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Energy consumption and conservation in school foodservice is an 

important area of study. The foodservice manager can apply knowledge of 

actual energy consumption and methods of conservation to his/her facility 

in order to save money and precious resources. The purpose of this 

research was to quantify the energy consumed in the process of providing a 

school foodservice meal using alternate production and service systems. A 

second objective was to compare the energy use per square foot of 

production space between the systems. 

Four school systems participated in the study. Each used a unique 

combination of conventional or cook/chill production and satellite or on- 

site distribution. Energy use was measured at both the production and 

distribution site of the schools with satellite service, and data were collected 

for four days of production at each of the six locations. Energy consumption 

was determined by recording the operating time of each piece of equipment 

used in menu production and multiplying the time by the equipment 

rating.   Meal production census for each school was obtained for each test 



day, and total energy consumption was divided by the number of meals 

produced to determine energy consumption per meal. Square footage of 

prodution space was determined from building floor plans. Average 

energy consumption per meal was compared using analysis of variance 

(ANOVA) in a 2 x 3 factorial design with production system, distribution 

system and season as the variables. 

Regression analysis was performed to determine if a relationship 

existed between production space and energy consumption per square foot. 

Regression analysis was also performed on energy use per meal and number 

of meals produced. A third goal of the study was to identify opportunities 

for conservation for use in future research. Literature was reviewed to 

determine conservation methods which would reduce the use and/or cost 

of energy. Study sites were observed during the production process, and 

opportunities to reduce energy consumption were identified and 

documented. Based on the data, recommendations for low-cost 

conservation measures were submitted to the foodservice director at each 

site for implementation. 

The study showed that total mean energy consumption per meal was 

2,590 British thermal units (Btu). There was no significant difference (p>.05) 

in energy consumption per meal between conventional and cook/chill 

production methods, although conventional production systems used 20 

percent more energy. Schools with on-site distribution used 139 percent 

more energy to produce a meal than those with satellite service, which was 

significant (p<.05). For schools using the same production system, the one 

with satellite service had a higher meal census than the one with on-site 

service, and may have benefited from economies of scale. There was no 

significant difference (p>.05) in mean energy consumed in producing meals 



in the spring vs. fall. Number of meals produced was not correlated with 

energy use per meal. Results indicate that centralized food production with 

satellite service is an efficient method for utilizing energy in school 

foodservice. 
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ENERGY CONSUMPTION AND CONSERVATION IN SCHOOL 
FOODSERVICE SYSTEMS 

INTRODUCTION 

The U.S. foodservice industry is a major utility consumer (1). Annual 

energy costs for electricity in 1990 were approximately $9 billion. This was 

4.5 percent of the $200 billion in gross foodservice sales. The 80-90 kilowatt- 

hours consumed by the foodservice sector represented 15 percent of the 

commercial sector generation of electricity by utility companies. According 

to the Edison Electric Institute (1), foodservice establishments are the most 

intensive energy users in the commercial sector. This statement was based 

on an analysis which included hospitals and schools as separate categories, 

so the foodservice areas in those facilities were not included in the 

foodservice category. 

Energy use profiles for a variety of end-users were summarized by 

Thumann (2). Schools used 5 to 10 percent of total energy for foodservice, 

with an average of 7 percent of energy consumption devoted to food 

processing, production and service. The majority of energy in schools was 

used for environmental control and lighting. Foodservice was the third 

largest energy consuming system. 

The United States government recognizes the need for energy 

conservation programs in schools. The Department of Energy's 

Institutional Conservation Programs (ICP) administer a Matching Grants 

Program for Schools and Hospitals (2), which is a voluntary program 

designed to assist these non-profit institutions in conserving energy. The 

program was  authorized by Part I, Title III of the National  Energy 



Conservation Policy Act of 1978 (NECPA). Through state energy offices, the 

ICP provides grants to eligible schools for detailed energy analysis and 

implementation of capital improvements. 

Energy conservation is becoming more critical in many sectors of 

contemporary society. According to Holdren (3), there is a two-sided 

connection between energy use and human well-being—a positive side and a 

negative side. Energy contributes positively to human existence by 

providing for essential needs such as heating, cooking and lighting. It is also 

a necessary input for economic production. However, there are costs 

associated with energy as well, which include monetary, environmental and 

sociopolitical impacts, which can detract from our well-being. 

As Davis (4) noted, as long as the primitive human population of the 

world remained relatively low, and our energy requirements were limited 

to heating and cooking, these needs could be exploited without resulting in 

a serious disruption of the atmosphere, geosphere or hydrosphere. The 

world population continues to grow, however, and energy is used for many 

functions other than heating or cooking. This has resulted in energy use 

becoming a destructive force in the environment due to emissions which 

contaminate local air, water and soil. The global impact of increased 

warming, known as the greenhouse effect, remains undetermined. In 1978 

Zafiratos (5) observed that the nation and the world were experiencing 

exponential growth in energy requirements which would ultimately come 

into conflict with the finite resources that exist to support those needs. 

Methods were needed to reduce the energy consumed, while finding new 

sources to fuel the world. 

For the past 100 years, problems of excessive energy use and costs have 

been less threatening than the fears of insufficient supply (3).  Between 1890 



and 1970 the monetary cost of supplying energy, and the consumer prices 

that resulted, stayed relatively stable or declined. This changed drastically in 

the 1970's when oil prices doubled in 1973-4, and in 1979 the real price of oil 

in the world market quadrupled. The impact of these price increases was 

especially painful because in 1973 oil constituted nearly half of the world's 

annual use of industrial energy forms (3). 

More recently, in 1989 the Pesian Gulf War had Americans fearing for 

energy supplies once again, if only briefly (6). The critical role that energy 

plays in the smooth operations of any industrialized society was 

underscored. In addition, the need for energy conservation measures as 

protection against future disruptions in energy supply was reinforced. In 

1990, Fickett (7) pointed out that some analysts believed that regional energy 

shortages could occur within the following ten years—possibly as early as 

1993. 

The relationship of energy consumption to environmental ills has 

brought the issue of energy consumption into the public eye once again (6). 

Constraints on the generating and delivery systems of some public utilities 

have already resulted in implementation of conservation measures. 

Increasingly strict environmental regulations may leave managers with no 

choice but to find new ways to conserve. At the same time, a difficult 

economic environment has forced many managers to seek new ways to cut 

operational costs, and energy has been targeted (6). 

In order to control energy consumption and energy costs in any 

industry segment, the areas of greatest use must be identified. Within the 

foodservice industry, energy is utilized at multiple points. According to 

Unklesbay (8), in 1976, 18 percent of foodservice energy was used for food 

production, 29 percent for food processing, 10 percent for food distribution 



and 43 percent for food consumption. Preparation, service and distribution 

of food at home and in foodservice establishments are included in the last 

category. 

The food consumption category can be broken down even further. The 

Federal Energy Administration (FEA) (9) published the Guide to Energy 

Conservation for Foodservice in 1976. According to the FEA, cooking 

equipment was the largest energy user, accounting for 35-40 percent of the 

total utility cost for the foodservice area. Heating, ventilation and air 

conditioning (HVAC) were responsible for an additional 35 percent. 

Dishwashers accounted for about 15 percent, while lighting amounted to 10 

percent, and refrigeration 5 percent (9). Since 1976, no other comprehensive 

studies of energy use within a total facility have been conducted to update 

this information based on new technologies and production methods. 

As Thumann noted: 

Optimizing energy utilization for food service kitchens is 
extremely important when it is realized that these facilities are 
found   in  schools,  hospitals,  commercial  and  institutional 
buildings, as well as food-processing centers and restaurants 
(2, p. 278). 

He goes on to highlight the continuing increase in use of energy consuming 

equipment in modernized kitchens. Keiser and DeMicco (10) echoed this 

thinking, noting that energy cost was considered a minor factor in 

foodservice management, but this thinking has changed. The cost of 

utilities continues to rise due to foreign control of oil and the substitution of 

machines for human labor, which results in a decreased labor cost and 

concurrent rise in energy cost for a facility. According to Thumann (2), 

foodservice personnel must become more aware of the importance of using 



energy appropriately and maximizing efficiency. He stated that it is the job 

of the foodservice manager and the engineering department to manage 

energy resources. 

Energy consumption in the foodservice industry has been a subject of 

study since the 1930's (11,12,13), but the purpose of the energy research has 

changed over time. Factors which have prompted energy research include 

improving food quality, limited energy resources, technological advances, 

environmental concerns and financial management. 

The earliest energy studies, conducted in the 1930s at the University of 

Missouri, Columbia, were performed to determine the effect of various heat 

applications on product quality and sensory evaluation (11,12,13). Further 

research was sparse until the 1970s, most likely because available, affordable 

energy sources were taken for granted. The Arab oil embargoes, and the 

resulting "energy crisis" of 1973-74, forced people to look more closely at the 

use of many nonrenewable resources (14). 

When research commenced again in the 1970's (15), it was oriented 

towards identifying the sources of greatest energy consumption and ways to 

contain it. During this time, Krimmel (16) explored new energy 

conservation technology within the framework of a total building, citing 

heat exchange systems as one opportunity. These systems utilize the heat 

energy that is removed or leaves one system (such as refrigeration), by 

applying it to another system which requires heat (e.g. heating elements). 

Thumann summed up the challenge of foodservice research well when he 

wrote, "There is a great variety of food service equipment. There is even a 

greater variety of food preparation procedures and combinations of 

equipment in the various types of kitchens (2, p. 279)." Some studies have 

made comparisons of energy use in alternate foodservice systems.   These 



studies tested only the equipment specific to the system being investigated 

(17-20). Research on energy consumption in foodservice has been conducted 

under actual operating conditions (18,21) and in the laboratory (22,23). 

Research exists which compares energy use between individual pieces of 

equipment (24-29), and other studies have identified methods of 

conservation (30-33). No previous studies, however, have attempted to 

measure total energy consumption including every piece of equipment in 

alternate foodservice systems under actual operating conditions. 

Research Purpose 

The purpose of this research was to quantify the energy consumed in 

the process of providing a school foodservice meal using alternate 

production and service systems. This was accomplished by evaluating the 

energy component of the production and service process at selected school 

foodservice facilities and determining the energy use and cost per meal, and 

per square foot of production space. A secondary goal of the study was to 

identify opportunities for conservation for use in future research. 

Conservation opportunities which would reduce the use and/or cost of 

energy were identified and described. 



SELECTED LITERATURE REVIEW 

A review of the literature pertaining to energy consumption and 

conservation and its application in the foodservice industry highlights the 

diversity of factors which prompt energy research. The subject has been 

approached from many angles, providing a base of resources which address 

such issues as the multiple forms of available energy, technological change, 

energy management systems, operational impacts, and conservation 

techniques, to name but a few. 

Energy 

Definition 

Merriam-Webster's Collegiate Dictionary (34) defines energy as "the 

capacity for doing work." This literary definition is somewhat circular, in 

that work can be defined as the expenditure of energy. In a more technical 

sense, multiple classifications of energy exist, and some of these must be 

defined more precisely. The science of thermodynamics is beyond the scope 

of this paper; therefore, only types of energy which are important to 

foodservice will be discussed. 

Internal energy is the energy possessed by any substance by virtue of its 

molecular state (35). A substance can exist in three states: gas, liquid or solid. 

The internal energy possessed by the substance will be greatest in the solid 

state and smallest as a gas. Heat is produced when internal energy is 

transferred from one substance with a larger amount of internal energy to 

one with less internal energy.   Examples of heat transfer in foodservice 
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which result in a change of state are the boiling of liquids and the baking of 

custards. 

Some classes of energy are related to physical motion. Kinetic energy is 

energy of movement and is dependent upon the mass and velocity of a 

body. Potential energy is contained by a body which is held stationary 

against some force, such as gravity. Kinetic and potential energy are both 

examples of mechanical energy. Both forms of energy represent force which 

is either in motion or contained. Mechanical energy in foodservice is 

transferred from equipment to food during operations such as mixing or 

cutting. When this occurs, work is performed. 

Work is the transfer of mechanical energy from one substance to 

another. It is comparable to the concept of heat as the transfer of internal 

energy. Both heat and work are transient forms of energy which are never 

possessed by a system or body. They exist solely as the transfer of energy, 

crossing a system boundary when it undergoes an energy change. For this 

reason, heat and work can be called "boundary phenomena" (35) because 

they are observed when the system boundary is crossed. 

Chemical energy can be released through chemical reactions (35). Fuels 

such as coal, natural gas and oil possess chemical energy. When these fuels 

are reacted with oxygen, combustion results and energy is released. 

Electrical energy can be produced through transformation of fuels. 

Electrical energy is a carrier form of energy which can not be used unless it is 

converted to another form. However, because it is easily transmitted and 

converted to heat or work as needed, electricity is quite valuable. 

Power differs from energy in that power is the rate at which work is 

performed. A measurement of power includes both the amount of energy 

used and the time frame in which the work was performed. 



Primary Energy Sources 

The energy needed to meet society's needs comes from a variety of 

primary sources. These natural forms of energy undergo a series of 

transformations which ultimately result in the energy used as light, heat, 

ventilation or power for our commercial, industrial and residential sectors. 

Almost all available energy can be traced to one of two sources (4): the sun 

in the form of fossil fuels, biomass, wind and incoming radiation; or nuclear 

power. Smaller amounts of energy are derived from lunar motion (tidal 

power) and the earth's core (geothermal power). These energy sources were 

classified by Gros (36) into unrenewable resources such as coal, oil and 

natural gas, and renewable resources such as solar, hydro, geothermal and 

atomic power. As a result of global demand, the unrenewable fossil fuels 

are being depleted 100,000 times more quickly than they are being formed 

(4). 

Oil is currently the largest energy source, supplying almost all the 

energy used for transportation in the form of gasoline. During 1990, the 

United States used almost 17 million barrels of oil per day (6). Since oil 

resources are limited and much of it is under foreign control, it is essential 

that the reliance on this form of fuel be reduced. Coal, the major energy 

source during the industrial revolution, has been eclipsed by oil and is now 

the second largest energy source in the United States. Coal is available in 

plentiful supply, but at a great cost to the environment. Strip mining, 

limited mine safety, and environmental pollution are some of the most 

detrimental outcomes. Natural gas is the third largest primary energy 

source.  Fulkerson, et al. (37) noted that worldwide, combustion of coal, oil. 
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and natural gas supplies 88 percent of purchased energy. In the United 

States in 1991, these dwindling resources accounted for 88 percent of energy 

consumed (38). Gases emitted during the burning of these fuels can degrade 

the environment, possibly altering the climate (37). 

Fears of urban pollution, acid rain, oil spills and global warming have 

prompted reevaluation of alternatives to coal, oil and natural gas. Many 

other sources of energy have been investigated for their potential in 

replacing or supplementing the existing reliance on gas and electricity (36). 

