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EXECUTIVE SUMMARY

The U. S. Department of Energy’s (DOE) Industriaciinologies Program (ITP), through Oak
Ridge National Laboratory, is supporting plant wetergy efficiency assessments that will lead
to substantial improvements in industrial efficignevaste reduction, productivity, and global
competitiveness in industries identified in ITPrglustries of the Future. The stated goal of the
assessments is to develop a comprehensive strategyanufacturing locations that will
significantly increase plant productivity, profiiaty, and energy efficiency, and reduce
environmental emissions. ITP awarded a contra®ilgrim’s Pride Corporation to conduct a
plant wide energy efficiency assessment for theiPMasant Facility in Mt Pleasant, Texas.

Pilgrim’s Pride formed a team to complete the plarde energy efficiency assessment. The
scope of work for this project was to:

» provide the analysis of departmental energy use

» identify areas for detailed analysis

» perform a detailed analysis for several of the opputies identified

* and support the development of an energy stratmgyé facility.
The team consisted of Pace Global Energy Service§, Hudson Technologies Company;
Rocky Research, Inc.; and W.J. Turpish and Assesiat

The project used a systematic approach to comalptant-wide energy efficiency assessment at
the Mt Pleasant Facility. Major energy consumimgiipment and processes were determined
and opportunities for high annual savings potentiale targeted for further evaluation. Exhibit
1 below summarizes the major savings opportuniéieshe site. The total energy savings
represent 14% of the energy consumed on site oMMBtu basis, with 12% of total energy
savings achievable in projects with less than aytear payback.

Exhibit 1: Summary of Savings Opportunities by Maj or System
Savings Opportunity Annual Savings Capital Cost
Thermal System Efficiency $1,643,000 $1,898,000
Waste Heat Recovery $1,041,000  $1,155,000
Refrigeration Systems $129,000 $277,000
Compressed Air System Improvements $22,400 $69,500
Pumps and Motors $226,000 $393,900
Wastewater Treatment Process $72,600 $100,000
Lighting $9,600 $36,700
Total $3,143,500 $3,930,100
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INTRODUCTION

The U. S. Department of Energy’s (DOE) Industriaciinologies Program (ITP), through Oak
Ridge National Laboratory, is supporting plant wetergy efficiency assessments that will lead
to substantial improvements in industrial efficignevaste reduction, productivity, and global
competitiveness in industries identified in ITPrglustries of the Future. The stated goal of the
assessments is to develop a comprehensive strategyanufacturing locations that will
significantly increase plant productivity, profiiaty, and energy efficiency, and reduce
environmental emissions. This will include the piilon of best available and emerging
technologies, and best practices for process sgstéam plant utilities. ITP awarded a contract
to Pilgrim’s Pride Corporation to conduct a plantie&venergy efficiency assessment for their Mt
Pleasant Facility in Mt Pleasant, Texas.

Pilgrim’s Pride Corporation is the largest pouloympany in the U.S. and Mexico producing

nearly 9 billion pounds of poultry per year. Pigis Pride products are sold to foodservice,
retail and frozen entrée customers. Pilgrim's éotns and operates 37 chicken processing
plants (34 in the U.S. and three in Mexico), 12ppred foods plants and one turkey processing
plant. Thirty-five feed mills and 49 hatcherieppart these plants. Pilgrim's Pride is ranked
number 382 on 2006's FORTUNE 500 list and net saézs $7.4 billion.

In Mt. Pleasant, Texas, Pilgrim's Pride operates @inthe largest prepared foods plants in the
United States, with the capability of producing@@lifferent products and the capacity to turn
out more than 7 million pounds of finished goods\week. The facility is divided into distinct
departments: East Kill, West Kill, Prepared Fod@tein Conversion, Wastewater Treatment,
and Truck Shop.Facility processes include killing, evisceratingfrigeration, baking, frying,
and protein conversion.

Pilgrim’s Pride formed a team to complete the plarde energy efficiency assessment. The
scope of work for this project was to:

» provide the analysis of departmental energy use

» identify areas for detailed analysis

» perform a detailed analysis for several of the opmities identified

* and support the development of an energy stratmgyé facility.
The team consisted of Pace Global Energy Service§, Hudson Technologies Company;
Rocky Research, Inc.; and W.J. Turpish and Assesiat

Pace Global Energy Services, LLC of Fairfax, Virgiprovided the analysis of departmental
energy use, identification of areas for detailedlgsis, and support for the development of an
energy strategy for the facility. Hudson TechnasgCompany analyzed the combustion and
steam systems to identify opportunities for ecomoh®at recovery and improvement in boiler
operations. Rocky Research, Inc analyzed thegesfition systems and W.J. Turpish and
Associates reviewed the cooling towers and evaperabndensers.
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PROJECT METHODOLOGY

Pilgrim’s Pride provided overall project directicas well as on-site resources for data collection
and analysis. The project used a systematic approacomplete a plant-wide energy efficiency
assessment at the Mt. Pleasant facility. Energy fas each manufacturing process was
determined. Processes with high annual savingsnpat were targeted for further evaluation.
Targeted processes were reviewed to quantify patemmergy savings and estimate required
capital costs. While a preliminary walk-througls@ssment identified several areas with savings
potential, a systematic approach ensured that aifis@nt savings opportunity was not
overlooked.

Upon completion of above evaluation analysis, theniified cost-effective opportunities were

gathered and a comprehensive plant-wide energyctiedustrategy developed. The strategy
includes a tiered approach to project implemematitotake advantage of low cost/high payback
opportunities that may be replicable at other sité@his plan will provide key data to support

capital budgeting activities and transferring kneage to Pilgrim’s Pride operation having

similar processes.
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PROJECT RESULTS

DEPARTMENTAL ENERGY USE ANALYSIS

Annual fuel and power consumption was collectedtaed broken down by type of usage to the
smallest practical units. Few energy consumersratered individually and estimates of energy
use were required. Energy capacity data was basedameplate rating: connected load in

horsepower or kilowatts for electrical equipmemid éneat output for combustion equipment.

Load factors were based on observations duringitkevisit or on plant personnel’s experience,

estimating the typical percentage of full load #wpipment operates at during a typical cycle.
The on-stream factors were based on typical operaiours for the equipment. On-stream

factors accounted for the number of operating shp#ir week, and the percentage of operating
hours per shift. For each piece of equipment, aheaergy consumption was estimated by
multiplying energy capacity by the load factor ah@& on-stream factor. Estimated energy
consumption was summed to determine total estimpksck electric use and fuel use. Load

factors and on-stream factors were modified to matstimated energy use to the actual
consumption for the period evaluated.

The analysis grouped individual equipment by plgpérating areas and equipment type. Plant
operating areas were East Kill Plant, West Kill RJaPrepared Foods, Protein Conversion
(Rendering), Wastewater Treatment, and the TruapShExhibit 2 shows a breakdown of
electricity use by area, Exhibit 3 shows the eleaiemand by area, and Exhibit 4 shows a
breakdown of natural gas use by area.
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Exhibit 2: Average Monthly Electricity Consumption by Area
Average Monthly* Consumption (kWh)
0%
1% 6%
O East
| West
= Prep Foods
O Protein (&Pet)
B Truck Shop
42% 0O Wastewater
| Other
*based on 9 months in 2006
Exhibit 3: Average Monthly Demand by Area

Average Demand per Month* (kW)

\

W West

m Prep Foods

O Protein (&Pet)
W Truck Shop

0 Other

*based on 9 months in 2006
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Exhibit 4: Annual Natural Gas Consumption by Area

Annual Gas Consumption (MMBtu)

O East
mWest

m Prep Foods
O Protein

m Truck Shop

The largest users of energy by end user type ditth@re shown in Exhibit 5.

Exhibit 5: Large Energy Consumers by End User
Large Energy Consumers % of Plant Consumption
Electric Demand kw
Refrigeration Systems (includes Ice Makers) 37.7%
Process Motors and Pumps (over 30hp) 21.5%
Wastewater Treatment 5.0%
Compressed Air 2.9%
Natural Gas Usage MMBtu
Boilers (Protein Conversion) 66.7%
Boilers (Kill Plants and Prepared Foods) 12.6%
Furnaces 10%
Direct Fired Ovens and Fryers 8.7%

Exhibit 6 compares the departmental energy usenollBtu basis (combines electricity and
natural gas).
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Exhibit 6: Monthly Average Energy Consumption

Monthly Average Energy Consumption (MMBtu)

1% 4%

O East

32% B West

= Prep Foods
O Protein

B Truck Shop
O Wastewater
m Other

SELECTION OF OPPORTUNITIES FOR ANALYSIS

The second task of the project was to identify gneeduction opportunities for further in-depth
study. Large consumers were evaluated, and patemiergy savings were estimated based on
plant experience. Projects were selected baseshergy consumption and estimated potential
for energy savings. The objective was to selegjepts that had a return on investment within
two years, while still including projects with lorigrm benefits to the site. Opportunities for
reduced electricity and natural gas consumptionewevaluated, as well as site wide
opportunities such as cogeneration and energy oromgt

Electricity

The following equipment systems were evaluateddduced electricity consumption:

= Refrigeration Systems
Refrigeration is required for chilling the birdstime kill plants, spiral freezers for the product
in Prepared Foods, and space conditioning.

= Compressed Air Systems
Compressed air is used throughout the facilitypimcess equipment as well as a water reuse
facility on site.

= Pumps and Motors
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Large motors are used in Protein for rendering ggses; pumps are used throughout the
facility to move washdown water and waste water.

= Cooling Tower Systems
Provides process cooling for heat exchangers andersers in the Protein plant..

Natural Gas

The following equipment systems were evaluateddduced natural gas consumption and waste
heat recovery:

= Steam Boilers
Large boilers in Protein provide the majority o tsteam used on site.

= Qvens, Fryers, and Furnaces
Furnaces heat Paratherm for use in indirect fineghe and fryers; several ovens and fryers
are also direct fired.

Energy Monitoring

Submetering exists on the Mt Pleasant primary etecheter. Plant personnel expressed
concern with the accuracy of some of the metens.e#fort was made to submeter gas and water
as well, but several of these meters are no lofugetional and the data was difficult to analyze.
Improved energy monitoring would provide a methothénchmark energy use and to insure that
efficiency gains realized from this analysis ardntaaned in the future. Not only would this be
beneficial for the production areas, but also withgroduction areas such as refrigeration
equipment or direct versus indirect fired productioes.

SUMMARY OF RESULTS

Exhibit 7 below summarizes the savings opportusittentified and evaluated by Pace Global.
Explanations of each opportunity are in the dedaitports included as attachments. Additional
opportunities are included in the reports that rmwe in Exhibit 7; these opportunities require
further study or may affect plant processes andulshdoe carefully considered before
implementation. The total energy savings in th@etdoelow represent 14% of the Mt. Pleasant
annual energy usage on an MMBtu basis. Energysrated were $0.0479/kWh and
$9.37/MMBtu. Annual operating hours used were 6B#Ghe East and West Kill Plants, 8568
for Prepared Foods, 7344 for Protein, and 7488h@fTruck Shop unless otherwise stated in the
attached reports.
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Exhibit 7: Project Summary Table
ANNUAL SAVINGS IMPLEMENTATION PAYBACK
PP TUNITIES kWh MMBtu MGallons COST (YRS) TIER
SITE
Reduce Overall Steam Pressure 13,867 $130,000 $50,000 0.4 4*
Centralize Steam Generation 2,277 $21,000 $150,000 7.1 4
Variable Freguency Drives 4,267,000 $204,000 $377,400 1.9 2
Install Synchronous Belts 468,000 $22,500 $16,500 0.7 1
Install Zero Loss Drains & Compressed Air Leak
Maintenance Program 376,000 $18,000 $36,000 2.0 1
Compressed Air Looping & Pressure Reduction 76,000 $3,600 $31,000 8.6 4
PROTEIN
Automatic Oxygen Trim Controller 10,416 $98,000 $100,000 1.0 2
Heat Recovery from Boiler Stack 62,270 $584,000 $500,000 0.9 2
Reduce Boiler Blowdown 4,629 $43,000 $25,000 0.6 1
Reduce Boiler Shell Losses 1,250 $12,000 $25,000 2.1 3
Blowdown Heat Recovery 10,416 $98,000 $75,000 0.8 2
Reduce Steam Leaks 40,500 $380,000 $250,000 0.7 2
Improve Steam System Insulation 12,960 $122,000 $50,000 0.4 1
Improve Condensate Recovery System 14,256 $134,000 $200,000 1.5 2
Flash HP Condensate to Produce MP _Steam 18,144 $170,000 $200,000 1.2 2
Preheat Cookers B and C 47,736 $448,000 $500,000 1.1 2
Install Back Pressure Steam Turbines 1,134,000 -4,629 $11,000 $88,000 8.0 4
Waste Water Reuse in_ Cooling Tower 117 $200,000 $190,000 1.0 2
Install discharge water temperature control on
Cooling Tower fans 419,000 $20,000 $8,000 0.4 1
Reconfigure Air Compressors in Protein 12,000 $800 $2,500 3.1 4
PREPARED FOODS
Automatic Oxygen Trim Controller 1,655 $15,000 $40,000 2.7 3
Heat Recovery from Boiler Stack 6,869 $64,000 $150,000 2.3 3
Boiler Blowdown Heat Recovery 1,123 $10,000 $25,000 2.5 3
Improve Steam System Insulation 562 $5,000 $10,000 2.0 1
Process Heat Recovery (option C) 421,000 28,080 $283,000 $375,000 1.3 2
Use Floating Head Pressure Control 1,202,000 $75,000 $200,000 2.7 3
Replace lighting in the Box Room 71,300 $3,415 $5,200 1.5 1
EAST & WEST
Improve Steam System Insulation 455 $4,000 $10,000 2.5 1t
Boiler Blowdown Heat Recovery 228 $2,000 $30,000 15.0 4
Shutdown Cooler Evaporators During Washdown 256,000 $14,000 $0 0.0 1
Add Microporcessor Controls to Condenser Fans 319,000 $15,250 $20,000 1.3 1
Air Balance and Reintroduce Interior/Exterior
Infiltration 104,000 $5,000 $10,000 2.0 1
Recover Cooling Energy from Wastewater 234,000 $11,250 $30,000 2.7 3
Install VFDs on Condenser Fans in East Plant 38,250 $2,000 $8,000 4.0 4
Install Autopurgers on Ice Systems 110,000 $8,500 $17,000 2.0 1
WASTEWATER TREATMENT
Improve W astewater Flow 1,330,000 $72,500 $100,000 1.4 2
TRUCK SHOP
Hibay Lighting Retrofit 130,000 $6,200 $31,500 5.1 3F

*Due to complexities involved moved to Tier 4
TWhile payback exceeds tier 1 setpoint, measureldhie considered for immediate implementation
FWhile payback exceeds tier 3 setpoint, measure savings are well documented and do not require additional engineering/research
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ENERGY STRATEGY DEVELOPMENT

With opportunities identified and quantified, thexh step it to develop an energy strategy for the

facility that will capture the opportunities. Aqgrammatic approach is outlined below.

orporate Policy,
Is & Accountabili

Publish progress

Accountability & Recognition L i & Prads
Best Practices Replication foject & Practice
Identification

Continuous
Site-driven

ommun |cate
esults & Best
Practices
Evaluate
Progress

Consistent tracking of
progress; against
goals, budgets, energy
and GHG footprint
impact

~

As the number of potential energy efficiency prtgeés substantial (37 measures), we
recommend a “tiered” hierarchy to prioritize thiemplementation. Tier 1 projects (12 measures)
require less than $50,000 capital investment arce&pected to yield a simple payback of less
than 2 years. Tier 2 projects (11 measures) requapital investment of greater than $50,000
but also are expected to yield a simple paybadkssf than 2 years. Tier 3 projects (7 measures)
are those projects not meeting Tier 1 or 2 critdnet offer a simple ROI of less than 3 years.
Tier 4 projects (7 measures) are projects withgmted payback in excess of 3 years. Not all
benefits may be characterized in terms of simpidaek, however, and we further recommend
Pilgrim’s Pride management review and considempedjects in light of potential process and

practical benefits.

Project
xecution

) @

)

Cost/benefit analysis
Standardized
Evaluation

Clear Guidelines &

pportunity
Evaluation
‘ Goals
‘Funding ’
Funds available for

qualified projects
Hurdles set consistent
with goals

Tier # of Measures Capital Cost SEV[efS

Tier 1 Summary 12 $ 207,700 | $ 280,665
Tier 2 Summary 11 $ 2,867,400 | $2,671,500
Tier 3 Summary 7 $ 501,500 % 193,450
Tier 4 Summary 7 $ 359,500]|% 170,400

10
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Tier 1 Projects:
Install Synchronous Belts
Reduce Boiler Blowdown (Protein)
Improve Steam System Insulation (Protein, Prepkoeatls, East and West Kill)
Install Discharge Water Temperature Control
Replace Lighting in the Box Room
Shutdown Cooler Evaporators During Washdown
Add Microprocessor Controls to Condenser Fans
Air Balance and Reintroduce Interior/Exterior ltr&tion
Install Autopurgers on Ice Systems

Tier 2 Projects
Variable Frequency Drives
Automatic Oxygen Trim Controllers (Protein)
Heat Recovery from Boiler Stack (Protein)
Blowdown Heat Recovery (Protein)
Reduce Steam Leaks (Protein)
Improve Condensate Recovery System
Flash HP Condensate to Produce MP Steam
Preheat Cookers B and C
Waste Water Reuse in Cooling Towers
Process Heat Recovery (Option C)
Improve Wastewater Flow

Tier 3 Projects
Reduce Boiler Shell Losses
Automatic Oxygen Trim Controller (Prepared Foods)
Heat Recovery from Boiler Stack (Prepared Foods)
Use Floating Head Pressure Control
Recover Cooling Energy from Wastewater
Hibay Lighting Retrofit

Tier 4 Projects
Reduce Overall Steam System Pressure
Centralize Steam System Generation
Compressed Air Looping and Pressure Reduction
Reconfigure Air Compressors in Protein
Boiler Blowdown Heat Recovery (East and West Kill)
Install VFDs on Condenser Fans (East Kill)

We believe this assessment to have captured thiemagerity of significant energy efficiency
opportunities suitable for replication within thédgfim’s Pride facilities. Nonetheless, other like
facilities may benefit from a structured assessmantsimilar processes and applications.

11
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Pilgrim's has completed Site Visits at 11 of theR targeted locations. Several important
themes emerged through the Site Visit process:

* Heat recovery / boiler optimization

» Compressed air system design & leak detection

* Power factor improvement

» Contract negotiations and vendor relationships

* Refrigeration
These important themes, along with those in theciNtmiches DOE Survey and those in this
DOE plant-wide energy efficiency assessment at Magsant, mutually reinforce one another
and underpin why we believe it is important to meigorate the Utilities Utilization Strategic
Synergies Team (SST)

Following the Site Visits and the Plant-wide EneEjjiciency Assessment in Mt Pleasant, the
energy infrastructure at 13 of Pilgrim’s largestmmexes will be understood. The Energy Team
will then work together to determine which projecesjuire further assessment and which
projects are ready for implementation. We beligvis understanding and the opportunities
identified will serve as a key motivator to re-ayieze the Ultilities Utilization SST, which will be
tasked with implementing identified opportunitiesplicating them, proselytizing efficiency and
identifying new opportunities.

a Strategic Synergy Team (“SST") is a cross-funasibteam with senior executive champions estaldidioe
identify and deploy efficiencies within a definedope of the operation. Alternative Energy and iti##
Utilization, also known as energy efficiency, a&TS that the Energy Team has or seeks a leadmalespectively.

