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INTRODUCTION
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1. OBJECTIVES

- Reduce water ussge
Peuse water where possible
Reduce wastewater discharges
Reduce energy sonsumption
Reuse available energy

2. WATER

- Pollgtion Pravention
foitiat Waaste Survey

~ Fossible In-Flant Modificetions
Wastewatar Treatrnent

3. ENERGY

~ B nergy Audit

Fued Sourres
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4 CASE HIBTORIES

sl Boup Company  (soup
Wity o~ nodd not meet water
1y sie *iax ds, wanted W lower

- Qascade Sperisities {dehydratng
vegetable mandfactureny - high nost of
sneryy, conservation needed,

5. GOLAR ENERGY ALTERNATIVES

6. IMPLEMENTING AN ENERGY &
WATER SAVING PROJECT

Rr. Jahn Cobun
Diractor, CAFT/FMT Facility
Fiscataway, NJ., USA

br. Richard Mewr
Engineering & Management Consultants
Franklin Lakes, NJ, UBA

MORE INFORMATION CONTACT:

Mr. Richard F. Stiex

Director, Techrical Services

B Morad 5. Ahmed

Co-Director, Technion Sonvices
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12 {)ka Straet, 5* Floor
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REGISTRATION INFORMATION
ENERGY & ENVIRONMENT
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THE ENVIRONMENT
ECONOMICALLY

A SHORT COURSGE

SEDNSORED
By OTHE
AGRICULTURE LED BXPORT
RUSINESSER PROJECT (ALER

ARG BOYPT

FODENTER FOR AINVANCED
OO0 TECHNOLIEY

i
N N & ;::3 Py
PISCATAWAY, 8J, USA

LIS Proect Mo, 2820284

January 30-31, 2001 at 10:00 at
the ALEE OHices, Dokki, Cairp



RICHARD H. MEER,

PRINCIPAL CONSULTANT
ENGINEERING & MANAGEMENT CONSULTANTS
742 BUTTERNUT DRIVE
FRANKLIN LAKES, NJ 07417, USA
TELFAX: 201-847-0748
e-mail: RHMeerEMCQaol.com

EDUCATION

Bachelor of Chemical Engineering, Lafayette College, 1963
Master of Science, Chemicai Engineering, Comell University, 1965
Master of Business Administration, University of Delaware, 1968

PROFESSIONAL BACKGROUND
E. |. DUPONT DE NEMOURS & CO., DEEPWATER, NEW JERSEY, 1965 TO 1968

Jackson Laboratory, the Organic Chemicals Research and Development facility,
speciaized in "Freon” compounds and textile dyes. Position heid was Research Enginger.
O Developed technical scals-up procadures for chemical compounds
0O Supervised pilot plant operation

MEER CORPORATION, NORTH BERGEN, NEW JERSEY, 1968 TO 1993

The largest botanical exiraction and water soluble gum company in the Uniled Stales with
sales of $ 25 million specializing in natural ingredients for the food and phermaceutical indusiries.
Positions included Project Engineer, Vice President, Exacutive Vice President, and President.

,
0 Prepared mamdactuing procedures, aconomic lot sizes and annual production plen.
O Installed plant extraction, distilation, spray drying, compaunding, milling and blending

eqmmant Prepared "what i" cost analysis on product formulations 0 remove unprofitable

product inventory
0 Developed state-of-the-art spray drying system requiring iess labor and energy

customer satisfaction. Results confirmed by an independent market research firm.
n] mmmmwmwwmmmm

requirements.
0 Coordinated development projects among flavor, stabilizer, and exdraction laboraiories

O Prepared organizational mmmu1usmm
a wmmmwmnmm
u} wwummmmﬁ NAFFS, FEMA, ADS, and

o Pmductmngerforspms spice oleoresins, and pharmaceutical products.




0 Targeted specific industry segments of beverage, baking, tobacco, dressings, spices and
nutritional supplements to concentrate marketing, sales, and development efforts with

growth potential.

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

Provide consulting services to organizations with botanical, food processing, flavor, and
pharmaceutical applications. Position: Principal Consultant.

O Technology transfer of cell burst process for fruit, vegetable and grain products from South
Africa to introduce the operation in the United States. Business plan prepared including
marketing procedure cutlined for full implementation.

0 Prepared specifications, and selected equipment set-up a $0.5 million spray drying venture to
manufacture health food ingredients. Prepared a Break Even Analysis for formulated
nutritional supplements to operate the dryer efficiently.

0. Provided botanical raw material ingredients, set up quality standards, and selected custom
processing site for a pharmaceutical research firm. !dentified over $250,000 of savings during
brief assighment.

O Developed a process to remove moisture from a harvested engineered leafy crop

without excess heat, followed by a cryogenic freezing process to maintain stability.

Presented new product ideas for market expansion.

Prepared venture analysis for flavoring ingredient. Potential sales $5 million

Reduced bacteria, water and energy consumption during the manufacture of a mineral

supplement

Prepared marketing report for manufacturing standardized herbal products in North America

Provided technical analysis for reactor damage in a manufacturing biological research

laboratory for both equipment and research compounds. Supervised damaged equipment

recovery process.

Industry technical expert during merger negotiations of nutraceutical firms.

Established equipment specifications and prepared a plant layout for manufacturing

standardized botanical extracts.

PROFESSIONAL ENGAGEMENTS

e Seminar Speaker, “Cost Saving Wastewater Management Strategies for the Food and Flavor
Industries,” Rutgers, the State University of New Jersey, Center for Advanced Food
Technology (CAFT)

e Industry Expert, Spice Oleoresins, Food Chemicals Codex, Specifications Committee

» Seminar Speaker, “Spice Oleoresin Marketing in the USA", Women in Flavor and Fragrance
Industries

e« Technical Review Presentation, Annual Convention, National Association of Fruits, Flavors,

and Syrups
PROFES AND NITY ACTIVITH
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President-Elect, National Association of Fruits, Flavors and Syrups (NAFFS)
Board Member, Consultants Association of the Natural Products Industry (CANI)
Consulting Associates Network, Rutgers University, Center for Advanced Food Technology (CAFT)



Industry Expert, Technical Advisory Service for Attorneys (TASA)

Professional Member, institute of Food Technologists (IFT)

Former Member, Government Relations Committee, Flavor Exiract Manufacturers Associalion
(FEMA)

Former Member, Supplier Advisory Commitiee, Association of Dressings and Sauces (ADS)
Former Chairman, Extractors Commitiee, American Spice Trade Association (ASTA)
Member, Drug, Chemical, and Alled Trades Association (DCAT)

Executive Board, Northemn New Jersey Council, Boy Scouts of America / Commitiee Chairman,
Troop 34

Former Associate Director, United Jersey Bank, Hackensack, New Jersey




John F. Cobum

Associate Director, CAFT
Director, Advanced Manufacturing
Center for Advanced Food Technology (CAFT)
120 New England Avenue
Piscataway, NJ 08854
(732) 445-8132

Research Interests:

Research Management; Strategic Planning; 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
-Consuitant, 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 Army
-Chief Chemical Officer, USArmy, Dugway Proving Grounds, 1963-67
Professional Activities:

Director, Combat Rations Network Projects, 1996-present
Director, Combat Rations Advanced Manufacturing Technology

Demonstration, 1991-1996

Consultant, Computing Workstation Productivity, Exxon, 1987-88
Client Executive, Computing, Exocon Research & Engrg, 1981-86
Exxon Computing/Mathematics Technical Education Panel, 1982-86
BExxon Supercomputing Task Force, 1985

Technical Advisory Committees, Solar Energy Indus. Assoc, 1979-81
Board of Directors, Daystar Corporation, 1976-79
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Coordinating Research Council (CRC) Fuel Quality, 1971-76
Exxon Aviation Technical Committes, 1971-76

CAPE-12 Panel, Industry-Govemment (CRC APRAC), 1971-73
CAPE-6 Panel, industry-Government (CRC APRAC), 1969-71

American Association for the Advancement of Science
Institute of Food Technologists

Research & Development Associates for Military Food Feeding and
Packaging Systems; Chairman Scientific Development and Member
Board of Directors

Society of Automotive Engineers (1970-78)
interational Solar Energy Society (1978-82)

Patents:

U.S. Patent 4,379,613 “Solar Energy Collector”

U.S. Patent 4,292,859 “Solar Energy Collection System”

U.S. Patent 3,873,271 "Method and Apparatus for Detecting Free Water in
Fuels™

U.S. Patent 3,642,632 "Anthranilic Acid Esters as Lubricant Additives”
Recent Publications and Presentations:

“CORANET's Polymeric Tray Manufacturability Study”, Research &

Development Assoc. 1998 Spring Meeting, Lake Tahoe.

*Quality Process in Manufacturing”, Ressarch & Development Assoc.
1997 Spring Meeting, Tampa.

“ldeal Processing Line Setup®, Defense Logistics Agency. 1997 MRE
Quaility Summit, Fort Mitchell, Kn.

“An Object-Oriented Environment for Chemical Process Simulation”,

AIChE 1990 National Meeting, Orlando




ALBERT MACHLIN, P.E
Consulting Engineer
212-675-5868 (Direct Phone)
212-924-8071 (Direct Fax)

SUMMARY

Consulting engineer with extensive experience in all aspects of environmental
engineering with industry and government. Formerly Assistant Regional Director and
Regional Engineer for Environmental Quality for Region I (Long Island) of the New
York State Department of Environmental Conservation.

WORK HISTORY

Principal and Co-founder of the Environmental Technology Group, Inc., NY, Experts

in Engineering, Science, and the Environment.

o Provided expert environmental engineering assistance to various law, insurance and real
estate firms, which included water supply, wastewater, flooding and stormwater, solid
waste, and hazardous waste matters.

Assistant Regional Director and Regional Engineer for Environmental Quality
Region 1, New York State Department of Environmental Conservation, Stony Brook,
NY.
o Second in command of Region 1 office covering all New York State environmental
programs in Nassau and Suffolk Counties - including Air Pollution, Water Pollution,
Solid and Hazardous Waste Programs.

Director of Environmental Quality

" Region 2, New York State Department of Environmental-Conservation, New York, NY.

e Responsible for carrying out all New York State programs for Air Pollution, Water
Pollution, Solid Waste and Pesticide Control in New York City.

Assistant Director for Environmental Health Services
Office of New York City Affairs, NY S Department of Health, New York, NY
o Responsible for carrying out all New York State programs for Air Pollution, Water
Pollution, Water Supply, Solid Waste, Hospital and Nursing Home Sanitation,
Meosquito Control, Rodent Control, and Housing Code Enforcement in New York City.

Fi.Y



Vice President and Division Engineer

Hydrotechnic Corporation Consulting Engincers, New York, NY

o Project Manager for preparation of engincering reports, designs, and specifications for
varions industrial and municipal wastewater treatment, water supply, storm drainage,
and refuse disposal projects, both in the US and abroad. Served as Resident Manager of
Pitisburgh and California offices, and Chief Sanitary Engineer of Lima, Pern office.

Civil/Sanitary Engineer at the following Consulting Firms:

o Alecxander Potter Associates, New York, NY

e Parsons, Brinckerhoff, Hall and MacDonald, New York, NY

¢ Gibbs and Hilk, Inc., New York, NY
Prepared reports, designs, specifications, and supervised construction of sewerage, waler
supply, storm drainage and flood control works for above firms.

Senior Technical Consultant

United Nations Development Program

e Proposed storm water, sanitary sewage, and solid waste facilities for the city of Schondi-
Takoradi, Ghana.

Adjunct Asseciate Professor, Eavironmental Engineering
New York Institute of Technology, Old Westbury, NY

Lecturer, Eavironmental Engincering
Waste Management Institute, State University of New York, Stomy Breek, NY

Lecturer, Envirenmental Engineering
Schoel of Continuing Education, New York University, New York, New York

Assistant Professer, Waste Water and Water Supply Systems
Graduate Engineering School, State University of New York, Stowy Breok, New York

Clinical Assistant Professor, Environmental Health

Division of Allied Health Services, State University of New York Stouy Broek, New York
EDUCATION

Coliege of the City of Now York, B.CE.

Polytechnic Institute of Brooklyn, M.C.E.
City University of New York, M.S. (Eaviroumeatal Engincering)




NSES

Registered Professional Engineer in New York and New Jersey.

OFESSIO

American Academy of Environmental Engincers (Diplomate)

American Society of Civil Engincers (Fellow)

Director of Metropolitan Section ASCE (1989-1992)

President of Metropolitan Section ASCE (1997-1998)

American Water Works Association

New York Water Environment Federation

Air and Waste Management Association

Inter-American Association of Sanitary Engineers and Fanvironmental Sciences
(AIDIS) - Regional Director of Upper Mid-Atlantic Region

PUBLICATIONS

Groundwater Contamination on Long Isiand, New York (co-authored with S.
Smith), Third International Conference for Environmental Quality and Ecosystem
Stability, Jerusalem, June 1938.

Long Isiand Water Resource Problems, A Lesson for Developing Countries.,
International Conference on Resource Mobilization for Drinking Water Supply and
Sanitation In Developing Nations, San Juan, P.R., May 1987.

Uncertainty of Water Supply Demand Estimates (co-authored with A.S. Goodman
and M. Karamouz), Symposium on Water-Use Data for Water Resources
Management, Tucson, Arizona, August 1988,

Multi-layered Sampling In Water Table Region of a Sandy Aguifer (co-authored
with E. Kaplan, S. Banarjee, D.Ronen, M. Magaritz, M. Sosnow, and E. Koglin),
Journal of Ground Water, May-June 1991,

NOTEWORTHY

Recipient of World Health Organization Traveling Fellowship in 1985 to study and
report on Reclamation and Reuse of Water in Israel and its applicability to Long Island.

Listed in Who's in the East (1985).



Environmental Training for Venezunelan Oil Co. Staff, Maraicaibe, Centre
Internacional de Educacion y Desarrolio

Floodplain Management Plan, Village of Bayville, L.L, NY

Local Waterfroat Revitalization Plan, Village of Bayville, L1, NY

Leakage Testing of 2,000,000 Gallon Fuel Tank, Astoria Plant, Con Edisen, ASTTest
Ce.