Research was performed with the intention of developing both new sources 

of energy and the technology needed to harness it. New sources include 

nuclear fusion, solar power, biomass and geothermal energy. In the late 

1970s and early 1980s, they were believed to have great potential, but 

technical progress was expected to take many years, and the benefits of 

advanced technologies were not expected to be evident until the 21st 

century. Most of these resources are still not fully developed, but the 

renewed interest in energy conservation has brought attention back to them 

again. 

Solar power, a natural energy source which is used mostly for 

providing hot water and space heating, requires backup systems due to the 

potential for interruption of supply during prolonged cloud cover. Wind 

energy is the type of solar power which is closest to being economically 

competitive. It exists as mechanical power, so further conversion to 

electricity is very efficient. The relative simplicity of wind and other solar 

technologies would allow for production of inexpensive generating units 

across the country. The biggest drawbacks are the potential for interrupted 

service, and the questionable aesthetics that would result from industrial 

windmills dotting the landscape.  Both wind and solar power provide clean 
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sources of energy but have high costs associated with them due to the need 

for storage and standby plants. 

Hydropower, biomass, and geothermal energy have also been studied, 

but   they   are   limited   by   geography   and   environmental   concerns. 

Hydropower is currently the most utilized application of solar energy.  It is 

an indirect source, in that the sun evaporates water, which falls as rain, 

flows into rivers and provides power to operate turbines.     In 1991 

hydropower accounted for 9.8 percent of electricity production in the United 

States (38).   The limitations of hydropower include the large land masses 

required for power plants and the potential for catastrophic dam failures 

(39). 

Biomass energy is generated when wood and other plant materials are 

burned, releasing CO2 (39).   Solar energy is stored as chemical energy in 

plants, which is then recovered by burning them.  It must be produced at a 

sustainable rate, at which point the CO2 released is equal to the amount 

consumed by living products through photosynthesis. 

Nuclear power plants and fusion energy were expected to be the 

breakthrough energy sources of the future (36). Nuclear fission produces 

energy by dividing the atom and its nucleus. Nuclear fusion releases energy 

by uniting nuclei rather than dividing them. Nuclear energy can provide 

one trillion times more energy than mass forces such as wind and water, 

and one million times more energy than the chemical reactions of the 

industrial revolution. In 1980, Gros (36) cited a figure of 25 percent as the 

share of energy that must be provided by nuclear sources by the year 2000. In 

1992, nuclear power plants generated 22.1 percent of electrical energy in the 

United States (38). This energy source, which was hailed as the solution to 

the world's energy problems, is now condemned by many as the most 



12 

dangerous method of producing energy. Not the least of these dangers is the 

problem of waste disposal and safety, since nuclear power generates 

radioactive waste. The impact of nuclear disasters such as Three Mile Island 

in 1979 and Chernobyl in 1986 have resulted in a negative perception of 

nuclear energy among the public. There have been no new orders for 

reactor construction in the United States since 1978 (7), and 1992 was the first 

year in nuclear history that the number of operating plants declined. Its 

potential as an energy source is no longer viewed with great favor. 

It becomes clear that energy resources are neither unlimited, nor 

without limitations, and that efficient management of these resources is 

important in any industry. Awareness of how energy resources are used 

and misused can help with decision-making. 

Energy Transformation 

A primary energy source is transformed through a series of events into 

usable energy. As an example, unrefined coal must first be extracted from 

the earth. It is then transported to a refinery where it undergoes processing 

which includes physical transformations and purification. The new product 

is then shipped to a power plant for conversion from chemical to thermal 

energy. The heat which is produced provides power as it is converted from 

thermal energy to mechanical energy in the form of electrical energy. The 

electrical energy travels through a wire to reach the target, such as a lamp, 

where it becomes radiant energy in the form of light (3). 

Electricity is the most costly form of energy, requiring other primary 

sources to generate it. Its generation requires the use of more than 36 

percent of the primary fuel sources consumed in the United States (6).   The 
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amount of energy necessary to produce electricity is 2-3 times what is 

delivered. Total delivered energy is the amount reaching the end user after 

all transformations have occurred. Delivered energy has increased from the 

equivalent of approximately 8 million barrels of oil per day in 1860 to 123 

million barrels per day in 1985 (4). As a result of end use efficiencies, the 

amount of delivered energy has increased at a faster rate than the amount of 

primary energy supplied. 

Energy Measurement 

Units of Measure 

The British Thermal Unit (Btu) is a unit of energy measurement 

indicating the quantity of heat needed to raise the temperature of one pound 

of water by one degree Fahrenheit. It is roughly equal to the heat given off 

by a wooden match. Gas powered equipment is rated in Btu. Heat energy, 

measured in Btu, is input by the use of combustion or steam heating (20). 

Electrical energy introduced into a process by use of an electrical device, 

such as a heater or motor, is measured in watts (W). Another common unit 

of measurement is the kilowatt (kW), which is equal to 1,000 watts. 

Electrical power is measured in watt-hours (Wh) or Kilowatt-hours (kWh) 

(35). Mechanical energy introduced into a process through mechanical 

devices such as motors, pumps or conveyors is measured in horsepower 

(hp). 

Alternate forms of fuel can be used to provide energy for many similar 

functions; therefore, it is important to understand the relationship between 

the different forms and the standards by which they are compared. The heat 
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value of natural gas is approximately 1,000 Btu per cubic foot. Natural gas is 

sold in units of 1,000 cubic feet (mcf) or 10,000 Btu. Electricity is sold in 

kilowatt-hours (kWh). One kilowatt-hour provides 3,412 Btu of heat. Oil is 

sold by the gallon, and there are roughly 142,000 Btu per gallon of oil. A 

relatively new unit of energy measurement is the quad, which is used to 

denote large quantities of energy. One quad is equal to 1 quadrillion Btu, 170 

million barrels of oil, one trillion cubic feet of natural gas, 50 million tons of 

coal, 17 million kW of electricity or 283.5 tons of uranium (16). 

On the basis of cost input Btu, natural gas is usually cheaper than 

electricity. However, gas cooking equipment requires more Btu to produce 

the same amount of heat as a comparable piece of electrical cooking 

equipment. 

Methods of Energy Measurement in Foodservice 

Energy consumption within foodservice systems can be measured in a 

number of ways. McProud and David (17) discussed several methods to 

express energy measurements relative to food processed. Btu are commonly 

used as the unit of measure, and energy consumption studies within 

foodservice have described Btu per 100 lb. of raw product, Btu per 1,000 lb. of 

raw product, Btu per ton of cooked product and Btu per case. Btu per meal, 

Btu per pound of finished product, Btu per customer in a restaurant and Btu 

per kilogram have also been reported. Btu per unit of nutrient has also been 

proposed as a way to measure energy consumption (8). 

Cooking equipment contains an energy rating which provides 

information about the amount of energy it consumes. The energy rating is 

the amount of energy used per hour when the equipment is operating.   For 
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example, a gas oven rated at 115,000 Btu which operated continuously for 

one hour would consume 115,000 Btu in this time. Unklesbay and 

Unklesbay (35) noted that the energy consumed by a piece of equipment 

could be calculated using the following equation: 

(Equation 1) Energy = Power x Time 

where Time was the period during which the equipment operated. 

Romanelli (22) described a practical method of measuring energy 

consumption in foodservice which utilized the energy rating and did not 

require the use of meters or extra equipment. The study objectives were to 

1) develop a methodology for foodservice operators to estimate energy 

consumption when cooking specific food products, and 2) determine which 

of four types of equipment was the least energy intensive and produced the 

most acceptable product. The thermostat signal light was monitored to 

determine the actual time the equipment operated. The time was then 

multiplied by the equipment rating. Multiple replications were performed. 

Kilowatt-hours were calculated and compared with the results of meter 

readings. The calculations were found to be a valid estimation of the actual 

energy consumption. Romanelli (22) indicated that the signal light is a 

reliable, relatively efficient, inexpensive method of determining energy 

consumption, and that metering, although more accurate, was often 

financially prohibitive. 

Equipment such as blenders, mixers and vertical cutters operate 

ceaselessly when in the "on" position. Some pieces of equipment, such as 

an oven, however, do not run continuously although still turned on. Once 

the proper temperature within the chamber is reached,  the internal 
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thermostat will trigger the unit to shut off temporarily to avoid 

overheating. When the temperature begins to drop below a certain level, 

the heating mechanism will reactivate to maintain the desired temperature. 

The equipment will "cycle" on and off repeatedly. Energy is not used by the 

equipment when the cycle is off. The energy consumption equation above 

would not account for this "energy neutral" period which must be 

considered. In his guidelines for conducting building and site energy audits. 

Smith (40) described the duty cycle as the ratio of loaded to unloaded 

operation. In this sense, loading indicates the energy load required, as 

opposed to the food product load in the oven. He provided an example of 

an energy use calculation which involves multiplying the input rating by 

the duty cycle and operating time to determine energy consumption. Smith 

included a constant value in his equation which was not identified. By 

reading the signal light, thereby including only the actual operating time of 

the equipment, Romanelli (22) incorporated the duty cycle into his 

calculations. Smith's (40) method of determining energy consumption can 

be applied when no signal light is available. 

Energy Management 

Designing an effective energy study involves the same concepts as are 

necessary to implement an energy management program. In order to assess 

and apply the results of energy studies appropriately, an energy 

management program must be developed. 

A common challenge to managers who want to control energy is that 

energy costs for a facility are often allocated on a prorated basis among 

various departments based on parameters such as square footage, traffic 
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patterns, number of laborers, etc. It is included in general overhead, and 

there is no accountability for the actual amount of energy used (33). This 

makes energy management difficult because the cost of energy for that 

function is not truly known. Turner (14) noted that energy conservation 

efforts are often hindered by the fact that most facilities do not approach 

energy management appropriately. He cited four important principles for 

proper energy management: 

1) Control the cost of the energy function as a service provided, not the 

actual Btu of energy: Energy is rarely consumed directly. It is most 

often converted to some other useful application. The cost of the 

application, including labor, maintenance and other operating costs, 

may be disproportionate to the energy consumed. 

2) Control the energy function as a product cost, not as a part of general 

overhead: Identifying the production variables which affect energy 

consumption will increase accountability and allow areas of 

opportunity to be identified. 

3) Control and meter only the main energy functions—the "20 percent 

of users that make up 80 percent of the cost": It is important to 

prioritize control of the meaningful costs through sub metering the 

main functions. 

4) Put the major effort into installing controls and achieving results: 

General knowledge of methods to save energy often exist without 

the systems necessary to implement them. 

An effective foodservice energy management program involves three 

phases of action: audit, analysis, and implementation (41). Before the 

appropriate activities can be identified, the manager must perform an audit 

to identify the quantity of energy currently being used by the system and 
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ascertain how the usage is segmented. Once the sources and quantity of 

energy consumed are known, the analysis phase allows the manager to 

determine the best plan of action by identifying conservation opportunities, 

and prioritizing them. In the implementation phase, the proposed changes 

can be put into effect and monitored for effectiveness, with plans modified 

according to need. 

Any effective energy management program requires organization of 

data. Information about past energy consumption must be gathered, and an 

equipment inventory of all major energy using equipment should be 

developed. Current operating procedures should be assessed. Operational 

changes and conservation measures can be undertaken only after this 

background information has been collected and analyzed (6). 

Proper training and education of personnel is a key to a successful 

energy management program (21). Energy audits and capital expenditures 

can be made, but, unless the employee is included in the process, the 

potential for success is limited. A successful training program must include 

continual efforts by management in explaining techniques, reinforcing 

behavior, and updating employees. Participative management can increase 

employee willingness to work towards new goals, and incentive plans can 

provide a motive for improving performance (21). 

Speen (42) presented an "energy conservation pyramid" identifying 

increasing levels of sophistication in energy management. At the base level, 

training of employees and management is an essential foundation for a 

successful outcome, and the training requires little in the way of cost. 

Proper maintenance of equipment requires the development of a program 

of care and can only occur after adequate training is accomplished. 

Permanent controls can then be installed with minimal investment.   At 
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level four, automatic controls require an increasing investment, more 

technical expertise, and less employee involvement, while providing an 

increased level of discipline to the system. The top three levels require 

increasingly more financial input and more sophisticated engineering, but 

they offer substantial paybacks. 

A comprehensive energy management program includes equipment 

selection. Effective decisions when choosing new equipment can only be 

made when adequate information is available. Process control volume 

analysis can be used to establish the energy efficiencies of alternate choices of 

food production equipment. Manufacturers' marketing data can be used as a 

resource when choosing new equipment if the appropriate research 

methods have been used to arrive at the results. Purchasers should 

compare the energy efficiency ratios of various models (43). 

An important factor in energy management is controlling the electrical 

power demand (10). Variations in the production schedule will cause the 

peak power demand to fluctuate over time, and a fee is charged by the utility 

company for the maximum power needed, regardless of the duration of 

time for which the need exists. Since large quantities of energy can not be 

stored, utility companies use demand charges to help defray the expense of 

maintaining a generating capacity that is most often unneeded. As a result, 

the cost of electrical energy can vary substantially between two facilities with 

similar total consumption if the pattern of use is quite different. The facility 

which uses electricity at an even, continuous rate will have a lower utility 

bill than one with large peaks and valleys in energy use throughout the day. 

Demand controllers are available which incorporate a load-sensing device 

that monitors the demand and helps level it by temporarily shutting down 

unneeded equipment. 
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Foodservice Systems 

System Boundaries 

To study energy consumption within any system, boundaries and 

parameters must be set. Bobeng and David (44) defined twelve control 

points or process stages for menu items when performing their study of 

Hazard Analysis and Critical Control Points (HACCP). The phases include: 

procurement, preparation, heating, hot holding, chilling and chilled storage, 

portioning and assembly, cold holding and distribution, microwave heating, 

freezing and frozen storage, thawing, portioning assembly and distribution, 

and service. These phases of the foodservice process have been used by 

many energy researchers to define the parameters of the system to be 

studied. 

Within the foodservice operation, Unklesbay (45) classified energy 

consumption into two categories: direct and indirect energy use. Eight of the 

process stages of food menu production were separated into these two 

categories. As defined by Unklesbay, direct energy is used in any process 

within the foodservice operation which is performed in order to produce 

and serve menu items at safe temperatures. Included in this category is the 

energy used for storage, heating, cooling, packaging, reheating, distributing 

and/or serving the product. Indirect energy is expended in performing 

necessary but supportive functions within the operation that facilitate direct 

energy use, such as waste disposal, sanitation, and maintenance of an 

optimal working environment.    Within each foodservice operation, the 
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amount of energy expended for each of these functions depends upon the 

production system, market forms of food procured, and the menu itself. 

Production Systems 

Four types of production systems have been identified by Unklesbay, et 

al. (46). These include conventional, ready prepared, commissary, and 

assembly serve. The four systems are based on the degree of food processing, 

which occurs at the production and/or service facility and can be viewed as a 

continuum of labor cost vs. food cost. 