12
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Pace Global Energy Services investigated seleqpdrtunities to further quantify the benefits
and to estimate the costs to implement the reductio

Compressed Air System

An array of rotary screw compressors supply thdifi@s with compressed air. Schematics of
the compressed air systems are included in theecégp sections. The following issues and
opportunities for improvement were observed durmg site visit and are arranged by
production area.

*  WestKill:
o Ensure the presence and proper operation of autor®ab loss drains
Air Leak Maintenance
Consider Looping
Install 300 gallon Dry Receiver
Compressor Maintenance (failed equipment and $ijter

o O O0Oo

West Kill - Compressed Air

To Water Re-Use Loads
@ ~100 PSIG

7 3
\
‘ (F)
g !
e
- G-D
Ref
A Dryer [———»
R404A
<t
8 3z 3 ] _-
8 £ ] Ll -
—
Y

To Production Loads
@ ~ 100 PSIG

* EastKill
o Operating well
0 Excellent maintenance
o Ensure the presence and proper operation of autor®ab loss drains
0 Ensure integrity of air distribution system

-2
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East Kill - Compressed Air

Kaesar Dryer

Sullair Palotek 50 HP Kaesar 40 HP R22
200 SCFM

To Production - -
Loads

* Prepared Foods:

(0]

o 0O O0O0Oo

Inadequate compressor volume with respect to systemdition

Ensure the presence and proper operation of autor®ab loss drains

Replace Desiccant Dryers with refrigerant dryers

Air Leak Maintenance

Consider Looping Air Lines

PL-104 reliability suffers due to poor maintenanggstem should be cleaned and
maintained to ensure reliability and performance
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Prepared Foods - Compressed Air

Upper Compressor Area

Suggested Return Loop --

PLIOS PLIO4
Liquid Cooled Air Cooled &
Observed 98 PSIG ~ Observed 98 PSIG | S
- g To Plant Loads
& : @75 PSIG
PLIO3 Za
Liguid Cooled
Observed 75-87 PSIG
i i 75-B7 PSIG
Failed Unit Sndbin
Lower Compressor Area
N-H DD
Protein:

o0 The 100hp Gardner Denver is oversized for giveniegmon (operation of fat
filter diaphragm pump)

o0 Reliability of Atlas-Copco compressor, particuladyring warm weather

o Ensure the presence and proper operation of autor®ab loss drains
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Protein - Compressed Air
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The following is a basic approach to improving pegformance of compressed air systems:

1.

abrwn

Perform leak analysis (with an ultrasonic leak dite that can be utilized without
interrupting production)

Install receivers where appropriate to maintaimftates and reserve volumes

Loop distribution manifold where manifold desigmstrains flow

Consider condition and operation of condensate thown systems

Try to run the various processes with the systessqure decreased by 5 PSIG. If
successful, consider 10 PSIG, or greater, to déterrthe minimum required delivery
pressure for the various process areas.

Develop statement of condition (compressor equipgnael distribution system) as it
exists — repair as necessary

Observe production and confirm that compresseis &ire best utility to use for all jobs it
is presently being used for (e.g., a high volurger pressure blower may be a better
choice)

After leaks are repaired, equipment condition dage¥d, and otherwise unnecessary
compressed air loads are eliminated, reappraiseemmy®peration/performance and
consider capital improvements mentioned

-5
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9. The predominance of the air compressors derivelpad operation through slide valve
control. In as much, variable frequency controilé mot yield significant energy savings.

Opportunities

Fix the leaks and replace/repair the condensaiadrd&urchasing ultrasonic leak detectors for
maintenance personnel and implementing a routineciecking for leaks during production
breaks will significantly reduce energy consumptiand improve compressed air system
performance. Additionally, many of the condensatersd on compressors and air receivers blow
down constantly. Zero loss drains are inexpensways to blow out the water from the
compressors without losing expensive compressedRépairing air leaks and installing zero
loss drains will save approximately 376,000 kWhéyr $18,000. Ultrasonic leak detectors and
zero loss drains will cost approximately $36,000eeping up with air leaks will require an
ongoing maintenance program.

Loop the manifolds and return the unused air todhereceiver. This will improve system

performance and in Prepared Foods potentially eltei the need to replace the failed air
compressor. Energy savings from this measure trésuh the opportunity to reduce system
pressure.

Evaluate the system pressure. Repairing the alksland looping the manifold should improve
the air system performance enough that the systessyre can be reduced. Air pressure should
be tested at various locations in the system befmmering the compressor output pressure.
These measures will result in energy savings Q00 kWh/yr, or $3,600. Looping the
manifolds will cost approximately $31,000; if theptacement of the compressor in Prepared
Foods is no longer necessary this measure wilfgaygself in less than two years.

In Prepared Foods, non-heated desiccant dryersused to dry the air coming from the
compressors. These dryers consume nearly 15%eafdimpressed air volume. Replacing the
desiccant dryers with refrigerated dryers will savesiderable energy, and money, as the dryers
use electricity rather than expensive compressedoadry the air. Of the three dryers in
Prepared Foods, the one drying the air from PLT@dulsl be replaced first. Replacing this dryer
will save $2700 per year and payback in 3 yearsrifig our visit, compressor PL105 had the
damper 1/3 closed; with this reduced flowrate reiplgthe dryer is not currently cost effective.
Replacing the dryer serving PL-103 and the failechgressor could have added system benefits,
but from an energy savings standpoint is not ciisteve (the payback is greater than 10 years).

In Protein, compressor reliability and air storage a concern. The Atlas-Copco unit is the
primary compressor and overheats occasionally inmweemperatures. This compressor is
connected to a wet receiver and a dryer. Thene idry receiver downstream of the dryer. The
Gardner-Denver backup compressor is not fitted \aitlvet receiver or dryer. Connecting the
two compressors in parallel will allow the backupmpressor (ie the Gardner Denver) to more
effectively support the primary compressor; addiidy, one receiver can be converted to a dry
receiver to improve system efficiency. A small gm@re reducing regulator fitted to the wet
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receiver would continue to supply air to the féefidiaphragm pump at the required 50 psig. A
schematic of the proposed setup is included abdvye energy savings are minimal for this
recommendation, 12,000 kWh/yr or $800, but therd t additional savings in avoided

maintenance cost and extended equipment life. dmehtation of this recommendation is
estimated at $2,500. After implementing the recamdations, evaluate the potential for
reducing the pressure output from the compressdride vstill satisfying process demands.
Another benefit of supplementing the output of #ias-Copco with the Gardner Denver

compressor is the ability to satisfy the compressedeeds of pretreatment (~30hp) precluding
the need for a dedicated compressor for pretreatmen

Variable Frequency Drives

Large motors and pumps (over 30hp) at the Mt Praafseility represent 17% of the electric
load. As many of these motors operate over brandes and/or operate for extended periods of
time at part load they are excellent candidatesdoiable frequency drive (VFD) control. VFDs
facilitate adjusting the speed of the motor basedhe load; a 2% reduction in the speed of the
motor results in a 4% reduction in power consurmmtigor this reason, VFD controls on motors
driving varying loads can save a significant amoohenergy. Pilgrirts personnel provided
approximate load factors for motors and helped tilemotors suitable for VFDs. The total
savings from the VFD applications listed in Exhil@t below is 4,268,000 kWh/yr, or
$204,000/yr. Purchasing and installing the VFD®stmated to cost $375,000. The project
should pay back in 2 years.

Exhibit 8: Variable Frequency Drive Applications

Location Description Horsepower Load Variation

East Kill Vacuum Pump 1X75 70% speed/70% hours
East Kill Washdown Pump1x60 50% speed/100% hours
West Kill Vacuum Pump 1x100 70% speed/70% hours
West Kill Washdown Pump 1x100 70% speed/100% hours
Protein Conversion Hot Water Pump  1x100 80% spé&&dalhours
Wastewater TreatmentAerators 17x75 60% speed/50% hours
Wastewater Treatment 2x175 80% speed/100% hours

Wastewater Treatment Water Flow

The waste water treatment plant (WWT) receives-postess water from the facilities. This
effluent is collected in the basement of the ProRlant. From there, pumps convey the water to
a nearby pretreatment facility. Primary equipmenpretreatment includes 6 roller screens, 2
belt presses, 5 dissolved air flotation units, &malmps (4x30hp constant speed and 1x50hp on
an on/off float control). Pre-treated effluenthen pumped (for final treatment) some 2 miles to
a POTW operated by Pilgrim’s Pride staff. RougBBPo of the materials processed by the
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POTW are associated with Pilgrim’s and the remairadsists of sanitary sewage from the
surrounding community.

POTW system operational dynamics dictate that fldersved from the Pretreatment facility be
maintained at 3.5 MGD. Flows exceeding this vadoe temporarily diverted (using manual
controls) to a surface impoundment pond adjacemhdoPretreatment facility. The pond has a
capacity of ~1 million gallons of water. This wateithen returned (gravity feed) to the Protein
basement and may be circulated repeatedly througlreBtment prior to ultimately being
delivered to WWT. In this manner the pond sengesa aduffering element to “smooth” flows to
WWT. Negative effects of this routine include essige power consumption associated with the
circular pumping process, the requirement for poddr control and the power consumption
associated with the operation of aeration equipnm@ended to minimize those odors, and a
labor intensive, sub-optimal methodology of procasstrol.

Exhibit 9: Current Waste Water Configuration

From Process Areas

To WWT

Manual Valve

i Pumps
Protein Basement p:

Pre Treatment
4 x 30 hp, 1 x 50 hp (float)

Gravity Feed

Equalization Pond
5x50hp, 1x40hp aerators

Description of the Problem

Exhibit 10 represents water flow meter readingsetakt WWT between September 10 and
September 16, 2006. Flow to WWT peaks mid morreagh week day following the wash
down cycles in the production plants. When thevflate exceeds the capacity that the WWT
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facility can handle, an alarm sounds and the weteredirected to the equalization pond.
Currently, the only way to reintroduce water frome equalization pond to the WWT conduit is
to return it to the basement of Protein (in effeetcontamination” and “re-processing”).

Exhibit 10: Sample of Wastewater Flow to WWT

Wastewater Treatement Flowrate
(week starting 10 Sept 06)

MGD
et
—
X

—
—
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—
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Recommendation

This process is an excellent candidate for aut@mnateading to reduced energy consumption,
wear and tear on system components, treatment chkEmniand tighter process control.

Automation will result in energy savings from reddgpumping (recirculated flow through the

Protein Basement) and Aeration loads (in the Impdowent Pond). Operational savings will

result from improved process control and poterdi@mical agent reduction in WWT. Exhibit

11 below is a representation of the automated gardtion of the waste water flow system.
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Exhibit 11: Recommended Waste Water System Configu  ration

:‘8}’1 30hp on
Manual Valve 30hp on
SN >
[\;J ‘ ‘ 30hp off
"W FSI:nVQOIF 50hp on sensor
30hp off

Protein Basement Pumps

From Process Areas

Flow 50
Pre Treatment Sensors_Y

Gravity Feed — \V4
XOPEN <3.6MGD
. T X oreiisaouen Towwr

B
Lo |

Equalization Pond
5x50hp, 1x40hp aerators
1x50hp and 1x40hp

While WWT can accept a maximum flow of 5.8 MGD, its operatoosild/ prefer to maintain
this flow at or near 3.5 MGD (e.g. the “target flow rate’A. paddle-wheel flow sensor system
(redundant sensors) installed between pretreatment and WWihaviltor actual, instantaneous,
flow rates and provide a control signal to an industrial process controllgitedsatnd configured
to maintain the flow of effluent previously diverted to the impoundment plmedtly into the
WWT supply line at an aggregate rate not to exceed the desired 3.5 MGD.

At times when measured flows to the WWT facility exceed\8@&D the process controller will
modulate a motorized Valve B incrementally to release extmssto the impoundment pond.
Alternately, measured flow rates of less than 3.6 MGD will edhe process controller to open
Valve A (Valve B closed) to the specific degree that fat#é$ the induction of impoundment
pond water (so long as the pond is 50% full as measured by a fheatigchanism) to arrive at
the target 3.6 MGD flow rate.

Energy Savings

The energy savings for this recommendation come from a reducttbe wperating aerators in
the equalization pond. Aeration can be reduced from 5x50hp and 1x40hp to 1x50hp and 1x40hp.

|- 10
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Also, one pump in the basement of Protein will no longer be negesdtrough it should be
maintained as a backup). The annual energy savings are edtitmdie 1,330,000 kWh/yr with
a potential demand reduction of 200 kW. With electric rates of $0.04 T4\ $5.01/k\Wno,
the annual savings is estimated to be $72,500.

Implementation Cost

The cost of the recommendation is approximately $100,000 and includesolkbninig
equipment:

Process controller, flow sensors, and valves ($50,000)

PVC piping ($35,000)

Miscellaneous costs including fittings and labor

Lighting

The non-production areas of the Mt. Pleasant facility provide aleepportunities for improved
lighting efficiency. These areas are the Truck Shop, the Kuoen and the Box Room, both in
Prepared Foods.

Hibay lighting in the Truck Shop is 400W probe start Metal Haladeps. Replacing these
lamps with T8 hibay fixtures, 6 lamps per fixture, will reducergneonsumption by 130,000
kWh/yr. This retrofit is very common and is a one for one repiace (some testing of these
fixtures has been done in the Spice Room of Prepared Foods as deselived The cost of

the retrofit is estimated at $31,500, including labor. This proguwuld pay back in

approximately 5 years.

Office lighting in the Truck Shop is 2x4 fixtures with 4 T12 langes fixture. Replacing the
lamps and ballasts with more energy efficient T8 lamps cducceeenergy consumption by 62
watts per fixture. The new fixtures should contain 2 T8 lampsantigh efficiency high ballast
factor ballast. An exact count of these fixtures was not obtamédhe energy savings, and
implementation cost, will be the same for each fixture. Thigept should pay back in two
years or less.

The Box Room in Prepared Foods is lit by 8ft T12 strips with &aper fixture. These lamps
can easily be replaced with two 4ft T8 lamps with a high efficy standard ballast factor
ballast. This will reduce the energy consumption per fixture bywdils. The total energy
savings in the Box Room is estimated to be 71,300 kWh/yr or $3,415. Pplenientation cost

should be approximately $5,200, with a simple payback of 1.5 years.

The Spice Room in Prepared Foods has a mixture of high bay ¢jghTime lighting is primarily
Metal Halides, but there are some strip T12 lamps and threeb@§ fixtures. The T8 hibays
should be installed throughout the room. See Exhibit 12 below for a agompaf the hibay
lighting options.
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On the production floor, light fixtures need to be able to withstand ttegressure washdown
cycles. For this reason, few options are currently availableatd personnel to reduce energy
usage. During the site visit, Pace Global was informed that Pilgrims isngowkth light fixture
manufacturers to develop fixtures for TSHO high efficiency Bgtitat will withstand the
washdown environment. The TSHO lamps are approximately 54W each; muwdeérs for the
current T12 lamps could not be obtained but based on prior experience ehatyleast 75W
each. Additionally, the lamp life on T5HOs is at least twi of the T12s. Replacing the T12
lamps and fixtures with TSHO lamps is fixtures should yield attractiveggrsawvings.

Exhibit 12: Comparison of Lighting Systems

Fixture Wattage Lamp Life (hours)

HiBay Lighting

400W Metal Halide (probe start) 426 10,000
250W Metal Halide (pulse start) 288 15,000
T8 flourescents (6 lamps) 220 24,000

Synchronous Belt Replacement

Replace conventional drive belts on motors with banded cogged belts.y Baenags of 3% are
typical as are substantial increases in the service litbeobelts. Energy savings come from
reduced slippage. Assuming half of the motors over 30hp are suitalbeltfoeplacements, the
energy savings potential is 468,000 kWh/yr or $22,500. The belts, sheavesh@nib Ireplace
them are estimated at $16,500.
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INTRODUCTION

This section provides a basic introduction to the project by detdiliagproject scope and
objectives of the Steam and Waste Heat Recovery assessittent\vt Pleasant, TX facility of

Pilgrim’s Pride Corporation.

Project Objectives
During the month of November 2006, Riyaz Papar, PE, CEM (Hudson Teclasologmpany)

visited the Mt. Pleasant, TX facility. This visit was faeited by PACE Global Energy Services
and consisted of a team of subject matter experts. This progscpart of the US DOE Plant-
Wide Assessment (PWA) that was awarded to Pilgrim’s Pride Corporatianpiidject involved

a 5-day in-plant study of the current operating practicehefsteam and waste heat recovery

systems and identified energy savings opportunities.

The project had two main focus areas:

» Steam Generation and Condensate Return
This portion reviewed the current steam and condensate systemvatupdd a strategy for best

meeting the current and future steam needs at the lowest overall cost.

* Process Heat Recovery Opportunities
This portion analyzed the opportunity for recovering waste heat andtigated opportunities

for using this heat effectively at the facility.

1 01/22/2007
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Nevertheless, overall facility optimization, boiler operation and loethagement and other
potential energy and cost savings measures were also intestidaring the course of this
PWA. The other objectives of this project included completing a ddtahergy supply and
demand analysis on the natural gas side to quantify usages atféinentlienergy cost centers

(end-users).

Project Tasks
The different tasks that were performed during the course of this project lmedbelow:

Task 1: Use of DOE Steam System Scoping Tool (SSST)

Before undertaking any detailed steam energy savings assesaseof the DOE BestPractices
SSST provides significant insight and identifies areas that wouwdd fecused attention. The
SSST consists of qualitative questions and also serves as aerd@xaely to understand steam
system operating and maintenance practices. The SSST provideseattsat can help plant
personnel understand their shortcomings and allows them a way to edimgaoperations with

others in the industry.

Task 2: Identification of steam end users (cost centers)

This task identified the energy flow (supply and demand) of steamnandal gas at the
different cost centers at the Mt. Pleasant, TX facilithds to be noted that sub-metering is not
available at all the individual equipments / processes but anpitteas made to ensure that all

the loads were identified and quantified in the next task.
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Task 3: Data analysis & load profiling

A detailed data analysis spanning almost 5 months (07/01/06 — 11/28/06sedhso further
understand the performance and operation of the Proteins Conversion baoilel péadata was
provided by the Data Acquisition System (DAS) historian at tléeifrs Conversion plant in the
form of parameter plots. From this analysis, an average loadepnafs developed and used in
the optimization and development of the load management strategyirvfmeantly, this task
provided extremely valuable information to development of individual bp#geformance and

equipment characteristics (baselining / benchmarking).

