyer et al . chose chicken products and chicken by-products

for studying the food processing/food service industry.1 Naughton

et al. examined the relative intensity of energy used in various

unit operations and the structure of overall mass energy flow to

evaluate how fuels were used in citrus packing plants .2 Singh employ-

ed a flow diagram to identify and quantify all mass and energy inputs ,

as wel l as to identify and quantify all mass and energy outputs.3

Dietz and Forwalter pointed out that energy audit for a new plant or

an existing facility can result in lowering energy consumption by
- 

I 
10% to 3O%.’~ McProud studied energy requirements for individual

stages of production of beef loaves for five simulated hospita l food

service systems. Three of these were on-premise systems: conventional,

cook/chill , and cook/freeze. Two were assembly/serve systems:

1
~S.J. D-wyer, K. Unklesbay , N. Unklesbay, C. Dunlap. Identification of
Major Areas of Energy Utilization in The Food Processing/Food Service
Industry. University of Missouri — Columbia , Columbia , MO 65201.

2 M. Naughton, R.P. Singh, P. Hardt, and T.1~. Rumsey. Energy Use in
Citrus Packing Plants. Paper presented at the 1977 Winter Meeting of

• the American Society of Agricultural Engineers at Chicago, IL.
3 R.P. Singh. Energy Accounting in Food Process Operation. Food Tech-
nology. 32(h): hO~1eh , 1978.

C.D. Dietz and J. Forwalter . Process Energy Audit Can Lover Energy
Costs by 10% to 30%. Food Processing. P. 52—53, June 1978.
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thaw/heat/serve and heat/serve.5 Snyder pointed out that more

energy was usually used in food service operations than was neces-

sary and described , in principle , how food service equipment

should be designed to conserve energy.6 Swift et al. conducted

studies comparing energy efficiencies of cooking and baking equip-

ment when used for reheating bulk frozen foods. They also compared

energy costs by using different energy sources for reheating frozen

foods.7

In general practice, for conserving energy in the food service

acea, the Federal Energy Administration , now a part of the Depart-

ment of Energy, published a comprehensive guide. 8 Midwest Research
• Institute , on behalf of the National Restaurant Association , pub-

lished two reports: one deals with comparison of energy requirements

5 1 . Mcproud. Energy Management in Production of Entrees in Hospital
Food Service Systems. Ph.D. Dissertation . The University of
Wisconsin , Madison , WI, 1977.

6 O.P. Snyder. Comparative Energy Analysis of Electric and Gas Cook—
ing Equipment . Society for the Advancement of Food Service Research.
P. 51—60. Proceedings of the 32nd Conference , 1976.

7 J. Swift, S.F. Conca, and J.M. Tuo~~r . Efficiency and Cost Factors

- 
- in Re—therinalizing Frozen Foods in Foods in Typical Dining Hall Equip-

ment. Technical Report, NATICK/TR—78/O1h , US Army Natick Research
and Development Command , Jan 78.

8 Federal Energy Administration. Guide to Energy Conservation for Food
Service. Oct 75.
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_ _  _ _ _ _

for meal preparation at home with meal preparation in a restaurant,9

the other with energy conservation guidel ines and energy management

techniques which apply to restaurant operations to reduce consump-

tion . 10

In the Centra l Food Prepara tion area , Rahman et al. published

production guides for vegetable entrees, soups , desserts, pastries,

and salads for use in CFPF at Fort Lee.11 Tuoniey et al. publ ished

operation guides on meat entrees for use in CFPF at Fort Lee.12

Nation ’s Restaurant News gave a general description of CFPF operation

at Fort Lee. 13

9 R.0. Welch. The Energy Requirements of Meal Prepaation : A Com-
parison of Restaurant vs. Home. MEl Project No. 3889—D(R), Midwest
Research Institute, Jul 12, 197h.

10 Midwest Research Institute. Energy Management and Energy Conserva-
tion Practices for the Food Service Industry. MEl Project No.
3985—D. Midwest Research Institute, Dec 19Th.

A .R. Hahxnan, H. Gorfien, N. Kelley , G. Schafer , W. Swantak, and
D.E. Westcott. Production Guides for Vegetable Entrees, Soups,
Desserts, Pastries, and Salads. Developed for Use in Central Food
Preparation Facilities, Fort Lee, Interim Facility. Technical
Report 75-35.-FEL (FEL—l3), US Army Natick Research & Development

~omand , Nat ick , MA, Sep 19Th.
12 j~ M . Tuomy , J.W. McNutt , J. Swift, G.J. Legris, P.T. Burke, and~ F.A.

a Costanza. Meat Entree Operation Guides Developed for Us~ in Fort Lee
Interim Central Food Preparation Facility. Technical Report , NATICK/
TR—79/0l5, US Army Natick Research & DeveloDment Command, Natick, MA,
Nov 1978.

13 Nation ’s Restaurant News. Central Commissary Could Supply Outside
Base. Nation ’s Restaurant News. P. 37, Nov 27, 1978.
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III. GENERAL DESCRIPTION OF THE CENTRAL FOOD PREPARATION SYSTEM
AT FORT LEE

The CFPS at Fort Lee Is divided Into two subsystems -- the

Central Food Preparation Facility (CFPF) and the Ingredient

Preparation Facility (IPF).

Central Food Preparation Facility (CFPF)

The CFPF is devoted to preparing entrees and bakery desserts.

Basically, it employs a cook-freeze method. The coninon require-

ment of this method is the availability of cooking and freezing

facilities . The essential steps consist of: cooking, quick

-
~ freezing, and frozen storage.

Ingredient Preparation Facility (IPE)

The IPF is devoted to preparing salads and gelatin desserts

and to slicing cold-cuts. It also has the function of supplying

the CFPF wi th mixed ingredients , and formed meats such as meat

balls , salisbury steaks, swiss steaks, etc. The basic steps in-

volve : simple washing , cutting , slicing , bagging, refrigerated

• storage, and other related processes depending on the products

prepared. No cooking or freezing facilities are required.

A. General Arrangements.

The CFPF at Fort Lee is located in Building No. 6220, a former

warehouse, machine shop and bowling alley . The floor plan of the

building , after renovation for CFPF use, is shown in Fig. 1. The

equipment Installed In CFPF is listed in Table 1. The equipment
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TABLE 1.

