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CaM)l'-ldo SpeCii'iltlos «khyt1rated
ve~lotabl~~ manutaGl.lH'N} ~ high cost of
mmr(w, consefv<,.l!it)fl rwedetj,

MORE INFORMATION CONTACT:

[k John Coburn
Dire(:tor, CAFTJFMT Facility
Piscataway, NJ" USA

Mr Rk:-hard Meet
EngirmQring & Management CQl1$uHants
Franklin Lakes, NJ, USA

5. SOLAR ENERGY AtTEHNATIVES

G. IMPLEMENTING AN ENERGY &,
WATER SAVING PROJECT

INSTRUCTORS

Mr. Richard F. Stier
Directm, Technical Services.
Mr Morad $. Atuned
Co.Dirw;tor, Technf(~~1 Sl;)rvk:e~~

AgriCtJitiJm Led Export BW>ines$(~S
ALE8
12 DOkKi Street, 6 th Floor
Gil.a. Cairo
·TEt 02·J~lB··1445 (6 Line$)
FAX 02·34fHJt20
FMA1L (JM!Pf14J~AHIYptqnEn*iA1.rn

MOfad@eoyptonhtw .. com
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RedtlCe water uS.;;\ge
Reus~ water whnn'~ pos.sible
Redue~~ wa$tewater discharges
RedtiCe ennrgy consumption
Rew~e available energy

Pollution Preventh::m
lniti.;;\l Waste Survey
POSSible lr)vf>lan: Modific.;;\tions
VVflsteW£'lter Tn1mrnent

CwnpNHI Soup Comp<::H1y
pmulssor) " UX1!d not Irl~et

QemHty ~~tilndaf(h, wanhJd to
p-UrUliMiW U}~;w.

En&tgy Audit
FUt~d8()uttes
Process Hequirements
System Mf3inlenance
Atterr\.;;\te Power Sources
Energy lnfonnation SySb::tr1

Wit¢:l F()Qrh:; (potato chip mmH.lf{:}etunN)
...... had to tf::lduc(~ WM*'1 clarHim solids in
nm~jont undor thfHlt of !'W'dvy fifHM~

2. WATER

PROGRAM OUTLINE

1. OBJECTIVES

3. ENERGY

,t CASE HISTORIES
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INTRODUCTION

ThiS Onf:~ nml OtltJ,hdlf day pwomrn will
provido dttende~ls with infQormhon .nn
how thoycanenhnnc0 environmental
nwnronow:; and IrtH.>!Hrnent •.proqrarns. ":'. ..

Lhrll wi! I not only pmtHC1 HW~

onVt(onroont, but wli! t)f! (Xbt oHocHvB

An businesses need to koep moving
forward to assure that they remain
h0t.~11hy and viable Understanding
Issuns related to water, waste and
energy, and their effects on the
~x1vlronm0nt is an essential element in
today's bus!noss'Norid. There are
fnany buyers who insist on worktng with
c;ornpanies wh(} are comrniUed to
"f/roan" production operations, Egypt's
g{)vernnmnt officials $Iso realize that
protBCtinq the envinmmftnt is
Important, and have passed
QflVIWfHnental taws rnandating that
proces8ors rnove towards more
onvironr-nontally friendly practices.
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RICHARD IlIIEER,
PRlNCPAL COHIll TANT

ENGINEERING & MANAGEMENT CONSlLTANTS
742 BUT1'ERMIT DRIVE

FRAMWN LAKES, NJ 07417, USA
1EIJFAX: 201-847-0741

.......: RH....rEMCOaoLcom

EDUCATION

BIcheIor rI QIemlc8I EngIn.rrilQ. lila) III CclI'gII, 1_
M•• rI ScIence. Chelllical Ellgi II rillg, ComeII Uniwcil,. 1885
Masterrl Business AdmilliAaIIor.. UnNeiilyrlDela\T;a.. 1988

PROFESSIONAL BACKGROUND

E. L DUPONT DE NEMOURS & CO.. iX£PWAlER, NEWJERSEt, 1_101_

Jao:bonl..8boiilb" "OrgIIlIcChMical. Rlluc:hand De\: ICJWhWIt"'•
.... 5 'reclin "FNOn'" compcll.Ilds and tI8llIIIe d)8Sr PuIIlioiI hIId ... Rill ell8. nr.

o Dew8loped ted'I*:III ••1 up proc8'JIns for c:IwI*':8I~
o Supervililf pilat pIlI'it op8IlIlian

IIEER CORPORATION, NORTH BERGEN, NEW .EkSEY. 118110 1113

The .gllt bClI8illcal8ldl8dlon ...__alblegin CICII1lPIA1in..~ S I I'"
..... rI S 25~ .,..! I iIIU in I18tunII iIlgI8dIerD far.. food ...pt....-..iDJIMeL
PoIiIions lnclulfed Project 8 GinIIr, VICe Presillert, BaraIlMt Vice Pi 1':lM1t, and Pi III....

P'P"'G'k!1 and Imt••, CcIpI
o Prepaed IJIlnI8cUlng P10<J8!1!.... IICOIlOInic lilt .... and ..... pmdi..... pIIn.
o 11111 lieIf pliInt eldlactioil,II" DOli. IflI1IY~ CIllqIGUnCIng, II.IU and bIeidIU

equipmellt Piepwed "whet r COlt • Illy. on prucU:t farnUIIIiona to '.ilO'ii618,,' P 'w
prucU:t iw....y .

o DIN Ilaped I' of-Ilr. tpIIIy diylng lill.m i8qWIng ... IIbOr and _ ..

o InlpfOlled cp My ....... by "IIDPlIU ...... pnxb:t .. - 7 .... IIWtCUItiOI._ llllilfadiolL ResWlB Clli.-."iied by 81\ i1ldap.ud.nI ...... n II ell Inn.
o CompeIed I1IW malrlilll opioI. for' bolIillcal iIlgIecleliIa b8Ied on alit ... PI"'"' I IU

NqUiI .
o COOII* 1f lasm_ltpmjeclunlOllUlIlIvOr••',...1....._ ....11lIbcII......

o Pniper8d Cli1I8'IiisIioIIBI plIns'" • ..,. far 1 to 3,.......
o Pniper8d d..... 1f n.....IU plIn by prucU:t ... and ",am lily.
o ConIflMY dll.glll to Incmtry InidI HI xillllai.1ncIudIng 1FT. NAFFS, I ". ADS,'"

ASrA
o Procb:t managerfor' spices, spice oIeolesins, end ph8i,,--..tlcaI produc"
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o Targeted specific industry segments of beverage, baking, tobacco, dressings, spices and
nutritional supplements to concentrate marketing, sales, and development efforts wilh
growth potential.

ENGINEERING & MANAGEMENT CONSULTANTS, FRANKUN LAKES, NEW JERSEY, 1993
TO PRESENT

Provide consulting services to organizations with botanieal, food processing, flavor, and
phannaceutical applications. Position: Prindpal Consultant.

o Technology transfer of cell burst process for fruit, '18g8tabIe and grain products from South
Africa to introduce the operation in the United States. Business plan prepared including
marketing procedwe outlined for tuft implementation.

o Prepared specilicallons, and saIected equipment set-up a $0.5 million spray drying ventura to
manufactura health food ingredients. Prepared a Braak Even Analysis for formulated
nutritional supplements to operate the dryer efficienUy.

0, Provided botanical riIN material ingredients, set up quality standards, and seleeled custom
processing site for a pharmaceutical rasearch firm. Identified over $250,000 of savings during
brief assignment.

o Developed a process to remove moisture from a harvested engineered leafy aop
without excess heat, followed by a ayogenic freezing process to maintain stability.
Presented new product ideas for market expansion.

o Prepared ventura analysis for flavoring ingredient Potential S81es $5 ml/Iion
o Reduced bacteria, water and energy consumption during the manufacture of a mineral

supplement
o Prepared marketing report for manufacturing standardized herb8I products in North America
o Provided technical analysis for raactor damage in 8 manufacturing biological resean:h

laboratory for both equipment and research compounds. Supervised damaged equipment
recovery process.

o Industry technical expert during merger negotiations of nuer-llical firms.
o Established equipment specifications and prepared a plant layout for manufaduring

standardized botanical extracts.

PROFESSIONAL ENGAGEMENTS

• Seminar Speaker, 'Cost Saving Wastewater Management Strategies for the Food and FIaYOr
Industries,' Rutgers, the State University of New Jersey, C8nIBr for Advanced Food
Technology (CAFT)

• Industry Expert, Spice Oleol'lIlns, Food Chemicals Codex, Specific:ations Committee
• Seminar Speaker, "Spice Oleoresin Marketing in the USA', Women in Flavor and Fragrance

Industries
• Tectmical Review Preselilation, Annual Convention, National Assodation of Fruits, Flavors,

and Syrups

PROFESSIONAL AND COMMUNITY ACTMnES

President-EJect National Association of Fruits, Aavcrs and Syrups (NAFFS)
Board Member, Consultants Association of the Naturel Products Industry (CAN')
Consulting Associates Network, Rutgers University, Center for Advanced Food Technology (CAFT)



InclustIy Expert, Tedllic:8I AdviIoly 8ervIce forAIoI•..,. (TASA)
Professlon8IIIBmber. Instib.. rI Food TedilObglsta (1FT)
Former MaJlba. Gov8lTllilait ReIaIionI CommIlI8e, FIIMlr Exlract M8lU8cIInrsA.- I 5 -I
(FEMA)
Former MBmber, ~5Br AclilBOiY eon.nll....A.eli,. -I rlDiI ; vund ftc..(ADS)
Former ChlIirmlwI. EJdrac:Ds ConwrIIII B, America. Spice T'"A_ :13 5 II (ASTA)
MBnlber. Dn.Ig, Chemic:lII, and AIled Tredes ABlOCiation (DeAl)
Exec:uIiYe Board, Northern New Jeney Council, Boy Scouts rI AmeIfca I ca'i'-' BOiIiill_"
Troop 34
Former AIIIOCild8 Diiidlllr. UniI8d Jeney 8Bnk, Hac:k8iluck, New.-.ey



John F. Coburn

AssocIate Director, CAFT
Director, Advanced Manufacturing

Center for Advanced Food Technology (CAFT)
120 New England Avenue

Piscataway, NJ 08854
(732) 445-6132

Researeh Interests:
Research Management; Strategic Plaming; Technology Assessment and

Transfer; Research Evaluation; Productivity Analysis; Computing Applications;
Manufacturing Engineering.

