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ABSTRACT

The U.S. fruit and vegetable processing industryfirdd in this Energy Guide as facilities engaged
in the canning, freezing, and drying or dehydratirfigruits and vegetables—consumes over $800
million worth of purchased fuels and electricityr pgear. Energy efficiency improvement is an
important way to reduce these costs and to incrpeegictable earnings, especially in times of high
energy price volatility. There are a variety of ogpnities available at individual plants in theSU.
fruit and vegetable processing industry to redusergy consumption in a cost-effective manner.
This Energy Guide discusses energy efficiency esetand energy-efficient technologies that can be
implemented at the component, process, facilityd arganizational levels. A discussion of the
trends, structure, and energy consumption charsiitsr of the U.S. fruit and vegetable processing
industry is provided along with a description ok thmajor process technologies used within the
industry. Next, a wide variety of energy efficignmeasures applicable to fruit and vegetable
processing plants are described. Many measureigkses include expected savings in energy and
energy-related costs, based on case study datar&rabworld applications in fruit and vegetable
processing facilities and related industries woitbhy Typical measure payback periods and
references to further information in the technidarature are also provided, when available. @ive
the importance of water in fruit and vegetable ps3ing, a summary of basic, proven measures for
improving plant-level water efficiency are also yided. The information in this Energy Guide is
intended to help energy and plant managers in tBe frlit and vegetable processing industry reduce
energy and water consumption in a cost-effectivearmea while maintaining the quality of products
manufactured. Further research on the economiall ofeasures—as well as on their applicability to
different production practices—is needed to asfemis cost effectiveness at individual plants.
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1 Introduction

As U.S. manufacturers face an increasingly competienvironment, they seek out
opportunities to reduce production costs withowgatiwely affecting the yield or the quality
of their finished products. The volatility of engrgrices in today’s marketplace can also
negatively affect predictable earnings. The chakenf maintaining high product quality
while simultaneously reducing production costs cften be met through investments in
energy efficiency, which can include the purchakerergy-efficient technologies and the
implementation of plant-wide energy efficiency frees. Energy-efficient technologies can
often offer additional benefits, such as qualitypmvement, increased production, and
increased process efficiency, all of which can leagroductivity gains. Energy efficiency is
also an important component of a company’s overalironmental strategy, because energy
efficiency improvements can often lead to redudionemissions of both greenhouse gases
and other important air pollutants. Investmentsmergy efficiency are therefore a sound
business strategy in today's manufacturing enviemm

ENERGY STAR is a voluntary program operated by the U.S. Envitental Protection
Agency (EPA). The primary purpose of the ENERGYARTprogram is to help U.S.
industry improve its competitiveness through insegh energy efficiency and reduced
environmental impact. Through ENERGY STAR, the LERASstresses the need for strong
and strategic corporate energy management progiamds provides a host of energy
management tools and strategies to help compamigiement such programs. This Energy
Guide reports on research conducted to supportytBe EPA’'s ENERGYSTAR Fruit and
Vegetable Processing Focus, which works with Ui8it fand vegetable processors to
develop resources and reduce information barriersefergy efficiency improvement. For
further information on ENERGYSTAR and its available tools for facilitating corpte
energy management practices, visit http://www.eysay.gov/

This Energy Guide provides a detailed overview\dilable measures for energy efficiency
in the U.S. fruit and vegetable processing indust@iven the importance and rising costs of
water as a resource in fruit and vegetable proegsghis Energy Guide also provides
information on proven measures for improving plevel water efficiency. Moreover, water

efficiency improvement can also reduce energy usewater heating, treatment, and

pumping.

The fruit and vegetable processing industry in ltheted States—defined in this Energy
Guide as facilities engaged in the canning, freggzamd drying or dehydrating of fruit and
vegetable products—is an important industry fronthban economic and energy use
perspective. In 2004, the industry generated ne®8§ billion in product shipments and
employed nearly 112,000 people directly in overOQ,3lifferent facilities (U.S. Census
Bureau 2005a, 2005b). Although fruit and vegetgiiecessing facilities can be found
throughout the United States, the states of CaliéorOregon, Washington, and Wisconsin
account for roughly one half of total industry eoyhent. The industry spent nearly $810
million on energy costs in 2002: $370 million farrphased electricity and $440 million for
purchased fuels, which consisted primarily of naltgas (U.S. Census Bureau 2004a, 2004b,



2004c, 2004dy. Because the costs of electricity and natural ajasrising rapidly in the
United States, energy efficiency improvements @&king an increasingly important focus
area in the U.S. fruit and vegetable processingstrgt for managing costs and maintaining
competitiveness.

This Energy Guide begins with an overview of thentls, structure, and production
characteristics of the U.S. fruit and vegetablecpssing industry in Chapter 2. A description
of the main production processes employed in find vegetable processing is provided in
Chapter 3. In Chapter 4, the use of energy infrilné and vegetable processing industry is
discussed along with an overview of the main ere$ s energy in typical canning, freezing,
and drying or dehydrating facilities. Chaptershsough 13 describe a wide range of
available measures for improving energy efficiemtyJ.S. fruit and vegetable processing
facilities, with a focus on energy-efficient teclhogies and practices that have been
successfully demonstrated in facilities in the €dittates and abroad.

Although new energy-efficient technologies are digped continuously (see for example
Martin et al. 2000), this Energy Guide focuses puritg on those technologies and practices
that were both proven and currently commerciallpilable at the time of this writing.
However, because emerging technologies can oftag ah important role in reducing
industrial energy use, Chapter 14 offers a briefrerew of selected promising emerging
energy-efficient technologies of relevance to fant vegetable processing.

Given that the U.S. fruit and vegetable processiugistry manufactures a wide variety of
products and employs a diversity of production rod#; it is impossible to address all end
uses of energy within the industry. This Energydéuherefore focuses on only the most
important end uses of energy in typical canningeZing, and drying or dehydrating
facilities.

Lastly, recognizing the importance of water assouece in fruit and vegetable processing as
well as its rising costs, this Energy Guide conekidvith information on basic, proven
measures for improving plant-level water efficienicy Chapter 15. Many of the water
efficiency strategies discussed in Chapter 15 ead to energy savings as well.

Table 1.1 provides a summary of key economic amdggnuse data presented in this Energy
Guide for the U.S. fruit and vegetable processiruyistry.

! Due to changes in the way sub-sector-level dataeported by the U.S. Census Bureau in its 20032804
Annual Survey of Manufactures, 2002 is the mosémégear for which energy purchase data are avaifab
the U.S. fruit and vegetable processing industbssectors discussed in this Energy Guide.



industry

Table 1.1: Key economic and energy use data forehJ.S. fruit and vegetable processing

Value of Product Shipments (2004)

Frozen fruit, juice, and vegetable manufacturing $8.7 billion
Fruit and vegetable canning $18.3 billion
Specialty canning $6.9 billion
Dried and dehydrated foods manufacturing $4 billion
Total $37.9 billion
Employment (2004)
Frozen fruit, juice, and vegetable manufacturing 35,730
Fruit and vegetable canning 47,970
Specialty canning 13,790
Dried and dehydrated foods manufacturing 14,300
Total 111,790
Number of Establishments (2004)
Frozen fruit, juice, and vegetable manufacturing 247
Fruit and vegetable canning 764
Specialty canning 130
Dried and dehydrated foods manufacturing 186
Total 1,327
Electricity Expenditures (2002)
Frozen fruit, juice, and vegetable manufacturing $147 million
Fruit and vegetable canning $144 million
Specialty canning $31 million
Dried and dehydrated foods manufacturing $48 million
Total $370 million
Site Electricity Use (2002)
Frozen fruit, juice, and vegetable manufacturing 9.9 TBtu
Fruit and vegetable canning 8.5 TBtu
Specialty canning 2.1 TBtu
Dried and dehydrated foods manufacturing 2.4 TBtu
Total 22.9 TBtu
Fuel Expenditures (2002)
Frozen fruit, juice, and vegetable manufacturing $129 million
Fruit and vegetable canning $190 million
Specialty canning $42 million
Dried and dehydrated foods manufacturing $79 million
Total $440 million
Fuel Use (2002)
Frozen fruit, juice, and vegetable manufacturing 21 TBtu
Fruit and vegetable canning 36 TBtu
Specialty canning 8 TBtu
Dried and dehydrated foods manufacturing 13 TBtu
Total 78 TBtu

Top 5 States for Industry Employment (2002)

(1) California, (2) Washington, (3) Oregon, (4) 84ssin, (5) Florida




2 The U.S. Fruit and Vegetable Processing Industry

This Energy Guide defines the U.S. fruit and velgletgprocessing industry as facilities
engaged in the canning, freezing, and drying orydedting of fruits and vegetables, which
constitute the three major methods of fruit andetalgle preservation employed by the U.S.
food industry today. More specifically, this EngrGuide considers the four U.S. food
industry sub-sectors defined by the North Ameribatustry Classification System (NAICS)
codes listed in Table 2.1. Also summarized in Tableare the key products manufactured
by each sub-sector. It can be seen in Table atlthle U.S. fruit and vegetable processing
industry manufactures a wide variety of productanynof which are staples in the typical
American home. Such staples include frozen comatat orange juice, canned tomato
sauces, ketchup, frozen French fried potatoes,ethsoups and stews, frozen fruits and
vegetables, dehydrated potatoes, and fruit jamgediines.

Table 2.1: NAICS codes and key products of the U.8uit and vegetable processing industry

NAICS
Code
311411 | Frozen fruit, juice, and | Frozen French fried potatoes, frozen concentrated
vegetable manufacturingorange juice, frozen potato patties and puffs,dmoz
corn, frozen onions, frozen strawberries, frozen
apples and applesauce, frozen peas, frozen green
beans, frozen broccoli.

311421 | Fruit and vegetable Canned tomato products (spaghetti and pizza
canning sauces, ketchup, tomato paste, tomato sauce, salsa,
stewed tomatoes, and tomato juice), canned orange
juice, canned pickles, canned fruit jams, jellesg
preserves, canned peaches, canned corn, canned
green beans, canned salsa, canned olives.
311422 | Specialty canning Canned soups and stewseddaked beans,
canned chili con carne, canned spaghetti and
ravioli, canned baby foods.

311423 | Dried and dehydrated | Dried and dehydrated potatoes, apples, prunes,
foods manufacturing onions, and raisins, soup mixes.

Sector description Key products

The primary purpose of fruit and vegetable processs to preserve fruits and vegetables in
a stable form that enables extended storage ampdnsehi to distant markets, which allows
consumers to purchase a wide variety of fruit aadetable products at all times of year.
Fruit and vegetable processing can also be uspbtade consumers with food products that
are more convenient to prepare and consume. @fealfruits and vegetables consumed in
the United States each year, roughly one half amrgssed into canned, frozen, or
dehydrated consumer products. In 2003, around@iMds of fruits and vegetables per
capita were processed for consumption in the Unf&tes (USDA 2005a). Americans

purchased nearly $21 billion worth of processedt famd vegetable products directly in

1999, or nearly 10% of their total grocery buddgeedd et al. 2004).



2.1 Economic Trends

In 2004, the U.S. fruit and vegetable processirdustry generated nearly $38 billion in
product shipments, or about 7.5% of the value gimbnts of the entire U.S. food industry
(NAICS 311) (U.S. Census Bureau 2005b, 2005c). s Thimber is up from around $36
billion in product shipments in 1997. In real (j.mflation adjusted) dollars, however, the
economic output of the U.S. fruit and vegetableustdy declined by roughly 5% between
1997 and 2004, as depicted in Figure2.1.

Figure 2.1: Trends in industry value of product shpments and employment, 1997-2004
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Also shown in Figure 2.1 is a corresponding declmdotal industry employment over
roughly the same period. In 2004, the industry leyedl 112,000 people directly, down
from 122,000 employees in 1997 (U.S. Census Bug®fba). Over the same period, the
total number of establishments in the U.S. fruitl aregetable processing industry also
declined slightly, from 1,407 facilities in 1997 1327 facilities in 2004 (U.S. Census
Bureau 2005a). These recent declines might beaaal in part by market and economic
pressures facing many sub-sectors of the U.S. fowtlstry, including increasing
competition from overseas imports, susceptibildyvariations in harvest yields, continued
industry consolidation, rising labor costs, anthgsenergy costs.

2 value of shipments data in Figure 2.1 were adgufte inflation using producer price index data floe U.S.
fruit and vegetable processing from the U.S. Bumdiabor Statistics (2007).



Figure 2.2 depicts the trends in value of prodagiments by sub-sector of the U.S. fruit and
vegetable processing industry between 1997 and,2004al (1997) dollars. The fruit and
vegetable canning sub-sector (NAICS 311421) waslalgest economic contributor by a
significant margin, accounting for nearly one half total industry value of product
shipments. The frozen fruit, juice, and vegetabénufacturing sub-sector (NAICS 311411)
was the next largest economic contributor, accagntor roughly one quarter of industry
value of product shipments. Of the four sub-sectamprising the U.S. fruit and vegetable
processing industry, only one—dried and dehydrafedds (NAICS 311423)—has
experienced recent growth in real economic outgrgywing by approximately 10% in real
dollars between 1997 and 2004 (U.S. Census Bur@@bia).

Figure 2.2: Industry value of product shipments bysub-sector, 1997-2004
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2.2 Sub-Sector Overviews

Fruit and vegetable canning(NAICS 311421) is the largest sub-sector of th8.ruit and
vegetable processing industry in terms of both enova output and employment. In 2004,
U.S. fruit and vegetable canneries generated o¥@riffilion in product shipments, roughly
one half of the of the industry’s total economidpui (U.S. Census Bureau 2005b). Fruit
and vegetable canneries in the United States emplogarly 48,000 people directly in 2004
(43% of total industry employment) at 764 differefaicilities (58% of total industry
establishments) (U.S. Census Bureau 2005a).



In the canning process, fruits and vegetables emélized and preserved in hermetically
sealed containers that prevent microbial spoilaggommon container materials include
enamel-coated steel, tin-coated steel, aluminuastisl and glass (Luh and Kean 1988).

Fruit and vegetable canneries in the United Statasufacture a wide variety of products,
including canned tomato sauces, ketchup, fruit eegktable juices, canned vegetables and
fruits, fresh fruit juices, pickles, and fruit jelé and jams. However, canned tomatoes and
tomato-based products (e.g., sauces, ketchup, dompaste, salsas, and tomato juice)
represent the most important products from thissadior from an economic perspective,
accounting for over $5.5 billion in product shiprteeim 2002 (U.S. Census Bureau 2004b).

Other major sub-sector outputs from an economicpestive are canned orange juices,
pickles and pickled products, canned jellies, jaamsl preserves, fresh orange juices, canned
corn, and canned beans. A summary of key prodengeufactured by U.S. fruit and
vegetable canneries is provided in Appendix A.

Although fruit and vegetable canneries are locaerbss the United States, the greatest
number of canneries is found in California due he state’s large agricultural industry.
According to the California League of Food ProcessGalifornia canneries produce 33% of
the world’s processed tomatoes (11 million tons ypear), 100% of the U.S. supply of
canned peaches and fruit cocktail, and 100% ofx& supply of black ripe olives (CLFP
2005). In 2002, nearly 16,000 people were direettyployed in 145 fruit and vegetable
canneries in California (U.S. Census Bureau 2004b).

After California, the states with the highest enyph@nt in fruit and vegetable canneries are
Wisconsin (5,200 employees), Florida (4,660 empdsyeprimarily in orange juice
manufacture), and New York (3,750 employees).

Major U.S. based companies in this sub-sector decld.J. Heinz (Pittsburgh, Pennsylvania),
Del Monte Foods (San Francisco, California), J.NuSker (Orrville, Ohio), ConAgra
Foods (Omaha, Nebraska), Ocean Spray Cranberé®ylle-Middleboro, Massachusetts),
and Seneca Foods (Marion, New York) (Hoover's GnR006).

Frozen fruit, juice, and vegetable manufacturing(NAICS 311411) is the next largest sub-
sector of the U.S. fruit and vegetable processimdystry after canning. This sub-sector
generated $8.7 billion in product shipments in 2af¥4roughly one quarter of the industry’s
total economic output (U.S. Census Bureau 2005B)ozen fruit, juice, and vegetable
manufacturers in the United States employed ove@(0Bbpeople directly in 2004 at 247
different facilities (U.S. Census Bureau 2005a).

Freezing preserves fruits and vegetables by lowehair temperature to a point at which the
growth of micro-organisms is severely limited (Land Lorenzo 1988). Key products
manufactured by the frozen fruit, juice, and vebletamanufacturing sub-sector include
frozen French fried potatoes, frozen concentrateshge juices, frozen potato patties and
puffs, frozen sweet yellow corn, frozen onions gandiced, and chopped), and frozen



strawberries. A summary of key products manufactusy this sub-sector is provided in
Appendix A.

From an economic perspective, frozen French friethtpes represent the most significant
product manufactured by the frozen fruit, juiced aregetable manufacturing sub-sector. In
2002, over $2.3 billion worth of frozen French fripotatoes (an estimated 6 billion to 7
billion pounds) were produced in the United Statepresenting roughly one quarter of total
sub-sector economic output (U.S. Census Bureaua@00Brozen concentrated orange juice
represents the next most significant product o ghib-sector with $1.5 billion in product

shipments in 2002.

The three Pacific Coast states of California, Onegmd Washington accounted for roughly
60% of the employment (19,500 employees) and oliehthe establishments (95 facilities)
in the frozen fruit, juice, and vegetable manufaom sub-sector in 2002 (U.S. Census
Bureau 2004a). Oregon and Washington are majodugeys of frozen fruits (notably
cherries, berries, and apples) while Californiadpices a wide range both frozen fruits
(notably peaches and strawberries) and frozen ablgst (notably spinach, green beans, and
broccoli) (USDA 2005b; IPM Centers 2005). Idahime teading U.S. producer of frozen
processed potato products, and Florida, the leadii®y producer of frozen concentrated
orange juice, are also major employers in this sedior.

Major U.S. based companies in this sub-sector delBirds Eye Foods (Rochester, New
York), ConAgra Foods (Omaha, Nebraska), McCain WBale, lllinois), NORPAC Foods
(Lake Oswego, Oregon), Heinz Frozen Foods (PittghuPennsylvania), J.R. Simplot
(Boise, Idaho), and Dole Foods (Westlake Villagaliférnia) (Hoover's Online 2006).

The specialty canningsub-sector (NAICS 311422) generated nearly $7ohilin product
shipments in 2004, or roughly 18% of the U.S. fant vegetable processing industry’s 2004
economic output (U.S. Census Bureau 2005b). IM2@0is sub-sector employed nearly
14,000 people in 130 different facilities (U.S. Ges Bureau 2005a). The primary products
manufactured by this sub-sector that are of relezdn fruit and vegetable processing are
canned soups and stews and canned baby foods, wherh contain processed vegetables
(e.g., carrots, beans, and tomatoes) as primamgdrgnts. Product shipments of canned
soups and stews and canned baby foods in 200esiesl nearly 60% ($3.9 billion) of the
total 2002 economic output of U.S. specialty camsefU.S. Census Bureau 2004c).

Other major products manufactured by the speceahning sub-sector include canned beans
and chili (with and without meat) and canned natlity foods (including spaghetti, ravioli,
Mexican rice, tortillas, and enchiladas). A sumynaf key products manufactured by this
sub-sector is provided in Appendix A. Texas (1,ZMployees) and California (1,151
employees) were the largest employers in U.S. aftgacanneries in 2002 (U.S. Census
Bureau 2004c).

Major U.S. based companies in this sub-sector delGampbell Soup Company (Camden,
New Jersey), Gerber Products (Parsippany, Newy)ermaed Goya (Bayamon, Puerto Rico)
(Hoover’s Online 2006).



Dried and dehydrated food manufacturing (NAICS 311423) is the smallest sub-sector of
the U.S. fruit and vegetable processing industrgdganomic terms, generating just over $4
billion in product shipments in 2004 (U.S. Censugdau 2005b). Dried and dehydrated
food manufacturers employed around 14,300 peopl8@tdifferent facilities in 2004 (U.S.
Census Bureau 2005a).

The drying and dehydration of foods is one of thdest preservation techniques known to
man, and relies on the removal of moisture fromdfoto retard or prevent the growth of
micro-organisms. The term “dehydrated” generadlfers to foods with moisture content
reduced below the point at which micro-organisms geow (8% to 18% moisture), while

the term “dried” generally refers to foods with uedd moisture content in general (typically
below 30% moisture) (U.S. EPA 1995a).

Key products manufactured by this sub-sector ireldded and dehydrated soup mixes ($1
billion in product shipments in 2002), dried andhgdrated potatoes ($400 million in product
shipments in 2002), dried and dehydrated oniongld$aillion in product shipments in
2002), and dried and dehydrated raisins ($237 anilln product shipments in 2002) (U.S.
Census Bureau 2004d). A summary of key productsufaatured by this sub-sector is
provided in Appendix A.

In 2002, the leading states for employment in theddand dehydrated food manufacturing
sub-sector were California (5,511 employees), 1ddh®95 employees), and lllinois (1,225
employees). Combined, these three states accofmtadughly two thirds of total sub-
sector employment (U.S. Census Bureau 2004d). fobaik produces nearly 100% of the
nation’s dried raisins, around 70% of the worldised prunes, over 50% of the nation’s
dehydrated garlic, and is the nation’s leading poed of dehydrated onions. Idaho is the
nation’s leading producer of dehydrated potato petgl (IPM 2005; USDA 2003).

Major U.S. based companies in this sub-sector delGunsweet Growers (Yuba City,
California), Sun-Maid Growers (Kingsburg, Califoapi Basic American Foods (Walnut
Creek, California), ConAgra Foods (Omaha, Nebragskayl J.R. Simplot (Boise, Idaho)
(Hoover’s Online 2006).

2.3 Fruit and Vegetable Processing Trends

In 2003, the U.S. fruit and vegetable processimnystry processed nearly 33 billion pounds
of fresh fruits and nearly 55 billion pounds ofdhevegetables into canned, frozen, and dried
and dehydrated products (USDA 2005a). Figure Zpiats the mass of fresh fruits
processed by product category between 1981 and. 28@8r growing steadily throughout
the 1980s, the total mass of fruits processedenlhited States has fluctuated between 35
and 40 million pounds per year since the early $§90n 2003, over 17 billion pounds of
fresh oranges were processed into orange juideeitUhited States, representing roughly one
half of all fruits processed by the industry.

% The USDA calculates fresh weight equivalents byvesting the weight of processed fruits into aniegjent
weight of fresh produce.



Figure 2.3: Mass of fresh fruits processed by prodtt category
in the United States, 1981-2003
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Figure 2.4 shows the mass of fresh vegetables ggedeby product category between 1981
and 2003 (U.S. Census Bureau 2005d)he total mass of fresh vegetables processdukin t
United States rose steadily from around 37 bilpoands in 1981 to nearly 55 billion pounds
in 2003.

Figure 2.4 also clearly shows the importance of #@getable crops: tomatoes for canning
(nearly 20 billion pounds processed in 2003) anthtoes for freezing (over 15 billion
pounds processed in 2003). Together, these twetaklg crops accounted for nearly two
thirds of the total mass of all vegetables proagdsg the industry in 2003. The large
guantities of tomatoes and potatoes processedctetie popularity of canned tomato
products (pizza and spaghetti sauces, ketchupa, s@ishato paste, etc.) and frozen potato
products (French fried potatoes, potato patties poffs, etc.) in U.S. consumer and
commercial markets.

* The USDA defines farm weight as the weight of anowdity as measured on the farm before further
conditioning and processing.

10



Figure 2.4: Mass of fresh vegetables processed byoduct category
in the United States, 1981-2003
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2.4 Imports and Exports

The U.S. fruit and vegetable processing industry faged steadily increasing competition
from foreign imports since the early 1980s. In20@hported processed fruit and vegetable
products accounted for around 21% of the total ncassumed in the United States. This
number is up from only around 10% in 1981 (USDA 24)0

Import competition is most significant for fruitiges, for which around one third of all 2003
U.S. consumption was met by imports. In terms ledes quantity, the most significant
imports in 2003 were frozen potato products (31Bobi pounds, farm weight), apple juice
(450 million gallons), orange juice (290 million ligms), canned pineapples (1.3 billion
pounds, fresh weight equivalent), canned Chile pepl.2 billion pounds, farm weight),
and canned tomato products (1.2 billion poundsnfaeight). The top sources of imports in
2003 were Canada (23% of imports), the EuropeantJ(ii5% of imports), Mexico (14% of
imports), and China (12% of imports).

Most of the products manufactured by the U.S. famtl vegetable processing industry are
consumed domestically. In 2003, exports by theustny totaled less than 8% of total

industry economic output, or roughly $3 billion 8J.Census Bureau 2005d). Of this, nearly
one half ($1.4 billion) were exports from the frahd vegetable canning sub-sector and
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nearly one third ($900 million) were exports frommetfrozen fruit, juice, and vegetable
manufacturing sub-sector.

The top destinations for industry exports in 20@8evCanada (33% of exports), Japan (19%
of exports), the European Union (14% of exportsyl Bexico (7% of all exports).

2.5 Industry Structure and Characteristics

Table 2.2 illustrates the geographic concentratibthe U.S. fruit and vegetable processing
industry as of 2002. Listed are the top ten stédesndustry value of shipments in 2002,

along with the number of employees and establisisn@neach state (U.S. Census Bureau
2004a, 2004b, 2004c, 2004d).

California ranked first by a significant marginail three categories, accounting for 21% of
value of industry shipments, 25% of industry empient, and 20% of industry
establishments.  According to the California Leagufe Food Processors, California
accounted for more than 40% of the nation’s totatpssed fruit and vegetable production in
2001 (CLFP 2001). The three Pacific Coast state€adifornia, Oregon, and Washington
together accounted for nearly 40% of all employmend one third of all facilities in 2002.

These statistics clearly demonstrate the importasicéhe Pacific Coast region to the
industry.

Table 2.2: Top ten states in the U.S. fruit and \getable processing industry
by value of industry shipments, 2002

2002 Value

of Industry Number of Number of
State . Rank | Employees | Rank | Establishments| Rank

Shipments in 2002 in 2002

($1,000)

California 8,672,011 1 30,982 1 271 1
Florida 3,580,279 2 6,550 5 55 7
New York 2,417,026 3 5,328 7 75 2
Oregon 2,227,236 4 8,651 3 67 6
Washington| 2,184,985 5 9,558 2 71 4
Wisconsin 1,686,960 6 8,486 4 75 2
Texas 1,355,892 7 4,004 8 69 5
Idaho 1,296,468 8 6,482 6 30 12
New Jersey 1,064,682 9 2,038 13 20 15
lllinois 846,987 10 3,612 9 49 9

Sources: USDA (2004a, 2004b, 2004c, @po4
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Most manufacturing facilities in the U.S. fruit andgetable processing industry are fairly
small enterprises. In 2002, nearly two thirdsha industry’s facilities employed fewer than
50 people, and nearly 80% of the industry’s faesitemployed fewer than 100 people (U.S.
Census Bureau 2005a). Large processing facilivtl 500 or more employees are
somewhat of a rarity in the industry, accountingdoly 3% of the facilities in 2002.

Table 2.3 summarizes the degree of industry cotatidin within each sub-sector of the U.S
fruit and vegetable processing industry as of 19B8&, last year for which such data are
available (U.S. Census Bureau 2001). The highegte# of industry consolidation can be
seen in the specialty canning sub-sector, with &y companies accounting for around two
thirds of the sub-sector’'s total 1997 economic outpAlso highly consolidated are the
frozen fruit, juice, and vegetable manufacturing-sector and the dried and dehydrated food
sub-sector. The fruit and vegetable canning sublesés the least consolidated, with the 20
largest companies accounting for only 60% of indushipments.

The operation of many facilities in the U.S. fraitd vegetable processing industry can be
highly seasonal. Operations typically depend Hgawn the harvesting schedules of the
fruits and vegetables processed. For example, damomato processing in California
typically only occurs between the months of Julg &tctober when tomatoes are harvested,
and during this period tomato canneries normalfy2d hours per day (Wright 2005).

In order to minimize the time lapse between hamgsind processing so that freshness and
optimal maturity are maintained, many facilitiestire U.S. fruit and vegetable processing
industry are located close to farming areas (Luth le@ean 1988). Locating close to farming
areas also helps to reduce the costs of transgdrtiits and vegetables from the field to the
processing plant. Although many crops are processatediately after harvest, some crops
(such as onions, potatoes, and carrots) can bedstor weeks (or even months) after harvest
in controlled temperature and humidity environmetdssuit the operating capacity of
individual facilities (Luh and York 1988). The Wasting season for most fruits and
vegetables in the United States runs from earlyngpumtil late fall; however, some facilities
(e.g., fruit juicers) can be run year round by imipg fruits and vegetables from overseas for
processing.

Table 2.3: U.S. fruit and vegetable processing ingtry consolidation, 1997

Percentage of 1997 Value of Industry
Shipments Accounted for by:

Sector NAICS Code 4 Largest 8 Largest 20 Largest

Companies | Companies | Companies
Frozen fruit, juice & _ 311411 34% 47% 71%
vegetable manufacturing
Fruit and vegetable canning 311421 25% 38% 60%
Specialty canning 311422 67% 84% 96%
Dried & dehydrated food 311423 30% 5104 80%
manufacturing

Source: U.S. Census Bureau (2001)
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3 Overview of Fruit and Vegetable Processing Methods

The processing techniques that are employed by ftuB.and vegetable processors are as
diverse as the variety of products that are manufed by the industry. At any given facility,
the choice of individual processes as well as tloegss sequences that are employed will
depend heavily on the preservation method used @anning, freezing, or drying and
dehydrating) and on the specific fruits and vedewathat are processed.

However, there are many unit processes (i.e., @isqorocessing steps) that are common
across the industry. Unit processes such as wgshlianching, peeling, conveying, and size

reduction can be found in nearly every type oftfand vegetable processing facility in the

United States. Furthermore, there are many uoitgeses that are common across individual
sub-sectors (e.g., filling, exhausting, sealing] baat sterilization in the canning sub-sector).
Thus, while there is a diversity of processing tegbhes employed across the industry, a core
group of unit processes exists that provides thlsgchauilding blocks for process sequences
employed in nearly every U.S. fruit and vegetabtecpssing facility.

Section 3.1 provides a brief overview of the maghi§icant unit processes employed in the
U.S. fruit and vegetable processing industr§he unit process descriptions are grouped into
six categories: (1) raw materials preparation, €aphning, (3) thermal processes, (4)
mechanical separation processes, (5) refrigeratiod freezing, and (6) miscellaneous
processes. Section 3.2 presents process flowatregfor several key products manufactured
by the U.S. fruit and vegetable processing industtyich illustrate how unit processes are
typically sequenced within the various industry-selotors.

3.1 Unit Processes
3.1.1 Raw Materials Preparation

The unit processes associated with raw materigsgoation are typically the first processes
that raw fruits and vegetables are subjected ter dfarvest. In general, raw materials
preparation processes are aimed at: (1) readymwdfriats and vegetables for preservation
through cleaning, removal of unwanted items sucpests, husks, cores, pits, and stems, (2)
transforming them into the proper size and shapel, 43) inactivating microbial and
enzymatic activity, where necessary.

Cleaning is done to remove dirt and other surface contamignas well as foreign objects
such as stones, insects, leaves, and stems pmanther processing. The two basic methods
of cleaning are dry processes and wet processadd@696). Dry processes include the use
of air classifiers (which remove foreign objectdhwblasts of air) de-stoners, and vibrating
screens. Wet processes, which are sometimesa@ferrasvashing generally involve the
use of high pressure water sprays, soaking, aditi@eks, and flumes to remove surface

® Unless otherwise noted, the unit process desorigtin Section 3.1 are based broadly on information
contained in the following sources, which can bestited for more detailed information on fruit arefjetable
processing methods: Luh and Woodroof (1988), G¢1496), Fellows (2000), Maroulis and Saravacos 800
Singh and Heldman (2001), and European Commig2i006).
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contaminants. Washing is often done using hot mvathich aids in contaminant removal,
and can also involve the use of detergents.

Grading andsorting are terms that are often used interchangeablyaictipe, but in general
refer to unit processes that are aimed at: (1) veamgospoiled or damaged fruits and
vegetables from the processing stream for quatititrol purposes, and (2) segregating fruits
and vegetables based on their size, weight, armblar for further processing (Fellows

2000).

Grading and sorting can either be done mibnuusing skilled operators who

separate products based on visual inspection, ausnyg specialized grading and sorting

equipment. Such specialized equipment includemryatcreen size graders, belt and roller
sorters, vibrating deck screens, and optical soriieat use pneumatic ejectors to separate
products based on color.

Peeling is a patrticularly important unit process for mafnyits and vegetables, such as
tomatoes, potatoes, beets, carrots, onions, apghespeaches. The goal of peeling is to
remove peels with as little loss of usable prodagcpossible. Common methods of peeling
include (Fellows 2000; Woodroof 1988; Woodroof 1986

Flash steam peelingin which products are exposed to high-pressueanstin a
rotating vessel. The pressure is then instantBased, which causes the surface of
the products to “flash off,” thereby removing theejs. The advantages of flash
steam peeling are that product cooking is minimiaed product texture and color are
typically preserved.

Knife peeling in which stationary blades are pressed agairsstiface of rotating
fruits and vegetables (or vice versa) to removeskie.

Abrasion peeling in which products are introduced into a chambeed with
abrasive-coated rollers, which continuously rotdite product and grind away its
surfaces. The advantages of abrasion peelingtatew energy costs, operation at
ambient temperature, and low capital costs. Disaidgges include the generation of
wastewater (from water used to wash away peels)amdher product loss (around
25%) compared to flash steam peeling (around 8¥8%) (Fellows 2000).

Caustic peelingin which products are exposed to a heated solutmntaining a
caustic chemical (most commonly, lye), which sddtéime skin. Skins can then be
removed through agitated baths, abrasion, stean@nd/or high pressure water
sprays.

Flame peeling in which products are exposed to high temperatumea furnace
chamber to burn off their outer layers. Flame ipgek primarily used for onions and
peppers, but is applicable to a limited extenttteeothick-skinned vegetables such as
squash and potatoes (Woodroof 1988).

For many fruits and vegetables, the removal of umec components such as husks, shells,
pits, cores, and stems is necessary prior to prasen. Husking is a unit process used for
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corn, which generally involves rapidly revolvingoher or milled steel rolls that catch husks
and remove them from the corn cob (Luh and Kear8L9&or peas and beans, 8telling
process is used to thresh products from their petsy a series of beaters (Gould 1996).

Thepitting process is common employed to remove the pits fioenries, peaches, apricots,
olives, and plums. Generally, pitting processesarefinuits in pockets or holes where the pit
is quickly punched out using a plunger (Gould 1996)r some fruits, most notably peaches,
pits can also be removed by mechanical systemsh#hat the product and shake out the pit.
For products with cores, such as apples and pderspring process is often employed, in

which a reamer is used to essentially bore oupthduct core.

Many fruits and vegetables undergize reduction before preservation, which is done to
transform products into shapes that are more anhet@alurther processing or that are more
desirable or convenient for final consumption. @heéhe most common unit processes for
size reduction isutting, which typically uses a rotating blade and a seoifecutting fixtures
to obtain nearly any output shape desired (egpsstcubes, or slices).

Blanching is the final step in raw materials preparationriearly all processed vegetables
and some processed fruits. The primary purposekaathing are: (1) to inactivate enzymes,
which can cause discoloration and undesirable adsmgproduct flavor and aroma, and (2)
to destroy any life processes, yeast, and mold rit&t be present in the product prior to
further processing (Woodroof 1988). Blanching @so help shrink products for more
efficient filling and shorten drying times (RumsE986a).

The two most common methods of blanching involvesspay products through an
atmosphere of saturated steam or a bath of hotrwaemmon types of steam blanchers
include tunnel-type units, in which products araied on a meshed conveyor belt through a
tunnel containing steam, screw-conveyor units, nctv products are transported through a
steam chamber using a screw-type conveyor, andifkd bed units, in which a mixture of
air and steam transport and heat the product sasmedtusly (Fellows 2000). Two common
types of hot water blanchers are the reel blanchavhich products are moved through a hot
water bath in a rotating drum with internal flightésd pipe blanchers, in which products are
fed into and out of a pipe containing recirculated water.

3.1.2 Canning

In the canning process, fruits and vegetables emélized and preserved in hermetically
sealed containers that prevent microbial spoilabiee basic canning process consists of five
unit processes: (1) filling, (2) exhausting, (33ls®y, (4) heat sterilization, and (5) cooling.

After fruits and vegetables have been subjectettheécapplicable raw materials preparation
processes, they are filled into containers typycatlade of glass or metal. Mofilling is
done by machine, but occasionally hand filling isoaperformed. Brush fillers are
commonly used for solid products, while rotary pisfillers are commonly used for liquids,
pastes, and powders. Containers are typicallgdfifrom 90% to 94% of full capacity,
leaving a headspace that is necessary for formiwvecaum (Fellows 2000). Prior to filling,
containers are typically cleaned using hot wateqrs, or a blast of pressurized air.
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After filling, it is common for containers to undgrexhausting the purpose of which is to
remove air from the container such that a vacuuforimed. The vacuum helps to keep the
can ends drawn inward, reduces the strain on g@rgiduring processing, and minimizes
the amount of oxygen remaining in the headspacéd (@od Kean 1988). Often, air is
exhausted from the headspace using a blast of steam

Immediately after the headspace is exhausted,dh&@ioer issealedmechanically through
the application of a container lid. In most mod&ypes of sealers, exhausting and sealing
occur almost simultaneously on the same piece wpatgent.