Equipment List

CFPF Bldg No. 6220

Item Number

1. Scale 20. Room Proofing

2. Skid 21. Room, Fermenting

3. Table 22. Kettle , Jacketed

4. Sifter, Flour

5. MIxer, Dough 
23. Mixer , Pie Dough

6. Mixer 
24. DIvider, Dough

7. Bin , MobIle 
25. Pie Machine

8. Mixer 
26. Depositor, Pie Fill

9. Mixer 
27. Refrigerator, Walk-In

10. Truck 
28. Doughnut Machine

11. Rack, Mobile 
29. Rack, Doughnut

12. Refrigerator 
30. Packaging Sealer , Bag

13. Hot Plate 
30a. Leader, Bag

14. Mixer 
30b. Conveyor, Bag Discharge

15. Cutter, Cookie 
31. Oven, Revolving Tray

16. Depositor, Batter 
32. Oven, Convection,

Roll-in

17. Depositor, Ring 33. Washer, Pan Rack

18. Table, Production 34. Table, Drain

19. DIvider, Dough 35. Table, Feed
19
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TABLE 1. (Cont.)

36. Pot Wash Table 57. Pump, Food Transfer
(Kettles)

37. Sink Tubs/Drainboards
58. Conveyor

38. Wash Unit, Pot/Pan
59. Blast Freezer System

39. Disposer
60. Carton Conveyor

40. Breading Machine
61. Machine, Forming,

41. Fryer, Continuous Fi ll ing

42. Hoist (for Item #41) 62. Machine , Mar king

43. Filter , Fat 63. Holding Freezer,
Walk— in

44. Cooker, Steam

45. Pan , Fry—tilt

46. Kettle System

47. Freezer , Roll- in

48. Tank , Boil-in-bag

49. Hoist, Trolley
(for I tem #48)

50. Packaging Hoist , Trolley
(for Item #56)

51. Mixer with Dolly

52. Pump , Chilled Water for
Kettles

53. Ice Builder

54. Refrigerator Unit
(for Item #53)

55. Slicer , Meat

56. Conveyor, Pkg/Propor-
tioning

20

,- 

- —

• ~~~~~~ 
-.

- - .. .- 

-

- I
-i.:’ - •~~~

I 
~~~~~ -

I - ~~~~~~~~~~~I: — 
-
~~--- —----- — ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • _ -- - -



~ -~
--_- - --- ~-

---
~~~~--~~~ - --~~ --~~~~

item numbers in Table 1 correspond to equipment i tem numbers

noted on Fig. 1. In general , the entree products are prepared

at the Entree Production Area, and the bakery items are prepared

at the Dessert Production Area, as shown on Fig. 1.

The Ingredient Preparation Facil ity (IPF) at Fort Lee is

located in Building #7118 and is near CFPF Building #6220. Sep-

arate rooms in the IPF are designated for different functions,

such as (1) lye peeling of potatoes and vegetable trinining; (2)

washing , centrifuging , cutting , slicing , bagging , and preparing

gelatin desserts; (3) slicing cold-cuts; (4) storing and weighing

Ingredients; and (5) refrigerated storage.

B. Meters Installed.

Meters have been installed in CFPF and IPF buildings for the

- I measurement of energy consumption . Al so, several major equipment

Items in CFPF have been individually metered. Table 2 lists only

the 19 meters installed in the above two buildings. Fig. 2 shows

the electric meter for measuring electricity fed to the CFPF Build -

ing #6220; and Fig. 3 shows the electric meter for measuring elec-

tricity consumption of the revolving tray oven.

C. Product Transfer.

In CFPS, u n !i k e  conventional dining halls , the foods are cooked

and frozen (or refrigerated in the case of salads and gelatin des-

serts ) in a central facility , transferred to a central storage

facility, and then Issued to dining halls for reheating and serving.

21
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Table 2. List of Meters Installed in CFPF and IPF

CFPF — Building No. 6220

A. Measuring energy fed to the building and steam condensates.

1 Electric meter for 1~3.2—kV elec tricity feed to building .

1 Gas meter for gas feed to the building .

2 Hot water meters for steam condensates from No. 1 and No. 2 boilers.

1 Hot water meter for isolating steam condensate come—back from Bldg.6231.

B. Measuring energy consumption of individual equipment items.

1 Gas meter on convection , roll—in oven (Item 32).

H 1 Gas meter on continuous fryer (Item 41).

- 
1 Electric meter on compressor unit of blast freezer (Item 59).

1 Electric meter on fan unit of blast freezer (Item 59).

1 Electric meter on conveyor unit of blast freezer (Item 59).

1 Electric meter on walk—in , storage freezer (Item 63).

1 Electric meter on revolving tray oven (Item 31).

. 1 Electric meter on steam cooker (Item 44).

1 ElectrIc meter on walk—in refrigerator .

IPF Building No. 7118

Measuring energy fed to the building and individual circuits.

1 Electric meter for 13.2 kV e lectr ic i ty  feed to building .
*

3 Electric meters for  circuits #1, #2 , and #3.

1 Meter stick for measuring oil feed to the boiler.

0Note: #1, #2 , and #3 feed to three different panels.

22
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Fig. 2- Electric Meter for Measuring Elec- 
tricity Fed to CFPF CBldg. No. 6220). 

Fig. 3. Electric Meter for Measuring Elec- 
tricity Consumption of Revolving Tray 
Oven at CFPF. 
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The central storage and issuing facility is a Troop Issuing Sub-

sistence Activity (TISA).

In lISA, three types of storage areas are available; namely,

dry storage, refrigerated storage (or chill storage), and frozen

storage. lISA issues all ingred ients necessary for food prepara-

tion to dining halls , as well as to CF~F and IPF. It rece i ves

frozen prepared entrees and bakery desserts from CFPF , and refrig-

erated salads , gelatin desserts, and sliced cold-cuts from IPF.

In turn , it  issues all CFPF- and IPF-prepared food items to dining

halls as requested. Fig. 4 shows the flow of product transfer at

Fort Lee, Virginia.
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Fig. 4. PRODUCTS TRANSFER SYSTEM IN CENTR AL FOOD
PREPARATION SYSTEM , FORT LEE , VIRGINIA
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IV . GENERAL DE SCRIPTION OF DINING HALLS

The dining halls (DH) generally consist of a kitchen and one

or two dining rooms. They vary in size and have different pieces of

equipment of various capacities for preparing , cooking , storing ,

and serving foods and beverages. During testing of the CFPS opera-

tion , some of the dining halls were assigned to receive their entrees,

bakery desserts, salads , gelatin desserts, and cold-cuts from the

CFPS by way of lISA , as shown in Fig. 4.

Three dining halls have been metered for gas , electricity ,

steam , and hot water consumption . Two of them were assigned as

-1 satellite dining halls -- buildings #8402 and #3701. One of them
-s was assigned as a non-satellite dining hall -- building #3206. These

three dining halls vary in size (and therefore in the number of meals

per day): building #8402 -- 12,141 sq. ft., building #3701 -- 4,700

sq. ft., and building #3206 -- 9,029 sq. ft. Because some utilities

in dining halls are shared with other activities , such as sleeping

quarters and offices , extra meters have been installed at strategic

points so that energy consumed by other activities and the energies

used by the dining halls only can be measured .