Education:

Ph.D., Chemistry, Yale University, 1964
B.S., Chemistry, University of Akron, 1958

Experience:

Rutgers University
- Associate Director, CAFT, Rutgers University 1991 - present
-Consultant, Rutgers University and Exxon, 1988-1991
-Associate Director, CAIP, Rutgers, 1986-88
Exxon Research and Engineering
-Senior Staff Advisor, Exxon Research & Engineering, 1981-86
-Project Head, Exxon Research & Engrg, 1971-76
-Chemist to Research Associate, 1965-1971
Exxon Enterprises
-Vice President-RD&E, Solar Thermal Systems, Exxon Enterprises, 1979-

81
-Technology Manager, Solar Energy, Exxon Enterprises, 1976-79
United States Anny
-Chief Chemical Officer, USArmy, Dugwey Proving Grounds, 1963-67

Ptofesslonal Acll.ttI_:
Director, Combat Rations Networ1I: Projects, 1996-present
Director, Combat Rations Advanced Manufacturing Technology

Demonstration, 1991-1996
Consultant, Computing WorKstation Productivity, Exxon, 1987-88
Client Executive, Computing, Exxon Research & Engrg, 1981-86
Exxon ComputinglMathematics Technical Education Panel, 1982-86
Exxon Supercomputing Task Force, 1985
Technical Advisory Committees, Solar Energy Indus. Assoc, 1979-81
Board of Directors, Daystar Corporation, 1976-79

oft



~ ResBWd, CcutciI (CRe) Fuel QueIily, 1971-78
Exxon Aviation Technic:aI Committee, 1971-78
CAPE-12 PsteI, Industry-Govemm (CRC APRAC), 1971-73
CAPE-6 PsteI, Industry-Govemm (CRe APRAC), 1969-71

American Chemical Society
American Assodation far the MYa IC8iI18I It fA Science
InstiIut8 fA Food Tech iOIogists
ResBWd. & Development Associates far MIlBY Food Fn IitIQ 8nd
Packaging Systems; Chairman Sci'RiIiflc DelleIaprrB'lt and Meil"
Board fA Diredonl
Society fA Automotive EJlgiI IS S (1970-78)
International Solar Energy Society (1978-82)

U.S. Patent 4,379,613 "Solar Energy Cois CO"
U.S. Patent 4,292,959"SoI8' Energy CoIl ction Systenf
U.S. Patent 3,873,271 "Melhod and Appendus far DetedilG Free VJ:" 7 in

HydIuca1xln Fuels"
U.S. Patent 3,642,632 "AlltI•• iIic Add Esters .. LlDicaIt Additi,.-

"CORANErs PoIynBic Tray MerUec:IlnbiIit SIudy", Rill d' &
DeveIoprnetIt Assoc. 1998 Spring Msa. G,l8k8 Tahoe.
"Qualily Process in MInJradLring", Resse d. & Devsl:;....11 AI80C
1997 Spring Mssq T.....
"Ideel Processilg Line SeII4f, DIIenes Logi8tica AQs«:I. 1997 MAE
QueIily &.mmit, Fort Mik:hell, Kn.
"All~ Envinh," It far Chernic:aI Ph.call sm ' ''wi,.,
AIChE 1990 Naliolll81 Mnlilllg, Ortando

If
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ALBERT MACHLIN, P.E
Consulting Engineer

212-675-5868 (Direct Phone)
211-924-8071 (Direct Fax)

SUMMARy

Consulting engineer with ntensive experience in aD aspeets ofenvironmeutal
engineering with industry and government. Formerly Assistant Regional Director and
Regional Engineer for Environmental Quality for Region I (Long Island) ofthe New
York State Department of Environmental Conservation.

WQllK mSTORY

Principal and Co-founder of the Environmental Technology Group, Inc., NY, Experts
in Engineering, Science, and the Environment.
• Provided expert environmental engineering assistance to various law, insurance and real

estatefirms. which includedwater supply, wastewater, flooding andstormwater, solid
waste. andhazJ:Jrdmis waste matters.

Assistant Regional DIrector and Regional Engineer for Environmental Quality
Region I, New York State Departmeut of Environmental Conservation, Stony Brook,
NY.

• S«o1ul ill collUlflllUl",Jl4itm 1 ofJiu coverillg till New Tont StIlle envirolllfWlltl1
progr_ ill N_1IIIIl SMffolJr Coalltia - illc"'.ng Ail'PolbdioII, Water Pol1Mtioll,
Solid IIIIIlHtIZIII'flotts Willie 1'tYJgrruIu.

DIrector ofEnvironmeatal QnaIity
. Region 2, New York State Departmeut efEnvironmeutal-Coaservation, New York, NY.

• RapollSibkfor cfllTYing 0IlI tillNew Tont Stateprogramsfor Ail'PolbdioII, Water
Po11lt.tioll, Solid Wa.rte IIIIIl PesticiIk Colltrol ill New Tort City.

Aaistant DIrector for EIIYiroB_ta1 Health Services
0fIke ofNew York C'dy Aft'ain, NY S nepartmeat ofHealth, New York, NY
• RapollSibkfor CIII"I';YiIIg 0IlI till New Tort State progrtUll$for Ail' Po11lt.tioII, Water

Po11lt.tioII, Water SMpply, Solid Wa.rte, Hospitlll aMNursillg Ho_ &utit«ioII,
Mosqrdto Colltl'ol, RtHkIIt Colltl'ol, IIIIIl HOIIsillg Cotk Ellforcemmt ill New Tort City.
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LICENSES

Registered Professional Engineer in New York and New Jeney.

PROFESSIONAL

• American Academy ofElIYironmengJ Enameen (Dip.....te)
• American Society of Civil Enameen (Fellow)
• Director ofMetropolitu Section ASCE (1'89-1992)
• President ofMetropolitu Section ASCE (1997-1998)
• American W.ter Workll Association
• New York W.ter Eaviroament Federatioa
• Air and Waste Management Association
• IDter-American Association ofSanitary Engiaeen aad EaviroamengJ Sdenea

(AlDIS) - Regioaal Director of Upper Mid-Adantic Region

PUBLICATIONS

• Grolllldwater Contamiaation on Long Islaad, New York (co-aBtllored with S.
Smitll), Third IDtematioaal Coafereoce for Environmental Quality and EceIyIteBI
Stability, JemuJem, JUBe 1988.

• Loag Island Water Resoarce Probleml, A Leaoa for Dev."" CODIItriII.,
IDtematioaal Confereace on Resource Mobilization for Driakiag W.ter SBppIy and
Sanitatioa ID Developiag Natioas, Saa Ju.a, P.R., May 1'87.

• Uacertaiaty of Water Supply Demand Estimata (co-.uthored with A.s. Goodmu
and M. ICaramoaz), Symposiam oa Water-Ute D.ta for W.ter Resoarces
Man.gement, TucsoD, Arizoaa, August 1988.

• Multi-layered Sampliag ID Water Table Region of a Sudy AqBIfer (co-aathored
with J:. ICaplaa, S. Baaarjee, D.Ronea, M. Magaritz, M. Somow, and Eo KogIia),
Journal ofGronad Water, May-June 1"1.

l!m'EWORTBY

Redpiellt ofWorld BeaItIl Orpaization Travellal Felowship in 1915 to Rudy ud
report on Redam.tion and ReUle ofWater in Israel and its appncability to Loal IsI.ael.

Listed in Who'. in tile East (191S).