Once containers are sealed, the products are $edbjex in-containeheat sterilization, a
process which destroys micro-organisms in the pbdia the application of heat. The
temperature and duration of the heat sterilizapimotess depend on both the product and the
size of the container. The two most common tygdeeat sterilizers (also called “retorts”) in
use today are continuous rotary sterilizers anddstdtic sterilizers (Luh and York 1988).
In continuous rotary sterilizers, containers are iigto a rotating (and often pressurized)
cylindrical heat chamber, which is typically heateg steam. A mechanism inside the
chamber rotates the containers about their own aseshey are heated while also
transporting them along the length of the chambarhydrostatic sterilizers, containers are
fed continuously through a steam chamber thatoktied by water columns at the chamber
entrance and exit.

After heat sterilization, the containers are guicklbjected tacooling in order to prevent
overcooking. Many rotary sterilizers are equippeth a cooling stage that can use
pressurized air or water as the cooling mediunan&alone container cooling units that use
water sprays at ambient pressure for evaporatiodingpare also sometimes employed. In
hydrostatic sterilizers, containers are cooled bgspg through a long trough of cooling
water before exiting the system.

Aseptic canningis an alternative method of canning that is ajgblie to liquid and semi-
liquid products (e.g., baby foods, soups, and tonpaistes). In aseptic canning, foods are
sterilized and cooled separately before beingdillo sterilized containers in a sterilized
environment. Continuous heat exchangers are usatketilize and cool products as they
flow into an enclosed filling chamber, which is képa sterile condition via ultraviolet light
and filtered air. Because containers are not reduito withstand high sterilization
temperatures, alternative (and often more econdmammtainer materials are commonly
used, such as laminated cardboard and plasticsghdfyork 1988; Fellows 2000).

3.1.3 Thermal Processes

In addition to blanching and heat sterilizationerth are several other important unit
processes employed in fruit and vegetable procggbiat are based on the application of
heat. Among the most common thermal processesvaporation, pasteurization, drying and
dehydration, and frying.

In evaporation, heat is used to remove water contained in frnd segetable pulps and
juices to produce a more concentrated product.p&neion—which is sometimes referred to
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as concentration by boiling—is used most notablth& production of tomato purees, juices,
and pastes, and fruit and vegetable juice condestraVhile there are many different types
of evaporators, the two most common types founahagern food processing operations are
falling film evaporators and forced circulation eaators (Maroulis and Saravacos 2003).

In falling film evaporators, liquids fall by grayitdown the inside surfaces of tubes arranged
in a shell-and-tube heat exchanger configuratiath steam as the primary heating medium
(Luh and Kean 1988). In forced circulation evapans liquids are circulated by a
centrifugal pump at high velocity through a heathenger, which is also typically heated by
steam (Maroulis and Saravacos 2003).

A common approach to energy efficiency for evapmsais to use the hot vapors that boil out
of the liquid in one evaporator (or “effect”) aetheating medium in another effect, which is
operated at a lower pressure. This approach lisdcahulti-effect” evaporation; in practice,
up to five effects are feasible in evaporatorsandf processing (Maroulis and Saravacos
2003).

Pasteurization is a mild thermal treatment process used for diguisuch as fruit and
vegetable juices, in which the liquids are heatetidlow 100° C for a sufficient amount of
time to destroy pathogenic micro-organisms. Unlieat sterilization, which destroys all
micro-organisms, the pasteurization process doéskilloheat-resistant micro-organisms.
Thus, pasteurized products have a shorter shelthién heat sterilized products and, in the
case of pasteurized fruit and vegetable juices ineisefrigerated and consumed in a timely
manner. Continuous pasteurization processes argt kommonly used in fruit and
vegetable processing. In the basic process, kgiloav through a heat exchanger, which can
use either hot water or steam as the heating medilnare they are heated for the required
residence time to kill pathogens. Common heat @&xgbr configurations include plate heat
exchangers, tubular heat exchangers, shell and h#a¢ exchangers, and spiral heat
exchangers (Maroulis and Saravacos 2003). Aftatimg, liquids typically flow through a
regenerator (another heat exchanger in which pasteuliquids are cooled by preheating
incoming unpasteurized liquids) and then to a capétage.

Drying and dehydrating processes preserve fruits and vegetables by remonoisture to
retard or prevent the growth of micro-organismsie Dldest and most basic method is sun
drying, in which fruits are harvested and spreadooutarps or trays to dry in the sun. This
process is still used throughout the world for sfrafis as grapes and figs (Somogyi and Luh
1986).

However, most fruits and vegetables are currentigddusing heated drying equipment.
Continuous belt driers are among the most commaersdiused in fruit and vegetable
processing. In a continuous belt drier, produoctscarried on a meshed conveyor through a
tunnel in which hot air is circulated. The air daa heated directly (via fuel combustion) or
indirectly (using steam via a heat exchanger) andrculated in the tunnel using blowers.
Other common driers include spray driers, drumrdrigacuum driers, fluidized-bed driers,
and belt-trough driers (Somogyi and Luh 1986, 19%88roulis and Saravacos 2003).
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Frying is used primarily in the production of frozen #ig@roducts, most notably in the
production of frozen French fried potatoes. Inbasic continuous frying process, products
are conveyed on a stainless steel mesh througthaob&ot oil, which can be heated using
electricity, steam, or the combustion of fuels (Mdis and Saravacos 2003). Foods that
float are held down by a second conveyor. As tiogl fexits the hot oil bath, the conveyor is
inclined to allow excess oil to drain back into theh.

3.1.4 Mechanical Separation Processes

Mechanical separation processes for fruits andtebtgs generally involve the separation of
liquids from liquids or liquids from solids using echanical means, primarily in the
manufacture of juice products and concentrates.

Mechanicalexpressionis a widely used process for extracting fruit @scin which high
pressures are applied to fruits using a pressitigrato rupture cell walls and express juices.
Expression is typically done using batch pressesoatinuous presses. Common types of
batch presses include basket presses, hydraulte plesses, and tank presses. Many
continuous presses are of the screw type, in whigts are fed into a barrel with a rotating
helical screw that increases pressure on the fasitthey are fed along its length (Fellows
2000; Luh et al. 1986).

The centrifugation process is used for separating pulps and smaitjesr from juices, and
can also be used for separating citrus oils frotrugijuices. The basic component of a
centrifuge is a rapidly rotating mechanism thatrexeentrifugal force, which separates
different juice constituents (e.g., juices, pulpad oils) based on their densities (Fellows
2000). Centrifugation can also be used in thezfeeoncentration process, which is
discussed below.

Membrane concentrationcan be applied to concentrate fruit and vegetpides in lieu of

or as a precursor to traditional evaporation methofl concentration. In membrane

concentration, water can be separated from juidielssosing pressure as a driving force

across a semi-permeable membrane (Fellows 2008¢alBe membrane concentration does
not require a phase change (in contrast to traditi@vaporation methods), it can offer a

more energy-efficient option of juice concentration

3.1.5 Refrigeration and Freezing

Refrigeration systems are used throughout the ftu.and vegetable processing industry to
produce chilled water for process cooling, for igedrated storage, and in product freezing
applications. Some of the most common unit prazesslated to refrigeration and freezing
used in fruit and vegetable processing are disclissiow.

Cold storage involves the storage of products in refrigeratedms and can be used at
several stages of fruit and vegetable processiddter harvest, some fruits and vegetables
(such as onions, potatoes, and apples) are placedld storage to delay ripening and to
maintain quality so that processing seasons caxtended (Luh and York 1988; Prussia and
Woodroof 1986). Cold storage is also used extehgifor finished frozen products to keep
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them at the desired temperature prior to shippiilgo, some facilities (e.g., soup canneries)
can use cold storage to keep purchased ingredrests until required for further processing.

In freezing, the temperature of fruits and vegetables is reduo a level sufficient to retard
microbial activity. The three major types of fregg processes used in fruit and vegetable
processing are: (1) individual quick freezing, {{®ezing in the container, and (3) immersion
in a freezing solution (Luh and York 1988; Fello2@00). Individual quick frozen products
are frozen before packaging using fluidized-bediotblast freezers, both of which rely on
the circulation of chilled air. Products frozentime container can be frozen using plate
freezers, in which containers are sandwiched betwe® refrigerated plates, or air-blast
freezers. In immersion freezers, packaged prodaretpassed through a bath of refrigerant
(typically propylene glycol, brine, glycerol, or lcaum chloride) on a submerged mesh
conveyor (Fellows 2000).

Freeze dryingis a process for dehydrating vegetables and fusiag a combination of
freezing and low pressure. In the freeze dryingcess, products are first frozen and then
placed in a chamber under high vacuum. In the wacchamber, the water in the products is
transformed directly from ice into the vapor phasel is condensed on refrigerated coils
(Luh and York 1988). While freeze drying can proeluried fruits and vegetables with
better color, odor, and flavor retention than tiadial drying methods, the cost of freeze
drying can be up to four times greater than traddl methods (Fellows 2000).

In freeze concentration fruit juices are concentrated using a combinatbrireezing and

mechanical separation. First, fruit juices aredémto produce a slurry of frozen fruit liquids
and ice crystals. Next, a separation device (@sch centrifuge or filter press) is used to
separate the ice crystals from the fruit liquidsieeze concentration is said to produce fruit
juice concentrates without appreciable loss inetastoma, color, or nutritive value (Luh et
al. 1986). However, the high capital and refrigjera costs associated with freeze
concentration might make it attractive for onlylingalue juices and extracts (Fellows 2000).

3.1.6 Miscellaneous Processes

In addition to the major unit processes discusdsale, unit processes related to product
conveying, mechanical mixing, and packaging are albiquitous across the fruit and
vegetable processing industry.

The conveyingof fruits and vegetables throughout a facility tendone either mechanically

or hydraulically, depending on the product form.r Bolid products, common forms of

conveying include belt conveyors, flight conveymstew conveyors, bucket elevators, and
water flumes. For liquid and slurry products, psmand piping networks are the most
common form of transport throughout a facility. rHmth solid and liquid products, surge

bins and tanks are commonly used as surge bufféreiproduction system (Gould 1996).

Mechanical mixing processes are typically employed to blend ingredieand to

homogenize product consistency at various stagedruif and vegetable processing.
Although there are many different types of mixingugment, the most commonly used

20



varieties in fruit and vegetable processing inclélde blade agitators, vaned disc impellers,
and propeller agitators (Fellows 2000).

The unit processes related packaging generally include automated operations for can
labeling, shipping box assembly, shipping box pagkipalletizing, and pallet shrink
wrapping. Packaging processes are generally powesing a combination of electric
motors, solenoids, and compressed air actuators.

3.2 Process Flow Diagrams

This section presents representative process fliagrains for six key product categories
produced by the U.S. fruit and vegetable processmdystry: (1) canned fruits and
vegetables (2) canned tomato products, (3) canmed juice, (4) frozen fruits and
vegetables, (5) frozen concentrated fruit juicegd 46) dried and dehydrated fruits and
vegetables. While not inclusive of all processepleyed and all products manufactured by
the industry, Figures 3.1 through 3.6 include thajam process steps for many of the
industry’s most significant outputs from a value moduct shipments perspective (see
Appendix A). The process flows depicted in FiguB$ through 3.6 are meant to be
representative of the process sequences employdagpatal U.S. fruit and vegetable
processing facilities, but might not be represéveabf the exact process flows at any
individual plant®

3.2.1 Fruit and Vegetable Canning

The typical processes employed in fruit and vedetabhnning are depicted in Figure 3.1.
For both fruits and vegetables, inspection, gradimgd washing are generally the first
processing steps. Vegetables are then typicalepaf needed, subjected to size reduction
to obtain the proper form, and blanched to inatévemzymes. Immediately after blanching,
vegetables are typically cooled in a water batprevent overcooking. For some vegetables,
a heated brine solution is added at the fillinggstavhich generally consists of salt, sugar,
and water. After washing, fruits may be cored angkeled, depending on the variety, and
washed again to remove peeling residues. Frudstlan subjected to size reduction to
obtain the desired form. Some canned fruit pragjusiich as applesauce, are then cooked.
Heated syrup or fruit juice is often added to Budt the filling stage. After filling, the
canned fruits and vegetables are exhausted, sesdzdized, and cooled before proceeding
to final packaging operations.

® The process flows depicted in Figures 3.1 throBgh were derived from information and process flow
diagrams obtained from the following sources: $thiret al. (2003), U.S. EPA (1995a. 1995b), Browrmale
(1996), Singh (19864, 1986b), Luh, Kean, and Woof(b986), Luh and Kean (1988), Luh et al. (198&le
and Adsule (1995), and Somogyi and Luh (1986, 1988)
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Figure 3.1: Process diagram for fruit and vegetala canning
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Figure 3.2 depicts representative process flowsttier combined manufacture of canned
diced tomatoes and canned tomato juices, pastdssartes. After inspection and grading,
tomatoes are typically washed in a series of agitatater flumes.
done either manually or automatically to removeegréomatoes, which are subsequently
sent to pulping. The red tomatoes are then sudgjetct steam peeling, followed by manual
sorting to remove tomatoes that have not beencseffly peeled, which are also sent to
pulping. Peeled red tomatoes are then diced dad fnto cans using rotary brush fillers.

Next, color sorting is



Figure 3.2: Process diagram for tomato product camng
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The canned diced tomatoes are then exhausted,dsesikrilized, and cooled before
proceeding to final packaging operations. The @ulp used to crush green and unpeeled
tomatoes as well as pulping waste from the didster pulping, the tomato slurry proceeds
to the evaporator for concentration into juice,gayrand paste (the final product is solely
dependent on the remaining moisture content aftep@ation). Tomato purees are then
typically mixed with other ingredients to createnito sauce. Prior to filling, evaporated
tomato products undergo continuous sterilizationce filled the canned tomato juices,
pastes, and sauces are sent to final packagingtopes.
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3.2.3  Fruit Juice Canning

The typical processing steps involved in fruit piicanning are depicted in Figure 3.3. After
inspection, grading, and washing, juices are et@éthdrom the fruits using mechanical
expression or extraction methods. The juice is thigen filtered to remove unwanted pulp,
deaerated to remove excess oxygen, and deoiledxt, e juice is pasteurized in a
continuous fashion. For fresh juice manufacture,dasteurized juice is immediately cooled
and filled into a container before proceeding t@fipackaging operations. For canned juice
manufacture, the pasteurized juice is hot filletbim container, which is subsequently
exhausted, sealed, sterilized, and cooled befaeepding to final packaging operations.

Figure 3.3: Process diagram for fruit juice canniry
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3.2.4 Fruit and Vegetable Freezing

Figure 3.4 depicts the typical process steps imthaufacture of frozen fruit and vegetable
products, including frozen French fried potato€%r vegetables, the process flow prior to
freezing is similar to that for canned vegetabk=e(Figure 3.1). Vegetables can either be
frozen prior to packaging, using fluidized-bed orldast freezers, or packed and frozen in
the container. After blanching, potato strips tgpacally dewatered using screens and warm
air blowers prior to frying. The fried potato gsiare then air cooled as they proceed to the
freezing tunnel. Once frozen, the fried potatipstiare packed in plastic bags. For fruits
besides berries, the process flow prior to freezengimilar to that for canned fruits. For
berries, the next steps after washing are typiaddiywatering, sorting, and grading. Fruits
and berries can either be frozen prior to packagimafter packaging.

Figure 3.4: Process diagram for fruit and vegetald freezing
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3.2.5 Frozen Concentrated Fruit Juice Manufacture

Figure 3.5 depicts the typical process flow forzéo concentrated juice manufacture.
Processes prior to concentration are similar to ¢fidruit juice canning (see Figure 3.3).

After deaeration and deoiling, fruit juices are cemtrated, which can be done by using
evaporation and/or membrane concentration or hygukeeze concentration, depending on
the facility. For evaporated concentrates, esakalilis and/or fresh juice are then blended in
to enhance flavor. The concentrates are thengghicito containers, sealed, and frozen.

Figure 3.5: Process diagram for frozen concentratefruit juice manufacture
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3.2.6 Dried and Dehydrated Fruit and Vegetable Manufactue

The typical processing steps involved in dried ahehydrated fruit and vegetable
manufacture are depicted in Figure 3.6. Incomingtd and vegetables are generally
inspected, graded, and washed. Depending on thigedefinal form, some fruits and

vegetables are also sliced subsequent to waskingts are then typically subjected to fumes
of sulfur dioxide (S@), which helps to retard browning. For fruits thadergo solar drying,

such as raisins, prunes, and figs, fruits are d¢aidon trays or tarps in the sunlight until the
desired moisture content is reached. Other fruitdergo heated drying treatments as
discussed in Section 3.1. Most vegetables arech&hprior to drying to inactive enzymatic
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activity. Freeze dried vegetables are then fraamaoh subjected to vacuum until the desired
moisture content is reached. For vegetables tieadided using heated dryers, they are often
subjected to a sulfite solution to retard browning.

Figure 3.6: Process diagram for dried and dehydradd fruit and vegetable manufacture
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4 Energy Use in the U.S. Fruit and Vegetable Process Industry

Energy represents a significant operating costhto W.S. fruit and vegetable processing
industry. In 2002, the industry spent nearly $&iilion on purchased fuels and electricity,
or roughly 4.5% of the industry’s total cost of erdls (U.S. Census Bureau 2004a, 2004b,
2004c, 2004dJ. Of this, $370 million was spent on purchased €&ty and $440 million
was spent on purchased fuels (primarily natura).gas

Electricity is used throughout the typical fruitdanegetable processing facility to power
motors, conveyors, compressed air systems, and guagpwell as building lighting and
heating, ventilation, and air conditioning (HVACyssems (Singh and Heldman 2001).
Another major end use of electricity in the indys$ refrigeration, which is used for process
cooling, cold storage, and freezing applicatiors. &l end uses, the U.S. fruit and vegetable
processing industry consumed a total of 6.7 terala@irs (TWh) of electricity in 2002, or
nearly 10% of the electricity consumed by the entitS. food industry (NAICS 311) (U.S.
Census Bureau 2005e).

The major end use of fuels in the typical fruit arefjetable processing facility is in boiler
systems for the generation of steam, which cansleé in a wide variety of process heating,
water heating, and cleaning applications (Singh leldlman 2001). Fuels can also be used
for direct-fired process heating as well as for lagating in building HVAC systems.
Although coal, residual oil, and distillate oilseasometimes used as fuels (primarily in
boilers), currently natural gas accounts for ov@¥f all fuels consumed by the U.S. fruit
and vegetable processing industry (U.S. DOE 1920@5). Thus, in discussions of both the
end uses of fuels and the energy efficiency oppdras available for fuels in U.S. facilities,
the remainder of this Energy Guide focuses excélgion natural gas.

4.1 Energy Expenditures

Figure 4.1 plots the costs of purchased electriartgl fuels in the U.S. fruit and vegetable
processing industry from 1997-2002 (U.S. Censuse&ur2003, 2004a, 2004b, 2004c,
2004d)® Energy expenditures remained fairly steady udfiD1, when expenditures on
purchased fuels rose dramatically due to the watlidhented winter 2001 spike in natural
gas prices across the United States (CEC 2003)e iDypart to a combination of strong
winter demand for natural gas and constrained nakisupply, the price for natural gas more
than doubled in many parts of the United StategHerfirst half of 2001 (CEC 2002a). As a
direct result, between 2000 and 2001 the costsuelsfpurchased by the U.S. fruit and

" Due to changes in the way sector-level data gverted by the U.S. Census Bureau in its 2003 ar@i#t 20
Annual Survey of Manufactures, 2002 is the moseémnégear for which energy purchase data are avaifab
the U.S. fruit and vegetable processing industbysectors considered in this Energy Guide.

8 Prior to 1997, U.S. industry energy expenditureadeere reported by Standard Industry Classifica(®IC)
code in the U.S. Census Bureau’s Annual Survey afitfactures. From 1997 onward, however, U.S. imgus
energy expenditure data are being reported by NAAG®. Because there are disagreements in theigisod
included in the SIC and NAICS codes of the U.Sitfaad vegetable processing industry sub-sectarsidered
in this Energy Guide, it is not possible to constrareliable time series of industry energy exjtemes prior to
1997.
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vegetable processing industry increased by ove?dl@bm $393 million to $907 million).
Over the same period, the cost of electricity paseldl by the industry also rose by nearly
45% (from $323 million to $462 million) due to tedespread use of natural gas in U.S.
electricity generation. The data in Figure 4.Indastrate the negative economic impacts
that energy price volatility can have on the U.&itfand vegetable processing industry.
These data also underscore the importance of ersdfigiency as a means of reducing the
industry’s susceptibility to volatile and risingexgy prices.

Figure 4.1: Cost of purchased fuels and electrigitin the U.S. fruit and vegetable
processing industry, 1997-2002
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Sources: U.S. Census Bureau (2003, 2004a, 2@mlc, 2004d)

Figures 4.2 and 4.3 provide breakdowns of experafitan electricity and fuels, respectively,
by industry sub-sector between 1997 and 2002 (Oehsus Bureau 2003, 2004a, 2004b,
2004c, 2004d). The largest purchasers of elestiiigithe industry are the frozen fruit, juice,

and vegetable manufacturing sub-sector and thé &g vegetable canning sub-sector.
These two sub-sectors accounted for nearly 80% ptiechased electricity in 2002.

The fruit and vegetable canning sub-sector is #éngelst purchaser of fuel in the industry,

accounting for nearly 45% of all fuel purchases202. The frozen fruit, juice, and
vegetable manufacturing sub-sector accounted faghly 30% of all fuel purchases in 2002.
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Figure 4.2: Cost of purchased electricity by U.Sréit and vegetable processing industry
sub-sector, 1997-2002
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Figures 4.2 and 4.3 also show that the 2001 spikeoth electricity and fuel expenditures

occurred mostly in the fruit and vegetable canrsaob-sector. This phenomenon is likely

attributable to the particularly sharp rise in 20@dtural gas and electricity costs in the

Pacific Coast states where many canneries areelbcator example, in California—a state

with one fifth of the nation’s fruit and vegetaldanneries (U.S. Census 2004b)—the price of
industrial natural gas rose from around $4 per $had cubic feet in late 1999 to as high as
$11 per thousand cubic feet in 2001 (CEC 2002a).

Since 2002, the costs of industrial natural gasedectricity have continued to rise across the
United States, adding to the economic pressurethet).S. fruit and vegetable processing
industry. Nationwide, the average industrial prfoe natural rose from around $4.00 per
thousand cubic feet in 2002 to nearly $8.50 peushad cubic feet in 2005 (U.S. DOE

2006a). In California, the average industrial natgas price was even higher in 2005 at
$9.89 per thousand cubic feet.

Similarly, the average industrial price for eledty rose from 4.91 cents per kilowatt-hour
(kWh) in 2002 to 5.57 cents per kWh in 2005; inifoahia, the 2005 price for industrial
electricity averaged 7.62 cents per kWh (U.S. DOBGbD). Given the increases in industrial
natural gas and electricity prices in the Unitedt& since 2002, the need for improved
energy management and energy efficiency in the ttug.and vegetable processing industry
is perhaps stronger now than ever.
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Figure 4.3: Cost of purchased fuels by U.S. fruitrad vegetable processing industry
sub-sector, 1997-2002
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4.2 Energy Consumption and End Uses

In 2002, the U.S. fruit and vegetable processimiustry consumed around 6.7 TWh of
electricity, which equates to roughly 23 trilliortuB(TBtu) of final (i.e., site) energy (U.S.
Census Bureau 2004a, 2004b, 2004c, 20B4dyhe frozen fruit, juice, and vegetable
manufacturing sub-sector was the industry’s largestsumer of electricity—due in large
part to its extensive use of electricity for re&igtion—accounting for roughly 45% (9.9
TBtu) of the total electricity consumed by the istty in 2002. The fruit and vegetable
canning sub-sector was the next largest user ofriglty (8.5 TBtu), followed by the dried
and dehydrated food sub-sector (2.4 TBtu) and pleeialty canning sub-sector (2.1 TBtu).
At least half of the industry’s electricity was exped to be consumed in the Western United
States (primarily in California, Oregon, Washingtand Idaho) (U.S. DOE 1997%).

° A standard conversion factor of 3,412 Btu/kWh weed. Final energy, also called site or pointsd-u
energy, does not include the energy losses assdaidth electricity generation and distribution.

19 As of 1994, the latest year for which such dataaasmailable, around 60% of the electricity constiampin the

frozen fruit, juice, and vegetable manufacturing &uit and vegetable canning sub-sectors occlirréise U.S.
West Census Region (U.S. DOE 1997).
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The use of on-site electricity generation appeardd quite limited in the U.S. fruit and
vegetable processing industry. In 2002, only 5%hefindustry’s electricity was generated
at individual facilities (U.S. Census Bureau 2002@04b, 2004c, 2004d). The use of on-site
generation was confined almost exclusively to that fand vegetable canning sub-sector,
where the extensive use of steam in blanching, ae#ipg, pasteurizing, and sterilizing
applications makes combined heat and power (CHRg®)s particularly attractive.

The U.S. fruit and vegetable processing industmrysamed an estimated 78 TBtu of natural
gas in 2002! The fruit and vegetable canning sub-sector was ittdustry’s largest
consumer of natural gas, accounting for nearlylwadé (36 TBtu) of all industry natural gas
consumption in 2002 (U.S. DOE 2005a). The frozeunit,f juice, and vegetable
manufacturing sub-sector was the next largestafseatural gas, consuming an estimated 21
TBtu of natural gas in 2002, followed by the draewl dehydrated foods manufacturing sub-
sector (13 TBtu) and the specialty canning subese@ TBtu)'* At least one half of the
industry’s natural gas was expected to be consuméte Western United States (primarily
in California, Oregon, Washington, and Idaho) (L(D®E 1997a}?

Table 4.1 summarizes the electricity and natura gse of the U.S. fruit and vegetable
processing industry. In total, the industry conedran estimated 101 TBtu of final (i.e., site)
energy in 2002. Combined, the fruit and vegetahleing sub-sector and frozen fruit, juice,
and vegetable manufacturing sub-sector accounte@rfaund 75% of the industry’s total
final energy use. Figures 4.4 and 4.5 depict tiek weses of energy in these two important
sub-sectors.

! publicly-available data are scarce on the annaflral gas consumption, in physical units, of therfU.S.
fruit and vegetable processing industry sub-sectmasidered in this Energy Guide. Therefore, this
consumption figure is an estimate, which was derivsing the following procedure: First, it was assd that
90% ($395 million) of the industry’s 2002 total fiexpenditures ($440 million) was attributable &tural gas
purchases, based on natural gas expenditure data fhe U.S. DOE’'s 2002 Manufacturing Energy
Consumption Survey (U.S. DOE 2005a). Next, a weigraverage 2002 U.S. industrial natural gas prfce
$5.13 per MBtu was assumed. This weighted avenagederived by multiplying the average 2002 indaktr
natural gas price for each U.S. state (U.S. DOEEPBy each state’s share of total 2002 value adluethe
industry (U.S. Census Bureau 2004a, 2004b, 200@@4@® and summing the results. Finally, the edtiha
2002 natural gas expenditures ($395 million) weréddd by the estimated average U.S. natural gas pr
($5.13 per MBtu) to arrive at the estimate of 770 Bf natural gas consumed by the industry in 200zhile
only an approximation, this estimate is expecteddoreasonably accurate for the purposes of thergken
discussion of energy use presented in this Energges

2 These three figures are also estimates, derivied tise calculation procedure outlined in footn8te
13 As of 1994, the latest year for which such datarailable, around 60% of the natural gas consomji

the frozen fruit, juice, and vegetable manufaciyi@amd fruit and vegetable canning sub-sectors oedun the
U.S. West Census Region (U.S. DOE 1997).
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Table 4.1: Energy use of the U.S. fruit and vegetde processing industry, 2002

. % of
NAICS | Electricity | Natural Gas | Total
Sub-Sector Code | Use (TBtu) | Use (TBtu) | (TBt) | "ot
Frozen fruit, juice & = | 394,44 9.9 21 30.9 31%
vegetable manufacturing
Fruit and vegetable | 599,59 8.5 36 445 44%
canning
Specialty 311422 2.1 8 10.1 10%
canning
Dried & dehydrated 311423 2.4 13 15.4 15%
food manufacturing
Industry Total 22.9 78 100.9

Figure 4.4: Estimated energy consumption and end es in the fruit and vegetable
canning sub-sector, 2002

Energy Input » End Use J— Machine Drive 4.3 TBtu (50%)

Process Cooling and
Refrigeration 2.1 TBtu (25%)

Electricity Direct Use
8.5 TBtu 8.5 TBtu (100%) __— Facility HVAC 1 TBtu (11%)
— L — Facility Lighting 1 TBtu (11%)
_L Other Uses 0.3 TBtu (3%)
Boiler Fuel 29.3 TBtu (80%)
Indirect Use
29.3 TBtu (80%)
Natural gas
36 TBtu

Conventional Electricity
Generation 3.3 TBtu (10%)

Direct Use
6.7 TBtu (20%)

Process Heating 1.7 TBtu (5%)

—

Facility HVAC 1.7 TBtu (5%)

Sources: Estimated using data in U.S. O@O#7, 2005, 2006a) and U.S. Census Bureau (2004b)
Figure 4.4 provides an illustrated breakdown ofrgnesources and end uses in the fruit and

vegetable canning sub-sector in 2002, based ongeremd use data for U.S. fruit and
vegetable canneries obtained from the U.S. DOE's.Wacturing Energy Consumption
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Survey (MECS) (U.S. DOE 1997a, 200%).Natural gas represented the most significant
form of energy used in fruit and vegetable caniseridost of the natural gas (80%) was used
indirectly as boiler fuel to generate steam for usélanchers, evaporators, sterilizers, and
other steam-based applications. Electricity regmmeesd roughly 20% of all site energy use in

the sub-sector. Around one half of all electricitye was for machine drives, while one

guarter of electricity use was for process cooéing refrigeration.

Figure 4.5: Estimated energy consumption and end es in the frozen fruit, juice, and
vegetable manufacturing sub-sector, 2002

Energy Input » End Use

Process Cooling and

Refrigeration 5 TBtu (50%)
Electricity Direct Use . .
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_l— Facility Lighting 0.5 TBtu (5%)
Boiler Fuel 16.3 TBtu (78%)
Indirect Use
16.3 TBtu (78%)
Natural gas
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i 0,
B e Process Heating 3.9 TBtu (18%)

4.7 TBtu (22%)

i

Facility HVAC 0.8 TBtu (4%)

Sources: Estimated using data in U.S. O@O#7, 2006a) and U.S. Census Bureau (2004a)

Figure 4.5 provides an illustrated breakdown ofrgpesources and end uses in the frozen
fruit, juice, and vegetable manufacturing sub-seat02002, based on MECS sub-sector
energy end use data (U.S. DOE 1997ajs in canneries, natural gas represented the most
significant use of energy in frozen fruit, juicendavegetable manufacturing plants. Most of
the natural gas (78%) was used indirectly as bduler. Electricity represented roughly one
third of all site energy consumed in the sub-secfmound one half of all electricity use was
for process cooling and refrigeration.

* The energy end use breakdown in Figure 4.4 isnestid using data from both the 1994 MECS (SIC 2033
basis) and 2002 MECS (NAICS 311421 basis).

15 The energy end use breakdown in Figure 4.5 imestid using data from the 1994 MECS (SIC 2037shasi
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4.3 Process Energy Intensities

Tables 4.2 through 4.7 provide process energy sitiedata for several key types of products
manufactured by the U.S. fruit and vegetable prsiogsindustry. These data are meant to
provide a representative breakdown of processiagssand process energy use in typical
U.S. facilities; however, they might not be reprdative of operating conditions at any
single facility. Where applicable, each figure \pdes process energy intensity data (in
Btu/lb of product output) for steam, hot water,ctlieity, and direct fuel as well as total
process energy intensity. For ease of data interpretation, the relativemitades of the total
process energy intensities in each figure aretitibsd graphically via a bar graph (not to
scale) in the rightmost column.

Table 4.2 provides process energy intensity dat&dg processes used in fruit and vegetable
canning. Steam accounts for the majority of enargy in the typical fruit and vegetable
cannery. Most steam use can be attributed to akéswprocesses (most significantly heat
sterilization, blanching, and cooking). Thus, thest fruitful energy efficiency efforts at
canneries are likely to be directed at these kegrstbased processes.

Table 4.2: Representative process energy intensiién fruit and vegetable cannin

Process Energy Intensity (Btu/lb)
Process

Steam Hot Water Electricity |Total
Inspection and grading 5 5
Washing 217 7 224
Cutting and slicing 12 12
Blanching 200 200
Peeling 7 7
Pulping 7 7
Cooking 200 200
Brine heating 100 100
Cooling and washing 7 7
Can washing 43 43
Can filling 10 10
Can exhausting 100 100
Can sealing 33 10 43
Heat sterilization (retort) 217 217
Cooling 7 7
Packaging 15 15

Source: Singh (1986b)

18 Electricity energy intensity data are expressediits of final (i.e., site) energy.
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The energy consumed by steam-based processes\adluiadl canneries depends heavily on
the type of equipment employed, the product(s) rfeatured, and equipment configurations.
For example, steam blanchers have been reportetbisume anywhere from 0.37 kg
steam/kg product (for efficient models with hydeist seals) to 0.94 kg steam/kg product
(for conveyor blanchers without end seals). Whtanchers have been reported to consume
anywhere from 0.22 kg steam/kg product (for tubblanchers) to 0.52 kg steam/kg product
(for tank blanchers) (Rumsey 1986a).

Another major consumer of energy is the washingnodming fruits and vegetables, which,
depending on the facility, can use either hot watemmbient water and generally involves a
high degree of mechanical agitation. For washiggtesns that use hot water, water
efficiency measures and measures for recoveringggrieom hot water can be key strategies
for reducing process energy consumption. For &urttetails on water efficiency, see
Chapter 15 of this Energy Guide.

Table 4.3 shows energy intensity data for key mses used in juice canning. The two
washing operations—incoming product washing andainar washing—are seen to be the
most energy-intensive processes involved, togetioeisuming 434 Btu/lb of hot water.
Thus, as for fruit and vegetable canning, watecieficy and heat recovery are likely to be
key energy saving strategies in juice canning. Phsteurization process is the most
significant consumer of steam, followed by the retatilization process.

Tables 4.2 and 4.3 suggest that for most cannesieam and hot water represent by far the
most dominant uses of process energy in the ficilihile process electricity use (although
critical in many processes) is generally of lessgnificance.

Table 4.3: Representative process energy intengf in juice canning

Process Energy Intensity (Btu/Ib)
Process

Steam Hot Water Electricity |Total
Inspection and grading 7 7
Washing 217 7 224
Pulping/extraction 12 12
Vacuum deaeration 13 13
Pasteurization 133 133
Can washing 217 217
Hot can filling 7 7
Can sealing 33 8 41
Heat sterilization (retort) 100 100
Cooling 7 7
Packaging 13 13

Source: Brown et al (1996)
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Representative process energy intensities for frdmét manufacture are provided in Table
4.4. As for canneries, the processes of washimghbdenching are likely to be the largest
consumers of steam in a typical fruit freezing ligci However, unlike canneries, it can be
seen that electricity use is as significant asmstege in the facility, primarily due to the
electricity intensity of the freezing process. W\Whthe energy intensity of freezing at
individual plants can vary widely based on the tetbgy employed—typical energy
intensity values for freezing technologies rangenfr250 Btu/lb to 1,750 Btu/lb (Sikirica et
al. 2003)—in general, freezing will be the mostrgyentensive operation in fruit freezing
facilities by a significant margin.

Table 4.4: Representative process energy inteng$ in frozen fruit manufacture

Process Energy Intensity (Btu/lb)
Process

Steam Electricity Total
Inspection and grading 7 7
Washing 183 7 190
Peeling 70 7 77
Washing 183 7 190
Slicing 12 12
Blanching 159 159
Packing 3 3
Freezing 586 586
Packaging 15 15

Source: Sikirica et al. (2003)

Similarly, the freezing process is the most enenggnsive operation in the manufacture of
frozen French fried potatoes, as can be seen ite¥ab. After freezing, the next largest
consumer of energy in frozen French fried potatounfecture is typically the frying process,
which consumes a significant amount of direct fpeimarily natural gas) to heat the frying
oil.

Table 4.6 provides representative process enetggsity data for the manufacture of frozen
concentrated citrus juice, one of the most sigaiftcproduct outputs of the U.S. fruit and
vegetable processing industry (see Appendix A)s in fruit freezing facilities, the freezing
process accounts for the largest share of eldgtrigse in frozen concentrated juice
manufacturing facilities. However, the concentmatprocess is the most energy intensive
process by a significant margin, consuming an edtoh 900 Btu of steam per pound of
citrus juice concentrate. Thus, in additionreeking, the concentration process is likely to
be one of the most attractive opportunities for rgpeefficiency in the typical frozen
concentrated juice facility.
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Table 4.5: Representative process energy inteng$ in frozen potato manufacture

Process Energy Intensity (Btu/lb)
Process

Steam Fuel Electricity |Total
Grading 5 5
Washing 173 6 179
Peeling 6 6
Slicing 11 11
Blanching 160 160
Frying 325 325
Cooling 6 6
Freezing 586 586
Packaging 15 15

Source: Sikirica et al. (2003)

Table 4.6: Representative process energy inteng# in frozen concentrated
citrus juice manufacture

Process Energy Intensity (Btu/lb)

Process

Steam Electricity Total
Sorting 54 54
Washing 183 54 237
Extraction 16 16
Deaeration 52 52
Concentration 900 900
Blending 33 217
Can filling 35 7
Blast freezing 565 565

Sources: Estimated using data from Sikirica e{2003) and Singh (1986b)

Lastly, representative process energy intensitya ddr dehydrated mashed potato
manufacture are provided in Table 4.7. Peelingc@oking, and cooking are estimated to be
very energy intensive processes. However, the ewstgy intensive process by far is the
drum drying process, which consumes an estimaté@06Btu of steam per pound of
dehydrated mashed potatoes. In fact, the dryinggss is one of the most energy intensive
processes employed in the entire U.S. food proegssdustry, with typical energy intensity
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values ranging from around 1,500 Btu per pound atewin the product to over 28,000 Btu
per pound of water in the product (Sikirica et24l03).