Commissary systems are characterized by centralized food procurement 

and production processes (46). Market forms of food with little or no 

preprocessing are received, processed at the central facility and distributed to 

remote areas for final preparation and service. In a conventional system, 

market forms of foods are purchased in various stages of preprocessing, and 

production, distribution and service are completed on site. In a ready 

prepared system, menu items are produced to inventory and held chilled or 

frozen until ready for reheating (if necessary) and service. In an assembly 

serve, or convenience, production system, the foods which are brought into 

the system have already undergone extensive processing. Storage, heating, 

assembly and service take place on site, but minimal processing is necessary. 

A cook/chill or cook/freeze system is a form of ready prepared 

production (47). The basic elements in a cook/chill system include: 

centralized purchasing, storage and preparation of ingredients and menu 

items—a technique which provides economies of scale; production of food 

products in large batches in self-agitating, steam-jacketed kettles or cook 

tanks to a consistency which allows pumping; pumping the product into 
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plastic casings which are chilled in a tumbling ice-water bath and stored 

until ready for use. The benefits of this production system are believed to be 

reduced labor, improved work shifts (resulting in increased employee 

morale), menu control benefits, and cost savings from large scale purchasing 

and preparation. 

Accounting for Energy within a System 

An energy accounting model was developed by Unklesbay (20) which 

can be used to identify energy consumption for the direct processes involved 

in the food production continuum. It is based on the concept of a closed 

system, in which all energy that enters the system must be accounted for, 

either as energy retained within the system or as energy leaving the system. 

Mass streams are included in the model as well. According to the model, all 

electrical, mechanical and heat energy input must be balanced by an equal 

change in the internal, kinetic and potential energy, as well as any energy 

losses. Once the energy accounting model was developed, chicken recipes 

were prepared in the conventional, cook/chill and assembly/serve 

foodservice systems. When the results were analyzed, no definite 

conclusions could be made about the differences between the systems. None 

of the systems had fully implemented energy saving technologies and 

differences among the systems were attributed to variations in operational 

procedure as opposed to differences inherent within the system framework. 

Before an energy management program can be conducted, the scope of 

the area must be determined. To utilize the energy accounting system (20), 

process control volumes must be established so that energy can be identified 

as it enters and leaves the system.  According to Unklesbay and Unklesbay 
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(48), a process control volume is formed by establishing an imaginary 

boundary around the system to be studied. The control volume can be as 

large as the facility or as small as a piece of equipment, depending on the 

system to be studied. Any change in energy within the control volume must 

be equal to the energy input minus the energy output. Unklesbay included 

six types of energy within the control volume during food production: 

thermal, electrical, mechanical, internal, kinetic, and potential. For 

example, when examining a food process step using electric equipment, 

inputs include heat, food, electricity and pans, while outputs consist of heat, 

food, waste and pans. Management decisions can be made based on the 

results of process control volume studies. 

The identification of process control volumes for entree processing (48) 

can be applied to the energy conservation process as well. The boundaries of 

the project must be defined. These may include the total building, the 

foodservice area, or simply refrigeration and freezing. Without a definition 

of the parameters, the project can become too unwieldy to be successful. 

Challenges within the System 

There are problems which exist in relation to energy analysis. 

Unklesbay (49) cited the heterogeneity of energy sources as being one 

challenge. The standard unit of measure differs between various forms of 

energy, but all forms must be converted to a common unit for a meaningful 

comparison to be made. Some energy sources will be converted from their 

standard of measure to a different unit. Precision is lost when this 

transformation takes place. A second challenge is that the location of the 

boundary of a process control volume must be designed to incorporate all 
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inputs and outputs relevant to the system. These boundaries are often 

difficult to define when they overlap other systems. A third challenge is 

that energy changes are only marginally noticeable against a large baseline 

for a given facility and may be difficult to identify. Finally, analytical tools 

which can measure energy change within foodservice are not fully 

developed. 

Energy Studies in Foodservice 

Energy Consumption 

The earliest studies of energy in the foodservice system reported to the 

United States Department of Agriculture (USDA) were performed in the 

1930s at the University of Missouri, Columbia (11-13). The purpose of the 

research at that time was to determine the effects of different forms of heat 

application on sensory and product quality of food items. In a study by 

Loughead in 1933 (11), pork loin roasts were seared at different 

temperatures. The roasts were then placed in three ovens set at three 

different oven temperatures, and the cooking time, cooking loss and gas 

consumption were determined. In this study, the lowest oven temperature 

consumed the least cubic feet of gas and took the longest time to cook. The 

effects of various temperatures on gas consumption for broiling beef steaks 

and pork chops was studied by McLachlan. At a lower broiler temperature, 

the meat took longer to cook, but used less energy (12). In a third study (13), 

Club, Porterhouse and Pin-bone sirloin steaks were broiled at two different 

temperatures, and weight, cooking time, and gas consumption were 

compared.   The higher temperature consumed more energy for all cuts of 
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meat, and much of the additional gas consumption was used in the 

preheating phase. Gas consumption per pound of meat was lowest for the 

heaviest steak, and greatest for the smallest piece of meat. 

More recently, Dahl, et al. (19) used the energy accounting model to 

measure the effect of microwave heating on beef loaves in the cook/chill 

foodservice system. The study design included determination of system 

boundaries. The system boundary was identified as the region of time, 

space, or quantity of matter for which transfers of mass and energy were to 

be accounted. Input power to the system was measured by meters attached 

to the microwave oven. Fifty-three percent of the input power was used to 

operate the oven. Forty-seven percent of input power was converted to 

microwave energy and made available to heat the beef loaves. Only twelve 

percent was actually used for heating the loaves. Seventeen percent was 

used to evaporate water from the surface of the loaves, and eighteen percent 

remained unaccounted for. 

McProud and David (17) compared the actual and theoretical energy for 

three foodservice systems. Actual energy was determined by placing meters 

on the particular equipment required for the process stages of production. 

Electrical energy was measured in kilowatt hours. Energy use by gas 

equipment was measured in cubic feet. Both measures were converted to 

Btu for comparison. Theoretical energy was defined as the minimum 

amount of energy required for temperature change in the food item. 

Calculations of theoretical energy incorporated product mass, heat capacity 

of food item, and system temperature changes. Two systems (cook/chill and 

cook/freeze) were variations on the ready prepared production system, and 

the third was a conventional system. Apportioned energy was another 

measurement included in the analysis and was a derivative of actual energy 
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based on the percentage of usable equipment space occupied by the product. 

The apportioned energy measurement accounted for the effect of partial 

loads while considering the space needed for circulation and accessibility. 

Both ready prepared systems used significantly (p<.01) more actual energy 

than the conventional system. The mean amount of theoretical energy used 

was significantly less (p<.01) for the conventional system than either of the 

others. There was no significant difference in apportioned energy between 

the three systems. McProud concluded that apportioned energy was the best 

measure of energy consumption in that study. 

Brown and Chiyuan (50) monitored energy consumption at three oven 

temperature settings during three stages of thermal processing. The three 

stages were cooking, reheating and hot holding of turkey slices. Energy data 

were recorded using an automated digital energy monitor with readings 

recorded in 30 minute intervals. There were highly significant differences 

(p<.001) in total energy consumed during heat processing at the three 

different cooking temperatures. Higher temperatures used more energy 

despite shorter cooking times. These results were similar to the previous 

studies (11-13) of the 1930s. 

In another study, bentonite-water dispersions were used to simulate 

energy consumption of two sizes of sausage patties during convective heat 

processing. An automated energy monitoring system was utilized to 

determine energy consumed by an electric forced air convection oven. No 

significant differences in energy consumption were found between actual 

patties and bentonite-water models, which indicated that the models are an 

effective and cost efficient replacement for sausage patties in energy studies 

(51). 
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When the effects of packaging, equipment and storage time on the 

energy used for reheating beef stew was studied (52), the least energy was 

used when reheating food in a retort pouch. This result was attributed in 

part to the fact that retort pouches are microbially safe at room temperature, 

requiring no refrigeration. Portioned food required less energy to reheat 

than bulk food. The microwave oven used the least energy, followed by the 

infrared oven, convection oven, steam-jacketed kettle, and steamer. In this 

study, gas was measured in cubic feet, electricity was measured in kilowatts, 

and all measurements were converted to Btu. Cubic feet of gas were 

converted using a standard of 1 cu. ^.=1,050 Btu. Energy was measured 

using meters attached to the equipment. 

The use of electricity in a hospital cook-chill/freeze system was studied 

by Thomas and Brown in 1987 (18). Only processes specific to cook- 

chill/freeze systems were assessed. Direct metering of cold storage 

equipment was not possible for a number of reasons. Electric lines were 

interconnected with other unrelated equipment. The expense was 

prohibitive due to the number of pieces of equipment being studied, 

however, and it was difficult to obtain enough meters. Electricity use was 

estimated theoretically based on the number of hours the equipment was 

used per day and the manufacturer's power rating. For the two week study 

period, mean electricity usage was 0.74 kWh per tray and was considered a 

minimal cost to the total system. Much of the energy used for cold storage 

was fixed and was not affected by small changes in the load. 
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Energy Conservation 

Conservation Studies in Foodservice 

At least 50 percent of energy expenditures within a foodservice 

department are for food preparation (48). A large part of this energy is lost to 

the environment as heat. This heat must then be ventilated out of the 

kitchen, at an additional energy cost. Methods of reducing energy 

consumption used for food preparation were studied by many researchers. 

Unklesbay and Unklesbay (53) modified standardized recipe procedures to 

minimize energy consumption. Refrigerated foods were allowed to thaw to 

40oF before production began, reducing the amount of heat required to bring 

the internal temperature to the desired point. Cold tap water was replaced 

by hot or room temperature water. In a spaghetti sauce recipe, alternate 

methods of flavor development, such as mashing and crushing ingredients, 

were used instead of long periods of simmering to achieve the desired 

flavor. Energy use was reduced anywhere from 36-57 percent per recipe 

when compared with the original procedures. A portion of this savings was 

attributed to the use of foods which had been allowed to warm before 

cooking and were above refrigeration temperature. Preheating times were 

minimized as well. 

The researchers (53) noted that managerial considerations were as 

important as operational changes for effective conservation. Production 

schedules and market forms of food procured would also reduce energy use. 

They (53) pointed out that, when attempting to control energy consumption 

within a facility, it is necessary to balance the desire for efficiency with the 

need to provide a product that has appropriate sensory quality and nutrient 
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retention and that maintains an acceptable level of safety. The safe 

temperature of foods must never be compromised nor should modifications 

in production result in unacceptable flavors or textures. 

McProud (54) tested beef loaves in preheated versus non-preheated 

convection ovens. Meters were placed on the ovens to measure energy 

consumption. Gas was measured in cubic feet, electricity in kilowatts, and 

results converted to Btu for comparison. Significantly more energy was 

required to heat the beef loaves in a preheated oven, but there was little 

difference in sensory evaluation. Cooking time was longer for the non- 

preheated oven, but total equipment on-time was longer for the preheated 

oven. A savings of more than 6,000 Btu, or 14 percent, was achieved by the 

use of non-preheated ovens. 

Frye, et al. (28) continued to study this aspect of energy conservation. 

Preheated convection ovens were compared to nonpreheated ovens for 

energy use and sensory quality of beef loaves. Energy savings of 13.2 percent 

were achieved by eliminating preheating. No difference in preference was 

noted between the loaves, nor were there any differences in sensory 

characteristics. Meters were also used in this study to measure gas in cubic 

feet and electricity in kilowatts. All units were converted to Btu. 

Tutt, et al. (26) conducted a study to determine the effect of oven load 

and preheating on energy consumption. A full oven load consisted of 

sixteen pans of beef loaves. A partial oven load was composed of eight pans. 

Gas meters were used to determine cubic feet of gas used during each trial. 

Electric consumption by a fan in the convection oven was not considered 

because in a previous study Frye, et al. (28) had shown electric consumption 

to be less than 2% of total energy use in the convection oven. Cubic feet 

were converted at the rate of 1,000 cubic feet per Btu. The nonpreheated full 



30 

oven used significantly (p<.05) less energy than the preheated full load at 

one site. This represented a 35 percent energy savings. Energy use per 

serving was calculated by dividing total energy usage by the number of 

servings. On a per serving basis, significant effects were found for load size, 

oven treatment and interaction of the variables. 

Preheating ovens was found to be unnecessary for acceptable quality 

baked products as well. Preheating was therefore an unrequired use of 

energy (55). Non-preheated ovens used less energy than preheated ovens in 

spite of longer baking times. In this study, energy consumption was not 

metered directly during baking. Energy use was determined from energy 

requirement curves provided by the National Bureau of Standards (NBS) 

for the same type of equipment used in the study. Aluminum blocks were 

placed in the oven to simulate a food load, and metering was performed on 

the blocks in order to develop the curves. The quantity of gas consumed 

was converted to kilowatts for comparison. 

Unklesbay, et al. (23) compared the effect of oven temperature and heat 

processing time on energy used to process pizza. Both convective and 

infrared heating was investigated. Energy was monitored with a digital 

energy meter. Mean preheating energy per treatment was added to the heat 

processing energy for that treatment to obtain total energy use. There was 

no significant difference in the energy processing portion for any treatment. 

Energy usage for preheating was significantly greater at the highest 

temperature setting in the infrared oven. The energy cost per treatment 

ranged from $0.86 to $1.39 based on the prevailing utility rate at the time. 

Cremer (24) investigated energy consumption and sensory quality of 

food heated in convection and microwave ovens to provide information 

applicable   to  decisions  regarding  equipment  selection   and   system 
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operations. Scrambled eggs and beef patties were heated in each oven, and 

all data collection was repeated three times. Electricity was measured with a 

watthour meter. Watthours were converted according to the standard, 1 

kWh=3,413 Btu. Gas use by the convection oven was measured in cubic feet 

by a meter and converted to Btu using the equation 1 cu. ft.= 1,100 Btu. The 

fan was not metered, but energy use was determined by multiplying the 

equipment rating by the duration of time the equipment operated. Results 

indicated that significantly more energy was used for convection vs. 

microwave heating of 96 portions of food. There was a significantly greater 

rise in product temperature per Btu of energy input for the microwave 

oven. 

Unklesbay, et al. (29) noted that two options exist for reducing energy 

consumption and cost in foodservice while maintaining quality. The first is 

to procure more energy efficient foodservice equipment. The second is to 

energy-modify food production techniques. Believing that the latter option 

is more feasible, that study focused on determining the optimal oven load 

and portion size of sausage patties for peak energy conservation. Total 

energy was monitored with an automatic energy monitoring system. 

Preheating energy was added to heat processing energy to get the total. Total 

energy use increased as oven load increased, yet energy use per portion 

decreased. Thicker sausage patties used more energy per load and per pan 

than thinner patties. Results show that full loading of ovens is most 

efficient. 

The outcome of this study might lead a foodservice manager to fully 

load ovens for efficiency with the intent of storing and reheating excess 

product at a later date. This plan would conflict with the results of 

Unklesbay (20) who found that reheating leftovers was the most inefficient 
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use of energy, as it required refrigeration as well as two heating processes. 