1"-
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• Air Emission Permits Award PackagiDg Corp., Garden City, NY
• Environmental Education Consultant, School of Continuing Education, New York

Univenity, New York, NY
• Wood-Fired Wute-To-Energy Facility, Star Recycliag, Inc., Brooldyn, NY
• Storm Drainage, Nassau County, NY, Pester, Goldberg, Schill', Danzi & Feldman,

Attorneys. Carle Place, NY
• Environmental Audit - Private Residence, Kenneth R. Singh, Attomey-At-Law,

RidJmond HiD, NY
• Fire Damage Evaluation, EeoSmart, New York, NY
• Legionnella Problem, Bndget Motor Lodge, Woodbridp, NJ, Tell, Cheser &

Breitbart, Attomeys, Mountainside, NJ



Program Outline

• ObjectiIt'eS

• Water

• Energy
• case J.BlllstDldwvlies-

• Solar Eneigy A1lB IlPAIves
• Implementing an Enelgya. Water Ploject



Objectives

• Reduce Water Usage
• Reuse Water Where Possible
• Reduce Wastewater Discharges
• Reduce Energy Consumption
• Reuse Available Energy

• Energy and Water Reuse Project Check list

~W1 .JDI,j..1~ 

~t ~ ~W1 r'~' o.)\.c.! 

t.JWI o4-J1l...U~~ 

UUJI .JDI,j,,,1~ -

~I r'J:i.l..oI o.)\.c.j -



Energy And Water Reuse Project
Plant Check Ust

• Major ProdIICl'S

• Plant QIpadty
• Typical WOrk Week
• Plant water I !sage and Cost
• Plant wastEhatel Discharge
• EJecbk:aI Energy I !sage

• FuellJsage
• AIten1atf',e Fuels
• Usefully Advance Infannation

eit ee\4~W ~.,.,.J\ Ui
~W1."a.bll r,,;j,,\ ~I t.,,~

~,...J-I t-'*"" 
~.J f i .....'*" tls;.J 

f;'···lUaJ.~~ 
~,.,.sJ Wd~~ 

~J~ ~';';.J 

M~J~ 
.u..D'~ .~ ul..,Lo.JI -



Energy and Water Reuse ProimJALEBl
Plant Check List

Firm: Contact Person: _

Major Products:
Plant Capacity: -----------------k:-":i':'"""lo'"':'"/w-e-e'"':'"""k
Typical Work Week: ,hourlweek

Plant Water Usage and Cost
a. Total Volume Used _--;-:----=:;---;-- Iiterslweek
b. Major Water Requirement in Plant. ..,...",,.,,.,-_
c. Basic Water Cost ._-:--::-:-:- ,LElliter
d. Quality of City Water Available _

Plant Wastewater Discharge
a. Discharge to City System ;-- Iiterslweek
b. Wastewater Disposal Cost LElliter
c: Cost Criteria (flow, BOD, etc) _

Electrical Energy Usage
a. Amount Used -:-:::--_-=----:- kwhlweek
b. Basic Electrical Energy Cost LElkwh
c. Peak Demand Charge Cost LElkw
c. Quality of Electrical Energy (power factor, continuity, etc.) _

Fuel Usage
a. Amount of Fuel Used Iiterslweek
b. Basic Fuel Cost LElliter
c. Type of Fuel Used (#6 Oil, gas, propane, kerosene, etc) _

Alternate Fuels Available
a. Fuels Availability (#6 Oil, gas, propane, kerosene, etc) literslweek
b. Altemate Fuel Cost LElliter
c. Quality or Type of Fuel Available _

Useful Advance Information (process flow diagram, special situations, etc.)



r
Water

I
t

I

• What Is the Ideal SlbJation?
- Zero DIscharge

• How Do We Move Toward That Goal?
- P'oIutIon PreliaItioi I
- waste minimization

f~"i." UaJI ~ l. 

~c...U->-'i-

• . I ,. - - - ,.~ . ~.Cl't', ~~' .4~-

~P~
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Pollution Prevention

.. Maximum feasible reduction ofwastes

.. Judicious Use ofResources
- Source reduction
- Energy efficiency
- Reuse ofmaterials

- Reduced water consumption

.. Product changes and Process changes
- Reduce volume and toxicity production wastes
- End product life cycle and disposal
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SOun:e Reduction

I
I

Proctuct Chanlle. Procell Chanlle.

• Designforless
Environmentall~cl

• Increase Producl
Ue

"

I I
Input Material Chanlle. Technology Chanlles Improyecl Opemlnll PrlICtlcel

• Malerlal Purlicallon • layout Changes • Opefllling aoo Maintanance
• Substilution 01 Less-Toxic • Increased Automation Procedures

MaterialS • IlTlpfOved Operating • Management Praclices
Conditions • Stream Segregation

• tlTlpfOved Equipment • Material Handling
• New Technology Impnwemenls

• Production Schedufing
• tnventory Conlrol
• Training
• waste Segregation

Source Reduction Methods
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Defining The Problem

• The Initial Waste Survey
- Evaluation of Existing Records
- Detennlnation of Characteristics, Quantities and

Sources
- Determination of Mass Balance (Water, Materials)

• Management Support Needed
- Petsonnel and Service Use
- Personnel Training
- Laboratory Analyses
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Evaluation of Existing Records

• Discharge Penults
• ReguIatDry VIoIatiollS
• Sene" Use"-"--n """-_11,,,1:)

• Flow Sheets
• Plans, utilities
• Flow Mea 511ements

·W8terPlSft
• S VOilal and Product

Yailations

• LaI:lOIabJiVAnat,SfS
• Costs of TI eiltmellt:
• PI" 5 PI'aDftS
• Er.egy lJsage
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Waste Characteristics

• PhysIcal
- SoIds
- CoIDr
- Odor
- Te....iljld_alll'e

• Chemical
- Organlts (BOO, COD, TOC, fOG)
- Inorganlts (pH, AIlably, NItrogen, PhoIphorUS)
- Gases (Dts6llIved OXygen)

• BIologIcal
- Total eonronn
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I..
.•

• Waste Quantities
- Water IJsage
- Flaw M n, IremEilts

- Flaw Valiatloils (Minimum, A'4eage, Peak)

• Waste Sources
- Process
- SanItary
- CooIbIg

- S1Dnn
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Mass Balance

• Input
- Water usage
- Raw or processed ingredients

• Output
- Retained in final product (water + Ingredients)
- Evaporation
- Effluent flows and waste measurements
- Miscellaneous

-- -'I ' ' I .,.~ u.J ~

c.;J'J;, ,." -

.Wlrl~'

•• ;' c .1\ .JI rWl ~.,.Jl -

~WI-

( I,;"JI + WI) " . 'II -~:·'I ..J 4.Jlc. \L'" • -
.>- • ""- e:.- 'F - • .'~ ~

#1 -
..:.~I ..:.L..l:!i.J~\ .li\iI1 ~

~~L...a.;,,-

Zl;l

L
•
l



ample I-I. Mr. and Mrs. KODzznmer have no cbildlen. In an average week they
:chase and bring into their house approximately SO kg of consumer goods (food•
.gazine<. newspapers. appliances. furniture. and associated packaging). Of Ibis
OUDt, SO percent is consumed as food. Half of the food is used for biological
intenane:e and ultimately released as CO2 and the remainder is disc:barged to
: sewer system. Approximately I kg accumulates in the bouse. Tbc Konzzll"'CiS

:yc:le approximately 25 petcent of the solid waste that is generated. Estimate die
lOUDt of solid waste they place at the curb each week.

IlIIiD"

OutpUll =Biological Maintenance

Input _ ..rlA-ccum-....IJ-:-la-ti-on1-~ Output4 =Discard
L r----r-.. Output3 =Recycle

Output2 =Sewer

rite the mass balance equation.

Input = Outpllll + Output2 + Output3 + Output4 + AccumuJllrion

JW we need to c:alc:ulate known outpUts.

j

J
J

One half of input is food = (0.5)(SO kg) = 25 kg

One halfoffood is used for biologic:al maintenance = Outpull = (0.5)(25 kg)
= 12.5 kg

One half of the food is lost to the sewer system = 0utput2 = (0.5)(25 ta>
= 12.5 kg

The recycled amount is 25 pen:ent of what remains of iDpJt after food ...
accumulation is removed = 0utput3 = .25(1Dput - Outputl - 0u1pIII2
- AccwnulatiOll) = .25(SO - 12.5 -12.5 -1) =. 6 kg

Now we can solve for 0utput4: .

0u1pDt4 = Input - Outputl - 0utpUt2 - 0utput3 - Aa:;Ui..uJatioD
= SO - 12.5 - 12.5 - 6 - I
= 18 kg



Waste Survey Report

• Monitoring requirements
• Preventable material

losses
• Low pollution impact

processes

• Processes which require
pretreatment

• Need for equalization
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• All possible actions to
reduce wastes
- Short term, low cost
- Interim to long term

• Possible by-product
recovery

• Economics

u4-l,ii:a.":il~J'O 

4:tJU;~ ~I".J\ yl...A 
-»,"'u~~ ~I u4!-J1 

~.,J:ill~

~I yl.l.Li:; ~I u4l-Jl 
~

~,~\~W\ -

,
l

L
l



Possible In-Plant Modifications

• Prcx aIteiatlOo1s
• HaIlS el~ ling pactk es
• Splage C.onbol

• SCreenIng
• Residue disposal

• Non-food re 51~Je
tIisIl'P a

• water oonservaIIon
• Retydlng and reuse
• Dry deanlng
• 5epllration of Wil stes
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Top Ten Strategies to
Conserve Water

1 Improve Maintenance
2 Alter aeaning Methods
3 Separate Wastewater

Streams
4 Monitor Process Flows
5 Conduct Plant-Wide Use

Survey

6 Conduct Detailed
Process Use Survey

7 Develop Water Use
Budget

8 Reuse Water
9 Replace Older,

Inefficient Equipment
o Develop Employee

Training
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Hierarchy of Wastewater
__.....;.M,;,;;a~nagement

1 Reduce-
• By Process changes

2 Reuse-
• By using "waste. again

3 Recyde-
• By reclaiming rnatertal and mnve tilly It

4 Treatment-
• By changing Its I1iIture

5 DIsposaI-

t
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8

Genlng Started

fisure 1.2 _
FPR utJllz~lion and disposal hierarchy

FPR source reduction
and water
conservation

Recovery
for human uses

Recovery
for animal uses

Recovery for soil
conditioners .. fertilizers

Disposal in landfill,
and impoundment,
or incineration

~

Disposal in hazardous
waste management
facility

Current FPR Inputs..
~-

-
..'"