Task 4: Identification of steam Energy Conservation Measures (ECM)

Most of the effort of the project was spent on this task. Set@old including the US DOE'’s
Steam System Assessment Tool (SSAT), 3EPIlus insulation ewalustiftware and other

proprietary models were used to quantify the potential steam energy savingsimppsrt

Task 5: Identification of waste heat recovery ECMs

This part of the effort mainly focused on waste heat recovem flue gas streams and any
other sources. It did have some overlap with Task 4 but most of the concentration fédtihis e

the project was on oil heaters in the Prepared Foods plant.
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Task 6: Identification of overall facility level ECMs

This task took an overall systems approach of the facility sl tw identify any overall facility
level energy saving opportunities that may exist to improveotrexall plant level energy

efficiency.

Task 7: Prepare final report
A detailed final report was prepared in this task to report loth@lopportunities, model results

and additional resources.
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STEAM SYSTEM OVERVIEW

The Mt. Pleasant, TX facility has six main areas thatdmetified as the main cost centers. They

are:

* Proteins Conversion

* Prepared Foods

*  West Kill plant

* East Kill plant

e Truck Shop

» Waste Water Treatment plant

It has to be noted that although these areas are idensfididaete cost centers, there is overlap
(energy transfer) from the Proteins Conversion area to the at@s, anainly in the form of

transfer of hot water. Appendix Al provides an estimate for this hot water transfe

Steam System BestPractices
The Proteins Conversion boiler plant has four (#1, #2, #3 and #4) naturalegagé boilers.

This boiler plant accounts for more than 80% of the Mt. Pleasanfadiiy natural gas usage
and all of it is used to produce steam. The US DOE Steamnsyteping Tool (SSST) was
used to first evaluate the overall steam system practicesc@n@are it to state-of-the-art
industry bestpractices. For additional information on DOE steam a&@ftviools, go to

http://www1.eere.enerqgy.gov/industry/bestpractices/software

SSST is designed to help steam system energy managers aatioapgpersonnel to perform
initial self-assessments of their steam systems. The tadllesr and grades steam system

operations and management. The tool evaluates steam systemoopesginst best practices.
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The SSST has four sections and asks qualitative questions in edhk afeas. The tool
compares the answers provided to these questions with bestpracticessigns a numerical
score based on a pre-defined algorithm. Table 1 provides the restitts 86ST for the Mt.
Pleasant, TX facility and also compares it to an industryageeas observed in other industrial
plants. Note that the intention of the tool is not to benchmark thétyfasr provide any
guantitative information on savings opportunities. The sole purpose is to praviaBsic
understanding of the steam system management and identifytteatasay result in the highest

savings opportunities. In summary, it provides a simplistic gap analysisyfeteam system.

At first glance, the Mt. Pleasant, TX facility shows aowelaverage operation compared to a
typical average industry scores. The Mt. Pleasant, TX faaglibred a total of 158 (46.5%)
versus the industry average of 223 (65.5%). But a closer companssaisr¢hat the difference
between the facility and industry is manifested in the fliste categories that are focused on
steam system profiling, operating practices and the boliler. Meaviertheless, it is important to

realize that this is a starting point for due diligence activities.

Table 1: Results of US DOE SSST on the Mt. Pleasant, TX Facility
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Category Description Maximum | Mt. Pleasant, | Industry
Score TX Score Average*
Steam system profiling 90 32 53
Steam system operating practices 140 75 104
Boiler plant operating practices 80 35 50
Distribution, end-use, recovery 30 16 16
operating practices
Total 340 158 223
Total (%) 100 46.5 65.5

*Data obtained from the US DOE Steam BestPractices End-user Training

The results of SSST are not meant to quantitatively imply argnpat energy savings. From a
corporate standpoint, the SSST can be used on different Pilgrimsf&uilitees and the results
from all the facilities can be compared by the Corporate Enddgypager to prioritize
assessments or audits at the different facilities. The |dnerSSST score, the higher the

probability of finding energy efficiency projects and implementing besipesc

Steam & Process Heat System Overview
The total annual natural gas usage for the Mt. Pleasant, TiKyfasi~1,733,100 MMBtu. A

small amount of waste motor oil (~1,700 MMBtu) is also burned in thekTshop to provide
space heating. Average natural gas cost used in this analy&9s3i74/MMBtu, electric utility
cost is $0.04790/kwh, water cost (including chemicals) is $2.10/Mgal andgeewost is
$4.38/Mgal. This section details the overall steam and procesisdnesystem that exists at the

Mt. Pleasant, TX facility.

Figure 1 presents the annual energy usage breakdown for therragjral gas users by plant at
the Mt. Pleasant, TX facility. Proteins Conversion uses almost 66f/te total natural gas.

Prepared Foods uses 30.2% of the total site’s natural gas. The™€tegory that consists of
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the East and West Kill plants and the Truck Shop constitutes oty &.the total site’s natural
gas usage. Table 2 presents the actual detailed tabulated atidornfor all the plants and

summarizes the total natural gas and waste motor oil usage at the Mt. PIEdsatd.

Prepared Foods
30.2%

Other
3.1%

Proteins
66.7%

Figure 1: Annual natural gas consumption at Mt. Pleasant, TX site

(Total: 1,734,800 MMBtu; $16,246,000)

Table 2: Annual Fuel Usage Breakdown at Mt. Pleasant, TX site
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Plant Natural Gas | Waste Oil Total % of Total
(MMBtu) (MMBtu) (MMBtu) (%) (%)

Proteins Conversion 1,157,336 - 1,157,336 10,848,867 66.7
Prepared Foods 523,598 - 523,598 4,908,204 30.2
West Kill Plant 26,730 - 26,730 250,567 1.5
East Kill Plant 18,813 - 18,813 176,352 1.1
Truck Shop 6,624 1,711 8,335 62,093 0.5
Total 1,733,100 1,711 1,734,811 16,246,083 100.0

This section now provides information on the individual cost centers bo#tefam and process
heat production and usage. Currently, steam is not distributed acrasS8drent plants and the
individual plants have their own boilers for producing steam. On the b#ret, hot water is

supplied from the Proteins Conversion to both the Kill plants and Prepared Foods.

Proteins Conversion

Steam is produced in a central boiler plant in the Proteins Convargarand distributed within
the plant to the different users. The central boiler plant oger&®&@80 hours (5, 24 hr days + 10
Saturdays) annually. There are four natural gas fired fire-hdiers that provide saturated

steam at ~120 psig to the plant. The nameplate information on the boilers is as follows:

Boiler #1

Model Number: PFTE 2000-3G150S
Manufacturer: Johnston Boiler Company
Capacity: 2000 hp (~65,000 Ib/hr steam)

Pressure Rating: 150 psig

9 01/22/2007
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Number of passes: 3

Blower: 100 hp (124A, 460V)

Maximum gas flow rate: 83,700 scfh

Boiler #2

Model Number: PFTA 1500-4G150S

Manufacturer: Johnston Boiler Company

Capacity: 1500 hp (~50,000 Ib/hr steam)

Pressure Rating: 150 psig

Number of passes: 4

Blower: 150 hp (180A, 460V)

Maximum gas flow rate: 62,853 scfh

Boiler #3

Model Number: PFTA 1200-4G150S

Manufacturer: Johnston Boiler Company

Capacity: 1200 hp (~40,000 Ib/hr steam)

Pressure Rating: 150 psig

Number of passes: 4
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Blower: 100 hp (124A, 460V)

Maximum gas flow rate: 51,850 scfh

Boiler #4

Model Number: PFTA 1200-4G150S
Manufacturer: Johnston Boiler Company
Capacity: 1200 hp (~40,000 Ib/hr steam)
Pressure Rating: 150 psig

Number of passes: 4

Blower: 75 hp (92A, 460V)

Maximum gas flow rate: 48,500 scfh

Boiler efficiency curves were developed based on burner tune upuendds stack analyses
records obtained from plant personnel. These are provided in the Apperdix Figure 2a
shows the annual breakdown of natural gas consumption in the boiler pjainé Zo shows the

average boiler load duty (actual firing rate divided by maximum firirg) iatthe boiler plant.
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Boiler #4
149%

Boiler #1
34%

Boiler #3
23%

Boiler #2
299%

Figure 2a: Annual natural gas consumption

Figure 2B:  Average Boiler Load
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'Load (%) 72.0 79.8 75.6 50.4

(Total: 1,157,336 MMBtu; $10,850,000)
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Figure 2b: Average boiler load (%)

Average steam produced from all the boilers is ~146 klb/hr whichsepie ~70% of full load
capacity of the boiler plant. Overall boiler plant efficiency81%. The steam production cost is

~$11.5 per klb steam.

Steam is used in the Proteins Conversion plant in the following processes (end usem=uip

* Preheater for Cooker A

e Cooker A
e Cooker B
e Cooker C

* Hydrolyzer

» East feather dryer

* West feather dryer

» Coagulator

* Blood dryer

* SPN finisher

* Hot water exchanger

Based on an energy, steam mass balance and data obtained frddAShat Proteins
Conversion, steam consumption is represented in Figure 3a and 3b. pargbses of clarity,
Figure 3a represents the major users of steam and lump$elsohall users into a category
called “Minor Users”. Figure 3b then further breaks down the minosusty each individual
end-use. Steam used in deaerator and other losses are reprasetited'Other” category in

Figure 3b.
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Minor Users
11%

Cooker C
25%

Cooker A
16%

SPN Finisher
23%

Cooker B
25%

Figure 3a: Major steam users

(Total: 145,560 Ib/hr; $1,675/hr)

Other
10%

Hot water
exchanger

2% Hydrolyzer
Blood Dryer 25%

7%

Coagulator
7%

West Feather
Dryer
12%

Preheater

East Feather (Cooker A)

Dryer 25%
12%

Figure 3b: Minor steam users

(Total: 15,300 Ib/hr; $176/hr)

Table 3 presents the detailed tabulated data that is presented in Figames3Ba This is the best
possible information that was derived based on the DAS historian, gestwnnel experience
and nameplate information. If additional sub-metering is incorporatéteiplant, this table and

the figures can be refined for further accuracy.

Table 2: Proteins Conversion Annual Steam Usage Breakdown
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Steam Energy Cost % of Total
End Use =

(Ib/hr) (MMBtu) ($/hr) (%)
Cooker C 37,983 246,131 437 26.1
Cooker B 35,684 231,231 410 24.5
SPN Finisher 33,590 217,663 386 23.1
Cooker A 22,996 149,013 264 15.8
Hydrolyzer 4,000 25,920 46 2.7
Preheater (Cooker A) 4,000 25,920 46 2.7
East Feather Dryer 1,776 11,508 20 1.2
West Feather Dryer 1,776 11,508 20 1.2
Coagulator 1,000 6,480 12 0.7
Blood Dryer 1,000 6,480 12 0.7
Hot water exchanger 250 1,620 3 0.2
Other 1,505 9,753 17 1.0
Total 145,560 943,229 1,674 100.0

Prepared Foods
Steam is produced by a 800 hp natural gas fired fire-tube boil&eifrtepared Foods plant.
Although the plant operates ~5,616 hours (18 hrs, 6 days/week), the boileontinsiously all

year round. The nameplate information for the boiler is as follows:

Model Number: PFTA 800-4G150S
Manufacturer: Stone Johnston Boiler Company
Capacity: 800 hp (~27,000 Ib/hr steam)
Pressure Rating: 150 psig

Number of passes: 4

Blower: 20 hp
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Average steam generation from this boiler is ~17,000 Ib/hr. Stearsed for cooking (Lines 1,
2, 3 and 7) and to make high pressure hot water for cleaning andisarptatfposes. Prepared
Foods also receives ~50-60 Mgal/day of hot water from the Pra@@nsgersion plant. Prepared
Foods also has ~35-50 kW of electric hot water boilers for providmgnater for personnel

sanitation purposes.

A large amount of natural gas in the Prepared Foods plantdsbysthe Fulton Paratherm fluid
heaters and the direct-fired ovens and fryers. Table 4 provides information on viguaddines
1-8 and the different fryer and oven combinations that exist. Noté'Div@ct” firing implies
natural gas is burned to provide the thermal energy without thefaseindirect fluid medium
(Paratherm). All the information gathered in this table is mted from the plant visit and

extensive communication with plant personnel.

Table 3: Fryers and Ovens in Lines 1-8 (Prepared Foods Plant)
Fryer Oven
Line # Type Fulton Unit CapaaLy Type Style | Fulton Unit Capacity
(MMBtuh) (MMBtuh)
1 Indirect PR151 3.5 Direct MPO - 8.0
2 Indirect PR151 3.5 Direct MPO - 8.0
3 Direct - 4.0 Direct JSO - 4.0
4 Indirect PR651 4.0 - - - -
5 Indirect PR651 4.0 - - - -
6 Indirect PR651 4.0 - - -
7 - - - Indirect GCO PR751 4.0
8 IQF line; No Fryer or Oven

MPO - MultiPurpose Oven
JSO - Jet Stream Oven
GCO - Gyro Compact Oven (spiral)
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PR751
3%

Line 3 Oven
5%

Line 3 Fryer

7%
Boiler
Line 2 Oven 35%

9%

Line 1 Oven
9%

13% PR651
199%

Figure 4 presents the natural gas usage breakdown in the Prepared Foods plant and Table 5

provides more detailed information in the tabulated format.
Figure 4: Natural gas usage breakdown in Prepared Foods plant

(Annual Total: 523,600 MMBtu; $4,900,000)
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Natural Gas Energy Cost %o of Total
End Use
(scfh) (MMBtu) ($/hr) (%)

Boiler 20,456 183,852 196.7 35.1
PR651 11,139 100,114 107.1 19.1
PR151 7,310 65,700 70.3 12.5
Line 1 Oven 8,354 48,137 51.5 9.2
Line 2 Oven 8,354 48,137 51.5 9.2
Line 3 Fryer 4,177 37,543 40.2 7.2
Line 3 Oven 4,177 24,069 25.8 4.6
PR751 2,785 16,046 17.2 3.1
Total 66,752 523,598 560.3 100.0
Table 5: Prepared Foods Plant Annual Natural Gas Usage Breakdown

West Kill Plant

Saturated steam (@100 psig) is produced by two 150 hp natural gasréreibe boilers in the
West Kill plant. Typically, only one boiler or less is requitedprovide all the steam needed in
the plant. Hence, one of the boilers remains in warm standby mod@ldrteoperates ~4,590
hours (17 hrs, 5 days/week and 10 saturdays). The boilers operate dadaogtipn as well as

plant washdown/sanitation cycles. The nameplate information for the boiler®ibas:

Boiler #1
Manufacturer: William & Davis
Capacity: 150 hp (~5,100 Ib/hr steam)

Pressure Rating: 150 psig
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Number of passes: 3

Boiler #2

Model Number: 5-5-751-S150-M
Manufacturer: Superior Boiler Works
Capacity: 150 hp (~5,100 Ib/hr steam)
Pressure Rating: 150 psig

Number of passes: 3

No instrumentation or sub-metering is available in the Wedtgfant. Based on discussions,
average steam generation in the West Kill plant is expected-8,080 Ib/hr. Steam is used for

the following processes in the plant:

» Scalding (direct steam injection)

* Hot water for paw peeler (Steam-Water heat exchanger)

* Personnel sanitation and handwash (Steam-Water heat exchanger)
* Washdown water for plant sanitation (Holding tank — steam coil)
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The West Kill plant also receives hot water from the Prot€msversion plant and an estimate

of that usage is provided in Appendix Al. Figure 5 presents the pondisg energy (natural

Other
7%

Washdown Scalding
299/, 4290
Personnel
Sanitation

Paw Process
16%

gas) usage allocation in the West Kill plant and Table 6 provides detailed information in

6%

the tabulated format.

Figure 5: Energy (natural gas) usage breakdown in West Kill plant

(Annual Total: 26,730 MMBtu; $250,600)

Steam Energy Cost % of Total
End Use =

(Ib/hr) (MMBtu) ($/hr) (%)
Scalding 1,950 11,188 28.6 41.9
Paw Process 750 4,303 11.0 16.1
Personnel Sanitation 150 1,643 4.2 6.1
Washdown 3,300 7,796 48.3 29.2
Other 1,800 4.6 6.7
Total 26,730 100.0

Table 6: West Kill Plant Annual Energy (Natural Gas) Usage Breakdown

20

01/22/2007




Hudson Technologies 275 North Middletown Road, Pearl River, NY 10965

East Kill Plant
Saturated steam (@90 psig) is produced by one 200 hp natural gafréireibe boiler in the
East Kill plant. The plant operates ~4,320 hours (16 hrs, 5 days/week amatuddags). The
boiler operates during regular plant operation as well as the whstidown/sanitation cycle.

The nameplate information for the boiler is as follows:
Manufacturer: Superior Boiler Works

Capacity: 200 hp (~6,700 Ib/hr steam)

Pressure Rating: 125 psig

Number of passes: 3

No instrumentation or sub-metering is available in the Eastpkaiht. Based on discussions,
average steam generation in the East Kill plant is expected +@,000 Ib/hr. Steam is used for

the following processes in the plant:

» Scalding (direct steam injection)

* Process hot water (Steam-Water heat exchanger)

* Personnel sanitation and handwash (Steam-Water heat exchanger)
* Washdown hot water for plant sanitation
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The East Kill plant also receives hot water from the Prot@osversion plant and an estimate of

that usage is provided in Appendix Al. Figure 6 presents the corresgarrgy (natural gas)

Scalding

Washdown 37%

41%

Personnel Paw Process
Sanitation 17%
5%

usage allocation in the East Kill plant and Table 7 provides moeslatketinformation in the

tabulated format.
Figure 6: Energy (natural gas) usage breakdown in East Kill plant

(Annual Total: 18,813 MMBtu; $176,300)

Steam Energy Cost % of Total
End Use =

(Ib/hr) (MMBtu) ($/hr) (%)
Scalding 1,238 6,898 19.3 36.7
Paw Process 563 3,135 8.8 16.7
Personnel Sanitation 225 941 2.6 5.0
Washdown 2,813 7,839 43.9 41.7
Total 18,813 100.0

Table 7: East Kill Plant Annual Energy (Natural Gas) Usage Breakdown
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Truck Shop
The Truck shop uses natural gas and waste motor oil to provide sp#ing Heang the winter
months. The shop has a combination of equipment to provide space heatotm@lershat

includes:

* Floor heating
* Hot water loop
* Waste oil heater with blower

Floor heating and hot water loop (space heating) is provided byahgias. The Truck Shop

operates ~7,488 hours (24 hrs, 6 days/week). Nevertheless, heatngired for only ~2,880

Waste Oil
21%

Natural gas
79%

hours. Figure 7 provides a breakdown of fuel energy supplied. Note that ‘fap codt” is

associated with the waste motor oil.