Sanitary Sewer Overflow Handbook, USEPA, Citizens for the Environment, LI, NY
Structural Damage Evaluatioa for Garage, Northern Boulevard, Queens, NY,
CoaTech, NJ

Pollution Prevention Seminar for Food Industry, Rutgers University, NJ

Air Pollution Permit Program, Safety and Eavironmentsl Division, Breskhaven
National Laboratory, Uptea, NY

Preparation of Proposal Documests for Studge Chemical Fixation Flant for Wards
Isiand - NYC, Metealf and Eddy, Consulting Engineers, New York, NY
Groundwater Monitoring Program, Safety and Environmental Division, Breskhaven
National laboratory, Upton, NY

Sewage Treatment Plant Operation,Plant Eagineering, Brookhsven National
Laberatory, Uptea, NY

Maybrook Lagoons, Hazardous Waste Site - Town of Hamptonburg, NY, Seevers
Amsociates, New York, NY

Eavironmental Site Study for Propesed Electrical Generatioa Facility Misslon
Eaergy Company, Smithtown, NY

Peconic River Management Plan, Safety and Eavirenmental Divisien, Breoskhaven
National Laboratery, Uptos, NY

Storm Drainage Project - Town of East Hamptea, NY, Lewin & Laytin, Atterneys,
New York, NY

Water Treatment Plant, Oswege, NY, Mackenzie Smith Lewis Mitchell & Hughes,
Attoraeys, Syracuse, NY.

Environmental Assessment, Eastern Star Products, Inc., Hicksville, NY, AKRF, Inc.,
Eaviroamental Consuitants, New York, NY

O Spill - Private Residence, Westhampton Beach, NY, Pine & Assecintes,
Atterneys, White Plains, NY

Oil Spill - Gascline Service Statien, Garden City, NY

Cooperman, Harding & Moore, Attorneys, Kew Gardens, NY

Coastruction and Demolition Debris Facility, Queens, NY,

Eder Associates, Consulting Engineers, Locust Valley, NY

Scwage & Drainage System Private Residence, Flandeme, NY

Estate of Al Brackman, Flandome, NY

Superfund Site, Caldwell Trucking Company, Caldwell, NJ
Sive, Paget & Riesel, P.C., Attorneys, New York, NY




Air Emission Permits Award Packaging Corp., Garden City, NY

Environmental Education Consulitant, School of Continning Education, New York
University, New York, NY

Wood-Fired Waste-To-Energy Facility, Star Recycling, Inc., Brooklyn, NY

Storm Drainage, Nassau County, NY, Pester, Goldberg, Schiff, Danzi & Feldman,
Attorneys, Carle Place, NY

Environmental Audit - Private Residence, Kenneth R. Singh, Attorney-At-Law,
Richmond Hill, NY

Fire Damage Evaluation, EcoSmart, New York, NY

Legionnella Problem, Budget Motor Lodge, Woodbridge, NJ, Tell, Cheser &
Breitbart, Attorneys, Mountainside, NJ



Program Outline

+ Solar Energy Altematives
+ Implementing an Energy & Water Project
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Objectives

* Reduce Water Usage

¢ Reuse Water Where Possible

e Reduce Wastewater Discharges
* Reduce Energy Consumption

¢ Reuse Avallable Energy

e Energy and Water Reuse Project Check List
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Energy And Water Reuse Project
Plant Check List

» Typical Work Week

* Plant Water Usage and Cost
» Plant Wastewater Discharge
» Electrical Energy Usage
Fuel Usage

Alternative Fuels

Usefully Advance Information
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Energy and Water Reuse Project (ALEB)

Plant Check List

Firm: Contact Person:

Maijor Products:

Plant Capacity: kilo/week

Typical Work Week: hour/week

Plant Water Usage and Cost

a. Total Volume Used liters/week

b. Major Water Requirement in Plant

¢. Basic Water Cost LE/liter

d. Quality of City Water Available

Plant Wastewater Discharge

a. Discharge to City System liters/week

b. Wastewater Disposal Cost LE/liter

¢: Cost Criteria (flow, BOD, etc)

Electrical Energy Usage

a. Amount Used kwh/week

b. Basic Electrical Energy Cost LE/kwh

¢. Peak Demand Charge Cost LE/kw

c. Quality of Electrical Energy (power factor, continuity, etc.)

Fuel Usage

a. Amount of Fuel Used liters/week

b. Basic Fuel Cost LEAiter

¢. Type of Fuel Used (#6 Oil, gas, propane, kerosene, etc)

Alternate Fuels Available

a. Fuels Availability (#6 Qil, gas, propane, kerosene, etc) litersiweek
LE/liter

b. Alternate Fuel Cost

¢. Quality or Type of Fuel Available

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

e What is the Ideal Situation?
— Zero Discharge

« How Do We Move Toward That Goal?
- Pollution Prevention
- Waste minimization
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Pollution Prevention

» Maximum feasible reduction of wastes

 Judicious Use of Resources
— Source reduction
— Energy efficiency
— Reuse of materials
— Reduced water consumption
* Product changes and Process changes

— Reduce volume and toxicity production wastes
- End product life cycle and disposal
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Environmental Management Options Hierarchy

Deciding on Pollution Prevention




Source Reduction

Product Changes

Process Changes
« Designior Less
Environmental impact
« Increase Produdi
Lie
input Material Changes Technology Changes improved Cperating Practices
» Material Purification + Layotnd Changes + Operating and Maintenance
« Substitution of Less-Toxic « Increased Automation Procedures
Materials « Improved Operating « Management Practices
Conditions + Stream Segregation
« improved Equipment + Material Handling
= New Technology Improvements
» Production Scheduling
+ inventory Comtrol
= Training
« Waste Segregation

. Source Reduction Methods
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» Accpsirs Data
* Analyze Resulty

L
|  Msintsin Poitution Prevention Program |

Pollution Prevention Progr;am Overview




Defining The Problem

¢ The Initial Waste Survey
- Evaluation of Existing Records

~ Determination of Characteristics, Quantities and
Sources

- Determination of Mass Balance (Water, Materials)
« Management Support Needed

— Personnel and Service Use

- Personnel Training

- Laboratory Analyses
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Evaluation of Existing Records

+ Discharge Permits » Water Pressure

+ Regulatory Violations o Seasonal and Product

e Sewer Use Ordinances Variations

« How Sheets * Laboratory Analyses

e Plans, Utikties  Costs of Treatment

+ Fow Measurements » Process Procedures
* Energy Usage
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Waste Characteristics
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o Waste Quantities

- Water Usage

- Fow Measurements

- Flow Variations (Minimum, Average, Peak)
e Waste Sources

- Process
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Mass Balance

e Input
— Water uisage
— Raw or processed ingredients
e Output
— Retained in final product (water + ingredients)
— Evaporation
— Effluent flows and waste measurements
- Miscellaneous
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ample 1-1. Mr. and Mrs. Konzzumer have no children. In an average week they
chase and bring into their house approximately 50 kg of consumer goods (food,
gazines, newspapers, appliances, furniture, and associated packaging). Of this
ount, 50 percent is consumed as food. Half of the food is used for biological
intenance and ultimately released as CO; and the remainder is discharged to
: sewer system. Approximately 1 kg accumulates in the house. The Konzzumers
yycle approximately 25 percent of the solid waste that is generated. Estimate the
iount of solid waste they place at the curb each week.

lution

Output1 = Biological Maintenance

!