-2.-

10
Maximum benefit to
the processor and the

environment

- 7

4

o

No benefit;
Increasing cost

The FPR Managemenl Manua'

•



Energy Audit
Electrical Usage Survey

BaslcTenns
• voltage (V) = Current (1) x Res6tance (R)

• COnfiguration
- Series
• Para_I!!

• Phases - 60 Hertz (cydes) of alternating Qlrrent
- 5IngIe phase
- Three phasI!s
- Power FaclDr
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Energy Audit
Electrical Usage Survey

Power Factor concepts
• PF (power factor) =~(power delivered)

kvr (electrical energy)
• Inductive load motors and transformers
• utilities and Its capadty
• Capacitate components - current to lead voltage
• Turned Harmonic filters
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Energv Audit
Electrical Usage Survey

• Exteiiilinating -Power Bugs-
- Eltcbulic equipment hils a higher dellUie r:I!ll!Il!iIIvily
- P1euent load hltEiactiDll

• Work Place Bectrtcal Loads
- Three Phases
- EIIideIItV fundIU'I r:I rnoIDr Qlll5IrudIan

• Electrical Consumption Survey
- JdentIf'y l!IiICh ~r~cbleal use
- JdentIf'y EItcbleal klcaIIoiI

• Elecbieal safety
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Monitoring Quality of Purchased
Power

• Benefits of Monitoring Power
- Fewer disruptions, quality parameters,
- provide; data for use In negotiation with power company

• Three Phase Monitors at Point of Entrance
Cost Vs. Benefit

- Monitor power supply, unit cost, regulation at entrance

• Monitoring entire plant
- Problems occur within plant, alarm messages sent out
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Elecbical Transmission and
Distribution (T&D) Conservation

• Basic Premise - EIect:rIdty cannot be stored
• T &. 0 S'f.;tem Problems - power outages
• "Brownout" - utility reducing voltage by 5% or

more
• 5peda1ty dl'Qllts and eqUipment

• Energy conservation areas - within the plant
distribution network
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Fossil Fuel Sources

• Natural Gas
• Heavy Fuel Oil - #4 and #6

• Light Fuel Oil - #2 or Diesel Fuel

• Bottled Gas - Propane

• Gasoline or Kerosene

• Electricity - Generated by Public Utility

• Electricity - Generated by Plant Utility
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Steam Power Systems

• Steam generation
- WalB' is an Inecpenshe and d'ftdhe heiIt b... l1l*I

• Steam drcult - steam traps are a NXESSlty
- Coodensed _ CIIlltaIns heiIt value.
- MedIiInk:aI, l1lei1i*lshl!i:. ThermlldynanK b;Ips

• Energy ConservatIon Measures
- 80lIerope. bebiIr Its mIX, .et,iOri: SCIIe from balers
- Conet:I: fIIeI to air ratio for IIIlIX emdenc,
- Keep SleIm traps WOi1dnll, itlsidallon c#II pipes
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Hot Water and Steam Energy
Recycling

• Heat Recovery Systems
- capture waste heat and transfer to a liquid
- Provide reseNe energy capacity

• Thermodynamics
- Transfer energy from one form to another
- Waste heat:. elfectlveness~ heat exchange

• Determining Value
- F=QxN/ExH
- Fuel5iM!lI equals the quanlity of heat leclM!I1!lIllmes the I1IlIIIber of

hours per )'eiIr system Is 011 dYIded by effk:ieIlCY ofheat recovery
system llmes heat value of fuel
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Dryer Energy Effidendes

• Improve Heat and MasS transfer area

• safety mnslderatlons

• DryIng Opelations

• Energy COnservation
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Refrigeration Efficiency
Improvements

• Chiller Alternatives

• System Parts

• Plant Operation

• Plant Maintenance

• Energy Conservation
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Refrigerant SUbcooling

• Applications
- Chillers or~ air alId1oi*1g 5,.,1510 be I'!I""'"
- Instal 51 Me unils

• System components and objectives
- Ilia ei 5[ adIlg OIl-itt, lI"MId SlIUIte waIB' Ioap

• Maximum beneftt
- S7slJem has mare ,efllllb'lIlIt-lIli!iille deilSllv ill met PlPd
- IDng run- lower eIt:dJ IciII alI5lS

• savings
- 5iwings $S8OO per ....on elt:dJkal c:harges
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Energy Preventive Maintenance
(PM)

• Basic Premise

• Economic of maintenance and energy

• Implement a maintenance program

• General suggestions for maintenance action

• Electric Motors

• Maintenance Summary
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EI1fI1JY Preventative MaJl1\PI1ance.JfMl

1. Basic prwnise

a. Reactive management- -if it ain't broke. don't fix ir

b. Pro-actNe management- -if it ain't fixed. you might go broke-

2. Economics of maintenance and energy

a. After raw materials and labor, energy is the third largest
component of production cost, maintenance is fourth

b. Budget cutting usually starts with defened maintenance- sbategy
leads to additional energy use. reduced equipment life and plant
reliability

c. Fourways to reduce energy cost- reduce price of purchased
energy. reduce operating hours, reduce need for 81"1eigy. ina ease
operational efficiency

3. Implement a maintenance program

a. Assess existing conditions and correct deficiencies... first, complete
audit of faalities. idelltify opelalion and maintenance (O&M)
deficiencies

b. Compile documentation on existing equipment and facilties
building drawings. specifications. manuals. operating insIn..'Ctioi1s,
replacement and repair parts list, installation record. repair record
history. etc.

c. Establish a preventative maintenance (PM) program- use
manufacturers recommendations and past experience as primary
guides

1. Identify frequency of maintenance bada offs ¥s. benefit of
more frequent maintenance actions



2. Use measurable parameters rather than calendar frequency
3. Software packages are available- lower cost of record

keeping

d. Create and maintain well-trained staff- training awareness,
operational knowledge, maintenance skills, repair of energy-using
systems, energy accounting

e. Monitor and report maintenance progress for energy use- create
reports for every level of management and O&M staff

4. General suggestions for maintenance actions

a. Primary utilities- electricity, fuel oil, natural gas, etc.

1. Check for voltage imbalance- loose connections or hot wires
2. Check piping and fix leaks promptly
3. Regularly clean heat transfer surfaces
4. Check buried pipes on a regular basis- look for pressure

drops in liquid lines

b. Secondary utilities

1. Is steam system efficient?
2. Are leaks under control?
3. Are hot and cold pipes insulated?
4. Are steam traps working? Is condensate captured and

returned?
5. Are dead-end steam lines eliminated?
6. Is piping properly sized to minimize restrictions?
7. Is steam treatment program planned to keep bIow-down

reasonable?
8. Does compressed air system use outside air to reduce

temperature and increase efficiency



5. Elecbic motors

a. Motors count for 50% of all electricity in US, energy cost is 90% to
95% of life cycle cost of an electr ic motor

b. Inventory all motors 1 HP and Iarger- nameplate infotmation,
Opeiating hours, age, drive system, etc.

c. Should be lubricated according to manufacturers
recommendations

d. Drive system should be properly adjusted

e. Standard V-belts maybe replaced with grooved beJts to reduce
system losses

f. Optical tachometer or electt ical tester should be available for
operator use

g. Proper sizing of motors- designed to opeiate 65% to 100% of load,
less than 40% of load should be replaced with a smaller motor

h. Older 40 HP motors with high operating hours should be replaced
with energy efficient motors upon failure

i. If rewind costs 50% to 65% of motor cost, replace with new motor

j. Motors of less than 15 HP should be replaced .aUIer than repaired

6. Maintenance summary

a. Use info""ation from energy audit to make educated decisions

b. Remove scales on all heat transfer surfaces like boiler tubes and
heat exchangers tubes at least once a year, preferably twice

c. If you see leaks or hear noise around equipment. fix promptly
before larger problem happens



Alternate Power Sources

• Basic Premise
- Renewable energy capture directly: sun
- Usualy requires high Installation cost and maintenance

• Solar Energy
- Flat plate collectors filled with water and is pumped
- Night time, slXlP pump and hot water flows in a reeMlir

• Day Iighting- lighting naturally
- Reduced energy consumption during peak power uses
- Requires little maintenance
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Steam Turbine Cogeneration

• BasIc Premise
- Basic JlIOUSS of producing 'e bkal ....ftom tr·1D sa.m

procIudIon

• PotentIal for cogeneration
- S1eiIm turbines are 5O'l(, to 10% eft'iclelt and 01 gelealDs are

90 to 95% elIIcIeI\t

• Evaluation of eIectrlcal rates
- Coil5idelalloi. ofdowntime oc:currences
• Project pitfalls
- ""liposIS" TedlnicaIl "SMa?

• Summary
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Information Needed For
Energy Management (EM)

Knowledge about Power

• Basic Factors
• On Site Generation- Classic Make or Buy Decision
• Ability to evaluate alternative energy choices

- "What iI" qurslions

• Elements of an Ideal System
• Advantage of EM System
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case Studies

• campbell Soup company
• WIse Foods - Subsidiary of Borden
• cascade Specialties
• Rutgers University - Food Manufacturing Facility

f
campbell Soup u~ 

Borden ...J~u~ Wise Foodsu~
cascade Specialtiesu~ 
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"Reduce" - Water Conservation

campbell Soup Company Plants
• Problem- lowering costs of water supply,

wastewater treatment, and solid waste removal
• Issues- State EPA regulation, lower diSposal lead to

less production, wastewater treatment needed
• Process
- Task Force manager, wastewater audit performed, f!IY1IIoyee awareness

made, approached each unit process separately

• Results
- saved company $950,000 in purchase water costs alone
- reduced environmental liability

WI ,- 0: ,. !I 'I "... \1"
~ ~~~ - (.)0"

I
I

!