Leftovers required 211 percent more energy for 48 hours of chilled storage 

than was necessary for the initial production of baked chicken. Energy 

expended for reheating and chilling leftover chicken cacciatore resulted in 

an 893 percent increase in energy consumption. 

Energy Conservation Guidelines 

A number of resources are available to assist the foodservice manager 

in incorporating energy saving techniques into daily operations, but few of 

these guides offer a rationale for the suggestions provided. Claar (21) 

discussed the need for personnel involvement in a successful energy 

program, citing increased incentive to comply when the goals were clearly 

understood. 

In 1981 Jernigan (30) published comprehensive guidelines for energy 

conservation in foodservice. She noted that all of the techniques could be 

implemented without a reduction in food quality. Jernigan noted that the 

major emphasis for increasing energy control should be placed on (1) 

reducing peak demand, (2) revising cycle menus, (3) proper equipment 

maintenance and (4) employee training. An energy conservation checklist 

was provided, in which procedures were divided into administrative, food 

production and equipment categories, and specific techniques for reducing 

energy consumption were described. 

The role of proper storage and preparation of frozen foods in 

conserving energy was described by Zaccarelli (31). Many of the procedures 

described were consistent with Jernigan's guidelines. Important energy 

saving practices included limiting the loading or unloading time of cooking 
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and chilling units, thawing foods in the refrigerator, allowing hot food to 

cool before cold storage (but not below 140oF), ensuring appropriate air 

circulation, and properly cleaning equipment. 

Proper scheduling of equipment is a simple and effective method of 

reducing energy consumption (32). It will result in reduced demand charges 

for the facility, when large users are scheduled in a staggered fashion, as well 

as reduce total energy consumption by limiting preheating when possible, 

and using equipment to capacity. 

Modifying procedures used to operate cooking equipment can yield 

large energy savings (56). Ovens should be turned off as soon as they are no 

longer needed, and start-up times of equipment should be coordinated to 

coincide with need. Preheating can be eliminated for most items. 

Conservation Strategies 

Unklesbay and Unklesbay (57) outlined four categories of conservation 

strategies: 

1) Technological strategies incorporate a change in the devices or 

materials which consume energy. For example, new, more efficient 

equipment, or improved heat recovery systems, will save energy. 

2) Managerial efforts modify the process by which energy is consumed. 

The manager is responsible for conducting audits and determining 

preventive maintenance schedules in order to identify and 

implement energy conservation measures. 

3) Attitudinal strategies aim to change consumer habits and tastes. 

Increasing respect for functional, efficient products will result in 

reduced energy use. 
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4) Market tactics may incorporate changes in prices, regulations, taxes, 

or standards of efficiency to effect change. 

Technological and managerial changes are most easily applied to the 

foodservice area. Facility design and equipment replacement allow 

technological changes to be incorporated. Managers can elicit employee 

support of operational procedures for conserving energy. 

Applications in Foodservice 

Many schools have already undertaken measures to save energy. The 

Zanesville, Ohio, city school system installed strip curtains inside cooler and 

freezer doorways to hold cool air inside the unit (58). A school in Santa 

Cruz, California, converted to disposable tableware to reduce water and 

energy consumption from dishwashing. In Maine, an emphasis was placed 

on one-dish meals to use only one piece of heating equipment per meal, and 

the number of cold meals was increased (59). 

A study of a restaurant in Orlando, Florida (60), identified the 

following areas of energy conservation: demand control, HVAC, exhaust air 

makeup systems, ceiling fans, heat pumps, exterior and interior lighting, hot 

water waste recovery systems, low temperature dishwashing, and 

equipment and operation/maintenance. 

Policies Affecting Energy Consumption 

Unklesbay (45) identified areas of policy decisions which directly affect 

energy use within the school foodservice system. Food procurement 

policies which influence the market form of food purchased can reduce the 

energy cost of processing the items (although this may not reduce the energy 
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used within the total food production continuum). Proper procurement can 

decrease total energy consumption, however, if items with excess processing 

are not purchased when the extra procedures are not needed to produce a 

quality menu item. Food transportation also requires energy. The type of 

foodservice production system must be taken into account, as well as the 

process points from procurement to consumption, in which energy is used. 

Unklesbay (8) also pointed out the need to consider energy when making 

policy decisions regarding which type of foodservice system to implement 

within a facility. In addition to the factors previously cited, menu item 

selection, equipment alternatives, time-temperature relationships and 

service style will impact total energy consumption. 

Hsieh, et al. (25) pointed out that foodservice managers need the tools 

to estimate energy use, labor schedules and heat processing times of a menu 

item in order to make optimal decisions regarding food production. Trade- 

offs could be made which include energy use, labor, length of heating time 

and selection of appropriate oven temperatures. 

Energy management challenges for the dietetic practice include 

achieving attitudinal changes concerning the importance and accountability 

for energy consumption within foodservice systems, appropriate education 

and training of employees, and increased awareness of energy management 

competencies within the profession (57). 
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METHODS AND MATERIALS 

The purpose of this study was to measure the energy consumed by 

school foodservice production systems in preparing a meal. The study was 

designed to answer two questions: (1) How much energy is consumed in 

producing a school meal?, and (2) How much energy is used per square foot 

of production space? Energy consumption was measured for food 

production, hot and cold storage, sanitation, distribution and service 

equipment. 

Data Collection and Procedures 

.Study Design Parameters 

The emphasis of this research was on the foodservice production 

system, and the research included eleven of Bobeng and David's (44) twelve 

Hazard Analysis and Critical Control Point stages. These were: preparation, 

heating, hot holding, chilling and chilled storage, freezing and frozen 

storage, thawing, portioning and assembly, cold holding and distribution, 

reheating, portioning assembly and distribution, and service. The study was 

limited to measuring the energy consumption of storage, production and 

processing equipment. Energy used for lighting, heat, ventilation and air 

conditioning were excluded from the measurements. 

Both direct and indirect energy were measured. All classes of direct 

energy were evaluated, including storage, heating, cooling, packaging, 

reheating, and distributing and/or serving the product. The sanitation 

portion of indirect energy was also measured, but atmospheric control and 
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lighting were excluded. The system boundary for the study included the 

foodservice facility at each location and any cold storage areas that might 

have been located outside the foodservice area but which were nevertheless 

used. 

This research was conducted during ongoing operations of all four 

systems. The study was conducted in the spring and fall of 1992. A total of 

four days' data were collected at each school: two days in the spring and two 

days in the fall. Menu items varied among the facilities, but all menus 

followed a similar meal pattern which met the standards set by the federal 

government for school foodservice. The federal guidelines provided a 

common menu structure across the systems. 

Sample Selection 

Four school foodservice operations in the Willamette Valley region of 

Oregon were selected to serve as test sites for the study. The criteria used to 

select each site included: foodservice production system, meal distribution 

method, geographic location, and foodservice director cooperation. The 

schools selected were within a 100 mile radius of the research center. This 

distance was selected as the maximum which was feasible in terms of 

driving time and cost. The foodservice director's willingness to cooperate 

was also a factor in the selection. The energy measurements would take 

place at each facility over four full days, occur during actual production 

time, and require employee participation. It was essential that the 

foodservice directors be supportive of the project and communicate their 

support to the employees. The difference in market forms of food purchased 

by each facility was not considered as this was beyond the scope of the study. 



38 

The schools were contacted, the proposed research project was outlined, and 

their participation requested. 

Description of Sites 

The sites were selected to provide a matrix of two production and two 

distribution systems as shown in Figure 1: 

PRODUCTION SYSTEM 

Cook/Chill         Conventional 
1     DISTRIBUTION 

SYSTEM 

Satellite 

On-Site 

Svstem A Svstem D 

Svstem B Svstem C 

Figure 1. Production/Distribution system matrix for study sites 

As shown in Figure 1, two of the sites used a ready prepared cook/chill 

production system, cooking food to inventory, then chilling and storing it 

for future service. Of these schools, one (System A) prepared the food for 

distribution to multiple satellite locations. The other cook/chill location 

(System B) served meals solely on site. The remaining schools (System C 

and System D) used a conventional or modified conventional production 

system in which meals were produced from market forms of food in 

various stages of production and served shortly thereafter. The production 

method at School D differed from the traditional definition of a 

conventional system in that School D distributed production to a number of 
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satellite locations while School C served meals only on site. For each of the 

two schools with satellite distribution, one satellite location was chosen as 

representative, since the energy consumed to produce a school foodservice 

meal had to include both production and distribution. Energy consumed for 

reheating, holding and service was determined at these two sites. Actual 

energy consumption was measured at a total of six sites, two of which were 

satellite distribution centers for food previously prepared at central facilities 

Henceforth, the six individual sites will be called "units," while the four 

production/distribution combinations being measured will be called 

"systems". 

System meal census varied with the type of facility and production 

system used. Those using a modified convientional system (from hereon 

called "conventional") served from 140 to 300 meals per day. Census for the 

ready prepared systems ranged from 1,200 to greater than 31,000 meals per 

day. A description of the four school systems is given in Table 1. 

Table 1. Production, service and census characteristics of school foodservice 
facilities participating in the study of energy consumption and conservation. 
School System     Production        Service at 

System Satellite 
Average      Range of Meal 

Meal            Census per 
Census per          System 

System  
System A Cook/chill Assembly, 

Reheating, 
Portioning 

28,914 27,283-31,390 

System B Cook/chill None 1365 1,276-1,520 

System C Conventional None 140 100-160 

System D Conventional Assembly, 
Reheating, 
Portioning 

852 726-1,029 
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Production Space 

One objective of the research was to determine the energy 

consumption per square foot of production space for comparison of 

production and service systems. Building plans were obtained for each 

location. Square footage of production, and dry and low temperature storage 

space was measured at each facility. In all cases, office space, lounges, 

hallways and other non-production areas were excluded from the energy 

calculations. 

Energy Measurement 

The initial overview of potential systems revealed that none of the 

units had energy data available distinctly for the foodservice area. Sub 

metering of the foodservice facility within the total physical plant was not in 

existence at any site. This study required a comprehensive analysis of every 

energy consuming piece of equipment within each facility since a selective 

analysis of individual units would not have provided adequate data. 

Individual metering of each piece of equipment was ruled out due to 

prohibitive cost and limited availability of meters. As a result, a 

methodology was utilized which allowed for measurement of foodservice 

energy consumption directly from equipment use. This method was used 

previously by Romanelli (22), and it entails determining energy 

consumption by multiplying equipment use time by the equipment rating. 

This method required the cooperation of all foodservice employees in 

monitoring and recording the use of equipment, so training was provided 
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by the researchers at each site before data collection began. This on site 

training of managers and employees covered study rationale and proper 

procedures for recording operating times and temperatures (if applicable). 

Training was conducted at the four production facilities as well as the two 

satellite service sites. On the study days, researchers remained on site 

throughout the day to monitor data collection and promote compliance. 

Equipment Energy Use 

The period of data collection was timed to coincide with the peak eight 

hour production schedule at each foodservice, running from 5:30 AM to 3:30 

PM. The majority of production within both conventional and ready 

prepared systems was completed during this interval. Equipment use time 

was recorded on an Equipment Usage Log (see Appendix A) by the 

foodservice employees. The primary components of the log included a 

description of the piece of equipment, the equipment rating, on/off times 

(which were recorded throughout the day), and cooking temperature 

changes (when appropriate). An Equipment Usage Log was taped to every 

piece of energy consuming equipment in the facility in a clearly visible and 

accessible location. Pencils were provided to all employees to facilitate 

compliance. When any piece of equipment was turned on, the time of day 

was recorded by the employee. The time that the equipment was turned off 

was also recorded. Employees were instructed to use only one clock or 

watch throughout the day to insure consistency in recording times. Any 

changes in the temperature setting of a piece of equipment were recorded as 

well. This record was maintained for every piece of equipment throughout 

the eight hour period of data collection. 
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The energy consumption of cold storage units could not be determined 

in the same fashion, since this equipment is in use continuously. Instead, 

the compressor units which regulated the applicable equipment were 

monitored for one hour intervals, twice a day. The researchers observed the 

units, listening and recording the cycling "on" times of each compressor. 

Total energy usage was estimated based on the number of hours used per 

day, cycling time, and the power rating indicated on the specification plate. 

This method was previously used by Thomas and Brown (18). 

Meter Readings 

The gas and electricity meters installed by the local utility company 

were located in each facility. Readings from each meter were recorded at 

half hour intervals throughout the data collection period by the researchers. 

These data were used in order to compare the total energy use profile to that 

of the foodservice area, as determined from the Equipment Usage Logs. Gas 

meters recorded consumption in cubic feet. Electricity meters often had a 

"multiplier" which was noted on the meter, which was used to convert the 

dial reading to actual kilowatt hours of consumption. 

Support Material 

Supporting documentation was collected at all sites for each day that 

research was conducted. The documents included daily menus, meal 

production counts, census records and production schedules. This 

information provided an operational profile of each test day and enabled per 

meal calculations to be made. 
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At the end of the first test day at each site, the Equipment Usage Logs 

were removed from the equipment. All specifications for each piece of 

equipment were entered in a Macintosh Ilsi computer, and individual 

reproductions of the Equipment Usage Log were created for each piece of 

foodservice equipment with a distinct heading for that unit. On all 

subsequent test days, the specific matching Equipment Usage Log was taped 

to the equipment, and the specifications verified for accuracy. This process 

served as a check to insure that specifications were correct and all equipment 

was accounted for. An information database for every piece of equipment 

was also developed (Appendix A), which included the specifications for each 

item. Information was retrieved from the identification plate on the 

equipment, including the name, manufacturer, model number, serial 

number, and equipment energy rating, as well as any other miscellaneous 

pertinent data. This information was copied onto the Energy Usage Log and 

used later to identify the unit and calculate the total energy consumed by 

that piece of equipment. 

Energy Consumption Calculations 

In order to calculate the energy consumed by each piece of equipment, 

the energy rating had to be known. The rating was directly available on the 

specification plate of some equipment, but, in other instances, alternate 

sources had to be found. Since this study took place in active facilities that 

had been operating for decades, it was not surprising to find that, in some 

cases, the specification plates had either disappeared, were illegible or did 

not supply the information. The following resources were used, in order of 

priority, to obtain the necessary data: 
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1) Facility files were searched for original documentation. 

2) Equipment manufacturers were contacted and provided with the 

model number of the equipment in question. Ratings were 

supplied for the precise equipment when available, or like 

equipment if information on the actual model was not available. 

3) Ratings of comparable equipment from an alternate manufacturer 

were used if the manufacturer was no longer in business or could 

not be identified. 

4) Guidelines from the National Restaurant Association (Appendix B) 

for estimating energy consumption for standard kitchen equipment 

were used if no other resource could be found. 

5) The steam equipment within all the facilities came from one 

manufacturer who provided Btu equivalents for the steam energy 

consumed per hour. 