Table 4.7: Representative process energy inteng# in dehydrated
mashed potato flake manufacture

Process Energy Intensity (Btu/lb)
Process Hot .
Steam Water Electricity [rotal

Washing, 175 175
grading

Peeling 900 200 1100
Precooking 1300 1300
Cook

tunnel 1300 LY
Mashing 300 300
Drum 6000 350 | 6350
drying

Source: Singh (1986b)
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5 Energy Efficiency Improvement Opportunities

Many opportunities exist within U.S. fruit and veéglele processing facilities to reduce
energy consumption while maintaining or enhanciragpctivity. Ideally, energy efficiency
opportunities should be pursued in a coordinatstifen at multiple levels within a facility.
At the component and equipment level, energy efficy can be improved through regular
preventative maintenance, proper loading and operatand replacement of older
components and equipment with higher efficiency el®de.g., high efficiency motors)
whenever feasible. At the process level, processral and optimization can be pursued to
ensure that production operations are running aiimman efficiency. At the facility level,
the efficiency of space lighting, cooling, and legtcan be improved while total facility
energy inputs can be minimized through procesgiat®mn and combined heat and power
systems, where feasible. Lastly, at the levehefdrganization, energy management systems
can be implemented to ensure a strong corporateefs@rk exists for energy monitoring,
target setting, employee involvement, and contisumprovement.

The remaining chapters in this Energy Guide disamre of the most significant energy
efficiency measures applicable to fruit and vegdetadnocessing at the component, process,
facility, and organizational levels. This focustbfs Energy Guide is on energy efficiency
measures that are proven, cost effective, andabtaifor implementation today. Whenever
possible, measure descriptions include case stadigsit and vegetable processing plants
that have successfully implemented the measuré,ibdhe United States and abroad. Many
case studies include specific energy and cost gavifata as well as typical investment
payback periods. For measures where data are velalze for fruit and vegetable
processing facilities, this Energy Guide preseatecstudy data from other sub-sectors of the
food industry (e.g., dairies, breweries, and wie®riand occasionally from non-food
industries to illustrate typical measure savingsstly, for most measures references to the
technical literature and online resources are plexi which can be consulted for further
information.

For individual fruit and vegetable processing fiéieis, the actual payback period and savings
associated with a given measure will vary dependingfacility activities, configuration,
size, location, and operating characteristics. Tthes values presented in this Energy Guide
are offered as guidelines. Further research oet¢baomics of all measures—as well on as
their applicability to different production practs—is needed to assess their cost
effectiveness at individual plants.

This Energy Guide also presents a brief overviewselbcted emerging energy-efficient
technologies, which have recently been developecbormercialized and hold promise for
reducing energy use in the U.S. fruit and vegetpbdeessing industry in the near future.

While the focus of this Energy Guide is on enerdfjciency improvement measures, a
chapter on basic, proven measures for plant-levaiemefficiency is also provided in

recognition of the importance and rising costs aftex as a resource in the U.S. fruit and
vegetable processing industry. Water savings cao &ad to energy savings through
reduced demand for water heating, treatment, antgomg.
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To enable easy access to information, this Enengigésis organized into chapters that focus
on specific areas of opportunity for energy andewafficiency.

Chapters 6 through 12 are focused on cross-cudtieggy efficiency measures, which are
defined as energy efficiency measures that aracgpé across all manufacturing industries.
Table 5.1 summarizes the cross-cutting energyiefifty measures presented in this Energy
Guide and the respective chapters in which the uneadescriptions appear. After a brief
overview of corporate energy management progran@hampter 6, this Energy Guide focuses
on the following cross-cutting industrial systemsyich are of particular importance to the
U.S. fruit and vegetable processing industry: steggtems, motors and pumps, compressed
air systems, refrigeration systems, building syste(lVAC and lighting) and self
generation.

Table 5.1: Summary of cross-cutting energy efficiecy measures presented in this
Energy Guide

Energy Management Programs and Systems (Chapter 6)

Energy management programs Energy teams
Energy monitoring and control systems
Steam Systems: (Chapter 7)

Boilers
Boiler process control Flue gas heat recovery
Reduction of flue gas quantities Condensate return
Reduction of excess air Blow down steam recovery
Properly sized boiler systems Boiler replacement
Improved boiler insulation Direct contact water tieg

Boiler maintenance

Steam Distribution Systems

Improved distribution system insulation Steam tragnitoring
Insulation maintenance Leak repair
Steam trap improvement Flash steam recovery

Steam trap maintenance

Process Integration
Process integration |  Pinch analysis
Motor Systems and Pumps (Chapter 8)
Motor Systems

Maintenance Higher efficiency motors

Properly sized motors Adjustable-speed drives
Pumps

Pump system maintenance Multiple pumps for varifdads

Pump system monitoring Impeller trimming

Pump demand reduction Avoiding throttling valves

Controls Replacement of belt drives

High-efficiency pumps Proper pipe sizing

Properly sized pumps Adjustable-speed drives
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Table 5.1 (Continued)

Refrigeration Systems (Chapter 9)

Refrigeration System Management

Good housekeeping

Refrigeration system controls

Monitoring system performance

Checking for refraggrcontamination

Ensuring proper refrigerant charge

Efficient pipdegign

Cooling Load Reduction

Piping insulation

Properly sized motors

Minimizing heat sources in cold storage areas

Hyoloting

Reducing heat infiltration in cold storage areas

otBermal cooling

Reducing building heat loads

Removal of excessasarivater

Free cooling

Compressors

Compressor control systems and scheduling

Adjustsipbed drives

Floating head pressure control

Compressor heaveego

Indirect lubricant cooling

Dedicating a compressodefrosting

Raising system suction pressure

Condensers and Evaporators

Keeping condensers clean

Adjustable-speed drive®odenser fans

Automatic purging of condensers

Cycling of evapmr&ns in cold storage

Reducing condenser fan use

Adjustable-speed drivevaporator fans

Reducing condensing pressure

Demand defrost

Use of axial condenser fans

Water defrosting

Compressed Air Systems (Chapter 10)

System improvements

Improved load management

Maintenance

Pressure drop minimization

Monitoring

Inlet air temperature reduction

Leak reduction

Controls

Turning off unnecessary compressed air

Propergdsipe diameters

Modification of system in lieu of increased pressu

I' Heat recovery

Replacement of compressed air by other sourceg

réN@as engine-driven compressors

Building Energy Efficiency Measures (Chapter 11)

HVAC S

stems

Energy-efficient system design

Fan modification

Recomissioning

Efficient exhaust fans

Energy monitoring and control systems

Use of vatitih fans

Non-production hours set-back temperatures

Coaliagr recovery

Duct leakage repair

Solar air heating

Variable-air-volume systems

Building reflection

Adjustable-speed drives

Low-emittance windows

Heat recovery systems

Lighti

ing

Turning off lights in unoccupied areas

Replacenwdémbercury lights

Lighting controls

High-intensity discharge voltagluction

Exit signs

High-intensity fluorescent lights

Electronic ballasts

Daylighting

Replacement of T-12 tubes with T-8 tubes

Self Generation (Chapter 12)

Backpressure turbines

Tri-generation

Combined heat and power

Photovoltaic panels
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Chapter 13 presents a variety of energy efficiemegasures that are applicable to specific
processes employed in fruit and vegetable proogssucth as blanching, evaporation, frying,
and dehydration. These process-specific energgieity measures are summarized in
Table 5.2.

Table 5.2: Summary of process-specific energy effency measures presented in this

Energy Guide
Process-Specific Energy Efficiency Measures (Chapté3)
Blanching
Upgrading of steam blanchers Heat recovery fromdflar water or condensatg
Heat and hold techniques Steam recirculation
Drying and Dehydrating
Maintenance Exhaust air heat recovery
Insulation Using dry air
Mechanical dewatering Heat recovery from the produc
Direct fired dryers Process controls
Evaporation
Maintenance Mechanical vapor recompression
Multiple effect evaporators Concentration using rbeane filtration
Thermal vapor recompression Freeze concentration
Frying
Heat recovery from fryer exhaust gases Heat regoxiaradsorption cooling
Heat recovery via exhaust gas combustion Usingtdpgar oil as fuel
Pasteurization and Sterilization
Sterilizer insulation Helical heat exchangers
Compact immersion tube heat exchangers Inductiatirigeof liquids
Peeling

Heat recovery from discharge steam Dry causticipgel
Multi-stage abrasive peeling

Chapter 14 provides an overview of selected, primmisemerging energy-efficient
technologies applicable to fruit and vegetable esstng. An emerging technology is
defined as a technology that was recently develagedommercialized with little or no
market penetration in the food processing induatryhe time of this writing. Table 5.3
summarizes the emerging energy-efficient technelbdiscussed in this Energy Guide.

Table 5.3: Summary of emerging energy-efficient thnologies discussed in this Energy

Guide

Emerging Energy-efficient Technologies (Chapter 14)
Heat pump drying Carbon dioxide as a refrigerant
Ohmic heating Geothermal heat pumps for HVAC
Copper rotor motors Pulsed electric field pasteiin
Infrared drying Advanced rotary burners
Pulsed fluid-bed drying Magnetically-coupled adalde-speed drives
Condition-based motor monitoring Advanced motorrilcdnts
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Chapter 15 provides an overview of basic, proveasuees for water efficiency in the fruit

and vegetable processing industry. While this §né&uide is primarily focused on energy
efficiency measures, water is a critical resoufm®ughout all industry sub-sectors that
should be used wisely in the face of increasingewptices and scarcity. Thus, a variety
water efficiency measures are also presented snBhergy Guide, which are summarized in
Table 5.4.

Table 5.4: Summary of water efficiency measures psented in this Energy Guide

Basic Water Efficiency Measures (Chapter 15)
General Water Efficiency Measures
Strategic water management program Use of smattetiar hoses
Good housekeeping Air cooling
Recycling of product waste as animal feed Use tdraated start/stop controls
Use of water efficient building fixtures Reducingndand for steam and hot water
Dry conveyors Reducing cooling tower bleed-off
Cleaning and Sanitation

Dry cleaning of equipment and surfaces

Pigging

High pressure low volume sprays

Low pressure fol@aning

Clean equipment immediately after use

Control dfire in clean-in-place processes

Optimization of clean-in-place performance

Pre-goglof floors and equipment

Water Recovery and Recycling
Membrane filtration
Hydrocyclones
Recycling of can coolindera
Recycling of blanegiand cooking water
Reuse of flumiemw
Reuse of conguressling water

Reuse of washing water

Cooling towers

Counter-current washing

Recycling of final rinse water
Recycling of evaporator condensate
Segregation of wastewater streams
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6 Energy Management Programs and Systems
6.1 A Strategic Energy Management Program

Changing how energy is managed by implementing agamization-wide energy
management program is one of the most successfutesti-effective ways to bring about
energy efficiency improvements.

Continuous improvements to energy efficiency tylhycaonly occur when a strong
organizational commitment exits. A sound energyaggment program is required to create
a foundation for positive change and to providedgace for managing energy throughout an
organization. Energy management programs help teurenthat energy efficiency
improvements do not just happen on a one-time bhstsrather are continuously identified
and implemented in an ongoing process of continumpsovement. Without the backing of
a sound energy management program, energy efficiemgrovements might not reach their
full potential due to lack of a systems perspecéind/or proper maintenance and follow-up.

In companies without a clear program in place, oymities for improvement may be known

but may not be promoted or implemented becausegainizational barriers. These barriers
may include a lack of communication among plantppar understanding of how to create
support for an energy efficiency project, limitedainces, poor accountability for measures,
or organizational inertia to changes from the stajuo. Even when energy is a significant
cost, many companies still lack a strong commitnieminprove energy management.

The U.S. EPA, through the ENERGY STAR program, \gofkith leading industrial
manufacturers to identify the basic aspects ofcéiffe energy management prograthhe
major elements in a strategic energy managemegtamoare depicted in Figure 6.1.

Other environmental management frameworks, suchlS& 14001, can be used to
complement energy management programs to ensuraabirganizational management of
energy. One ENERGY STAR partner noted that usingrgy management programs in
combination with the ISO 14001 program has hadeatgr impact on conserving energy at
its plants than any other strategy.

A successful program in energy management beginth & strong organizational
commitment to continuous improvement of energycedficy. This involves assigning
oversight and management duties to an energy ditegstablishing an energy policy, and
creating a cross-functional energy team (see tloid®e6.2). Steps and procedures are then
put in place to assess performance through regaaews of energy data, technical
assessments, and benchmarking. From this assds@ameairganization is able to develop a
baseline of energy use and set goals for improvemearformance goals help to shape the
development and implementation of an action plan.

" Read more about strategic energy managemenipat\utw.energystar.gov/industry.
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An important aspect for ensuring the success ofattn plan is involving personnel
throughout the organization. Personnel at all lewdlould be aware of energy use and goals
for efficiency. Staff should be trained in bothillskand general approaches to energy
efficiency in day-to-day practices. Some examplesimple tasks employees can do are
outlined in Appendix B. In addition, performan@sults should be regularly evaluated and
communicated to all personnel and high achieversieotild be rewarded and recognized.

Figure 6.1: Main elements of a strategic energy nmagement program
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For example, ConAgra Foods has recognized outstgretnployee contributions to energy
efficiency as part of its corporate Sustainable @epment program since 1993. Each year,
several ConAgra production facilities are given anetary award for outstanding plant-
initiated projects that led to energy savings attteio environmental improvements. The
monetary awards are used by the production faslitas charitable donations to their
communities for local sustainability projects. dddition to providing its employees with
recognition and incentives for continuous improvame ConAgra’s Sustainable
Development program has also reduced facility dpeyaxpenses by over $60 million since
2000 (Pehanich 2005; Halberstadt 2006).

Evaluating progress on the action plan involvesgular review of both energy use data and
the activities carried out as part of the actioanplinformation gathered during the formal
review process helps in setting new performancésgoal action plans, and in revealing best
practices. Once best practices are establishedyahkof the cross-functional energy team
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should be to replicate these practices throughloeitarganization. Establishing a strong
communication program and seeking recognition émoanplishments are also critical steps,
as both areas help to build support and momenturufore activities.

A quick assessment of an organization’s effortsitmage energy can be made by comparing
its current energy management program against tNERESY STAR Energy Program
Assessment Matrix provided in Appendix C.

Frito-Lay, a manufacturer of snack foods headquedten Plano, Texas, implemented a
comprehensive corporate energy management progrd®900 that has led to energy savings
of 21% across its 34 U.S. facilities and savedctirapany more than $40 million in energy
costs to date (Frito-Lay 2006). Key componentshef plan include: (1) the designation of
three tiers of energy management personnel (enamgyutility managers with corporate-
level responsibilities, resource conservation daptawith regional responsibilities, and
champions with site-level responsibilities), (2pital budgets that are designated exclusively
for energy efficiency improvements, (3) annual gydyudget target setting for each site with
weekly performance tracking, and (4) an annual ggheummit for continuing education,
sharing of success stories between facilities,aavards for top performers (ASE 2005).

Internal support for a business energy managenregtam is crucial, however, support for
business energy management programs can come frtside sources as well. Some utility
companies work together with industrial clientsaihieve energy savings in both existing
facilities and in the design of new facilities. Raty, Mission Foods, a California
manufacturer of specialty Mexican foods, workedhwouthern California Edison (its local
utility company) to design its new production fagiin Rancho Cucamonga to be as energy
efficient as possible. By employing energy-effitietechnologies for motors, HVAC
systems, compressors, and lighting throughoutahiitly, Mission Foods was able to reduce
the electricity consumption of its new facility bpughly 18% compared to its existing
facilities. Annual energy savings of over $300,p@0 year were achieved (EDR 2005).

Facility audits can be another particularly effeetform of outside support. In a recent audit
carried out by U.S. DOE Industrial Assessment Ge(i®C) staff at an Odwalla Juice
Company facility in Dinuva, California, energy efncy opportunities were identified that
would reduce annual energy costs by $268,000 andahrenergy usage by 15% with an
average payback period of just 20 months (U.S. RO®Ra).

6.2 Energy Teams

The establishment of an energy team is an impostapttoward solidifying a commitment to
continuous energy efficiency improveméht. The energy team should primarily be
responsible for planning, implementing, benchmagkimonitoring, and evaluating the
organizational energy management program. Howégeduties can also include delivering
training, communicating results, and providing enygke recognition (U.S. EPA 2006).

'8 For a comprehensive overview of establishing, afirg, and sustaining an effective energy managemen
team, please consult the U.S. EPABaming Up to Save Energyide available atttp://www.energystar.gov/
(U.S. EPA 2006).
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In forming an energy team, it is necessary to éistathe organizational structure, designate
team members, and specify roles and responsibilitenior management needs to perceive
energy management as part of the organization’s boisiness activities, so ideally the
energy team leader will be someone at the corpdeated who is empowered by support
from senior-level management. The energy teamldhalso include members from each
key operational area within an organization an@denulti-disciplinary as possible to ensure
a diversity of perspectives. It is crucial to @m@sadequate organizational funding for the
energy team’s activities, preferably as a line iiarthe normal budget cycle as opposed to a
special project.

Prior to the launch of an energy team, a serieearh strategy meetings should be held to
consider the key initiatives to pursue as well ageptial pilot projects that could be
showcased at the program’s kickoff. The energytshould then perform facility audits
with key plant personnel at each facility to idgntopportunities for energy efficiency
improvements. As part of the facility audits, theergy team should also look for best
practices in action to help highlight success etrand identify areas for inter-plant
knowledge transfer.

A key function of the energy team is to develop hatisms and tools for tracking and
communicating progress and for transferring thevkadge gained through facility audits
across an organization. Examples of such mechangsid data tools include best practice
databases, facility benchmarking tools, intranttssiperformance tracking scorecards, and
case studies of successful projects. Corporatggsemmits and employee energy fairs are
also effective means of information exchange anbdrelogy transfer.

To sustain the energy team and build momentumdoticuous improvement, it is important
that progress results and lessons learned are coitated regularly to managers and
employees and that a recognition and rewards pmogggut in place.

A checklist of key steps for forming, operating,dasustaining an effective energy
management team is offered in Appendix D.

6.3 Energy Monitoring Systems

Energy monitoring systems are key tools that playnaportant role in energy management.
Energy monitoring systems may include energy sutermg at the component, equipment,
or process level and can be used to track variadsuses of energy over time for energy
efficiency improvement analysis. These systemsptay a key role in alerting energy teams
to problem areas and in assigning accountability émergy use within a facility.
Furthermore, energy monitoring systems can prousieful data for corporate greenhouse
gas accounting initiatives.

Energy monitoring and metering systems can alsp beinpanies participate in emergency
demand response programs, in which utility comgarpeovide financial incentives to
customers who reduce their energy loads during mkakand times. S. Martinelli and
Company, an apple juice manufacturer based in Waild®, California, installed an energy
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monitoring system that provided it with real-timata on peak demand and energy
consumption. This system allowed them to partieiga a demand response program of
their local utility. S. Martinelli also uses theystem to verify electric and natural gas bills
against their actual measured use as a cost cameabkure, as well as to track facility
performance in system optimization efforts (Flexu¥ ®ower 2006a).
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7 Steam Systems

As discussed in Chapter 4, steam systems are ligdanost significant end use of energy in
the U.S. fruit and vegetable processing industEnergy efficiency improvements to steam
systems therefore represent one of the most signifiopportunities for energy savings in
the industry. Furthermore, since the vast majaoitysteam systems in the U.S. fruit and
vegetable processing industry use natural gas bsilaer fuel (U.S. DOE 1997a, 2005),

improving steam system efficiency is also an imgutristrategy for controlling energy costs
in the face of sharp increases in industrial natgaa prices. According to the U.S. DOE, a
typical industrial facility that conducts a steaystem assessment will identify potential
steam system energy use and cost savings that fieomgel0% to 15% per year (U.S. DOE

2006c¢).

Steam is used in many important applications thinoug the typical fruit and vegetable
processing facility, such as blanching, peelingtlsterilization, evaporation, pasteurization,
indirect drying, container washing, and equipmdagicing. Representative steam intensity
values for different processes employed in the rfeature of several key industry products
have been provided in Tables 4.2 through 4.7.

This chapter describes some of the most significgmortunities available for improving
steam system efficiency in a typical industrialmpf First, energy efficiency measures
applicable to boilers—the heart of the steam systame presented. Next, measures that are
applicable to a facility’s steam distribution netwcare discussed. Finally, this chapter
provides a brief discussion of pinch technology anacess integration as applied to steam
systems.

In analyzing the opportunities for improving theeayy efficiency of steam systems, a
systems approach, in which both steam demandédnd.uses) and steam supply systems are
optimized, is essential. Demand-side (i.e., precgecific) energy efficiency opportunities
are discussed in greater detail in Chapter 13.

7.1 Boiler Energy Efficiency Measures

The boiler energy efficiency measures presenteoMb&cus primarily on improved process

control, reduced heat loss, and improved heat exgo¥n addition to the measures below, it
is important to note that when new boiler systems @eeded, ideally they should be

designed and installed in a custom configuratiat theets the needs of a particular plant.
Often, pre-designed boilers cannot be fine tunednteet the steam generation and
distribution system requirements unique to any miyéant in the most efficient manner

(Ganapathy 1994).

! The U.S. DOE'’s Industrial Technologies Programvjates a variety of resources for improving indutri
steam system efficiency, which can be consultednfiore detailed information on many of the measures
presented in this chapter. The U.S. DOEproving Steam System Performance, A Sourcebodkdastry
(U.S. DOE 2004) is a particularly helpful resourddso, many tips, tools, and industrial case stadin steam
system efficiency can be found at the Industriatbimmlogies Program’BestPracticesteam systems website:
http://www1.eere.energy.gov/industry/bestpractistesim. html.
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Boiler process control.Flue gas monitors maintain optimum flame tempeeatuind monitor
carbon monoxide (CO), oxygen, and smoke. The oxygerient of the exhaust gas is a
combination of excess air (which is deliberatelyraduced to improve safety or reduce
emissions) and air infiltration. By combining anygen monitor with an intake airflow
monitor, it is possible to detect even small leaksmall 1% air infiltration will result in
20% higher oxygen readings. A higher CO or smokeert in the exhaust gas is a sign that
there is insufficient air to complete fuel burningsing a combination of CO and oxygen
readings, it is possible to optimize the fuel/aixture for high flame temperature (and thus
the best energy efficiency) and lower air pollutamtissions.

Typically, this measure is financially attractivelpfor large boilers, because smaller boilers
often will not make up the initial capital cost @asily. Several case studies indicate that the
average payback period for this measure is aroungdars (IAC 2005). At Glanbia Foods,
a dairy product manufacturer in Lockerbie, Scot|atige installation of a boiler control
system reduced annual boiler fuel consumption by(GHDDET 2003).

At the J.R. Simplot Company potato processing itgaih Caldwell, Idaho, the installation of
new burners equipped with process controls andia dglas trim system led to significant
annual savings in natural gas consumption. Thelv@l facility produces approximately
270 million pounds of frozen French fries each yaad uses steam in its potato peeling,
blanching, and frying operations. In 2003, newnleus, flue gas oxygen analyzers, flue gas
recirculation ducts, and boiler controls were iltethon two boilers during plant outages.
Natural gas consumption was reduced by 7.5%, ieguib cost savings of $279,000 per
year and a payback period of around 14 months ([DCE 2005c).

Reduction of flue gas quantitiesOften excessive flue gas results from leaks inbibiger
and/or in the flue. These leaks can reduce thé¢ thaasferred to the steam and increase
pumping requirements. However, such leaks are adteily repaired, saving 2% to 5% of
the energy formerly used by the boiler (Galitskylet2005a). This measure differs from flue
gas monitoring in that it consists of a periodipaie based on visual inspection. The savings
from this measure and from flue gas monitoringreoecumulative, as they both address the
same losses.

Reduction of excess airWhen too much excess air is used to burn fuelggnis wasted
because excessive heat is transferred to thetharrénan to the steam. Air slightly in excess
of the ideal stochiometric fuel/-to-air ratio isqrered for safety and to reduce emissions of
nitrogen oxides (NQ), but approximately 15% excess air is generallgqaadte (U.S. DOE
2004; Ganapathy 1994). Most industrial boilersadseoperate at 15% excess air or lower,
and thus this measure may not be widely applicébégtz 1997). However, if a boiler is
using too much excess air, numerous industrial sagies indicate that the payback period
for this measure is less than 1 year (IAC 2005).

For example, at a U.S. DOE sponsored energy adidit loand O’Lakes dairy facility in
Tulare, California, it was estimated that by redgcexcess oxygen from 4.5% to 3.0%, the
facility would reduce its natural gas costs by $008 per year while still meeting stringent
NOyx emissions limits (U.S. DOE 2005b). As a rule btimb, the Canadian Industry
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Program for Energy Conservation (CIPEC) estimétas for every 1% reduction in flue gas
oxygen, boiler efficiency is increased by 2.5% (EG°2001).

Properly sized boiler systemsDesigning the boiler system to operate at the prepEam
pressure can save energy by reducing stack terperatéducing piping radiation losses, and
reducing leaks in steam traps. This measure t&cpkarly important in fruit and vegetable
processing facilities, where due to the seasonafitgroduction, large boilers can often be
run at low capacity during the off season, which assult in significant energy losses.

In a study done in Canada on 30 boiler plantsnggvirom this measure ranged from 3% to
8% of total boiler fuel consumption (Griffin 2000%avings were greatest when steam
pressures were reduced below 70 pounds per squar€psi) (gauge). One industrial case
study has shown that correct boiler sizing ledawrggs of $150,000 at a payback period of
only 2.4 months (IAC 2005). However, costs and sgeiwill depend heavily on the current
boiler system utilization at individual plants.

Improved boiler insulation. It is possible to use new materials, such as derfibrers, that
both insulate better and have a lower heat capéititys allowing for more rapid heating).
Savings of 6% to 26% can be achieved if improvesilstion is combined with improved
heater circuit controls. Due to the lower heat ci@paof new materials, the output
temperature of boilers can be more vulnerable toperature fluctuations in the heating
elements (Caffal 1995). Improved boiler processtrd is therefore often required in
tandem with new insulation to maintain the deswatput temperature range.

At a U.S. DOE sponsored assessment of a Land O4.d&gy facility in Tulare, California,
it was found that by improving insulation on theifidy’s steam header, boiler economizer,
and process hot water tank, the company could saagly $35,000 per year in reduced
boiler fuel costs (U.S. DOE 2005b).

Boiler maintenance. A simple maintenance program to ensure that athpmments of a
boiler are operating at peak performance can r@sslibstantial savings. In the absence of a
good maintenance system, burners and condensat@ istems can wear or get out of
adjustment. These factors can end up costing astgatem up to 30% of initial efficiency
over two to three years (Galitsky et al. 2005a). &yerage, the energy savings associated
with improved boiler maintenance are estimatedQ#b.1Improved maintenance may also
reduce the emission of criteria air pollutants.

Fouling on the fire side of boiler tubes or scalorgthe water side of boilers should also be
controlled. Fouling and scaling are more of a peabwith coal-fed boilers than natural gas
or oil-fed boilers (boilers that burn solid fuelkd coal should be checked more often as they
have a higher fouling tendency than liquid fuell&@ do). Tests reported by CIPEC show
that a fire side soot layer of 0.03 inches (0.8 meduces heat transfer by 9.5%, while a 0.18
inch (4.5 mm) soot layer reduces heat transferd® ¢CIPEC 2001). For water side scaling,
0.04 inches (1 mm) of buildup can increase fuescomption by 2% (CIPEC 2001).
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Flue gas heat recoveryHeat recovery from flue gas is often the best ofpmaty for heat
recovery in steam systems (CIPEC 2001). Heat friomm das can be used to preheat boiler
feed water in an economizer. While this measuffa@iry common in large boilers, there is
often still room for more heat recovery. The limgifactor for flue gas heat recovery is that
one must ensure that the economizer wall temperatloes not drop below the dew point of
acids contained in the flue gas (such as sulfucid @& sulfur-containing fossil fuels).
Traditionally, this has been done by keeping thee fjases exiting the economizer at a
temperature significantly above the acid dew pdmfact, the economizer wall temperature
is much more dependent on feed water temperataredh flue gas temperature because of
the high heat transfer coefficient of water. Aseault, it makes more sense to preheat feed
water to close to the acid dew point before it entee economizer. This approach allows the
economizer to be designed so that exiting flue igagust above the acid dew point.
Typically, one percent of fuel use is saved forrg°F (25°C) reduction in exhaust gas
temperature (Ganapathy 1994).

At the Odwalla Juice Company’s facility in Dinuv&alifornia, the installation of an
economizer was expected to save over $21,000 periryenergy costs and over 4,000 MBtu
of boiler fuel per year (U.S. DOE 2002a). Odwall@xpected payback period for the
economizer was just 10 months.

McCain Foods, a major producer of frozen Frenaobdfpotatoes, installed an economizer at
its Scarborough, England, facility as part of anplavel heat recovery project in 1995. The
new economizer saved the facility 67 therms of r@tgas per hour, leading to energy
savings of £67,000 per year ($107,000 in 1995 doBars) with a simple payback period of

2.5 years (CADDET 1995). Similar results were extpé at Schneider Foods, a packaged
and frozen meats company in Ontario, Canada. 0%2Mhe company installed a dual-stage
economizer, which heats both boiler feed waterlaittr makeup water with heat recovered
from flue gas, leading to savings of about $225,00(. dollars) per year and a payback
period of less than two years (NRC 2005).

Condensate return.Reusing hot condensate in boilers saves enerduces the need for
treated boiler feed water, and reclaims water attayd0CC (212F) of sensible heat.
Typically, fresh feed water must be treated to reensolids that might accumulate in the
boiler; however, returning condensate to a boikm substantially reduce the amount of
purchased chemical required to accomplish thistrtreat. The fact that this measure can
save substantial energy costs and purchased cHemimsts often makes building a return
piping system attractive. A 2005 study of seveffedgént fresh fruit and vegetable
processing plants in California estimated a paybaekod for this measure ranging from
approximately two to three years (Hackett et aQ3)0

Blow down steam recovery.When water is blown from a high-pressure boilerkiathe
pressure reduction often produces substantial atamirsteam. This steam is typically low
grade, but can be used for space heating and feedr preheating. The recovery of
blowdown steam can save around 1% of boiler fuel imssmall boilers (Galitsky et al.
2005a). In addition to energy savings, blow doweast recovery may reduce the potential
for corrosion damage in steam system piping.
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Green Giant of Canada, a manufacturer of frozencanded vegetables, installed a shell and
tube heat exchanger to recover heat from boilewldown. This measure led to annual
energy savings of roughly $1,500 with a paybachpgroximately 2 years (AAFC 1984).

Boiler replacement. Substantial efficiency gains can often be realibgdreplacing old
boilers with new, higher efficiency models. In fpaular, the replacement of inefficient coal-
fired boilers with natural gas-fired boilers is @uad strategy for reducing boiler fuel costs
while also reducing emissions of air pollutants.

Valley Fig, a manufacturer of fig pastes and cotreges in Fresno, California, replaced their
old and inefficient 300 boiler horsepower (bhpkfiube boiler in 2004 in order to meet
stringent NQ emissions limits. The 300 bhp boiler was replagéd two smaller and more
efficient 100 bhp boilers, which not only allowdtein to meet the facility’s steam demands
while lowering NG emissions, but also reduced their natural gasdnsi8% to 10% (PM
Engineer 2004). Additionally, Valley Fig receivadb16,000 rebate check from Pacific Gas
& Electric (their local utility company) for impra@d fuel efficiency.

Direct contact water heating.In direct contact water heaters, water is sprayasingvard
through a vertical chamber that serves as a fluecbonbustion gases. Because the hot
combustion gases heat the water directly, this mlagating system is more efficient than
traditional boilers. Hot water is collected intarage tank while the combustion gases exit
the system at near-ambient temperatures. Sincer wlaes not contact the burner flames,
complete combustion occurs before the gases heatwtiter. Thus, water quality is
maintained to a level that is appropriate for fomwcessing operations (FIRE 2005a).
Additionally, direct-contact water heaters can apeat atmospheric pressure, which avoids
the safety hazards and insurance premiums thatarae with pressurized boiler operation.

One commercially-available direct-contact water tbedy Kemco Systems, Inc., offers
water heating efficiencies of up to 99.7%, whichaisignificant improvement compared to
the 60% to 75% efficiencies achievable with tramfitil water heating technologies (U.S.
DOE 2001a). Approximately 3,000 Kemco direct-cohtaater heaters are said to be in
operation worldwide, with average payback peri@gimng from one to two years.

Another commercially-available direct-contact waterating system by QuickWater was
installed at Golden Temple, a natural foods manufatgy company based in Oregon, in
2003. Golden Temple’s annual energy savings faemwheating were estimated at 22%,
with annual energy cost savings totaling aroundB@®2,(FIRE 2005a). Additionally, the
direct-contact water heater was said to offer allem#ootprint than traditional systems as
well as a longer life (estimated at 20 to 25 years)
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7.2 Steam Distribution System Energy Efficiency Measure

Steam and hot water distribution systems are offeite extensive and can be major
contributors to energy losses within a fruit andetable processing plant. Energy efficiency
improvements to steam distribution systems are gmilynfocused on reducing heat losses
throughout the system and recovering useful heem fthe system wherever feasible. The
following measures are some of the most significgpportunities for saving energy in

industrial steam distribution systems.

Improved distribution system insulation. Using more insulating material or using the best
insulation material for the application can savergg in steam systems. Crucial factors in
choosing insulating material include low thermahdoctivity, dimensional stability under
temperature change, resistance to water absorpaiath, resistance to combustion. Other
characteristics of insulating material may alsoigortant depending on the application,
such as tolerance of large temperature variatioolgrance of system vibrations, and
adequate compressive strength where the insulatitoad bearing (Baen and Barth 1994).
Industrial case studies indicate that the paybamiog for improved insulation is typically
about one year (IAC 2005).

The S. Martinelli Company, an apple juice manufeaatun Watsonville, California, found
that insulating steam distribution lines not ordyg [to energy savings, but also reduced the
amount of heat inadvertently released to intenaces (Flex Your Power 2006a).

Insulation maintenance It is often found that after heat distributions®ms have
undergone some form of repair, the insulation it neplaced. In addition, some types of
insulation can become brittle or rot over time. Asresult, a regular inspection and
maintenance system for insulation can also saveggiigeitz 1997).

Steam trap improvement. Using modern thermostatic element steam traps rednce
energy use while also improving reliability. Theimafficiency advantages offered by these
traps are that they open when the temperaturerysclese to that of saturated steam (within
4°F or 2C), purge non-condensable gases after each opemigigare open on startup to
allow a fast steam system warm-up. These traps lase the advantage of being highly
reliable and useable for a wide variety of steaasgures (Alesson 1995).

Steam trap maintenance A simple program of checking steam traps to enthatthey are
operating properly can save significant amountsrmérgy for very little money. In the
absence of a steam trap maintenance programgcdnsnon to find up to 15% to 20% of
steam traps malfunctioning in a steam distribusigstem (Jaber 2005). Energy savings for a
regular system of steam trap checks and follow-amtanance is conservatively estimated
at 10% (Jones 1997; Bloss et al. 1997).

One industrial case study indicates a payback gesfdess than four months (IAC 2005).
Although this measure offers a quick payback peribts often not implemented because
maintenance and energy costs are generally selyabaiggeted. In addition to energy and
cost savings, proper functioning of steam trap$ neduce the risk of corrosion in the steam
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distribution system. At a Land O’Lakes dairy fagilin Tulare, California, a U.S. DOE
sponsored energy assessment estimated that imglagarsteam trap maintenance program
would save nearly 20,000 MBtu of natural gas peryand lead to annual energy savings of
around $278,000 (U.S. DOE 2005b).

Steam trap monitoring. Attaching automated monitors to steam traps irjuation with a
maintenance program can save even more energy uvitkignificant added cost. This
measure is an improvement over steam trap maintenalone, because it gives quicker
notice of steam trap failure and can detect whesteam trap is not performing at peak
efficiency. Employing steam trap monitoring hasrbestimated to provide an additional 5%
in energy savings compared to steam trap maintenalone, at a payback period of around
one year (Galitsky et al. 2005a). Systems thathte to implement steam trap maintenance
are also likely to be able to implement automatanitoring.

Leak repair. As with steam traps, steam distribution pipingwueks often have leaks that
can go undetected without a program of regulardospn and maintenance. The U.S. DOE
estimates that repairing leaks in an industriahrstalistribution system will lead to energy
savings of around 5% to 10% (U.S. DOE 2006d). Ataamd O’Lakes dairy facility in
Tulare, California, the U.S. DOE estimated thatratgas savings of $18,000 per year could
be realized by implementing a steam leak maintemaoogram (U.S. DOE 2005b).
Additionally, regular inspection and leak repainaaduce the likelihood of major system
leaks, which can be very costly to repair.

Flash steam recovery.When a steam trap purges condensate from a pias$steam
distribution system to ambient pressure, flash rstea produced. As with flash steam
produced by boiler blow down, steam trap flash mtean be recovered and used for low
grade facility applications, such as space heatrrfged water preheating (Johnston 1995).

The potential for this measure is site dependenitsacost effectiveness depends on whether
or not areas where low-grade heat is useful argtéolcclose to steam traps. Where feasible,
this measure can be easy to implement and cancessgiderable energy. For example, an
analysis of a U.S. based food processing faciligdgted that the installation of a flash
steam recovery system used for feed water prelgpatinid save the plant around $29,000
in fuel costs annually at a payback period of lgen 1.8 years (lordanova et al. 2000).
Based on the reduction in boiler fuel use, it wadhler estimated that the plant’s carbon
emissions would be reduced by 173 tons per year.