"Recydelr
- Land Application

WIse Foods- Subsidiary « Borden
• Problem- disposal of potato waste solids

• Issues- S1rict Stale lind ..........Ui5 reguIidtIli5
- DesIre to opIImize reqdIng beli6lls
• Process
- D ')lied the process to meet~ sludge land stalldlrlls
- EIminatI!d c1e.1UI deilliInlI rlraw .'.4·....
• Economic evaluation
- Annual Savings = $5000 per...x 52 II!els $221.000

• Results

Borden -J~Uy WIse FoodsU~
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cascade Specialties 
Wise Energy Use

Dehydrated Onion Producer

• Basic System
- Multl-stage, gas fired, mixed flow hot air system

• Energy Techniques Used
- Dry outside air employed, 3 inch insulation, ftltered aIr
- autDmatic slicing machine, product preparation

• Energy Techniques Not Used
- No waste heat recovery employed
- Used standard electric instrumentations
- Used direct, open flame natural gas in 1st stage

cascade Specialties ~yt
A.!'UJ) ~)I '~';)'I~ r

•. D' __ II ~-~, ~~ .. •tIt,. ~~~..",..

~J" .1.,. ~.J! T" .,JP-l Jja) ".>41\ ~JloJl.l..-Jl rl~ 
~ :-J 'ell"': .)l J-!lI~w..,l) ~L. 

~.,;;",.n..1F UUJI ulJiii -

'J.".JI ... >iWl S.>l.:i..~ rUU ...1rl~ r'l rl •
~~.,.s .:.I..... rl.w.-I r:l 

.)~'il~"" ,.)~ jW1 ... .,.:4- ....,.:s. W rl.w.-I r:l -

I



: ~-_ __ __ ~_ --.-...-_ _~.•._ ~ __ -- ~-_ __ _- _ ~---._-_.

Rutgers{ Food Manufacturing
Facility
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Rutgers, Food fV1anufaduring
Facility - Steam/Hot 'vVater
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o
Rutgers, Food iVlanufacturing

Facility - 'vVaste VVater
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JOiU1 f. Ccburn, Ph.D,
Director, Advanced Manufacturing
Center fOf Advanced Fo-od Tedmolcgy (CAFT)
Rutgers,. l'he State University of New J<;"'$~'t'

Former Officer ;~nd ~·~e('1ber of Bcords ,Jf~

Sciar POWBf Corp·orab,:m
D-aystar Corpor3ticn
Solar Th~rm;)i Systems, In:;:
E..:xon Enteq:ni.ses, Inc

i' .~'.Jr:: •

(CAFT) ~....~ ',: ,,~;i;; '~' ~; >~ ~.;~~ ;!. .;~ y; ....

~ ...~~.~b 2..:"~'.} ~~,~ ~ ;.~~.}:.~

Solar Power Corporation
Daystar Corporation

Sofar Thermal Systems! Inc
Exxon Enterprisest Inc
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Photo \/o!taic Diagran'1
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\/Veather Data - Cairo
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l~ir Temp vs Perforrnance
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Air - Ecanornie Output
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Solar Proposai Exanip!es
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System Characteristics

• Concentration of sun's heat rays
• Requires-

- Collecting surface
- Absorbing surface
- Heat transfer fluid

• Tracking system with sensors
• can operate at 175 OC for onion dehydration
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Built from Local Materials

• Constructed mostly from aluminum
• 40-60% from local materials & labor
• Routine maintenance - once/week operator

washing
• Data monitoring by telephone
• Industrial Solar Technology (1ST) has 15

years of improvement

I
J

!
I
I

)

I
t
J
~

I

I
I
I

32l
<

I
CM



System Parts
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• Ught weight and high strength - wind protect
• Special reflective surface 87-88% effIdent

• Standard motors and controls
• Trough effIdency - 55% of available heat

• Operation - balance of collection/application
- Solar system feeds steam avalable
- Conventional system feeds make-up steam
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Onion Drying Solar Thermal
System

• Plant capacity - 3.7 tons/day of dehydrated
onions

• Operation - 10 months/year
• Temperature - 115 - 130°C by National

Drying &Wolverine P&S
• Design - 20 million BTU/hr energy
• Field area required - 13,378 square meters
• System Cost =$3,600,000
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Payback Period
,

•

I

•
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• Mazoot cost at $25/barrel
• Current Fuel COst =$310,500 per year
• Maintenance cost =$3.32/M2Jvr or $43,200
• Net savings $267,300
• Simple Payback =13.5 years
• Assuming oil cost increase of 5% annual

- Simple Payback = 11.2 years
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Issues for Study

• Accurate solar plant sizing
- Dehydration plant requirements
- Secure accurate solar data

• Optimum mix of solar energy and
conventional fuel

• Detailed economic analysis - interest,
discounted cash flow

• GAIT treaty to remove energy subsidies in
2004
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System Operation
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• Dark metal daddlng surface to absorb heat
• Contains holes to pick up outside air - drawn

in by ventilation fan
• Disbibuted in plenum chamber to oops

where needed
• can raise drying temperature to 60 OC
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Conserval Proposal

• Floor area· 1,200 m2

• Collector area - 1,500 m2

• Temperature rise - 24.5 °C
• Installed cost - $123,300
• Annual savings - $31,100
• Simple Payback =4.0 years
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Implementing An Energy
.Water Saving Project

• Establish the Program
• Organize program
• Do preliminary asst"S9nent
• Write program plan
• Do detailed asse ::"went
• Define pollution prevention options
• Do feasibility analysis
• Write assessment report
• Implement the plan
• Measure progress
• Maintain pollution prevention program
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Involving Employees in
Pollution Prevention

_____Prog__ra=m~ _

• Help define company goals

• Review processes and operations

• Recommend ways to eliminate or reduce
waste

• Design and modify forms and records

• Acknowledge and reward employee
contributions
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• Data SOurces For Facility Information

• Policy statement

• Name pollution prevention task force

JD'( .....



DATA SOURCES FORFAcanv
INFORMATION

- Water and Wastewater Analyses
- Process Flow Diagrams
- Operation Manuals and Proeess Descriptions
- Equipment Lists .
- .Equipment Specif"lCation and nata Sheets
- Piping and IDstrument Diagrams
- Plot and Elevation Plus
- Equipment Layouts aDd Logistics
- Product Composition and Batch Sheets
- Operator Data Logs
- Operating Procedures
- Produetion Schedules
- Wastewater Treatment alldlor Dis,l.S81 Costs
- Water and Sewer Costs, Including Surchal"les
- Energy Costs

Fuel Costs
- Operating and Maintenance Costs
- Department Cost Accounting Reports
- Standard PrMedures
- Ol"lanizatiou Charts



POLICY STATEMENT

Shoald answer three keuaestions:

1. Why are we implementing pollution prevention!

We waot to cut costs.

2. What will be done to implemeot pollutioa?
prevention?

We will reduce or eliminate the amounts of all types
ofwaste, and we will improve energy efficieBcy.

3. Who will implement pollution preveBtioB?

Everyooe wiD be involved with assigned tasks.



NAME POLLUTION PREVENTION TASK
FORCE

Program Leader

Should be named from the highest level practicable.

Must have authority and influence to keep the program on
track and ensure that this program becomes part of overall
corporate plan.

Should posseSs personal qualities needed to obtain broad
based support from the company's employees.

Other Team Me.llIers

Should be selected for their speeif"ac technical or business
expertise.

Environmental and plant process engineen, production
supe"isors, and experienced line-workers are good
candidates. Other potential sources include purchasing and
quality-assurance stafl:

Once team is set up and working, they can be used to
review plans for expansion to determine whether pollution
prevention and waste generation have been thoroughly
evaluated.



Establish Goals

Goals should be

• Well-defined
• Meaningful to all employees
• Olallenglng yet achievable

• RexlbIe
• Part of a program planning document

:~ pJlJ~ U1.»~1 ~ d~
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Do Preliminary
Assessment

• Collect Data
• Visit Sites
• establish priorities

djlJ!ll~ 
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Write Program Plan

-DeftneObjectlves

- Identify PotentIal Obstacles

- Develop SChedule



Do Detailed Assessment

• Name Assessment Teams
• Review data and sites
• Organize and document Information

tilyJl-J ~U~I 41JA 
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DODET~EDASSESS~NT

Name assessmeDt teams

- Areas ofexpertise to cODsider for detailed assessmeot
teams:

- MaDagemeDt
- EDgineeriDg
- Quality cootrol
- Production and mainteDaDce
- Accounting aDd purchasiDg
- Legal
- Health and safety
- Research aDd development

Example ofDetailed AssessmeDt Team:

- Production supervisor (Team leader)
- Facilities engineer
- MaiDteDaDce engiDeer
- Accounting aDd purchasing



Review data aD",sites

- Review existing documentation
- Prepare agenda for site review
- Provide staff contacts in advance of site review
- Schedule inspection to coincide with operation of

particular interest
- Monitor operation at different times
- Interview operators and supervisors
- Take photographs, if warranted
- Observe housekeeping aspects - cheekfor signs of

spills or leaks
- Make follow-up visits
- Assess organizational structure and coordination

between departments
- Assess administrative controls

!!aanue and document information

- Perform materials and energy balance on each
process or compoDent

1/'2.