Once ratings were determined for each piece of equipment, maximum 

energy consumption was calculated for quarter hour intervals according to 

the following equations: 

(Equation 2): 
Maximum Energy Consumption=Equipment Rating X Minutes Operating 

60 

where: Equipment Rating is a measure of energy consumption per hour and 

Minutes Operating is the number of minutes within the quarter hour 

interval that the equipment was turned on. 

Duty cycles were determined for all equipment that cycles while in use, 

such as ovens.   The duty cycle was defined as the amount of time the 
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equipment operated divided by the length of time it was in the "on" 

position.  It is shown in the following equation: 

(Equation 3) Duty Cycle = Time Operating 
Time On 

When cycling time could not be determined, a standard reference percent 

was applied to account for it (Appendix B). Smith's (40) energy 

consumption equation was modified to determine actual energy 

consumption. Actual energy consumption was calculated as the Maximum 

Energy Consumption (eq. 2) multiplied by the duty cycle (eq. 3) as shown in 

equation 4 below: 

(Equation 4): 

Energy Consumption=Maximum Energy Consumption X Duty Cycle 

Energy Consumption 

Energy Consumption by Energy Source 

The equipment at each unit was initially separated into groups based 

on energy source (gas or electric). The energy consumption of every piece of 

equipment within a group for each quarter hour was added together, to get 

the total energy usage per source per 15 minute interval (see Appendix A). 

The results were plotted on a graph which represented the calculated energy 

consumption curve of the foodservice area. This graph was then overlaid 

onto the graph produced by the building utility meter readings for the same 

day in order to compare the shapes of the curves.   Since building meter 
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readings were recorded in half hour intervals, this was the increment used 

for the Y-axis of the two plots. 

This comparison was first made for each equipment category against 

the meter reading from the appropriate energy source. In other words, the 

curve of the gas meter reading was compared to the curve of the calculated 

sum of all gas-powered equipment, while the electricity meter curve was 

plotted against the curve for all electric equipment. 

Total Energy Consumption 

To determine the total energy consumed within the system, the energy 

from the various sources was converted to a common unit. For this study, 

all units of energy were expressed in Btu according to the following 

equations: 

(Equation 5) kW X 3,412 = Btu 

(Equation 6) hp X 2,546 = Btu 

where 3,413 is a constant for converting kW to Btu, and 2,546 is a constant 

for converting hp to Btu. 

Distance traveled by transport vehicles to satellite schools was 

measured in tenths of a mile. The cost of energy used as fuel was included 

in the calculations at the prevailing local rate. 

Energy Consumption per Meal 

The first study question was designed to determine how much energy 

was required to produce a school foodservice meal. To answer the question. 
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total energy consumed by all equipment from all energy sources was 

determined for each facility for each test day. This figure was divided by the 

number of meals produced to determine the energy use per meal. The four 

day average energy use per meal was then calculated for each unit. For the 

sites with satellite distribution, energy use per meal was determined 

separately at the production and service site, and the two figures were 

combined. It was necessary to find the average energy use per meal for the 

two locations separately since the number of meals produced at the central 

facility was greater than the number of meals served at the distribution site. 

Mean energy use per meal for all locations was the sum of the average 

energy use at the four systems divided by four. 

Once the mean energy consumption per meal was determined for each 

system, results were compared between ready prepared cook/chill systems 

and conventional systems, and between facilities with on-site distribution 

versus those with satellite distribution. Seasonal energy consumption in 

spring versus fall was also compared. The existence of an association 

between the number of meals produced and the energy consumption per 

meal was also assessed to determine if any linear relationship could be 

found. 

Energy Consumption per Square Foot 

The second study question was designed to determine if there was a 

relationship between square footage of production space and energy 

consumption. The data was arrived at by dividing the total energy 

consumption at each unit by the square footage of production and storage 

space.  The square footage was a constant for each unit throughout the test 
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period, but the energy consumption varied with the test day. The energy, 

consumption per square foot for each test day was added and divided by four 

to find the average energy use per square foot. 

Energy Conservation 

The third facet of this energy consumption and conservation study 

involved the identification of energy wasting practices and the provision of 

actions to curtail waste and foster conservation. Literature regarding energy 

conservation practices and common energy inefficiencies (9,30,31,32,33,56) 

was reviewed before the first test day. During each test day the researchers 

kept a log of any energy wasting practices that were observed at each site. 

Upon completion of spring data collection at all sites, each unit was 

provided with a generalized list of low-cost energy conservation practices, 

compiled from current literature, which could be implemented (Appendix 

C). Specific recommendations based on observations of the particular unit 

were highlighted for special attention. The information was mailed to the 

foodservice director at each facility for communication to the foodservice 

staff. A follow-up telephone call was made to each foodservice director to 

discuss the recommendations. 

Data Analysis 

Data were analyzed using MYSTAT (Macintosh edition, 1992, Course 

Technologies, Inc.). Significance was determined by analysis of variance 

(ANOVA) using a 2x3 factorial design, with production system, distribution 

system and season as the dependent variables.   Regression analysis was 
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performed to determine if there was an association between the number of 

meals produced and the energy used per meal. 
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RESULTS 

The purpose of this research was to determine the amount of energy 

used to produce a school foodservice meal and to identify the energy 

consumption per square foot of production and storage space within the 

facilities. Four school systems participated in the study, two of which had 

satellite distribution systems which were also measured. 

Research Findings 

Energy Consumption per Meal 

In the four Oregon schools the total mean energy consumption to 

produce one school foodservice meal was 2,590 ± 1,333 Btu (Table 2). 

Table 2.   Mean total energy consumption per meal ± SD for four Oregon 
school foodservice systems. 

Mean Total Energy Consumption 
 per Meal  
System A 
Cook/chill-Satellite 1,016±232 

System B 
Conventional-On-site 3,683±1,286 

System C 
Cook/chill-On-site 3,62211,348 

System D 
Conventional-Satellite 2,037±462  

Mean 2,59011,333 
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System A used the least energy per meal while System B was the least 

energy efficient. At the same time. System B was the most consistent energy 

user over the four test days, as shown by a small standard deviation of less 

than 8 percent of mean energy use per meal. System C had the most erratic 

energy consumption pattern, with a standard deviation over the four test 

days which was almost 40 percent of the mean. 

Mean energy consumption per meal was further investigated to assess 

the effects that the production and/or service system variable may have had 

on the results. The matrix (Figure 1, p. 38) was compared both horizontally 

and vertically, comparing cook/chill with conventional systems, and 

comparing on-site distribution with satellite service. Seasonal effects were 

compared as well using ANOVA in a 2x3 factorial design. 

Cook/chill vs. Conventional Systems 

When energy consumption per meal was compared between cook/chill 

and conventional systems, there was no significant difference in energy use 

between the two production systems (p>.05). Average energy use per meal 

in the conventional systems was 2,829 ± 1,260 Btu (Table 3), which was 20 

percent greater than the average 2,350 ± 1,446 Btu consumed to produce a 

meal in a cook/chill system. 
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Table 3   Mean energy consumption per meal ± SD in cook/chill vs. 
 conventional production system.  

Mean Energy Range (Btu) of 
Consumption per      Energy Consumed 

N Meal ± SD (Btu) per Meal for Each 
 System  
Cook/chill 2,35011,446 779-3,893 
Conventional 2,829±1,260» 1,550-5,440 

*Not significantly different from cook/chill. 

In both production systems the standard deviation and range of energy 

measurements revealed a large variation in energy consumption patterns 

within the systems. 

On-site vs. Satellite Distribution Systems 

The energy consumption per meal in systems using on-site service 

versus satellite distribution was also compared (Table 4). 

Table 4.   Mean energy consumption per meal ± SD in on-site vs. satellite 
 distribution systems.       

Mean Energy Range (Btu) of 
Consumption per      Energy Consumed 

N Meal (Btu) per Meal for Each 
 System  
On-site 3,653±903 2,238-5,440 
Satellite 1,526+642* 779-2,492 

*Significantly different from On-site at p< .05. 

The type of distribution system made a significant difference in the amount 

of energy used to produce a school foodservice meal (p<.05) regardless of 

production system. Mean energy use per meal for systems using on-site 

service was 3,653 ± 903 Btu, which was 139 percent greater than the 1,526 ± 
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642 Btu of energy used per meal in systems with satellite distribution. 

Variations in energy use across a distribution system were smaller than the 

spread which existed by production system as indicated by the smaller range 

and standard deviation. 

Total Energy Consumption 

All four systems were ranked in order of least energy use per meal to 

greatest energy use per meal, with total energy consumption and mean 

energy consumption per meal compared. Total mean energy consumption 

was not an indicator of mean energy use per meal (Table 5). 

Table 5. Mean total energy consumption, meal census, and mean energy 
consumption per meal ranked from highest to lowest energy use per meal. 

Total Energy       Average Meal      Mean Energy 
Consumption           Census Consumption 
 (Btu) per Meal (Btu) 

System A 29,376,624 28,914 1,016 
Cook/chill-Satellite 

System D 1,734,505 852 2,037 
Conventional-Satellite 

System C 482,180 140 3,622 
Cook/ chill-On-site 

System B 5,002,708 1,365 3,683 
Conventional-On-site 

System A, which combined cook/chill production with satellite distribution, 

had a considerably lower energy cost per meal than any of the other sites. 

The number of meals produced at this site—an average of 28,914 per day—was 
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also substantially greater than the next largest producer. System D, with 

conventional production and satellite distribution, had the second lowest 

energy cost, but energy consumption per meal was just over twice that of 

System A. Production averaged only 852 meals per day. Finally, the two 

locations with only on-site service used similar amounts of energy per meal 

despite a large variation in the number of meals produced. Both System B 

and C required almost double the energy of System D, and four times that of 

System A, to produce a meal. Regression analysis was performed with 

number of meals as the independent variable and energy use as the 

dependent variable. No significant relationship existed between the two. 

Spring vs. Fall 

Spring and fall test days were compared to see if any seasonal differences 

could be identified (Table 6). 

Table 6. Mean energy consumption per meal ± SD for spring vs. fall 
 production.  

Mean Energy Range (Btu) of 
N          Consumption per       energy consumed 
 Meal ± SD (Btu)      per meal per season 

Spring 2,410±1,186 779-3,814 
Fall 2,769±1,527» 919-5,440 
*Not significantly different from Spring. 

For all the facilities combined, mean energy consumption was 15 percent 

greater for fall menus, which was not significant. There was a relatively 

large standard deviation and range of energy consumption within each 

season.   Conservation suggestions had not been implemented at the sites 
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during the summer, since school was not in session, and therefore did not 

affect the results of the fall data collection. 

Energy Consumption per Square Foot 

Energy use per square foot of production space was measured to address the 

hypothesized need for additional space in ready prepared cook/chill 

configurations to accommodate large scale equipment. The effect that this 

increased space might have on energy efficiency was examined (Table 7). 

Table 7. Production space, energy consumption per square foot of production 
 space, meal census, and meals per square foot.  

Production        Energy Number    Meals per 
Space       Consumption    of Meals      Square 

(sq. ft.) per      per Square      Produced     Foot of 
System            Foot of                               Space 

Production 
 Space  
System A 
Cook/chill-Satellite 20,850 

System B 
Conventional-On-site        19,867 

System C 
Cook/chill-On-site 4,700 

System D 
Conventional-Satellite 714 

313 

252 

103 

406 

28,914 

1,365 

140 

852 

1.4 

.07 

.03 

1.2 

Mean 269 

The energy use per square foot ranged from a high of 406 Btu to a low of 103 

Btu. The average for all schools was 269 Btu per square foot. There was no 

relationship between the production space and the energy efficiency of space 
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utilization. The number of meals produced was also considered, to see if 

any relationship existed between energy per square foot and meals -per 

square foot. The data show that those schools with higher meal production 

per square foot of space (Systems A and D) were maximizing their use of 

space. Energy consumption was concentrated into a smaller area in which 

a larger number of meals were produced. This resulted in greater total 

energy use per square foot but less on a per meal basis. 

Energy Conservation 

Many of the energy wasting techniques which were evident during this 

study were common to all the sites, whereas other practices were unique to 

individual operations. In many cases, operational procedures that used 

energy needlessly were being performed as a matter of routine, with little 

practical merit. Many of these practices were a result of operational 

standards such as turning all equipment on upon arrival and not turning it 

off until the end of the day (Table 8). 
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Table 8. Most common energy wasting practices observed at four Oregon 
school foodservice production sites and two satellite service locations. 
 ——^^—        ——— n  ■-^—        —-^—  i 

Number of Systems in 
Energy Wasting Practice which Practice was 
 Observed  
Used  oven  with  much  greater  capacity  than 6 
cooking load required 

Preheating ovens when not needed 6 

Hoods and fans operated when equipment not in 6 
use 

Lights left on inside refrigerators 5 

Back up cooking units operating outside peak 5 
demand period 

Hot foods not cooled to room temperature before 4 
refrigeration 

Baking and roasting not combined to fill oven to 4 
capacity 

Dishwashers and boosters left on when not in use 4 

Some of the other energy wasting practices observed at the sites 

included, leaving lights on in unused areas, using multiple partially filled 

cold storage units, and allowing the oven and refrigerator door to remain 

open for excessive periods. After spring data collection the foodservice 

directors were supplied with recommendations for improving energy 

efficiency. Unfortunately, they were unable to institute the suggestions 

before fall data collection since the schools closed for the summer. 



58 

Summary 

The results of this energy consumption study, based on four days of 

observation at each of four production sites and two satellite service 

locations, indicated that little difference in energy consumption exists 

between cook/chill and conventional facilities, nor is there a significant 

difference in energy consumption by season. There is also no relationship 

between energy consumption per meal and square footage of production 

space. Conservation methods are not currently being implemented in the 

school systems, and opportunities exist to improve energy efficiency. A 

significant difference, however, does exist between service system types and 

should be an important area of future foodservice energy research. 
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DISCUSSION 

System Variables 

Cook/chill vs. Conventional Production Systems 

Results of this study indicated that there is no significant difference in 

energy consumption per meal between cook/chill and conventional 

production systems. A cook/chill production system might have been 

expected to be more energy intensive than a conventional system due to the 

increased need for refrigeration and freezer storage and the use of large 

specialized equipment. Cook/chill production systems, however, permit 

economies of scale to be realized that may not be obtained in the 

conventional system. When Thomas and Brown (18) studied the use of 

electricity in a cook/chill system, they found that the amount and cost of 

electricity used for processes specific to the cook/chill system were minimal. 

In addition, a baseline amount of energy was used for cold storage of food, to 

maintain appropriate temperature, and was not affected by small changes in 

the quantity of stored food. 

These results are consistent with the findings of McProud and David 

(17) regarding energy use in alternate food service systems, including 

conventional and cook/chill systems. In that study, actual energy required 

to produce beef loaves in cook/chill and cook/freeze systems was 

significantly greater than the energy required by the conventional system. 

The same mass of food product was produced in all three systems, however, 

which resulted in the cook/chill and cook/freeze systems being measured 

with small product loads. McProud and David (17) accounted for this by the 
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use of apportioned energy. Those results indicated that there was no basis 

for saying that any one system minimized energy use. In the current study, 

the total energy consumption at each facility was measured using actual 

quantity production, and the per meal measure was used as a basis of 

comparison. 