Figure 7: Fuel breakdown in Truck Shop

(Annual Total: 8,335 MMBtu; $62,000)
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ENERGY CONSERVATION MEASURES

Almost no change can be expected if there are no returns on theidinsie. Energy
optimization of the Mt. Pleasant, TX site operations will l¢adsignificant energy and cost
savings. This section provides information on the energy conservagasunes (ECM) or
savings opportunities that may be possible at the Mt. Pleasasitel)All of these opportunities
were evaluated using the US DOE Steam BestPractices dmmwlsome proprietary models. All
the opportunities were based on sound engineering practices and isuasdethat none of the
opportunities would sacrifice reliability and safety of the chicken prowgsperation at the Mt.
Pleasant, TX site. Each of the ECMs are described firstthed tabulated for summary
purposes. The ECMs are grouped together by individual plants andvaneagsimple code to

cross reference them easily in the summary table.

PROTEINS CONVERSION PLANT ECMS

The US DOE Steam System Assessment Tool (SSAT) was aiseddel the steam generation,
distribution, end-use and condensate return systems at the Pratewver<ion plant. A similar
exercise was completed on the other plants also. Neverthelebgydbst impact is found to be
at the Proteins Conversion plant due to its significantly lastgam generation and energy usage

compared to the other plants at the Mt. Pleasant, TX site.

Figure 8 provides a snapshot of the current steam system opénatienSSAT at the Proteins
Conversion plant. Once the system was modeled in SSAT, then dederalual projects were

turned “ON” to evaluate potential energy and cost savings thabmapssible from the system
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operations. Note that the SSAT also evaluates emissions redudroeach of the individual

ECMs.

ECM PC1: Implement automatic oxygen trim controller s
Currently, based on flue gas analysis it is found that boilers epbettveen 4.5-5% excess
oxygen levels. This is based on a positioning control that is tuneodipatly (at least once
every two years). Industry bestpractices implement an automatgen trim controller that can
maintain oxygen levels in much tighter controls — 2-3% excesgeoxyThe SSAT model

predicts that reducing oxygen levels to 3% would lead to ~0.9% reduction in naturahgas us
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Steam System Assessment Tool

Proteins Conversion, Pilgrims Pride, Mt. Pleasant, TX

Current Operation
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Figure 8: SSAT Model — Proteins Conversion, PilgriRride, Mt. Pleasant, TX - current operation
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ECM PC2: Implement heat recovery from boiler stacks

There have been significant technology developments in the arearafreizers and especially,
condensing economizers. The boiler plant has a relatively high coneleresain. Hence,
feedwater economizers may not be the most productive. Neverthdlessjte requires a
significant amount of hot water. Hence, implementing conderestogomizers would be very
beneficial. There are some challenges that have to be oveliogtuding the fact that each
boiler has an individual stack. Secondly, the heat recovery exchaagemtroduce back-
pressure, so some engineering effort is needed to analyze dutrent fan power would be

sufficient.

It is recommended that instead of recovering heat from albdliers, boilers #1 and #2 be
targeted for condensing stack heat recovery. This is becausetwmbeilers operating at full
load (3,500 hp) can account for almost 80% of the total steam demand.atke Gt the two
boilers are also next to each other and ducting would not be commewater temperatures at
~140°F can be achieved with condensing stack heat recovery units. Assuityingater is

~70°F, heat recovery from these two stacks could make ~275 gpm of hot water.

An alternate approach to condensing heat recovery may be sensibleebovery from the
stacks. Assuming city water is ~70°F, heat recovery from tbestacks could make ~75 gpm of

hot water.
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ECM PC3: Reduce boiler blowdown

Boiler blowdown maintains appropriate boiler water chemistry but i®ss to the system.
Conductivity readings of the boiler water sample show that plasbpeel have been doing a
very good job in maintaining boiler water chemistry. In fact thedactivity results show that
boiler water conductivity (~2,500) is at the low end of the alloevabhge (2,500-3,500). This is
because there is a significant amount (>70%) of condensate retdineetly to the boiler
thereby requiring a lesser amount of blowdown than current operatemiucRg blowdown

from 3.2% (current operation) to 2% can lead to ~0.4% energy savings.

ECM PC4: Reduce boiler shell losses

A fire-tube boiler will have lower shell losses when compared toater-tube boiler. But if
proper insulation is not maintained on the fire-tube boilers, thesesloasebe as high 1% of
boiler heat duty. Boiler surface insulation can be improved at theisoConversion plant.
Preliminary estimates, using the 3EPLus insulation software atedithat potential energy
savings of ~ 1,000-1,500 MMBtu/yr per boiler can be achieved by imprakengisulation on

the boilers.

ECM PC5: Implement blowdown heat recovery
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Surface blowdown from the boilers is saturated water (350°F) ap4igOand has significant
thermal energy. The blowdown water can first be flashedlesh tank operating slightly above
the deaerator pressure. The flash steam can be sent to thaalemedathe remainder liquid

water can heat the make-up water before being dumped into the gewehematic of this

» Steam to Deaerator

Boiler
Blowdown

Makeup

lwater

configuration is given in Figure 9. Based on the SSAT model, impigngeblowdown heat

recovery provides 0.9% energy savings (~1.6 MMBtu/hr).
Figure 9: Schematic of implementation of blowdown heat recovery

ECM PC6: Reduce steam leaks

There are several areas where steam leaks are prevalethiey can be curtailed. Most of these
leaks are the exhaust vents downstream of the end-uses. Allitiessshould have condensate
returning back to the boiler plant. Nevertheless, all these ventsvhaxee been opened to allow

for a higher throughput through the cookers, feather dryers, blood dryer.rdsults in a
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significant loss of steam. Most of these vent pipes are dtléassize and some of them are 2”.
Based on calculations (Napier's choked flow equation), a 1" pipe, 96tlpsig upstream
pressure, can loose ~2.5 klb/hr of saturated steam. A cumulative Istesabased on distribution
system walk-through was estimated to be ~5 klb/hr. This lassbeavirtually eliminated by

shutting off all the condensate return vent valves near the end-uses.

ECM PCT7: Improve overall system insulation

In any Proteins Conversion plant, insulation is extremely diffitulinaintain and considering
that the environment is not conducive to frequent repairs, the plant irlddisant, TX has done
a good job on maintaining insulation. Nevertheless, there are sakeaal especially steam lines
feeding heat exchangers, heat exchanger end covers, valves, ebadensn lines, etc. that
need insulation or do not have adequate insulation. The 3EPIus insulatisarsofas used to
model bare pipes as well as surfaces to come up with an atggvedize for heat loss from these
uninsulated sections. At a conservative level, the study predietgyesavings of ~2 MMBtu/hr
that can be achieved in the Proteins Conversion plant by improving tiosulad detailed
insulation audit would be recommended going forward which could tag thaduodi pipes,
valves, heat exchangers and identify the optimum economic thickoessstilating these

components.

ECM PC8: Improve condensate recovery system

Condensate return in the Proteins Conversion plant is unique. This isseeiteere are no
condensate tanks. Condensate at high pressure (90 psig) returndtilehelirectly. This is

extremely effective because it virtually eliminates thdrlosses. But it does introduce several
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other operating issues that may make the system operation goamgedifficult to control.
Condensate is saturated liquid and it flashes at the smaftesint of pressure drop. This can
introduce a tremendous back-pressure in the condensate return ditieges higher operating
pressures in the end-use equipment and reducing operational caplstis currently one of
the issues that the Proteins Conversion is facing with the coakifeather dryers. Condensate
vent valves have been cracked open to allow for eliminating this baskgpe. But this results
in steam loss (as described in ECM PC6) and valuable condensat@rosiser problem that
exists is the condensate flowmeter doesn’t read accuratelydeetteere is water hammering and
reverse flow in the condensate return header. The SSAT modeaitpredi2 MMBtu/hr energy
savings to result from an additional 10% of condensate to be returrtbd twiler plant. In
addition to those savings, water savings of the order of 15% can beeachiéhis can be
achieved by having a common condensate tank in the end-use areemgatiomdensate to flash

and then pumping the return condensate back to the boilers/deaerator.

ECM PC9: Flash HP condensate to produce MP steam

As mentioned in ECM PCS8, high pressure (HP) condensate (90 psegluised to the boiler
plant. But if a secondary flash tank at an intermediate pre@igsig) is incorporated, then the
flash steam from this tank can offset some of the HP steageu3here are several users that
can use steam in the 60 psig range including preheaters, hydrajfzerreheater, etc. The
SSAT model predicts ~2.8 MMBtu/hr energy savings possible Bhifig 90 psig condensate to
60 psig steam and using this steam to provide for some of the esd-Additionally, there is

water savings since the overall steam generation is reduced.
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ECM PC10: Preheat cookers B and C feed streams

Cooker A has a preheater and comparing the steam loads on coo&eds B with cooker A
(Table 3), it is evident that cooker A uses 35% less steam thanrdakeC. The preheater of
cooker A is steam driven and does consume some steam butilltnsasginal. Implementing
preheaters for cookers B and C would result in significant enerdycast savings. There are

several advantages of implementing preheaters:

» ~20% reduced energy (steam) consumption for the cooking process

* Flash steam from high pressure condensate (@90 psig) can be used in the preheaters

» Additional prime heat transfer area now becomes available irotileecfor the cooking
process

» Higher cooking rates can be achieved

ECM PC11: Install a backpressure steam turbine

There are several places where low pressure (30 psig9rsiEam is needed in the plant —
deaerator, hot water generation, etc. Steam at high presseta@ois through pressure reducing
valves to produce this low pressure steam. An energy-saving &itermeould be to use a
backpressure steam turbine that exhausts at the low preskisreeiives as a pressure reduction
device and also provides shaft power. The shaft power can be useckta driechanical device
such as the boiler feedwater pump, combustion fan, etc. This isialg@s®e of cogeneration,
wherein energy is supplied in the boiler to produce steam and #zah girovides both the
thermal energy and mechanical shaft power. The SSAT modetzredat ~175 kW of shaft
power can be generated from a backpressure turbine at the P@oewersion plant. Note that
the gas usage increases by a small amount —0.4% to offseedne tstrbine enthalpy change.
This ECM may not be very favorable for the Mt. Pleasant, TXtplecause of the spread

between natural gas and electricity prices.
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PREPARED FOODS PLANT ECMS

The US DOE Steam System Assessment Tool (SSAT) was aiseddel the steam generation,
distribution, end-use and condensate return systems at the Proteirss@onplant. Once the
system was modeled in SSAT, then several individual projects twered “ON” to evaluate
potential energy and cost savings that may be possible fromdtegrsgperations. Nevertheless,
the biggest energy savings opportunities in the Prepared Foods n@lantpocess waste heat
recovery. Figure 10 represents the current operation of the steéemsy the Prepared Foods

plant.
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Steam System Assessment Tool

Prepared Foods Plant, Pilgrims Pride, Mt. Pleasant,
TX

Current Operation
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Figure 10: SSAT Model — Prepared Foods Plant, ilkgPride, Mt. Pleasant, TX - current operation
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ECM PFL1: Implement automatic oxygen trim controller

Currently, based on flue gas analysis it is found that the Prepa@ds plant boiler (800 hp)
operates between 4-5% excess oxygen levels. This is basgubsiti@ning control and is tuned
periodically (once every year). Industry bestpractices imphena@ automatic oxygen trim
controller that can maintain oxygen levels in much tighter contr@ds3% excess oxygen. The
SSAT model predicts that reducing oxygen levels to 3% would lead.®6~reduction in

natural gas usage for the boiler.

ECM PF2: Implement heat recovery from boiler stack

The site requires a significant amount of hot water. Hence, imgrieng a condensing
economizer would be very beneficial. Hot water temperatures of ~L#0fBe achieved with a
condensing stack heat recovery unit. Assuming city water is ~708Erdeovery from the boiler
stack can provide ~35 gpm of hot water. An alternate approach terteing heat recovery may
be sensible heat recovery from the stack. Assuming city watefQ°F, heat recovery from the

boiler stack could make ~10 gpm of hot water.

ECM PF3: Implement blowdown heat recovery

Surface blowdown from the boiler is saturated water (338°F) at 1i§0apsl has significant
thermal energy. The blowdown water can first be flashedflash tank operating slightly above
the deaerator pressure. The flash steam can be sent to thealeaedathe remainder liquid
water can heat the make-up water before being dumped into the gewehematic of this

configuration was given in Figure 9 in the Proteins Conversionosediiased on the SSAT
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model, implementing blowdown heat recovery provides 0.5% boiler energggsa0.2

MMBtu/hr) at the Prepared Foods plant.

ECM PF4: Improve steam system insulation

Although within the Prepared Foods plant, insulation is not an issue dire tmdd grade
prevalent environment, the hot water heat exchanger area, does not have adedatd® ifhe
3EPIlus insulation software was used to model bare pipes as vgelifases to come up with an
aggregate value for heat loss from these uninsulated sectioascokiservative level, the study
predicts energy savings of ~0.1 MMBtu/hr that can be achieved iRrépared Foods plant by
improving insulation. A detailed insulation audit would be recommended domgrd which
could tag the individual pipes, valves, heat exchangers and identifgptimmum economic

thickness for insulating these components.

ECM PF5: Implement heat recovery from process

The Prepared Foods plant uses a significant amount of natural ggy @érethe fryers and
ovens (Figure 4). Some of these units are direct fired whetbass have an indirect hot loop
(Paratherm fluid). Stack exhaust temperatures for the direct-finits are ~306- whereas the
Fulton boilers that heat the Paratherm fluid exhaust at°*#620l these units operate with ~5%
excess flue gas oxygen. From a combustion efficiency perspettiwedirect-fired units are
~84% efficient whereas the Fulton boilers are only 74% effici€his presents a tremendous
heat recovery opportunity. There are several options for implemearishgising this waste heat.

Each of them is briefly described below:

39 01/22/2007



Hudson Technologies 275 North Middletown Road, Pearl River, NY 10965

ECM PF5a: Generate hot water for plant use

This would be very similar to the boiler stack heat recoverpldmenting a condensing hot
water heat exchanger can produce <*E4@ssuming city water is ~70°F, heat recovery from the
process heater stacks can provide ~135 gpm of hot water. An alteppatach to condensing
heat recovery may be sensible heat recovery from the stackenig city water is ~70°F, heat

recovery from all the stacks could make ~40 gpm of hot water.

ECM PF5b: Operate desiccant dehumidification units

The Prepared Foods plant needs to maintain very strict ambientgiara including
temperature and humidity. The air-handling units manage humidityotdytusing a refrigerant
coil for dehumidification. This can be a very high load especiéiy ¢he daily sanitation cycle.
Implementing a desiccant dehumidifier that uses waste heat fhe stacks can offset a
significant cooling load. Desiccant units can use temperatudesvass 150°F and all the stacks
can be used to supply heat to the desiccant units. Based on the cperation and recovering
all the stack heat, a COP ~0.4 (including parasitic losses) eaxfected. These desiccant
dehumidifiers are commercially available as stand-alone anit&n be incorporated within the

current air handlers.

ECM PF5c: Operate an absorption unit (Thermosorber)

An absorption unit such as a Thermosorber is a device that can sopphgcand hot water

simultaneously. They can be powered by natural gas, propane,|fisglai heat, or waste heat
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(e.g. engine or boiler exhaust heat). The thermosorber would bexdke energy efficient
application at the Mt. Pleasant, TX site. By cooling the statkbeoFulton boiler units from
650°F to 250°F, enough heat is available to power a 150 RT Thermosorbes [Bingeienough

to supply ~125 gpm of hot water at 150°F (energy savings of ~5.0 MMRdh)continuous
chilled cold water at 44°F (150 RT, 325 gpfe thermosorber units would have to be custom
built and integrated with the Prepared Foods plant processchiital article from the “Watt
Poultry USA” magazine is included in Appendix 4. It is writtenRrgfessor Jatal Mannaperuma
of UC Davis and describes an application of the thermosorlzeCatifornia poultry processing

facility.

ECM PFE5d: Operate an absorption chiller

If cooling only is desired, then a commercially available uithibromide absorption unit can use
waste heat and provide chilled water. The Fulton boiler stackpravide ~3.0 MMBtuh of
waste heat and using a single-effect lithium bromide absorptidlerchihe plant can produce

~175 gpm of chilled water.

KILL PLANTS & TRUCK SHOP ECMS

The overall fuel usage (natural gas, waste oil) in thegfalhts and the Truck shop is ~3% of the
total Mt. Pleasant, TX site usage. Hence, there are not erargy savings opportunities within
each of these plants. Nevertheless, these plants were assgssedrfly savings opportunities
during the plant-wide energy assessment. The biggest opportunity dséenfi on a site

optimization level and that will be discussed in the next section.EQM'’s for the East and
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West Kill plants are provided below. The truck shop is very indeperashehtioes not have any

steam usage and so does not have any ECMs per se.

ECM KP1: Improve insulation

The hot water heat exchangers and boiler shell insulation deéme@eed some level of
insulation improvement. The steam lines and the valve bodies wouldbalsefit from

insulation. These are not long sections of bare pipes but it would redecgy loss from the
system. Preliminary estimates using 3EPlus indicate ~1% immeve from upgrading

insulation.

ECM KP2: Implement blowdown heat recovery

Surface blowdown from the boiler is saturated water (338°F) at 1i§0apsl has significant
thermal energy. The blowdown water can first be flashedflash tank operating slightly above
the deaerator pressure. The flash steam can be sent to theéaleaedathe remainder liquid
water can heat the make-up water before being dumped into the gewehematic of this
configuration was given in Figure 9 in the Proteins Conversionosedased on the SSAT
model, implementing blowdown heat recovery provides 0.5% boiler energyysaat the East

and West Kill plant.

MT. PLEASANT, TX SITE-LEVEL ECMS

This section covers the overall site-level ECMs. The ECM#this section are more directed
towards the synergies that may be possible if the overal€ait be configured such that flow of

energy (heat and cold) can be balanced across all the diffeaatd ph the site. This is site level
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(global) energy optimization. This optimization takes into accound lmafiles, shift cycle
times, etc. to identify all the energy savings opportunitieeeasite. One other big advantage of

site-level optimization is increased energy reliability site-wide.

Nevertheless, it has to be noted that implementation of these ECMsre difficult when

compared to the individual plant-level ECMs. This is because:

* These ECMs are more complex and challenging

» Understanding energy savings may require detailed analysis

» Several parties need to be involved

* One or more production plants can be impacted

» Infrastructure may not be available

» Cost center approach (for accounting) may need reconfiguration

ECM SL1: Centralize steam generation
Currently, all the plants (except the Truck shop) produce their own steanall®his for a lot of
independency but results in inefficiency. A boiler is most optimizednait is run at 80% or
higher full load conditions. The load management strategy that waddtéesteam generation
optimization should be such that it can be easy to comprehend and implem@mize any
associated risks and can revert to current “business as usubB event of upsets. By taking
into account all the variables and parameters, constraints, dymasgonse times, operator
comfort levels, an optimization and load management strategy cavelped. The main facet
of this optimization strategy would be to minimize the use of &tee boilers and to increase

the operating load on the operating boilers.
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The Proteins Conversion boiler plant has 5,900 hp and the Prepared Food®iba is 800 hp.
There is enough capacity between the Proteins Conversion boilelapthtihe Prepared Foods
plant boiler to supply steam to the East and West Kill plants. Wbisld eliminate steam
generation at the Kill plants that is typically not as effit as the Proteins Conversion plant.
Once the Proteins Conversion ECMs are implemented this diffenereféiciency will further
widen leading to a centralized steam generation. This ECMbeamplemented in phases
wherein only the Kill plants are supplied by steam from tlueeifts Conversion plant. Then at a
later stage the Prepared Foods plant header can be connectedsite theel header system.
Apart from energy efficiency and load management optimization, edrebility of the steam
system is increased significantly. Maintenance will veastlined and costs will be reduced.
Note that the Kill plants can go to their independent boiler operati the event of an upset or
planned shutdown at the Proteins Conversion plant. This ECM will reqgingicant capital
due to building of infrastructure such as site-wide steam head@rainably a condensate return

system. Currently, plants at the Mt. Pleasant, TX site share only hot water.