26
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V. METHODS AND PROCEDURES

Data col l ections in this study were taken during regular

production time . No attempts were made to alter or to deviate

from established procedures for the sake of energy auditing.

A. Production in CFPS.

The unit of production in CFPS is the number of servings.

The size of servings differs from one product to another.

For example: Swiss steak - 1 piece , 6 oz.

Barbecued chicken - 2 pieces , 8 oz.

Roast beef - 2 slices , 4-1/2 oz.
— 

Yel l ow cake - 1 piece , 3 02.

The products and size of servings are indicated in Appendices A ,

B, C, and 0. Major pieces of equipment in CFPF were individually

metered ; therefore, the energies required for cooking or freezing

each serving could be taken directly from the individual meters

and divided by the number of servings in a batch. The energies

used for preheating an oven or a deep-fat fryer were not taken into

account for figuring the Btu required for cooking , because these

energies can vary significantly from one batch to another due to

habits of personnel variations and due sometimes to conditions be-

yond control.

In IPF no cooking and/or freezing operations were involved ;

and no equipment was individually metered. The energy used for

27
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washing , cutting , slicing , etc., was derived from the power

rating of the equipment and multiplied by the time in use. The

Btu per serv ing for foods prepared in IPF i s small compared to

those prepared in CFPF. The data are presented in Appendix C.

B. Production in Dining Halls.

The unit of production in dining halls is the number of meals

served. The number of meals per day was derived from the total

number of meals served at breakfast , lunch , and dinner. The

-
~~ energy input per day divided by the number of meals served a day

is the energy required for preparing and serving one meal. When

the data on energy required for cooking entrees for serving at non-
,

- satellite OH were needed for comparing with that at CFPF , the

power rating of the cooking equipment was multiplied by the time

the power was on. This approach for determining energy consump-

tion without actually putting meters on cooking equipment has been

proposed by Romanelli and has proven to be fairly accurate.1~ Nibi

in his study of energy comparison in DH at Fort Lee has estimated

that power-on time is about two-thirds of the time used in

cooking .15 This applies both to gas convection ovens and deep-

fat fryers. Therefore, we have been using the power rating

F. Romanelli. Evaluating Food Service Equipment for Energy
Efficiency . Society for the Advancement of Food Service Research.
P. 61—67. Proceedings of the 32nd Conference , 1976.

15 .J.P. Nibi . Estimated Energy comparison — Dining Facility, Bldg.
8Ieoo , Fort Lee, VA. Memorandum for Record , 20 Oct 77 (unpublIshed).
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multiplied by two-thirds of the time used for cooking to obtain

the energy usage data of the cooking equipment. These data are

necessary for comparing the energy usage in cooking at OH with the

cooking at CFPF.

C. Calculation Units.

Energy used as electricity , gas, steam and hot water was con-

verted to Btu for ease in comparison. From literaturel6, 17, 18

and from our measurements and estimation , the following conversion

factors were used in our calculations:

Energy Conversion

Electricity kWh x 3,413 = Btu

Gas ft3 x 1,000 = Btu

Steam lb x 1,020 = Btu

Hot water gal x 751 = Btu

6 ~ee Reference 8.