Although the total energy consumption at the facilities using 

cook/chill production systems was greater than the energy used at the 

conventional sites, the lower per meal rate may be attributed to greater 

quantity of production. Cook/chill systems provide an opportunity to use 

equipment at full capacity, which can reduce the per unit energy cost for the 

menu item. Fully loaded ovens are more energy efficient per pound or unit 

of product than partially loaded ovens (26,29). 

Satellite vs. On-site Distribution Systems 

The difference in energy use between distribution systems is an 

important new finding that can foster new research and assist the 

foodservice manager in the decision making process when energy is a 

variable. No previous studies have assessed the effect of distribution system 

on energy consumption. As a result literature is unavailable which might 

corroborate this result. Factors that should be considered include the 

product load size and the reduction in idling time of equipment. 

Unklesbay, et al. ( 29) and Tutt, et al. (26) have shown that fully loaded 

ovens are more energy efficient per serving than partially loaded ovens. 

Jernigan (30) has recommended using ovens to capacity, combining products 

in an oven to achieve a full load, and minimizing equipment idling time. 
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Odland and Davis (55) have shown that preheating wastes energy for many 

cooking functions. 

None of the systems participating in the study used equipment to 

capacity, as shown by the analysis of the conservation practices log (Table 8, 

p. 57). However, at the production units of satellite distribution systems, 

fuller equipment loads and continuous use of cooking equipment was 

observed by the researchers during data collection. Although the difference 

in the number and size of oven loads between sites was not documented 

during this study, these energy saving behaviors appeared to occur more 

frequently at sites with satellite distribution. This can be attributed to the 

larger volume of food being produced for multiple sites relative to 

equipment size. In addition, less preheating appeared to occur in those 

facilities because the cooking process was started earlier in the day due to the 

quantity of product and the transport time required. Greater energy use per 

meal at facilities with on-site distribution may be a function of the smaller 

number of meals prepared relative to equipment size which does not utilize 

equipment to capacity. In both schools with on-site service only, the 

equipment had to be used regardless of the load size. This resulted in 

equipment running while partially empty. 

Season 

Although there was not a statistically significant difference in energy 

consumption per meal by season, energy consumption was somewhat 

greater in the fall than in spring. Since the energy conservation techniques 

which were supplied to the units were not implemented, any expected 

effect could not be considered in assessing the difference in energy 
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consumed in spring vs. fall. Heartier menu items prepared in ovens may 

have contributed to the greater use of energy between the two seasons. For 

example. System B served chef salads in the spring but offered hamburgers, 

a hot menu item, in the fall. The effects of weather variation were not 

incorporated into the data collection. Temperatures in the early fall and late 

spring were fairly consistent during both seasons of data collection, with 

highs ranging from 60oF to 750F. Variations in outside temperature would 

have a greater effect on the load and resulting energy consumption of 

HVAC equipment than on the foodservice production equipment. HVAC 

equipment was not incorporated into the original data collection, and 

therefore temperature variations were excluded as well. 

Production Space 

A relationship existed between the number of meals produced per 

square foot and the energy consumed per square foot in these schools. The 

facilities with the highest energy consumption per square foot used satellite 

service, thereby maximizing the use of the production area. A foodservice 

facility with low energy use per square foot may not be at production 

capacity, or may not need the amount of space available to it. Consolidation 

of the production area in this case can result in energy savings by reducing 

the area which must be lit and heated or cooled. It could also benefit 

employees by reducing the human energy and labor wasted by unnecessary 

steps. 
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Additional Effects 

Within each system itself, there was a noticeable variation in energy 

consumption from day to day, as shown by the difference in magnitude of 

the standard deviation and range for each system. This is possibly a result of 

menu changes and production scheduling. The comparison of production 

systems showed a wider spread and larger standard deviation in energy use 

over the test days than by distribution system. Systems with satellite 

distribution had a smaller standard deviation, indicating a more consistent 

pattern of energy use. Once again, this may be attributable to the use of fully 

loaded ovens which run continuously each day, thereby reducing the 

potential for large variations in energy use. 

Assessment of Methodology 

In a 1982 study of energy used for convective heat processing of sausage 

patties, Unklesbay wrote, 'The discipline of foodservice energy research is 

still in the early stages. Therefore, a justification of procedures is included... 

(29, p. 15)." Although energy research has progressed since that time, it is 

still important to assess the methodology used to obtain significant results. 

Equipment Energy Consumption 

Previous studies have published energy consumption data obtained by 

metering equipment (21,26,28,53). Process time and equipment rating were 

included. The application of that data to this researcher's Maximum Energy 

Consumption equation (eq. 2, p.44) resulted in a calculated figure which was 

equal to the amount reported from the meter in many—although not all— 
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cases. For example, Unklesbay and Unklesbay (53) provided an example of 

energy used in a modified sauteme sauce recipe, in which an 80,000 Btu 

burner operated for 2 hours. Calculated energy consumption of 160,000 Btu 

was equivalent to the input energy reported. This process was repeated for a 

6.6 kW convection oven, and both an 18 kW and a 36 kW steam jacketed 

kettle. That study did not incorporate a duty cycle factor which should have 

affected the energy used by the convection oven. 

Claar (15) used a volt/amp meter to record energy consumption in 

another study. The results obtained by applying that data to the Maximum 

Energy Consumption equation were also equivalent to the published 

figures. 

The results of these applications of the Maximum Energy 

Consumption equation to previously published data indicate that 

calculating energy consumption using the above equation is an appropriate 

method of determining energy use without meters. 

Total Energy Consumption 

The methodology for determining total energy consumption was 

assessed as well. To calculate the total energy consumption for the 

foodservice facility, the use of individual pieces of equipment was recorded, 

and the energy consumption of the discreet units were added. Total energy 

consumption for each fuel source was graphically represented on a line 

chart, and this image was overlaid on a graph of changes in the utility meter 

reading for the same period, which reflected energy use for the whole 

building. 
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A calculated energy consumption curve which closely mirrored the 

actual curve produced by the utility meter for that area would have 

provided validation for the calculations. Had the foodservice area been sub 

metered, this method of validation would have been appropriate for all 

systems. The foodservice area was not separately metered, however, so at 

large facilities the calculation could not be expected to match the curve of 

the building meter reading exactly since the total building energy usage 

included so many other areas. At the smaller sites, where foodservice 

production was a large energy user in comparison to the total building, the 

two curves were expected to show similar peaks and valleys, indicating that 

the energy consumption equations accurately accounted for the energy use 

in the system. The greatest use of energy for both the total building and 

foodservice equipment occurred between 11:15 AM and 12:45 PM. The 

intensive use of energy for meal production and service during this time is 

reflected in the total building use. Figure 2 shows this comparison for the 

satellite service site of School D. 
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Figure 2. Graph of calculated energy use vs. gas meter reading for System D. 

This school used a conventional system at the production site, with 

reheating and assembly at the service site. At this service unit, the 

foodservice area was a major energy consumer within the physical plant. 

Lights and HVAC throughout the building also contributed to the energy 

used during the day. These sources, however, functioned continuously 

throughout the school day, providing a baseline of building energy use. 

When the foodservice area was operating, and equipment was suddenly 

turned on, a spike would be expected in the energy curve of the total 

building. The foodservice energy use is represented by a more jagged line, 

containing peaks and valleys. When the two curves are overlaid, as in 

Figure 2, the total building curve is similar in shape, but greater than the 
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foodservice curve. This supports the methodology used to obtain the energy 

consumption data for each site. 

A similar procedure was performed for every location, with mixed 

results. At small sites, the total building curve was similar to the 

foodservice curve. However, at the production site of System A—the largest 

physical plant~the foodservice curve was obscured by the greater scale of the 

total building curve (Figure 3). 
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Figure 3. Graph comparing calculated energy use vs. electric meter reading 
for System A. 
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System A used a cook/chill production system with satellite service. 

Production took place within an administrative building which also uses 

energy for computers, administrative offices, workshops and other 

functional areas, in addition to the larger requirements for light and 

atmospheric control. In addition, since cook/chill production systems allow 

menu items to be cooked to inventory, the production schedule at this site 

was more even than at the schools with conventional systems. This 

resulted in a flatter curve within the foodservice area itself, further 

obscuring the impact that energy consumption in this area had on the total 

building curve. 

Romanelli (22), Odland and Davis (55), and Thomas and Brown (18) 

have previously undertaken energy measurement studies in which direct 

metering of equipment was not performed. Alternative methods have been 

effective in prior studies and were incorporated in this research. The 

calculated energy measurements were cross-checked with the meter 

readings to provide a further degree of confidence in the results, and the 

comparison of actual vs. calculated energy at System A validated the 

method. 

Energy Conservation 

The fact that no energy conservation measures were implemented at 

the facilities between the two data collection periods was not an unexpected 

outcome due to the timing of the recommendations. The conservation 

aspect of the study was still important in that it underscored the need for 

training of personnel in conservation methods and reinforcement of new 

behaviors. 
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Limitations of the Study 

There are constraints to studying energy consumption in active 

production areas. The following complications occurred during this research 

study and would likely occur in subsequent studies. 

This study took place in four active school foodservice facilities. By 

virtue of the study parameters, the research environment was non- 

controlled and subject to human variability. All standard food production 

activities were performed as scheduled, and no alteration in normal 

procedures were made for the study. 

Employee cooperation was a factor in the success of this study, and the 

level of cooperation varied among the test sites. A Pennsylvania State 

University Energy Utilization study (P) also used a study design which 

required employees to maintain records of when food was cooked. In that 

study, employees were not entirely cooperative, and some sheets were not 

complete. The on-site training provided for our study resulted in a high 

level of employee cooperation. Frequent walk-throughs and monitoring by 

the researchers increased the level of precision as well. Nevertheless, there 

were still instances when forgetfulness or neglect required that employee 

actions be recreated after the fact, and some accuracy was lost in the process. 

The inability to determine an exact duty cycle for each piece of 

equipment forced the researchers to rely on published estimates, which 

limited accuracy. The menu at each school foodservice facility was unique, 

since each one was based on individual needs. It was not possible to 

compare like menus, which would have added another degree of control to 

the variables.   Therefore, the menu was not a control factor, although each 
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foodservice facility followed the USDA regulations regarding menu 

components. 

As a result of equipment age and use, equipment rating plates were 

often missing from older equipment. Alternate sources of information 

were used to obtain the necessary energy ratings, but in some cases, an 

estimated rating had to be used in place of an actual figure. 

Finally, each utility meter among the facilities was calibrated 

differently. In some cases, the display was not sensitive enough to allow for 

accurate recording of fractional energy units. The researcher had to apply 

discretion in reading and recording partial units of energy. 
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RECOMMENDATIONS 

Sub metering of the foodservice area within the school would provide 

an accurate record of energy consumption within the area. In a discussion 

of Federal Energy Administration data regarding school foodservice, 

Unklesbay (8) noted that existing data was limited by the lack of sub 

metering at that time as well. Utility consumption information was 

available only for total building use and had to be prorated for foodservice. 

Sub metering the foodservice area would improve the accuracy of the 

energy consumption measurements, reducing the need to rely on employee 

cooperation. It would provide a reliable, comprehensive measure of the 

total energy used within the system for the defined time period, bypassing 

the need to analyze each piece of equipment separately. In this way, the cost 

of energy could be classified as a product cost versus being viewed as general 

overhead. This would promote greater control of energy within the system. 

Further study to accurately identify the duty cycle of various equipment 

types is indicated. Only limited information on this subject is available in 

the current literature. Continued menu management with energy use as a 

variable should be investigated to determine variations in energy 

consumption as a function of product choice. 

Prior studies of energy consumption in foodservice have limited the 

process control volume to one piece of equipment which can be metered 

individually (19,25-29), or to proscribed process steps within one foodservice 

system (17,18,20,52,53). A comprehensive investigation of energy 

consumption which considered all equipment used within an entire 

foodservice system had not previously been undertaken. To determine if a 

difference in energy consumption required to produce a meal exists between 
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alternate foodservice systems, future studies could utilize the methods 

developed for this research, while limiting the design to different 

production or distribution systems and increasing the number of sites to be 

studied. 

Finally, the effect of distribution system on energy consumption 

warrants further investigation. No previous literature exists which 

addresses the energy consumption component of various distribution 

systems. Corroboration of this researcher's findings would add a new 

decision making variable to the factors considered in selecting a foodservice 

distribution system. 
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CONCLUSIONS 

This study is important in a number of ways. A practical methodology 

has been outlined which foodservice managers can apply in order to 

determine energy consumption within their facilities. In addition, the 

distribution system, a previously unresearched variable has been shown to 

significantly effect energy consumption per meal in a school foodservice 

facility. 

The foodservice manager interested in determining energy 

consumption can apply the realistic methodology which has been developed 

with a minimum of cost. The methodology is particularly appropriate for 

future investigations of total, active foodservice systems. Attaching meters 

to equipment to measure energy is important in a laboratory setting but is 

not feasible for practical application. At the same time, knowledge and 

understanding of energy use within the foodservice system can prompt 

conservation action by the manager to reduce energy use, which will in turn 

reduce operating costs. By using the methods outlined in the present study, 

a foodservice manager could obtain important energy consumption 

information without a large capital expense. 

From the observations which were documented regarding 

conservation techniques, it appears that school foodservice facilities do not 

utilize energy saving behaviors in daily operations. Opportunities exist for 

conserving energy in foodservice by altering standard operational 

procedures and employee behavior. Much of the energy which was wasted 

in the facilities which took part in the study resulted from a lack of 

knowledge on the part of the foodservice staff. Proper training and 

education of employees regarding energy conservation procedures would 
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have a positive effect on reducing energy consumption. These changes 

would require no monetary outlay and could also save money. 

This study has also identified the distribution component of a 

foodservice system as an important variable in total energy consumption. It 

is the seminal research in the field. No prior studies have compared 

satellite and on-site service in evaluating energy consumption, and this 

study should be a base upon which new research is conducted which will 

substantiate these results. In addition, this information should be 

considered by any manager when making decisions regarding energy and 

cost containment. 

It is important to acknowledge that when other inputs are not 

considered, decisions based solely on energy analysis imply complete 

substitutability of energy for any other input. Within foodservice or any 

other industry, multiple factors must be evaluated and prioritized. The cost 

and availability of labor, market forms of food, and peak demand periods are 

just a few of the other variables which must be considered. 