7.3 Process Integration

Process integration.Process integration refers to the exploitatiopatential synergies that
might exist in systems that consist of multiple paments working simultaneously. In
facilities that have multiple heating and coolirepthnds, like those in the fruit and vegetable
processing industry, the use of process integragmhniques may significantly improve
facility energy efficiency by linking hot and cofatocess streams in a thermodynamically
optimal manner. For example, the heat rejected ifacdity’s cooling process can be
recovered and used in process heating applica(ibas 2000). Developed in the early
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1970s, process integration is now an establishethadelogy for improving the energy
efficiency of continuous industrial processes (lhofi et al. 1992; CADDET 1993).

At Elite Salads and Snacks, a Dutch producer ofcpaked foods for the catering industry,
continuous demand for both heating and cooling idex an attractive opportunity to
integrate both functions into one common systerhe gompany used rejected heat from its
cooling system in combination with recovered heatrf its flue gas condenser to pre-heat
process water. The rejected heat from the coadysfem was also raised to a higher
temperature via the addition of a heat pump. Tioegss integration initiative led to natural
gas savings of approximately 120,000 cubic metepproximately 4,320 MBtu) per year
with a payback period of around 2.5 years (Das 2000

McCain Foods, a major producer of frozen Frenakdfpotatoes, installed an integrated heat
recovery system in its Scarborough, England, fgaii 1995. Heat was recovered from fat-

laden fryer exhaust gases via a vapor condenseframdboiler flue gases via economizers.

The recovered heat was used to pre-heat air fat@ahip dryers, to provide hot water for

potato blanching, and to provide hot water for milsmeous processes around the facility.
The project led to annual energy savings of £17% 280,000 in 1995 U.S. dollars) and a
simple payback period of 3.6 years (CADDET 1995).

Pinch analysis. Pinch analysis takes a systematic approach toifgieigt and correcting the
performance limiting constraint (or pinch) in anyamafacturing process system. It was
developed originally in response to the “energgistiand the need to reduce steam and fuel
consumption in oil refineries and chemical plantoptimizing the design of heat exchanger
networks. Since then, the pinch analysis approaeB heen extended to resource
conservation in general, whether the resource pgatatime, labor, electrical power, water,
or a specific chemical species such as hydrogen.

The critical innovation in applying pinch analysigas the development of “composite
curves” for heating and cooling, which represerd dverall thermal energy demand and
availability profiles for the process as a wholeh&h these two curves are drawn on a
temperature-enthalpy graph, they reveal the looaifdhe process pinch (the point of closest
temperature approach), and the minimum thermodyn&eating and cooling requirements.
These are called the energy targets. The pinchysisaimethodology involves first
identifying the targets and then following a sysiim procedure for designing heat
exchanger networks to achieve these targets. Ttmwm approach temperature at the pinch
is determined by balancing capital and energy tHsdo achieve the desired payback. The
procedure applies equally well to new designs atrafits of existing plants.

The analytical approach to pinch analysis has behdocumented in the literature (Smith
1995; Shenoy 1994). Energy savings potential upingh analysis far exceeds that from
well-known conventional techniques such as heaivexy from boiler flue gas, insulation,
and steam trap management.

At the Nestle Svenska food processing facility jgvB Sweden, a pinch analysis study was
performed in 1993 to optimize facility-level energgpnsumption. The pinch analysis
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identified improvements to the facility's steam tgys—specifically, heat recovery
opportunities in the facilities soup, baby foodsdavegetable departments—that would
reduce the facility’s annual energy consumptiorib9o with an expected payback period of
around three years (CADDET 1994). The expectedi@nsavings in energy costs were
estimated at around 300,000 Swedish Kronor ($40i©0994 U.S. dollars).
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8 Motor Systems and Pump Systems

Motors are used throughout a typical fruit and tabke processing facility to drive process
equipment (e.g., for mixing, peeling, cutting, patp filling, and packaging), conveyors,
ventilation fans, compressors, and pumps. Accgrtbnthe U.S. DOE, the typical industrial
plant in the United States can reduce its eletyrigse by around 5% to 15% by improving
the efficiency of its motor-driven systems (U.S. B@006).

Pumps are particularly important pieces of motavedr equipment in many fruit and
vegetable processing plants. Pumps are used exbnt® pressurize and transport water in
cleaning, water fluming, and wastewater handlingrapons, for transporting liquid food
streams (e.qg., fruit and vegetable juices) betwwenesses, and for circulating liquid foods
streams within the processes themselves (e.gey&stion and evaporation). Studies have
shown that as much as 20% of the energy consumgaliimping systems could be saved
through changes to pumping equipment and/or pumpacsystems (Xenergy 1998).

This chapter presents some of the most signifieaatgy efficiency measures available for
motors and pumps in industrial applicatiéfs.

8.1 Energy Efficiency Measures for Motor Systems

When considering energy efficiency improvementsatdacility’s motor systems, it is
important to take a “systems approach.” A systepa@ach strives to optimize the energy
efficiency of entire motor systems (i.e., motorgyes, driven equipment such as pumps,
fans, and compressors, and controls), not jusettegy efficiency of motors as individual
components. A systems approach analyzes botmérgyesupply and energy demand sides
of motor systems as well as how these sides irtevaiptimize total system performance.

A systems approach typically involves the followstgps. First, all applications of motors in

a facility should be located and identified. Setadie conditions and specifications of each
motor should be documented to provide a curreriesys inventory. Third, the needs and the
actual use of the motor systems should be asséssdEtermine whether or not motors are

properly sized and also how well each motor méetsieeds of its driven equipment. Fourth,

information on potential upgrades to the motor exyst should be collected, including the

economic costs and benefits of implementing upgraite enable the energy efficiency

improvement decision-making process. Finally, ifugoes are pursued, the performance of
the upgraded motor systems should be monitoreetermine the actual costs savings (SCE
2003).

?The U.S. DOE’s Industrial Technologies Progranvittes a variety of resources for improving theaéfincy

of industrial motor systems and pumps, which cardresulted for more detailed information on manythef
measures presented in this chapter. For pumpd)BeDOE'simproving Pumping System Performance: A
Sourcebook for Industrg a particularly helpful resource (U.S. DOE 2Q06for a collection of tips, tools, and
industrial case studies on motor and pump effigienisit the Industrial Technologies PrograrBsstPractices
Motors, Pumps, and Fans website at: http://wwwg.eeergy.gov/industry/bestpractices/motors.html.
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The motor system energy efficiency measures beddat important aspects of this systems
approach, including matching motor speeds and |gager motor sizing, and upgrading
system components.

Maintenance. The purposes of motor maintenance are to prolonpmiite and to foresee a
motor failure. Motor maintenance measures can liegodzed as either preventative or
predictive. Preventative measures, the purposehafhais to prevent unexpected downtime of
motors, include electrical consideration, voltag@alance minimization, load consideration,
and motor ventilation, alignment, and lubricatiomhe purpose of predictive motor
maintenance is to observe ongoing motor temperatilveation, and other operating data to
identify when it becomes necessary to overhauleptace a motor before failure occurs
(Barnish et al. 1997). The savings associated antlongoing motor maintenance program are
significant, and could range from 2% to 30% of ftatetor system energy use (Efficiency
Partnership 2004).

Properly sized motors. Motors that are sized inappropriately result in egessary energy
losses. Where peak loads on driven equipment caadoeed, motor size can also be reduced.
Replacing oversized motors with properly sized meo&aves, on average for U.S. industry,
1.2% of total motor system electricity consumptiienergy 1998). Higher savings can often
be realized for smaller motors and individual matgstems.

High-efficiency motors. High-efficiency motors reduce energy losses throumgproved
design, better materials, tighter tolerances, androved manufacturing techniques. With
proper installation, high-efficiency motors can raoooler than standard motors and can
consequently have higher service factors, longarihg life, longer insulation life, and less
vibration.

In general, high-efficiency motors are economicglistified when exchanging a motor that
needs replacement, but might not be economicadlyiliée when replacing a motor that is still
in adequate working condition (CADDET 1994, Pricel &20ss 1989). However, according to
case studies by the Copper Development Associ&@@@®®A 2000), replacing working motors
with high-efficiency motors can often be beneficidlhe payback period for replacing
individual motors varies based on size, load fachmd running time; the best savings are
achieved by replacing motors that run for long bairhigh loads.

At the Odwalla Juice Company’s facility in Dinuv@alifornia, an IAC energy assessment
found that the installation of high-efficiency motowould lead to $6,300 in annual cost
savings with a simple payback period of only eigtunths (U.S. DOE 2002a). Similarly, in

energy audits of seven fresh fruit and vegetablecessing facilities in California, the

installation of premium efficiency motors as moterear out was expected to yield simple
payback periods ranging from 0.7 to 1.6 years (ldtiek al. 2005).

Stahlbush Island Farms, a grower, canner, anddreeizfruits and vegetables in Corvalis,

Oregon, also replaced targeted motors with higicteffcy models as motors wore out. The
expected average payback period was estimated geadrs (ODEQ 1996). When all targeted
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motors are replaced over a 12-year period, the aom@xpects to save 50,000 kWh of
electricity per year and to cut their electricitlf by around $2,300 per year.

To be considered energy efficient in the Unitede3taa motor must meet performance criteria
published by the National Electrical Manufacturéssociation (NEMA). However, many
manufacturers offer lines of motors whose efficieaignificantly exceeds the NEMA-defined
criteria. NEMA and other organizations are spoingpa “Motor Decisions Matter” campaign
to market NEMA-approved premium efficient motorsrtdustry*

Even premium-efficiency motors can have a low palhzeriod. According to data from the
Copper Development Association, an upgrade to bffibiency motors (as opposed to motors
that meet minimum efficiency criteria) can haveaglgack period of less than 15 months for 50
horsepower (hp) motors (CDA 2001). Because of #st payback period, it almost always
makes sense not only to buy an energy-efficientomdiut also to buy the most energy-
efficient motor available (U.S. DOE 1998).

Replacing a motor with a high-efficiency motor feea a better choice than rewinding a motor.
The practice of rewinding motors currently has naaliy or efficiency standards. The
efficiency of a motor decreases after rewindingidglly by anywhere from 2% to 25%.
Recent case study data show that new motors arentptmore energy efficient, but also
reduce overall operation costs (CDA 2003). Whersm®ring whether to rewind a motor or
to replace it with a higher-efficiency model, selgguidelines have been offered: (1) never
rewind a motor that has been damaged by excessate (2) replace motors that are less than
100 hp and more than 15 years old; and (3) repbeeeiously rewound motors (Apogee
Interactive 2002).

Adjustable speed drives (ASDs}* Adjustable-speed drives better match speed to load
requirements for motor operations, and therefoseienthat motor energy use is optimized to a
given application. Adjustable-speed drive systemes affered by many suppliers and are
available worldwide. Worrell et al. (1997) provide overview of savings achieved with ASDs
in a wide array of applications; typical energyiags are shown to vary between 7% and 60%.
Energy audits carried out at seven fresh fruit megetable processing plants in California
estimated simple payback periods for ASDs rangiognf0.8 to 2.8 years (Hackett et al. 2005).

Two published case studies on applications of AlBDke U.S. fruit and vegetable processing
industry report similar benefits. At Odwalla JuiCempany’s Dinuva, California, facility, an

energy audit estimated that the installation of ARSI the facility’s glycol pump motors (used
in the juice pasteurization process) would savecttrapany $31,500 in electricity costs per
year with a payback period of six months (U.S. DZP2a). In a three-year study of the
application of ASDs to ventilation fans in storagets for potatoes, electricity savings of 40%

2L For additional information on the Motor Decisidviatter campaign, visit http://www.motorsmatter.org/

22 several terms are used in practice to describetarmsystem that permits a mechanical load to bedrat
variable speeds, including adjustable speed d(&&8s), variable speed drives (VSDs), adjustalaeuency
drives (AFDs), and variable frequency drives (VED$he term ASD is used throughout this Energy @ dat
consistency.
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were reported, with two companies citing paybackopgs of less than two years (Cascade
2003).

8.2 Energy Efficiency Measures for Pump Systems

As with motors, it is important to take a systenppraach when assessing pump energy
efficiency improvement opportunities within a fatgil For example, although an individual
pump might be operating efficiently, it could bengeating more flow than the system
requires for a given application and therefore imgsenergy. Thus, it is important to not
only assess individual pump efficiencies, but asassess how well the various end uses in
a facility’s pump system are being served by its1ps (U.S. DOE 2006f).

It is also important to consider that the initiapdal cost of a pump is typically only a small
fraction of its total life cycle costs. In genenadaintenance costs and energy costs represent
by far the most significant fraction of a pump’saldife cycle costs. In some cases, energy
costs can account for up to 90% of the total cbstnming a pump (U.S. DOE 2001b). Thus,
the decision to make a capital investment in pug@quipment should be made based on
projected energy and maintenance costs ratheromamtial capital costs alone.

The basic components in a pump system are pumips, mhotors, piping networks, valves,
and system controls. Some of the most signifiesrergy efficiency measures applicable to
these components and to pump systems as a whallescebed below.

Pump system maintenancelnadequate maintenance can lower pump systemiegfg,
cause pumps to wear out more quickly, and increpsmping energy costs. The
implementation of a pump system maintenance progvéinmelp to avoid these problems by
keeping pumps running optimally. Furthermore, inyai pump system maintenance can
lead to pump system energy savings of anywhere 22&mto 7% (Xenergy 1998). A solid
pump system maintenance program will generallyuiel the following tasks (U.S. DOE
2006f; Xenergy 1998):

Replacement of worn impellers, especially in caustisemi-solid applications.
Bearing inspection and repair.
Bearing lubrication replacement, on an annual origenual basis.

Inspection and replacement of packing seals. AllWe/geakage from packing seals is
usually between 2 to 60 drops per minute.

Inspection and replacement of mechanical sealswalble leakage is typically 1 to 4
drops per minute.

Wear ring and impeller replacement. Pump efficiedegrades by 1% to 6% for
impellers less than the maximum diameter and witheiased wear ring clearances.
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Checking of pump/motor alignment.
Inspection of motor condition, including the motanding insulation.

Pump system monitoring. Monitoring can be used in conjunction with a proper
maintenance program to detect pump system probleefisre they escalate into major

performance issues or equipment repairs. Monigoocan be done manually on a periodic
basis (e.g., performing regular bearing oil anaysedetect bearing wear or using infrared
scanning to detect excessive pump heat) or canebermed continuously using sensor

networks and data analysis software (e.g., usinglammeters to detect abnormal system
vibrations) (U.S. DOE 2006f). Monitoring can helpep pump systems running efficiently

by detecting system blockages, impeller damageleipaate suction, clogged or gas-filled

pumps or pipes, pump wear, and if pump clearaneed to be adjusted. In general, a good
pump monitoring program should include the follogvaspects:

Wear monitoring.

Vibration analysis.

Pressure and flow monitoring.
Current or power monitoring.

Monitoring of differential head and temperaturesrascross pumps (also known as
thermodynamic monitoring).

Distribution system inspection for scaling or cantaant build-up.

Pump demand reduction.An important component of the systems approach msitimize
pump demand by better matching pump requirementsntb use loads. Two effective
strategies for reducing pump demand are the udwlding tanks and the elimination of
bypass loops. Holding tanks can be used to ecupliomp flows over a production cycle,
which can allow for more efficient operation of ppsnat reduced speeds and lead to energy
savings of 10% to 20% (Xenergy 1998). Holding taakd can also reduce the need to add
pump capacity. The elimination of bypass loops ather unnecessary flows can also lead to
energy savings of 10% to 20% (Xenergy 1998). O¢fflective strategies for reducing pump
demand include lowering process static pressur@gmizing elevation rises in the piping
system, and lowering spray nozzle velocities.

Controls. Control systems can increase the energy efficie@/ pump system by shutting
off pumps automatically when demand is reduced,atternatively, by putting pumps on
standby at reduced loads until demand increases.

In 2000, Cisco Systems upgraded the controls dioutstain pumps so that pumps would be

turned off automatically during periods of peakcélieal system demand. A wireless control
system was able to control all pumps simultaneofrsi;m one location. The project saved
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$32,000 and 400,000 kWh annually, representingvinga of 61.5% in the total energy
consumption of the fountain pumps (CEC 2002b). hwdittotal cost of $29,000, the simple
payback period was 11 months. In addition to enesgyings, the project reduced
maintenance costs and increased the pump systemoijsneent life.

High-efficiency pumps. It has been estimated that up to 16% of pumps @& insU.S.
industry are more than 20 years old (Xenergy 1998pnsidering that a pump’s efficiency
may degrade by 10% to 25% over the course offésthe replacement of aging pumps can
lead to significant energy savings. The instaltatof newer, higher-efficiency pumps
typically leads to pump system energy savings ott@%0% (Elliott 1994).

A number of high-efficiency pumps are available $pecific pressure head and flow rate
capacity requirements. Choosing the right pumpno$i@ves both operating costs and capital
costs. For a given duty, selecting a pump thas rainthe highest speed suitable for the
application will generally result in a more effinteselection as well as the lowest initial cost
(U.S. DOE 2001b).

Properly sized pumps.Pumps that are oversized for a particular appbcatonsume more
energy than is truly necessary. Replacing ovedsmemps with pumps that are properly
sized can often reduce the electricity use of agngisystem by 15% to 25% (Xenergy
1998). Where peak loads can be reduced throughoireprents to pump system design or
operation (e.g., via the use of holding tanks), pwsize can also be reduced. If a pump is
dramatically oversized, often its speed can be aedwvith gear or belt drives or a slower
speed motor. The typical payback period for thevabstrategies can be less than one year
(Galitsky et al. 2005a).

The Welches Point Pump Station (a medium-sized miegatment plant located in Milford,
Connecticut) replaced one of their system’s fo@ntccal pumps with a smaller model (ITT
Flygt 2002). They found that the smaller pump caulore efficiently handle typical system
flows and the remaining three larger pumps coulddserved for peak flows. While the
smaller pump needed to run longer to handle theesatal volume, its slower pace and
reduced pressure resulted in less friction-relédsdes and less wear and tear. Installing the
smaller pump has reduced the pump system’s anneetrieity use by more than 20%.
Furthermore, it was estimated that using this aggraat each of the city’s 36 stations would
result in annual energy savings of over $100,00@&ddition to the energy savings projected,
less wear on the system was expected to resukss maintenance, less downtime, and
longer life for the equipment. Additionally, theaBbn noise was significantly reduced with
the smaller pump.

Multiple pumps for variable loads. The use of multiple pumps installed in parallel bana

cost-effective and energy-efficient solution fomgu systems with variable loads. Parallel
pumps offer redundancy and increased reliabilityg a&an often reduce pump system
electricity use by 10% to 50% for highly variableatls (Xenergy 1998). Parallel pump
arrangements often consist of a large pump, whpdraies during periods of peak demand,
and a small pump (or “pony” pump), which operateglar normal, more steady-state
conditions (U.S. DOE 2006f). Because the pony pisrgized for normal system operation,
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this configuration operates more efficiently tharsystem that relies on a large pump to
handle loads far below its optimum capacity.

For example, one case study of a Finnish pulp apepplant indicated that by installing a
pony pump in parallel with an existing larger putopcirculate water from a paper machine
into two tanks, electricity cost savings of $36,50€r year were realized with a simple
payback period of just 6 months (U.S. DOE 2001b).

Impeller trimming. Impeller trimming refers to the process of reducenry impeller’s
diameter via machining, which will reduce the eryeagded by the pump to the system fluid.
According to the U.S. DOE (2006f), one should cdesitrimming an impeller when any of
the following conditions occur:

Many system bypass valves are open, indicating ¢ilxaess flow is available to
system equipment.

Excessive throttling is needed to control flow thgh the system or process.
High levels of noise or vibration indicate excessilow.
A pump is operating far from its design point.

Trimming an impeller is slightly less effective thauying a smaller impeller from the pump
manufacturer, but can be useful when an impell¢henext smaller available size would be
too small for the given pump load. The energysgwiassociated with impeller trimming are
dependent upon pump power, system flow, and sybesad, but are roughly proportional to
the cube of the diameter reduction (U.S. DOE 20068n additional benefit of impeller
trimming is a decrease in pump operating and miaamtee costs.

To reduce energy consumption and improve the pedaoce of its beer cooling process, the
Stroh Brewery Company analyzed the glycol circolatsystem used for batch cooling of
beer products at its G. Heileman Division brewirgility in La Crosse, Wisconsin. By

simply trimming down the diameter of the pump ini@eland fully opening the discharge

gate valve, cooling circulation system energy uss veduced by 50%, resulting in savings
of $19,000 in the first year. With a cost of $1,5@0e simple payback period for this
measure was about one month (U.S. DOE 2001c).

Avoiding throttling valves. Throttling valves and bypass loops are indicatiohoversized
pumps as well as the inability of the pump systesaigh to accommodate load variations
efficiently, and should always be avoided (Tutteretval. 2000). Pump demand reduction,
controls, impeller trimming, and multiple pump $égies (all previously discussed in this
section) should always be more energy-efficienivflnanagement strategies than throttling
valves.

Replacement of belt drives. According to inventory data of U.S. industrialnmps, up to
4% of pumps are equipped with V-belt drives (Xenet§98). Many of these V-belt drives
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can be replaced with direct couplings, which areneded to lead to energy savings of
around 1%.

Proper pipe sizing. Pipes that are too small for the required flowoeity can significantly
increase the amount of energy required for pumgmgyuch the same way that drinking a
beverage through a small straw requires a greateuat of suction. Where possible, pipe
diameters can be increased to reduce pumping emeggyrements, but the energy savings
due to increased pipe diameters must be balancddiméreased costs for piping system
components. Increasing pipe diameters will liketyy be cost effective during greater pump
system retrofit projects. Xenergy (1998) estintgpgcal industrial energy savings in the 5%
to 20% range for this measure.

Adjustable-speed drives (ASDs).Pumps that experience highly variable demanditiond
are often good candidates for ASDs. As pump systemand changes, ASDs adjust the
pump speed to meet this demand, thereby savingyernkat would otherwise be lost to
throttling or bypassing. The resulting energy araintenance cost savings can often justify
the investment costs for the ASD. However, ASDs raok practical for all pump system
applications—for example, pump systems that opeaathigh static head and those that
operate for extended periods under low-flow condgi(U.S. DOE 2006f).

66



9 Refrigeration Systems

Refrigeration systems are a significant consumeeleétrical energy in the U.S. fruit and
vegetable processing industry, particularly in tfrezen fruit, juice, and vegetable
manufacturing sub-sector (as evidenced in Figusg 4The most significant applications of
refrigeration systems in the industry are in theegation of chilled water for various process
cooling applications (e.g., the cooling stage ia fhice pasteurization process) and the in
generation of cold air for cold storage and fruégetable, and juice concentrate freezing.

There are four primary components to the typic&igeration system: (1) the compressor,
(2) the condenser, (3) the expansion valve, andh@)evaporator. In the first stage of the
refrigeration cycle, refrigerant enters the compoess a low pressure gas and is pressurized
by the compressor into a hot, high pressure ga& high pressure gas leaves the compressor
and is circulated to the condenser. In the corgtenke high pressure gas is cooled via a
heat exchanger with a cooling medium (typically &nbair), which causes it to condense
into a hot liquid. The hot liquid refrigerant thproceeds through an expansion valve, which
decreases the pressure of the refrigerant, cadutsitogcool. The cool refrigerant is then
circulated to an evaporator. In the evaporatog thfrigerant accepts heat from its
surroundings, causing it to vaporize into a lowsptge gaseous state. In direct expansion
evaporators, the evaporator coils are in directaminwith the object or fluid that is being
refrigerated. In indirect expansion evaporatong, évaporator coils are in contact with a
carrier medium, such as water or brine, which entipumped to the object that is being
refrigerated. From the evaporator, the low pressgas is fed back to the compressor,
completing the cycle.

Most refrigeration systems in the U.S. fruit angefbles processing industry use ammonia
as a refrigerant. Some favorable properties thaterammonia the refrigerant of choice
include its high latent heat of vaporization, it&ssification as a non ozone-depleting
substance, the fact that it is non-corrosive ta imod steel, and because ammonia leaks can
often be easily detected by smell (Singh and Hefd2€01).

Because many fruit and vegetable processing opestire concentrated in the warmest
months of the year, refrigeration systems mustnofte operated under heavy loads during
daytime hours when electrical costs and outdoop&ratures are at their highest. Energy
efficiency improvements to refrigeration systemsa tiaerefore lead to significant cost and
energy savings in many fruit and vegetable proogdsicilities.

This chapter discusses some of the most signifieaatgy efficiency measures available for
industrial refrigeration systems. Measure desiomst are grouped under the following four
major categories, based on their applicability: (&jrigeration system management, (2)
cooling load reduction, (3) compressors, and (ddensers and evaporators.
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9.1 Refrigeration System Management

Good housekeepingGood housekeeping refers to simple steps that eataken by all
facility personnel on a regular basis to help kesfggeration systems running properly and
efficiently. Such actions include the followinggBPP 2000a):

Reporting and repairing any pipes that are vibgatin

Making sure the control settings for the refrigematsystem are easy to find and
interpret for ease of system tuning and adjustment.

Keeping the doors to cold storage areas closed evieepossible.

Making sure that cold storage areas are not caoledower temperature than is truly
needed (refrigeration system energy use will ireeday 1% to 3% for every degree
(Fahrenheit) of additional cooling).

Making sure that products are not stacked diraatiyer or in front of evaporators in
cold storage units.

Minimizing other heat sources (such as lights amwlifts) in cold storage areas,
which produce heat that will have to be removedheyrefrigeration system.

Reporting the formation of ice on cold storage dtears and walls. Ice indicates
that a lot of air is entering the cold storage avdach carries moisture that gives off
heat as it freezes, adding to the refrigeratiod.loa

Switching off system pumps and fans (such as thuese for circulating cold air,
chilled water, or anti-freeze) when not requirddumps and fans can add significant
heat loads to the refrigeration system during dpmra

Reporting and repairing damage to refrigerationesyspipe insulation.
Regularly checking compressor oil levels to enguoper lubrication.
Reporting and repairing any refrigerant leaks.

Monitoring system performance. Monitoring systems can help detect refrigerasgstem
performance issues before they become major prahlbeiping to avoid major repair costs
and keeping the system running at optimal efficgen@onitoring involves the installation of
sensors at key points in the refrigeration syst@hich can be as simple as visual gauges or
as advanced as computer-based sensor and contwarke A basic monitoring system
should include ongoing measurement and logging avhpressor suction and discharge
pressures; a drop in suction pressure typicallycatds a refrigerant leak, while a rise in
discharge pressure can indicate a blocked condéB&BPP 2000a). Ideally, monitoring
systems should also have the ability to provideéesgsand component level information to

68



operating and maintenance staff as well as higbHewerformance summaries for
management. In a review of energy efficiency opputies for refrigeration systems in
wineries, the energy savings associated with tisgaliation of monitoring systems were
estimated at 3% (Galitsky et al. 2005b).

Ensuring proper refrigerant charge. Low refrigerant charge affects many small direct
expansion systems, and, if left unchecked, can teasignificant deteriorations in system
performance and energy efficiency over time. Addally, too much refrigerant charge
(i.e., over-charging) can also reduce energy efficy. Galitsky et al. (2005b) report that a
low refrigerant charge or over-charging can inceetise energy use of direct expansion
systems by as much as 20%. Regular monitoringnagidtaining of refrigerant charge is
therefore critical for ensuring optimal system pemfance. The refrigerant sight glass should
be checked periodically for bubbles (when the systeoperating at steady state), which can
indicate that refrigerant is leaking somewherenedystem (EEBPP 2000a).

Refrigeration system controls. Control systems can help improve the energy efimyeof
refrigeration systems by ensuring optimal matclahgooling demand and component loads.
Optimal matching is usually done by monitoring tleenperature of the space, object, or
media that is being cooled and adjusting the ojmeratf key system components to maintain
the desired temperature in the most efficient manne

For example, Doble Quality Foods, a frozen food ufacturer in Cornwall, England,

installed electronic controls on the expansion @shof its refrigeration system, which
allowed for more precise evaporator temperaturgrobn The control system saved the
company £2,150 ($3,225 in 1993 U.S. dollars) inuahmefrigeration system energy costs
with a payback period of just 1.4 years (EEBPP 2001

Fetzer Vineyards, a winery in Hopland, Californexperienced even more impressive
savings with the installation of an advanced refragion control system in 2001.
Programmable logic controls and sensors were wsetbhitor return glycol temperature and
pressure, allowing for efficient cycling of the sy%’s compressors to maintain the desired
glycol conditions. The controls installation lowdrthe winery’s annual electricity use by
over 168,000 kWh, saving the company $21,250 par wéth a simple payback period of
roughly three years (CEC 2002c).

Another important application of control systemstas ramp down or turn off system
components during periods of non-use. For exangqi&gmatic switches or ASDs can be
used to turn down or off system fans and pumps evfeasible, with typical payback periods
of one year or less (EEBPP 2000a).

The International Institute of Refrigeration recosmds avoiding the following control
strategies that may compromise system energy efitgi (Pearson 2003):

Slide valve unloading of oversized screw compressor

Hot gas bypass of compressors.
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Throttling valves between evaporators and compresso
Evaporator control by starving refrigerant supply.

Too frequent defrosts.

Condenser head pressure controls, except whensagges

Checking for refrigerant contamination. Refrigerants should be periodically checked for
contamination such as oil, water, or debris, wtdah be an indication of system operating
and maintenance problems. Galitsky et al. (20@si)mate energy savings attributable to
this measure at around 2%.

Efficient piping design. Interconnecting pipes should be designed suchtlieat size and
routing minimizes friction and pressure drops (euging the largest diameter pipe that is
economical for the system and avoiding excessivad®end fittings), thereby reducing
energy losses in the system (Pearson 2003). Tégésune might only be economical in large
retrofit or new system installation projects.

9.2 Cooling Load Reduction

Piping insulation. Pipes containing cold refrigerant (i.e., pipesassn the expansion valve
and evaporator) should be properly insulated tammae heat infiltration. Piping insulation
should be checked regularly for cracks or decayrapdired promptly as needed. Galitsky
et al. (2005b) estimate the typical energy savattygutable to improved piping insulation at
3% with a payback period of less than two years.

Minimizing heat sources in cold storage areasSources of heat within cold storage areas
such as lights, forklifts, motors, and even persgbnshould be minimized because the
refrigeration system must remove the additional bieat they produce. For example, it has
been estimated that up to 15% of the refrigerabaal in cold storage is due to heat from
evaporator fans, and that lighting heat can adadtditional 10% to the refrigeration load
(Carbon Trust 2006). Thus, heat generating equiprakould be switched off when not
needed. Also, where feasible, product enteringthe storage area should be as close to the
desired cold storage temperature as possible (EE2BBED).

Reducing heat infiltration in cold storage areas. The infiltration of warm outside air can
be reduced through proper door management andsthefutight sealing doors. Door seals
should be inspected regularly, as faulty door seafsincrease refrigeration system energy
consumption by up to 11% (Carbon Trust 2006). Wstrip/walk-in curtains are used, they
should be periodically checked to ensure that they intact and positioned properly.
Additionally, doors should always be closed immesliaafter personnel or forklifts enter
and leave the cold storage area; where feasiblessdihat close automatically should be
considered. In total, the energy losses associaigdimproper door management in cold
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storage areas have been estimated at 10% to 2@be abtal cooling load (Galitsky et al.
2005b).

Reducing building heat loads. Refrigeration system compressors in poorly vated areas
surrounded by warm air will run hotter than necegsahich will reduce compressor
reliability and energy efficiency. Compressor arshsuld be adequately ventilated so that
cool air is allowed to circulate around the compoes Similarly, for air-cooled condensers,
an ample supply of cool ambient air is necessakgtp condenser temperatures low. Energy
efficiency measures aimed at the building strugtsteh as the use of adequate insulation
and reflective roofing materials, can help redube teat load on compressors and
condensers, helping them to run efficiently. Thies#ding energy efficiency measures and
others are discussed further in Chapter 11.

Free cooling. Free cooling makes use of outside air for procasd building cooling
applications when outdoor air conditions are appabd®, which can reduce the load on
refrigeration systems. According to Schepp andoN{2005), free cooling is suited for
locations where many hours are below 40 degreeeRlkit, and has led to energy savings of
up to 15% in some Canadian facilities. Although expected to be widely applicable in the
U.S. fruit and vegetable processing industry, gitleat most operations are concentrated in
warm weather months, this measure might be appéidalo plants operating year-round in
cold weather climates. The payback can be immedvaiere outdoor air makeup ducts and
ventilation control systems already exist, but @mge from two to four years when building
retrofits are required (Schepp and Nicol 2005).

Nighttime air cooling is a form of free cooling, which cooler outside air is allowed into
facility and office areas at night to reduce dagibuilding heat loads.

Properly sized motors. Oversized motors on pumps and fans in refrigemasystems can
result in unnecessary energy losses. It has baenadsd that correcting for motor over-
sizing can save 1.2% of motor electricity consuomp{iXenergy, 1998).

Hydrocooling. In hydrocooling, fruits and vegetables are coolsthg chilled water just
prior to freezing to reduce the cooling demand meZers. Chilled water is typically
produced using a heat exchanger and put into domutact with the fruits and vegetables,
either in shower-type units or immersion-type unitdackett et al. (2005) report that using
hydrocooling to cool fruits and vegetables dowijuit above freezing is much more energy
efficient than using the evaporators in freezengeldorm the same service.

Removal of surface water before freezing. Excess water on the surfaces of fruits and
vegetables prior to freezing (typically due to prodwashing or hydrocooling) leads to

unnecessary energy consumption in the freezingelunecause water must be frozen along
with the product. The removal of residual water mmoducts prior to freezing can be

accomplished by using a vibrating mesh or a petédraelt to convey products into freezing

chambers (European Commission 2006).
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Geothermal cooling. Geothermal cooling takes advantage of undergroemgberatures that
stay cool and constant throughout the year. Gewmiecooling systems circulate water
below ground through a series of pipes where itasled by the surrounding earth and
subsequently pumped back to the surface. Whergbfea such systems can replace or
augment existing refrigeration systems, leadingigaificant energy savings.

In 2005, Aohata Corporation, a jam manufacturer Japan, began operating a new
geothermal cooling system that provided its facilitith 260 kW of additional cooling
capacity. Water is circulated below ground throagberies of pipes placed in 37 holes that
are drilled to a depth of 100 meters. The compapprted that the geothermal cooling
system uses only about 25% of the electricity nesguby a traditional refrigeration system
(Japan for Sustainability 2006).

9.3 Compressors

Compressor control systems and schedulingThe compressor is the workhorse of the
refrigeration system, and the use of control systemeffectively match compressor loads to
cooling demands is often a sound strategy for gnefficiency. Control systems can help
compressors operate at optimal efficiency by maomitp and adjusting to system flow

conditions and by scheduling the operation of rplédticompressors to minimize part-load
operation (e.g., running one compressor at 100%erathan two compressors at 50%)
(EEBPP 2000b). Compressor control systems aresied in further detail in Chapter 10.

Rainier Cold Storage, a cold storage warehouse feomkn seafood products company
located in Seattle, Washington, used to run itsesexefrigeration plant compressors
manually before a computer control upgrade in thdyel990s. The company installed

controls consisting of sensors and computer soéwavhich automatically modulated

compressor discharge and suction pressures to ve@pne coefficient of performance and to
better adjust compressor operation to changedfiigeeation system cooling demand. The
upgrade led to annual energy savings of 367,000 la&/hvell as reduced operations and
maintenance costs through more efficient systematipa (CADDET 2004b). The reported

payback period, which included both electricityl lshvings and reduced operations and
maintenance costs, was around 2.6 years.

Floating head pressure control. Floating head pressure control can be a partigula
effective control strategy for reducing compressoergy consumption. Floating head
pressure control allows compressor head pressaresve up or down with variations in
ambient wet-bulb temperature, saving energy condptwefixed head pressure operation.
However, additional energy is required for the amgkr fan, which must be balanced with
compressor energy savings. It is also importabhtmallow head pressure to go too low, as
certain system demands (e.g., liquid injection @bling or defrosting) might require
minimum head pressures (Galitsky et al. 2005b)ackétt et al. (2005) estimate a typical
payback period of less than one year for floatiagchpressure control systems.

A U.S. DOE sponsored energy audit at the OdwallaeJCompany’s facility in Dinuva,
California, estimated that the use of floating heaessure control on the facility’'s seven
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ammonia compressors would save the company neaflg,800 per year in energy costs
(U.S. DOE 2002a). Total estimated electricity aggi were around 1 million kWh per year
at a payback period of only six months.

Birds Eye Walls, a UK based manufacturer of froZeads, implemented refrigeration

controls that allowed for floating head pressurétsnGloucester, England, facility in 1994.

The controls led to a 30% lower head pressure @mage, allowing the company to save
around £150,000 ($225,000 in 1994 U.S. dollargefnigeration costs annually (CADDET

2000a). At an initial investment cost of less 30,000 ($45,000 in 1994 U.S. dollars), the
payback period was less than three months.

Indirect lubricant cooling. Direct injection of refrigerant is an inefficiembethod for
compressor cooling that can decrease the ovefaliegicy of screw-type compressors by as
much as 5% to 10% (ISU 2005). An indirect systera more efficient option for lubricating
and cooling screw-type compressors, in which a beahanger is used in conjunction with
cooling tower water, a section of an evaporativademser, or a thermosyphon system to
cool compressor lubricant.

Raising system suction pressure.ln two-stage compressor systems, a simple wagpve s
energy is to raise the suction pressure and termyeraf the low-stage compressor when
ambient temperatures decrease. It has been edlithatieenergy savings of about 8% can be
realized in two-stage systems when suction tempesatare raised from -30 °F to -20 °F
(ISU 2005).