Define Pollution
Prevention Options

• PIopose OptIons

• Screen OptIons

•
I
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Do Feasibility Analysis

• Technical
• Environmental
• Economic

-
U
I
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Economic

Payback method:

Payback =
(Capital cost of project)/(annual net operating cost
savings)

PDP (payback Period) = ($ 160,000)/($ 50,000) =3.2
yean

Net Present Value (NPV) Method:

NPV = (savings - costs)/(I + MARK) t

(Savings - costs) for year t

MARK = the minimum attractive rate ofreturn, the
average cost ofcapital for the firm

(I + MARR)t =(I + the rate of return) to the power oft



.
Spjpp • P-EU .C1±MARR\ .

o
1
2
3
4
S

SpjPPU)

S 0
S2800
S2800 .
S2800
S28OO.
S2800

TOTAL PROJECT NPV

Cm!st't)

S7SOl1
SSOlI
S SOlI
5500
SSUO
SSUO

saw.PMi•••
u

P..gt) •. ·····

~., ...

S23OO.
S'laoe).

.S23OQ.
S2300 .•..

. S2300

.... -....

-moo
S2090
51900
$1730·
S1SlO
twI
51220··

'I'1IerefoR. the total pro6t.rn- tbiS project would be 51220. TJieiaidaJ COllis iCIt right __yaDd
is DOl affected by discoantiDg. Eada. of the foDowiDg years sam.gs must be diKouated.

The numbers iD the last colDmD are calculated by the formula giveu at the beginning of this
section, . For elllIIIlPIe, iD the founh year, the years savings. minus the years costs are divided by
one plus the MARR raised to the fourth po_r, or

SAVINGS - COSTS (year. 4)

(l+MARR)4

2300

(1.1)~

.. 1570

The tocal NPV for years 0 tbroaP 5 are added together, resulting in a total prqea NPV of Sl22O;. .
Arrf odIer project's NPV would be ",!ciliated iD the same way. aDd the resulte:mllpared to the .
$122lI. A larger NPV would imply greater profirability. Al'Mlys implicit in thiS comparison is the
"do IIOf!ring" altematiw:. IfaJI.project NPVs are less than zero, the least'negmvcds the best, but .'
is still DOt economically profitable.. In that situation, if profits we« the only consideration, then the.
best altername would be to •dO. nothiDg."

I
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• Write Assessment Report

• Implement the Plan
• Measure Progress
• Maintain Pollution PreventIOn Program
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WRITE ASSESSMENT REPORT

Each Assessment Team summarizes:

- Results of assessment effort
- Options proposed
- Results of option screeaiax
- Project personnel for each selected option

The Report on each proposed project should discuss:

- Its pollution prevention potential
- The maturity of the technology and a discussion of

successful applications
- The required resources and how they wiD be obtained
- The estimated time for installation and startup
- Possible performance measures to allow the project

to be evaluated after it is implemented

The Summary AssessmeDt Report is used for:

- QA of implementation plan
- Funding decisions
- Building support for plan

...



"he formal written poUution prevention plan wiD indude the following elemftMs:

• Corporate policy statement of suppon for pollution prevention
• Description of your pollution prevention planning team(s) makeup. aUlhority. and

responsibility
• Description of how all of the groups (production. laboratory. maintenance.

shipping. marketing. engineering. and othcts) will work logether to ~uce wasre
production and energy consumption

• Plan for publicizing and gaining company-wide suppon for the pollution pleven
tion program

• Plan for communicating the successes and failures of pollution prt:vcntion
programs widJin your company

• Description of the processes that produce. use. or release hazardous Of' toxic: ma
terials. induding clear definition of the amounts and typeS of substmces. mlleri
aIs. and products under consideration

• List of treatment. disposal. and recycling facilities and tranSpOrters curRNly used
• Preliminary review of the cost of pollution control and waste disposal
• Description of current and past pollution prevention activities at your facility
• Evaluation of the effeetiv~of past and ongoing ponution prevention lICIivities
• Criteria for prioritizing c3Jldidate facilities. processes. and streams for poIbttioo

prevention projects•

..

.-



MAINTAIN POLLUTION PREVENTION
PROGRAM

Integrate Pollution Prevention into corporate plan

- Assign accountability for wastes
- Tracking and reporting
- Annual program evaluation

StaffEducation

- New employee orientation
- Retraining

Maintain Internal Communication

- Two-way commuDicatien (manager/employee)
- Solicit and follow up on employees' suggestions

Employee Reward Program

- Performance renews
- Recognition among peers
- Material rewards

J~'
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APPENDICES
Pollution Prevention
APPENDIX 1- Employee Involvement

a. Employee Orientation
b. Employee Motivation

APPENDIX 11- Good Operating Pradices

APPENDIX 111- Checklist for Prevention and Recycling

APPENDIX IV- Energy Saving Suggestions
a. Absorption Cooling
b. Transmission Losses

APPENDIX V- Typical Worksheets
a. Process Information
b.lnput Materials Survey
c. Waste Stream Summary
d. Option Generation
e. Option Generation
f. Profitability

APPENDIX VI- Pollution Control



APPENDIX I
Employee Involvement

a. Employee Orientation
b. Employee Motivation

I~
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Example Pollution Prnoention Employee Orientation

Coun~: "PoUution Prevention - Description. Motivation. and Practice"

D~scriprion: 1bis training COUISC emphasizes your campau,'s alIIlIIIitment to poDUIion
prevention. It gives instJuclion and practice in techniques for promotion. persuISion. Ind
encouragement of pollution prevention.

Goal: The goal of the U'Iining program is to explain:
• What is pollution prevention?
• What leads to successful implementarion of pollution prevention?
• What role can the iDdividuaI play in promoting pollution p~ention?

Lason Plan for On~·Day Ori~lUIltion

ActiYities

Gel 3CQUllintcd

Define lerms and
inuoduce objectives

Group discussion

Hands-on exercise () 51 halt)

Form tams
Individuals assigned roIes

Objectives

Outline activities

Begin dermiOOn of pollution prevention as a concept and an
activity

Perform and discuss a poUution prevenlion assessment of a simple
process
Outline ponution prevention opportunities
AnaI)"Ze implementation. possible barriers. and how to ove,mtDe

Perform and discuss pollution prevention assessmenl of a
complex process
Experience pres5Utts of business
Experience impoitanCe of alIIlIIIunicalion

Hands-on exercise (2nd half) RefUIC application
Reassign roles Develop teamwork

Repeat haads-on exercise
(IsthaIt)

Discussion

Experience putting opponunities into priority list
Discuss implementation. possible barriers. and how to OveJcome

ReiDforce need for pollution prevention
ExpIain significance of individual contribution to pollution
pm'CIltion
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To motinte employees, managers can: .-

• Provide feedback and reinforcement of employees' pollution prevention perfor
mance.

• Set an example by adhering to !he pollution prevention program and actively
considering employee ideas.

• Convey enthusiasm about meeting pollution prevention objectives.

• When new pollution prevention measures are implemented. explain how they fit
in with the overall objectives.

• Regularly reinforce the importance of each individual's contributions to pollution
prevention and their value to the overall objectives.

Demonstrate personal commitment to the objectives and praise the commitment
demonstrated by employees.

• Announce pollution prevention innovations by calling a meeting for all individu.
als who will be affected to discuss the change.

Open meeting to questions and comments.
Pay attention to signs of animosity or resistance and address these
immediately.
Gain cooperation by showing that you know and care how the employ
ees feel.

Establish a "group identity" and work at building pride in adapting to the .
pollution prevention innovation.

• "00 to bat" for employees who have good pollution prevention ideas that have
been rejected or overlooked.

• Establish quantifiable annual pollution prevention objectives:

On a monthly basis. have employees chan their personal and the
company's progress against these objectives.
Incorporate pollution prevention goals. objectives. and accomplishments
into annual job perfonnance evaluations for people with direct process
pollution prevention responsibilities.
Readjust objectives if they prove to be unanainable.



APPENDIX II
GOOD

OPERATING
PRACTICES



Uble 1. pollution Prevention Through Good Operating Practices

Good Operating Practice Program Ingredients

Waste Segregation Prevent mixing of hazardous wastes with nonhazardous wastes

Store materials in compatible groups

.'

Preventive Maintenance
Programs

Training!Awareness
Building Programs

'.

Effective Supervision

Employee Panicipation

Segregate different solvents

Isolate liquid wastes from solid wastes

Maintain equipment history cards on equipment location. charaeteris
tics. and maintenance

Maintain a master preventive maintenance (PM) schedule

Keep vendor maintenance manuals handy

Maintain a manual or computerized repair history file

Provide training for

Operation of the equipment to minimize energy use and mate'
waste

- Proper materials handling to reduce waste and spills

- Emphasize importance of pollution prevention by explaining t
economic and environmental ramifications of hazardous waste
generation and disposal

;
- Detecting and minimizing material loss to air. land. or water i,

- Emergency procedures to minimize lost materials during acci-
dents

Closer supervision may improve production efficiency and reduce
inadvertent waste generation

Centralize waste management Appoint a safety/waste management
officer for each department. Educate staff on the benefits of polluti<
prevention. Establish pollution prevention goals. Perform pollution
prevention assessments.

"Quality circles" (free forums between employees and supervisors) c
identify ways to reduce waste

Solicit and reward employee suggestions for waste reduction ideas



Table 1. (Continued)

Dedicate equipDem to a single pioduct

Alter bardl sequencm, to mjnjmj,.,. cleaning fmp'"'CY (Ii"'-to-dart
batch sequence. for example)

PIOdue:tion Sc:heduIingJPIa Maximize batch size to reduce dean out~
ning

Cost ICC(iipdinr/

Allocation
Owae dim:t and indim:t COSlS of III air. land. and water discJIaraa 10
specific pioccsses or prodUClS

ADocate waste treab&enl and disposal COSIS to !he operadoas da.t
geneme Ihc waste

A1locale udlity c:osts to specific processes or producIs

."