17 
~~~~ Reference 5.

18 
~ee Reference 

10.

I
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When electric equipment is in operation , and no meter is install-

ed on the equipment, the equations for converting electricity

into Otu are as fol lows :

For 3-phase electric power:

— Vol ts x Amps x Power factor x 1 .723

For single-phase electric power:

kWh — Vol ts x Amps x Power factor 
~ on time1,000

Power factor = 0.85 (for induction motor)

Power factor = 1.00 (for resistance heating)

Cost Conversion

Electricity 4.0/kwh

Gas 3.O~/1O ft
3

Steam 3.3~/10 lb

Hot water 1.9~/10 gal

30
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VI. ENERGY USAGE IN TIlE CENTRAL FOOD PREPARATION SYSTEM

A. Overall Energy Usa~~~

During our study a daily record was kept on energy input to the

CFPS. There were two separate periods of data taking which differed

in terms of size of production in CFPF: 10 Oct to 19 Oct 78 and

23 Oct to 30 Nov 78. During the first period , production was increas-

ed from regular to near maximum capacity, and no steam was required

for space heating due to warm weather. During the second period ,

production was decreased to normal , and steam was required for space

heating. On the contrary , in IPF operation the production was in-

creased in the second period . Appendix ~ gi ves a detailed account-

ing of input of the different energy sources and the ser vings produced ,

as well as the energies required for mainta ining the faci l~ ty overnight

and weekends.

A sun~nary of energy utilization in the CFPS at Eort Lee is shown

in Table 3. It is a condensed version of Appendix E. The energy

input for operation in Table 3, Row 1, inclu4~s, all energy sources,

such as gas , electricity , and steam , except steam used for space

heating . The steam input for space heating, during the second period ,

is listed in Row 2. Two general conclu..ions can be drawn from the

• data presented in Table 3:

1. Within the production capacity limit , energy used per serv-

ing decreased as number of servings increased . This is shown in Row 5 1 
-~

of Table 3 where the Btu per serving in the increased production

31
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period was 1,508 Btu per serving compared to 1,914 Btu per serving

in the norma l or decreased production period . This was also true

at IPF when the production was increased during the second period

of 23 Oct to 30 Nov 78, the energy used per serving decreased.

2. The energy used per serving at IPF was very low compared

to energy used per serving at CFPF. This is because there was no

cooking , freezing , or frozen storage involved in IPF prepared

products. The processes used at IPF were mostly simple cutting or

shredding and high speed equipment employed is generally powered with

a fractional horsepower motor.

B. Energy Accounting for Cooking and Serving Entrees and Bakery

Desserts.

An analysis was performed to account for the energy directly

used in cooking at CFPF as compared to that used at dining halls.

Table 4 l ists the individual entrees and bakery desserts that were

closely followed .

As can be readi1y seen , there are great energy savings in

cooking large batches of food with large equipment at CFPF as meas-

ured against cooking small batches with small equipment at dining

halls. The gas convection oven at CFPF is rated for 800,000 Btu per

hour and usually cooks more than 1,000 servings per batch , whereas

the gas convection ovens used in dining halls are much smaller

rated at 30,000 Btu per hour to 105,000 Btu per hour and usually

33
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cook less than 200 servings per batch. It should be noted that the

energies listed in Tabl e 4 for CFPF foods i n v o l v e  cooking only --

no freezing or reheating have been taken into account.

In item-for-item comparison of the first nine entrees listed

in  Table 4 , the average energy savings in CFPF cooking over the

dining hail cooking is 356 Btu per serving.

There are basically two types of food prepared at CFPF --

entrees such as meat and poultry , and bakery desserts suc h as cakes

and cookies. Besides cooking, the entrees require quick freezing,

frozen storage , and reheating; the bakery desserts do not require

reheating-- only ambient temperature thawing in dining halls. In

-
~ addition , cookies do not requ ire quick freezing -- only frozen

storage for preservation . Tabl e 5 summarizes the total direct

energies used for CFPF-prepared foods and compares them with dining
- - hail prepared foods. Due to the extra steps required for freezing

and reheating , it takes an additional average energy expenditure of

177 Btu per serving of CFPF-prepared foods over the freshly prepared

foods at individual dining halls. Note that the additional energy

expenditure of rr’i’ Btu per serving represents an average comparison

of the first nine i tems of CFPF prepared foods vs. dining hall pre-

pared foods , as listed in Table 5. One of the nine entrees , Swiss

steak , has a small energy savings of 36 Btu per serving in favor of

CFPF-prepared foods. The other eight items that used CFPF-prepared

foods instead of dining hall-prepared foods required more energy.
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The additional energy required ranged from 30 to 392 Btu per

serving . The additional energy expenditu re of most entree items

should be taken into consideration when the overall operation of

CFPF is rev iewed.

The detailed energy accounting data of CFPF-prepared individual

i tems are listed in Appendices A and B and that of dining hail-

prepared i tems in Appendix D. The energies used in each step of

operation are listed in the appendices.

C. Energy Accountin g on Preparin9 Sa lads, Gelatin Dcsserts , and
-

‘ 

Slicing Cold—cuts.

Table 6 lists the direct energy required for preparing salads

(carrots are given as an exa mple), gelatin desserts , and s l i c i n g

cold-cuts in IPF. These data are taken from Appendix C in which

energies required for preparing each serving at IPF are extremely

small , since there were no cooking , freezing, or reheating steps

involved .

0. Direct Energy Against Indirect Energy Used in Food Preparation

at CFPS.

Direct energy in CFPS is defined as the actual energy used in

preparing, cooking, freezing, and freezing storage of foods at CFPS.

Energy used for preheating ovens , for bringing freezer temperatures

down , etc., is not counted as direct energy. The gross energy

registered in the meters installed for building services minus

I
-
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Table 6. Direct Energy Used in Items Preparation at ingredient

Preparation Facility (Building #7118)

_________________ BtuJserving

Carrot Shredding 33

Peach Gelatin
-
~ Dessert 32

Slicing of Cold—Cut
Meats 7

Average 24 Btu/serving

di rect energy is counted as indi rect energy or overhead energy.

Ind irect energy includes that used for lighting , ventilation, pot

and pan washing , general cleaning , refrigerated storage of raw

materials, preheating of equipment, and maintaining an office and

facilities overnight and over weekends even when there is no pro-

duction. Table 7 shows Energy Accounting of CFPF and IPF Opera-

tions. In CFPF the direct energy used in cooking , freez ing, and

frozen storage is about 35% of the total energy input; in IPF the

direct energy used for equipment operation is 4% of the total en-

ergy input.

38
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Table 7. Energy Accounting of CFPF and IPF Operations

_____________________________________— CFPF IPF

1. Direct energy used

- Btu/serving 796 214

2. Energy used for space heating
Btu/serving 359 127

3. Indirect energy used for
-1 maintenance and operation 1,118 520
- Btu/serving

-

~ 4. Total energy input
-~~ Btu/serving 2,273 67i

- - 
5. Direct energy vs. total

energy input , % 35% 4%

6. Cost/serving (~) 1.29 0.22

NOTE: Economical analysis of cost/serving is shown in Appendix C.
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VII. ENERGY USAGE AT DINING HALLS

During the study , a daily record was kept on energy input to

three dining halls assigned for energy evaluation. Appendix F gives

a detailed accounting of input for different energy sources and the

- 4 steam required for space heating. The accounting is suninarized in

-~~ Table 8.

Buildings #8402 and #3701 were used as satellite dining halls

while building #3206 was used as a non-satellite dining hall.

Theoretically, building #3206 should have used less Btu per meal

than buildings #8402 and #3701, since the non—sate llite dining hall

does not receive CFPF-prepared entrees. An examination of the data

in item 6, Table 8, shows tha t the Btu per meal used at building #3206

was much higher than at building ~37O1. The explanation of the rela-

tively l ower energy consumption in building #3701 may lie in its

disproportionately higher number of meals served per day as shown for

i tem 5, Table 8. Building #3701 served 1,050 meals per day in an

area of 4,700 sq ft , which has ~ meal-to-area ratio of 0.223 to 1;

whereas in building #3206 the meal-to-area ratio is 0.072 to 1; and

in building #8402 the ratio is 0.131 to 1. Within a limited range,

indications are that the larger the mea l -to-area rat’ ’. the smaller

the energy consumption . This may also explain why the satellite

dining hall (building #8402) shows essentially the same energy expend-

iture as the non-satellite dining hal l (building ~32O6) -- 14,580 Btu
per meal for satellite dining hail vs. 14,400 Btu per meal for non-

satellite dining hall , even though the former has been charged for the

energy required for preparing CFPF foods and the latter has not.
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Table 8. A Su ary of Energy Utilization at Dining Halls

Bldg. 8402 Bldg 3701 Bldg. 3206

12.1141 sq ft ~,70o ~~ ft 
9,029 sq ft

_______________________ 
Oct 23—Nov 30 Oct 23—Nov 30 Nov 13—Nov 30

1. Total energy input 657.74 272.94 136.06
for operation,
v/space heating
Btu x l O

2. Energy received 198.61 105.78 5.44

‘1 from CYP S pre—
pareg foods, Btu
x l O

3. Total meals 58,753 35 ,704 9,829
served .

4. No. of Produc— 37 3~ 15
tion days

5. No. of meals 1,588 1,050 655
served per day

6. Btu/meal (w/ 14,575 10,593 14,396
space heating)

41
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VIII , STUDIES OF EQUIPMENT UTILIZATION

Questions have often been raised on the merits of using electric

cooking instead of gas cooking , consi dering both efficiency and cost.

Al so energy information -is required on the importance of batch size

in cooking .

A. Comparison of Electric Revolving Oven vs. Gas Convection Oven.

There are four large ovens of comparable size in CFPF at Fort

Lee -- two electric revolving ovens rated at 57.6 kW each and two gas
convection ovens rated at 800,000 Btu per hour. The trays in the

- ‘1 electric ovens revolve in a circular manner like a ferris wheel to

achieve product temperature uniformity , whereas the products on the
-

- shelves of the gas ovens are stationary and depend on a forced-air

H blower for convection heating. In general, the revolving ovens can

accommodate more servings of products such as roast beef, roast pork ,

turkeys, etc., which due to their height require a larger amount of

air space than the gas convection ovens. On the other hand , the re-

volving ovens cannot accommodate as many servings of products that
r 

-~ require flat areas, such as cookies, cakes, salisbury steaks, meat

loaves , etc., as the convection ovens can. These comparisons are

shown in Table 9. Also shown in Table 9 are direct comparisons of

energy consumption in terms of Btu per serving in these two ovens.

As can be readily seen , the gas convection oven uses more thermal

energy in terms of Btu per serving than the electric revolving oven.

- L  
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Table 9. Comparison of Gas Convection Oven Against Electric Revolving Oven

Gas Convention Oven Electric Revolving Oven Ratio of Gas to
No. serv— Btu/serv~ No. serv— Btu/serv— Electricity in

Products cooked ings/oven ing ings/oven ing terms of Btu/
_________________ load 

___________ 
load 

____________ 
serving

Chocolate chip 1,536 130 600 51 2.5 to 1
cookies

toffee cake 1,664 180 1,330 80 2.3 to 1

Yellow cake 1,728 174 1 ,176 64 2.7 to 1

Salisbury steak 1,088 377 912 135 2.8 to 1

Roast beef 1 ,296 912 1,620 272 3.3 to 1

43

- 

- -~ 1 . : i’ : - - .~~ 
-;

_______________ -5 _____



The ratios are from 2.3 to 1 to as high as 3.3 to 1 in favor of the

el ectr ic oven . However , the cost of electricity in general is about

four times as high as gas.* This makes electric cooking less

attractive than gas cooking as far as economy is concerned.

American Gas Association conducted an energy ratio study in

1949 on two similar cafeteria kitchens utilizing different energy

sources -- one gas and the other electricity~
-9 It was found that

the overall energy ratio of cooking one meal was 1.65 to 1 (gas to

electricity ratio). Our data on oven cooking alone shows a ratio

of 2.3 to 1 and as high as 3.3 to 1. This high gas-to-electricity
-

~ ratio in our data was probably due to the forced-air blower in the

gas convection oven that caused air leakage through the oven door ,

especially when it was opened for inspection of food and losses in

the exhaust system.

B. Comparison of Batch Size in Cooking .

As can be expected , decreasing the batch size in an oven increases

the energy consumption in terms of Btu per serving , as s hown in

Table 10. Also, decreasing the batch size of sliced meats increases

the energy consumption per serving , due to additional energy required

for cleaning and sanitizing the meat slicer.

*The cost of electricity is based on 14~ /kWh and natural gas on
3t/10 cu f t .

19 American Gas Asso . ,  Inc . Commercial Kitchens.  Chap . XIV . Fuel
and Energy Computations and Comparisons. 1968. American Gas
Asso.- , Inc., 605 Third Ave., New York, NY 10016.
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IX. ECONOMIC ANALYSIS

A. Energy Costs in Central Food Preparation System.

The economic analysis of energy costs depends not only on the

amount of energy consumed but also on the type of energy utilized .

Table 11 summarizes energy costs per serving of food in CFPF and IPF.

The detailed data of energy costs are shown in Appendix G.

Since water in CFPF and IPF is heated by the steam used for

daily operation , there is no separate cost for hot water. Electricity

is the major cost in CFPF; but steam, which includes hot water, is the

major cost in IPF. It should be noted that foods prepared in CFPF are

entrees and bakery desserts which require higher energy expenditures than

the salads , gelatin desserts, or slicin g of cold-cuts prepared in IPF

which do not require cooking and freezing. Therefore, we would expect

the energy cost in CFPF to be much higher than IPF. Also , as shown in

Table 11, energy cost per serving in the period of increased production

was lower than that in the period of regular production.

B. Energy Costs in Dining Halls.

Table 12 summarizes energy costs per mea l served in satellite

dining halls, buildings #8402 and #3701; and non-satellite dining hall ,

building #3206. Details of energy costs are listed in Appendix H.

Electricity is still the prime major cost in energy expenditu res

of either satellite or non-satellite dining halls. Hot water constitutes

the second energy expenditure for satellite dining halls. The volume of

water used -in building #8402 is about 8,700 gallons per day, which is
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equivalent to about 5.5 gallons of hot water for each meal served .

The energy cost per meal in building #3701 is rather low be-

cause of the disproportionately high rate of numbers of meals served

per day. In ordinary operation, we would conclude that the energy

cost for operating a non-satellite dining hall is about 6.54 per

meal and for a satellite dining hall 6.64 per meal (including the
V

energy costs of servings received from CFPF). It should be pointed

out that the energy costs which are derived from the amount of

energy used can vary, depend ing on the size of dining halls, num ber

of meals served , and the type of foods prepared . Therefore, the data

collected and presented in this report should not be construed as

universally applicable.

49 

5 -—  — — 5 - -- - - - 5 -  - - - -- - 5---- ----5- -

4. ~~~~~~~~~~~~~~~~~ 
-4. .-

IL i
~~ ~~~~~~ ~ I~- ~~~ — -~~ -