Adjustable-speed drives (ASDs) on compressor motarsAdjustable-speed drives can be
used in conjunction with control systems to bett@tch compressor loads to system cooling
requirements. The Industrial Refrigeration Conaart(2004a) reports that ASDs used on
compressors below a part-load ratio of about 95%deiiver performance equal to a fixed

speed compressor but with lower electricity requiats. However, at near full (i.e., 100%)
load, ASDs are approximately 3% less efficient thimed speed drives due to electrical

power losses associated with the ASD controllerdjustable-speed drives are thus most
beneficial for refrigeration systems with largefeliences between required and installed
condenser capacities (ISU 2005). Galitsky et &00bb) have estimated average
refrigeration system energy savings of 10% fromuse of ASDs on compressors.

Naumes, Inc., an Oregon based company specializifrgit growing, processing, storage,
and juice production, recently upgraded their amardased refrigeration system with
computer controls and ASD compressors for moreiefit matching of cooling demand and
system load. The new system saved the companpaxted 741,000 kWh per year, with
total annual energy savings of around $37,000 (CED?004a). The simple payback
period was estimated at just over two years.

As part of a planned expansion for its dairy fagiln Portland, Oregon, WestFarm Foods
installed a new compressor with a 350 hp ASD, whatlowed the remaining system
compressors to either be off or working efficienaty100% load. Other upgrades included
new refrigeration system controls and ASDs on th&tesn’s evaporator fans. The total
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system upgrade reduced annual refrigeration systeargy consumption by nearly 40% and
annual operating costs by around $75,000 (Cascamegi Engineering 2005). At an

investment cost of $310,000, the payback period estimated at roughly four years;

however, energy efficiency investment incentivesrirPortland General Electric (the local
utility company) as well as a 35% tax credit frome Oregon Department of Energy helped
reduce the final payback to around one year.

In 2003, Oregon Freeze Dry, a manufacturer of fedrzed fruits, vegetables, and other
specialty foods, installed ASDs on its refrigeratgystem screw compressors at its Albany,
Oregon, facility. The company also decided toaeplan undersized eight inch suction line
with a new 12 inch line. The energy savings of &&D and suction line installations
amounted to nearly 2 million kWh per year (a 66%uction), while energy cost savings
amounted to $77,700 per year (FIRE 2005b).

Compressor heat recoveryWhere economically feasible, rejected heat canelsevered
from compressors and used in other facility appbeces, such as space heating or water
heating. Further details on this measure are gealvin Chapter 10.

Dedicating a compressor to defrostinglt has been reported that if one compressor of a
large system can be dedicated to running at th&spre needed for the defrost cycle, while

the other compressors can be run at lower systesspres, that the resulting energy savings
(due to reduced condensing pressure) can ofteifiyjise cost of the dedicated compressor

(ISU 2005).

9.4 Condensers and Evaporators

Keeping condensers clean. Condensers should be checked regularly for idiet buildup,

or plugged nozzles, which can reduce heat transfiss and thus raise the condensing
temperature. Furthermore, water-cooled and ewatipercondensers should be kept free of
hard water or bacterial buildup, which can caussirig, scaling, and clogging that can also

lead to increased condensing temperatures. Iargkra one degree Celsius (1.8 degrees
Fahrenheit) increase in condensing temperatureimdtlease operating costs by 2% to 4%

(EEBPP 2000a). Badly corroded condensers shoutdddaced as soon as possible.

Automatic purging of condensers. Periodic purging of evaporative condensers edad

to remove non-condensable gases (such as air),hwdao reduce refrigeration system
efficiency by increasing system head pressure angdeding condenser heat transfer
(CADDET 1996). Automatic purging systems can hedffrigeration systems operate
efficiently by ensuring purging occurs on a regutasis. Automatic purging systems can
also reduce the refrigerant loss and labor cosiscésted with manual purging.

Excel Logistics Ltd., an operator of cold storageilfties in the United Kingdom, installed a
five-point automatic refrigeration purging systetheeir Glasgow, Scotland, facility in 1989.
Previously, the company purged its system manuatlya weekly basis, which was time
consuming and often led to refrigerant loss. Thgomatic purging system featured
computer controls and five different refrigeratgystem purge points: one at each end of the
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receiver, one on each of the two condenser outetsone on the hot gas line. The company
reported that the automatic purging system led 16% reduction in compressor energy use
and £8,800 ($15,400 in 1991 U.S. dollars) in anmumargy savings (CADDET 1996). The
simple payback period, including both energy anthteaance cost savings, was 10 months.

Reducing condenser fan use.Sometimes condenser fans are operated contiryjasn
when the refrigeration system’s compressor isnitnmag. This practice wastes energy.
Wherever possible, the operation of condenserghnsld be coupled to the operation of the
system’s compressors to ensure that the fans &yewnwhen needed.

Reducing condensing pressure.This measure is similar to floating head pressurrol

for compressors (discussed above). To reducertbeye required to compress refrigerant,
condensing pressures and temperatures should las Bt/ as possible. Computer controls
can be installed on condensing systems to minimizelensing temperatures and pressures
based on ambient wet-bulb temperatures, as wéll agtimize the use of condenser fans and
water (ISU 2005). Lowering the condensing tempeeatan reduce compressor energy use
by around 2% to 3% for every degree Celsius (1.§reks Fahrenheit) of temperature
reduction (SenterNovem 2003).

Use of axial condenser fans.Air-cooled or evaporative condensers generally doneed
high-pressure air, and thus axial fans are welledufor this application. Axial fans can
reduce compressor fan energy use by up to 50% aeahpa centrifugal fans (ISU 2005).

Adjustable-speed drives (ASDs) on condenser fang-or refrigeration systems with large
differences between installed and operating condgnsapacity, the use of ASDs on
condenser fans can lead to significant energy gavoompared to fixed-speed condenser
fans. Prior to installing ASDs, however, it is ionfant to establish the extent to which the
condensing pressure can be floated. On systemsewloating head operation is stable,
ASDs can lower condenser fan energy consumptiongto 40% compared to operating a
fixed-speed condenser fan in on/off fashion (IRO4241).

Cycling of evaporator fans in cold storage. It is often possible to maintain adequate
temperature in cold storage areas without contislyotunning evaporator fans. Where
feasible, evaporator fans can be turned off or engown periodically using timers or
variable-speed control systems to save electriglije still maintaining proper cold storage
temperatures. The cycling of evaporator fans shdid managed carefully, however, to
avoid stratification (i.e., warm and cool layersamfin the cold storage space) and to ensure
that solenoids are cycled properly (for flooded amcirculated evaporators) (Galitsky et al.
2005b).

In 1996, Stahlbush Island Farms, a grower, carared, freezer of fruits and vegetables in
Corvalis, Oregon, installed timers to cycle theporator fans of its cold storage unit. Prior
to the installation of the timers, evaporator favere run close to 24 hours per day. By
cycling the evaporator fans, the company was absave around 133,000 kWh of electricity
per year because the fans ran for fewer hours lamdah motors released less heat into the
cold storage unit (ODEQ 1996). The annual savingee estimated at $4,500 and, with a
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one-time implementation cost of $1,000, the simpéyback period was around three
months.

Adjustable-speed drives (ASDs) on evaporator fansSimilar to ASDs on condenser fans,
for refrigeration systems with excess evaporatpacday, the installation of ASDs can lead
to significant energy savings compared to fixedespfans. The cost effectiveness of ASDs,
however, depends on the number of hours the evapdians can be run under part-load
conditions. In an analysis of a -20° Fahrenheiefer with seven evaporators, the use of
ASDs on evaporator fans at a load ratio of 50% iredu20% lower power than fixed-speed
fans under the same operating conditions (IRC 2004c

The U.S. DOE has supported the development of glsirvaporator fan controller for
medium temperature (28° F to 40° F) walk-in refragsn units, which is capable of varying
fan speed is reported to reduce evaporator and remsqr energy consumption by 30% to
50% (U.S. DOE 2001e). The controller regulates sheed of evaporator fan motors to
better match cooling demands in the refrigeratipdec The U.S. DOE estimates typical
payback periods of one to two years. As of 2086, dontroller had been installed in 300
refrigeration units and had led to cumulative egesgvings of around $80,000. According
to BC Hydro (2004), evaporator fan controllers moé good candidates for freezers that run
under 28° Fahrenheit, have compressors that rutincmusly, have evaporator fans that run
on poly-phase power, and have evaporator fans péstyother than shaded-pole and
permanent-split-capacitor.

Demand defrost. Evaporators should be defrosted only when necgsaaropposed to on
timed schedules where defrosting occurs regaraiessed. Defrosting cycles should ideally
be based on coil pressure readings, where an setiagressure drop indicates that frost is
present on the coils (which reduces system effagieand that defrosting is necessary (ISU
2005).

Water defrosting. Water defrosting is said to be more efficientnthent gas defrosting (a
common method of defrosting in which hot refrigérgas is cycled through the system)
(ISU 2005). In water defrosting, water is sprayednually over the evaporator coils to
remove frost. However, water defrosting must b@agad properly to ensure that the water
does not freeze on the evaporator coils.
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10 Compressed Air Systems

Compressed air generally represents one of the mefficient uses of energy in U.S.
industry due to poor system efficiency. Typicalthe efficiency of a compressed air
system—ifrom compressed air generation to end userniysaround 10% (U.S. DOE 1998).
Because of this inefficiency, if compressed aisgd, it should be of minimum quantity for
the shortest possible time; it should also be @it monitored and weighed against
potential alternatives.

Many opportunities to reduce energy consumptioncampressed air systems are not
prohibitively expensive; payback periods for sonpeians can be extremely short. Energy
savings from compressed air system improvementsraage from 20% to 50% of total
system electricity consumption (Efficiency Partimgps2004). Common energy efficiency
measures for industrial compressed air systemdiscassed below. Additionally, a number
of measures that are applicable to refrigeratisiesy compressors (Chapter 9) and motors
(Chapter 8) are also applicable to compressed/siesis.

10.1 Energy Efficiency Measures for Compressed Air Systas

System improvements.Adding additional compressors should be considerdg after a
complete system evaluation. In many cases, conghess& system efficiency can be
managed and reconfigured to operate more effigiemtithout purchasing additional
compressors. System improvements utilize many ef éhergy efficiency measures for
compressors discussed below. Compressed air syséewce providers offer integrated
services both for system assessments and for anggstem maintenance needs, alleviating
the need to contact several separate firms. The p@ssed Air Challen§e
(http://www.compressedairchallenge.proffers free web-based guidance for selecting the
right integrated service provider, as well as glimds defining walk-through evaluations,
system assessments, and fully instrumented sysidits §CAC 2002).

Maintenance. Inadequate maintenance can lower compressioniegfig and increase air
leakage or pressure variability, as well as leadntoeased operating temperatures, poor
moisture control, and excessive contamination. owmgd maintenance will reduce these
problems and save energy. Proper maintenance gexhine following (U.S. DOE 1998):

Ongoing filter inspection and maintenan&ocked filters increase the pressure drop
across the filter, which wastes system energy.nBpecting and periodically cleaning
filters, filter pressure drops may be minimized.eTpayback for filter cleaning is
usually under two years (Ingersoll-Rand 2001). igximproperly operating filters
will also prevent contaminants from entering intqu@ment, which can cause
premature wear. Generally, when pressure dropsex2esi to 3 psi, particulate and
lubricant removal elements should be replaced. uRedfilter cleaning and
replacement has been projected to reduce comprassggstem energy consumption
by around 2% (Radgen and Blaustein 2001).
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Keeping compressor motors properly lubricated aleéiced Poor motor cooling can
increase motor temperature and winding resistasbertening motor life and
increasing energy consumption. Compressor lubrisaotlld be changed every 2 to
18 months and periodically checked to make sureithia at the proper level. In
addition, proper compressor motor lubrication wétluce corrosion and degradation
of the system.

Inspection of fans and water punfps peak performance.

Inspection of drain trap$o ensure that they are not stuck in either thenamr closed
position and are clean. Some users leave autoe@iensate traps partially open at
all times to allow for constant draining. This pgree wastes substantial energy and
should never be undertaken. Instead, simple presduven valves should be
employed. Malfunctioning traps should be cleaned @paired instead of left open.
Some auto drains, such as float switch or eledatradrains, do not waste air.
Inspecting and maintaining drains typically hasaylfack of less than two years
(Ingersoll-Rand 2001).

Maintaining the cooleron the compressor to ensure that the dryer getdothest
possible inlet temperature (Ingersoll-Rand 2001).

Compressor belt inspectionVhere belt-driven compressors are used, beltsldbau
checked regularly for wear and adjusted. A good aiflthumb is to adjust them after
every 400 hours of operation.

Replacing air lubricant separatoraccording to specifications or sooner. Rotary
screw compressors generally start with their drit@nt separators having a 2 psi to
3 psi pressure drop at full load. When the pressiop increases to 10 psi, the
separator should be changed (U.S. DOE 1998).

Checking water-cooling systemsgularly for water quality (pH and total dissalve
solids), flow, and temperature. Water-cooling systBlters and heat exchangers
should be cleaned and replaced per the manufastgpecifications.

Minimizing compressed air leak throughout the syste

Applications requiring compressed air should dieecked for excessive pressure,
duration, or volumeApplications not requiring maximum system pressshiould be
regulated, either by production line sectioning byr pressure regulators on the
equipment itself. Using more pressure than requirastes energy and can also result
in shorter equipment life and higher maintenancestsco Case studies have
demonstrated that the payback period for this nteasan be shorter than half a year
(IAC 2005).
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Monitoring. In addition to proper maintenance, a continuousitoang system can save
significant energy and operating costs in compikessie systems. Effective monitoring
systems typically include the following (CADDET 1B9:

Pressure gauges on each receiver or main branelad differential gauges across
dryers, filters, etc.

Temperature gauges across the compressor andolisggystem to detect fouling
and blockages.

Flow meters to measure the quantity of air used.
Dew point temperature gauges to monitor the effeotss of air dryers.
Kilowatt-hour meters and hours run meters on thepressor drive.

Checking of compressed air distribution systemserafequipment has been
reconfigured to be sure that no air is flowing tmused equipment or to obsolete parts
of the compressed air distribution system.

Checking for flow restrictions of any type in a &\, such as an obstruction or
roughness, which can unnecessarily raise systematige pressures. As a rule of
thumb, every 2 psi pressure rise resulting fromstasce to flow can increase
compressor energy use by 1% (U.S. DOE 1998; InidRsmd 2001). The highest
pressure drops are usually found at the pointssef imcluding undersized or leaking
hoses, tubes, disconnects, filters, regulatorsiegalnozzles and lubricators (demand
side), as well as air/lubricant separators, afteiers, moisture separators, dryers and
filters.

Checking for compressed air use outside produdtours.

Leak reduction. Air leaks can be a significant source of wasted@neA typical industrial
facility that has not been well maintained willdily have a leak rate ranging from 20% to
50% of total compressed air production capacityg€hsoll-Rand 2001; Price and Ross
1989). Overall, a 20% reduction of annual energysocmption in compressed air systems is
projected for fixing leaks (Radgen and Blaustei@D0

The magnitude of the energy loss associated wighlkavaries with the size of the hole in the
pipes or equipment. A compressor operating 2,50rshper year at 87 psi with a leak
diameter of 0.02 inches (2 mm) is estimated to &s@ kWh per year; 0.04 inches (1 mm)
to lose 1,100 kWh per year; 0.08 inches (2 mmpse 14,500 kWh per year; and 0.16 in. (4
mm) to lose 11,250 kWh per year (CADDET 1997a).e8alvindustrial case studies suggest
that the payback period for leak reduction effastgenerally shorter than two months (IAC
2005).
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In addition to increased energy consumption, leaks make air-powered equipment less
efficient, shorten equipment life, and lead to &#ddal maintenance costs and increased
unscheduled downtime. Leaks also cause an increasenpressor energy and maintenance
costs.

The most common areas for leaks are couplings,shasbes, fittings, pressure regulators,

open condensate traps and shut-off valves, pipgsjodisconnects, and thread sealants. The
best way to detect leaks is to use an ultrasoroasic detector, which can recognize the

high frequency hissing sounds associated witheaikd. Leak detection and repair programs
should be ongoing efforts.

In 1994, Mead-Johnson Nutritionals, a manufactofenfant formula and adult nutritional
supplements, implemented a compressed air systeggrow@ment project at its plant in
Evansville, Indiana. Energy efficiency measureduided the introduction of a monitoring
system, the installation of new compressors, arel ridpair of leaks. The improved
compressed air system of this plant functioned féiciently that only two-thirds of the
compressed air capacity had to be kept online. ddmpany saved $102,000 per year in
compressed air system energy costs (4% of thepotaér costs of the plant) with a payback
period of just over 2.5 years. Additionally, the@ject helped the plant avoid the purchase of
a new ($900,000) compressor (DOE 2001d).

Turning off unnecessary compressed aitfequipment that is no longer using compressed air
should have the air turned off completely. This bandone using a simple solenoid valve.
Compressed air distribution systems should be datkcwhen equipment has been
reconfigured to ensure that no air is flowing tased equipment or to obsolete parts of the
compressed air distribution system.

Modification of system in lieu of increased presswa. For individual applications that
require a higher pressure, instead of raising theraiing pressure of the whole system,
special equipment modifications should be considieuch as employing a booster,
increasing a cylinder bore, changing gear ratioshanging operation to off peak hours.

Replacement of compressed air by alternative sourse Many operations can be
accomplished more economically and efficiently gsemergy sources other than compressed
air. Various options exist to replace compresseds®, including:

Cooling electrical cabinets: air conditioning fasisould be used instead of using
compressed air vortex tubes.

Flowing high-pressure air past an orifice to cremteacuum: a vacuum pump system
should be applied instead of compressed air ventathods.

Cooling, aspirating, agitating, mixing, or packag#ating: use blowers instead of
compressed air.
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Cleaning parts or removing debris: brushes, blowersvacuum pump systems
should be used instead of compressed air.

Moving parts: blowers, electric actuators, or hytics should be used instead of
compressed air.

Tools or actuators: electric motors should be awersid because they are more
efficient than using compressed air (Howe and Scaf95). However, it has been
reported that motors can have less precision, ehtives, and lack safety compared
to compressed air. In these cases, using comprassady be a better choice.

Based on numerous industrial case studies, theageepayback period for replacing
compressed air with other applications is estimatetl months (IAC 2005).

Improved load management. Because of the large amount of energy consumed by
compressors, whether in full operation or not, ipatbad operation should be avoided. For
example, unloaded rotary screw compressors stilfwme 15% to 35% of full-load power
while delivering no useful work (U.S. DOE 1998).

Air receivers can be employed near high demandsa@arovide a supply buffer to meet
short-term demand spikes that can exceed normapmssor capacity. In this way, the
number of required online compressors may be retuddulti-stage compressors
theoretically operate more efficiently than singtage compressors. Multi-stage compressors
save energy by cooling the air between stagesciegliuhe volume and work required to
compress the air. Replacing single-stage compresgibh two-stage compressors typically
provides a payback period of two years or lessefiegjl-Rand 2001). Using multiple smaller
compressors instead of one large compressor can esaargy as well. Large compressors
consume more electricity when they are unloaded timamultiple smaller compressors with
similar overall capacity. An analysis of U.S. casedies shows an average payback period
for optimally sizing compressors of about 1.2 ygak& 2005).

In June 2004, the Canandaigua Wine Company upgrémedompressed air system at its
winery in Lodi, California. Before the project @@y the winery was served by two 125 hp
rotary screw compressors that operated at full loaly during the 3-month fall grape
crushing season. During the rest of the year, kewdhe compressors were operated at
part-load, which wasted energy. The company optedhstall a 75 hp variable-speed
compressor, which could be used to satisfy facdigynand during the off-season while also
providing supplemental power to the two 125 hp sirduring the fall crush season.
Additionally, the company installed a new compressmtrol system, additional storage, and
started a leak reduction campaign. The total gneagings attributable to the upgrade were
estimated at 218,000 kWh per year, saving the cagp@®27,000 annually (U.S. DOE
2005d). The simple payback period was estimatdd?ayears.

Similarly impressive savings were realized withaanpressor upgrade at a Sara Lee bakery

in Sacramento, California, in 2004. Prior to thpgrade, the company used one 100 hp and
two 150 hp rotary screw compressors in its compaessr system. After the upgrade, the
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company used the 100 hp fixed-speed unit as ite bampressor and a new 100 hp ASD
compressor for variable loads. The project redumaaual facility energy consumption by
471,000 kWh and annual energy costs by around 880While also saving the company
$10,000 per year in avoided maintenance costs (DCE 2005e). The reported payback
period was just 6.5 months.

Pressure drop minimization. An excessive pressure drop will result in poor &yst
performance and excessive energy consumption. Féswictions of any type in a system,
such as an obstruction or roughness, results ihehigperating pressures than is truly
needed. Resistance to flow increases the driveggramr positive displacement compressors
by 1% of connected power for each 2 psi of difféaedn(U.S. DOE 1998; Ingersoll-Rand
2001). The highest pressure drops are usually fatitite points of use, including undersized
or leaking hoses, tubes, disconnects, filters, ledgts, valves, nozzles, and lubricators
(demand side), as well as air/lubricant separaionrkibricated rotary compressors and after-
coolers, moisture separators, dryers, and filsupgly side).

Minimizing pressure drop requires a systems appraacdesign and maintenance. Air
treatment components should be selected with tvedbpossible pressure drop at specified
maximum operating conditions and best performaMamufacturers’ recommendations for
maintenance should be followed, particularly infétiering and drying equipment, which can
have damaging moisture effects like pipe corrosiéimally, the distance the air travels
through the distribution system should be minimiz&ddits of industrial facilities found that
the payback period is typically shorter than 3 rherfor this measure (IAC 2005).

Inlet air temperature reduction. If airflow is kept constant, reducing the inlet air
temperature reduces the energy used by the comprdesmany plants, it is possible to
reduce the inlet air temperature to the compresgoitaking suction from outside the
building. As a rule of thumb, each temperature ctidan of 5F (3°C) will save 1%
compressor energy (CADDET 1997a; Parekh 2000). ybaek period of two to five years
has been reported for importing fresh air (CADDEI®1a). In addition to energy savings,
compressor capacity is increased when cold air fooiside is used. Industrial case studies
have found an average payback period for impomuigide air of less than 1.7 years (IAC
2005), but costs can vary significantly dependindazility layout.

Controls. The primary objectives of compressor control sgi&te are to shut off unneeded

compressors and to delay bringing on additional pr@ssors until needed. Energy savings
for sophisticated compressor controls have beeartegh at around 12% annually (Radgen
and Blaustein 2001). Common control strategiesdonpressed air systems include:

Start/stop (on/off) controJsin which the compressor motor is turned on or ioff
response to the discharge pressure of the macBitat/stop controls can be used for
applications with very low duty cycles and are &@ille to reciprocating or rotary
screw compressors. The typical payback for stap/sontrols is one to two years
(CADDET 1997a).
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Load/unload controls or constant speed controls, which allow the mdtomrun
continuously but unloads the compressor when thehdrge pressure is adequate. In
most cases, unloaded rotary screw compressorsa@tdume 15% to 35% of full-load
power while delivering no useful work (U.S. DOE 899 Hence, load/unload
controls can be inefficient.

Modulating or throttling controls which allow the output of a compressor to be
varied to meet flow requirements by closing dowa itiiet valve and restricting inlet
air to the compressor. Throttling controls are eggpto centrifugal and rotary screw
compressors.

At the Truitt Brothers fruit, vegetable, and spégidoods cannery in Salem, Oregon,
the installation of variable-speed controls in 208d.to compressor energy savings of
9% (FIRE 2005c).

Single master sequencing system contraldich take individual compressor
capacities on-line and off-line in response to mamed system pressure demand and
shut down any compressors running unnecessarilgteBy controls for multiple
compressors typically offer a higher efficiencyrthadividual compressor controls.

Multi-master controls which are the latest technology in compressedsgatem
control. Multi-master controls are capable of Hangdfour or more compressors and
provide both individual compressor control and egstregulation by means of a
network of individual controllers (Martin et al. @0). The controllers share
information, allowing the system to respond morekjy and accurately to demand
changes. One controller acts as the lead, reggl#iemwhole operation. This strategy
allows each compressor to function at a level pinatiuces the most efficient overall
operation. The result is a highly controlled sysiamssure that can be reduced close
to the minimum level required (U.S. DOE 1998). éwting to Nadel et al. (2002),
such advanced compressor controls are expectedlit@idenergy savings of about
3.5% where applied.

Yasama Corporation U.S.A., a manufacturer of sacsainstalled new compressor system
controls at its Salem, Oregon, facility in 2004.reWously, the company ran its three
compressors using inefficient individual load/umoeontrols. Additionally, the company
added two 2,200 gallon air storage receivers t@ heaindle the facility’s short-term peak
loads. Under the new control strategy, the thmapressors were sequenced to run most
efficiently, leading to annual energy savings 00,000 kwWh and annual electricity savings
of $5,100 (FIRE 2005d). Additionally, the new cmhtsystem allowed the company to
better manage the total operating hours of eachpoessor as well as the number of starts
per unit per hour, helping to reduce compressor apd tear.

In addition to energy savings, the application ofitcols can sometimes eliminate the need

for some existing compressors, allowing extra casgors to be sold or kept for backup.
Alternatively, capacity can be expanded without pfuechase of additional compressors.
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Reduced operating pressures will also help redystesm maintenance requirements (U.S.
DOE 1998).

Properly sized pipe diametersincreasing pipe diameters to the greatest sizeiglaasible
and economical for a compressed air system cantbetpnimize pressure losses and leaks,
which reduces system operating pressures and lea@sergy savings. Increasing pipe
diameters typically reduces compressed air systamgg consumption by 3% (Radgen and
Blaustein 2001). Further savings can be real@ednsuring other system components (e.g.,
filters, fittings, and hoses) are properly sized.

H.B. Reese, a subsidiary of the Hershey Foods Compaverhauled the compressed air
system piping network at its Hershey, Pennsylvdaiality in 1996. The plant modified and
replaced undersized components such as filtergjchibrs, fittings, and hoses, which
lowered the minimum system operating pressure f8onpsi to 75 psi (a 12% decrease)
(U.S. DOE 2002d).

Heat recovery.As much as 90% of the electrical energy used bypdwstrial air compressor
is converted into heat. In many cases, a heat ezgawit can recover 50% to 90% of this
available thermal energy and apply it to spaceihgaprocess heating, water heating, make-
up air heating, boiler make-up water preheatingl la@at pump applications (Parekh 2000).
It has been estimated that approximately 50,000hBtu of recoverable heat is available for
each 100 cfm of compressor capacity (U.S. DOE 1998yback periods are typically less
than one year (Galitsky et al. 2005a).

Heat recovery for space heating is not as commdmwater-cooled compressors because an
extra stage of heat exchange is required and thmpekature of the available heat is
somewhat low. However, with large water-cooled cospors, recovery efficiencies of 50%
to 60% are typical (U.S. DOE 1998).

Natural gas engine-driven air compressorsGas engine-driven air compressors can replace
electric compressors with some advantages and \disgabes. Gas engine-driven
compressors are more expensive but may have lovexalb operating costs, depending on
the relative costs of electricity and gas. Variadppeed capability is standard for gas-fired
compressors, offering a high efficiency over a widege of loads. Heat can be recovered
from the engine jacket and exhaust system. Howeaas,engine-driven compressors have
some drawbacks: they need more maintenance, haleréer useful life, and sustain a
greater likelihood of downtime. According to Gsky et al. (2005a), gas engine-driven
compressors currently account for less than 1%eftdtal air compressor market.

Ultra Creative Corporation, a U.S. manufacturerspecialty plastic bags, installed gas
engine-driven compressors in its plant in Brookl\Wew York. The initial costs were
$85,000 each for two 220 hp units and $65,000 fer 85 hp unit. The company reported
savings of $9,000 in monthly utilities (averagin8,000 annually) (Audin 1996).

Nestlé Canada found that its gas engine-drivert@inpressor system was a cost effective
option when it was operated properly. The companyojected payback period was
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estimated as low as 2.6 years with a 75% effidnsatt recovery system, and as high as 4.2
years without heat recovery (Audin 1996).
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11 Building Energy Efficiency Measures

This chapter summarizes significant energy efficlemeasures related to building lighting
and HVAC systems.

Lighting systems and HVAC systems are significamistimers of electricity at many fruit
and vegetable processing facilities, together aattog for anywhere from 10% to 25% of
total electricity use (see Figures 4.4 and 4.%)dditionally, HVAC systems are expected to
consume around 5% of total facility natural gas use

The energy efficiency measures discussed in thairetar of this chapter are applicable to
most workspaces within a typical fruit and vegetalgrocessing facility, including
manufacturing areas, offices, laboratory spaca$warehouses.

11.1 Energy Efficiency Measures for HYAC Systems

Energy-efficient system designThe greatest opportunities for energy efficienkigteat the
design stage for HVAC systems in new industriallifaes. By sizing equipment properly
and designing energy efficiency into a new fagilifyuit and vegetable processors can
minimize the energy consumption and operationatscos HVAC systems from the outset.
This practice often saves money in the long runt esgenerally cheaper to install energy-
efficient HVAC equipment at building constructidman it is to upgrade an existing building
with an energy-efficient HVAC system later on, esphly if those upgrades lead to
production downtime.

Recently, Mission Foods, a California manufactufespecialty Mexican foods, worked with
Southern California Edison (its local utility commpa to design its new production facility in
Rancho Cucamonga to be as energy efficient aslpessihe new facility had 50,000 square
feet of office space, 125,000 square feet of marufeng space, and 134,000 square feet of
warehouse space. Mission Foods chose to instiggrefficient technologies for its HVAC
systems and lighting systems, room occupancy serbat turned off lights automatically,
low-emissivity windows that reduced building heairg and skylights that provided natural
lighting. The total project (which also includegfrigeration system measures) allowed the
company to reduce the electricity consumption ®hiew facility by roughly 18% compared
to its existing facilities, leading to annual enegavings of over $300,000 per year (EDR
2005).

Recommissioning. Before replacing HVAC system components to improsnergy
efficiency, the possibility of HVAC system recomsisning should be explored.
Recommissioning is essentially the same processoasmissioning, but applied to a
building’s existing HVAC, controls, and electriajistems (U.S. EPA 2004).

Commissioning is the process of verifying that avrimuilding functions as intended and

communicating the intended performance to the mgldnanagement team. This usually
occurs when a new building is turned over for oeawgy. In practice, commissioning costs
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are not included in design fees and often compeatl wther activities. As a result,

commissioning is seldom pursued properly. It isical that the building is commissioned to
ensure that energy performance and operationak goal met. To achieve this, ENERGY
STAR recommends the following:

Communicate your energy performance goals duringnegsioning to ensure that
the design target is met. Encourage energy-uskitigachat will allow performance
comparisons to be made over time.

Specify detailed commissioning activities in youojpct contracts. Seek separate
funding for commissioning work to ensure that itgisen the appropriate level of
importance.

Hire experts that specialize in building commissgign Include the commissioning
firm as part of the design team early in the priojec

Finalize and transfer a set of technical documemdisiding manufacturers' literature
for systems and components. Supplement technitaiture with summaries of
intended operation. Provide additional explanat@mrinnovative design features.

Recommissioning involves a detailed assessmenixistirey equipment performance and

maintenance procedures for comparison to intendettsign performance and maintenance
procedures to identify and fix problem areas thaghtnbe hampering building energy

efficiency. Recommissioning can be a cost-effecteteofit in itself, sometimes generating

more savings than the cost of the retrofit meadooe.example, recommissioning may help
avoid the need to install new or additional equiptndeading to savings in capital

investments.

The U.S. EPA’'s ENERGY STAR Building Upgrade Man(lalS. EPA 2004) recommends a
stepwise approach to recommissioning, in which reeseof strategically-ordered building
“tune up” strategies are pursued in order. Fiighting and supplemental loads should be
assessed, then the building envelope, then contiteds testing, adjusting and balancing,
then heat exchange equipment, and finally heatmcaoling systems. Most of these steps
relate to HVAC system components or factors théitdirectly affect HVAC system energy
consumption (such as building envelope and lightikgr more information, the U.S. EPA’s
ENERGY STAR Building Upgrade Manual (U.S. EPA 20@#puld be consulted (see also
http://www.energystar.ggv

Energy monitoring and control systems An energy monitoring and control system
supports the efficient operation of HVAC systemsnbgnitoring, controlling, and tracking
system energy consumption. Such systems contihuonanage and optimize HVAC
system energy consumption while also providing dog engineers and energy managers
with a valuable diagnostic tool for tracking enemrgynsumption and identifying potential
HVAC system problems. Several industrial caseistuffom the United States indicate that
the average payback period for HVAC control systesrabout 1.3 years (IAC 2005).
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Non-production hours set-back temperatures.Setting back building temperatures (i.e.,
turning building temperatures down in winter or inpsummer) during periods of non-use,
such as weekends or non-production times, cantteadynificant savings in HVAC energy
consumption.

Duct leakage repair. Duct leakage can waste significant amounts of ggném HVAC
systems. Measures for reducing duct leakage ieclutalling duct insulation and
performing regular duct inspection and maintenamoguding ongoing leak detection and
repair. According to studies by Lawrence Berkélyional Laboratory, repairing duct leaks
in industrial and commercial spaces could reducé&8\énergy consumption by up to 30%
(Galitsky et al. 2005a).

One commercial building in Apple Valley, Californiadopted a technique called the mobile
aerosol-sealant injection system (MASIS) to reddwet leakage. The application of MASIS
resulted in a reduction in overall duct leakagemr682 cfm to 74 cfm, leading to a 34%
increase in the overall efficiency of the buildiagiVAC system (Carrier Aeroseal 2002).

Variable-air-volume systems. Variable-air-volume systems adjust the rate oflaw into a
room or space based on the current air flow reqmerdgs of that room or space. Variable-
air-volume systems therefore work to more closefyan HVAC load to heating and cooling
demands, which reduces energy use.

Adjustable-speed drives (ASDs)Adjustable speed drives can be installed on veriab

volume air handlers, as well as recirculation fats, match the flow and pressure
requirements of air handling systems precisely.rggneonsumed by fans can be lowered
considerably since they are not constantly runminfyll speed. Adjustable-speed drives can
also be used on chiller pumps and water system®@um minimize power consumption

based on system demand.

Heat recovery systemsHeat recovery systems reduce the energy requirdatdt or cool
facility intake air by harnessing the thermal eweof the facility’s exhaust air. Common
heat recovery systems include heat recovery whbeh, pipes, and run-around loops. The
efficiency of heat pipes is in the 45% to 65% rarfgeS. EPA/DOE 2003), while the
efficiency of run-around loops can be slightly reghin the 55% to 65% range (U.S.
EPA/DOE 2001).

Fan modification. Changing the size or shape of the sheaves of adarhelp to optimize
fan efficiency and airflow, thereby reducing enempnsumption. In a case study from the
automotive industry, a Toyota plant optimized theaes of its fans in lieu of installing
ASDs on fans. Toyota found better savings and pelylperiods with sheave modification
than they anticipated to experience from ASDs (Slaiet al. 2005a).

Efficient exhaust fans.Exhaust fans are standard components in any HWA@ . Mixed

flow impeller exhaust fans offer an efficient altative to traditional centrifugal exhaust
fans. Mixed flow impeller fans are typically 25% racefficient than centrifugal fans, and
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can also be cheaper to install and maintain. Kpeaed payback period for this measure is
around two years (Tetley 2001).

Use of ventilation fans. Ventilation fans installed in the ceilings of Wwaareas can help de-
stratify the workspace air, leading to better dation of cool air in summer and warm air in
winter, and more even distributions of temperafuwen floor to ceiling. Such fans can help
to reduce the load on building heating systemsddgihg to “push down” warm air that rises
to the ceiling during facility heating months.

Yasama Corporation U.S.A., a manufacturer of sogsainstalled new high bay ceiling fans
to improve air circulation at its Salem, Oregorgilfty in 2004. Previously, to provide heat

during the winter, the company operated ceiling-mied heaters with 15 hp fans in its
production area. However, the fans didn't de-gyrdhe air in the production area’s tall

ceilings, nor take advantage of the heat givenbgfjprocess equipment. Furthermore, to
provide ventilation in the summer, the company ttaa heater fans in “fan only” mode in

conjunction with six 3 hp exhaust fans to remové d&o.  The new high-bay ceiling fans

were operated using only 1.5 hp motors, which wexgected to lead to electrical energy
savings of 48,000 kWh per year and electricity ceasvtings of $2,500 (FIRE 2005d).

Furthermore, the company expected to save signifiaanounts of natural gas in heating
months through reduced operation of the heaters.

Cooling water recovery.If available, secondary cooling water from munitipaurces can
be leveraged to reduce chiller energy consumptionWashington, Boeing partnered with
Puget Sound Power and Light and the King Countyaitegent of Metropolitan Services to
recycle secondary treated cooling water into iterhsystem. By doing so, Boeing reduced
its water consumption by 48 million gallons perydeading to projected savings of 20% in
its cooling energy consumption (Michaelson and &parl995). As an additional benefit,
Boeing also expected to save on refrigerants agatnirent chemicals for its cooling tower
water.