APPENDIX III
CHECKLIST

FOR
PREVENTION

&
RECYCLING
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Waste Origin/l"ype

Table 2. Cheddist for All Induslries

Pollution Prevention and Recycling MedIods

!erial Receiving!
Padc.aging marerials. off-spec materi
als, damaged c,.uincr, inadvertent
spills, b abfa hose emplying

w Mareriil and Product Sroragel
Tank bolroIu; Off-spec and excess
materials; spin residues; Ieatmg
pumps. valves, tanks, and pipes: dam
aged conrainers: empty cOlUiners

Use ·JUIl-in-TUDe" oldering system.
Establish a cenualized pun:basing PRJIIlIID.
Select quantity and pactap type 10 minimize pow 'be

waste.
Order~ chemicals in euct .......
Encourage chemical SUJlPIieIs 10 beD w,e itSpOilSillle

partners (e.g., accept ()1M...... SI'Rli":s).
Euablish an inventoIy tOIltiUI pogaliil 10 cnc:e

chemical from cradle to pave.
Rowe chemical stoCk.
Develop a ruming inventoIy of unused chemicals (or

odIer depaJtmems' use.
Inspect marerial tieton: accqAiilg a shipmei"
Review material procuraDenl specificalions.
Validate sbdf-life c;xpinltion dales.
Test effectiveness of oordated mar.erial.
EIimina1e sbdf-Jife iUplinmcniS for SIabIe compounds.
Conduct fJequent inventory checks.
Use compuier-assisted plant inventory sysran.
Conduct periodic mlllerials ttlIddng.
Properly label all containers.
set up staffed tOIlboi pam to dispense chemicals

and collect wasces.
Buy pure feeds.
Fmd less critical uses for off-spec material (ihal

would otherwise be disposed).
Oumge 10 reusable shipping containers.
Swirch [0 less hazardous raw material.
Use riMable/recyclable drums.

Establish Spill Prevenlion. Control. and CounIerDWaSUR:S
(SPeC) plans.
Use property designed tanks and vessels only for lheir

intended purposes.
Install overflow alanns for all tanks and vessels
Maintain physical inregrity of all tanks and vessels
set up written procedwes for allioading/unloading

and bansfer operaIions.
InslalI secondacy containment~.
Imtruc:t operarors 10 not bypass inledocks. alanns. or

significantly alier setpoinIs wilhout authorizalion.
Isolate equipment or process lines ihal leak or are not

in service.
Use sealIess pumps.------------



Waste OriginlI'ype

Table 2. (Continued)

Pollution Prevention and Recycling Methods

Raw Ma1erial and Product StoraF/
(Continued)

Labontorial
ReqentS. off-spec chemicals. samples.
empty sample and chemical containers

Use beI1ows-sea1 valves.
Document all spillage.
Perfonn overall materials balances and estimate the

quantity and dollar value of all losses.
Use floating-roof tanks for VOC control.
Use coJl5ervation vents on fixed roof tanks.
Use vapor recovery systems.
SIDre conlainers in such a way as lD allow for visual

inspection for contlsion and leaks.
Stack containers in a way to minimize the chance of

tipping. puncturing. or breaking.
Prevent concrete "sweating" by raising the drum off

slDrage pads.
Maintain Material Safety Data Sheets to ensure correct

handling of spills.
Provide adequate lighting in the stolllge area.
Maintain a clean. even surface in transportation areas.
Keep aisles clear of obsllUction.
Maintain distance between incompatible chemicals.
Maintain distance between different types of chemicals to

prevent cross-contamination.
Avoid staclcing containers against process equipment
Follow manufacturers' suggestions on the storage and

handling of all raw materials.
Use proper insulation of electric circuitry and inspect

regularly for corrosion and potential sparlting.
Use large containers for bulk storage whenever possible.
Use containers with height-tQ-diameter ratio equal to one

lD minimize wetted area.
Empty drums and containers thoroughly before cleaning

or disposal.
Reuse scrap paper for note pads; recycle paper.

Use micro or semi·micro analytical techniques.
Increase use of instrumentation.
Reduce or eliminate the use of highly toxic chemicals in

IaboraIory experiments.
Reuselrecycle spent solvents.
Recover metal from catalyst.

/3- ,



Waste Origin/Type

Table 2. (Contillued)

enlion IIId Process 0Jan&es
Solvela. cleaning agena. dqreasing
sludges. smtb!U'ing wasre. caUSlic.
scrap mdal. oils. gruses from equip
ment deaning

:JmIioD IIId Process QIqes
Sludge IDd speIIl add from heat ex
c:IIInpr deaning

Treat or desUoy hazardous ware produl:ts as die last
step in experi_4S

Keep individual baZiulous walle stn:aIIIS sepepad.
sepepIe haZiIduus waste from IIOIIhazanIous walle.
segrepIC n:c:,daIIIe ware from IIOIl-IeCyCIabI walle.

Assure dIa1lhe idenIity of 111 chemicals and wasla is
c:leady awtcd on 111 COIWas.

InvesIipre JDeR:UIY recut'CI)' and n:c:yc:tiD&.

Maximize dedicMion of process equipmed..
Use squeegc CI to recover residual Ouid on produa

prior to iUdin&-
Use dosed stonge and balSfer syslaDS.
Provide sufticient diain liIIle for liquids.
Line eqniplieot to mIuce Ouid holdup.
Use deming SysieIillhal avoid or minimize soIvaa

and deal only when needed
Use CUUilleicw.a. rinsing.
Use c:Jean.in-piace systeIiIS.
Cean equipment jmiiie'limly after use.
Reuse deanup solvent.
Reprocess dcanup so1venI into useful produc:ls.
Sepepu: wastes by solwm type.
StandanIizc solvent UIaF-
R......jm solYelll by diwlllrim.
Sc:hedule production to lower deaning fiequcncy.
Use mechanical wipeiS on mixing tanks.

Use bypass COIIb01 or pumped IeC)'CIe to mainIain
IIiIbuIenI:e durin& IiIIIIdown.

Use SIDOClIh heat exdiaiJF SUIfaces.
Use OQ.stteam dealing lCChniques.
Use high pressure water deaningto iepIace chemical

deaning wheie possible.
Use lower pessure steaIII.

,11'"



APP:ENDIX IV
ENERGY

CONSERVATION
SUGGESTIONS
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CONSERVING ENERGY

Wastes Produced by Energy Genention

- Residue
• Wastewater
• Gases

Ways to Conserve ElectriQI and Thermal Energy:

- Turning off equipment and lights when aot ia use
• Placing cool air intakes and air-conditioning units ia

cool, sbaded area
• Using more efficient beating and refrigeration units
• Using more efficient lDotOrs
• Eliminating leaks in compressed air supply lilies
• bnproving lubriQtion practices for motor-driven

equipment
- Using energy-efficient power transfer belts
- Using fluorescent lights and lower wattage lamp or

ballasts
- Installing timers andlor thermostats to better control

heating and cooling



Ways to Reduce Loss of Tbermal Energy:

• Adjusting burners for optimal air/fuel ratio
• Improving or increasing insulation on beating or

cooling lines
• Instituting regular maintenance te reduce leakage

and stop steam trap bypass
• Improving tbe tbermodynamic eBiciency of tbe

process by options sucb as:
• Using condensers or regenerative heat exchanger to

recapture beat
• Using heat pumps or similar equipment to recover

beat at distmation columns
• Using more efficient heat exchangers
• Using cogeneration of electricity and steam (or hot

water)

Conserving Energy through Pollution Prevention:

• Treating and traB8pOrting pollutants wastes energy



APPENDIX V
1. Process Information
2. Input Materials Summary
3. Waste Stream Summary
4. Option Generation
5. Option Description
6. Profitability
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PClIlul.ion Pr.vention
Firm A.....m...t Worksh••ts Prepilred By

Site Checked By

Date Proj. No. Sheet_ of Page_of _

I PROCESS INFORMATION I

Process UnitIOperation:
Operation Type: DCominuous DOiscrete

oBatctl or SeIl'li-llItCh oOther

Statue
Document ComllleUl Current? Last U~~,this Document

(YIN) (YIN) Revision At YINI Number location

Process Flow Diaoram
MateriallEneroy Balance

De';""
Oll8iltina

Flow/Amount Measurements

Stream

.

Anal_stA..."s

Stream

Process Descriotion
Manuals

E list
E Soecifications
Pinina and Instrument Oia"""'s
Plot and Elevation P1an(sl
Work Flaw Diilorams
Hazardous Waste Manifests
Emission Inventories
AnnuaI1Bienniai Reaotts
Enviro"mental Audit lIe_
PermitIPennit A.....ieations

Batch Sheet'sl
Materials ADDlieatian Oiaorams
Product Comoosition Sheets
Mat_ Safe... OB'a S"-ts
Inventorv lIecords
Ooentor lftos
Production Schedules



, ·"n ........... .
Form -"£11 .,W-..-a "--By

Sita CIlBcUd By

Date I'lal- No. ...._.. - ....._..-
IINPUT MATERIALS SUMMARY I

0 ...
AtIIibu18

'-No. '-No. sa-No.
~

SouIcBISuppIier

Carnp00_I1IAttributB of C_

.......... e:-tion Rete

0venI
Compoo...1SI ofe-

Pun:IIase PlicB, • _

OvenI .......... Coat

DBli••, ModII'

Shipping Con1ainIr Size • Type2

S1afBlll~

T,....,ModII·

ElIIlIlY CoIail_ O' ; &4 ...._,...
__ u-

S'$$h WoUcI

- -.;t ....... -w1IVINl
-.-. .·ss· • _ .....7 IV"

- ..... eq'"iIIiDi. d8t1t7 IV""

'c £' It ~,if...