ECM SL2: Add central hot water storage capacity

Based on the plant level ECMs, there is a significant heaveey possible and some of it is in
the form of hot water. All the plants do not operate in the samegewafion all the time and

usage varies depending on whether they are in the proces®cygalitation (washdown) phase.
This leads into a need for thermal storage. Thermal energy (het)wean be recovered and
stored for later use either in the same plant or in another [@#ategically, locating water

storage tanks can make a big difference. One immediate examplvhen the Proteins
Conversion plant is down on Sunday night, washdown cycles are going on irplathis: If

additional hot water storage was available, then the Proteins Ciomvplant could fill up this
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tank on Saturday for their use on Sunday when Proteins Conversion is dowarli the
demand for hot water varies during the day and if waste heatenlgcprojects are implemented
as mentioned under individual plant ECMs, then additional hot water stthiag the current

30,000 gallon tank will be absolutely necessary.

ECM SL3: Reduce overall steam operating pressure

Steam is only used for heating purposes all across the Mt.aRtedsX site. If the steam
operating pressure is lowered then it would result in boilécieficy improvement (~1%),
reduction in steam leaks and reduction in insulation losses. Thisemmendation that can
only be implemented after significant engineering and due-diligeBamificant emphasis
should be paid to boilers and their rating conditions, steam systelarbgeontrol valves, steam
traps and condensate backpressure issues, etc. NeverthelesSMttvariesave energy and fuel
cost. Although there may be no capital cost involved, it still woulguire significant

engineering cost before implementation. i apply this ECM without further due diligence!

SUMMARY OF ECMS

Table 8 summarizes all the plant level and site-level ECMss tabulated format and provides
basic initial cost estimates for implementing the ECMs. tA# energy savings estimates are
derived from the US DOE Steam tools (SSAT, 3EPLus) and proprietary modelgtilfheosts
that are used in this table are: Electricity - $0.04790/kWh; Nagasa- $9.374/MMBtu; Water -

$2.10/Mgal.
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Table 8 also provides a way to distinguish ECMs based on complexiprdviding a time

estimate — Near, Mid and Long-term. The definitions for that terminolaggsafollows:

* Near term opportunities would include actions that could be takenpasvements in
operating practices, maintenance of equipment or relatively d¢ost actions or
equipment purchases.

* Mid term opportunities would require purchase of additional equipment aclidoges
in the system such as addition of recuperative air preheaters andf ienergy to
substitute current practices of steam use, etc. It would be negdescarryout further
engineering and return on investment analysis.

* Long term opportunities would require testing of new technology anéirmation of
performance of these technologies under the plant operating conditibneconomic
justification to meet the corporate investment criteria.
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Table 8: Summary of Energy Conservation Measur€Mg) at Mt. Pleasant, TX site

Plant | ECM Description Annual Savings Cost | Payback Time
$K MMBtu | MWh $K years

PC1 | Implement automatic oxygen trim controllers 98 10,416 - 100 1.0 Near

g PC2 | Implement heat recovery from boiler stacks 584 | 62,270 - 500 0.9 Long
i PC3 | Reduce boiler blowdown 43 4,629 - 25 0.6 Near
o PC4 | Reduce boiler shell losses 12 1,250 - 25 2.1 Near
E PC5 | Implement blowdown heat recovery 98 10,416 - 75 0.8 Mid
8 PC6 | Reduce steam leaks 380 | 40,500 - 250 0.7 Mid
2 PC7 | Improve overall system insulation 122 | 12,960 - 50 0.4 Near
'E PC8 | Improve condensate recovery system 134 | 14,256 - 200 1.5 Mid
o PC9 | Flash HP condensate to produce MP steam 170 | 18,144 - 200 1.2 Mid
o PC10 | Preheat cookers B and C feed streams 448 | 47,736 - 500 1.1 Long
PC11 | Install a backpressure steam turbine 11 -4,629 | 1,134 88 8 Long

PF1 Implement automatic oxygen trim controller 15 1,655 - 40 2.6 Near

2 PF2 | Implement heat recovery from boiler stack 64 6,869 - 150 2.3 Long
8 PF3 | Implement blowdown heat recovery 10 1,123 - 25 2.4 Mid
L. PF4 Improve steam system insulation 5 562 - 10 1.9 Near

8 Implement heat recovery from process

i a. Generate hot water for plant use 124 | 13,247 - 350 2.8 Long
[ PF5 | b. Operate desiccant dehumidification units 40 - 834 178 4.5 Long
o c. Operate an absorption unit (Thermosorber) | 283 | 28,080 | 421 375 1.3 Long
d. Operate an absorption chiller 36 - 756 101 2.8 Long

= KP1 | Improve insulation 4 455 - 10 2.3 Near
X KP2 | Implement blowdown heat recovery 2 228 - 30 14.0 Mid
U SL1 | Centralize steam generation 21 2,277 - 150 7.0 Long
-"‘5 SL2 | Add central hot water storage capacity 50 5,391 - 200 4.0 Mid
SL3 | Reduce overall steam operating pressure 130 | 13,867 - 50 0.4 Mid
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APPENDIX: Il A

HOT WATER USAGE CALCULATIONS

(supplied by Needham Carswell)

PREPARED FOODS
Based on numbers supplied by Dayne N. = 57,700 gallons per day (260 wd&isp =

15,002,000 gallons per year

WEST PLANT

Based on numbers supplied by Roger B. = 167,350 gallons per day
Based on meter readings (5-8-02 to 5-7-03) = 167,308 gallons per day

Average = 167,329 gallons per day (260 working days) = 43,505,540 gallons per year

EAST PLANT

Based on numbers supplied by Tommy B. = 51,600 gallons per day

Based on meter readings (5-8-02 to 5-7-03) = 80,347 gallons per day
Average = 65,974 gallons per day (260 working days) = 17,153,240 gallons per year

PET FOOD
Based on meter readings (5-8-02 to 5-7-03) = 16,000 gallons per 82eakegks) = 832,000

gallons per year
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APPENDIX: 1B

PROTEINS CONVERSION BOILERS COMBUSTION EFFICIENCY

Boiler combustion efficiencies are calculated from stackigaperatures and flue gas analysis.

These were obtained from plant records of annual burner maintenadiceiree-ups. Actual
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* ‘\0
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R? =0.3282
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boiler efficiency will be lower than these values due to blowdowsewaand shell (radiation)

losses.

Figure Ala: Boiler 1 (2,000 hp) combustion efficiency
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Figure Alb: Boiler 2 (1,500 hp) combustion efficiency
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Figure Alc: Boiler 3 (1,200 hp) combustion efficiency
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Figure Ald: Boiler 4 (1,200 hp) combustion efficiency
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APPENDIX: IIC

NATURAL GAS COMBUSTION EFFICIENCY MODEL*

Natural Gas Stack Loss [%
Flue Gas
O, Content| Flue Gas Temperature - Combustion Air Temperature {F]
[%0] 230| 250 2709 290 31D 330 3%0 30 390 410 #30 450 |470]490| 510
1.0 14.7 15.1 15.p 16|0 16.4 16.9 1.3 17.7 18.2 18.6|19.1/ 198 204 20.9
2.0 14.9 15.4 158 16|3 16.7 17.2 1F.7 18.1 18.6 19.1]19.5/208 209 21.4
3.0 15.2 15.7 16.1 16]6 17.1 17.6 18.1 18.6 19.1 19.5|20.0/208 21.5 22.0
4.0 15.5 16.0 16.p 17]0 17.5 18.0 18.5 19.1 19.6 P0.1|20.6/218| 22.2 22.7
5.0 15.4 16.3 16.p 17]4 18.0 18.5 1p.1 19.6 20.1 P0.7|21.2|213 229 234
6.0 16.2 16.8 17.8 17]9 18.5 19.1 1D.6 20.2 20.8 P1.4|22.0|22.5 23.1 24.8
7.0 16.6 17.2 17.8 18|5 19.1 19.7 20.3 20.9 21.5 p2.2|22.8|23@ 24.4 25.8
8.0 17.0 17.8 184 19|1 19.7 20.4 2[1.1 21.7 22.4 P3.1|23.7|244 25.1 26.4
9.0 17.7 18.4 19.1 19|8 20.5 21.2 2P.0 22.7 23.4 P4.1|24.8/ 258 2B.Q 27.7
10.0 18.4 19.2 19.p 20|7 2115 22.2 23.0 23.8 24.6 P5.4|26.1| 26. 23.5 29.8
11.0 19.2 20.1 20.p 21|7 226 23.4 24.3 25.1 26.0 P6.9|27.7| 284 20.3 31.2
Fue Gas TPPF | 300 320 340 360 380 400 4R0 440 460 #“80 |500 |520(540[ 560 580
Ambient T [°F] 700 7q 79 70 7p 7p 7o F0 TJ0O J¥o o |70 |70 |70 |70

*Model results available in US DOE SSAT and are provided by:
Greg Harrell, Ph.D., P.E.

Energy Management Services

1144 Hicks Road

Jefferson City, TN 37760

Telephone: (865) 719 0173

Fax: (865) 471 6098

Email: harrellg@utk.edu
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APPENDIX: IID

THERMOSORBER “WATT POULTRY USA” ARTICLE
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Energy-Saving Heat

Pump Produces

Scalding, ©iillling Weren

The Thermosorber can produce hot water at 140 F and cold water at 35 F, closely matching the scalding

and chilling temperatures at poultry plants.

oultry processing plants require a contitmous supply of

hot water for scalding of binds and a continuous supply of

cald water for chilling. Gas-fired water heaters or boilers

are used to supply hot water, while electrically driven

refrigeration systems are used to provide cold water. The
cost of energy consumed by these devices is o major concern of
poultry processors.

Heat pumps are devices that pump heat froma lower temperature
to a higher temperature. In effect, they produce cooling and heating
at the same time. Electrically driven heat pumps are popular in heat-
ing and air conditioning applications. Only heating or cooling effect
isused at a given time, however, because the temperature lift is not
ad equate for both effects to beuseful. Electrically driven heat pumps
have an inherent disadvantage as heating devices when competing
with inexpensive burners using cheep primary fuels.

Thermosarber is an improved heat pump developed by Energy
Coneepts Company in Annapolis, Md.. with funding suppart from
the TS, Department of Enengy. It is driven by thermal energy and
is capable of producing high temperatures required in commercial
water heating, while co-producing substantial coaling effect. [t can
produce hot water at 140 F and cold water at 35 F, clozely matching
the sealding and chilling temperatures at poultry plants,

100-Ten Unit Operaies
In Califernie Plant

A 100-ton Thermosorber installed ata pouliry processing
plant in California’s Central Valley in January 2006 prechills
110 gallons per minute of 70 F city water to 50 F, entoute to the
continuous bath chiller, It also preheats 120 gallons per minute
of eity water to 120 F. enroute to the continuous scalder. The
unit is powered by 73 peig stedm.

The chilled water and the heat-pumped hat water are bath
produced from a single, natural gas heat saurce. Applying
the natural pas heat to an ammaonia water absorption cyela to
praduce both chilling and heating means twice as much benefit
is derived.

T 5 1 WATT POULTRY USA N Decorber 2004

BY JATAL D. MANMNAPPERUMA

Thermosorber operates on the ammonia absorption cycle. A
solution of ammenia in water is pumped to a high pressure and
heated to generate ammonia gas.
The gas is condensed and expanded
fo low pressure to produce cooling
effect. Ammonia gas is absorbed
fo produce the low-pressure solu-
tion, and the cyele is repeated. The
heat rejected in the condenser and
the absorber provides the heating
effect,

This cyele has the potential to
praduce &lunits of cooling and 160
units of heating forevery 100 units
of heatinput. The electrical energy
input is quite small compared to
compressor-based refrigeration
eyeles. The Thermosorber based
on this eycle has the potential to
produce the same heating and cooling effects nsing 33 percent less
thermal energy and 80 percent less electrical ensrgy compared to
converitional technology (see energy balances in the box),

A 10-ton Thermoserber has a
footprint of cnly 3 faat by 3 fast

The Thenmosorber operates 21 hours per day, five days a
week, It is designed ta cyele on and off autematically, whenever
there is a demand for both chill waterand hot water, as indicated
by level switches in respective storage tanks.

The installed cost of the system was less than §200.000,
Pacific Gas & Electric provided an incentive payment for a
portion of the cost, proportionate to the savings in natural gas,
At design conditions and the prevailing Central Valley utility
rates, the projected annual utility savings are §130,000,

Atthe design rating of 100 tons, the Thermasarber supplies
3.2 million BTU hour water heating and 100 tons of cold water
chilling, from a steam input of 2 million ETU hour. The instal-
laticn achieves [00-ton capacity when the city water pressure
is high. The water pressure is usually restricted during plant
operation, and the overall average capacity has been 92 fons.
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When bath heating and cocling effeets are fully ntilized, this
appliance has what is arguably the highest prime energy efficiency
of amy equivalent appliance. The projected payback in a typical ap-
plication is about two vears. (See figure.)

California Energy Commission sponsered the installation of a
10-ton Thermaosarber at Squab Producers of California’s processing
plant in Madesto, Calif., to demonstrate the energy saving potential
of the technology in poultry processing plants, Thermosorber pro-
vides base hot water for scalding and cold water for chilling. It is not
possible to have complete cantrol of flow rates and temperatures of
baath hot water and cold water due to interdependencies, Therefore,

The energy balance of a 104on Thermesorber compared with corventiona
system supphying identical heating and cocling loads,
the temperature control in the scalder is done by steam inj ection and
in the chiller with ice addition. Hot water and cold water provided
bwy the Thermosorber replace city water at ambient temperature and
produce substantial utility savings. The monitored performance
of this installation ever a six-month period indicated 68.3 percent
savings in electricity and 27.7 percent savings in thermal energy
compared to conventional technology.

The suecessful demonstration of the 10-ton unit was followed by
the installation ofa 100-tonunitat alarge poultry processing plantin

California. Increasing energy costs should encourage poultry proces-
sors to evaluate the potential use of this technology. =

Jatal D Marrappanma, .0, food sngihesring speciatst University of Califomiz
at Dz Fhone E?G'?SB—%E Email jdmarnappema@ucdnisedy
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Introduction

The purpose of this effort was to perform a preliminary analystbe potential for improved
energy efficiency at the Mount Pleasant Pilgrim’s Prideilféa Refrigeration Plants. The
primary focus was on the East and West plants, but some observagmnslso made at the
Process Foods Plant and these are included where appropriate.

The assessment took place over a 3 day period. The first day laalfl \aere spent touring
facilities and observing production floor operations. The last day ahdlfawere spent
acquiring/reviewing drawings and interviewing refrigeration ptgrations personnel. Due to
the limited amount of time available in this projectany of the recommendations presented
require more in depth study to firmly establish baseline enesgy predict potential energy
savings and acquire accurate implementation costs.

Summary of Recommendations

The following summarizes the recommendations for improved endrggation derived from
the refrigeration plants’ assessment. Some items are sirhplyges in procedures with very
little or no associated implementation costs. Some of the recodatiens support changes
already considered by operations personnel at least to some.d@grer recommendations will
require new capital expenditures and should be thoroughly investigatdnically and
economically before implementation.

A conceptual design and installation bid by local contractorsafointernal cost estimating
branch) is usually the most accurate way to justify the econarhproject. “Guestimation” of
project implementation costs carries a high level of risk and simatlde used as the sole basis
for an investment decision. Accurate savings predictions for sontbeofecommendations
require a more in depth study of the refrigeration plant operatindittons and load profile at
each of the plants throughout a typical year. A one time speok afdoads is only of limited
value. None of the necessary refrigeration equipment’s elecloadl data were available for
analysis in this report since there is no electrical sulemnetin place for the major refrigeration
equipment.

West Plant

1. Turn off process cooler rooms’ evaporators during the wash-down shift to avoid the
subsequent defrost load on the compressors.

2. Separate the ice makers from the rest of the house system and tie thesting)eledicated
compressors and condensers so that the balance of the system head pressaitoosat lie
float down when possible

3. Convert SC3 compressor to thermosiphon oil cooling (10-15% operating savings) and
change the liquid injection valve on SC5.
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4. Add a condenser to bring down summer head pressure for house system

5. Add microprocessor control to condenser fans. Do not cycle condenser water day capa
control (this can lead to increased scale buildup)

6. Look at options to separate cooler space from production space to lessenggratiefr
load in coolers

7. Balance air systems to minimize humidity in refrigerated zones

8. Place administration controls on King Air unit to prevent its being shut-off anthgréze
subsequent negative building pressure which draws in large amounts of outdoor raitiomfilt

9. Place evaporators’ liquid solenoids/fans on automatic space temmpearantrols so the space
is not overcooled. Tie these controls back into the computer system in the operatiens offic

10. Install autopurgers at the condensers for control of non-condensable gases fiseagl pre
reduction)

11. Timing for chilling water for bird chillers (460 T load) should be optimized baseckcimiel
billing structure

12. Investigate “cool” recovery from used bird chiller water

13. Consider computer based monitoring/control/data logging system for the efniyeration
system

14. Increase electrical metering to be able to monitor the refrigergstens performance
(before and after energy measures are implemented)

15. Experiment with slowly raising suction pressure (after compressaonstgning is in place)
16. Economics for the use of absorption chillers fired off waste heat should be examined
iffwhen additional refrigeration capacity is anticipaté&kfrigeration COP with waste heat

should be expected to be low (at or below 50% energy conversion efficiency).

17. It is not recommended to convert or add additional refrigeratiorcibapa the form of
natural gas engine driven refrigeration equipment.

14
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East Plant

1. Install a computer control/monitoring system to incorporate the existargyeefficient
manual operating strategies into automatic control. (Note: this may rédpmge of personnel
trained in the use/maintenance of such a computer system)

2. Investigate the use of variable speed drive control for the EC-1 and EC-2 corfalesiser
3. Investigate lowering of condensing head pressure

4. Loading docks need better sealing at the truck bumpers

5. Replace ice makers with more efficient units (existing units requirethiigan usual head
pressure and valves leak refrigerant)

6. Install autopurgers on ice system
Process Foods
1. Balance air systems to control infiltration

2. Investigate low side refrigerant line sizing to insure bottlenecks or higbypeedrops are not
causing the suction pressures to be unreasonably low for good performance at théogsapora

3. Vary the amount of liquid fed to blast freezers to meet load

4. Investigate use of floating head pressure (the two following recommendagaticeatly
related to this:

- Investigate thermosiphon design and performance (current barrier to lowerihgrassure).