Input ——»|Accumulation|

v

Output2 = Sewer

— Output4 = Discard
— Output3 = Recycle

rite the mass balance equation.
Input = Outputl + Output2 + Output3 + Output4 + Accumulation
sw we need to calculate known outputs.

One half of input is food = (0.5)(50 kg) = 25 kg
One half of food is used for biological maintenance = Outputl = (0.5)(25 kg)
= 12.5kg
One half of the food is lost to the sewer system = Output2 = (0.5X(2S kg)
= 12.5kg
5 The recycled amount is 25 percent of what remains of input after food and
| accumulation is removed = Output3 = .25(Input —~ Output] — Output2
— Accumulation) = .25(50 — 12.5 —=12.5 —1) = 6 kg

“  Now we can solve for Outputd:

Output4 = Input — Outputl — Output2 — Output3 — Accumulation
=50-125-125—-6-1
j = 18 kg




Waste Survey Report

Monitoring requirements « All possible actions to

Preventable material reduce wastes
losses - Short term, low cost
processes * Possible by-product
Processes which require recovery
pretreatment » Economics

Need for equalization
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. Possible In-Plant Modifications

» Process alterations » Non-food residue
e Housekeeping practices ~ disposal

» Spiflage Control * Water conservation
e Screening * Recyding and reuse
= Residue disposal ¢ Dry deaning

* Separation of wastes

—

-Io!. no. l.an — wqi"a‘lll-’ —
mmﬁ Hil.'l!_,m i t.,.gld -
sbadl e dkilad - clgual¥) i pSaid —

A5y el sake) — A -
lall Gl - Gl e alat -
Bl Sk -

3



Top Ten Strategies to
Conserve Water

1 Improve Maintenance 6 Conduct Detailed
2 Alter Cleaning Methods Process Use Survey

3 Separate Wastewater 7 Develop Water Use
Streams Budget

4 Monitor Process Flows 8 Reuse Water

S Conduct Plant-Wide Use 9 Replace Older,
Survey Inefficient Equipment

0 Develop Employee
Training
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Hierarchy of Wastewater
Management

* By Process changes
2 Reuse-
e By using “waste” again
3 Recycle-
» By reclaiming material and converting it
4 Treatment-
» By changing its nature
5 Disposal-
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Getting Started

>
Figure 1.2

FPR utilization and disposal hierarchy

Current FPR inputs

' Buonehid scale

Management dratery

[

il
PR source reduct - o
PR :vo;::cre uction o Maximum benefit to
_ - the processor and the
conservation z E environment
o vy |

Recovery — |l

for human uses - o
«miiE - -

7

Recovery
for animal uses

4
Recovery for soil
conditioners & fertilizers
>
ﬁ?ﬁ..,.,_@,,_. 7 '..‘. - 0

Disposal in landfill,
and impoundment,
or incineration

Disposal in hazardous
waste management

Y

facility A No benefit;
Increasing cost
8 T The FPR Management Manual
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Energy Audit
Electrical Usage Survey

Basic Terms
» Voltage (V) = Current (I) x Resistance (R)
o Configuration
- Series

- Parallel
* Phases - 60 Hertz (cydes) of alternating current
- Single phase

- Three phases
- Power Factor
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Energy Audit
Electrical Usage Survey

Power Factor concepts
* PF (power factor) = kw (power delivered)
kvr (electrical energy)
» Inductive load motors and transformers
» Utilities and its capacity
« Capacitate components - current to iead voitage
+ Turned Harmonic filters
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Energy Audit
Electrical Usage Survey

o Exterminating “Power Bugs”

- Blectronic equipment has 2 higher degree of sensitivity
- Prevent load interaction

« Work Place Electrical Loads

- Three Phases

- Efficiency function of motor construction

» Electrical Consumption Survey

- Identify each electrical use

- Identify Blectrical location

e Electrical Safety
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Monitoring Quality of Purchased
Power

Benefits of Monitoring Power

Fewer disruptions, quality parameters,

provides data for use in negotiation with power company
Three Phase Monitors at Point of Entrance
Cost Vs. Benefit

Monitor power supply, unit cost, reguiation at entrance

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

« Basic Premise - Electricity cannot be stored

e T & D System Problems - power outages

e "Brownout” - utility reducing voltage by 5% or
more

» Specialty drcuits and equipment

» Energy conservation areas - within the plant
distribution network

-
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R I ossil 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

- Water is an inexpensive and effective heat transfer fluid
Steam dircuit - steam traps are a necessity
Condensed water contains heat value,

Mechanical, Thermostatic, Thermodynamic traps

Energy Conservation Measures

Boider operate befow its max, remove scale from bollers
Correct fuel to air ratio for max efficiency

Keep steam traps working, insulation of all pipes
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Hot Water and Steam Energy
Recycling

* Heat Recovery Systems

- Capture Waste heat and transfer to a liquid
- Provide reserve energy capacity

* Thermodynamics

- Transfer energy from one form 1o another

- Waste heat, effectiveness of heat exchange

¢ Determining Value
- F=QxN/ExH
- Fuel saved equals the quantity of heat recovered times the number of

hours per year system Is on divided by efficiency of heat recovery
system times heat value of fuel

Sl Ay oAl oLl 5 sale)

3l sall Boladiad dakast ~

Filas (B Ll gaty 5 sall a BN aa -
ALl Lad algal iy -

Gy el el —

3 gp Ga WUl ygas -

g oad Jolal dllad g i3 ) ,adt 3G -
Laill jaad —

F=QxN/ExH -|

Lo 0105 (A Al i ol sae X aalaiudll 3 ) jall 48 = jigall agiyll -
35 ) Zad X Sibaiaeal 3 g pall i 3o US o Lo e Sl a3 Al |




Dryer Energy Efficiendes

¢ Improve Heat and Mass transfer area
o Safety considerations
* Drying Operations

¢ Energy Conservation
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Refrigeration Efficiency
Improvements

o Chiller Alternatives
o System Parts

o Plant Operation

» Plant Maintenance

¢ Energy Conservation
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Refrigerant Subcooling

e Applications

- Chillers or packaged air conditioning systems to be replaced
- Install smaller units

o System components and objectives

- Increases cooling capacity, ground source water loop

¢ Maximum benefit

- System has more refrigerant- greater densily in cold liquid
- long run- lower electrical costs

* Savings

- Savings $5800 per year on electrical charges
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Energy Preventive Maintenance
(PM)

» Basic Premise

e Economic of maintenance and energy

+ Implement a maintenance program

¢ General suggestions for maintenance action
e Electric Maotors

e Maintenance Summary
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Energy Preventative Maintenance (PM)

1. Basic premise
a. Reactive management- "if it ain't broke, don't fix it”
b. Pro-active 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 deferred maintenance- strategy
leads to additional energy use, reduced equipment life and plant
reliability

c. Four ways to reduce energy cost- reduce price of purchased
energy, reduce operating hours, reduce need for energy, increase
operational efficiency

3. implement a maintenance program

a. Assess existing conditions and correct deficiencies- first, complete
audit of facilities, identify operation and maintenance (O&M)
seficienci

b. Compile documentation on existing equipment and facilities-
building drawings, specifications, manuals, operating instructions,
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 trade-offs vs. benefit of
more frequent maintenance actions
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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

Is steam system efficient?