Solar air heating. Solar air heating systems, such as Solafivalse conventional steel
siding painted black to absorb solar radiationifigulation. Fresh air enters the bottom of the
panels where it is heated as it passes over the \@bsorber. Fans distribute the air. Using
this technology, Ford Motor Company’s Chicago Stargplant turned the south wall of its
plant into a huge solar collector (CREST 2001).rGpesavings were estimated to be over
$300,000 per year compared to conventional gasyatems. Capital costs were $863,000
($14.90 per square foot, including installationyuléing in a payback period of less than
three years. In addition to energy savings, théegysas said to provide clean fresh air for
employees, even out hot and cold spots in the pkmdt reduce emissions. However, this
measure is only of interest for buildings in colinates, and the potential benefits should be
analyzed based on the local conditions of each site

Building reflection. Use of a reflective coating on the roof of buildsngn sunny, hot
climates can save on air conditioning costs insifi@o medical offices in Northern
California used reflective roofs on their buildingse reduced air conditioning demand by
8%, the other reduced air conditioning demand I IRonopacki et al., 1998). For colder
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climates, heat lost due to cool roofs (in wintar, €xample) also needs to be taken into
account, and often negates savings. In additidocation and weather, other primary factors
influence energy savings, such as roof insulateanconditioning efficiency, and building
age. Reflective roof materials are available ifiedént forms and colors.

Roof gardens on a flat roof improve the insulatddrbuildings against both hot and cold by
providing both heat (in winter) and air conditiogi{in summer). In winter, green roofs can
freeze, so they carry a slight heating penalty ofien still yield net energy savings
(Holtcamp 2001). In addition, a roof garden canease the lifetime of the roof, provide and
reduce runoff, and reduce air pollution and dustdy, Germany installs over 10 milliof ft
of green roofs a year, helped in part by economaentives (Holtcamp 2001). The Gap
Headquarters in San Bruno (California) installeglegr roofs in 1997 (Greenroofs.com 2001).
In addition to saving energy and lasting longemntkraditional roofs, a roof garden absorbs
rain, slowing run-off to local storm drains.

Other simple options for decreasing building HVAGERy use exist for certain conditions.

Shade trees reduce cooling for hot climates. Strads should be deciduous trees (providing
shade in the summer and none in the winter) anutgdaon the west and southwest sides of
the building (based on the path of the summer g§MicPherson and Simpson 1995). Trees
planted on the north side of the building in colonates can reduce heating in winter by
shielding the building from the wind. Vines can yitte both shade and wind shielding.

Building insulation. Adding insulation to a facility will nearly alwaygsult in the reduction

of utility bills. Older buildings are likely to usaore energy than newer ones, leading to very
high heating and air conditioning bills. Even fonew building, adding insulation may save
enough through reduced utility bills to pay foeifswithin a few years (U.S. DOE 2002c).

Various states have regulations and guidelines oilding insulation, for example,

California’s Energy Efficiency Standards for Resitial and Nonresidential Buildings (Title

24) (CEC 2001). Going beyond regulated insulaterels may be economically beneficial
and should be considered as part of the desigmefabuilding, as well as for reconstruction
of existing buildings. For refrigerated warehousesjch higher levels of insulation are
preferred.

Low emittance (Low-E) windows Low emittance windows are another effective stygt
for improving building insulation. Low emittanceindows can lower the heat transmitted
into a building and therefore increase its insatatability. There are two types of Low-E
glass, high solar transmitting (for regions witlgher winter utility bills) and low solar
transmitting (for regions with higher summer ugligills) (U.S. DOE 1997b). The U.S. DOE
supports the development of new window and glataupnology, while ENERGY STAR
provides a selection of rated Low-E windows. Newmdaw and glazing technology is being
developed continuously around the worid.

% For more information on Low-E windows see: htipuiiv.efficientwindows.org/.
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11.2 Energy Efficiency Measures for Lighting

Turning off lights in unoccupied areas.An easy and effective measure is to encourage
personnel to turn off lights in unoccupied buildsgaces. An energy management program
that aims to improve the awareness of personnél iggard to energy use can help staff get
in the habit of switching off lights and other eguient when not in use.

Lighting controls. Lights can be shut off during non-working hoursautomatic controls,
such as occupancy sensors that turn off lights vehgpmace becomes unoccupied. Occupancy
sensors can save up to 10% to 20% of facility iighenergy use (Galitsky et al. 2005a).
Numerous case studies throughout the United Ssaiggest that the average payback period
for occupancy sensors is approximately 1 year (2805).

In a case study from the pharmaceutical industritheMerck office and storage building in
Rahway, New Jersey, lighting panels were programioeturn off automatically during
expected periods of building non-use (override dvés in entrance hallways allowed lights
to be turned on manually during these times, ifdee@. Annual savings amounted to 1,310
MBtu per year, which corresponded to avoided eneetpted carbon dioxide (G
emissions of nearly 260 tons per year (Merck 2005).

Manual controls can be used in conjunction witlomaétic controls to save additional energy
in smaller areas. One of the easiest measures iisstall switches to allow occupants to
control lights. Other lighting controls include digit controls for indoor and outdoor lights,

which adjust the intensity of electrical lightingded on the availability of daylight.

An example of energy-efficient lighting control ilkistrated by Figure 11.1, which depicts
five rows of overhead lights in a workspace. Dgrthe brightest part of the day, ample
daylight is provided by the window and thus onlywr&€ would need to be turned on. At
times when daylight levels drop, all B rows woulkel toarned on and row C would be turned
off. Only at night or on very dark days would it becessary to have both rows A and B
turned on (Cayless and Marsden 1983). These mettaodalso be used as a control strategy
on a retrofit by adapting the luminaries alreadgsent. (For example, turning on the lighting
in rows farthest away from the windows during thiglitest parts of the day, then turning on
additional rows as needed later.)
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Figure 11.1: Lighting placement and controls
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Exit signs. Energy costs can be reduced by switching fronandescent lamps to light
emitting diodes (LEDs) or radium strips in exitrsigghting. An incandescent exit sign uses
about 40 W, while LED signs may use only about 4A8tW, reducing electricity use by
80% to 90%. A 1998 Lighting Research Center sufeemd that about 80% of exit signs
being sold use LEDs (LRC 2001). The lifetime of dBD exit sign is about 10 years,
compared to 1 year for incandescent signs, whichreduce exit sign maintenance costs
considerably. In addition to exit signs, LEDs amereasingly being used for path marking
and emergency way finding systems. Their long difel cool operation allows them to be
embedded in plastic materials, which makes them sweted for such applications (LRC
2001).

New LED exit signs are inexpensive, with pricesid¢gfly starting at around $20. The U.S.
EPA’'s ENERGY STAR program website (http://www.enestar.goy provides a list of
suppliers of LED exit signs.

Tritium exit signs are an alternative to LED exgrs. Tritium signs are self-luminous and
thus do not require an external power supply. Ttheedised lifetime of these signs is around
10 years and prices typically start at around $d&0sign.

Electronic ballasts. A ballast regulates the amount of electricity reedito start a lighting
fixture and maintain a steady output of light. Elenic ballasts can require 12% to 30% less
power than their magnetic predecessors (Cook 18a8tsky et al. 2005a). New electronic
ballasts have smooth and silent dimming capalslitie addition to longer lives (up to 50%
longer), faster run-up times, and cooler operatltan magnetic ballasts (Eley et al. 1993;
Cook 1998). New electronic ballasts also have aatmnswitch-off capabilities for faulty or
end-of-life lamps.

Replacement of T-12 tubes with T-8 tubedn many industrial facilities, it is common to
find T-12 lighting tubes in use. T-12 lighting tuidbare 12/8 inches in diameter (the “T”
designation refers to a tube’s diameter in term&/8finch increments). T-12 tubes consume
significant amounts of electricity, and also hax¢remely poor efficacy, lamp life, lumen
depreciation, and color rendering index. Becaughisf the maintenance and energy costs of
T-12 tubes are high. T-8 lighting tubes have arowvide the efficacy of T-12 tubes, and can
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last up to 60% longer, which leads to savings imnteaance costs. Typical energy savings
from the replacement of a T-12 lamp by a T-8 lamgaaound 30% (Galitsky et al. 2005a).

Replacement of mercury lights.Where color rendition is critical, metal halidemips can
replace mercury or fluorescent lamps with energynggs of up to 50%.

At a Basic American Foods facility in Shelley, Idalthe production area lighting system
was upgraded using metal halide lamps. Accordinghe company, the improved color
rendition and increased light levels offered by thetal halide lamps helped production
workers better detect defects in the plant’s pofatoducts. Plant sanitation was also
improved, because staff could better see debristhen equipment and floors (Food
Engineering 2002).

Where color rendition is not critical, high-pressiwsodium lamps offer energy savings of
50% to 60% compared to mercury lamps (Price and RB889).

High-intensity discharge (HID) voltage reduction.Reducing lighting system voltage can
also save energy. A Toyota production facility alletd reduced-voltage HID lights and
realized a 30% reduction in lighting energy constiomp (Galitsky et al. 2005a).

Commercial products are available that attach toeatral panel switch (controllable by
computer) and constrict the flow of electricitylighting fixtures, thereby reducing voltage
and saving energy, with an imperceptible loss gifitli Voltage controllers work with both
HID and fluorescent lighting systems and are ab&lérom multiple vendors.

High-intensity fluorescent lights. Traditional HID lighting can be replaced with high-
intensity fluorescent lighting systems, which inmorate high-efficiency fluorescent lamps,
electronic ballasts, and high-efficacy fixturesttinaaximize output to work areas. These
systems have lower energy consumption, lower ludepreciation over the lifetime of the
lamp, better dimming options, faster startup andtri&e capabilities, better color rendition,
higher pupil lumens ratings, and less glare thaditional HID systems (Martin et al. 2000).

Daylighting. Daylighting involves the efficient use of naturght in order to minimize the
need for artificial lighting in buildings. Increagj levels of daylight within rooms can reduce
electrical lighting loads by up to 70% (CADDET 2QQEA 2000). Unlike conventional
skylights, an efficient daylighting system may pd®s evenly dispersed light without
creating heat gains, which can reduce the needcémling compared to skylights.
Daylighting differs from other energy efficiency aseires because its features are integral to
the architecture of a building; therefore, it ispkgd primarily to new buildings and
incorporated at the design stage. However, exisbnddings can sometimes be cost-
effectively refitted with daylighting systems.

Daylighting can be combined with lighting contradcs maximize its benefits. Because of its
variability, daylighting is almost always combinedth artificial lighting to provide the

necessary illumination on cloudy days or after dés&e also Figure 11.1). Daylighting
technologies include properly placed and shadediovus, atria, clerestories, light shelves,
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and light ducts. Clerestories, light shelves, aghtlducts can accommodate various angles
of the sun and redirect daylight using walls ofta&tbrs.

More information on daylighting can be found at tweebsite of the Daylighting
Collaborative led by the Energy Center of Wiscor{bitp://www.daylighting.org/
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12 Self Generation

The use of on-site electricity generation appearbd quite limited in the U.S. fruit and
vegetable processing industry. In 2002, only 5%hefindustry’s electricity was generated
at individual facilities (U.S. Census Bureau 2002@04b, 2004c, 2004d). The use of on-site
generation was confined almost exclusively to that fand vegetable canning sub-sector,
where the extensive use of steam in blanching, ae#ipg, pasteurizing, and sterilizing
applications makes combined heat and power (CHRg®)s particularly attractive.

Self generation (e.g., co-generation, tri-genermatar renewable energy systems) can be an
attractive option for many facilities for reducinige energy intensity of utilities services.
This chapter provides a brief overview of severdi-generation measures applicable to the
U.S. fruit and vegetable processing industry.

Combined heat and power (CHP). For industries like fruit and vegetable procegsimat
have simultaneous requirements for process hesamstand electricity, the use of CHP
systems may be able to save energy and reducdipollombined heat and power plants
are significantly more efficient than standard powknts because they take advantage of
waste heat. In addition, electricity transmissiosskes are minimized when CHP systems are
located at or near the facility.

Often, utility companies will work with individuatompanies to develop CHP systems for
their facilities. In many cases, the utility compawill own and operate the facility’'s CHP
system, allowing fruit and vegetable processoravimd the capital expenditures associated
with CHP projects while reaping the benefits of arenenergy-efficient source of heat and
electricity. In addition to energy savings, CHP tegss also have comparable or better
availability of service than utility generation. time automobile industry, for example, typical
CHP units are reported to function successfullyd% to 98% of planned operating hours
(Price and Ross 1989).

Many large-scale CHP systems use steam turbinatcHivg to natural gas-based systems is
likely to improve the power output and efficiendytke CHP system, due to increased power
production capability. Although the overall systefficiency of a steam turbine-based CHP
system (80% HHYV) is higher than that of a gas nekbased CHP system (74% HHV), the
electrical efficiency of a gas turbine-based CHBteay is superior (27% to 37% for typical
industrial scale gas turbines).  Furthermore, modgas-based CHP systems have low
maintenance costs and will reduce emissions of, Q, CO,, and particulate matter from
power generation considerably, especially whena@ply a coal-fired boiler (Energy Nexus
Group 2002a, 2002b).

In general, the energy savings of replacing a tiatil system (i.e., a system using boiler-
based steam and grid-based electricity) with adstah gas turbine-based CHP unit is
estimated at 20%-30% (Galitsky et al. 2005a). Hewesavings may be greater when
replacing older or less maintained boilers.
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Combined cycles (combining a gas turbine and a -paeksure steam turbine) offer

flexibility for power and steam production at largates, and potentially at smaller sites as
well. However, combined cycles are generally ldgactive for smaller sites due to the high
capital costs of the steam turbine. For largerssitmmbined cycles may be an attractive
option, depending on natural gas and electricikygst.

Steam-injected gas turbines (STIG) can absorb exstesm (e.g., due to seasonally reduced
heating needs) to boost power production by injgcgteam into the turbine. The size of
typical STIGs starts around 5 MW. STIGs are foumdrarious industries and applications,
especially in Japan and Europe, as well as in thiéed States (for example, International
Power Technology installed STIGs at Sunkist GrowargOntario, California, in 1985)
(Bailey and Worrell 2005). A STIG uses the exhaesit from a combustion turbine to turn
water into high-pressure steam, which is then fackbnto the combustion chamber to mix
with the combustion gas. The advantages of thiesysre (Willis and Scott 2000):

The added mass flow of steam through the turbioeeases power by about 33%.

The machinery involved is simplified by eliminatinge additional turbine and
equipment used in combined cycle gas turbine.

The steam is cool compared to combustion gasesbédip cool the turbine interior.

The system reaches full output more quickly thamlmoed-cycle unit (30 minutes
versus 120 minutes).

Additional advantages are that the amounts of pamer thermal energy produced by the
turbine can be adjusted to meet current power hadmal energy (steam) loads. If steam
loads are reduced, the steam can then be usedvm@rmeneration, increasing output and
efficiency (Ganapathy 1994). Drawbacks include dlditional complexity of the turbine’s
design.

The economics of a CHP system depend strongly enldtal situation, including power
demand, heat demand, power purchasing and sellingsp natural gas prices, as well as
interconnection standards and charges, and utiigyges for backup power. In some states,
programs may offer support for installation of CeiRtems (see also Appendix E).

Tri-generation. Many new CHP systems offer the option of tri-getiera which provides
cooling in addition to electricity and heat. Coglican be provided using either absorption
or adsorption technologies, which both operategisatovered heat from the co-generation
process.

Absorption cooling systems take advantage of thetfaat ammonia is extremely soluble in
cold water and much less so in hot water. Thus, \Water-ammonia solution is heated, it
expels its ammonia. In the first stage of the ghtsmm process, a water-ammonia solution is
exposed to waste heat from the co-generation pspedsereby ammonia gas is expelled.
After dissipating the heat, the ammonia gas—stitler high pressure—liquefies. The liquid
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ammonia flows into a section of the absorption umitere it comes into contact with
hydrogen gas. The hydrogen gas absorbs the amngasiavith a cooling effect. The
hydrogen-ammonia mixture then meets a surface ldof water, which absorbs the ammonia
again, closing the cycle.

One food company that has successfully implemerdbdorption technology is the
Ghirardelli Chocolate Company, a California basednuofacturer of chocolate products.
Ghirardelli's manufacturing facility in San Leandr@alifornia, uses an on-site electricity
generating system, which is powered by four 350rndlral gas-fired reciprocating engines.
In 2003, the company installed a single-stage dhSabsorption chiller that runs entirely on
heat from the engines’ exhaust and jacket watercoAling to the company, the combined
area of the buildings being cooled by the absomptioiller is approximately 35,000 square
feet (ESC 2005).

In contrast to absorption cooling, adsorption awpliutilizes the capacity of certain
substances to adsorb water on their surface, frov@revit can be separated again with the
application of heat. Adsorption units use hot wdtem the co-generation unit. These
systems do not use ammonia or corrosive saltsydrisilica gel (which also helps to reduce
maintenance costs). Adsorption units were origindkveloped in Japan and are now also
marketed in the United States.

The thermal performance of absorption and adsormistems is similar, with a coefficient

of performance between 0.68 and 0.75. The capsits of both systems are also
comparable. However, the reliability of an adsanptunit is expected to be superior and its
maintenance costs are expected to be lower (Gakiis&l. 2005a).

Backpressure turbines. At many facilities, steam is produced at a highespure than is
demanded by process requirements. Often, steassyseeis reduced for process use by
passing steam through pressure reducing valvesntesyy wasting thermal energy. A
backpressure steam turbine can perform the nee@sdyse reduction while converting this
otherwise wasted thermal energy to electricityuse throughout the facility. According to
the U.S. DOE, backpressure turbines can be comsldeherever a pressure reducing valve
has constant steam flow of at least 3,000 poundfiqu& and when the steam pressure drop
is at least 100 psi (U.S. DOE 2002b).

Morning Star Packing Company, a manufacturer ofatmnpaste and other canned tomato
products located in Williams, California, uses h@elssure turbines to generate 100% of
facility electricity needs (approximately 4.5 moii KWh per year). In the mid- to late-
1990s, the company installed three 1 MW backpresgurbines at a cost of around
$847,000, including capital costs and installagapenses. Reported electricity cost savings
have totaled nearly $500,000 per year. The compaojgcted that over the 20-year lifetime
of the backpressure turbines, they expect to skmesa $9 million in total energy bills and
realize a compound annual rate of return of moae 0% (Turbo Steam 2002).

Photovoltaic panels. Photovoltaic panels convert sunlight directlyoimiectricity and can
provide a reliable and renewable source of elattrito facilities with ample sunlight.
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Photovoltaic panels, which are typically mountedttom roof of a facility, convert electricity
to DC current, which is subsequently sent througlimaerter and transformer and converted
into AC power. The AC power can be fed directlioia facility’'s power supply. While the
capital and installation costs of photovoltaic eyss are currently somewhat high (typically
ranging from $6 to $8 per installed DC watt), mamtdirers can often receive substantial
rebates and tax credits from state and federal ciggerthat can help make photovoltaic
investments more economically attractive. Invertgmpically last 10 to 20 years, while
photovoltaic panels can typically generate powegtoto 40 years (FIRE 2005e).

Kettle Foods, a producer of all natural snacks thaseSalem, Oregon, installed a 114 kW
photovoltaic power system on the roof of its preoes plant and headquarters in 2003.
Reportedly, the system saves the company $8,40énémgy costs each year, while also
avoiding around 2,500 tons of G@missions. The initial capital and installatioosts
totaled $675,000, but the company received overO®O0 in clean energy incentives,
Oregon energy tax credits, and U.S. federal entagycredits, which helped to make the
project more economically viable (FIRE 2005e). Otree 40-year life of the system, the
company estimated a 7% average rate of return ametapresent value of $55,000.
However, the project has also helped reinforce |IKdtbods’ image as an environmental
steward and has reportedly led to good corporabéqty.
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13 Process-Specific Energy Efficiency Measures

Chapters 6 through 12 presented a wide varietynefgy efficiency measures for the cross-
cutting systems and technologies within fruit aedetable processing facilities. In addition
to these important cross-cutting measures, thezealso a number of energy efficiency
measures that are applicable to specific unit msee employed in the fruit and vegetable
processing industry. In this chapter, the moshiigant of these process-specific energy
efficiency measures are discussed. Measure déeaspare grouped under the following six
categories, based on the processes to which tieegpgiicable: (1) blanching, (2) drying and
dehydrating, (3) evaporation and concentration, {d)ing, (5) pasteurization and
sterilization, and (6) peeling. As discussed iragtbr 4, these six categories represent some
of the most energy intensive unit processes emglayehe fruit and vegetable processing
industry?*

13.1 Energy Efficiency Measures for Blanching

Upgrading of steam blanchers. Blanching equipment may have a useful life ofygars or
more (Lung et al. 2006). The replacement of ok&hst blanchers with new, more efficient
designs can typically lead to significant energyirsgs. Most modern steam blanchers are
equipped with design features that help to retaat,hminimize steam losses, and efficiently
circulate heat throughout the product stream. Comenergy efficiency features of modern
steam blanchers include (FMCITT 1997; Rumsey 19B&RE 2005f):

Steam sealsvhich help to minimize steam leakage at the blanentrance and exit.
Typical types of steam seals include water spragams at the blancher entrance and
exit, hydrostatic seals that enclose the steam bagrmand rotary locks.

Insulationof the steam chamber walls, ceiling, and floomiaimize heat losses.

Forced convectiomnf steam throughout the product depth using irileians or steam
injection, which provides more efficient and evesating of product and helps to
reduce blanching times.

Process controlshat optimize the flow of steam based on such béegas product
temperature, blanching time, and product depth.

Recovery of condensdiar use in water curtain sprays or for productlicap

Heat and hold techniques. In traditional blanching, products are continugusibjected to
the heating medium until a specified product cemgerature is reached. In contrast,
blanchers using the heat and hold technique expaghicts to just the minimum amount of
steam required for blanching, via the use of aihgagection and a holding section. In the
heating section, products are exposed to just dnstgam to heat the surfaces of the product

2 Energy efficiency measures for freezing—anothghlyi energy intensive unit process discussed ip@a
4—are presented in Chapter 9 of this Energy Guide.
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to the necessary temperature for blanching. Tlwelymt then proceeds to an adiabatic
holding section, in which the product’s surfacethsallowed to penetrate to its core, which
raises the entire product to the required blanckemgperature without the use of additional
steam. Heat and hold blanchers have been repartediuce blanching times by up to 60%
and blanching energy intensity by up to 50% (Runi®86a; FIRE 2005f).

In 2003, Stahlbush Island Farms, a grower, carared, freezer of fruits and vegetables in
Corvalis, Oregon, replaced an aging and inefficldancher used for processing pumpkins
with an ABCO heat and hold blancher. In additionheat and hold features, the ABCO
blancher also incorporated curtains and water spi@yninimize steam losses, a condensate
recovery system, an internal steam recirculatictesy, a fully insulated steam chamber, and
programmable logic controls. Stahlbush Island Rareported annual natural gas savings of
29,000 therms (a 50% reduction compared to thewvipus blancher) and $16,000 in annual
energy savings (FIRE 2005f). Project costs (whietuded the blancher, a feed conveyor,
and a vibratory shaker) totaled $202,000, but &ithOregon energy efficiency tax credit of
$70,855, the final simple payback period was 8 gear

Heat recovery from blanching water or condensate. Heat can be recovered from the
discharge water of hot water blanchers via a heetanger. Similarly, in steam blanchers
were condensate is not recycled internally, it rhigd possible to recover heat from the hot
condensate exiting the blancher. Where foulinghanageable, in both cases heat can be
recovered using a heat exchanger and used to ptesljgipment cleaning water or boiler
feed water (Lund 1986).

Steam recirculation. Some steam blanching systems with forced convedi@n also
capable of recirculating and reusing the steamdbas not condensate on the product at first
pass, thus reducing the steam inputs into the biagchamber.

The U.S. DOE sponsored the development of the FRtbdlancher, which features a steam
recirculation system in addition to hydrostaticlsea fully insulated steam chamber, and
blanching process controls. As of 2002, 40 unasehbeen installed in food processing
facilities in the United States. Reser’s Fine Fpah Oregon based processor of vegetables
and specialty foods, has installed five Turbo-Flanbhers at its processing facilities.
According to the company, the Turbo-Flo blancheritat Beaverton, Oregon, facility
increased product throughput by 300% while redutimggfloor space required for blanching
dramatically. At the California Prune Packing C@myp in Live Oak, California, a Turbo-
Flo blancher installed in 1997 was reportedly fonres more efficient than its predecessor
(CADDET 2000b). Estimated payback periods are utwle years (U.S. DOE 2002e).

13.2 Energy Efficiency Measures for Drying and Dehydratng
Maintenance. Improper maintenance of drying and dehydratingigent can increase
energy consumption by up to 10% (ISU 2005). Aredff’e maintenance program should

include the following actions, which should be penied on a regular basis (ISU 2005; BEE
2004; Traub 1999b, EEBPP 1996):
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Checking burner and combustion efficiency.

Checking heat exchangers for fouling, excessivesune drops, and leaks.
Cleaning filters at fans.

Checking for belt slippage and fan speeds.

Avoiding air leaks through checks and repairs afrdand seals.

Checking and repairing insulation on burners, hleathangers, duct work, and the
body of the dryer.

Checking thermocouples and humidity sensors folirfgu
Monitoring heat transfer efficiency.
Ensuring that fuel and air ports and flues areradéaebris.

Checking and repairing utility (i.e., steam, natugas, and compressed air) supply
lines.

Insulation. Any hot surfaces of drying equipment that areomeal to air, such as burners,
heat exchangers, roofs, walls, ducts, and pipesjldhbe fully insulated to minimize heat
losses. Insulation should also be checked regularlgamage or decay. Different insulation
materials such as mineral wool, foam, or calciultate can be applied to various drying
system components, depending on temperature (BEE)20Foam can be used for low
temperature insulation while ceramics are usefdeamigh temperature conditions.

Mechanical dewatering. Mechanical dewatering of fruits and vegetablesrgo drying can
reduce the moisture loading on the dryer and seyefisant amounts of energy. As a rule
of thumb, for each 1% reduction in feed moistubhe, dryer energy input can be reduced by
up to 4% (BEE 2004). Mechanical dewatering methodkide filtration, use of centrifugal
force, gravity, mechanical compression, and higbaity air (ISU Extension 2005).

At the British Sugar beet factory in Wissingtongtamd, six screw presses were employed to
mechanically dewater wet beet pulp prior to dehtydnain a rotary dryer. Each screw press

had specific energy use of 23 kilojoules (kJ)/kgnafter removed, compared to a specific

energy use of 2,907 kJ/kg for the rotary dryer. uBing the six screw presses for mechanical
dewatering, British Sugar found that its energyteas drying the beet pulp were 40 times

less than they would have been if they had usedotiaey dryers alone (EEBPP 1996).

Direct fired dryers. Direct fired dryers are generally more energycefht than indirect

heated dryers, because they remove the inefficiehdyst transferring heat to air and then
transferring heat from air to the product. Diréiéd dryers can reduce primary fuel use by
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35% to 45% compared to indirect (i.e., steam-basediting methods (BEE 2004; ISU
2005).

Exhaust air heat recovery. A simple form of heat recovery in retrofit apglions is to
utilize the exhaust air of a dryer to preheat thietiair stream, thereby saving energy. The
success of this measure depends on the availabtee dpr additional duct work near the
dryer (ISU 2005). Either the exhaust air can bedtly injected into the inlet air stream, or a
recuperation (i.e., heat exchanger) system cannfjdoged to indirectly heat the inlet air
stream using exhaust air (EEBPP 1996). In the déorapproach, the saturation of the
exhaust air might limit the effectiveness of heatavery (highly saturated exhaust air may
raise the humidity of incoming air and reduce itging capacity) (Traub 1999a). If there
isn’t sufficient room for additional duct work anodi the dryer, heat can be recovered from
exhaust gases using “run-around coils,” which dongaheating medium such as water to
transfer heat to the inlet air stream via a heaharger (ISU Extension 2005).

Using dry air. The use of dry air reduces the amount of moisiturne air that requires
heating and vaporization. Thus, by removing th@sture, the heating load on the dryer is
reduced. Air can be dried using desiccants or adlifying techniques, but, in general, this
measure is only practical for dryers with smalluraks of air (Traub 1999b).

Heat recovery from the product. In cases where products are deliberately coossagu
forced air after drying, it might be feasible tayele the resulting warm air, either directly
into the dryer or through a heat exchanger to @ek®e inlet air stream (EEBPP 1996).
However, for products that don’t require coolinige ttooling fan and heat recovery system
cost might be greater than the energy cost sawdagsciated with the recovered heat (Traub
1999b).

Process controls. Process controls, such as feedback controlleex| forward controllers,
and model-based predictive controllers, can helmiteimize dryer energy consumption by
more precisely controlling energy inputs to meet tieeds of the product being processed.
Common sensors used in drying process control dieclthermocouples and resistance
thermometers (for air temperature), infrared pyraree (for product surface temperatures),
and wet-bulb and dry-bulb thermometers, resistasmesors, and absorption capacitive
sensors (for air humidity) (CADDET 1997b; ISU Exéeéan 2005; BEE 2004).

At the British Sugar beet sugar factory in WissamgtEngland, sugar is extracted from the
beets and the remaining spent beet pulp is drietyustary dryers to produce cattle feed.
The company chose to install a model-based prediaontrol system to more accurately
control the process performance of its rotary dryeFollowing installation, the company

reported saving £32,900 per year ($54,290 in 199. dollars), which was comprised of

£18,900 ($31,185 in 1997 U.S dollars) in dryer ggexavings and £14,000 ($23,100 in 1997
U.S dollars) per year in downstream energy cosinga\CADDET 1997b). Furthermore,

increased yields boosted savings by another £6 {011,640 in 1997 U.S dollars) per year,
enabling a payback period of just 17 months.
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13.3 Energy Efficiency Measures for Evaporation

Maintenance. Common sources of inefficiency and heat loss vaperators include
excessive venting, radiation and convective lospesy vacuum system performance, air
leakage, water leakage, fouling, and poor sepasdtiaiency (Rumsey 1986b). An ongoing
maintenance program for evaporators can help ma@rand avoid many of these sources of
energy loss. In general, a solid maintenance pragghould include the following (PG&E
2006):

Inspection and prevention of air leaks into evajysato minimize venting rates (air
is non-condensable and thus must be vented frorsytem).

Cleaning of heat transfer surfaces to allow effitieansfer of energy.
Inspection and replacement of wet, damaged, oryagelcasulation.
Cleaning of vapor separation vessels to maintaodywt yields and pressure profiles.

Inspection and prevention of water leaks into tystesn to avoid diluting the product
streams.

Maintaining the optimum pressure profile in the mwator per the manufacturer’s
specifications (excess pressure inhibits evapardtjoraising the boiling point).

Multiple effect evaporators. In general, significant energy efficiency gaires de realized
by using multiple effect evaporators instead ofkareffect evaporators, where economically
feasible. In multiple effect evaporators, the faapors that “boil” out of the liquid in one
evaporator (or “effect”) are used as the heatinglioma in another effect, which is operated
at a lower pressure. By using multiple effectg, dimount of water evaporated per pound of
steam supplied to the evaporator system can belgieareased. For example, a typical
single effect evaporator will evaporate around (a86nds of water per pound of steam input
(i.e., a steam economy of 0.95); steam economys rigearound 1.8 for a double effect
evaporator system, and to 2.6 for a triple effe@perator system (Maroulis and Saravacos
2003).

There is a tradeoff between energy savings andattded capital costs of additional
evaporator effects. Furthermore, there is praclicat to the number of effects that can be
used for any given product application; in practigp to five effects might be feasible for
evaporator systems used in food processing (Maramiil Saravacos 2003).

Vapor recompression. In general, energy efficiencies higher than thamaltiple-effect
evaporator systems can be realized using vapomg@ssion systems, in which the vapors
exiting the evaporator are compressed (therebyngaisapor temperature) and reintroduced
into the evaporator as a heating medium. Theretwoetypes of vapor recompression
systems available: thermal vapor recompression (Tgstems and mechanical vapor
recompression (MVR) systems.
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In TVR systems, the vapors exiting the evaporatercampressed in a steam ejector using
high pressure steam and the mixture is reintroduntml the same evaporator unit as a
heating medium. Part of the vapors exiting thapevator must be removed in order to
maintain the proper mass balance of steam entdrengvaporator unit.

In MVR systems, the vapors exiting the evaporater@mpressed mechanically (typically
using centrifugal compressors or turbo fans) aed tieintroduced into the evaporator unit as
a heating medium. A small amount of heating steaadded to the system to make up the
condensate formed during compression of water wafMaroulis and Saravacos 2003). The
steam economy of MVR systems can range from 100towdile TVR systems are less
energy efficient and have a typical steam econaniiie range of 4 to 8.

Because of compression limitations and the higliscosevaporation under vacuum, vapor
recompression units are mainly applicable whereptioeluct is not too concentrated and can
be boiled under atmospheric or moderate vacuumitonsl (Blanchard 1992). Thermal
recompression systems are most economical whenphnégsure steam is available at low
cost, while MVR systems are most economical whesttatity is available at low cost
(Maroulis and Saravacos 2003).

Sunmore Meieri, a dairy processor based in Norwayed for an MVR evaporator system
to concentrate the basic ingredients of brown ahéeam, milk and whey) from 11% dry
matter to 55% dry matter. The MVR system savedctirapany around 27 GWh of energy
per year (CADDET 1997c).

Concentration using membrane filtration. Because membrane concentration does not
require a phase change (in contrast to evaporatibis) a more energy-efficient option for
water removal than traditional steam-based evajporanethods. Membrane filtration
systems have been successfully applied to the otnati®n of fruit and vegetable products,
both in producing finished concentrated productedliy and in pre-concentrating products
prior to evaporation. The latter approach redulkegnoisture content of the evaporator feed
stream and thus reduces the energy requiremetite @vaporator. The most common types
of membrane filtration systems used in the foodcessing industry are reverse osmosis
systems and ultra-filtration systems (Martin et28100).

At Golden Town Apple Products, a manufacturer cflpe apples and apple juices based in
Canada, a combination of ultra-filtration and reeeosmosis has been used for apple juice
concentration. In this process, the juice is rebdte about 140°F (60°C) and afterwards
passed through a reverse osmosis membrane andrasfiltration membrane to produce
apple juice concentrate. The system has maximuracd#s of 3,000 liters per hour for
feedstock, 1,500 liters per hour for final concatdr and 1,500 liters per hour for water
removed by reverse osmosis. The energy savingsiateswb with this system were estimated
at 66% compared to a traditional evaporation pmcesAdditionally, the volume of
equipment required for concentration was reducedb®. The payback period for the
system was estimated at 2.5 years (Martin et &0R0
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Freeze concentration. For certain types of fruit juices and extractegke concentration can
offer a more energy-efficient concentration opttban traditional evaporation methods. In
freeze concentration, fruit juices are concentratethg a combination of freezing and
mechanical separation. First, fruit juices areémto produce a slurry of frozen fruit liquids
and ice crystals. Next, a separation device (@sch centrifuge or filter press) is used to
separate the ice crystals from the fruit liquidEnergy savings are due to the fact that
crystallizing a pound of water requires only abong-eighth the energy required to vaporize
the same amount (SCE 2005).

In addition to energy savings, freeze concentrasoseid to produce fruit juice concentrates
without appreciable loss in taste, aroma, color,notritive value, and to result in less
equipment corrosion as a result of the low opegattemperatures of the process (Luh et al.
1986; SCE 2005). However, the high capital andgefation costs associated with freeze
concentration might make it attractive for onlyigalue juices and extracts (Fellows 2000).
To date, freeze concentration has been successfpplied in the making of fruit juices,
beer, wine, vinegar, milk, and coffee (SCE 2005).

13.4 Energy Efficiency Measures for Frying

Heat recovery from fryer exhaust gases Heat can be recovered indirectly from a fryer’s
fat-laden exhaust gases via a heat exchange sgst@msed for pre-heating air and water for
use in other facility processes. Conditioning loé xhaust gas is required, however, to
remove fats and to reduce fouling of the heat exgbaystem.

McCain Foods, a global manufacturer of frozen mofabducts, installed a special system
for recovering heat from exhaust gases on the @dtging line at its Scarborough, England,
facility in 1995. Fryer exhaust gases were fistusgated with water vapor using turbine
washers, then routed to a two-pass shell and taperwcondensing heat exchanger. The heat
exchanger shells were oriented vertically, whidbveéd condensate, fat, and fatty acids to
drain freely into a sump below the heat exchang@te heat exchanger was used to pre-heat
air for the facility’s potato chip dryers, to hegater used in potato blanchers, and to provide
facility hot water. Exhaust gases exiting the wapondenser passed through a scrubbing
tower and were discharged to the atmosphere. tdeavery from the fryer exhaust gases
saved the company a reported £77,060 ($123,00095 U.S. dollars) per year in natural
gas costs (CADDET 1995).

Heat recovery via exhaust gas combustionlt is also possible to recover additional heat
from a fryer's fat-laden exhaust gases using dimghbustion. Commercially-available
fryer gas combustion systems exist that can reaoseful heat in a two-stage process. In the
first stage, heat is recovered from exhaust gaséagthe fryer using economizers that that
pre-heat facility and process water. In the secstade, exhaust gases are combusted in a
small natural gas-fired furnace. Exhaust gaseiste&ifurnace at around 700° C to 800° C
and are passed through a second heat exchangeh iwhised to heat fryer oil (Gould 1996;
European Commission 2006).
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Kitchen Range Foods, a UK based manufacturer aefrdried potato products and frozen
vegetables, installed a fryer gas combustion hezaiviery unit on its frying line in 2002. The

heat recovery system reportedly supplies 10% ofehergy needed to heat the fryers,
eliminates exhaust odor problems, and producesfluet (Food Engineering & Ingredients

2002).

Heat recovery via adsorption cooling. As discussed in Chapter 12, adsorption cooling
systems can use waste heat instead of electripydduce chilled water for use in facility
air conditioning and process cooling applications.

