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§§ 311 311 companiescompanies in in poultrypoultry productionproduction//processingprocessing
§§ 536 536 facilitiesfacilities
§§ 243,000 243,000 employeesemployees
§§ aboutabout $38 $38 billionbillion annuallyannually
§§ In Georgia, In Georgia, poultrypoultry isis thethe largestlargest agriculturalagricultural

industryindustry, , withwith anan annualannual contributioncontribution ofof $2.5 $2.5 
billionbillion toto thethe statestate’s economy in 2004. ’s economy in 2004. 
§§ GA GA firstfirst in in broilerbroiler productionproduction in in thethe US in 2004, US in 2004, 

withwith 14.84% 14.84% ofof total total productionproduction

ImportanceImportance ofof poultrypoultry industryindustry in in 
thethe UnitedUnited StatesStates



Water useWater use

§§ Federal Federal sanitationsanitation regulationsregulations havehave causedcaused
processingprocessing plantplant consumptionconsumption ofof water water toto increaseincrease
significantlysignificantly (+29%)(+29%)

§§ ToTo ensureensure productsproducts are as are as pathogenpathogen--free as free as 
possiblepossible, , poultrypoultry processorsprocessors havehave usedused more water more water 
in in processingprocessing

§§ PeriodsPeriods ofof droughtdrought can can leadlead toto increasedincreased
competitioncompetition betweenbetween industrial industrial andand householdhousehold usersusers
ofof waterwater



ObjectiveObjective
§§ To evaluate the operational and economic To evaluate the operational and economic 

effectiveness of the recycling process of effectiveness of the recycling process of 
chiller water in a pilot poultry processing plant chiller water in a pilot poultry processing plant 
using a polymeric ultrafiltration membrane using a polymeric ultrafiltration membrane 
systemsystem..

§§ The analysis includes theThe analysis includes the financial investment financial investment 
and sensitivity analysis. and sensitivity analysis. 

§§ TechnicalTechnical assistanceassistance providedprovided by UGA’s Food by UGA’s Food 
Science & Technology department and Science & Technology department and 
filtration system provided by Seprofiltration system provided by Sepro--Rochem, Rochem, 
Inc.Inc.



Industrial Industrial processprocess andand water water 
consumptionconsumption

§§ TheThe poultrypoultry industryindustry in US in US generallygenerally
produces “ready produces “ready –– to to –– cook” poultry cook” poultry 
products.       products.       
§§ TheThe processingprocessing activitiesactivities : : 

ReceivingReceiving àà Killing Killing àà Bleeding Bleeding àà
Defeathering Defeathering àà Eviscerating Eviscerating àà Chilling Chilling àà
Weighing, Grading and Packaging Weighing, Grading and Packaging àà
Shipping Shipping 
(USEPA, 1975, and observation)(USEPA, 1975, and observation)
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Industrial Industrial processprocess andand water water 
consumptionconsumption

§§ CarcassesCarcasses shouldshould be be chilledchilled rapidlyrapidly toto
belowbelow 40 40 ooFF ((fromfrom aboutabout 70 70 ooFF) ) toto minimizeminimize
microbialmicrobial growthgrowth andand toto preserve preserve productproduct
qualityquality
((TsaiTsai, , HigbyHigby andand SchadeSchade, 1995)., 1995).

§§ ToTo do do thisthis, , mostmost poultrypoultry plantsplants use use twotwo
chillingchilling tankstanks in series, a in series, a prepre--chillerchiller andand a a 
mainmain chillerchiller..



Ultrafiltration: Ultrafiltration: definitiondefinition
§§ FiltrationFiltration: a unit operation that is designed to : a unit operation that is designed to 

separate suspended particles from a fluid media separate suspended particles from a fluid media 
(also called “feed”) by passing the solution (also called “feed”) by passing the solution 
through a porous membrane or medium.through a porous membrane or medium.

§§ Ultrafiltration:Ultrafiltration: 0.01 0.01 micronsmicrons. . UtilizingUtilizing pressurespressures
up up toto 145 psi (10 bar), 145 psi (10 bar), concentratesconcentrates suspended suspended 
solidssolids andand solutessolutes ofof molecular molecular weightweight greatergreater
thanthan 1,000.1,000.