- Investigate scraped heat exchangers ability to be supplied with pumped lige&dliaEhigh
pressure liquid from the HPR (this may also be a barrier to lowering headnges

5. Review all fan coils’ defrost timing for optimization
6. Repair/replace piping insulation on the roof piping
7. Investigate purge of production area air during/after wash-down

8. Investigate pumping liquid from medium temp receiver to LL receiveradsiefrom the
high side receiver

15
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Pet Foods Plant
Not reviewed

All Plants

1. Update refrigeration system drawings to reflect current “as built” tonsli

2. Meter the refrigeration systems so that performance can be monitored

3. Alter compressor sequencing if necessary to avoid running any screwessargrelow

about 65% capacity.

Table 1. Selected Measure Savings and Cost Estireat
Annual Savings
PLANT ECM Description $K kWh Peak
kw
West 1 Shutdown cooler evaporators 14.17 295,880
during washdown
5 Add microprocessor controls to 15.27 318,733
condenser fans
6,7,8 Air balance and reduce 4.97 103,740 21
interior/exterior infiltration
12  Recovery of cooling energy from  11.21 234,000 450
waste water
East 2 Variable speed drives for condensef..83 38,236
fans EC-1 and 2
6 Install autopurgers on ice systems 8.38 109,832 10
PF 4 Use floating head pressure control 75 1,2@r,2489

Notes:
1. includes 2hrs/week labor savings

Cost
$K

No cost
20
10
30
8

17
117- 297

Payback
(Years)

Immed.
1.31
2.01
2.68

4.36

2.03
16-4
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Discussion of recommendations

The abbreviations (LC, MC and HC) directly following the recommgadaefer to estimated
implementation costs (low, medium and high) using information thatawaable to date. A
further discussion of these ratings can be found in the Conclusions section.

West Plant

1. Turn off process cooler rooms when in wash-down to avoid the subsequent defrost load on
compressors. (LC)

The evaporators in cooler rooms are left running during wash-down operations. The high
humidity results in coils frosting up in these spaces. Thicker than normal froseselpuiger
defrost periods, or if this is not done, heat transfer will suffer until the freseistually
removed after a number of normal defrost cycles. Either way, the load on the coTgpiIEs
increased.

Turning off the evaporators also saves fan energy. Some experimentation wétee @
establish the best time to re-activate the evaporators to insure the spduesight to the
correct temperature before production starts.

2. Separate the ice makers from the rest of the house system and tie thematedledic
compressors and condensers so that the balance of the system head pressaltooss e
float down when possible (MC)

One fact that currently prevents lowering the high side pre$sutbe house system is that the
high pressure is needed for rapid and effective defrost of theakers. It appears feasible at
this stage of system review that the ice systems couldgaeated from the general plant system
thereby allowing the general plant pressure to be lowered wiaietaining the higher pressure
in an isolated portion of the plant strictly for icemaker defrogiing and valving would be
needed to isolate compressors RC-1, 2 and 3 for icemaker duty gwthigdlowing them to be
opened to the house system in an emergency). In addition, conderselS@ould then be
valved and piped forcemaker duty. EC-6 is the closer choice, with EC-2 as a backug. Thi
equipment also should still be accessible to the rest of the system in an emergency

Assuming there are no other barriers found to separating thestams from the rest of the
general refrigeration plant, a detailed study would then need ttome to establish the best
condensing pressure for control of the rest of the system. Tiee hese is that during certain
operating conditions, lowering head pressure decreases comgessar requirements, but it
may actually increase condenser fan motor power requiremergadgefans must run more to
bring head pressure down. There is an optimum condensing pressure fgivemyoutdoor
condition (wet bulb temperature§ince it is so dependent on ambient conditions, there is not a
single optimum condensing pressure that can be recommended for this or any other pla
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Savings from this operational modification can be significant. Aaotitbumb is that compressor
energy will be reduced by about 1% for every 2 psi reduction id pesssure (or approximately
1.3% reduction for each degree F of saturated condensing temperafg®)ming the load
profiles for the West plant compressors as shown in Appendix A, ahdthaverage of 9
degrees F reduction in condenser pressure can be realized on aearagrigd, savings on the
order of $38,500/yr in energy and demand charge costs are possible.

3. Convert SC3 compressor to thermosiphon oil cooling or change liquid injection valves on
SC3 and SC5 (convert them to InteliSOC valves or equivalent). (MC)

This recommendation is in conjunction with recommendation #2. After iisgplatemaker
operation, there is still a barrier to the lowering of head presauhe West plant. It is the fact
that out of all the screw compressors there are only two liopgtted compressors (method
used for oil cooling). Typically, the injection valves on these cesgwors require a high
upstream pressure in order to function properly. This can dékatperator who would like to
lower the high side pressure for energy savings. One soluttorregrofit these liquid injected
compressors with thermosiphon oil cooling systems, which can raslt-15% savings versus
their current operating method. SC5 is probably too far awayake a tie into the existing
thermosiphon loops, but SC3 should be investigated for a thermosiphon rettoGan be
expensive and the economics should be evaluated once a bid is obtaibetterAolution may
be to investigate the replacement of the liquid injection valves éhad@ SC5 with improved
valve trains that use an electronic valve for liquid injection. BgS§ems makes the IntelliISOC
system for addressing this issue. It allows head pressures dmopyeed as low as 100 psi
without problems arising with the liquid injectors or oil cooling capacity. A comghiprwould
also have to be replaced in the compressor control boxes to comtaumitathe new valve.
This option is cheaper than retrofitting for thermosiphon oil coolingshuings versus current
method of operation are not as significant (since it still lisesd injection). Mycom also
makes an electronic liquid injection valve under the name of Yosaksltbatd be retrofittable
onto SC5.

While the IntelliSOC (or Yosaku) system still uses liquid i@t which is not the most
efficient way to cool compressor oil,_it willlow the whole systems head pressure to be reduced
which will have significant energy savings ramifications as shown above.

Any high side pressure reduction must specifically address the ®olatio of screw
compressors involved. If the screw compressors are fixed volunsennatthines, an in depth
review of the effects of shifting the compression ratio of thé Isigge compressors must be
undertaken. Reduction of head pressure can actually result in biggrgly consumption on the
wrong fixed ratio compressor. If compressors are all variable ratistibidd not be an issue.

4. Add a condenser to bring down summer head pressure for house system (MC)

Though not experienced during the late fall timeframe of this assessmeatjamyepersonnel
report that head pressure rises significantly in summer months, (well abdypitia¢ 150 psi
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settings for condenser controls). This is an indicator that condenser capagibe insufficient
(or there are operational inefficiencies with existing condensedrshould be verified that
excessive scaling, low water flow or inoperable fans or some other obvious cateskited
condenser capacity doesn't exist. Otherwise, additional condenser gapacild be pursued.
A detailed investigation should review current and anticipated future retragget@ads before
making this purchase. Note that strategies to lower high side pressusalyiie partly
effective if there isn’t adequate condenser capacity available.

5. Add microprocessor control to condenser fans. Do not cycle condenser water ddy capa
control (this can lead to increased scale buildup). (LC)

Manual control of the condensers should be automated as a minimum. A stand alone
microprocessor based condenser control system could be added at a retaidesy cost.
Other energy reduction strategies such as variable speed drive rérdfiis fan motors can
only be investigated once adequate condenser capacity is installed (seamcefjigeration
load profiling for the plant is understood (using sub-metering for instanceecegt).

A microprocessor based control system for the condenser fans would help insureebgsait p

is not higher than it needs to be. For instance, head pressure was running at 165 psi when we
were present on a cold day, and we manually adjusted it down to 150 psi. This is why the
operation should be automated. In addition, it can help the system operate more smoothly
during load changes. The existing controls are not located in the operationsheifice they

tend to be neglected until a problem exists. In addition, it was noted that there was some
tendency to turn water pumps on and off for capacity control of the condensers. Tige prac
should be avoided. Aside from additional wear on the pumps, this practice will leacetrsaatr
scaling on the condenser tubes as they are wetted and dried continuously.

Savings from automating fan control are hard to predict without knowing how much time the
head pressure under manual control is higher than it has to be.

6. Look at options to separate cooler space from production space to lessenggratiefr
load in cooler #1 specifically (LC)

There are large passages between conditioned cooler spaces and prodeagiorhss places
unnecessary loads on the coolers, both latent and sensible in nature. Strip doors or other
products should be used in these interface areas to separate the zones movelgefiitiere
product goes through wall openings, the openings should be minimized and closed when not in
use.

7. Balance air systems to minimize humidity in refrigerated zones.(LC)

The production areas are near 100% humidity. When this air is allowed to migratesinto t
coolers there is a huge latent load (and subsequent defrost load) placed on the amnptess
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can largely be eliminated with proper air balance to insure flow of air beteosees is
minimized and where it does exist, airflow direction is optimized for enefigyeetcy.

8. Place administration controls on King Air unit to prevent its being shut-off anthgréze
subsequent negative building pressure which draws in large amounts of outdoor raitiomifilt
(LC)

This recommendation is similar to Rec.7 in that it addresses impropelaaicd#hat occurs
when large pieces of air moving equipment are inadvertently shut off by plaotpels If

supply air systems are shutdown (for whatever reason), the exhaust sysiald$e shutdown
as well to avoid situations where moist, hot outdoor air is drawn into cooler zones and other
conditioned spaces.

9. Place evaporators’ liquid solenoids/fans on automatic space temperatunés smthe space
is not overcooled. Tie these controls back into the computer control system (MC)

Controls for the coolers are inoperable. Fans run at full speed and solenoid valves &le run w
open. Readouts indicate that these spaces are at times being overcooled which works
compressors harder than necessary. It is important to reduce the agbigkrad in these

spaces first (see recommendations 6, Thé) put zone thermostats in place as a minimum to
modulate fans and valves to optimize energy efficiency. Once zone loads have beed, redu
there should be no need to run the cooler units wide open as is now the case.

10. Install autopurgers at the condensers for control of non-condensable gases@wead pr
reduction).(MC)

Non-condensable gases have an additive effect on system condenser prdssunereTnon-
condensables are present, the higher the system high side pressure andrthieeharde
compressors have to work. Capacity is also reduced. Purging of these gasssntly done
manually. But even a small amount of these gases cause compressors to desrthhar
necessary and they should therefore be purged regularly and often. Due to the sheaninumbe
condensers at the West Plant, all the purge points would require a fair amount dflatanua
keep them properly purged. An automatic purge system probably makes sense for this plant
based on labor savings alone, but there are energy savings associated vetiothias well.

The best place for purge points is on the top of the condenser drain legs above the liquid traps.
This is assuming the traps are properly designed and don’t blow through and geefalwd

liquid which essentially stops the flow of non-condensables further in the system.

11. Timing for chilling water for bird chillers (460 T load) should be optimized basectactmiel
billing structure. (LC)

If electric rates are time of day dependent it would make sense to try tdnérokilting of the
water for the bird chillers so as to minimize energy charges. This loasesps about 460 tons
of cooling when it is put on line.
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The bird chiller systems were examined and, per request, theyarmrgequences of injecting
hot air into the chillers for improved heat transfer were exaniriewas found that the tonnage
load on the chilling system from the hot air is minimal largetgause the bubbles float to the
surface and release their contents back into the room. In additiormjoaingists performed by
operations personnel at the plant proved that when the hot air loadossedtnshiller load does
not change significantly. In addition, the manufacturer was contagetgading this subject and
he confirmed the other two conclusions, the blowers do not add a saghifefrigerant load but
significantly aid in the transfer of heat from the birds duetogased convective heat transfer in
the tanks. The benefit should outweigh the energy cost.

12. Investigate “cool” recovery from used bird chiller water. (LC)

Used cold water is dumped to drain from the bird chillers at the end of shifts so theaares
cleaned. A full new batch of water must then be chilled down to 34 F so the tanks can be
refilled. An investigation into the feasibility of exchanging heat fromdin& tefill (city) water
headed for re-chillers to the water going to drain may yield a worthyioject.

13. Consider computer based monitoring/control/data logging system for the efnigeration
system (M-HC)

The plant is basically manually run and monitored. There are a number of bieagfits
investing in a computer system for monitoring, control and data logging.

- it saves labor since the health of the plant can be observed from a central lodhtomh wi
having to tour the compressor rooms, coolers, etc

- Trends in operating variables can be plotted, such as cooler temperature, suction or
discharge pressure, etc. The better operations personnel can understand whaithe sys
doing and how it is reacting to loads, the better they will be able to optimizgstsato
lower the overall energy consumption of the systems.

- Variables can be plotted against each other to determine key relationshiipg telenergy
saving strategies: how sensitive is refrigeration load to outside temp@r@amesvaporator
fans be turned off for significant periods of time without adversely affectiagc
operation? (possible in storage cooler for instance)

- The effect of small changes to operating variables and control stratagiée seen
immediately making fine tuning of controls much easier

- Control of the condenser fans, cooler space temperatures, etc as recommendedport
could all be centralized into one operating system instead of the distributed soh&wie
now used. Outputs should be available from the existing individual compressor control
panels that will have many of the key variables desired, eliminating thasexfm
redundant sensors and wiring.

- Safety and reliability are enhanced since off design operating conditions chenbied
long before they turn into problems.
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As a minimum the following should be candidates for the data sensors where theyredadit a
exist:

Pressure
Liquid leaving the condenser and high pressure receiver
Outlet of the evaporators
At all pressure regulating valves
Inlet and outlet of liquid recirculating pumps

Temperatures
Compressor suction and discharge
Liquid refrigerant leaving condenser or receiver
Refrigerant entering and/or leaving evaporators
Liquid leaving low pressure receiver (recirc)

For water chillers, the inlet and outlet water temperature and flow ratilds@monitored

14. Increase electrical metering to be able to monitor the refrigergstens performance
(before and after energy measures are implemented) (MC)

The lack of sub-metering at any useable level at the plant makes it vecyltiffigage how the
refrigeration plant is now operating in terms of efficiency or to establistselibhe of energy
consumption patterns against which the effectiveness of all future energgssmeasures can
be evaluated. Without usage pattern details, it is also difficult to predictvings@otential of
recommendations presented in this report.

Target areas for electrical metering of the refrigerant plarthar8 major users of power: the
compressors, the condenser fans and the evaporator fans. The power drawndrptipsse
should be kept separate, if at all possible, and should be further sub-metered on these piece
equipment that do not run full time. Energy use of equipment that runs at full load alleéhe tim
can be figured by point power measurements when under load and multiplied by hours of
operation.

Real time electrical measurements can be used by operations persoerehimsdiate effects
of their control modifications on energy consumptions and can be a very useful tool in fine
tuning a refrigeration plant for minimum energy consumption.

15. Experiment with slowly raising suction pressure (after compressanstgdring put in
place) (LC)

Reducing the pressure difference across the compressors saves ehes@an be done by
lowering outlet (condenser) pressure, as already discussed or by saisiiog pressure.
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Raising the suction pressure is generally only effective if there isekeas transfer surface
area available, or there is room for additional unit coolers (otherwise the ilbadtvibe met at
higher evaporator temps). Net power savings need to pay for the additioned suigfa (usually
in the form of additional cooler units for example).

It should be noted that as suction pressure is increased, fan energy can iifarease (
evaporator units are put on-line), compressor energy can increase saghttygh compressors
will operate more efficiently and at a higher capacity) and compreagsandy be increased
(less wear). For this facility, it appears as if there is very lixtbe®s evaporator surface since
units are running at full capacity all the time and just meeting load. More evapoaphacity is
likely needed in order to pursue this recommendation. A detailed study of loads, room for
additional unit coolers and improved operating efficiency of the various com@essogher
suction pressures will define the economics and direction this recommendation skeuld ta

Care should be taken in implementing this strategy such that compressor motepzarailcss

and other system components are not overwhelmed if an increase in system oapacsty

This will depend on how tightly the system piping and components were designed tolgriginal
envisioned system load.

Note: Compressor capacity increases about 2.5% per each degree risa@iadatiuation
temperature. Depending on the amount of rise, this may partially alleviategtidor a new
compressor(s) in the future

16. Economics for use of absorptions chillers fired off waste heat should be exaarhen
the need for additional refrigeration capacity is anticipated. (NA)

The immediate need for capacity increases was not mentioned during ingesai¢fvs option
was not pursued in detail. Retrofit (replacement of functioning compressors joadipaon
chillers will not make sense here. If waste heat is eventually tarfpetade to run absorption
chillers, operating COP will be low due to low firing temperature.

17. It is not recommended to convert or add additional refrigeratiorcibapa the form of
engine driven refrigeration equipment.

At current gas costs and fairly low electric rates it doesmke sense to use engines Vvs.
conventional electric motor driven compressors. The economics could impoovewhat if
waste heat could be used off such engines, but there is an exeesste@feat already at the
plant. Unless there is a huge increase in gas rates (appro&hiikwh) natural gas engines
should be avoided.

The above recommendations are based on the understanding from inteyvogverations
personnel that there are no direct expansion refrigeration loads in the West Plant.
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East Plant

1. Install a computer control/monitoring system to incorporate the existargyeefficient
manual control operations. (Note: this may require hiring of personnel trained in
use/maintenance of such a system) (M-HC)

The refrigeration plant operations team led by Mr. Terry Shelton was found to beadoing
impressive job of operating this aging plant in the most energy efficient mpossble. He is

well versed in the energy consequences of many of the operating controls andssoreglable

to the refrigeration plant operator and he implements everything that is pasdii plant,
sometimes challenged by outdated and aging equipment. The potential problem is that
everything at this plant is done manually under his direction. Personnel routiraig thre
rounds” in the plant checking temperatures and pressures at various points aroundrtise syste
and making real time choices about what adjustments to make for best operation.

This is all fine while T. Shelton is present, but his transfer was in progresg dur visit and
his exceptional knowledge of energy conservation strategies in operating thisgjaot may
not be lost over time. Accordingly, this plant could benefit in a number of ways mggett
plant wide monitoring/control system in place to automatically monitor andot@omipment
using energy conservation strategies.

Knowledge levels of existing plant personnel for using and maintainingabiecglics and
software required for this recommendation are unknown. It may be necessaiy &xisting or
hire additional personnel versed in the use of these types of computer systems. (se
recommendation #13 for the West Plant for benefits of such a system)

2. Investigate the use of variable speed drive control for the EC-1 and EC-2 corfalesiser
(MC)

Based on the discussions with the operators, the refrigeration load patterrpkrthis
conducive for retrofit of the condenser fans with variable speed drives. Moresdd&atn be
gathered to establish the actual use pattern of the condenser fans on a yearsisuimataker
to determine potential energy savings from this retrofit.