Are leaks under control?

Are hot and cold pipes insulated?

Are steam traps working? Is condensate captured and
returned?

Are dead-end steam lines eliminated?

Is piping properly sized to minimize restrictions?

Is steam treatment program pianned to keep blow-down
reasonable?

Does compressed air system use outside air to reduce
temperature and increase efficiency

® NOOM AwWN-=

e



5. Electric motors

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

b. Inventory all motors 1 HP and larger- namepiate information,
operating hours, age, drive system, etc.

c. Should be lubricated according to manufacturers
recommendations

d. Drive system shouid be properly adjusted

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

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

g. Proper sizing of motors- designed to operate 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 rather than repaired

6. Maintenance summary
a. Use information 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
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Alternate Power Sources

Basic Premise

Renewable energy capture directly: sun

Usually requires high installation cost and maintenance
Solar Energy

Flat plate collectors filled with water and is pumped
Night time, stop pump and hot water flows in a reservoir
Day lighting- lighting naturally

Reduced energy consumption during peak power uses
Requires litle maintenance
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Steam Turbine Cogeneration

* Basic Premise
- Basic process of producing electrical power from exdsting steam
production

e Potential for cogeneration

- Steam turbines are 50% to 70% efTicient and ol generators are
90 to 95% efficient

+ Evaluation of electrical rates
- Consideration of downtime oocturmences

e Project pitfalls

- Manpower? Technical assistance?
e Summary
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Information Needed For
Energy Management (EM)

Knowledge about Power

e Basic Factors
¢ On Site Generation- Classic Make or Buy Decision

e Ability to evaluate alternative energy choices
~ “What if” questions

o Elements of an Ideal System

o Advantage of EM System
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Case Studies

« Campbell Soup Company

e Wise Foods - Subsidiary of Borden

o Cascade Spedialties

« Rutgers University - Food Manufacturing Fadility
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“Reduce” - Water Conservation

Campbell Soup Company Plants

» Problem- lowering costs of water supply,
wastewater treatment, and solid waste removal

o Issues- State EPA regulation, lower disposal lead to
less production, wastewater treatment needed

¢ Process

- Task Force manager, wastewater audit performed, employee awareness
made, approached each unit process separately

e Results

- Saved company $950,000 in purchase water costs alone

- reduced environmental liability
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“Recycle” - Land Application

Wise Foods- Subsidiary of Borden

o Problem- disposal of potato waste solids

Issues

Strict State land applications regulations

Desire to optimize recycling benefits

Process

Designed the process to meet municipal siudge land standards
Ciminated chemical deaning of raw potatoes

Economic Evaluation

Annual Savings = $5000 per week x 52 weeks= $221,000

* Results
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Cascade Specialties —
Wise Energy Use

Dehydrated Onion Producer

» Basic System

- Multi-stage, gas fired, mixed flow hot air system

o Energy Techniques Used

Dry outside air employed, 3 inch insulation, fiitered air
automatic 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
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Rutgers, Food Manufacturing
Facility - Steam/Hot Water
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Solar Energy Alternatives

John F. Coburn, PH.D.

Qirector, Advanced Manufacturing

Center For Advanced Food Technology (CAFT)
Rutgers, The State University of New Jersey

Formaer Officer and Meamber of oards of
Saiar Powear Corporatinn

Daystar Corporstion

Sotar Thermal Systems, Ina

Exxon Enterprises, Ing
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solar Power Corporation
Daystar Corporation

Solar Thermal Systems, Inc
Exxan Enterprises, Inc
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Parabolic-System Parameters







Parabolic-Temp vs
Performance
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- Proposal BExamples

SOLARWALL -
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System Characteristics

* Concentration of sun’s heat rays

¢ Requires -
~ Collecting surface
— Absorbing surface
- Heat transfer fluid
» Tracking system with sensors

o Can operate at 175 °C for onion dehydration

plail) al gd

paalll 45 ) ol AVl € 5 -
ol k-
[ aal i
vale o —
5350 Jis e
Jaind 3 jealy 3 el il pllis -
dradl Ciyiadl 2°VY0 die abals oS4 -

31

1%



e 40-60% from local materials & labor

¢ Routine maintenance - once/week operator
washing

« Data monitoring by telephone

» Industrial Solar Technology (IST) has 15
years of improvement
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System Parts

o Light weight and high strength - wind protect
» Special reflective surface 87-88% efficient

» Standard motors and controls

» Trough efficiency - 55% of available heat

» Operation - balance of collection/application
— Solar system feeds steam available
— Conventional system feeds make-up steam
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Onion Drying Solar Thermal
System

e Plant capacity - 3.7 tons/day of dehydrated
onions :
¢ Operation - 10 months/year
o Temperature - 115 - 130 °C by National
Drying & Wolverine P&S
e Design - 20 million BTU/hr energy
» Field area required - 13,378 square meters
¢ System Cost = $3,600,000
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Payback Period

- ol
R = o capi: |

e Mazoot cost at $25/barrel
o Current Fuel Cost = $310,500 per year
* Maintenance cost = $3.32/M2/yr or $43,200
e Net Savings $267,300
» Simple Payback = 13.5 years
e Assuming oil cost increase of 5% annual
— Simple Payback = 11.2 years
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Issues for Study

e Accurate solar plant sizing
— Dehydration plant requirements
~ Secure accurate solar data

e Optimum mix of solar energy and
conventional fuel

» Detailed economic analysis - interest,
discounted cash flow

e GATT treaty to remove energy subsidies in
2004
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E jfi System Operation

L. 2
=1

» Dark metal dadding surface to absorb heat

o Contains holes to pick up outside air - drawn
in by ventilation fan

 Distributed in plenum chamber to crops
where needed

» Can raise drying temperature to 60 °C
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Conserval Proposal

o Floor area - 1,200 m?

e Collector area - 1,500 m?

* Temperature rise - 24.5 °C
o Installed cost - $123,300

e 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 assessment

Write program plan

Do detailed assessment

Define pollution prevention options
Do feasibility analysis

Write assessment report
Implement the plan

Measure progress

Maintain pollution prevention program
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Pollution Prevention
Program

» Help define company goals
e 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 poliution prevention task force
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DATA SOURCES FOR FACILITY
INFORMATION

Water and Wastewater Analyses

Process Flow Diagrams

Operation Manualis and Process Descriptions
Equipment Lists _
Equipment Specification and Data Sheets
Piping and Instrument Diagrams

Plot and Elevation Plans

Equipment Layouts and Logistics

Product Composition and Batch Sheets
Operator Data Logs

Operating Procedures

Production Schedules

Wastewater Treatment and/or Disposal Costs
Water and Sewer Costs, Including Surcharges
Energy Costs

Fuel Costs

Operating and Maintenance Costs
Department Cost Accounting Reports
Standard Procedures

Organization Charts



POLICY STATEMENT

Should answer three key guestions:

1. Why are we implementing pollution prevention?

We want to cut costs.