Energy use data are still a valuable tool. The analysis can influence the 

foodservice manager and energy teams to: (1) evaluate menus, (2) schedule 

equipment efficiently, (3) train employees, (4) plan budgets for capital 

equipment and systems changes, and (5) plan remodeling or new 

construction with energy included as a decision making variable. 
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Appendix A: Sample Forms 
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Appendix A 

Sample of Equipment Usage Log 

EQUIPMENT USAGE LOG 

SCHOOL      FTC 

EQUIPMENT   BLENDER 
SERIAL # 

SITE ID F47108 

KW    0.90 VOLTS    120 

HP CYCLE 
BTU NOTES 

SITE    BK 

BRAND   WARING 
MODEL # 

OSUID   4615 

AMPS   7.5 PHASE    1 

HERTZ  60 RPM 

TIME TEMPERATURE /OFF 

OREGON STATE UNIVERSITY NUTRITION and FOOD MANAGEMENT 
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Appendix A: Excerpt of Equipment Inventory Data Log 

EQUIPMENT  INVENTORY 4/27/94 

SCHOOL an EQUIPMENT MAUD. SEB1ALA 
KM yOLIS AMES EHAS£ UEBIZ H£ 
ETU iffE NOTES' 

35,000 

PORTLAND 
1.38 

MQQELI smm OSVIP 
dCLE BEM PVTY CYCLE 

PORTLAND BUCKMAN FREEZER                             TYLER                                   613442 AFS47EA 1120 

1.15 230 5                                 1                                                                     .75 
CASE:230V,2.6A;CASE LIGHTS 230V,.4A;DEFROST 230V,3.0A 

PORTLAND BUCKMAN BURNER 

17,500 M 

PORTLAND BUCKMAN OVEN 

WOLF 

WOLF 60258 2-226-2HT 029949 
.25 

BUCKMAN CONV. OVEN MOTOR2 
115 12 1 .75 

83381 003 

60 1725 

1431 

1301 

PORTLAND BUCKMAN OVEN WOLF 60254 0-26-3H 029950 
30 

1302 

35,000 

PORTLAND BUCKMAN CONVECTION OVEN MONTAGUE 89C8052 2115X4G 029948 1312 

1.31 115 11.4 1 .75- .30 

115,000 M M 

PORTLAND BUCKMAN CONV. OVEN MOTOR1 83381-003 1313 
1.38 115 12 1 .75 60 1725 

PORTLAND BUCKMAN CONVECTION OVEN MONTAGUE 2115X4G 1314 

1.31 115 11.4 1 .75- 
115,000 54 M 

1315 

PORTLAND BUCKMAN WALK IN REFRIG. FIBERGLASS ENG 
1.44 115 12.5 1 

E 

1103 

PORTLAND BUCKMAN DISHWASHER UNIVERSAL 
1.52                            230                             6.6                              1 

                            .72 

167429 

1 

029944 

60 

1806 

00 



Appendix A: Excerpt of Energy Use Spreadsheet 

Energy Use per Halt Hour South Eugene High School 5/15/92 

SCHOOL SOUTH EUGENE SOUTH EUGENE 1 SOUTH EUGENE t SOUTH EUGENE 1 SOUTH EUGENE 1 SOUTH EUGENE 1 SOUTH EUGENE 1 SOUTH EUGENE 1 SOUTH EUGENE t SOUTH EUGENE 1 
SITE SEHS SEHS SEHS SEHS SEHS SEHS SEHS SEHS SEHS SEHS 
EQUIPMENT REFRIGERATOR REFRIGERATOR REFRIGERATOR REFRIGERATOR REFRIGERATOR CE MACHINE STEAM COOKER STEAM COOKER OVEN CONVECTION O 

BRAND KOCH BIRKENWALD KOCH GE F RIGID AIRE MANITOWAC MARKET FORGE MARKET FORGE LANG MARKET FORGE 

OSUID 2100 2101 2102 2103 2104 2140 2300 2301 2302 2310 
KW 1.94 1.5 1.05 0.78 1.23 23.11 0.72 43.2 15.85 

HP 
BTU 6619.28 5118 3582.6 2661.36 0 4196.76 78851.32 2456.64 147398.4 54080.2 
DUTY CYCLE 1 1 1 1 1 1 0.2 0.2 0.4 0.25 

5:03 A 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
5:30 A 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
6:00 A 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
6:30 A 0.49 0.38 0.26 0.00 0.00 0.10 1.93 0.00 0.00 1.65 
7:00 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.00 0.00 1.98 
7:30 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.00 2.02 1.98 
8:00 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.00 8.64 1.98 
8:30 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.00 8.64 1.98 
9:00 A 0.49 0.38 0.26 0.00 o.oo 0.10 2.31 0.00 8.64 1.98 
9:30 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.01 7.49 1.98 

10:00 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.06 6.62 1.98 
1030 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.05 0.00 1.98 
11:00 A 0.49 0.38 0.26 0.00 0.00 0.10 2.31 0.00 0.00 1.98 
11:30 A 0.49 0.38 0.26 0.00 0.00 0.10 0.46 0.00 0.00 1.98 
12:00 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 1.98 
12:30 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.66 

1:00 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.13 
1:30 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
2:00 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
2:30 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
3:00 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
3:30 P 0.49 0.38 0.26 0.00 0.00 0.10 0.00 0.0Q 0.00 0.00 

Total KWH 10.67 8.25 5.78 0.00 0.00 2.26 23.19 0.12 42.CK 24.24 
* 
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Appendix B: Reference Standards 
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Appendix B 
NATIONAL RESTAURANT ASSOCIATION 

ENERGY CONSUMPTION ESTIMATES BY EQUIPMENT TYPE 

Other sources for assistance in determining BTU rating of equipment are: 
Building Engineer 
Utility Company 
Equipment Catalogs 
Equipment Dealers 
Equipment Maintenance Manuals 

Manageable Equipment 

Description of Equipment 

Braising Pans 
Braising pan—floor model small 
Braising pan—floor model large 
Braising pan—table top 

Broilers 
Single deck radiant without oven 
Oven for broiler above 
Single deck infrared with finishing oven 
Warming oven for broiler above 
Double deck infrared without oven 
Twin infrared with oven and finishing oven 
Char-type without oven 36" wide 
Backshelf broiler (Salamander) 
Conveyor broiler 

Coffee Equipment 
Coffee urn—twin (3) gal. 28M 19M 40M 
Coffee urn—twin (6) gal. 28M 29M 56M 
Coffee urn—twin (10) gal. 28M 36M 58M 

Coffee maker—(2) pot 4M 
Coffee maker—(5) pot 9M 

Coffee warmer—single burner 1M 
Coffee warmer—(2) burner 1M 
Coffee warmer—(4) burner 4M 

Conveyor Belt 1M 

• BTU Rating 

Gas Electric     Steam 

50M 17M 
96M 29M 

11M 

110M 55M 
34M 12M 
79M 41M 

154M 109M 
ZUZJVl 

95M 41M 
40M 18M 

110M 82M 
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Manageable Equipment (cont). 

Description of Equipment 

Dishwashing 
Flight type dishwasher 
Tank conveyor type dishwasher 
Tank conveyor type dishwasher 

Square door type dishwasher 

Potwasher (single Rack) 
Potwasher (double Rack) 

Food Warmers 
section (similar to roll-in refrigerator) 
compartment thermotainer 
compartment thermotainer 
compartment thermotainer 

stack plate dispenser/warmer 
stack plate dispenser/warmer 

Pellet warmer—30 pellets 
Pellet warmer—60 pellets 
Pellet warmer—90 pellets 
Pellet warmer—180 pellets 
Pellet warmer—240 pellets 

Refrigerated ice bed—8 sq.ft. 
Refrigerated ice bed—8 to 15 sq.ft. 

Hot food well (each) 
Hot food well— single control for multiple wells 

drawer roll warmer 
drawer rollwarmer 
drawer roll warmer 

Bain Marie heater—4 sq. ft. 
Bain Marie heater-12 sq.ft. 

Steam Table 

Proof cabinet (1 rack) 
Proof cabinet (2 racks) 

• BTU Rating 

Gas Electric Steam 

126M 46M 
145M 92M 38M 
71M 58M 32M 
18M 

11s 

16M 

28M 
54M 

4M 
4M 
7M 
8M 

2M 
4M 

2M 
3M 
3M 

10M 
13M 

.5M 

.7M 

2M 
2M/sf 

IM 
2M 
3M 

30M 

8M 2.7M/sf 
25M 2.7/sf 

1.4M/sf 

9M 29M 
17M 56M 
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Manageable Equipment (cont). 

Description of Equipment 

Fryers 
Floor model 18 lbs 
Floor model 45 lbs 
Floor model 60 lbs 
Floor model 100 lbs 
Floor model—Donut 105 lbs 

Counter model—Robut Doughnut Fryer 

Lights, Fluorescent 

Ovens 
Convection oven—single compartment 
Convection oven—double compartment 
Convection oven—compact type 

Roast oven—2 deck 
Roast oven—3 deck 

Deck oven—2 deck 
Deck oven—3 deck 

Revolving oven—5 tray x 15 pan 
Revolving oven—6 tray x 24 pan 
Revolving oven—6 tray x 36 pan 

Ranges 
Uniform heat top without oven 
Oven for range above 
Grate top without oven 
Oven for range above 
Fry top without oven 
Oven for range above 
Narrow Range (1) ft. wide/no oven 

Short Order Cooking Equipment 
Griddle—2 foot counter-type 
Griddle—3 foot counter type 
Griddle—6 foot counter type 

• BTU Rating 

Gas Electric     Steam 

53M 10M 
72M 60M 

120M 66M 
132M 66M 
120M 66M 

13M 

03M/ft. 

68M 45M 
t          136M 90M 

18M 

61M 25M 
91M 38M 

64M 49M 
96M 74M 

141M 66M 
193M 111M 
265M. 119M 

120M 54M 
37M 12M 

20M/burner 7M/burner 
37M 12M 
90M 76M 
37M 12M 
40M 18M 

44M 31M 
66 M 33 M 

132M 87 M 
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Manageable Equipment (cont). 
• BTU Rating 

Description of Equipment Gas     Electric     Steam 

Fryer—15 lbs counter type 40M 19M 
Fryer—30 lbs counter type 48M 33M 
Fryer—40 lbs counter type 56M 49M 

Hot Plate—2 burner counter type 32M 14M 

Steam Kettles 
Table type—5 gal. 
Floor model—20 gal. 
Floor model—30 gal. 
Floor model—40 gal. 
Floor model—60 gal. 

Steam Kettle/Steamer Combination 
compartment steamer & 40 gal. kettle 
compartment steamer & (2) 5 gal. kettles 
compartment steamer & (2) 40 gal. kettles 

High pressure steamer & 5 gal. kettle 
High pressure steamer & 40 gal. kettle 

Steamers 
Convection steamer—2 compartment 
Compartment steamer—3 compartment 
Steam-It 
High pressure steamer 

Toasters 
Conveyor toaster—small 
Conveyor toaster—large 

24M 16M 7M 
48M 44M 28M 
60M 58M 42M 
96M 82M 55M 

108M 82M 83M 

136M 98M 110M 
136M 102M 97M 
136M 131M 138M 

136M 66M 83M 
136M 66M 138M 

128M 66M 42M 
200M 98M 83M 
32M 33M 28M 

136M 66M 83M 

16M 14M 
22M 22M 



90 

Self Managing Equipment 

Description of Equipment 

• BTU Rating 

Gas     Electric     Steam 

Food Preparation Equipment 
quart mixer 
quart mixer 
quart mixer 
quart mixer 
quart mixer 

Slicer—manual feed 
Sheer—automatic feed 

Vertical cutter/mixer 25 quart 
Vertical cutter/mixer 40 quart 
Vertical cutter/mixer 60 quart 

Food cutter- 
Food cutter- 

-15" bowl 
-18" bowl 

Vegetable Peeler 30-33 lbs. 
Vegetable Peeler 50-60 lbs. 

Ovens 
Microwave oven (model 70/40) 
Microwave oven (model 70/80) 

Waste Disposal Equipmenent 
Disposer 1/2 HP 
Disposer 1HP 
Disposer 1-1/2HP 
Disposer 2 HP 
Disposer 3 HP 
Disposer 5 HP 
Disposer 7-1/2 HP 

Trash compactor—single bag 
Trash compactor—double bag 
Trash compactor—small size 

Waste pulping system—400 lbs./hour 
Waste pulping system—600 lbs./hour 
Waste pulping system—1500 lbs./hour 

1M 
1M 
1M 
3M 
4M 

1M 
1M 

13M 
31M 
66M 

1M 
3M 

2M 
3M 

5M 
18M 

1M 
3M 
4M 
5M 
8M 
13M 
19M 

3M 
5M 
1M 

13M 
19M 
65M 
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Non-Controllable Equipment 

Description of Equipment 

• BTU Rating 

Gas     Electric     Steam 

Beverage Equipment 
Milk dispenser—5 gal. 
Milk dispenser—10 gal. 
Milk dispenser—15 gal. 

Freezers—Reach-In 
section freezer 
section freezer 
section freezer 
section freezer—undercounter type 

Freezers—Walk-In 
Freezer—8' x 10' 
Freezer—8' x 14' 

Heating, Ventilation, Air Conditioning System 
Check with building engineer for energy usage data 

Ice Cream 
Soft serve ice cream machine-single 
Soft service ice cream machine-twin 
Ice cream cabinet-27 gal cap. 
Ice cream cabinet-48 gal cap 
Ice cream cabinet-63 gal cap 

Ice Making Equipment 
Ice cube maker—350 lb. 
Ice cube maker—650 lb 

1M 
1M 
2M 

2M 
4M 
6M 
2M 

4M 
4M 

3M 
4M 
.2M 
.2M 
.2M 

2M 
2M 

Flaked ice maker—450 lb. 
Flaked ice maker—700 lb. 

Flaked ice dispenser—500 lb. 
Flaked ice dispenser—650 lb. 
Flaked ice dispenser—700 lb. 

Lowerator, Refrigerated 
x 20" rack 

1M 
1M 

1M 
1M 
1M 

1M 
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Non-Controllable Equipment (cont). 