3. Investigate lowering of head pressure (potentially LC)

There appears to be more condenser capacity available than load at anyvgvem tihe house
(non-ice) system. The ice system is completely separate from the lgstesa.sThe one screw
compressor uses a thermosiphon oil cooler instead of liquid injection. Assumingéece a
direct expansion evaporators or other barriers where high pressure liquid isddéqufeeding
low pressure loads, using floating head pressure control appears to make senspdudrdhis
the plant. It can be especially effective if recommendation 2 is pursued ed<cuiiit be able
to maintain constant lowered pressures to maximize savings
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4. Loading docks need better sealing at the truck bumpers (LC)

This recommendation was a suggestion by one of the operators who notices leakagkanto a
of the refrigerated dock area due to poor seals around the incoming truck traikecsguainst
the bumpers on the building. Infiltration can be a major load on the coolers’ evaparators
remedies to stop this type of load are very likely cost effective.

5. Replace ice makers with more efficient units. (M-HC)

The ice system is old. From compressors to ice makers to condensers, the vibwleskysld
probably be inspected in detail for potential replacements and upgrades. dulgatie ice-
makers should probably be replaced. New units will undoubtedly be more efficient. The
existing units require higher than normal head pressure and valves leak nefrigeeahigher
head pressure forces the compressors to work harder than necessary.

The investment cost for new equipment cannot be paid for by energy savings alone, but the
energy inefficiency of the existing units should certainly be added into theneejol

replacement equation (along with maintenance costs) when deciding wheretavoen out
capital equipment.

6. Install auto purgers on ice system (MC)

Non-condensable gases have an additive effect on system condenser prdssumereTnon-
condensables are present, the higher the system high side pressure andrthieeharde
compressors have to work. Capacity is also reduced. Purging of these gasssntly done
manually. But even a small amount of these gases cause compressors to desrthhar
necessary and they should therefore be purged regularly. An automatic purge syistdty p
makes sense for this plant based on labor savings alone, but there are eneggyasawciated
with this retrofit as well. The best place for purge points is on the top of the condexser dr
legs above the liquid traps. This is assuming the traps are properly desigramhd blow
through and are always full of liquid which essentially stops the flow of non-condesisalihe
system.

Process Foods

Because there was no information given to Rocky Research abagpiathtiprior to the site visit,
time spent on site was primarily data gathering, locatingidgs and interviewing of operations
personnel. The refrigeration systems at this plant are large and laszisliversified making
careful analysis of the picture as a whole important. Belovs@ree specific recommendations
derived from obtaining and briefly studying block refrigerant fldiagrams on site and also
from interviews with plant operations personnel.

1. Balance air systems to control infiltration (L-MC)
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The production area is connected to the outdoors through a number of access routes. Personnel
report large flows of air through these doorways and hallways. Infiltratimbeghe single

largest part of the load on unit cooler evaporators trying to maintain teomgeoatthe

production floor. The best way to eliminate infiltration at doorways is weadtfiygriag and

vestibules or the use of strip doors in high traffic areas. But more imporstdlynsure there

are not large differential pressures between the outdoor and indoor spaces.

Balancing the amount of outdoor air brought into the space with that being exhausbeh t

hoods and ovens, etc. is the key to air balancing. In the case of this space, the amount being
exhausted varies depending on production load primarily due to oven operation and stacks
associated with them. Since the situation is not constant a static air baihdcdittle to solve

the problem. It is recommended that air balancing be accompanied with thatiostalf space
pressure control to vary make-up air supply to the space as needed to match prazhcttion |
exhaust requirements.

A variable speed make-up air retrofit will be needed. Depending on the volumesebked

after studying the various exhaust loads and their usage pattern, an air to exchaager may

be economical to reduce the cost of conditioning outdoor air. Design for condensatd remova
will be key. In addition, the system should be designed to meet minimum ventilation
requirements when production exhaust is at a minimum.

2. Investigate low side refrigerant line sizing to insure high pressure draps eelocities in

risers are not causing the suction pressures to be dropped unreasonably low for good
performance at the evaporators. (potentially M-HC depending on the exact poséain

This recommendation stems from discussions with refrigeration plant and otleamesrs
regarding operating conditions at the plant. There are some mixed opinions abiailiewha
potential problem is. Some believe that the runs of refrigerant piping returninghiecspiral
freezers are poorly designed and that it may be better to collect and pumpaefiigeid back

to the recirculators than it would be to suck this liquid back with the compressors (Whash is
the system is described as working now). This presumes there is too much liquid beed) ove
to the evaporators.

Another opinion is that poor evaporator performance may be due to running the spirals at much
higher loads than their design values and that pressure drops may be due to higgepmas
gaseous refrigerant traveling through the piping than original design values.

The problem needs better definition. Pressure/temperature readings camresreaf the story
but none were received by the time of this writing. There also may be sogekbe present
which is not related to pressure drop from the suction header above the spirals back to the
recirculator. There may be liquid holding up in the suction risers, because they roay be t
large. The velocity is not high enough to entrain liquid and carry it up the riser tauire re
header. The static liquid head on the coils then makes evaporator pressure highmtitiran s
header pressure above the coils. This pressure penalty translates tevagloeator
temperature which then makes it necessary to run compressors at an evemdesige to try
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to get the temperature down in the coils. In other words, compressor suctiamgiesst
lowered to overcome long piping pressure drop, but to overcome a static head problem at the
colil.

It is really not certain what the issue is at this time and further iga¢isin into real time

operating data is definitely in order. Apparently there have been a number of
individuals/consultants, etc. questioned on this subject without it ever really behgdeslf it

is the result of overloading (should be easy to determine from manufacturers. dlageof's

product going through equipment) there is really nothing that can be done short of equipment
upgrade. If temperatures indicate there is superheating going on in the coitbetleeils are

not receiving sufficient overfeed liquid and are definitely overloaded

On the other hand, if it is liquid back-up problem at the coils, (which may only occur at lowe
loads) ASHRAE’s recommendation on how to deal with such cases is to either sideataal
for the return liquid legs (one larger than the other) to handle the variations in loadl fiadest
enough velocity to carry liquid back up to the header or to have a local separateigwesls
would allow vapor to rise to the return header unrestricted while liquid gatheredviested
would be pumped overhead back in to the return header as well. A careful review of load
variations is needed to decide on the best strategy here.

3. Vary the amount of liquid fed to blast freezers to meet load (MC)

This is tied in with discussion of #2 above. The amount of liquid overfeed (and hence return
liquid volume) should be varied to meet load. There are reports of over freezing of product

(which wastes energy). This occurs because the overfeed rate and operatngsare set

for the worst case load and left there. At lower loads, recirculation pumpingyesdrigher

than it should be and compressors have to work harder than necessary to maintaitoevapora
performance (see above).

Hand valves and a method to set the liquid flow rate to each coil during lower load periods
should solve this problem. There is some anxiety that this poses a risk to production due to
possible down time from changing valve settings, but if the adjustments aresioatjewith a
sharp eye on the operating parameters displayed through the computer monitteimg thes

risk of upsetting the system should be minimal.

If hand valves are wide open and there is inadequate flow for full product load, thesduifitt
into the coils are probably limiting. The coil manufacturer should be contacted for the
feasibility of increasing orifice sizes to increase coil capacity.

4. Investigate use of floating head pressure (the two following recommendagaticeatly
related to this: (MC)

- Investigate thermosiphon design and performance (a current barrier tonkpWvead pressure).
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The thermosiphon system(s) for oil cooling in the screw commes®eds to be investigated in
detail. Apparently attempts to lower head pressure have dismmpted with negative results
since oil cooling capacity cannot keep up with load and compressor tipheecurs. This is
very likely to occur because of undersized thermosiphon lines (folop@gating condition).
Lowering head pressure means more ammonia mass moves throupbrthestphon system.
This can lead to a gas bound system, if pipe sizes were nobhe@say the higher gas flow rate.
A specific target area to look for undersized pipes is the equilirie used to vent off the high
pressure receivers.

Any high side pressure reduction must specifically address the solatio of screw
compressors. If the screw compressors are fixed volume ratioimeac an in depth review of
the effects of shifting the compression ratio of the high temperatompressors must be
undertaken. Reduction of head pressure can actually result in biggrgly consumption on the
wrong fixed ratio compressor. If compressors are all variadlieme ratio there should be no
issue.

In addition, it needs to be investigated whether the thermosiphon load could be trdnsfarre
separate (existing) condenser, if oil cooling continues to require higher hesuresas be
maintained. This separation would then allow the rest of the system head predsatedtonin
with ambient and the majority of compressors could operate under lower head pressure
Lowering the head pressure(s) for this plant would result in large energysduado the
shear number and sizes of affected compressors. It is probably the singiepootnt
strategy to pursue for this facility.

The exact loading pattern of the screw compressors needs to be investigatet inud et

would be safe to assume that savings will be on the order 8%, if head pressucgpad Oy

16 psi or so. This amount (8%) is a significant amount of energy considering thevera88@0
hp of compressors in place at this facility. A savings of $75,000/year would not be uat#ason
considering both energy and peak power charge reductions.

- Investigate scraped heat exchangers (HE-1, 2) ability to be supplied with pugogetd |
instead of HPL (since this may be a barrier to lowering head pressurd)as wel

More detail is needed on the installation of the scraped heat exchangerd theseare being
fed directly with high pressure liquid, which was indicated by one of the operdttiss i$ the
case, lowering head pressure may affect supply of liquid to these heat exshingauld be
better to supply these units with pumped liquid refrigerant from a recirculatafdiresr
allowing head pressure to be lowered with no adverse effects. If the uretsleggned for
HPL, they can very likely be retrofitted to work with pumped liquid.

5. Review fan coil defrost timing for optimization (LC)
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There are some fairly long defrost cycles (20 minutes or more) being udael wmttcoolers in
the production area. These times need to be reviewed and some experimentation should be done
to optimize the defrost operations since there are so many unit coolers arthis pl

As operated it may indeed take twenty minutes to defrost the coils, but it is ustizitytdoe

have shorter on-line times and shorter defrost times because the avetdgmbfa from the
coil is better. It should be verified that all coolers need this long a cycle.

Over-defrosting (to the point of steaming coils or worse yet dry codsjes compressor energy
in two ways; by the use of more hot gas than necessary and by heating up thedpads a
themselves which then become a subsequent load to the refrigeration system.

Data logging on the existing computer system can be beneficially used tomtbeieffects of
various defrost strategies until the most efficient sequence is developed.

6. Repair/replace piping insulation to the roof piping (LC)

Piping insulation for refrigerant lines on the roof need to be repaired and replaeeihim c
areas. Production personnel are aware of this need and there should be forthcoettgytproj
correct the situation.

7. Investigate purge of production area air during/after wash-down (L-MC)

The make-up and exhaust system requirements addressed in recommendation #1 should als
take into consideration the ability to flush the production area with outdoor air dodfay a

after the wash-down operation to remove the water vapor that eventually settlait cooler

coils as ice which then must be removed by the hot gas system at the expensasédncr
compressor load.

Flushing the production area fairly rapidly with purge air from outdoors will keep Wvarming
up the considerable mass of equipment, concrete and structure of the space santlat it c
returned to production temperatures rapidly once the moisture is eliminatedhé&pece.
Removal of the steam from the space (and the defrost load on the coils) should fartotteveig
energy cost of purging. It will be important to program different defrost €yltleng the off
shift so that savings are maximized.

8. Investigate pumping liquid from medium temp receiver to LL receiveradsiefrom the
high side receiver. (L-MC)

This recommendation is primarily derived from studying the plant pipingidgswwhich may
or may not represent true field conditions. Three recirculators are showrethan at three
different pressures. It appears that both the lower temperature re@®déed from the one
high temp recirculator. Depending on actual operating pressures, it mayenakdsfeed the
lowest temp recirculator from the medium temp recirculator instead ofghdédmp
recirculator.
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The effect of this is to move part of the flash gas load created when a higlsergitegiid
feeds a lower pressure receiver to the medium temperature compressais afishe low temp
compressors. Ultimately, all makeup liquid must come from the high tempematinailator,
but if it feeds the low temp recirculator directly, all the flash gas besanh@ad on low temp
compressors, which are the most expensive to operate from an energy standpoint.

Instead, if liquid is fed from the high pressure recirculator to the medium temmeera
recirculator, then finally to the low temperature recirculator, part of &sé fjas will occur at
the intermediate pressure, eliminating this load from the low temp compressors

This may be significant if : The 1600 tons from the spiral and blast freezersilid@ad and in
operation a significant portion of the time, the intermediate pressure iscsigtiyf different
from the high or low pressure and it is desirable to get more capacity out oitteniperature
(spiral/blast freezer) system.

This may not be a big a huge savings item (possible savings on the order of $5000ityr), but
may pay for itself depending on the complexity of the modification which needs to be
investigated.

Pet Foods

No information was transmitted to Rocky Research about thigeedtion plant prior to or
during the site visit that would allow us to do an energy use evaluation of thityfacili

All Plants
1. Update refrigeration system drawings to reflect current “as built” tondi(LC)

It is very difficult for an outside firm to come in and evatiat system and its performance if
there are not good records and drawings of what equipment is idstaldehow the plant is
operated (control systems details for instance). It isdiffioult for operating personnel to do
their best job when this key information is not at their fingertipgawings we were given were
badly out of date in terms of how things were hooked up and even what equivas present
or functional. While all the operators we met obviously were awtire of what equipment was
present and aware of how their plant functions, this information doexisbiproperly on paper
making it very difficult to assess the situation for an outsiche 6r even for new employees. It
also makes system trouble shooting more difficult than necessary.

It is strongly recommended that system block flow diagrams, \ary minimum, be updated
(replaced) to reflect the current systems’ configurationsudmeg details of piping and valving
of all equipment. Up to date control logic and sequence of operation doetioeshould be
put in place for all equipment.
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2. Meter the refrigeration systems so that performance can be monitored (MC)

Ideally, separate metering of the compressors, condensers gutatdoes would be installed to
not only establish a baseline of energy use against which improvecente measured, but
also to monitor, track and strive to lower the energy costs awve. ffurning energy into a
visible commodity can go a long way in getting people involved in thestgioe higher
efficiency. If this degree of sub-metering is deemed too experesach refrigeration system as a
whole should be metered. There are currently (6) of these omrsitehere would be (7) if
recommendations are turned into projects at the West plant.

3. Alter compressor sequencing if necessary to avoid running any screwessargrelow
about 65% capacity. (LC)

Capacity control sequences were not reviewed for all plants in detail.th&ittumbers of

screw compressors in use at this facility, it is worthwhile to examined#anlg on all the screw
compressors s to insure that they are not running under-loaded. Below about 65% load their
efficiency drops off rapidly. If under-loaded screw compressors arefidéntheir loads can

be shifted to reciprocating compressors or more properly distributed among otfer sc
compressors to avoid the under-loaded situation.

4. Similar goals need to be established for refrigeration operations staffahttion staff so
that it is possible to establish an environment where refrigeration systemsdialbly and at
maximum capacity while maintaining an energy efficient plant.

There seems to be some fear that energy efficient opgpsitategies can lead to down time and
production penalties. While the refrigeration staff may be velliing/to pursue energy efficient
strategies, necessary experimentation to optimize controlsomayoided because the cost of
any downtime is considered too great. In short, production goals ae/eaniergy efficiency
improvements in some cases. This is typical and understandablé.n8edls to be realized that
with careful planning, design and implementation, it is possiblprfmtuction capacity, system
reliability and energy efficiency to co-exist.

NOTE: Due to a redistribution of the site assessment teaorls lwad in an effort to complete a
large amount of work in a short period of time, the responsibiligxamining the refrigeration
plant condensers was shifted to W.J. Turpish and Associates anctettenmendations should
be found in the main body of the Energy Assessment Report. esoynmendation to improve
the efficiency of the condenser systems should be performeclefimwing recommendations
in this report regarding lowering of high side pressure or purchaseldifional condenser

capacity.
Conclusions

This report should be used as a tool for proceeding down a path towamas/ech energy
efficiency in the refrigeration plants. It identifies the tbpkaces to look for energy saving
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projects and gives advice on how to proceed with conceptual designs méctiramended
modifications There are energy savings to be realized at this facilityesainthem significant.
But there are no project paybacks provided with this report foréasons: there are no energy
savings estimates and there are no project implementation cBeexgy saving predictions
require a more in depth study of the annual load profiles on thgeeftion plants. This will be
difficult with current systems, because they are for the mashpametered. A significant effort
is required (when all plants are considered) to define or mgrad@tument refrigeration system
load profiles. Due to the large number of compressors, and the diffgresitmakes and models
involved, the changes in energy consumption derived from lowering heasuggrg$or an
example of one conservation strategy) requires a study of th@rpance curves of all these
compressors. This is beyond the scope of this preliminary audit.

Construction cost estimates should be derived from experienced tiosttess or from bids
received to do the actual work. Guessing at implementation cgenerally inaccurate and
sometimes misleading. Preliminary conceptual designs arecdeeda minimum to begin to
think about costs. Conceptual designs were not part of the scope of work for this project.

Simple payback numbers can be somewhat misleading at timesthseycare really only good
at any one plant and do not consider life-cycle costs. In additionyecleagges and construction
costs vary considerably by location. What makes sense at onegalatibh may not make sense
at another. Caution should be used in implementing modificationsiliidacacross the board
due to favorable economics at one plant location. In addition, reftigersystems will vary
considerably by location as all industrial ammonia systems doswtte differences can make
or break the viability of some energy saving strategies.

Recommendations have a key code entered directly after them mtheasis. It is our opinion
that low cost (LC) recommendations should be implemented as soons#siepasd will have
rapid if not immediate payback. They don't really need a forshadly to justify them, they
should simply be done as good practice. Medium cost (MC) projectsedqgrther investigation
to be justifiable, technically and economically, but there shouldséneeral good payback
projects, in particular recommendations WP#2 and PR#gh cost (HC) projects need to be
looked at in depth, have a conceptual design developed and have professbestimating or
contractor bids obtained to justify capital expenditures and insure ROl gdabe \mket.

If it is the future intent to track the improved energy perforcesfor the refrigeration plants that
are undertaking energy improvement projects, the first phaselstain baseline energy data for
a long enough period of time and in enough detail so that changesnsumption can be

measured. The facilities at Mt Pleasant, TX are curreratyelectrically sub-metered at a level
sufficient for this type of baseline energy assessment of the refrayepdéints.
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Exhibit A. West Plant Estimates of running time arml load for use in savings calculations

Winter Months approx.4 months

RC4 - N.A.

RCS5 - N.A.

RC6 - 8hrs/day 2day/week full load
RC7 - 24hrs/day 7day/week full load
RC8 - 8A Mycom pump-out comp.

SC1- seldom

SC2 - 18 hrs/day 5 days/week  80%
SC3 - seldom

SC4 - N.A.

SC5 - 8hrs/day 5 days/week 80%
SC6 - 18hrs/day 5 days/week  100%
SC7 - 18hrs/day 5 days/week 100%

Summer Months approx. 8 months

N.A.
seldom
16hrs/day 5 days/week full
24hrs/day 7 days/week full
N.A.

16hrs/day 5 days/week full

18hrs/day 5 days/week full

16hrs/day 5 days/week 75%
N.A.