In 2004, the California Energy Commission finaneedemonstration project to evaluate the
use of adsorption cooling technology to generaibechwater from fryer exhaust gas heat.
A 300 ton adsorption chiller was installed on agpotchip frying line that fried about 20,000
pounds of potato chips per hour and produced ab®s @00 pounds of exhaust water vapor
(at 220° F) per hour. Formerly, the exhaust wastdirged to the atmosphere. The project
was estimated to save about 1.5 million kWh pen yedacility air conditioning energy,
amounting to about $123,000 in annual energy ashgs (CEC 2004). According to Flex
Your Power (a partnership between California'sitigs, residents, businesses, government
agencies, and nonprofit organizations), the sirppiack period associated with adsorption
chillers generally ranges from one to three yelBlesx(Your Power 2006b).

Using spent fryer oil as fuel. The frying process can generate significant artoahspent
oil, which can be a costly solid waste problemrfany companies. However, spent fryer oil
can be used as a diesel engine fuel in lieu ofod@mpat facilities that have diesel co-
generation units or diesel backup power generatokdost diesel engines can run on
vegetable oils (also known as “bio-diesel” fuelsjhie oils are properly filtered to remove
contaminants and if special modifications are made fuel injection system. Using spent
oil as a bio-diesel fuel reduces solid waste whiledhe same time reducing a company’s
necessary purchases of diesel fuels.

The Mayno Food Company, a Japanese firm that metuwés tempura (deep-fried
vegetables and shellfish), decided to install aalieo-generation system in 1997 that burns a
mixture of spent vegetable oil and marine gas dlhe system features a fuel mixer to blend
vegetable oil with marine gas oil, a line heateadjust the viscosity of the fuel, a filter and
sedimentation tank to remove contaminants fromsihent vegetable oil, and a specially-
designed fuel injection system. The system runa @0:30 fuel ratio of spent vegetable oil
and marine gas oil and burns 32 to 42 tons of spegtable oil per month. As of 2002, the
system was running with no major problems and vides t run with fuel and maintenance
costs that were 50% less than a co-generation mysii®@ning on marine gas oil alone
(CADDET 2002). The system was also reported taigedboth emissions of sulfur oxides
(SO, and the smoke density of the exhaust.
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13.5 Energy Efficiency Measures for Pasteurization and ®rilization

Sterilizer insulation. All exposed surfaces of sterilizers should bepprty insulated to
minimize heat losses. Furthermore, insulation khdwe checked regularly for damage or
decay and repaired promptly when needed. The diymiayback for insulating sterilizers
where the temperatures of exposed surfaces ar¢egrdan 75° C is two to three years
(UNIDO 1995).

Heat recovery from pasteurization. While most modern pasteurizers use some form of
internal heat regeneration, the heat containeejected water can also be recovered using
heat pumps or a heat exchanger and used to predneair water in other facility
applications.

Compact immersion tube heat exchangers.Compact immersion tube heat exchangers
consist of a combustion chamber and a heat exchtabgethat is coiled inside a reservoir of
water. Exhaust from the combustion chamber, wiscfired by natural gas, is circulated
directly through the immersed tubes, which trandmet to the water in the reservoir. The
hot water is then circulated to another heat exgharfor use in pasteurization and
sterilization processes. Compact immersion tuls Brchangers reportedly use up to 35%
less energy than centralized water heating sys(€ABDDET 1992).

The A. Lassonde Company pasteurizes around 30omiliiers of apple juice per year at its

Rougement, Quebec, facility. To help reduce itsrgy bills, the company replaced its old
electric water heating system used for pasteuadraiiith a pair of 880 kW natural gas-fired

compact immersion tube water heating units. Thapany reported energy cost savings of
$18,100 per year (in 1997 U.S. dollars), mainteracmst savings of $13,000 per year (in
1997 U.S. dollars), and a payback period of lean tiwo years (CADDET 1997d).

Helical heat exchangers. Helical heat exchangers can reportedly offer dased heat
transfer rates, reduced fouling, and reduced maamee costs compared to traditional shell-
and-tube heat exchangers. These heat exchanggis timerefore offer an energy-efficient
heat exchange option for continuous pasteurizadimh sterilization processes (Stehlik and
Wadekar 2002).

Induction heating of liquids. An induction heater works by dissipating the egger

generated when the secondary winding of a trangoiis short-circuited, which instantly
imparts heat to liquid circulating in a coil aroutiee transformer core. Applications in the
fruit and vegetable processing industry include tiomous liquid sterilization and

pasteurization processes. Energy savings compaitgailer-based methods of liquid heating
have been estimated at up to 17% (CADDET 1997e).

The Laiterie Chalifoux dairy in Sorel, Quebec, a@ilstd induction heaters for milk
pasteurization and realized a simple payback peri&i3 years (CADDET 1997e).
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13.6 Energy Efficiency Measures for Peeling

Heat recovery from discharge steam. Ideally, residual steam from steam-based peelers
should be harnessed for heat recovery rather theingbdischarged directly to the
atmosphere. Heat can be recovered from the digehateam using condensing heat
exchange systems and used to heat facility or psoeater.

The Fritesspecialist company in Arcen, the Netmel$a manufactures both fresh and frozen
potato products. In the late 1990s. the compastailed a condensing heat exchange system
to recover energy from its steam-based potato mepgiocess for use as a heating medium
for pasteurizing potato pre-heating water. Presigithe company released steam directly to
the atmosphere, which was perceived as a nuisantteeisurrounding neighborhood. The
system works by discharging steam from the peeler a blow down vessel, in which a
spray of recirculated process water condenses td@nsinto hot water. The hot water
collected at the bottom of the vessel is fed thhoagheat exchanger to pasteurize process
water. The company reportedly saved 852,000omnatural gas per year with a simple
payback period of 3.4 years (CADDET 2000c).

Multi-stage abrasive peeling. In general, abrasive peeling methods consumedessyy
than steam-based peeling methods (European Unid®)2However, a major drawback of
traditional abrasive peeling methods is that alentp the removal of peels, a significant
amount of usable product is usually lost duringghecess. Multi-stage abrasive peelers can
reduce the amount of usable product that is lose-taereby increase product yields—by
routing the product through a series of progresgivailder abrasive drums. While no
energy efficiency data on multi-stage abrasive ipgehre yet available, the process is
expected to save energy in upstream processesydgedacreased yields mean that less
product must be processed prior to peeling to raaira given production rate.

Utz Quality Foods of Hannover, Pennsylvania, haslws multi-stage abrasive peeler on its
potato chip processing line since 2001. The newlipg process was estimated to reduce
potato usage by 354,000 pounds per year while aiaing the same production rate (Food
Engineering 2003). The savings in reduced potastscwere estimated at $31,860 per year.
Additional reported benefits included less potatsie for disposal as well as fewer quality
problems with downstream processes such as skiddrying.

Dry caustic peeling. Caustic peeling methods are generally less enamgy water-intensive
options than steam-based peeling methods (Europe&gn 2006). However, wet caustic
peeling methods can generate wastewater with ahighypH and organic load, which leads
to high wastewater treatment costs. In contrastcdustic peeling methods use less water
and less caustic solution than wet caustic pealiethods and thus generate less wastewater.
The wastewater generated by dry caustic peelirghas lower pH and organic loading than
wet caustic peeling methods, which reduces wasewiegatment costs (U.S. EPA 1999).
The dry caustic peeling process subjects prodacts ieated caustic solution to soften the
skin, which is then removed by dry rubber discsatlers. A final rinse to remove residues
of peel and caustic is the only fresh water used.
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In a demonstration project at a Del Monte peacHimgand canning facility, dry caustic
peeling methods generated nearly 90% less wastewaate had over 50% less organic
loading than wet caustic peeling methods (U.S. EP39).
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14 Emerging Energy-Efficient Technologies

Chapters 6 through 13 discussed a wide range afgradficiency measures and practices
that are based on proven, commercially availabtéhrntelogies. In addition to these
opportunities, there are also a number of emergauhnologies that hold promise for
improving energy efficiency in the U.S. fruit ancgetable processing industry. (An
emerging technology is defined as a technology theats recently developed or
commercialized with little or no market penetrationthe food processing industry at the
time of this writing.)

New and improved technologies for food processirg lzeing developed and evaluated
continuously, many of which can provide not onherlgy savings, but also water savings,
increased reliability, reduced emissions, highedpct quality, and improved productivity.
In this chapter, several promising emerging tecbgiek for fruit and vegetable processing
(both cross-cutting and process-specific) are lyridiscussed. Where possible, information
on potential energy savings compared to existingrtelogies and other technology benefits
are provided. However, for many emerging techniekgsuch information is scarce or non
existent in the published literature. Thus, thergg savings and other benefits discussed
here are preliminary estimates. Actual technolpgsformance will depend on the facility,
the application of the technology, and the exispngduction equipment with which the new
technology is integrated.

14.1 Emerging Energy-Efficient Technologies for Fruit ard Vegetable Processing

Heat pump drying. Heat pumps are a class of active heat recovarpeegnt that allows
low temperature waste heat to be increased to lzehignore useful temperature for other
process heating applications. The use of heat puatipws for the recovery of waste heat
where traditional (i.e., passive) heat recoveryhod$ are not practical. As an active heat
recovery method, heat pumps require the input efgnto convert low temperature waste
heat into high temperature process heat. Howa@veyeneral it is still less energy intensive
to use a heat pump to transform low temperaturéenssat into useful process heat than it is
to supply that process heat via traditional enesgyrces (i.e., via electricity or fuel
combustion) (U.S. DOE 2003).

Perera and Rahman (1997) have reported that hegt dehumidifying dryers offer several
advantages over conventional hot-air dryers fordityeng of food products, including higher
energy efficiency, better product quality, and Higlity to operate regardless of ambient
weather conditions. Heat pump dehumidifying dryasaesist of a condenser, a compressor,
an evaporator, and a fan to provide air movemehilewthe heat pump is located along with
the product in an enclosed chamber. Dry, heated gassed continuously over the product,
and, as it picks up moisture, it condenses on et pump, giving up its latent heat of
vaporization, which is taken up by the refrigeranthe evaporator. This heat is used to
reheat the cool dry air passing over the hot coseleof the heat pump.
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Ohmic heating. Ohmic heating is a thermal processing method imclwlan alternating
electrical current is passed through food prodtztgenerate heat internally. Ohmic heating
is said to produce a uniform, inside-out heatintfgpa that heats foods faster and more
evenly than conventional outside-in heating methadiscording to Lima et al. (2002),
potential applications for ohmic heating relevamtfiuit and vegetable processing include
blanching, evaporation, dehydration, fermentatarg extraction.

In tests at the Louisiana State University Agrictdt Center, sweet potato samples were
processed using ohmic heating prior to freeze dryi®hmic heating reportedly increased

the rate of freeze-drying up to 25% compared topd@snthat did not undergo ohmic heating,

which led to significant savings in both processimge and energy use (Lima et al. 2002).
However, ohmic heating parameters such as the drexyuof the alternating current, the

applied voltage, the temperature to which the samigl heated, and the electrical

conductivity of the food can all have a significafffiect on the performance of the process.

Infrared drying. In conventional drying methods, substantial amewftair must be heated
and circulated around the product to be dried. dntrast, infrared drying uses infrared
radiation to heat only the material that needsetdhéated—not the surrounding air—and thus
saves energy compared to conventional methods.

For drying apple slices, a comparison of infraregirdy with convective drying done using
equivalent processing parameters showed that eregig were lower and that the time of
the drying process could be shortened by up to 58%g infrared methods (Nowak and
Lewicki 2004).

Pulsed fluid-bed drying. The pulsed fluid-bed dryer is a modification b&tconventional
fluid-bed dryer (used widely in the dehydrationfrefits and vegetables). In pulsed fluid-bed
drying, gas pulses cause high-frequency vibratisithin the bed of product particles.
Reported advantages of the pulsed fluid-bed drgipgroach include easier fluidization of
irregular particle shapes, fluidization with 30%506% less air than conventional methods
(leading to energy savings in heating and circatathot air), and reduced channeling of
particles (CADDET 2000d). Additionally, pulsed ifidbed dryers are roughly half the size
of conventional conveyor-type dryers. Succesgfal &applications in the food industry
include the drying of carrot cubes and the dryihgrmpped onions.

In the drying of carrot cubes, a pulsed fluid-beged reduced the total drying time by two to
three times compared to traditional fluid-bed dgymethods while providing a final product
that was highly uniform in color and moisture camte Similarly, for chopped onions, the
final products were of high color and reconstitntguality and uniform in moisture content
(CADDET 2000d).

Pulsed electric field pasteurization. The use of pulsed electric fields to pasteurigaid
food products is showing promise as an emergindini@ogy. Pulsed electric field
pasteurization for juices may provide superior g¢aahd freshness compared to juices
undergoing conventional heat treatment. In the qullslectric field process, liquids are
exposed to high voltage pulses of electricity @chivate harmful micro-organisms as well as
enzymes that degrade the quality of fruit juicegroime. The energy savings associated
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with pulsed electric field processing arise frone flact that the process operates at lower
temperatures than conventional heat-based pastéarizmethods and thus the pasteurized
juices require less cooling energy (Lung et al.&00

Pulsed electric field pasteurizing has been subtdéssemployed by the Genesis Juice
Corporation of Eugene, Oregon, in the productionogjanic bottled fruit juices (Clark

2006). The company reported that the major matwar using the new technology was to
avoid the loss of flavor associated with converdldhermal pasteurization methods.

Advanced rotary burners. The U.S. DOE has sponsored the development efwaratary
burner design, which is said to reduce emissionsesnergy costs compared to existing low-
emission burners that require electrical air dsition systems to aid combustion. In the fruit
and vegetable processing industry, the new rotargdy could be applied to boilers, fryers,
dryers, and other process equipment requiring cstidou The rotary burner uses a gas
expansion technique to more effectively mix air &nel for combustion, which, according to
the U.S. DOE (2002f):

Increases fuel efficiency up to 4% versus converatiootary and stationary burners.
Transfers heat more efficiently through heat raoileénd convection processes.
Has near perfect mixing of gas and air, which tssallow nitrous oxide emissions.
Is suitable for limited space.

Geothermal heat pumps for HVAC. Geothermal heat pumps take advantage of the cool,
constant temperature of the earth to provide hgatimd cooling to a building. To date, most
applications of geothermal heat pumps have beehemesidential and commercial sectors
rather than in the industrial sector. However,tigeomal heat pumps may be a viable
replacement for traditional HVAC systems in offioe warehouse spaces in the fruit and
vegetable processing industry.

In winter, a water solution is circulated througpgs buried in the ground, which absorbs
heat from the earth and carries it into the buddstructure. A heat pump system inside the
building transfers this heat to air that is cir¢eththrough the building’s ductwork to warm
the interior space. In the summer, the procesavisrsed: heat is extracted from the air in the
building and transferred through the heat pumpht® underground piping, where heat is
transferred back to the earth. The only externatgnneeded is a small amount of electricity
to operate fans and ground loop pumps (GHPC 2005).

The Geothermal Heat Pump Consortium (2005) clalas the technology can reduce space

heating and cooling energy consumption by 25% t& S®mpared to traditional building
HVAC systems.
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Carbon dioxide (CQO,) as a refrigerant. In the food industry, COcan be used for quick
freezing, surface freezing, chilling, and refrigera. In cryogenic tunnels and spiral freezers,
high pressure liquid CQOss injected through nozzles that convert it to iatare of CQ gas
and dry ice that covers the surface of the foodlpect Liquid CQ is reported to generate
faster cooling rates than conventional freezingcesses. In addition, liquid GQOreezing
equipment eliminates the need for compressor systémereby taking up less room than
comparable mechanical freezers.

Since 2001, the frozen vegetable producer Ardo Bdc¢ated in Zundert, the Netherlands,
has been operating a 560 kW combined ammonigf@@zer, which uses ammonia in the
higher temperature range and J0the lower temperature range. The energy savohgsis
system, in comparison to a conventional ammoniadbasxpansion system, have been
estimated at around $66,000 per year. The estima@yback period is 11 years.
(SenterNovem 1999).

Copper rotor motors. Copper rotor motors replace aluminum in the résguirrel cage”
structure of the motor since the electrical conhtgtof this material is up to 60% higher
than aluminum and hence, produce a more energyiesffiinduction motor. In addition,
copper reacts with much more stability to changdiogds, especially at low speeds and
frequencies, operates cooler. Copper rotors cam ralquire fewer repairs and re-windings,
which can lead to increased motor life and deckas@ntenance costs.

Copper rotor motors have been shown to reduce totdbr losses by 10% to 15% and
energy use by 1% to 3% compared to aluminum rototors. Additionally, the operating
costs for copper rotor motors are expected to be tkan conventional aluminum motors
while the life expectancy is predicted to be 50%ater (CDA 2004; Worrell et al. 2004).

Magnetically-coupled adjustable-speed drives.Magnetically-coupled adjustable-speed
drives (MC-ASDs) are a new type of ASD, in whicle tbhysical connection between the
motor and the driven load is replaced with a gapigfand the amount of torque transferred
is controlled by varying the air gap distance bemveotating plates in the assembly.
According to Worrell et al. (2004), compared tostixig ASDs, MC-ASDs have several
advantages in addition to greater energy efficiemgluding:

A greater tolerance for motor misalignment.

Little impact on power quality.

The ability to be used with regular duty motorss{ead of inverters).

Expected lower long term maintenance costs.

Extended motor and equipment lives, due to elinmnadbf vibration and wear on
equipment.
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One commercially-available model, the MagnaDrigecurrently installed in pump, fan, and
blower installations in the pulp and paper, minifigod processing, and raw materials
processing industries, as well as in irrigationwpogeneration, water treatment, and HVAC
systems. Reportedly, applications of the MagnaDpwevided energy savings of 25% to
66% (Worrell et al. 2004).

Advanced motor lubricants. Lubricants are a critical element of every mataxen system

for reducing friction and minimizing component we&eplacing conventional petroleum-
based oils and greases with synthetic, engineett@icants can reduce energy consumption
and equipment wear while extending lubricant liffecause synthetic lubricants are
optimized for their application, friction can bedueed significantly. Reportedly, energy
savings of 2% to 30% have been realized in gearcesd, compressors, pumps, and motors
while using synthetic lubricants (Martin et al. 200

In many cases, the additional cost of syntheticcaih be more than justified by longer
lubricant life alone. For example, Dow Corningeaetty introduced synthetic gear oils that
are said to extend drain intervals by three timesr cconventional mineral oils while

reducing power consumption by as much as 17% (FaaldietionDaily.com 2003).
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15 Basic Water Efficiency Measures

In many U.S. fruit and vegetable processing faesglitwater is a resource that can be just as
critical and costly as energy in the productiongess. Water is used throughout the fruit and
vegetable processing industry for process coolmger systems, water fluming, blanching,
peeling, cooking, product rinsing, and equipmerdaning, as well as in the products
themselves as a primary ingredient (e.g., in canineids, vegetables, and soups). In
California alone, the water consumption of thetfand vegetable processing industry has
been estimated at nearly 23 billion gallons per yRacific Institute 2003).

The specific water usage (i.e., gallons of water tpa of product) required in fruit and
vegetable processing depends heavily on the typeoafuct manufactured as well as on the
water management practices at individual faciliti®eported values of specific water usage
in the U.S. fruit and vegetable processing industiryge from several hundred gallons per
ton of product (Mannapperuma et al. 1993) to tdrthamusands of gallons per ton of product
(U.S. AEP 2002). This range suggests significaatiation in water usage across the
industry. According to a study by the World Bari©98), however, good facility water
management programs can often help reduce speedter usage to the “best practice”
levels indicated in Table 15.1 for different prosed fruit and vegetable products.

Table 15.1. Representative best practice values gfiecific water use for various
processed fruit and vegetable products

Specific Water Use
Product Category (gallons/ton)

Canned fruits 730-1,170
Canned vegetables 1,020 - 1,750
Frozen vegetables 1,460 — 2,500
Fruit juices 2,000
Jams 1,750
Baby foods 1,750 — 2,630

Source: World Bank (1998)

This chapter provides a brief overview of basigven water efficiency measures applicable
to typical fruit and vegetable processing planiis.addition to reducing facility utility bills
for water purchases, improved water efficiency a0 lead to reduced energy consumption
for water pumping and treatment, reduced wastewdigrharge volumes, and reduced
wastewater treatment costs. Furthermore, the eegoand recycling of water can also
provide opportunities for energy recovery, whici ¢eelp to further reduce facility energy
costs. Water efficiency also reduces loads onl lkeah water and wastewater treatment
plants, which leads to indirect energy savinghmindustrial water supply chain. According
to Envirowise, a UK government program that proradiasiness resource efficiency, fruit
and vegetable processing companies that have ménmented any water saving measures
can often reduce water and effluent costs by 508%uthh water efficiency programs
(Envirowise 2001). Companies that have alreadylempnted some measures—but not a
systematic approach—can often still achieve a 26&tahse in water and effluent costs.
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The water efficiency measures discussed in thigptelhaare grouped into three major
categories, depending on their general area ofictyility: (1) general water management
measures, (2) cleaning and sanitation, and (3)rwatese and recycling. While there are
many opportunities for water efficiency in the wyal food processing facility, this chapter
focuses on the most significant measures for watéciency applicable to fruit and
vegetable processing. Wherever possible, refeseto literature and online resources are
provided for further information on individual meass and on the topic of industrial water
efficiency in general.

15.1 General Water Management Measures

Strategic water management program. Similar to a strategic energy management program
(discussed in Chapter 6), a strategic, organizatimie@ water management program can be
one of the most successful and cost-effective wiaysring about sustainable water
efficiency improvements. Strategic water managenpeagrams help to ensure that water
efficiency improvements do not just happen on atone basis, but rather are continuously
identified and implemented in an ongoing processooitinuous improvement.

Establishing and maintaining a successful industvater management program generally
involves the following key steps (NCDENR 1998; NHBE001; CDWR 1994).

1) Establish commitment and goal€§oals for water savings should be qualitative and
included in statements of commitment and companyir@mmental policies. A
commitment of staff, budget, and resources shoalddtablished at the outset of the
water management program to ensure Success.

2) Line up support and resourcekiternal and external staff and resources shbeld
identified and secured, including a water prograanager, with buy in from senior
level management. Many of the recommendationgs$tablishing an Energy Team
(see Chapter 6) are applicable at this stage.

3) Conduct a water auditA facility water audit should be performed to nti€y and
document all end uses of water, daily or hourlyavaonsumption rates for all end
uses, and water efficiency practices already ingla

4) Identify water management opportunitieBased on the results of the audit,
opportunities for the elimination, reduction, aedise of water applicable to each end
use should be identified.

5) Prepare an action plan and implementation schedGlest-benefit analyses on all
identified opportunities can be performed to detearthe most practical ways for
meeting the established goals for water efficienddn action plan with specific
goals, timelines, and staff responsibilities fortevaefficiency updates should be
established to implement all feasible opportunities
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6) Track results and publicize successBsogress toward established water efficiency
goals should be tracked and publicized as a metaimsghlighting successes and
educating personnel on water efficiency. Succeskeslld be acknowledged and
awarded on a regular basis.

Good housekeeping.A general housekeeping program for facility wagstems can ensure

that water supplies and end uses continue to apatadptimal efficiency and that potential

maintenance issues are identified and addresseappiso In general, good housekeeping for
water efficiency involves the following actions (Erowise 2001; NCDNER 1998):

Inspection of all water connections, piping, hosedyes, and meters regularly for
leaks, with prompt repair of leaks when found.

Inspection and replacement of faulty valves anthgs.

Switching off water sprays and hoses when not @& us

Measuring and optimizing process flow rates.

Keeping spray nozzles free of dirt and scale.

The elimination of excessive overflow from washamg soaking tanks.

Installing water meters on equipment to better Enatonitoring and reduction of
water consumption.

Installing guards on conveyors and catch traysquipenent to reduce the amount of
food waste that must be cleaned off of floors.

Disconnecting or removing redundant pipework.

At the JW. Lees and Company Brewery in Manchedigland, good housekeeping
practices for water management reportedly savecconepany £66,600 per year in water
costs ($106,000 in 1996 U.S. dollars) with firsay@vestment costs of only £2,750 ($4,400
in 1996 U.S. dollars) (Envirowise 1996).

Recycling of product waste as animal feed.Instead of discharging fruit and vegetable
solids into the wastewater stream, this waste cameblaimed (often manually by using
brooms and shovels or by using screens on dramsluaed as animal feed. This measure
can reduce the use of water because often prodastew are discarded by the hosing down
or rinsing of surfaces. Additionally, this measwan reduce the need for manufacture of
animal feed from raw materials, leading to indirenergy and water savings in the animal
feed supply chain (European Commission 2006).
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Use of water efficient building fixtures. For building fixtures such as toilets, showers] an
faucets, water efficient designs can be installeat tead to significant water savings. For
example, low-flow toilets typically require only 6lL.gallons per flush, compared to 3.5
gallons per flush required for standard toilets l{{Slay et al. 2005b). Additional options

include low-flow shower heads, aerating faucetl;desing faucets, and proximity sensing
faucets that turn on and off automatic&fly.

Dry conveyors. Where feasible, water flumes might be replacedddyydbnveyors or chutes
to save significant quantities of water (Envirowi02). However, the applicability of this
measure will depend on the extent to which existuager flumes are integrated with other
facility processes (e.g., washing), how susceptitdeproduct is to bruising or damage, and
the flexibility of the installed equipment layout.

Use of small diameter hoses.All applications of hoses should be assessed, whére
feasible, the smallest possible diameter hosesléHmei installed. Small diameter hoses
provide a low flow, high pressure condition, whicdn reduce the volume of water required
for a given task (Lom and Associates 1998).

Air cooling. The use of air cooling instead of water cooling &sad to water savings in
situations where air is a feasible process coacdihgrnative (e.g., blanching). However,
from an energy perspective, water cooling is gdlyepaeferable to air cooling (Kiwa 2005).
Thus, the switch to air cooling should be carefkamined for each prospective process
application to determine whether or not a favoratdenpromise between energy use and
water use exists.

Use of automated start/stop controls. For end uses of water with intermittent demand,
sensors (e.g., photocells) can be employed to d#tegresence of materials and to supply
water only when it is required by the process. hSsensors will turn off water supplies
automatically when not required and also during-pooduction periods, thereby saving
water (European Commission 2006).

Reducing demand for steam and hot water.Reducing the demand for steam and hot water
not only saves energy but also reduces the neettdated boiler water. Typically, fresh
water must be treated to remove contaminants thghtnaccumulate in the boiler, so
reducing demand not only decreases boiler water lusecan also reduce the amount of
purchased chemicals for boiler water treatment i{€&al et al. 2005b). The combined
energy, water, and chemicals savings associatddredlucing steam and hot water demand
make it a particularly attractive measure.

Steam and hot water demand can be reduced thrdwglyeneral steam system energy
efficiency strategies discussed in Chapter 7 af Energy Guide, as well as through process-
specific modifications. For example, where feasildry caustic peeling methods can be
employed in lieu of wet caustic peeling or stearasdolpeeling methods to reduce process

% For additional information on water-saving fixtarend appliances, visit the U.S. EPA’s WaterSerassiie
at http://www.epa.gov/iowm/water-efficiency/ and thes. DOE’s Federal Energy Management Program Water
Efficiency website at http://www.eere.energy.gonifétechnologies/water_efficiency.cfm.
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water consumption. Dry caustic peeling has beemsho reduce water consumption by up
to 75% compared to wet caustic peeling in the msiog of beets (Envirowise 2001).
Additional examples include the use of air coolingtead of water cooling to cool products
after blanching, or the use of steam-based blagcmethods instead of water-based
blanching methods.

Reducing cooling tower bleed-off. Cooling tower “bleed-off” refers to water that is
periodically drained from the cooling tower basm grevent the accumulation of solids.
Bleed-off volumes can often be reduced by allovwhigher concentrations of suspended and
dissolved solids in the circulating water, whiclvesa water. The challenge is to find the
optimal balance between bleed-off and makeup waiecentrations (i.e., the concentration
ratio) without forming scales. The water savingsaziated with this measure can be as high
as 20% (Galitsky et al. 2005b).

The Ventura Coastal Plant, a manufacturer of citilssand frozen citrus juice concentrates
in Ventura County, California, was able to incredise concentration ratios of its cooling
towers and evaporative coolers such that bleedafér volumes were reduced by 50%. The
water savings amounted to almost 5,200 gallonsl@grsaving the company $6,940 per year
in water costs (CDWR 1994). With capital costss6f000, the simple payback period was
estimated at around seven months.

15.2 Cleaning and Sanitation Water Efficiency Measures

Dry cleaning of equipment and surfaces.Fruit and vegetable wastes and residues should
be removed manually from floors and equipment leetbe application of cleaning water to
reduce water consumption. Dry cleaning can be deweg brushes, squeegees, brooms,
shovels, and vacuums. Often, solid and liquid esstre chased down floor drains using a
hose; a better practice is to use brooms or shamdsto dump wastes into a container
designated for solid waste (European Commissiots 200

High pressure low volume sprays. In applications such as truck, container, surfacel
floor cleaning, total water consumption can be oeduby using high pressure low volume
spray systems, which employ small diameter hose¢oarilow restricting spray nozzles.
Such systems can also be fitted with manual triggehich allow personnel to regulate use,
or automatic shut-off valves to further reduce waensumption (RACCP 2001; European
Commission 2006).

At a fruit jam manufacturing facility in Manchestdengland, cleaning hoses in the fruit
room were identified as one of the highest end o$egter in the facility (17% of total site
water consumption). The company installed triggeezles on the cleaning hoses and
trained plant personnel in their use. The new leszand training cost only £100 ($145 in
2001 U.S. dollars), but resulted in savings of 88,6 £4,000 per year ($4,350 to $5,800 in
2001 U.S. dollars) (Envirowise 2001). The simpdgipack period for this measure was less
than two weeks.
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Similarly, Harvest FreshCuts (an Australian prooess fresh salads and vegetable products)
was able to reduce the water it uses for cleaning@%o through the installation of efficient
high pressure spray nozzles on hoses, regular &mdenozzle maintenance, and operator
training (QGEPA 2003).

Clean equipment immediately after use.Waiting too long to clean equipment can allow
product residues to become dry and crusty and hdacdeemove, requiring more water
consumption in the cleaning phase. Processingpgwnt should be immediately cleaned
after production has stopped to minimize the watecessary for cleaning (Envirowise
2002).

Optimization of clean-in-place performance. Clean-in-place processes should be
programmed to use only enough water and deterggrgrtorm the desired cleaning task at a
particular piece of equipment. Dry cleaning priorctean-in-place cycles can further reduce
the minimum amount of water and detergent needab(an Commission 2006).

An environmental assessment at Harvest FreshCatéyatralian processor of fresh salads
and vegetable products) determined that by introdu@ cleaning system that ensured
accurate water and chemical usage during the clgaoycle, the volume of internally
recycled water could be increased by 40% (QGEPAR00

Pigging. A pig is a solid plug or ball that is pushed thrbwgpipe (either by product flows
or by another propellant, such as compressedamgrmove deposits adhering to pipe walls.
Pigging can be performed instead of rinsing pipéh water to reduce water consumption,
where the piping system is amenable to pigging ({Emise 2002).

At Nelsons of Aintree, a jam manufacturer basetheaUnited Kingdom, a pigging system

was installed to clean a long pipeline used fongperting jam. Previously, cleaning the

pipeline used large volumes of water and flushedtnob the jam residues into a drain. In

the new system, rubber pigs made from food grabbeuare propelled through the pipe
using compressed air and stopped at the other fetie @ipe by a bar that stops the pig but
allows jam to pass. The pig is returned by switghthe direction of the compressed air via a
valve. The pigging system saved the company £805p&r year ($158,000 in 2000 U.S.

dollars) by reducing water use, effluent dischavgumes, and energy consumption and
another £134,780 per year ($202,000 in 2000 U.HBardpin avoided product losses (ETBPP
2000). Reportedly, the system allowed the comparsave 173 tons of jam per year while
reducing water use by around 528,000 gallons par. ye

Low pressure foam cleaning. Traditionally, walls, floors, and equipment arearied using
brushes, high pressure spray hoses, and deterdemtspressure foam cleaning methods, in
which cleaning foam is sprayed on surfaces andvaliioto settle for 10 to 20 minutes before
rinsing with low pressure water, can save both watel energy compared to high pressure
cleaning methods (RACCP 2001; European Union 200&)wever, this method does not
provide scouring ability and thus might not be asible replacement for all high pressure
cleaning applications.
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Control of volume in clean-in-place processesThe control of water flows for burst rinsing
and clean-in-place processes should be based omegeégvater volume, not a pre-determined
time, to reduce cleaning water quantities (NDCC7)99

Pre-soaking of floors and equipment. An effective means of reducing water consumption
in cleaning is to pre-soak soiled surfaces on #oand open equipment prior to cleaning.
Pre-soaking can be effective at loosening dirt lzaadiened food residues so that less water is
required in the actual cleaning operations (Eurag@ammission 2006).

15.3 Water Recovery, Reuse, and Recycling Measures

In the conventional method of once-through water (@epicted in Figure 15.1), fresh water
is used once for process and cleaning applicagmasany water not contained in the final
product is then discharged into the wastewatelastre Although once-through water use
methods are increasingly less common in modern & vegetable processing facilities,
they represent the most inefficient methods of gisiater and should be avoided wherever
possible. Preferably, water should be recoveredransed or recycled within the facility to
reduce fresh water purchasing and treatment cobkike valso reducing the volume and
associated costs of wastewater treatment and dispégcording to Raghupathy (2005), at
least 50% to 60% of water in typical food procegdiacilities can be recovered for reuse.
However, the extent to which fresh water use canebeced via water reuse and recycling
measures in any fruit and vegetable processinditfawvill ultimately depend on product
hygiene considerations.

Figure 15.1: Schematic of once-through water use ia representative fruit and
vegetable processing system

Source: Montgomery (1981)
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The potential applications of water recovered fifoait and vegetable processing operations
can be classified into three general categorieset in order of increasing risk of product
hygienic contamination (Montgomery 1981):

1) Water that may contact the product during initi@gessing stages or may contact the
product container, but has little likelihood of igiincorporated into the final
product. Such applications include initial flumjngitial product washing, container
cooling, equipment pre-rinsing, and surface preksaa

2) Water that directly contacts the product beforejrdy or after processing and might
be incorporated into the final product. Such aggtlons include blanching, direct
product cooling, or equipment and container rinsing

3) Water that is directly incorporated into the prodaied filling of product containers.

In general, recycling is feasible and practiced eamly in the U.S. food processing industry
in the first two applications but generally not gireed in the third application due to

hygienic concerns. Where feasible, the eliminatbronce-through water use can lead to
significant water savings, as illustrated by thikofeing case studies.

At the Gangi Brothers Packing Company, a cannectomproduct manufacturer in San Jose,
California, water is used in fluming tomatoes fraracks, tomato rinsing, vacuum pump
seals, boiler makeup, and process cooling. In 18&9company implemented an aggressive
water efficiency program, which included the reayglof flume water and the installation of
evaporative cooling towers to recycle cooling wat&eportedly, the company reduced its
water consumption by 94 million gallons per yeahjchk led to savings of around $130,000
per year (CDWR 1994). The reported payback pesiodhe equipment and modifications
was less than one year.

Stahlbush Island Farms, a grower, canner, anddreeizfruits and vegetables in Corvalis,
Oregon, reduced its consumption of water by mown tb0% through innovative water
recovery and recycling systems. Water is pumpea fivells at a temperature of about 55° F,
where it is quickly used to cool hot pumpkin purddext, the water passes through a second
heat exchanger, where it cools oil from the facgitrefrigeration system compressors. When
the water leaves the second heat exchanger, tdes heated to around 100° F. The warm
water is then pumped to a surge tank, where &gl un one of four different applications: (1)
to wash pumpkins as they enter the processing,{&nto clean food processing equipment,
(3) for condenser water in the facility’s refrigeoa cycle, and (4) for boiler makeup water
(ODEQ 1996). As an additional benefit, the recgcleater is used to provide warm boiler
makeup water and to preheat the washed pumpkwiagsanergy.

Listed below are some of the most significant oppaties for water recovery, reuse, and
recycling applicable to fruit and vegetable proceg$acilities.
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Reuse of washing water.In the initial washing of fruits and vegetabledaage volume of
water is often necessary and the concentrationrbindthe wastewater exiting the process is
typically low. In many instances, a recirculatispstem can be installed to maintain an
acceptable concentration of dirt in the wash watgite reducing fresh water inputs. A basic
recirculation system consists of a strainer orefilto remove solids and a pump for
circulating water back to the washing process (RRQD01). For wash water with high dirt
concentrations, a flotation unit or centrifugal @egtor can be added to help remove solids.
Additionally, ultraviolet or ozone treatment modsilean be added to reduce bacterial loads,
where needed.

Cooling towers. Once-through cooling systems can be replaced biingptowers, which
continuously recycle cooling water and lead to sicgnt water savings. The U.S. DOE
(20069) estimates that to remove the same heat toae-through cooling systems can use
as much as 40 times more water than a cooling téuparated at 5 cycles of concentration).
In a cooling tower, circulating warm water is puta contact with an air flow, which
evaporates some of the water. The heat lost byoeaion cools the remaining water, which
can then be recirculated as a cooling medium. example, cooling towers can be used to
recirculate water from evaporative can coolers he tanning process, with recycling
occurring continuously until the water no longeretsecleanliness standards (RACCP 2001).

The U.S. DOE (2006h) offers the following guideBnér operating cooling towers at
optimal water efficiency:

Consider using acid treatment (e.g., sulfuric arodsic acid), where appropriate.
Acids can improve water efficiency by controllingage buildup created from mineral
deposits.

Install a sidestream filtration system that is cosgdl of a rapid sand filter or high-
efficiency cartridge filter to cleanse the watehe$e systems enable the cooling
tower to operate more efficiently with less wated @hemicals.

Consider alternative water treatment options sushozonation or ionization, to
reduce water and chemical usage.