2. What will be done to implement pollution?
prevention?

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

3. Who will implement pollution prevention?

Everyone will be involved with assigned tasks.



NAME POLLUTION PREVENTION TASK
FORCE

Program Leader
Should be named from the highest level practicable.

Maust 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 Members

Should be selected for their specific technical or business
expertise.

Environmental and plant process engineers, production
supervisors, and experienced line-workers are good
candidates. Other potential sources include purchasing and
quality-assurance staff.

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

» Challenging yet achievable

* Flexible

o Part of a program planning document
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Do Preliminary
Assessment

» Collect Data
* Visit Sites
» Establish priorities
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Write Program Plan

» Define Objectives
» Identify Potential Obstacles

o Develop Schedule
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o Name Assessment Teams
e Review data and sites
e Organize and document information
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DO DETAILED ASSESSMENT

Name assessment teams

- Areas of expertise to consider for detailed assessment
teams:

Management

Engineering

Quality control

Production and maintenance
Accounting and purchasing
- Legal

Health and safety

Research and development

Example of Detailed Assessment Team:

- Production supervisor (Team leader)
Facilities engineer

Maintenance engineer

Accounting and purchasing



Review data and 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 — check for signs of
spills or leaks

- Make follow-up visits
- Assess organizational structure and coordination

between departments
- Assess administrative controls

Organize and document information

- Perform materials and energy balance on each
process or component

12



Define Pollution
Prevention Options

e Propose Options
» Screen Options
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’ " Do Feasibility Analysis

e Technical
» Environmental
o Economic




M BV &

Economic
Payback method:

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

PBP (Payback Period) = ($ 160,000)/($ 50,000) = 3.2
years

Net Present Value (NPV) Method:
NPV = (savings — costs)/(1 + MARR) t
(Savings — costs) for year t

MARR = the minimum attractive rate of return, the -
average cost of capital for the firm

(1 + MARR)t = (1 + the rate of return) to the power of t
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e Write Assessment Report

e Implement the Plan

o 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 screening

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 will 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 Assessment Report is used for:

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

I



“he formal written pollution prevention plan will include the following elements:

[ ] L] L L ] *

Corporate policy statement of support for pollution prevention
Description of your pollution prevention planning team(s) makeup, authority, and
responsibility

Description of how all of the groups (production, laboratory. maintenance,
shipping, marketing, engineering, and others) will work together to reduce waste
production and energy consumption

Plan for publicizing and gaining company-wide support for the pollution preven-
tion program

Plan for communicating the successes and failures of pollution prevention
programs within your company

Description of the processes that produce. use, or release hazardous or toxic ma-
terials, including clear definition of the amounts and types of substances, materi-
als, and products under consideration

List of treatment, disposal. and recycling facilities and transporters currently 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 effectiveness of past and ongoing poliution prevention activities
Criteria for prioritizing candidate facilities. processes, and streams for poflution




MAINTAIN POLLUTION PREVENTION
PROGRAM

Integrate Pollution Prevention into corporate plan

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

Staff Education

- New employee orientation
- Retraining

Maintain Internal Commaunication

- Two-way communication (manager/employee)
- Solicit and follow up on employees’ suggestions

Employee Reward Program

- Performance reviews
- Recognition among peers
- Material rewards

¥y



APPENDICES

Pollution Prevention

APPENDIX |- Employee involvement
a. Employee Orientation
b. Employee Motivation

APPENDIX IlI- Good Operating Practices
APPENDIX HlI- Checklist for Prevention and Recycling

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

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

APPENDIX VI- Pollution Control



Employee Involvement

a. Employee Orientation
b. Employee Motivation



Example Pollution Prevention Employee Or'fenlation

Course: "Pollution Prevention — Description, Motivation. and Practice”™

Description: This training course emphasizes your company's commitment to pollution
prevention. It gives instruction and practice in techniques for promotion, persuasion, and
encouragement of pollution prevention.

Goal: The goal of the training program is to explain:
*  What is pollution prevention?
=  What leads to successful implementation of pollution prevention?
«  What role can the individual play in promoting pollution prevention?

Lesson Plan for One-Day Oriemation

Activities Objectives

Get acquainted Outline activities

Define terms and Begin definition of pollution prevention as a concept and an
introduce objectives activity

Group discussion Perform and discuss a pollution prevention asscssment of a simple
process
Outline pollution prevention opportunities
Analyze implementation. possible barriers. and how 10 overcome

Hands-on exercise (1st half) Perform and discuss poliution prevention assessment of a
complex process

Fom teams Experience pressures of business

Individuals assigned roles  Experience imporance of communication

Hands-on exercise (2nd haif) Refine application
Reassign roles Develop teamwork

Repeat hands-on exercise Experience putting opportunities into priority list
(1st half) Discuss implementation, possible barriers, and how t0 overcome

Discussion Reinforce need for pollution prevention
Explain significance of individual contribution o pollution
prevention




Z b

To motivate employees, managers can:

Provide feedback and reinforcement of emplovees’ pollution prevention perfor-
mance.

Set an example by adhering to the 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 animaosity 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 pridc in adapting to the .
pollution prevention innovation.

"Go to bat" for employees who have good pollution prevention ideas that have
been rejected or overiooked.

Establish quantifiable annual pollution prevention objectives:

~ Ona monthly basis. have employees chart their personal and the
company’s progress against these objectives.

— Incorporate pollution prevention goals, objectives, and accomplishments
into annual job performance evaluations for people with direct process
pollution prevention responsibilities.

— Readjust objectives if they prove to be unattainable.




APPENDIX I

GOOD
OPERATING
PRACTICES



Tabie 1. Pollution Prevention Through Good Operating Practices

Good Operanng Practice Program Ingredlcnts

Waste Segregation Prevent mixing of hazardous wastes with nonhazardous wastes
Store materials in compatible groups

Segregate different solvents

Isolate liquid wastes from solid wastes
Preventive Maintenance Maintain equipment history cards on equipment location, charactens
Programs tics, and maintenance

Maintain a master preventive maintenance (PM) schedule
Keep vendor maintenance manuais handy

Maintain a manual or computerized repair history file

Training/Awareness- Provide training for
Building Programs

- 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 g
- Emergency procedures to minimize lost materials during acci-
dents

Effective Supervision 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 pollutic
prevention. Establish pollution prevention goals. Perform pollution
prevention assessments.