16hrs/day 5 days/week 75%

18hrs/day 5 days/week 100%

18hrs/day 5 days/week 100%

Exhibit B — utility rates used in savings estimates

Electric = $.0479/kwh and $5.01/kw-mo
Gas = $.9374/therm
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Exhibit C — Gas Engine Economics

Payback Calculator
500TR Gas engine without heat recovery operating 41 60 hr per year at 75% loading
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8 |
1 / / /
6
: / / / /
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>_
4 |
3 |
2
1
O T T T T
0.00 0.50 1.00 1.50 2.00
$/therm
Electrical costs $/kwWh —0.05 =—/—0.10 0.15 0.20

2.50
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ATTACHMENT IV

W.J. TURPISH AND ASSOCIATES FINAL REPORT
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PROTEIN PLANT
General

The protein plant processes byproducts from the East Plant, Veastd&hd Prepared Foods on
this site as well as byproducts from a number of additionatplahich are delivered by truck to
this facility.

The plant produces blood and feather meal, pet food (dry and wet), padthycdmponents,
and oil.

Process cooling is required for heat exchangers and condensers in the rgordesss.

Cooling Tower System-Overview

All the cooling is provided by a single cooling tower with fi# ¢ells. The original tower was
constructed with two (2) cells prior to the acquisition of thelifpdby Pilgrim’s Pride. An
additional three (3) cells were added by BAC-Pritchard in 1986thalicells are induced dratft,
cross flow units with 75 hp fans.

Currently the tower is operating with four (4) of the fans. fidmeaining fan is locked out due to
corrosion failure of the ‘torque tube’. This is the structural supportife fan drive and motor.

Replacement components are currently on order to repair thisdifthithe majority of the time

all of the available tower fans are operated. The only time dae shut down is if the tower is in
icing conditions. There are no controls in place to provide any formatdriemperature based
fan control.

Cooling water is provided to the Protein Plant by six (6) védrtighine pumps. Five (5) pumps
serve the main cooling water header and the remaining pump seevbadk up cooling heat
exchanger for the Heat Recovery Unit. This unit provides heafipgocess water for the East
and West Plant with waste heat.

The estimated water volume of the system is 50,000 gallons. \Wedgment is a, scale inhibitor
based, chemical system provided by Garratt-Callahan. This conty@anjurnished the water
treatment program from the inception of this site, even prior todipagisation by Pilgrim’s Pride
Corporation. Make up water is from the city supply. A number of yegos make up water from
the waste water system was tried. The chemical tredtmas not modified for the changed
water conditions, and significant scaling was experienced inratghe. The use of the recycled
water was discontinued immediately.

The existing tower does not have any type of filtration iredallhis results in significant build
up of suspended solids in the system during operation. The plant cudleattg the tower basin
twice per year, removing 4-6 inches of deposits each time.
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The current loads on this tower consist of overhead condensers, Xobangers, and air
compressor cooling.

Cooling Tower-Specifics

The cooling tower consists of five (5) cells of the induced dradsscflow design. Cells 1 and 2
were part of the original plant and little is know about the mawifar or the date of the
installation. Cells 3-5 were constructed in 1986 by BAC-Pritchard.

Cells 1-2
These are induced draft, cross flow cells with 90° gear red(é€rd) and single speed fans.
The fans operate at 233 rpm and are driven by an 1800 rpm, 460 volt, 75thp eletors. The
fans blades are fiberglass/epoxy composite with six (6) bldtesfans do not have hub seals.
The fan volutes are fiberglass and approximately three (3higlet The fill in these cells is a
wood, splash bar design furnished with the original cells. Inlet lowarersorrugated fiberglass
and are in need of some repair/replacement. The cells arexapptely 25’ x 40’ and are on a
concrete sump. The sump volume is estimated to be 14,400 gallons. Coolangrtalie up is
supplied by a 2” city water line with level control and a solenoldeval hese cells are operated
24 hours per day, 6 days per week.

The actual design data is unknown for these cells, they arastmithe additional cells (except
for the fill type) and the design data is thought to be as follows:

Inlet water temperature 105° F

Outlet water temperature 85° F

Wet bulb temperature 78°F

Flow rate 3000 gpm
Fan hp 2@75

Evaporation rate 2%

Drift loss 0.02%

Additional analysis of these cells predicts that the actualcggpa approximately 72% of these
conditions. If the fill is changed to PVC as the other cells have;apacity of these cells will
increase to approximately 97% of the newer cells or a 25% icaparease per cell. In addition
to the fill replacement, fan assemblies and fan guards should lzEe@pdue to age and
condition.

Cells 3-5

These are induced draft, cross flow cells with 90° gear red(éérd) and single speed fans.
They were manufactured by BAC-Prichard and installed in 1986. Ther towdel number is
4458-16-3W and the serial number is 7102-86. The fans operate at 238d@me ariven by an
1800 rpm, 460 volt, 75 hp electric motors. The fans blades are fibéeglasg composite with
six (6) blades, Model # APT-16B-6. The fans do have hub seals. The faesvate fiberglass
and approximately five (5) feet high. The fill in these cdl®iPVC, thin film design. The fill
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has been replaced since the original installation. The currértasl high temperature PVC
material installed as the top layer and standard temperdtloeldw that point. Inlet louvers are
corrugated fiberglass and are in need of some repair/repate The three cells are 24’-8” x
60.6" and are on a concrete sump. The sump volume is estimated to be 28@&®0 Gaoling
tower make up is supplied by a 2" city water line with lev@itool and a solenoid valve. These
cells are operated 24 hours per day, 6 days per week.

The design data for these cells is as follows:

Inlet water temperature 105° F
Outlet water temperature 85° F
Wet bulb temperature 78°F
Flow rate 3000 gpm
Fan hp 3@75
Evaporation rate 2%

Drift loss 0.02%

The five (5) cells are on a common sump with two (2) pump pits.pting pit for the original
two (2) cells has two (2) pumps and the pit for the additional three (3) cells had)fpunigs.

Cooling Tower-Capacity

Cooling towers are selected for the peak conditions, including weathat affect the
performance of the towers. These are listed in the toweoseatid are inlet and outlet water
temperature, wet bulb design temperature and the process flow rate.

Currently the process flow rate is at design and the inlet ardt auiter temperatures are
normally in the expected range. This appears to be theevasewith the reduced capacity of
cells one and two. The wet bulb design used is 2.5%, this meanketugsign wet bulb occurs
only 2.5% of the year. This also means that on the average, theulbetemperature will be

above 78° for 2.5% of the time. During these periods, the cooling tamenat meet the rated
capacity.

While the cooling tower is currently satisfactory for the agplead, additional capacity would
mean better condensing performance in the heat of the summer reeathehen the wet bulb
temperature is less than design. Because cooling tower cellsd 12 ado not have high
performance fill and fans, additional capacity can be achievedthofitting these two (2) cells
with high performance PVC fill and improving the fan performance air flow. This
modification will typically add 25-40% additional capacity to these cells. Current analysis
indicates that the most economically feasible retrofits yidld approximately 25% additional
capacity. Or an overall increase of 10% for the entire codbmger. A complete, detailed,
analysis model can be done to identify additional opportunities ifiadditcapacity is desired.
(See Recommendations)
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Because the cooling tower is designed for peak weather conditidmes capacity that is not
always required. The operator can reduce energy consumption when titenatidapacity is
not needed by using fan employment control. This tower has opportututiesduce fan
horsepower for a considerable period each year with fan employment. Bdeatmedr has five
(5) fans, step on/off control will achieve a good energy profikerainimal costVariableSpeed
Drives (VSD’s) are not recommended here due to the extended pagbackiinimal increase
in savings. Use of one VSD and step control on the remaining fansoistian, but this degree
of control is not considered necessary at this time.

Pumps-Specifics

The pumping system for the cooling tower consists of six (6) vettidaine pumps. Five of the
pumps are Ingersoll-Rand units with 100 hp motors the remaining puanRugirpumpen unit
with a 100 hp motor. Each pump is rated at 3000 gpm.

Pumps 1-5 serve the cooling water header for the entire procdssxiogpt heat recovery. Pump
6 serves the cooling tower water heat exchanger in the procéssheat recovery unit. This
heat exchanger removes any residual heat from the procestabaldet hot water recovery heat
exchanger can not use.

All the pumps have discharge check valves and manual shutoff valvepuite pits are
equipped with inlet screens to prevent trash from entering the pump suctions.

Cooling Water-Specifics

The cooling water appears to be of fair to good quality. The plpotteeno significant problems
with heat exchanger fouling or lack of heat transfer capabillg. Most critical load appears to
be the overhead condensers. The performance of these units affextsrtiethe air. Currently
the non-condensable vapors from these units are sent to the boberbumed for odor control.
In the summer months, the colder the tower water, the bettge tendensers perform. Any
improvements in the water quality will impact the performancinefcondensers, particularly in
the summer months when tower water temperatures rise as theeilvegemperature rises. The
only major area where improvement is expected is in suspenddd sohtrol. Cooling towers
operate by inducing air flow through the fill and falling watehisTcauses all the airborne
particles to be washed out of the air and into the cooling waterer@lyrthis is being controlled
by blow down and by cleaning the cooling tower basin twice per. Waile this helps the
problem, more effective methods are available and in common useustringvorldwide. The
most effective, from a cost and operations standpoint is siderstreedia (sand) filtration. This
is recommended for this cooling tower. (See Recommendations)

The current method of chemical water treatment is scale fahifiihis indicates that the water is
controlled in the scaling range and scale inhibitor is used tomgréwe formation of scale on the
heat transfer surfaces.
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Currently the plant is considering returning to the use of recyetestie water as makeup to the
cooling tower. There are several problems associated with thefubkes water. As the plant
discovered in the first attempt to use this water, scalingbsilinuch more a factor with the use
of this source. An additional area to be addressed is the indraaseint of suspended solids in
the recycled water versus the current city water makeup. Consideringeltaialing water has a
high level of suspended solids washed from the air that should be sstfjréss increase in
makeup suspended solids will increase the problem.

Load-Specifics

Current load consists of the following equipment:

1 11,57C°ft Condenser Horizontal

1 5,29%ft Condenser Vertical

1 33,000%ft Evaporator Vertical

1 Heat recovery exchanger

Various heat exchangers

Due to the piping configuration, the maximum number of available pumpgeérated at all
times. A detailed piping study may recommend changes that wedldce the pumping
requirements.

Recommendations-Specifics

1. Implement waste water reuse for cooling tower makeup
a. Facts of note
i.  The cooling tower currently uses approximately 500,000 gallons of
makeup water based on design and reported water consumption.
ii.  The annual cost of this makeup water is: 500,000 gal/day x 6 days/week
x 52 weeks/yr x $2.08/K gallons or $324,500/year
iii.  The recycled water will have a much greater amount of suspesndids
than the current city water source.
iv.  The pH of the recycled water will be much higher than the ctioity
water source.
v. The current level of suspended solids is sufficient to caustodiling
and the loss of performance on maximum load days and increasing this
level will increase this loss of capacity.
vi.  The reliability of the recycle water is not as high as the city watecsour
vii.  Current water treatment chemical program is scale inhibitor based.
viii. A switch to bleach as a biocide is expected due to increasechdema
the recycle water and the low cost of bleach.
b. Actions required
I.  Replace damaged piping to allow recycled water use as makeup.
ii. Install side stream filtration as recommended in this report
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Vi.
Vii.

Install a two stage level control to allow city water to dmekup source
for makeup water in case of failure of the recycle supply

Convert the water treatment program to a corrosion inhibitordbase
program

Install a connection to the existing on-site Sulfuric acid supply

Install a bleach supply system.

Install a sophisticated automatic control system for wateatrirent
chemicals including corrosion inhibitor, bleach, and the acid feed for pH
adjustment. This is especially important if the recycle supply
interrupted and the city water supply, with different chemicdleup, is
used as a backup.

c. Estimated savings

iv.

The recycled water has no cost to the plant and it is dstihta be
available a minimum of 75% of the time. Water savings are $324,500 x
75% = $243,375/year

Switching to a corrosion inhibitor based chemical system with pH
adjustment will increase chemical costs by $20-30,000/yr.

Reduced water quality of the recycled water versus the atgmas
makeup will increase makeup and chemical costs contributing to the
increase noted in (ii).

The resulting savings should be approximately $200,000/year.

d. Estimated costs

The estimated cost for this measure is $190,000.

2. Install discharge water temperature controlled step control for the coolirg fans.
a. Facts of Note

iv.

The fan on cell 5 is out of service due to corrosion.

The existing cooling system does not have discharge water t&iomger
sensors installed

Operating the cooling tower fans on an as needed basis vaticexihe
life of the fan blades, drives, and motors

Tower cell partitions are damaged and in disrepair.

b. Actions Required

Repair of the fan on cooling tower cell 5 is recommended as soon as
practical. (reported as ‘in progress’)

Installation of a discharge water temperature sensor(s) will be required.
Repair of the cooling tower cell dividing partitions, as recomme&nde
later is this report, will be required to achieve savings leygnting air
recirculation when the adjacent fan is not operating.

c. Estimated Savings

As the tower is designed for maximum weather and load conditinds, a
these conditions only exist for a short period in a year, savirggs a

available from reducing the tower capacity when it is not needed.
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ii.  Reduced capacity is achieve by shutting down fans when the caigacity
not needed.

lii. Based on the average weather conditions in the area, it is testithat
the equivalent of two (2) fans will not be needed 50% of the operating
year.

iv.  Savings should be equal to a savings of 75 hp for one year or 75 hp x
.746 kW/hp x 24 hr/day x 6 days/week x 52 weeks/yr x $0.0497/kW =
$20,067/year.

v. Cell partition repair costs are not included as these repamnslcs be
done as normal maintenance of the cooling tower.

d. Estimated Costs
i. The estimated cost to implement step control and install a digchar
temperature sensor with wiring is $8,000.

3. Replace the wood splash bar fill in cooling tower cells 1 amdtl2 high performance
PVC fill and upgrade the fans to maximize the benefit of the fill retrofit.
a. Facts of Note
i. Cells 1 and 2 appear to have the original wood splash bar fill from the
original installation.
ii.  This is the lowest performing fill available in cross flow cooling towers.
li.  Additional peak day tower capacity will have a benefit to theteth
Plant.
b. Actions Required
i.  Replace the existing fill and hanger system with a HPVCRW@ film
fill pack. Cells 3-5 have a combination of high temperature PVC
(HPVC) and standard temperature PVC fill. Consider using the same
combination in Cells 1 and 2 to reduce the first costs of all HPVC fill.
ii. Replace the wood drift eliminators with new PVC panel drift
eliminators.
iii.  Modify the hot water distribution system for the new fill pack design.
c. Estimated Savings
i.  Savings are due to improved condenser performance and reduced odor
control problems. Additional analysis, at the plant level, is needed to
refine the savings.
d. Estimated Costs
i. Replacement of the fill is estimated to cost approximates,GR® per
cell for a combination of HPVC and PVC fill.
ii. Replacement of the two (2) fan assemblies with Hudson APT-14H-6
assemblies is estimated to cost $5000 each.
iii.  Replacement of the fan guards with new HDG fan guards is eéstit@a
cost approximately $3000 each.

4. Install side stream media filtration on the cooling tower inclgdenbasin sweeping
system to maximize the benefits of filtration.
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a. Facts of Note
i.  The estimated volume of the system is 50-60,000 gallons
ii.  The use of recycled water will increase the level of suspksdéds
above the existing level.
iii.  The tower basin is cleaned twice annually at this time.
Action Required
i.  Install a minimum of a 500 gpm (565 gpm is a standard size) tsedaTs
sand filter on the cooling tower basin and a 400 gpm (393 gpm is a
standard size) filter for the make-up water.
c. Estimated Savings
i. Estimated to be approximately $200,000 per year due the ability to use
recycled water. Savings identified in recommendation 1 of this report.
ii.  Improved air compressor operation due to cleaner heat exchamgers
intercoolers
d. Estimated Costs
i.  Estimated cost for the two sand filters is $60,000.
ii.  Estimated installation costs are approximately 50% of the equipment
cost equal to $30,000.
iii.  Payback should be six (6) months or less.

=3

5. Install fan vibration switches on all five (5) cooling tower fans
a. Facts of Note
i.  All the fans had vibration switches at one time and all are osgmwice
now.
b. Action Required
i.  Install modern vibration switches at each of five (5) fans
ii.  This is a significant safety issue.
c. Estimated Savings
i.  Savings are in damage prevention and safety of personnel wheisa fan
shutdown due to vibration before failure of the fan blade, drive, or
mount.
d. Estimated Costs
i.  Vibration switches are approximately $380 each for a total of $18960 a
installation should not exceed $500 each depending on the condition of
the existing wiring. Total cost estimate is $4,400.
ii. Insure that the switches are mounted in the correct planbeyf dre
mounted 90° out of plane, they are totally ineffective as a safety device.

EVAPORATIVE CONDENSERS

The plant site has evaporative condensers for refrigeration calthg East Plant, West Plant,
Prepared Foods, and the Wet Pet Food Plant.
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East Plant

The East Plant has five (5) evaporative condensers EC-1 through Bty appear to
be in good condition and the spray water quality appears to be good. hanlates the
water treatment including biocide and blow down controllers. There werreported
problems in operation or capacity and none observed. The fans oper@emerature
control to provide the set condensing temperature.

West Plant

The West Plant has ten (10) evaporative condensers although nothalwofits were in
operation during this assessment. The units were in poor to good conditica witnber
of very old units. The water quality appeared poor to fair. Not mukhag/n about the
operation of these units due to lack of personnel availability duringathed these units
were reviewed.

Prepared Foods

The Prepared Foods Plant has seven (7) evaporative condensers. Vedsechaadded
over the years and are not optimally located for efficient ¢ipera There does not
appear to be an established water treatment program fapthg water. Open blow
down lines were noted at four or more of the units. The estimated ddwn, on a
continuous basis is 50-60 gpm. This is excessive and expensiveténriiseof water and
sewer charges as well as water treatment chemicals if anyiageused.

Wet Pet Food

The Wet Pet Food Plant has one(1) small condenser with two fans, which appears to be i
good condition and is presenting no noted operational issues.

Recommendations

» Insure that all of the evaporative condensers have an adequate sprayeattent
program in place for bacteria, fouling and corrosion control.

* Reduce the blow down rate to the minimum required for good water treatment
practices.

» Consider installing a common spray-water sump system for the multiple ewapora
condensers. This would be especially beneficial for the Prepared Foods group of
condensers.

» Consider installing side stream sand filters on the spray water to remaiebibrae
solids and other debris. This would be made much easier by use of a common spray
water sump.

» Consider changing the fan drive belts (where applicable) to synchronous belts. This
type of belt, while requiring a sheave change, has many benefits to the plant
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operation. These belts will last much longer than the typical v-belts beidgose
most of the units. Expected belt life is 10 years or more. They do not require re-
tensioning for the life of the belt reducing maintenance. They will reducentrgy
required by 3-5% for fan operation as an additional benefit.

* Insure that all the units have temperature control for the fans and the fapeatd
on an as needed basis. This will reduce wear on the fan units and reduce the energy
consumption.
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