Water Water ReuseReuse ChallengesChallenges

§§ WaterWater toto be be reusedreused in in thethe carcasscarcass -- chillingchilling
processprocess mustmust meetmeet thethe USDA USDA –– FSIS requirements:FSIS requirements:
at least,at least,
60% microorganisms reduction, and  60% microorganisms reduction, and  
60% LT referred to 60% LT referred to freshwaterfreshwater

§§ WastewaterWastewater toto be be dischargeddischarged mustmust meetmeet thethe
CWA CWA –– AthensAthens--Clarke requirements:Clarke requirements:
maximummaximum allowedallowed levelslevels ofof
BOD = 1000 BOD = 1000 mgmg/L, TSS = 750 /L, TSS = 750 mgmg/L, OG = 200 /L, OG = 200 mgmg/L/L



GA GA WastewaterWastewater SurchargesSurcharges

$80.00
$160.00

101 – 150
151 – 200*

OG

$103.00
$135.00

251 – 500
501 – 750*

TSS

$46.00
$92.00

$138.00

251 – 500
501 - 750

751 – 1000*

BOD

Charge (per 1,000 lbs)Concentration (mg/L)Parameter

* Maximum allowed* Maximum allowed
Source: Source: UNIFIED GOVERNMENT OF ATHENSUNIFIED GOVERNMENT OF ATHENS--CLARKE COUNTY, GEORGIACLARKE COUNTY, GEORGIA

FEE SCHEDULE FOR WATER AND WASTEWATER SERVICESFEE SCHEDULE FOR WATER AND WASTEWATER SERVICES



ReconditioningReconditioning GuidelinesGuidelines forfor
ChillerChiller WaterWater

1.108098

1.258090

1.358080

1.507070
1.756060

Volume of Recycled 
Water to Replace one 
Volume of Freshwater 

(gal.)

Minimum     
Light 

Transmission 
(%)

Minimum 
Reduction in 

Microorganisms 
(%)

Source: Code of Federal Regulations, Title 9, Section 381.66. (USource: Code of Federal Regulations, Title 9, Section 381.66. (USDA, FSIS. 1987).SDA, FSIS. 1987).



Variables ConsideredVariables Considered

Indicator of fecal pollutioncfu/mLColiform

Total Plate Countcfu/mLTPC

Light Transmission%LT

Oil and Greasemg/LOG
Chemical Oxygen Demandmg/LCOD

Biochemical Oxygen Demandmg/LBOD

Total Suspended Solidsmg/LTSS
DescriptionUnitsVariable

cfu/mLcfu/mL = Colony = Colony –– forming units per forming units per mililitermililiter



ResultsResults

46.05 =Increase
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98.96% 

> 90% 

87.30% 
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So, our pilot plant can reuse chiller water at the 

ratio of 1:10 – 1 

(1:10 gal of recycled water  to substitute 

1 gal of freshwater à maximum achievable)

87.30% 



ResultsResults: : GeneratedGenerated Variables Variables 

92.060275
1.606069

109.698912
4.192456

46.675472
2.936392

1.350819
0.072214

Filtrate
(After UF)

455.255990
4.957678

3,241.49445
45.221577

2,251.45473
39.174739

3.841696
0.059563

Retentate
(Before UF)

363.195715
5.241826

Mean
Stdv

OG (mg/L)

3,131.79554
45.537818

Mean
Stdv

COD (mg/L)

2,204.77926
39.427615

Mean
Stdv

BOD (mg/L)

2.490877
0.095039

Mean
Stdv

TSS (mg/L)

Reduction
(Difference)n = 1000Variable



ResultsResults: : GeneratedGenerated Variables Variables 

92.060275
1.606069

109.698912
4.192456

46.675472
2.936392

1.350819
0.072214

Filtrate
(After UF)

455.255990
4.957678

3,241.49445
45.221577

2,251.45473
39.174739

3.841696
0.059563

Retentate
(Before UF)

363.195715
5.241826

Mean
Stdv

OG (mg/L)

3,131.79554
45.537818

Mean
Stdv

COD (mg/L)

2,204.77926
39.427615

Mean
Stdv

BOD (mg/L)

2.490877
0.095039

Mean
Stdv

TSS (mg/L)

*Reduction*
(Difference)n = 1000Variable



ResultsResults: : GeneratedGenerated Variables Variables 

92.060275
1.606069

109.698912
4.192456

46.675472
2.936392

1.350819
0.072214

Filtrate
(After UF)

455.255990455.255990
4.957678

3,241.49445
45.221577

2,251.454732,251.45473
39.174739

3.841696
0.059563

Retentate
(Before UF)(Before UF)

363.195715
5.241826

Mean
Stdv

OG (mg/L)

3,131.79554
45.537818

Mean
Stdv

COD (mg/L)

2,204.77926
39.427615

Mean
Stdv

BOD (mg/L)