~~~~~~~~~~~ ~-~ -r ~ -~ ~~~ 
- 

-

5 - . _ —J- A~~~~-_ - ._  ~~~~ ‘- - - —~~~~ — - - —- -— . - -  ~~~-~~~-~~~~~~~~~~-_



X. RECOMMENDATIONS

1. More energy is required to serve cook-freeze foods

prepared at CFPF than freshly prepared foods in dining halls.

Since the additional energy required is about 177 Btu per serving

for using CFPF-prepared foods (equivalent to an additional 21% for

-
~ preparing foods at CFPF), the cook-freeze system at CFPF can be

considered viabl e only when this negative energy burden can be

compensated for by other advantages due to central preparation.

- ~- 
2. On the other hand , there is no cook-freeze system employed

at the Ingred ient Preparation Facility (IPF). In a comparison of

meat slicing, the energy saved is about 46%. Al though the energy

requ ired for preparing IPF type of food (salads, gelatin desserts,

and slicinq cold-cuts) is small -- an average of 24 Btu per serving

-- the IPF prepared foods do have an energy advantage over similar
items prepared at the individual dining halls. The advantages are

mainly due to the preparation of large batches of foods and the use

of larger and more efficient equipment. The concept of IPF is viable ,

but it is recomended that a more log ica l arrangement of equipment

and cleaning process (e.g., straight line operation ) be considered

and , taking other factors into consideration , that a broader adapta-

tion of IPF operation to other military installations be considered .

3. The use of electricity vs. gas for cooking was compared in

a preliminary way. The Indication was that, although electric cooking

50
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is more efficient (less Btu used for cooking one serving ) than

gas cooking , the cost of using electricity for cooking is still

rated h igher  than gas; therefore, changing from gas to electric

- cooking is unwarranted as l ong as gas is available and the price

structure has not changed .