Employee Participation “Quality circles” (free forums between employees and supervisors) ¢
identify ways to reduce waste

Solicit and reward employee suggestions for waste reduction ideas

17



Table 1. (Continued)

Good Operating Practice Program Ingredients

Production Scheduling/Plan- Maximize batch size to reduce clean out waste
ning Dedicate equipment to a single product

Alter batch sequencing to minimize cleaning frequency (light-to-dark
batch sequence, for example)

Cost accounting/ Charge direct and indirect costs of all air, land. and water discharges o
Allocation specific processes or products
Allocate waste treatment and disposal costs to the operations that
generate the waste

Allocate utility costs to specific processes or products




APPENDIX I
CHECKLIST
FOR
PREVENTION
&
RECYCLING



Table 2. Checklist for All Industries

W

? Waste Origin/Type Pollution Prevention and Recycling Methods
terial Receiving/ Use "Just-in-Time" ordering system.
Packaging materials, off-spec materi-  Establish a centralized purchasing program.

als, damaged containér, inadvertent

w Material and Product Storage/
Tank bottoms: off-spec and excess
materials; spill residues; leaking
pumps, valves, tanks, and pipes; dam-
aged containers: empty comtainers

Select quantity and package type to minimize packing
waste,

Order reagent chemicals in exact amounts.

Encourage chemical suppliers 1o become responsible
parmers {(e.g.. accept outdated supplies).

Establish an inventory control program 0 trace
chemical from cradle to grave.

Rotate chemical stock.

Develop a running inventory of unused chemicals for
other departments’ use.

Inspect material before accepting a shipment.

Review material procurement specifications.

Validate shelf-life expiration dates.

Test effectiveness of outdated material.

Eliminate shelf-life requirements for stable compounds.

Conduct frequent inventory checks.

Use computer-assisied plant inventory system.

Conduct periodic materials tracking.

Properly label all containers.

Set up staffed control points to dispense chemicals
and collect wastes.

Buy pure feeds.

Find less critical uses for off-spec material (that
would otherwise be disposed).

Change to reusable shipping containers.

Switch to less hazardous raw material.

Use rinsable/recyclable drums.

Establish Spill Prevention, Control. and Countermeasures

(SPCC) plans.

Use properly designed tanks and vessels only for their
intended purposes.

Install overflow alarms for all tanks and vessels.

Maintain physical integrity of al] tanks and vessels.

Set up written procedures for all loading/unloading
and transfer operations.

Install secondary containment areas.

Instruct operators to not bypass interlocks, alarms. or
significantly alter setpoints without authorization.

Isolate equipment or process lines that leak or are not
in service.

Use sealless pumps.

’»



Table 2. (Continued)

Waste Origin/Type

Pollution Prevention and Recycling Methods

Raw Material and Product Storage/
(Continued)

Laboratories/
Reagents, off-spec chemicals, samples.
empty sample and chemical containers

Use bellows-seal valves.

Document all spillage.

Perform overall materials balances and estimate the
quantity and dollar value of all losses.

Use floating-roof tanks for VOC control.

Use conservation vents on fixed roof tanks.

Use vapor recovery systems.

-Store containers in such a way as to allow for visual

inspection for corrosion and leaks.

Stack containers in a way to minimize the chance of
tipping, puncturing, or breaking.

Prevent concrete “sweating”™ by raising the drum off
storage pads. .

Maintain Material Safety Data Sheeis to ensure correct
handling of spills.

Provide adequate lighting in the storage area.

Maintain a clean, even surface in transportation areas.

Keep aisles clear of obstruction.

Maintain distance between incompatible chemicals.

Maintain distance between different types of chemicals to
prevent cross-contamination.

Avoid stacking 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 sparking.

Use large containers for bulk storage whenever possible.

Use containers with height-to-diameter ratio equal to one
t0 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 climinate the use of highly toxic chemicals in
laboratory experiments.

Reuse/recycle spent solvents.

Recover metal from catalyst.
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Table 2. (Continued)

Wase Origin/Type Pollution Prevention and Recycling Methods
yoratories (Continued) Treat or destroy hazardous waste products as the last
step in experiments.

segregate hazardous waste from nonhazardous wasie,
segregate recyclable waste from non-recyclable waste.
Assure that the identity of all chemicals and wastes is
Clearly marked on all containers.
Investigate mercury recovery and recycling.
eration and Process Changes Maximize dedication of process equipment.
Solverts, cleaning agents, degreasing  Use squeegees to recover residual fluid on product
sludges. sandblasting waste, caustic, prior to rinsing.
scrap metal. oils. greases from equip- Use closed storage and transfer systems.
ment cleaning Provide sufficient drain time for liquids.
Line equipment to reduce fluid holdup.
Use cleaning system that avoid or minimize solvents
and clean only when needed.
~ - Use countercurrent rinsing.
Use clean-in-place systems.
Clean equipment immediately afier use.
Reuse clearup solvent.
Reprocess cleanup solvent into useful products.
Segregate wastes by solvent type.
Sandardize solvent usage,

Schedule production to lower cleaning frequency.
Use mechanical wipers on mixing tanks.

seration and Process Changes Use bypass control or pumped recycie to maintain
Shudge and spent acid from heat ex- mrbulence during tumdown.
changer cleaning Use smooth heat exchange surfaces.
Use on-stream cleaning technigues. ~
Use high pressure water cleaning to replace chemical
cleaning where possibie.

Use lower pressure steam.
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L7 q.
CONSERVING ENERGY

Wastes Produced by Energy Generation

Residue
Wastewater
Gases

Ways to Conserve Electrical and Thermal Energy:

Turning off equipment and lights when not in use
Placing cool air intakes and air-conditioning units in
cool, shaded area

Using more efficient heating and refrigeration units
Using more efficient motors

Eliminating leaks in compressed air supply lines
Improving lubrication practices for motor-driven
equipment

Using energy-efficient power transfer belts

Using fluorescent lights and lower wattage lamp or
ballasts

Installing timers and/or thermostats to better control
heating and cooling



Ways to Reduce Loss of Thermal Energy:

- Adjusting burners for optimal air/fuel ratio
- Improving or increasing insulation on heating or
cooling lines
- Instituting regular maintenance to reduce leakage
and stop steam trap bypass
- Improving the thermodynamic efficiency of the
process by options such as:
- Using condensers or regenerative heat exchanger to
recapture heat
- Using heat pumps or similar equipment to recover
heat at distillation columns
- Using more efficient heat exchangers
- Using cogeneration of electricity and steam (or hot
water)

Conserving Energy through Pollution Prevention:

- Treating and transporting pollutants wastes energy



APPENDIX Vv
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. Process Information
Input Materials Summary
Waste Stream Summary
Option Generation

. Option Description

Profitability



" Pollution Prevention
Firm Assessment Workshests Prepared By
Sne Checked By
Date Proj. No. Sheet __of ___ Page ___ of
PROCESS INFORMATION

Process Unit/Operation: _
Operation Type: [ Contimmus 0 discrete

0 Batch or Semi-Batch O other __

Status
Document Complete? | Current?| _ Last | Used in this| Document
{YMN) {YMN) | Revision| Regort (YNl Number | Location

Process Fiow Diagram_

Material/Energy Balance

Design

_Gperating

Flow/Amount Measurements

_Stream

Analyses/Assays

Stream

Process Description

Equipment Specifications

Piping and Instrument Diagrams

Plat and Elevation Planis)

Waork Flow Diagrams

Hazardous Waste Manifests

Emission inventories

AnnualBiennial Reports

Erwironmental Audit Reports

Permit/Permit_Applications

Batch Sheet(s)