2.490877
0.095039

Mean
Stdv

TSS (mg/L)

*Reduction*
(Difference)n = 1000Variable

BOD and OG largely exceed the allowed 
limits for discharging pollutants

(BOD 1,000 mg/L & OG 200 mg/L)



ResultsResults

§§ CleaningCleaning requirementsrequirements::
TheThe filtrationfiltration unitsunits shouldshould be be cleanedcleaned frequentlyfrequently: : 
aboutabout 2 minutes 2 minutes everyevery 8 8 hourshours withwith 10 10 litersliters (l) (l) perper unitunit

ofof a a solutionsolution containingcontaining 0.5% 0.5% ofof cleanercleaner, , andand

aboutabout 2 minutes 2 minutes everyevery 1 1 hourhour withoutwithout cleanercleaner, , onlyonly
usingusing backflushbackflush withwith permeatepermeate



Partial budget analysisPartial budget analysis
§§ Proposed changeProposed change:  :  incorporation of a incorporation of a 

polymeric ultrafiltration unit system in the polymeric ultrafiltration unit system in the 
pilot plant, with the objective of recycling pilot plant, with the objective of recycling 
the chiller water by filtering its overflow the chiller water by filtering its overflow 

§§ The pilot plant processes 330,000 broilers The pilot plant processes 330,000 broilers 
daily, with a required volume of 165,000 daily, with a required volume of 165,000 
gallons/day of fresh chiller water, gallons/day of fresh chiller water, 
recycling using two chillers for two 8recycling using two chillers for two 8--hour hour 
shifts, and 260 processing days a year.shifts, and 260 processing days a year.



§§ BUSINESS CREDITSBUSINESS CREDITS

§§ A. A. ADDITIONAL ANNUAL RECEIPTSADDITIONAL ANNUAL RECEIPTS
NoneNone Total additional receipts     Total additional receipts     $ 0.00   $ 0.00   

§§ B. B. REDUCED ANNUAL COSTSREDUCED ANNUAL COSTS
B.1 Energy savings by returning recycled B.1 Energy savings by returning recycled chillerchiller water  $ 44,169.84water  $ 44,169.84

12 watts/bird = 14% savings12 watts/bird = 14% savings
B.2 Water savings B.2 Water savings = 27%= 27% $ 84,600.75$ 84,600.75

(85% efficiency recycling chiller overflow)(85% efficiency recycling chiller overflow)
B.3 Sewage costs savings B.3 Sewage costs savings = 59%= 59% $ 185,160.57$ 185,160.57

(in Athens(in Athens--Clarke, Georgia, 85% efficiency)Clarke, Georgia, 85% efficiency)

Total reduced annual costs      Total reduced annual costs      $ 313,931.16$ 313,931.16
Total annual creditsTotal annual credits $ 313,931.16$ 313,931.16

Partial budget analysisPartial budget analysis



§§ BUSINESS DEBITSBUSINESS DEBITS

§§ C. ANNUAL RECEIPTS REDUCTIONC. ANNUAL RECEIPTS REDUCTION
NoneNone Total Total reducedreduced annualannual receiptsreceipts $ 0.00$ 0.00

§§ D. ADDITIONAL DIRECT ANNUAL COSTSD. ADDITIONAL DIRECT ANNUAL COSTS
D.1 D.1 DepreciationDepreciation $ 123,466.67$ 123,466.67

(4 & 16 (4 & 16 unitsunits, , straightstraight--lineline methodmethod, , 
10 & 3 10 & 3 yearsyears usefuluseful lifelife, , salvagesalvage valuevalue = 0)= 0)

D.2 Labor D.2 Labor ($9.27 /($9.27 /hourhour; 1 ; 1 hourhour--workerworker/ 8 / 8 hourshours/ ”hard unit”)/ ”hard unit”) $ 19,281.60$ 19,281.60
D.3 D.3 FilterFilter -- cleaningcleaning costscosts $ 784.58$ 784.58

(0.1 L (0.1 L ofof cleanercleaner/ / unitunit/ / dayday * 260 * 260 daysdays* 16 * 16 unitsunits))
D.4 D.4 MiscellaneousMiscellaneous $7,176.64$7,176.64

(5% (5% ofof thethe additionaladditional directdirect annualannual costscosts))
Total Total additionaladditional annualannual costscosts $150,709.48$150,709.48
Total annual debits      Total annual debits      $$150,709.48150,709.48

Partial budget analysisPartial budget analysis



§§ NET CHANGE IN INCOME (GROSS MARGIN)NET CHANGE IN INCOME (GROSS MARGIN)