-1 4. It has been clearly demonstrated in this study that the

:
1 operation of a large batch of product at one time and more fully-

loaded ovens have distinct energy advantages (less Btu per serving).
• Therefore , the above mentioned operations should be encouraged .

5. Considering different energy costs , electricity is ranked

-
- - as the major energy cost in CFPF or dining hail operation. The

cost of heating water constitutes the second. The volume of hot

water metered for building #8402 use is about 8,700 gallons per
- day. In view of the large volume of hot ‘1vater usage , the utiliza-

tion of hot water in dining halls should be investigated .

- I
51

1,

5- 

I 
-;

I 
_ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _4 .— - - _ _ =—__-_-.-_ ~~~~~~~~~~~~~~~~~~ •,-_ ‘—• ‘ - ~ -,- - - S , _  —,- _.~~~~~~ * 4 ~~~~~~ fl

4. -

I •- ,

4-_ -~~~~~~~ :.~~~~~~‘-“
----—— —- - - - 

- 

- _____



— ~~~ — --—-- --—--—— -— — -

Xt. REFERENCES

American Gas Assoc., Inc . Commercial Ki tchens. Chap. XIV . Fuel and
Energy Computations and Comparisons. 1968. American Gas Assoc.,

-~~ Inc., 605 Third Ave. , New York , NY 10016.

Dietz, C.D. and J. Forwa lter . Process Energy Audit Can Lower Energy
Costs by 10-30%. Food Processing . P.52—53 , June 1978.

-~~ Dwyer, S.J., K. Unklesbay , N. Unklesbay , C. Dur~lap . Identification
of Major Areas of Energy Utilization in the Food Processing!
Food Service Industry . universit y of Missouri - Columbia ,
Columbia , Missouri 65201

Federal Energy Administration . Guide to Energy Conservation for
Food Service. October 1975.

McProud , L. Energy Management in Production of Entrees in Hospita l
Food Service Systems. Ph.D. Dissertation. The University of
Wisconsin , Madison , Wisconsin , 1977.

Midwest Research Institute . Energy Management and Energy Conserva-
tion Practices for the Food Service Industry. MRI Project No.
3985-0. Midwest Research Institute , December 1974.

Nation ’s Restaurant News . Central Comissary Could Supply Outside
Base. Nation ’ s Restaurant News . P. 37 , November 27 , 1978.

Naughton , M ., R.P. Singh , P. Hardt , and T.R. Rumsey . Energy Use in
Citru s Packing Plants. Paper presented at the 1977 Winter
Meeting of the American Society of Agricu ltura l Engineers at

• Chicago , Illinoi s .

Nibi , J.P. Estimated Energy Comparison - Dining Facility , Building
#8400, Fort Lee, Virg inia. Memorandum for Record , 20 October
197 7 (unpublished) .

Rahman , A .R., H. Gorfien , N. Kelley , G. Schafer, W. Swantak, and
D.E. Westcott. Production Guides for Vegetable Entrees, Soups ,
Desserts , Pastries , and Salads. Developed for Use in Central
Food Preparation Facilities , Fort Lee , Interim Facility .
Technical Report 75—35-FEL (FEL-13), US Army Natick Research &
Development Con.iiand , Natick , MA , September 1974.

53 

—__- — —-

~~~~~~~~ 

. .

~~~~~~~~~

~~CEDING ~~~ ~i~
ic_~~ I tLI4KD I

5- ç



- -- -5-—— - -  —5-- -5-- — - --- - - - - - 5 - —  —5---- - —5- - — 5 -  -•-- — ——-— -

Romanel li , F. Eva l uating Food Service Equipment for Energy Efficiency.
Society for the Advancement of Food Service Rsearch. P. 61-67.
Proceedings of the 32nd Conference, 1976.

Singth , R.P. Energy Accounting in Food Process Operation. Food
Technology. 32(4): 40-44, 1978.

Snyder, O.P. Comparative Energy Analysis of Electric and Gas Cooking
Equ ipment. Society for the Advancement of Food Service Research.
P. 51-6(~. Proceedings of the 32nd Conference, 1976.

Swift, J., S.F. Conca, and J.M. Tuomy. Efficiency and Cost Factors in
Rethermd l -izing Frozen Foods in Typical Dining Hall Equipment.
Technical Report, NATICKJTR—78/014, US Army Natick Research and
Development Command , January 1978.

Tuomy, J.M., J.W. McNutt , J. Swift , G.J. Legris , P.T. Burke, an d F.A.
Costanza. Meat Entree Operation Guides Developed for Use at the

H Fort Lee Interim Centra l Food Preparation Facility . Technical
Report, NATICK/TR-79/015, US Army Natick Research and Development
Command , Natick , MA , November 1978.

Welch , R.O. The Energy Requirements of Meal Preparation : A Compari-
son of Restaurant vs. Home . MRI Proj ect No. 3889-0(R), Midwest
Research Institute , July 12, 1974.

54

4. , - -

, .-4 1
* .�_ .

- ‘
,‘~~~ .‘! ~~

- r~~~~ C~~-

-. ~~~~.- ~~~~ —- - . -  5-
~~~~~!’4~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — — --- -_-  _____



— ,-
_
~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—5-— ---—-------——- ----------5---- —-----— —5-- - --,—---- - --- --- - -  - - - -5-—--- 
5- !’

XII. APPENDICES

A. Direct Energy Consumption for Preparing Entrees at Central
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B. Direct Energy Consumption for Preparing Bakery Desserts at
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APPENDIX A

DIRECT ENERGY CONSUMPTION OF PREPAR ING ENTREES AT CFPF

1. Swiss Steak (ea serving 6 oz.)

Beef, Boneless, Swiss Steak

___________*___________• Bread i ng
1 Btu/serving

Continuous beep-Fat Fryer
222 Btu/ serv i ngWater and sauce

Ingredients

Gas Convec~~on Oven‘-1 auce preparation in 390 Btu/~erving
steam kettles
16 Btu serv i n

d gravy to ba ked stea~
1

Blast Treezer
107 Btu /serv in g

rHOld in Storage Freezer 
IL - - ~4_ B~u/ser~i~g_ - -

r Reheat in Gas Oven
L. - _ 2~5)~u/serving - - j

Hold in Food Warmer
- - 

9_B~u~ser~1~g - -

— Serve
Note: Operations 4n
dotted lines were
performed In dining
halls . Total 1 ,134 Btu/servlng