Install automated chemical feed systems on largding tower systems (over 100
tons). The automated feed system should contr@detéf by conductivity and add
chemicals based on makeup water flow. Automatedhatad feed systems minimize
water and chemical use while optimizing control iagi scale, corrosion and
biological growth.

Counter-current washing. Figure 15.2 provides a schematic of the counterectiwwashing
approach. In contrast to once-through product wmgshmethods, counter-current washing
makes use of progressively dirtier rinse water novigle pre-rinsing for incoming product
streams, thereby saving water. As illustratedigufe 15.2, rinse water flows in the opposite
direction of the product flow, thereby ensuringtttiee dirtiest water is used for the first rinse
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and that clean water is used for the final rin€@unter-current washing systems can save up
to 40% of the water used in traditional, once-tigtowashing systems (Envirowise 2002).

Figure 15.2: Schematic of the counter-current ringig approach
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Recycling of final rinse water. Final rinsing is done to remove residues of detaiggérom
the equipment after it has been cleaned. The fimsle water, while not suitable for
additional final rinsing applications, can be ree@d and used for initial rinsing or
intermediate rinsing purposes rather than beinghdiged to the wastewater stream
(Korsstrom 2001).

Recycling of evaporator condensate.Depending on the quality (e.g., organic content) of
condensate reclaimed from products in evaporatimtgsses, condensate water can be
reused for other low-grade facility applicationglsias equipment pre-rinsing and surface
pre-soaking. Additionally, condensate recoveryeys can be fitted with heat exchangers
such that hot condensate can be used for pre-gethinevaporation process input streams,
which saves energy (European Commission 2006).

Segregation of wastewater system8vhen all facility wastewater streams are combimgd i

a common wastewater flow, opportunities for recowgrand recycling the wastewater
streams with reclaimable water (e.g., streams mdmageable solids content and/or bacterial
loading) are lost. Where feasible, the use of m#pgrocess wastewater systems should be
considered to maximize opportunities for water wecyg and recycling.

For example, in 1993 a UK based snack food compaeryormed a facility audit to
determine if water savings could be realized ifcess wastewater streams were segregated
prior to on-site treatment. The company found thasegregating its potato wash water, hot
starch water, and cold starch water streams foaragp recovery and treatment, its water
consumption could be reduced by 19% (Envirowisel200The potato wash water was
reused after grit removal and the cold starch wates recycled after good quality starch was
recovered. The annual savings in water supplysasste estimated at £90,000 ($135,000 in
1993 U.S. dollars).
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Membrane filtration. Membrane filtration technologies have been applied many
industries to clean wastewater prior to disposdl @nrecover water for recycling in various
facility and process applications. Membrane systeised in wastewater treatment at fruit
and vegetable processing facilities have been dented to reduce freshwater intake and
effluent by as much as 85% (CADDET 2004c). Theepbal barriers to implementation
include relatively high capital costs, as well s heed for specific membranes for specific
applications (Martin et al. 2000).

At the Tri Valley Growers’ Oberti Olive facility iMadera, California, reverse osmosis and
ultra-filtration membrane systems were installedraat the facility’s well water, flotation
brine, oil mill slurry, yeast broth, and biotoweat®r. The membrane systems reportedly
reduced the company’s freshwater intake and effldetharge by 80% to 85%, allowed for
the recovery of salt from brine water, allowed foe recovery of solids for sale as animal
feed, and reduced land use by evaporation pon8&%y(Aumann 2000; CADDET 2004c).

At the Michigan Milk Producers Association facililg Ovid, Michigan, a reverse osmosis
membrane filtration system was installed to conedatorganic impurities in evaporator
condensate. The filtered hot condensate wateruised for clean-in-place water, tank wash-
down water, and boiler makeup water. The reportedebts include a reduction in well
water consumption and wastewater discharges of0000to 150,000 gallons per day, a
reduction in boiler and wash water treatment co$t$6,000 to $8,000 per month, and a
reduction in scale buildup on pipes (EPRI 1991).

Hydrocyclones. For wastewater streams with significant solidstent, such as heavily
soiled wash water, hydrocyclones can be used targepout solids (using high centrifugal
forces) and reclaim water for use in other faciéipplications. Such systems can often have
three major benefits. First, a significant amoahtwater can be recovered and recycled
within a facility, reducing the necessary purchasésfresh water. Second, because
wastewater ultimately has less solids content, evestier disposal costs are often reduced.
Third, recovered solids can often be recycled awarfeed, mulch, or agricultural additives.

At the Smith Snack Food Company, the largest matwfar of potato- and corn-based snack
foods in Australia, a hydrocyclone system was itestan 1997 to reduce the solids content
in wastewater streams at the company’s Adelaidiéitfac Hydrocyclones were installed on
the facility’s corn and potato washing lines, wathlids being collected in a sludge tank and
reclaimed water being recycled back into the ihitiashing processes for potatoes and corn.
The system reportedly reduced water consumptiotheénwashing processes by more than
80% while also saving the company around $130,@¢ear ($91,000 in 1997 U.S. dollars)
in reduced wastewater disposal costs (ADEH 199He Bimple payback period was
estimated at just five weeks.

Recycling of can cooling water. When can cooling water is not recirculated, it d¢an
recovered and used for the initial washing of incapproducts, as a rinse for caustic peeling
processes, in canning belt lubrication, and in glianeous facility cleanup operations (e.g.,
pre-soaking and equipment pre-rinsing) (NCDENR 2998
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Recycling of blanching and cooking water. Water used for blanching, post-blanching
cooling, and cooking of fruits and vegetables ¢argeneral, be collected and reused for the
initial washing of incoming products without treant (European Commission 2006).

Reuse of flume water. Instead of discharging flume water to the wastewstie@am, it can
be recovered, filtered, and reused continuousRuming applications. Alternatively, flume
water can be recovered and recycled for use inpewgmt pre-rinsing and pre-soaking
applications elsewhere in the facility (CDWR 19&yvirowise 2001).

Reuse of compressor cooling waterCooling water from compressors (e.g., in refrigerat
and compressed air systems) can be reused as &ealivvacuum pumps instead of fresh
water, or as secondary water for other purposes) aa equipment pre-soaking (Korsstrom
2001). Warm cooling water can also be stored sulated tanks for later use in facility
cleaning, pre-soaking, and equipment pre-rinsirgiegtions (NDCC 1997).
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16 Summary and Conclusions

The U.S. fruit and vegetable processing industrgnsmearly $810 million on purchased
fuels and electricity in 2002, making energy a sigant cost driver for the industry. Energy
efficiency improvement is an important way to regltitese costs and to increase predictable
earnings in the face of ongoing energy price vitati Considering the negative impacts of
the 2001 spike in U.S. natural gas prices on tdestry’s operating costs, as well as more
recent sharp increases in natural gas prices attresgation, energy efficiency improvements
are needed today more than ever. Many companibgib.S. fruit and vegetable processing
industry have already accepted the challenge toaweptheir energy efficiency in the face of
high energy costs and have begun to reap the rewsfehergy efficiency investments.

This Energy Guide has summarized a large numbegnefgy-efficient technologies and
practices that are proven, cost-effective, andlablks for implementation today. Energy
efficiency improvement opportunities have been uised that are applicable at the
component, process, facility, and organizationatlle Preliminary estimates of savings in
energy and energy-related costs have been provateghany energy efficiency measures,
based on case study data from real-world indusamlications. Additionally, typical
investment payback periods and references to fuitiermation in the technical literature
have been provided, when available.

A key first step in any energy improvement initvatiis to establish a focused and strategic
energy management program, as depicted in Figurevéhich will help to identify and
implement energy efficiency measures and practa®ess and organization and ensure
continuous improvement.

Tables 5.1 to 5.3 summarize the energy efficieneasures presented in this Energy Guide.
While the expected savings associated with sonteeoindividual measures in Tables 5.1 to
5.3 may be relatively small, the cumulative effettthese measures across an entire plant
may potentially be quite large. Many of the measun Tables 5.1 to 5.3 have relatively
short payback periods and are therefore attraetbemomic investments on their own merit.
The degree of implementation of these measuresvauiil by plant and end use; continuous
evaluation of these measures will help to identifsther cost savings in ongoing energy
management programs.

In recognition of the importance of water as a vese in the U.S. fruit and vegetable
processing industry, as well as its rising coskss tEnergy Guide has also provided
information on basic, proven measures for improptant-level water efficiency, which are
summarized in Table 5.4.

For all energy and water efficiency measures ptegem this Energy Guide, individual
plants should pursue further research on the ecmsool the measures, as well as on the
applicability of different measures to their ownique production practices, in order to
assess the feasibility of measure implementation.
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Glossary

ASD Adjustable-speed drive

bhp Boiler horsepower

CHP Combined heat and power

CIPEC Canadian Industry Program for Energy CoradeEm
cfm Cubic feet per minute

CO Carbon monoxide

CO, Carbon dioxide

HID High-intensity discharge

hp Horsepower

HVAC Heating, ventilation, and air conditioning

IAC Industrial Assessment Center

kJ Kilojoule

KWh Kilowatt hour

LED Light emitting diode

MBtu Million British thermal units

MC-ASD Magnetically-coupled adjustable-speed drive
MECS Manufacturing Energy Consumption Survey
MVR Mechanical vapor recompression

NAICS North American Industry Classification Syste
NEMA National Electrical Manufacturers Associatio
NOx Nitrogen oxides

psi Pounds per square inch
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SIC

SG,

SO

STIG
TBtu
TWh

TVR
USDA
U.S. DOE

U.S. EPA

Standard Industry Classification

Sulfur dioxide

Sulfur oxides

Steam-injected gas turbine

Trillion British thermal units

Terawatt hour

Thermal vapor recompression

United States Department of Agriculture
United States Department of Energy

United States Environmental Protectioerigy
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Appendix A: Major Products of the U.S. Fruit and Vegetable Processing
Industry

Tables A.1 through A.4 summarize the major prodacis product categories manufactured
by each sub-sector of the U.S. fruit and vegetpbbeessing industry, based on 2002 value
of prodzusct shipments data from the U.S. Census&u(d).S. Census 2004a, 2004b, 2004c,
2004d):

Table A.1: Major products of the U.S. frozen fruit, juice, and vegetable manufacturing
sub-sector, 2002

2002 Value | % of

NAICS 311411 Products and Product Categories gfhl_:’roduct Sub-
ipments | Sector

($1,000) Total

Total NAICS 311411 output 8,679,817

Frozen vegetables 5,803,345 67%
Frozen French fried potatoes 2,341,512 27%

Frozen vegetable combinations 607,450 7%

Other frozen potato products (patties, puffs, gtc.) 524,223 6%

Frozen sweet yellow corn (cut and cob) 326,083 4%

Frozen onions (rings, diced, chopped) 277,067* 3%

Frozen green pegs 151,531 2%

Frozen green beans 133,438 2%

Frozen broccol 122,323 1%

Frozen fruits, juices, ades, drinks, and cocktails 2,446,828 28%
Frozen concentrated orange juice (all sizes),504,523 17%

Frozen strawberries 207,012 2%

Frozen apples and applesauce 152,633 2%

Frozen berries (blueberries, raspberries, blacldseretc.)) 100,421 1%
Frozen concentrated grapefruit juice 92,386 1%

Frozen concentrated grape juice (all sizes) 46,847 1%

* pased on 1997 U.S. Census Bureau data

Sources: U.S. Census (1999a, 2004a)

% Tables A.1 through A.4 list only major products magactured by each sub-sector. Major products are
defined as those with high value of shipments (a2062). These tables do not list every producpraduct
category manufactured by each sub-sector. Thagrbducts listed do not represent 100% of the waiae of
shipments for each sub-sector. For a full list mfducts manufactured by each sub-sector of the fcus.and
vegetable processing industry, see U.S. Censugl§2@004b, 2004c, 2004d).
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Table A.2: Major products of the U.S. fruit and vegetable canning sub-sector

2002 Value| % of
NAICS 311421 Products and Product Categories of Product Sub-
Shipments | Sector
($1,000) | Total
Total NAICS 311421 output 18,757,575
Canned catsup and other tomato based sauces 427081 23%
Canned spaghetti, pizza, and marina salicé27,515 8%
Canned catsup 843,708 4%
Canned tomato pasie 581,282 3%
Canned salsa 557,521 3%
Canned fruit juices, nectars, and concentrates 3,33334 18%
Canned orange juice 1,593,435 8%
Canned fruit juice mixtures 709,627 4%
Canned apple juice 413,335 2%
Canned vegetables, except hominy and mushrooms 25(443 15%
Canned tomatoes, including stewed 739,027 4%
Canned corn, whole kernel & cregm 582,334 3%
Canned beans, green and wax462,044 2%
Canned green peas 152,295 1%
Canned fruits, except baby foods 2,164,481 12%
Canned peaches 458,173* 2%
Canned applesauge 381,761 2%
Canned olives 324,210 2%
Canned fruit cocktail 230,636 1%
Canned pie mixes 182,788 1%
Fresh fruit juices and nectars 1,763,608 9%
Fresh orange juices and nectars831,791 4%
Pickles and other pickled products 1,475,140 8%
Canned jams, jellies, and preserves 969,550 5%
Canned vegetable juices 601,700 3%
Canned tomato juice 530,000 3%

* based on 1997 U.S. Census Bureau data.

Sources: U.S. Census (2000, 2004b)
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Table A.3: Major products of the specialty canningsub-sector

2002 Value | % of

NAICS 311422 Products and Product Categories of Product Sub-
Shipments | Sector

($1,000) | Total

Total NAICS 311422 output 6,528,654

Canned soups and stews, except frozen and seafood 318,050 51%
Canned dry beans (including baked and chili con care) | 1,175,484 18%
Canned specialties and nationality foods 776,119 %2
Canned spaghetti and ravioli 268,435 4%

Canned Spanish foods (Mexican rice, tortillas,)etc. 144,844 2%

Canned baby foods, except cereal and biscuits 56612 9%

Source: U.S. Census (2004c)

Table A.4: Major products of the dried and dehydraed food manufacturing sub-sector

2002 Value | % of
NAICS 311423 Products and Product Categories cs)fh%rr?]deﬁ; SSeli:?(_)r
($1,000) | Total
Total NAICS 311423 output 4,553,355
]IcDrled anq dehydrated fruits and vegetables, includig 2,533,441 56%
reeze-dried
Potatoes (except flour), dried and dehydrated402,453 9%
Prunes| 273,374* 6%
Onions| 241,758 5%
Raisins 237,119 5%
Apples| 95,912* 2%
Soup mixes, dried, dehydrated, and freeze-dried 170,242 24%

* based on 1997 U.S. Census Bureau data.

Source: U.S. Census (1999b, 2004d)
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Appendix B: Basic Energy Efficiency Actions for Plat Personnel

Personnel at all levels should be aware of enesgyand organizational goals for energy
efficiency. Staff should be trained in both skdisd general approaches to energy efficiency
in day-to-day practices. In addition, performanesuits should be regularly evaluated and
communicated to all personnel, recognizing highieagment. Some examples of simple
tasks employees can do are outlined below (Cag@b}y

Eliminate unnecessary energy consumption by equipm8witch off motors, fans,

and machines when they are not being used, eslyezidhe end of the working day
or shift, and during breaks, when it does not affgoduction, quality, or safety.

Similarly, turn on equipment no earlier than neededeach the correct settings
(temperature, pressure) at the start time.

Switch off unnecessary lights; rely on daylightimgenever possible.

Use weekend and night setbacks on HVAC in officesomditioned buildings.

Report leaks of water (both process water and dripfaps), steam, and compressed
air. Ensure they are repaired quickly. The besetimcheck for leaks is a quiet time
like the weekend.

Look for unoccupied areas being heated or cooled savitch off heating or cooling.

Check that heating controls are not set too higtooling controls set too low. In this
situation, windows and doors are often left operotwer temperatures instead of
lowering the heating.

Check to make sure the pressure and temperateqgugiment is not set too high.

Prevent drafts from badly fitting seals, windowd atoors, and hence, leakage of
cool or warm air.

Carry out regular maintenance of energy-consumaugpeanent.

Ensure that the insulation on process heating eweip is effective.
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Appendix C: Guidelines for Energy Management Assessent Matrix

Energy Management Program

Assessment Matrix

Introduction
The U.S. EPA has developed guidelines for establishing and conducting an effective energy
management program based on the successful practices of ENERGY STAR partners.

These guidelines, illustrated in the
graphic, are structured on seven
fundamental management elements
that encompass specific activities.

This assessment matrix is designed to
help organizations and energy
managers compare their energy
management practices to those
outlined in the Guidelines. The full
Guidelines can be viewed on the
ENERGY STAR web site —
http://www.energystar.gov/.

How To Use The Assessment
Matrix

The matrix outlines the key activities
identified in the ENERGY STAR
Guidelines for Energy Management
and three levels of implementation:

No evidence
Most elements
Fully Implemented

1. Print the assessment matrix.

2. Compare your program to the Guidelines by identifying the degree of implementation
that most closely matches your organization's program.

3. Use a highlighter to fill in the cell that best characterizes the level of implementation
of your program. You will now have a visual comparison of your program to the elements of
the ENERGY STAR Guidelines for Energy Management.

4, Identify the steps needed to fully implement the energy management elements and
record these in the Next Steps column.
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Energy Management Program Assessment Matrix

_ Little or no evidence Fully implement  ed Next Steps

Make Commitment to Continuous Improvement
No central corporate

Energy Director |resource Decentralized

Corporate or Empowered corporate
organizational resource

leader with senior
management not empowered management support
No company ener Active cross-functional
Energy Team n(gtwoyrk 9y Informal organization team guiding energy
program
Referenced in
Energy Policy No formal policy

Formal stand-alone EE
environmental or other | policy endorsed by senior

policies mgmt.
Assess Performance and Opportunities
Gather and Little metering/no ml_e(t)gﬁ‘:lolrtrpaat‘:rlzli?]l / Al facﬂg;enst rretlelport for
Track Data tracking grr 9 S :
reporting consolidation/analysis
. All meaningful
Normalize Not addressed Some unit measures or adjustmentesafor gol:porate
weather adjustments .
analysis
) . . Standardized corporate
Establish . Various facility- :
. No baselines . base year and metric
baselines established established
Not addressed or only Some internal Regular internal &
Benchmark same site historical comparisons among external comparisons &
comparisons company sites analyses
Some attempt to identify | Profiles identifying trends,
Analyze Not addressed and correct spikes peaks, valleys & causes
Technical Reviews by multi-
assessments Not addressed Internal facility reviews
and audits

functional team of
professionals

Set Performance Goals

Determine No quantifiable goals Short term facility goals or| Short & long term facility
scope q 9 nominal corporate goals and corporate goals
Estimate o . Facility & corporate
. . Specific projects based on .
_potentlal for No process in place limited vendor projections defined Igased on
improvement experience
Loosely defined or Specific & quantifiable at
Establish goals Not addressed sporadically applied various organizational
levels
Create Action Plan
Define technical Facility-level Detailed multi-level
steps and Not addressed consideration as targets with timelines to
targets opportunities occur close gaps
Determine roles | Not addressed or done |Informal interested person '"te”!a" external _roles
. . defined & funding
and resources on ad hoc basis competes for funding identified
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Energy Management Program Assessment Matrix

_ Little or no evidence Fully implement  ed Next Steps

Implement Action Plan

Create a All stakeholders are
L Tools targeted for some
communication Not addressed groups used occasionally addressed on regular
plan basis
Raise No promotion of energy | Periodic references to | All levels of organization
awareness efficiency energy initiatives support energy goals

Build capacity

Indirect training only

Some training for key
individuals

Broad training/certification
in technology & best
practices

No or occasional

Threats for non-

Recognition, financial &

Evaluate Progress

Motivate contact with energy performance or periodic erformance incentives
users and staff reminders P
Track and No system for Annual reviews by u Zi%g;aéfrgglri\;\;ii d
monitor monitoring progress facilities P

system

Compare usage & costs

plan

Provide internal
recognition

Not addressed

progress

Recognize Achievements

Identify successful
projects

Measure results No reviews Historical comparisons vs. goals, plans,
competitors
. . Revise plan based on
Review action . Informal check on
No reviews results, feedback &

business factors

Acknowledge
contributions of
individuals, teams,
facilities

Get external
recognition

Not sought

Incidental or vendor
acknowledgement
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Energy Management Program

Assessment Matrix

Interpreting Your Results

Comparing your program to the level of implementation identified in the Matrix should help you
identify the strengths and weaknesses of your program.

The U.S. EPA has observed that organizations fully implementing the practices outlined in the
Guidelines achieve the greatest results. Organizations are encouraged to implement the Guidelines
as fully as possible.

By highlighting the cells of the matrix, you now can easily tell how well balanced your energy program
is across the management elements of the Guidelines. Use this illustration of your energy
management program for discussion with staff and management.

Use the "Next Steps" column of the Matrix to develop a plan of action for improving your energy
management practices.

Resources and Help

ENERGY STAR offers a variety tools and resources to help organizations strengthen their energy
management programs.

Here are some next steps you can take with ENERGY STAR:

1. Read the Guidelines sections for the areas of your program that are not fully implemented.

2. Become an ENERGY STAR Partner, if you are not already.

3. Review ENERGY STAR Tools and Resources.

4. Find more sector-specific energy management information at http://www.energystar.gov/industry.

5. Contact ENERGY STAR for additional resources.
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Appendix D: Teaming Up to Save Energy Checklist

The following checklist can be used as a handyreefe to key tasks for establishing and
sustaining an effective energy team. For moreiléetanformation on energy teams, consult
the U.S. EPA’sTeaming Up to Save Energyide (U.S. EPA 2006), which is available at
http://www.energystar.gov/.

ORGANIZE YOUR ENERGY TEAM ()}

Energy Director Able to work with all staff levels from maintenance to engineers to
financial officers. Senior-level person empowered by top management

support
Senior Energy director reports to senior executive or to a senior management
Management council. Senior champion or council provides guidance and support
Energy Team Members from business units, operations/engineering, facilities, and

regions. Energy networks formed. Support services (PR, IT, HR).

Facility Involvement|Facility managers, electrical personnel. Two-way information flow on
goals and opportunities. Facility-based energy teams with technical
person as site champion.

Partner Consultants, vendors, customers, and joint venture partners. Energy

Involvement savings passed on through lower prices.

Energy Team Separate division and/or centralized leadership. Integrated into

Structure organization’s structure and networks established.

Resources & Energy projects incorporated into normal budget cycle as line item.

Responsibilities Energy director is empowered to make decisions on projects affecting
energy use. Energy team members have dedicated time for the energy
program.

STARTING YOUR ENERGY TEAM ((0))

Management Senior management briefed on benefits, proposed approach, and

Briefing potential energy team members.

Planning Energy team met initially to prepare for official launch.

Strategy Energy team met initially to prepare for official launch.

Program Launch Organizational kickoff announced energy network, introduced energy
director, unveiled energy policy, and showcased real-world proof.

Energy Team Plans|Work plans, responsibilities, and annual action plan established.

Facility Facility audits and reports conducted. Energy efficiency opportunities
Engagement identified.
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BUILDING CAPACITY

|

Tracking and
Monitoring

Systems established for tracking energy performance and best
practices implementation.

Transferring
Knowledge

Events for informal knowledge transfer, such as energy summits and
energy fairs, implemented.

Raising Awareness

Awareness of energy efficiency created through posters, intranet,
surveys, and competitions.

Formal Training

Participants identified, needs determined, training held. Involvement in
ENERGY STAR Web conferences and meetings encouraged.
Professional development objectives for key team members.

Outsourcing

Use of outside help has been evaluated and policies established.

Cross-Company
Networking

Effective
Communications

Outside company successes sought and internal successes shared.
Information exchanged to learn from experiences of others.

SUSTAINING THE TEAM

|

Awareness of energy efficiency created throughout company. Energy
performance information is published in company reports and
communications.

Recognition and

Internal awards created and implemented. Senior management is

Succession

Rewards involved in providing recognition.
External Credibility for your organization’s energy program achieved. Awards
Recognition from other organizations have added to your company’s competitive

advantage.

MAINTAINING MOMENTUM

I

Built-in plan for continuity established. Energy efficiency integrated into
organizational culture.

Measures of
Success

Sustainability of program and personnel achieved. Continuous
improvement of your organization’s energy performance attained.
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Appendix E: Support Programs for Industrial Energy Efficiency
Improvement

This appendix provides a list of energy efficielseypport available to industry. A brief descriptioin
the program or tool is given, as well as informatimn its target audience and the URL for the
program. Included are federal and state prograbbse the URL to obtain more information from
each of these sources. An attempt was made toderas complete a list as possible; however,
information in this listing may change with the page of time.

Tools for Self-Assessment

Steam System Assessment Tool

Description: Software package to evaluate enerdici@icy improvement projects for
steam systems. It includes an economic analysehiiéty.

Target Group: Any industry operating a steam system

Format: Downloadable software package (13.6 MB)

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare.html

Steam System Scoping Tool

Description: Spreadsheet tool for plant managerdentify energy efficiency opportunities
in industrial steam systems.

Target Group: Any industrial steam system operator

Format: Downloadable software (Excel)

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare.html

3E Plus: Optimization of Insulation of Boiler SteamLines

Description: Downloadable software to determine thvbeboiler systems can be optimized
through the insulation of boiler steam lines. Thegpam calculates the most
economical thickness of industrial insulation for variety of operating
conditions. It makes calculations using thermalfgrerance relationships of
generic insulation materials included in the softwa

Target Group: Energy and plant managers

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieeftivare . html

MotorMaster+

Description: Energy-efficient motor selection andrmagement tool, including a catalog of

over 20,000 AC motors. It contains motor inventananagement tools,
maintenance log tracking, efficiency analysis, 8@si evaluation, energy
accounting, and environmental reporting capalslitie

Target Group: Any industry

Format: Downloadable software (can also be ordere@D)
Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare . html
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ASDMaster: Adjustable Speed Drive Evaluation Methodlogy and Application

Description: Software program helps to determireegbonomic feasibility of an adjustable
speed drive application, predict how much electrezgergy may be saved by
using an ASD, and search a database of standaesbdri

Target Group: Any industry

Format: Software package (not free)

Contact: Electric Power Research Institute (EP@QQ) 832-7322
URL: http://www.epri-peac.com/products/asdmaster/ascenssin|

AirMaster+: Compressed Air System Assessment and Analysis Soéine

Description: Modeling tool that maximizes the dfficcy and performance of compressed
air systems through improved operations and maantes practices

Target Group: Any industry operating a compressesyatem

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare.html

Fan System Assessment Tool (FSAT)

Description: The Fan System Assessment Tool (FSKElps to quantify the potential
benefits of optimizing a fan system. FSAT calcudatee amount of energy
used by a fan system, determines system efficiearuy,quantifies the savings
potential of an upgraded system.

Target Group: Any user of fans

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractiseffyvare.html

Combined Heat and Power Application tool (CHP)

Description: The Combined Heat and Power Applicafi@ol (CHP) helps industrial users
evaluate the feasibility of CHP for heating systesush as fuel-fired furnaces,
boilers, ovens, heaters, and heat exchangers.

Target Group: Any industrial heat and electriciseu

Format: Downloadable software

Contact: U.S. Department of Energy

URL.: http://www1.eere.energy.gov/industry/bestpractisefiware. html

Pump System Assessment Tool 2004 (PSAT)

Description: The tool helps industrial users assims efficiency of pumping system
operations. PSAT uses achievable pump performaiata flom Hydraulic
Institute standards and motor performance data ftben MotorMaster+
database to calculate potential energy and asedaiatt savings.

Target Group: Any industrial pump user

Format: Downloadable software

Contact: U.S. Department of Energy

URL.: http://www1.eere.energy.gov/industry/bestpractisefyvare.html
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Quick Plant Energy Profiler

Description: The Quick Plant Energy Profiler, ori€uPEP, is an online software tool
provided by the U.S. Department of Energy to hetfustrial plant managers in
the United States identify how energy is being pased and consumed at their
plant and also identify potential energy and costirgys. Quick PEP is
designed so that the user can complete a planiigpiofabout an hour. The
Quick PEP online tutorial explains what plant imf@tion is needed to
complete a Quick PEP case.

Target Group: Any industrial plant

Format: Online software tool

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractisefivare.html

ENERGY STAR Portfolio Manager

Description: Online software tool helps to asséss dnergy performance of buildings by
providing a 1-100 ranking of a building's energyfpenance relative to the
national building market. Measured energy consumnpitorms the basis of the
ranking of performance.

Target Group: Any building user or owner

Format: Online software tool

Contact: U.S. Environmental Protection Agency

URL: http://www.energystar.gov/index.cfm?c=evaluate ganfince.bus_portfoliomanager

Assessment and Technical Assistance

Industrial Assessment Centers

Description: Small- to medium-sized manufacturiagilities can obtain a free energy and
waste assessment. The audit is performed by aaéamgineering faculty and
students from 30 participating universities in thé&. and assesses the plant’s
performance and recommends ways to improve efiigien

Target Group: Small- to medium-sized manufactufaulities with gross annual sales below
$75 million and fewer than 500 employees at thet@die.
Format: A team of engineering faculty and studenssts the plant and prepares a

written report with energy efficiency, waste redoot and productivity
recommendations.

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractiees/html

Plant-Wide Audits

Description: An industry-defined team conducts arsite analysis of total energy use and
identifies opportunities to save energy in operai@nd in motor, steam,
compressed air, and process heating systems. Digeapn covers 50% of the

audit costs.
Target Group: Large plants
Format: Solicitation (put out regularly by theSUDOE)
Contact: U.S. Department of Energy
URL.: http://wwwl1.eere.energy.gov/industry/bestpractiglesit wide assessments.html

160



Manufacturing Extension Partnership (MEP)

Description:

Target Group:
Format:
Contact:

URL:

MEP is a nationwide network of not-fuofit centers in over 400 locations
providing small- and medium-sized manufacturerdwgichnical assistance. A
center provides expertise and services tailorgdeglant, including a focus on
clean production and energy-efficient technology.

Small- and medium-sized plants

Direct contact with local MEP Office

National Institute of Standards and Tetduyg (301) 975-5020
http://www.mep.nist.gov/

Small Business Development Center (SBDC)

Description:

Target Group:
Format:
Contact:

URL:

The U.S Small Business Administratf8BA) administers the Small Business
Development Center Program to provide managemesistasce to small
businesses through 58 local centers. The SBDC &mogrovides counseling,
training and technical assistance in the areas imdn€ial, marketing,
production, organization, engineering and technprablems and feasibility
studies, if a small business cannot afford constdta

Small businesses

Direct contact with local SBDC

Small Business Administration, (800) 8-ASRA
http://www.sba.gov/sbdc/

ENERGY STAR — Selection and Procurement of Energy-ficient Products for Business

Description:

Target Group:
Format:
Contact:

URL:

Training

ENERGY STAR
Description:

Target Group:
Format:
Contact:

URL:

ENERGY STAR identifies and labels gyeefficient office equipment. Look
for products that have earned the ENERGY STAR. Timeet strict energy
efficiency guidelines set by the EPA. Office equent included such items as
computers, copiers, faxes, monitors, multifunctiavices, printers, scanners,
transformers and water coolers.

Any user of labeled equipment.

Website

U.S. Environmental Protection Agency
http://www.energystar.gov/index.cfm?c=business.mdex

As part of ENERGY STAR’s work to protacsuperior energy management
systems, energy managers for the companies thétipare in ENERGY
STAR are offered the opportunity to network witlhet energy managers in
the partnership. The networking meetings are hebathly and focus on a
specific strategic energy management topic to temid strengthen energy
managers in the development and implementation @fporate energy
management programs.

Corporate and plant energy managers

Web-based teleconference

Climate Protection Partnerships Divisidh,S. Environmental Protection
Agency
http://www.energystar.gov/
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Best Practices Program

Description: The U.S. DOE Best Practices Prograoviges training and training materials
to support the efforts of the program in efficieniayprovement of utilities
(compressed air, steam) and motor systems (incugdumps). Training is
provided regularly in different regions. One-day roulti-day trainings are
provided for specific elements of the above systeiiif®e Best Practices
program also provides training on other industeiaérgy equipment, often in
coordination with conferences.

Target Group: Technical support staff, energy dadtgnanagers

Format: Various training workshops (one day andtiralizly workshops)
Contact: Office of Industrial Technologies, U.S.pagment of Energy
URL.: http://www1.eere.energy.gov/industry/bestpracticasiing.html

Financial Assistance

Below major federal programs are summarized thalvige assistance for energy efficiency
investments. Many states also offer funds or taxebts to assist with energy efficiency projectsg(s
below for State Programs).

Industries of the Future - U.S. Department of Enegy

Description: Collaborative R&D partnerships in nin@tal industries. The partnership
consists of the development of a technology roadfoaghe specific sector
and key technologies, and cost-shared funding séanech and development
projects in these sectors.

Target Group: Nine selected industries: agricultaminum, chemicals, forest products,
glass, metal casting, mining, petroleum and steel.

Format: Solicitations (by sector or technology)

Contact: U.S. Department of Energy — Office of Isigiial Technologies

URL: http://www.eere.energy.gov/industry/technologiedtistries.html

Inventions & Innovations (1&l)

Description: The program provides financial assiséathrough cost-sharing of 1) early
development and establishing technical performamfcénnovative energy-
saving ideas and inventions (up to $75,000) andr@otype development or
commercialization of a technology (up to $250,060pjects are performed by
collaborative partnerships and must address inglggecified priorities.

Target Group: Any industry (with a focus on enemgiensive industries)
Format: Solicitation

Contact: U.S. Department of Energy — Office of Isigiial Technologies
URL: http://www.eere.energy.gov/inventions/

Small Business Administration (SBA)

Description: The Small Business Administration pde¢ several loan and loan guarantee
programs for investments (including energy-effitipnocess technology) for
small businesses.

Target Group: Small businesses

Format: Direct contact with SBA
Contact: Small Business Administration
URL: http://www.sba.gov/
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State and Local Programs

Many state and local governments have general indasd business development programs that can
be used to assist businesses in assessing or ifigaecergy-efficient process technology or
buildings. Please contact your state and local gowent to determine what tax benefits, funding
grants, or other assistance they may be able taderg/our organization. This list should not be
considered comprehensive but instead merely a $§ibbuf places to start in the search for project
funding. Below selected programs are summarizeidhwlire earmarked specifically for support of
energy efficiency activities.

California — Public Interest Energy Research (PIER)

Description: PIER provides funding for energy affiecy, environmental, and renewable
energy projects in the state of California. Althbuthere is a focus on
electricity, fossil fuel projects are also eligible

Target Group: Targeted industries (e.g. food indkest located in California
Format: Solicitation

Contact: California Energy Commission, (916) 65846

URL: http://www.energy.ca.gov/pier/funding.html

California — Energy Innovations Small Grant Program (EISG)

Description: EISG provides small grants for develept of innovative energy technologies
in California. Grants are limited to $75,000.

Target Group: All businesses in California

Format: Solicitation

Contact: California Energy Commission, (619) 59440

URL: http://www.energy.ca.gov/research/innovations/indarl/

California — Savings By Design

Description: Design assistance is available todig owners and to their design teams for
energy-efficient building design. Financial incemas are available to owners
when the efficiency of the new building exceeds imum thresholds,
generally 10% better than California’s Title 24 mstards. The maximum
owner incentive is $150,000 per free-standing lgdor individual meter.
Design team incentives are offered when a buildiegign saves at least 15%.
The maximum design team incentive per project & @30.

Target Group: Nonresidential new construction ojomgenovation projects
Format: Open year round
URL: http://www.savingsbydesign.com/

Indiana — Industrial Programs

Description: The Energy Policy Division of the lada Department of Commerce
operates two industrial programs. The Industriabdgg Efficiency Fund
(IEEF) is a zero-interest loan program (up to $260) to help Indiana
manufacturers increase the energy efficiency of ufauturing processes.
The fund is used to replace or convert existingigggant, or to purchase
new equipment as part of a process/plant expartb@nwill lower energy
use. The Distributed Generation Grant Program (BP{@fers grants of up
to $30,000 or up to 30% of eligible costs for disited generation with an
efficiency over 50% to install and study distrilditgeneration technologies
such as fuel cells, micro turbines, co-generatiombined heat & power and
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renewable energy sources. Other programs suppolugaport companies in
the use of biomass for energy, research or buildffigiency.

Target Group: Any industry located in Indiana

Format: Application year-round for IEEF and inedit contact for DGGP
Contact: Energy Policy Division, (317) 232-8970.

URL.: http://www.iedc.in.gov/Grants/index.asp

lowa — Alternate Energy Revolving Loan Program

Description: The Alternate Energy Revolving Loarogtam (AERLP) was created to
promote the development of renewable energy pramudacilities in the
state.

Target Group: Any potential user of renewable gyer

Format: Proposals under $50,000 are acceptedrgead. Larger proposals are
accepted on a quarterly basis.

Contact: lowa Energy Center, (515) 294-3832

URL: http://www.energy.iastate.edu/funding/aerlp-indéxih

New York — Industry Research and Development Progras

Description: The New York State Energy Research&éopment Agency (NYSERDA)
operates various financial assistance programsNfw York businesses.
Different programs focus on specific topics, inédhgdprocess technology,
combined heat and power, peak load reduction anttalsystems.

Target Group: Industries located in New York

Format: Solicitation

Contact: NYSERDA, (866) NYSERDA

URL: http://www.nyserda.org/programs/Commercial _Indadidiefault.asp?i=2

Wisconsin — Focus on Energy

Description: Energy advisors offer free servitesdentify and evaluate energy-saving
opportunities, recommend energy efficiency actiodeyelop an energy
management plan for business; and integrate elsnfemtin national and
state programs. It can also provide training.

Target Group: Industries in Wisconsin

Format: Open year round

Contact: Wisconsin Department of Administratidd0@) 762-7077
URL: http://focusonenergy.com/portal.jsp?pageld=4
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