AllW'U. S. tJ ".Is)

No-.: 1. a.lI•• tiP 5 ...~_. 100 lllIl~ IIUl:Ic. lNdI. au:.
2. ..g.. 55 gal drum 100 ..... _ ... au:.
3- ...... -1IIIIoor• .... a_ ...........ou....... etc.
4. ..g........ fCIIldift.......,...;c "M.,a .. _ ..... ete.
5. ..g.. auato wod IandfiI. cIaIft .... NCYde. _10 q;11 , -.



F"_
PolIu1Ion Pr.....don

A....ment Worksh_ Prepared By

Site Checked By

Date Proj. No. Sheet_of Page 01

IWASTE STREAM SUMMARY I

Attribute
DescriptiOn

Stream No. Stream No. Strum No.

Waste lOiNlme:

SourcelOtigin

Component or Property of Concern

Annual Generation Rate lunits I

Overall

ComPOnentlsl of Concern

Cost 01 Disposal

Unit Cost I$ per: I
Overall (per year)

Method of Management 1

Relative Rating Rating Rating
Priority IIating Criteriaz Wt. (WI (RI RxW (RI RxW CRI RxW

Reg"'atory Compliance

TreatmentJOisposai Cost

PatentiaI Liability

Waste Quantity G_ed

Waste Hazatd

Safety Hazard

Mir,j",izalion Potential

Potential to Remove Bottleneck

Potential By-product Recovery

Sum of Priority Rating Scores IIRxW) IIRxWl IIRxW)

Priority Rank

Notes: ,. For example. sanitary landfill. hazardous waste landfill, on-site recycle, incineration, combustion
with heat recovery. diatillation, dewetering, eiC.

2. Rate elCh stream in each category on a scale from 0 lnonel to '0 (high).

PoUutioo Preveotioo Worksheets 79

1~1



PaIution Pmr.....
An4.s-. WorbhMts Prepared By

ChecIced By

Proj. No. m-t_of_ ...... _01_

II OPTION GENERATION

ing format 'e.g•• brainstouning. naminlllIfllUP teehiliquel

ing Coordinator

:ing Participants

"

•

List Suggestion Optians RI~onOpdon

14'



Firm
I'GIulioft ",...endon

"'epared ByAu.........t WorkshHts

Site Checked By

Dote Proj. No. Sheet_ol _ hoe of

II OPTION DESCRIPTION

C)ption"'-:

8riel1y describe the option:

Waste Streamlsl ""eeted:

Input Materialls' ""eeted:

Productls) Affected:

lndic:8te Type: 0 Source Reduction
_~edCNnge_ "'101.""lProcedure-l\elated C!lInge
_ Maleriall-llelated Change

o flKycling/lleuse
_OMite _ Material .....ed lor origInII pUrpOn
_Oflaite _ Material ..sed lor I lowet-<llMRty pUfPOal

__ Motorial aold

Originally proposed by:
. Date:

lleviIwed by: D,te:

Appnlved lor atudy? yes no By:

Reason for Acceptance ,., RIIjeclion

.JI



, 'uda q " ... da
Finn ......_~ "'-lId By

Site Chec:Ud By

Date PRj. No. ...._01_ ....._al_

II PROFITABILITY

c-..e-

P\nIlaed~.

Mace..

InIUIMian

UliIilyCol.~

[lIgi1_iilll

Sblt~ IIllI Tqinjng

0lIler t.pitaI Costs

TN! c:-.. Costs
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MEASUREMENT OF ORGANIC
CONTENT

Biochemical 0IY&!!! !IJt!!I!l(BOD} - measures dae
dissolved oxygen used by microorganisms in the biological
oxidation oforganic matter (5-day at 20 deg. C).

CM_kal oug_~(COD1-gives a reas••ably close
approximation of the total chemically oxidizable
carbonaceous conteat. The COD ofa waste is geaerally
higher than the BOD because more compounds can be
chemically oxidized. For many types ofwastes, it is possible
to correlate COD with BOD. COD takes only 3 hours as
compared to BOD, which takes 5 days. It is useful ia testi.g
of iadustrial wastes. For typical untreated domestic wastes,
the BODS/COD ntio varies from 0.4 to 0.8.

Total omanie carbon {TOC} - measans the organic
carbon. Possible correlation with BOD. For typical
untreated domestic wastes, the BODSffOC ntio varies
from 1.0 to 1.6.
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TOTAL SOLIPS

Total solids- all matter that remains as residue upon
evaporation at 103 to 105 deg C.

1. Filterable solids- matter passing through a 1 micron
filter.
a; Colloidal

(1) Organic
(2) Mineral

b. Dissolved
(1) Organic
(2) Hineral

2. Suspended solids- larger than 1 aicron.
a. Settleable solids- will settle to the bottom of an

Imhoff cone in 60 minutes.
(1) Organic
(2) Mineral

b. Non-settleable.
(1) Organic
(2) Mineral

Orqanic- volatile suspended solids(will volatilize at
600 del) C).

Hineral- fixed suspended solids(w~ll remain behind as ash).

ORGANIC NTDR

1. Protein.(tO to 60')
2. carbohydrates(25 to 50')
3. Fats and oils(lO')
t. Urea
5. Synthetic organics( includes surfactants, phenols,

pesticides and agricultural chemicals)
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ble J-S Typial tGdlpGSititw of _treated dOlNSDc wastewater
values ac:epl settleable solids are a.pc I~ ill mIlL)"

e-traac.

'cmstituCIII SUca, Medium Walt

DIids, louI: 1200 720 350
DissoIvcd. lOCal 850 SOlI 250

FIXed S25 300 14'
Voialile 325 200 10$

Suspcn lied. local 350 220 . 100
FIXed " " 20
Volalile 27' 16$ 80

:nIeabIe solidi, m1IL 20 10 ,
iochcnriaJ ClKJII:Il MnUMI. '-day, 2O"C (BOD" 2O"C) 400 220 110
,w orpaic: c:uboa (TOe) 290 160 80
'lm!jca1 CIIJ1m dClllllld (COD) 1000 SOlI 250
iuopa (tGCaIa N): ., 40 20
0rpIIic: 3' ., 8
Free·" "i' 50 25 12
Nitriles 0 0 0
N"nrates 0 0 0
.~.. (tGCaIa P): l' 8 4
O.paic: , 3 1............ 10 , 3
Cb1aridcs" 100 50 30
ltaliDity fa CaCX),' 200 100 50-- 1!0 100 50

IIIIIL - p'.
Values sItotdd be iIw:a sed by aIDOUIII ill dol. 111M' water JUPPIJ.
Nou:· l.I("C) + 32 - "F.
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THE WASTEWATER TREATMENT PROCESS

Pretreatment

- Screening
- Grit Removal
- Flow Equalization

Primary Treatment

- Primary Sedimentation
- Dissolved Air Flotation

Secondary Treatment

- Biological Treatment
- Trickling Filter
- Activated Sludge
- Anaerobic + Aerobic

- Final Clarification
- Disinfection

Tertiary Treatment

- Nitrogen Removal
- Phosphorus Removal
- Reverse Osmosis
- Ion Exchange
- Activated Carbon Adsorption
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BACTERIAL DECOMPOSITION OF WASTE

Aerobic Decomposition

Molecular oxygen (021 must be present for decomposition to
proceed by aerobic oxidation. The chemical end products of
bacterial decomposition are primarily carbon dioxide, vater,
and nev cell material.
Wide spectrum of organic material can be oxidized
aerobically - final end products oxidized to very lov energy
level - more stable end product.
High grovth rate - high amounts of biological sludge
generated.

Anoxic Decomposition

Some organisms viII use nitrate (N03) in the absence of
molecular oxygen. This is called denitrification.
End products are nitrogen gas, carbon dioxide, vater, and
nev cells.
High growth rate - production of sludge almost as high as in
aerobic process.

Anaerobic Decomposition

Molecular oxygen and nitrate must not be present.

Two-step Process:
1. Fermentation - complex organic compounds are fermented

to lov molecular weight fatty acids (volatile acids).
2. Organic acids are converted to methane.

carbon dioXide, methane, and vater are major end products.
Aamonia, hydrogen sulfide, and mercaptans are also formed
(odoriferous compounds).
Low grovth rate - low amounts of sludge generated.
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FIGUREJ..22
Photograph and schematic diagram of sludge collector for circular sedimentation basins. [Source:
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OESIGN OF FACIUI'IES FOR THE BIOLOGICAL TREATMENT OF WASTEWATER •

Fi.....e 10.16 Cross section or a typical activated-sloop aeration tank with finc-bubble diifllSCt
acration systcm. Note: m x 3.2808 - 1'1.



SOLIDS

- Screenings
- Grit
- Priaary Sediaentation Sludge
- Final Clarifier Sludge

SLUDGE HANDLIIfG

- 'l'hickening
- Gravity
- Flotation

- Anaerobic Digestion
- Aerobic Digestion
- Dewatering

- Vacuua Filters
- Filter Press
- Centrifuge
- Sand Bed Drying
- 'l'heraal Processing

- Disposal
- Beneficial Reuse (Coaposting, etc.)
- Land
- Incineration

- Biogas Use
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1. DEFINITION OF PROBLEM

2. AVOIDANCE OF WASTE
- POLLUTION PREVENTION
- WASTE MINIMIZATION

3. TREATMENT OF DISCHARGES

SUMMARY
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