~~~~ 

( 

- —-.—--

~~~~~~~

—-—— • - ---‘k --________

~~CEDXNG PAaK BLkMC..NQ? tI~j~~- — 

5-—

/~~~~~- - ‘ ~~ _~~‘~~~ 
~

-
~~

-,- ,-
-
- a- -

~~~( 
I~~~~~~ ’ 

~~! ~ - . 3 - -~

~~~~~~~~ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --- - —~~~~



APPENDIX A (Cont.)

2. SalIsbury Steak (ea serving 6 oz.)

Ground Beef

Steak Formiig
3 Btu/seçv in~

Water and gravy
ingredients

Blast Fr~~~ r
126 Btujserving

r ii6~l~ Th storage Freezer ‘

L 94 Btu/serving

I r Thih~a~ n Gis O~e~1 352 Btu/serving

T 
Hold in Food Warmer i

L Btu/servlng
- - - — - - I - - — - — -  -

~Serve

Total 977 Btu/servlng
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APPENDIX A (Cont.) 

3. Barbecued Chicken (ea serving: 2 pieces, 8 oz.) 

Chicken, Cut-up 

Breading 
(by hand) 

Water and sauce 
ingredients 

I 
Sauce preparation 
in steam kettles 
57 Btu/serving 

Continuous Deep-Fat Fryer 
 375 Btu/serving  

1 
Gas Convection Oven 

211 Btu/serving 

i 
Add sauce to baked chicken 
 (by hand)  

Blast Freezer 
331 Btu/serving 

Hold in Storage Freezer 
 125 Btu/serving_ _ 

t 
Reheat Tn Gas Oven 

I 271_ Btu^servjna j 

in Fc "Hold in Food Warmer 
_9_Btu/sery_ing_ 

t 
Serve 

Total 1,379 Btu/servi 

59 
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APPENDIX A (Cant.)

4. Roast Beef (ea serving : 2 slices , 4 1/2 oz.)

Beef, Boneless Oven Roast

Gas Convect on Oven
912 Btu/servlng

~~ Cool In Refr gerator
I Energy used - NeglIgIble

Water and gravy
ingredients

Slice in Meat SiTcer
Gravy preparation 7 BtuJserving
in steam kettles
16 Btu/servlng

beef

Blast Freezer
130 Btu/ serving

— — 
~oTd~~ ~t~rag~ Tr~eie~ 

— — —
L 94_B~JLseryj~ 

r~~~~~elj~jt
jj
~ ai~ vin IL — — — J~6_B~uLseryi~ 

T~~~~~~ Tn~~ Wa~~r I
L 9 Bt~/serv!nj -J

Serve

Total 1,424 Btu/serving
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APPENDIX A (Cont.)

5. Chicken Fried Beef Patties (ea serving : two 3-az. patties)

Ground Beef

Patty Forming
-1 3 Btu/serving

•1 r Breading
4 Btu/serving

-
- Continuous Deep-Fat Fryer

-
- 

244 BtuJserving

[~ Blast Freezer
[ 142 Btu/servlng

r — 

~oTd i~ ~t~rig~ rr~eie~ 
—

L — — — !4_B&.uLs!r!i~9 — — — J

r — — 
~e~e~t i ~ ~~ ~v~n 

— — I
- 

- L — — ~~~~~~~~~~~~~ — — —

r r o~
dW i

~~~~~~~
L — — — .9_BtuLs~.r1ifl9_ — — — i

Serve

Total 752 Btu/serving
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APPENDIX A (Cont.)

6. Southern Fried Chicken (ea serving : 2 pieces, 8 oz.)

Chicken , Cut-up

Breading
(by hand)

Continuous Deep-Fat Fryer
462 Btu/serving

B~ast~Freezer275 Btu/serving

Th~1~ Th~~toraj ~~~e~z~r
- - — — — 

125 u servi ~~ 

ReEeit in
~~~i~~v~n I  

193 Btu/servin~. — — —

— — Hold Tn Food ~a~mir 
— —

9 

Serve

Total 1 .064 Btu/serving
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APPENDIX A (Cont.)

7. Roast Pork (each serving - 2 slIces, 4—1/2 oz.)

Pork LoIn~ Boneless

Gas Convection Oven
951 Bt~JservIng

Cool in~~~rigeratorEnergy used - negligible

_ _ _ _

Water and gravy Slicer
ingred ien ts 7 Btu/serving

Gravy preparation
in steam kettles ___________________________

- ~~ 16 Btu servin [ Add gravy to sliced roast

148 Btu/servlng

Th61
~~~ 
Tn Stora~eF ~e~z~r I

L — — ~~~ Btu/servinI — — —

r — 

~e1ieit in as ~ven 
— —

r Tho1~ in F~o ~ai~ner 
— —

L — 
_9B ~uLs!rv ing 

j

Serve

Total 1,495 Btu/servlng
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APPENDIX A (Cont.)

8. Meat Sauce for Spaghetti (each serving - 1-1/4  cup)

Ground Beef Water, Tomato Paste
and other ~1avor1ng Ingredients

Steam Kettles
136 Btu/servlng

Blast Freezer
160 Btu/ serving

r m~~ Tn ~~~ e~z~r 
- -

T 
— Eeit i~ ~tea~ ReitTe — — I

- - L — — _1 B ~u~sery.i~ j

[ H~~ T n F~od ~ari~ r 
— — — I

L_ ~~~~!!.tWIe;v!n1 

Serve

Total 567 Btu/serving

64

.

—5-- — ----- --- - - - - - -- ------- - - --~~ •---~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - ----------- — - ________________



I

APPENDIX A (Cont.)