Description of Equipment 

Refrigerators—Reach-In 
section refrigerator 
section refrigerator 
section refrigerator 
section refrigerator—undercounter type 

Refrigerators—Walk-In 
Refrigerator—8' x 10' 
Refrigerator—8' x 14' 

• BTU Rating 

Gas     Electric     Steam 

3M 
4M 
4M 
3M 

4M 
4M 

•M= 1,000 BTU's/hour 

Adapted from the National Restaurant Association, Technical Services 
Department. Facilities Operation Manual. Washington DC: National 
Restaurant Association; 1986. 
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Appendix B 

DUTY CYCLES STANDARDS BY EQUIPMENT TYPE 

Kitchen Equipment Analysis (Hospital and Institutions) 

Equipment kW Cycling Time  

Hot-top Range 40% 
Fry-top Range 30% 
Char-broiler 80% 
Griddle 30% 
Griddle 30% 
Fryer 25% 
Fryer 25% 
Fryer 25% 
Fryer 25% 
Deck Broiler 100% 
Broiler 100% 
Deck 2 Pan Oven 15% 
Convection Oven 25% 
Steamer 20% 
Steam Kettle 20% 
Coffee Urn 15% 
Hot Food Table 10% 
Dishwasher 20% 
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Appendix B 

ENERGY ABBREVIATIONS and CONVERSIONS 

ABBREVIATIONS 

V=VOLTS 
A=AMPS 
P=PHASE 
W=WATTS 
KW=KILOWATTS 
KWH=KILOWATT HOURS 
HP=HORSEPOWER 
BHP=BOILER HORSEPOWER 
BTU=BRITISH THERMAL UNITS 
PSI=POUNDS PER SQUARE INCH 
CF=CUBIC FEET 

CONVERSIONS 

Vx A x VP=W 
x W=kW 
KWh x 3/412=BTU/hr 
HP x 0.746 x efficiency rating=KW 
HP x 2/546=BTU/hr 
BHP x 34/500=BTU/hr 
PSI x l/000=BTU/hr 
CF x l,000=BTU/hr 
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Appendix C: Energy Conservation Guidelines 
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Appendix C 
SAMPLE OF ENERGY CONSERVATION GUIDELINES DISTRIBUTED TO 

SCHOOL FOODSERVICE FACILITIES 

STEP ONE::OPERATIONAL CHANGES; NO COST, IMMEDIATE IMPLEMENTATION 

PLANNING and SCHEDULING 
-Choose menus with shorter cooking times. 
-Schedule food preparation and cooking to stagger energy demand in 30 minute intervals. 
-Schedule non food equipment (heaters and compressors) to operate at non-cooking times. 
-Cook in the largest volume possible, possibly preparing some foods in advance. 
-Schedule and use back-up units only at peak hours. Turn off at other times. 
-Use minimum preheating times for all equipment. 
-Establish a cleaning and maintenance schedule. 

REFRIGERATION /FREEZING 
-Open doors as infrequently as possible, and dose them immediately behind you. 
-Use reach-in vs. walk-in for access as often as is feasible. 
-Get as many items as possible in one trip. Use a cart if necessary. 
-Always turn off lights when not inside the unit. 
-Thaw frozen foods in the refrigerator. 
-Remove empty racks to avoid cooling them. 
-Consolidate cold and frozen foods in as few units as possible. 
-Schedule food deliveries to (l)expedite storage and (2)optimize load. 
-Unpack foods from cartons and refrigerate immediately upon receipt. 
-Label foods for easy access and keep most used items near the front. 
-Allow hot foods to cool (NOT below 140 F) before refrigerating. 
-Do not jam items near the doors, which can damage the gaskets. 
-Do not store items in front of coils, restricting air flow. 

OVENS/BROILERS 
-Determine cooking capacity needed and select oven with least wasted space. 
-Combine baking and roasting to fill ovens to capacity. 
-Start cooking foods, except for bakery items, during preheating time. 
-Do not preheat ovens more than necessary. 
-Turn off oven early, letting retained heat continue cooking. 
-Cook foods in order of increasing temperature, (low to high) when serving schedule permits. 
-Cook foods slowly at low temperatures when possible. 
-Use the oven for warming if it is already on instead of the range top. 
-Do not wrap potatoes in aluminum foil before baking. 
-Turn the oven down to standby when not in use for short periods, and off for long periods. 
-Load and unload ovens quickly. Use a cart. 
-Keep doors dosed. Use timer to determine doneness. 
-Close vents unless needed for humidity to escape. 
-Utilize entire surface of broiler, loading to capacity. 
-Turn broiler to medium once it becomes hot. 
-Turn off hood fans when equipment is not in use. 
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Sample Guidelines (cont). 

SURFACE COOKING UNITS 
-Always use flat bottomed pots and kettles which are 1" larger than the burner. 
-Group pots and kettles close together on range top to consolidate heat. 
-Reduce heat to simmer as soon as food begins to boil. 
-Cover pots with lids to retain heat and shorten cooking time. 
-Group foods close together on griddle and heat only that section. 
-Clean cooking surfaces and wipe up spills as they occur. 
-Clean grease troughs daily. 

FRYERS 
-Set fryer thermostat only as high as necessary to reach optimum frying temperature. 
-Check cooking oil temperature with an accurate thermometer. 
-Insure that the oil covers the food at all times. 
-Do not overload frying baskets, which will increase cooking time. 
-Drain and dean after each use. 
-Filter food particles from oil at least once a day. 

DISHWASHERS 
-Scrape and stack dishes in cold or warm water before washing. Do not use hot water. 
-Run only full loads or dishracks through the dishwasher. 
-Fill sinks for prewashing, instead of using continually running water. 
-Turn off dishwashers and boosters when not in use. 
-Do not turn on boosters until they are needed. 
-Use dishwasher curtains to retain heat. 

HOT WATER 
-Use cold or warm water instead of hot whenever possible. 
-Use hot tap water for cooking instead of heating it on the range. 
-Do not leave faucets running. 



98 

Sample Guidelines (cont). 

STEP TWO:EQUIPMENT SERVICE; NO- or LOW -COST , PERIODIC MAINTENANCE 
(May    require assistance from the appropriate service professional) 

ACTION R O S  F D  H 

-Replace worn or damaged compressor belts and maintain proper tension.      x 
-Check refrigerant level, especially if short cycling is observed. x 
-Clean fan, condenser fins and plates and blower coils. x 
-Defrost freezers monthly. Have automatic defrosters checked and 
adjusted. 

-Set defrost cycle so freezer defrosts during off peak hours. x 
-Check compressors for leaks and refrigerant level. x 
-Maintain a 4 foot wide clear area around compressors and coils. x 

-Feel for hot or cold spots indicating insulation failure, and insulate x  x            x   x 
properly. 

-Use calibrated thermometers to check temperatures. x  x   x  x  x   x 
-Clean heating elements and interiors of burned foods, grease and carbon x   x  x 
deposits at least weekly. 

-Adjust pilot light to lowest possible flame. x   x  x  x   x 
-Check that ovens and racks are level. x 
-Check for tight fit of doors, adjust hinges accordingly. x  x 
-Check flue for proper draft or obstructions. x        x        x 
-Lubricate valves, doors and hinges. x  x   x  x        x 
-Check for proper air/gas mixture. x   x 
-Check ceramic and metal radiants on broilers for cracking, or blackening. x 
-Clean and check fan motors and blades on convection ovens. x 

-Check spray nozzles, tanks and heater coils for lime deposits and delime. x 
-Adjust power dryers for automatic shut off. x 
-Properly lubricate the speed reducer on conveyor type washers. x 
-Adjust power rinse for automatic shut off and least possible water flow. x 
-Check for proper temperature of all cycles. x 
-Check all valves, pipes and pumps for leakage and repair immediately. x   x 

-Install flow restrictors on faucets. x 
-Lower water temperature for non-sanitizing areas. x 
-Check steam trap on steam water heater. x 
-Flush hot water tank every six months. x 

Refrigerator / Freezer 
0=C>ven/Broiler 
S=Surface Unit 
F=Fryer 
D=Dishwasher 
H=Water Heater 
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Appendix C: 
ENERGY CONSERVATION GUIDELINES FOR SCHOOL FOODSERVICE 

1 Area of Focus Conservation Action Rationale 
Planning and 
Scheduling 

Plan menus to include 
energy conservation 

A balance of high and low 
energy consuming menu 
items will reduce total energy 
consumption 

Determine correct 
preheating times for items 
which require preheating 
and schedule accordingly 

Extended preheating time 
wastes energy needlessly and 
does not increase food quality 

Schedule equipment to 
operate at full capacity 

Fully loaded equipment 
consumes less energy per unit 
of product 

Stagger the use of energy 
using equipment 

Distribution of energy 
consuming functions over 
time will decrease peak 
demand 

Schedule non-food 
cooking equipment to 
operate outside peak 
cooking times 

Peak demand charges can be 
reduced 

Establish a cleaning and 
preventive maintenance 
schedule for all 
equipment. 

Properly maintained 
equipment is more efficient 
since the machine is not 
working to heat cooked-on 
dirt. 

Include energy efficiency as 
a factor in decision-making 
when choosing new 
equipment 

Manufacturers are producing 
more efficient equipment that 
can replace older units 

Schedule back-up units for 
use only during peak 
hours 

Fewer units in use result in 
less energy consumption 

Ovens/ 
Steamers 

Do not preheat equipment 
unnecessarily. Baked 
product may require 
preheating. 

Menu item quality is not 
reduced and energy savings of 
10-14% can be achieved 
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| Area of Focus Conservation Action Rationale 
Ovens/ 
Steamers 
(cont) 

Identify the preheat time if 
preheating is necessary. 

Different equipment has 
different preheat times.Newer 
equipment may take less time 
to reach temperature 

Use the oven with the 
cooking capacity closest to 
the amount of food being 
prepared 

Partial loads are less efficient 
that fully loded ovens 

Avoid opening the door to 
check on food 

Heat and moisture are lost 
from the oven cavity when 
the door is opened. Use the 
oven light, or a timer instead 

Turn off equipment when 
not in use 

Equipment idling uses more 
energy than it takes to bring a 
cold oven to temperature          | 

Cook food at the lowest 
safe temperature that 
achieves satisfactory 
product quality 

Less energy is consumed when 
food is cooked longer at a 
lower temperate setting than 
more quickly at high 
temperature 

Load and unload ovens 
quickly to avoid 
unnecessary heat loss. Use 
carts if available. 

Oven temperature can drop      1 
10oF every second the door is 
ajar. 

Start production with the 
foods requiring the lowest 
oven temperature 

The oven will not need to cool 
before the next load. 

Combine baking and 
roasting to fill ovens to 
capacity 

Fully loaded ovens are more 
efficient than partially loaded 
ones 

Recalibrate thermostats on 
cooking equipment at least 
once a year. A technician 
can do this. 

Even temperature cooking 
will be maintained without 
wasting energy. 

Turn off the oven 5-10 
minutes before cooking is 
finished 

The retained heat can                1 
complete the cooking 

Use the oven for warming 
if it is already on instead of 
the range 

No additional heat must be 
generated besides what is 
already being produced              | 
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| Area of Focus Conservation Action Rationale 
Ovens/ 
Steamers 
(cont) 

Use lids versus aluminum 
foil to cover baking or 
roasting products. 

Aluminum reflects heat away 
from the product increasing 
cooking time and energy 
consumption. 

Maximize use of 
convection and 
microwave ovens at peak 
production times. 

These oven types use less 
energy than conventional 
ovens. 

Turn off the steam for 
steam kettles when not in 
use. 

Heat is lost from steam pipes 
and kettles when idling. 
Preheat times are short.             | 

Utilize steam cooking 
when possible. 

Steam transfers heat to food 
readily and is energy efficient. 

Turn off ventilation hoods 
when cooking equipment 
is not in use. 

Hoods are not needed to 
exhaust hot air and grease if 
cooking is not scheduled. 

Ranges Adjust gas equipment 
burners so the flame is 
completely blue with a 
firm center cone. 

Yellow flames indicate 
inefficient conversion of gas to 
flame. 

Group pots and kettles 
close together on 
rangetops. 

Heat is consolidated less loss to 
the environment occurs and 
unused sections can be turned 
off. 

Cover pots and kettles 
with lids. 

Heat is retained and cooking 
time is reduced.                         ] 

Replace pans if flat 
bottoms are warped and 
dented. 

Uneven surfaces conduct heat 
poorly. 

Reduce heat on the range 
as soon as the contents 
begin to boil. 

Once food reaches boiling 
temperature excess heat is lost. 

Refrigeration Thaw frozen food in the 
refrigerator instead of at 
room temperature 

The energy tranferred from      1 
product to refrigerator helps 
maintain refrigerator 
temperature instead of being 
lost to the environment 

Close door after entering 
walk-in cold storage units 

Cold air can escape out the 
door 

Do not store items too near 
the door 

Jamming items near the door 
can damage gaskets and doors  | 
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| Area of Focus Conservation Action Rationale 
Refrigeration 
(cont) 

Keep area in front of 
compressor and coils clear 

Blocking the area reduces air 
circulation and overworks the 
unit 

Defrost units on a regular 
basis 

The cold storage unit wastes 
energy chilling the frost 
buildup 

Use a cart to retrieve as 
many items as possible on 
one trip 

Each time the door is opened, 
cold air escapes and energy is 
required to bring the 
temperature back down 

Consolidate cold and 
frozen foods in as few 
units as possible 

The fuller a unit is, the more 
efficient the energy 
consumption to keep it at 
temperature 

Allow hot foods to cool 
(NOT BELOW 140oF) 
before refrigerating 

Warm air released into the 
cold unit requires more energy 
to return to temperature            | 

Unpack delivered foods 
and refrigerate 
immediately upon receipt 

When foods sit out, they 
acquire heat which must be 
removed by the refrigerator 

Remove empty racks from 
units 

Extra energy is required to cool 
the empty racks 

Label foods for easy 
visibility and keep most 
used items near the front 

The time the refrigerator door 
is left open can be reduced 

Dishwashing Scrape and stack dishes 
before washing in cold or 
warm water 

Hot water is not necessary as 
foods will be cleaned and 
sanitized in the dishwasher      | 

Turn booster heaters on 
right before they are 
needed 

Leaving the booster heater on 
when not needed consumes 
energy which is not needed 

Run a dishwashing load 
only when the dishwasher 
is full 

The same amount of energy is 
used for partial and full loads 

Consider chemical vs hot 
water sanitizing 

Chemical sanitizers can be 
used with lower temperature 
water                                          | 

Use a sink full of water to 
preclean dishes instead of 
running water 

More water is used when the 
faucet is continuously open, 
and extra energy is used to 
heat this water                           | 

Install dishwasher curtains Curtains help retain heat          | 
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| Area of Focus Conservation Action Rationale 
Hot Water Do not leave faucets 

running 
Water and energy are wasted 

Use cold or warm tap 
water when possible 

Hot water requires more 
energy 

Use hot tap water for 
cooking instead of boiling 
it on the range 

More energy is consumed to 
raise the temperature of water 
on the range, because more 
heat is lost to the 
environment 
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APPENDIX D: Glossary of Terms 
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Appendix D 
GLOSSARY 

Ampere: A unit of measure of an electric current. 

British thermal unit: A unit of heat energy. The amount of heat required to 
raise one pound of water one degree Farenheit. 

Conduction: Process of heat transfer whereby heat moves through a 
material; the flow of heat due to temperature variations within a material. 

Convection: A process of heat transfer resulting from movements within 
fluids or gas due to the relative density of its warmer and cooler parts. 

Demand charge: A fee assessed by a utility company based on the highest 
electric energy use over a fixed period of time during a billing cycle which is 
designed to pay for the company's investment in maximum generating 
capacity. 

Energy: The capacity for doing work. 

HACCP: Hazard Analysis and Critical Control Points. 

Horsepower: A unit of power equal to 746 watts. 

Kilowatt: One thousand watts. 

Kilowatt hour: A unit of work (kilowatt x hour) which measures electricity 
usage. 

Therm: A unit of measurement of natural gas consumption equal to 100,000 
Btu. 

Volt: The force which moves the electric current. 

Watt: A unit of power equal to the flow of one ampere at the pressure of one 
volt. 