TOTAL ANNUAL REDUCED COSTSTOTAL ANNUAL REDUCED COSTS $ 313,931.16$ 313,931.16
-- TOTAL ANNUAL ADDED COSTS TOTAL ANNUAL ADDED COSTS $ 150,709.48$ 150,709.48

NET CHANGE IN INCOME  NET CHANGE IN INCOME  +   $ 163,221.68+   $ 163,221.68

Partial budget analysisPartial budget analysis



§§ The The return rate per additional costsreturn rate per additional costs (net (net 
change/total annual debits) equals change/total annual debits) equals 
108.3%108.3%, which, compared to the, which, compared to the
40.4%40.4% profit before taxes/tangible net worthprofit before taxes/tangible net worth and and 
12.0%12.0% profit before taxes/total assetsprofit before taxes/total assets
of the upper quartile in this industry of the upper quartile in this industry 
(RMA, 2004), is decidedly superior. (RMA, 2004), is decidedly superior. 

§§ Considering the initial investment of $488,000 by Considering the initial investment of $488,000 by 
purchasing the filtration units purchasing the filtration units 

((4 x $42,000) + (16 x $20,000)), the((4 x $42,000) + (16 x $20,000)), the
paypay--back periodback period = 3 years= 3 years. . 

Partial budget analysisPartial budget analysis



Other Financial Analysis ResultsOther Financial Analysis Results
§§ Return on Investment (ROI):Return on Investment (ROI):
§§ [cash flow savings / net investment] = 33.4%[cash flow savings / net investment] = 33.4%

§§ Net Present Value (NPV):Net Present Value (NPV):
§§ [cash flow savings x (6% opportunity return, 10 year [cash flow savings x (6% opportunity return, 10 year 

MACRS tax life)] MACRS tax life)] –– net investment = $ 713,233net investment = $ 713,233

§§ Internal Rate of Return (IRR):Internal Rate of Return (IRR):
§§ [discount rate when NPV = 0] = approximately 30%[discount rate when NPV = 0] = approximately 30%

§§ Benefit Cost Ratio (BCR):Benefit Cost Ratio (BCR):
§§ [PV of inflows / PV of outflows] = 2.46[PV of inflows / PV of outflows] = 2.46



Sensitivity AnalysisSensitivity Analysis

20%20%15%15%10%10%5% 5% 
Change with respect to Change with respect to 
Initial Budget*Initial Budget*

Change in Debits or Credits Items Change in Debits or Credits Items 

* Initial situation: Net Change = $163,222



Sensitivity AnalysisSensitivity Analysis
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§§ Our initial findings to the economic feasibility of Our initial findings to the economic feasibility of 
incorporating an ultrafiltration incorporating an ultrafiltration chiller water recycling unitchiller water recycling unit
in the pilot poultry processing plant indicate in the pilot poultry processing plant indicate positive positive 
impacts for the profitability of this plantimpacts for the profitability of this plant by more than by more than 
$160k per year, supporting considerable variations on $160k per year, supporting considerable variations on 
cost scenarios.cost scenarios.

§§ This profitability comes mainly from This profitability comes mainly from averted costsaverted costs the the 
firm can face because of reducing pollutant discharges  firm can face because of reducing pollutant discharges  
to the environment. to the environment. 

§§ WTPWTP for the ultrafiltration system could befor the ultrafiltration system could be affected by affected by 
level of pollutantlevel of pollutant reduction’s capacity of the system. But reduction’s capacity of the system. But 
this hypothesis remains to be tested in latter stages of this hypothesis remains to be tested in latter stages of 
the project.the project.

ConclusionsConclusions



§§ This technology This technology addresses the water quantity and quality addresses the water quantity and quality 
issuesissues that have been raised in this industry by reducing that have been raised in this industry by reducing 
primary water use by approximately 36.5 m gallons and primary water use by approximately 36.5 m gallons and 
electrical energy use to chill water by nearly 1.03 electrical energy use to chill water by nearly 1.03 
gigawattgigawatt--hours annually in our pilot plant.  (x 14.3 = GA)hours annually in our pilot plant.  (x 14.3 = GA)

§§ Given that such poultry processing plants can have very Given that such poultry processing plants can have very 
large local impacts, these averted water and sewage large local impacts, these averted water and sewage 
treatment savings are quite treatment savings are quite significant to municipalities significant to municipalities 
and stressed watershedsand stressed watersheds..

ConclusionsConclusions



Questions/ Comments?Questions/ Comments?



Thank you!Thank you!