9. Chil l Con Cam e with Beans (each serving - 1-1/4 cup)

Ground Beef, Water, Tomato Past~~Kidney Beans, and other Ingredients

r Steam Kettles.
~~~~~~~~ 116 Btu/serving

I Blast Freezer
L 170 

________________

T 

— Th~1~ ~~~~~~~~~~~~~~ 
— I l25 Btu/servinI j

N

T Reh~at Tn Ste~~ RertTe 
— —

L 

T — Th~l~ Tn Foo~ i~a~n~r 
— — I

L 9 Btu /serv i~g — — — -J

Serve

Total 545 Btu/servlng
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APPENDIX B

DIRECT ENERGY CONSUMPTION FOR PREPARING BAKERY PRODUCTS AT CFPF

1. Yellow Cake (each serving - 3 oz.)

Flour Mix

1

T Dough Mixer
I 1 

______________

Dough Dispenser
Less than .5 Btu/serving

r Gas Convection Oven
I 177 

____________

BfastT reezer
- - 101 Btu/serving

~ iioTd i~ ~t~rig~ rr~e~e~ ~L — ~L Bt~Jservina — — —

T — 

~T’haw i~ Ui~ i~gThilT 
— I

L — 
a ~o~m_T~ Ee e

Serve

Total 326 Btu/servlng

4. -
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APPENDIX B (Cont.)

2. Coffee Cake (each serving — 3 oz.)

Flour Mix

1~Dough Mixer

• 4’Dough Dispenser
Less than .5 Btu/serving

Gas Convection Oven
F 180 Btu/serving

Blast Freezer
- 

I [~~ 110 Btu/serving

r — — HoTd Iii r~eie~ 
— — —

L .  4L~ t~/se~vin~~

T — 
Yh~w i ~ din i~gTh~ I 

— —

— — ~t
_r~o!~ tTerature — — —

~

Serve

Total 338 Btu/serving
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APPENDIX B (Cant.)

3. Chocolate Chip Cookies (each serving - two 2-oz. cookies)

Cookie Mix

r Doug]iMixer
I Less than .5 Btu/serving

Dough DT~pei~ser
Less than .5 Btu/serving

Gas Convect on Oven
130 

________________

r — — 

~ToTd i~ Fr~eie~ 
— — — — IL 6 t ~/se~v!n i _ _ . j

- Thiw l~ ff1 n ~gThiTlT — — —
L — ~

t_r
~~O!!i te~~erature — — —

Serve

Total 193 Btu/se rvlng
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APPENDIX B (Cont.)

4. Sugar Cookies (each serving - two 2—oz. cookies)

Cookie Mix

Dough M~xer
Less than .5 Btujservlng

Dough DispenserJ Less than .5 B~~/ ser ving

Gas Convection Oven
98 Btu/serving

r Hff-~ffIn F~effz~r~~~~~~~L — — — ~33~uLs!r1i!~_ — — — J

r — — Thiw i~ ffi~i~gThilT 
— — IL — — 

at roo temperature 
— —

Serve

Total 161 Btu/servlng
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APPENDIX C

PRODUCTS PREPARED IN INGREDIENTS PREPARATION FACILITY
(Bldg 7118)

1. Carrot Shredding (each serving - L6 oz .)

Carrots

8 Btyfserving ~1

~ 
5 Btu/ serving

• r Shredd~i~1 11 Btu/s rving

[~ Tj~ in Ant iox dant SolutionI (by hand)

Centrifuge Dry
6 ______________

Fack 5 lbs of carrots in one

- 
~~yethylene b g (by hand)

• 
— Hoiff TnThif~i ~e~ator — — I

L 3 B e ~vjn~~_ _ _ J

I
’

Serve

Total 33 Btu/serving
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APPENDIX C (Cont.)

2. Peach Gelatin (each serving - 5.3 oz.)

Cherry Dessert Powder

[ Heat water to dissolve dessert
I powder. 21 BtqLserv1n~

[
~ 

Add cold water and stir
(by hand)

Add t~it(by hand)

[ Pour Into pans
I (by hand)

— — 
iioTd ii~ ~e rIgirit~r — — I

L 11 BtuLservi~9 -J

• Serve

- 
- Total 32 Btu/servlng
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APPENDIX C (Cant.)

3. Slicing of Cold-Cut Meats (each serving 3.2 oz .)

Ham or Bologna in Rolls

[ Meat S1ic~na Machine
L 1 Bt~Jserving

r — 

~oTd iW ~e rTger~t r  
—

L — — 
_6 BIuLs~ryj!~L. — — —-J

-~~ Serve

Tota l 7 Btu/serv ing
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APPENDIX D

DIRECT ENERGY CONSUMPTION FOR PREPARING ENTREES AT DINING HALLS

1. Roast Pork (prepared In Bldg 8402)

Pork Loin Boneless

r Roast in Gas Convection Oven
1313 Btu/serving

‘1 
_ _ _  _ _ _
[ Cool at Room Temperature 1

Slice in ~~~~~~t Slicer
13 Btu/~erv1ng

Warm in Food Warmer
. 9 Btu/serving -

Serve

Total 1 ,335 Btu/serving

(
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APPENDIX D (Cont.)

2. Roast Beef (prepared In Bldg 3206)

Beef, Boneless, Oven Roast

rRoast in Gas Convection Oven
L 1010 Btu servIng

L Coo’I at Room Temperature I

Slice in Meat Slicer
13 Btu/serv 1~g

[ Hold In Food Warmer
j 9 _________________

Serve

Total 1 ,032 Btu/servlng
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APPENDIX D ( Cont.)

3. Swiss steak (prepared in Bldg 3206)

Beef, Boneless. Swiss Steak

Brea ng
(by hand)

Sauce Ingredients

~ 
Gas Convection Oven

I 707 Btu serving

Hold in Food Warmer 1
9 Btu/servinq j

- 
- Serve

Total 1 ,170 Btu/servlng
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APPENDIX D (Cant.)

4. Barbecued Chicken (prepared in Bldg 3206 )

Chicken , Cut—Up
Sauce ingredients

EI~~~~~~~~~~~~~~~~~~ i 

~~~~~~~~~~ 1

Roast in Gas ~onvectIon Oven
1 .320 Btu/serv ing

Hold in Food Warmer
9 Btu/serving

Serve

Total 1.349 Btu/servlng
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APPENDIX D (Cont.)

5. SalIsbury Steak (prepared in Bldg 3206)

Ground Beef

Steak forming
(by hand)

4
I Gas Convection Oven
( 898 Btu/serving

LHI ln Fiwarrner 
J

Serve

Total 907 Btu/servlng

Note: No gravy used in serving.
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APPENDIX D (Cant.)

6. Chicken Fried Beef Patties (prepared in Bldg 3206)

Ground Beef

I Patty arming
L (by hand )

__________________________________
- I Breading

[ (by hand)

4
Deep-Fat Fryer.

I 353 Btu/servlng

Hold in Foo~d Warmer[ 9 Stu/serving

Serve

Total 362 Btu/servlng
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7. Meat Sauce for Spaghetti (prepared in Bldg 3206)

Ground Beef Water, Tomato Paste
and other F’avoring Ingredients

[ Steam Kettle
340 Bt~f~erving

Hold in Fo~~ Warmer9 Btu/servIn~

Serve

Total 349 Btu/serving
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APPE NDI X D (Cont .)

8. C h i l i  Con Cam e with Beans (prepared In Bldg 3206)

Ground Beef, Water , Tomato Paste,
KItiney Beans, and other Ingredients

Steam Kettle
I 300 

________________

[ Hold in Food Wa rmer
I 9 Btu/ serving

Serve

Total 309 Btu/servlng
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9. Southern Fried Chicken (prepared In Bldg 3206)

H

4 [ Deep-Fat Fi~yer
-

~~ 
( 917 Btu/serving

- Hold i n Food Warmer
9 Btu/serving

Serve

Total 926 Btu/servlng

_ _ _ _ _  _ _ _  
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