Materials Application Diagrams

Product Composition Sheets

Material Safety Data Sheets

inverttory Records

Operator Logs

Production_Schedules




Poliution Prevention )
Firm Assessment Worksheets Prepared By
Site Chackad By
Date Proj. No. Sheet __of __ Pawe___of __

INPUT MATERIALS SUMMARY
Descriot
Attribute

Stream No. Stream No. Stream No.
NarmeAD
Source/Suppher

Cormponent/Ataibute of Concemn

Anmal Consumption Rate

Ovenall

Componemtis) of Concemn

Purchase Price, § per

—
Overall Anrsal Cost
Delivery Mode'
Shipping Container Sire & Type?
Storage Mode?
Transter Mode*
Empty Container Disposal Management®
Shelf Lite
Supplier Would
— scoept expired material? (YAN)

- gccept shipping contsiners? (Y/AN)

— revise expirstion date? (YN}

Acceptable Substitutels), it any

Alternate Supplieris)

Ll ol o ol

¢.g., pipsline, tank cas, 100 bbl tank truck, truck, stc.
e.g.. 55 gal drum 100 Ib peper bag, tank, e,

.g., oundoor, wareshouse, underground, aboveground, etc.
-0-. pump, forklift, Pheumatic YANSPOt, COrveyor, StC.

e.g., crush and landfill, cleen and recycle, retum to supplier, atc.




Firm

Site

Date

Polistion Prevention
Asgsessment Workshests

Proj. No.

Prepared By
Checked By
Sheet ___ of

Page

of

WASTE STREAM SUMMARY

Attribute

Description

Stream No.

Stream No.

"~ Waste ID/Name:

Stream No.

Source/Origin

Component or Property of Concern

Annual Generation Rate {units
Overall

Componentis) of Concern

Cost of Disposai

Unit Cost {$ per: )

T

Overall (per year)

Method of Management'

Priority Rating Critesia?

Relative
Wt. (W)

Rating

(R) RxW

Rating
{R)

ARxW

Rating
{R}

RxWwW

Regulatory Compliance

Treatment/Disposal Cost

Waste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potenha!'.

Potential to Remove Bottieneck

Potential By-product Recovery

Sum cf Priority Rating Scores

I{RxW)

I{RxW)

I{RxW)

Priority Rank

Notes: 1.

2. Rate each stream in sach category on a scale from O {none) to 10 thigh).

For example, sanitary landfill, hazardous waste landfill, on-site recycle, incineration, combustion
with heat recovery, distillation, dewatering, etc.

Pollution Preveation Worksheets

9
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M. o

Pollution ention
Anumhv;'utm Prepared By
Checked By
Proj. No. Sheet __of __ Page ___of ____
OPTION GENERATION

ing format (e.g., brainstorming, nominal group techniquel

ing Coordinator

iing Participams

Rationale/Remarks on Option




. Pollution Prevantion
Firm Assessment Workshaets Prepared By
Site Checked By
Date Proj. No. Sheet ___of ___ Page ___of ___
OPTION DESCRIPTION
Option Name:

Briefly describe the option:

Waste Stream(s) Affected:

nput Materialis) Affected:

Productis) Affacted:

indicate Type:

D Source Reduction

. Equipment-Related Change

Personnel/Procedure-Related Chanpe

e Materiais-Related Change

RecyclingMReuse
— Onsite

___ Material reused for original purpose

—DOfisite _____ Material used for a lower-guslity purpose
— Materisi sold
Originally proposed by: Date
Reviewed by: Date:’
Approved for study? ves nc By
Reagon for Acceptance or Rejection




Firm Asersmat Workshoets | Preparea By £
Site Checked By
Date Proj. No. Shest __of ___ Page__of
PROFITABILITY
Capital Costs
Purchased Equipment
Materials
—
Uity € :
crcicmes
Start-up and Training
Other Capital Costs
Totwal Capital Costs
t Incremental Annual Operating Costs
Change in Disposal Costs
Change in Raw Material Costs
Change in Other Costs
Annual Net Operating Cost Savings
Povack P G Y = e e S ™ ‘




MEASUREMENT OF ORGANIC
CONTENT

BlﬂchCMl“lO yeen demand - - mmmm
dissolved oxygen used by mlcroorgamsms in the biological
oxidation of organic matter (5-day at 20 deg, C).

and (COD) — gives a reasonably close
approxlmatlon of the total chemically oxidizable
carbonaceous content. The COD of a waste is generally
higher than the BOD because more compounds can be
chemically oxidized. For many types of wastes, it is possible
to correlate COD with BOD. COD takes only 3 hours as
compared to BOD, which takes S days. It is useful in testing
of industrial wastes. For typical untreated domestic wastes,
the BODS/COD ratio varies from 0.4 to 0.8.

Total organic carbon (TOC) — measures the organic

carbon. Pessible correlation with BOD. For typical
untreated domestic wastes, the BODS/TOC ratio varies
from 1.0 to 1.6.



BOD exerned
fromOto¢?

L, BOD remaining
l at time ¢

ﬁm,:(afdy_sT
y= L (7-10%%)

Figure 3-11 Formulation of the first-stage BOD
curve. :

--fg’id velee sF K bese /0, zoc)
~ 15 ofod”! .
Kr = kzo 6(7—20‘)
Tqprcal veloe oF & =/047
K= tafe conetent -

(b)

Curve

for combined demand
(carbonaceous plus nitrification)

(2)

Curve for carbonaceous demand at 20°C
y=L{1~10-%)

80D,

Time, days

6 12 18 24

3-13 The BOD curve [32]. (a) Normal curve for oxidation of organic matter; (b) influence

ication. Note: mg/L = g/m?3.



TOTAL SOLIDS

Total solidg- 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. Colloicdal
(1) Organic
(2) Mineral
b. Dissolved
(1) Organic
{2) Mineral
2. Suspended solids- larger than 1 micron.
a. Settleable s0lids- will settle to the bottom of an
Imhoff cone in 60 minutes.
{1) Organic
(2) Mineral
b. Non-settleable.
(1) Organic
(2) Mineral

Oxganic—- volatile suspended solids(will volatilize at
- 600 deg C). '
Mineral- fixed suspended solids(will remain behind as ash).

ORGANIC MATTER

1. Proteins{40 to 60%)

2., Carbohydrates(25 to 50%)

3. Fats and o0ils(10%)

4., Urea

5. Synthetic organics( includes surfactants, phenols,
pesticides and agricultural chemicals)

Al
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ble 3-5 Typical composition of untreated domestic wastewster

. values except setticable solids are expressed in mg/L)

Concentration
‘onstituent Strong Medium  Weak
obids, 1otai: 1200 T20 350
Dissolved, total 850 500 250
Fixed 525 300 145
Volatile 325 200 105
Suspended, total 350 220 " 100
Fixed 75 55 20
Volatile 275 165 80
stieabie solids, ml/L 2 10 5
iochemical oxygen demand, 5-day, 20'C(BOD,.20‘C) 400 0 110
stal organic carbon (TOC) 20 160 80
1emical oxygen demand (COD) 1000 500 250
itrogen (total as N): 85 40 20
Organic 35 15 8
Free ammonia 50 25 12
Nitrites 0 0 (1)
Nitrates 0 0 0
1osphorus (total as P): 15 8 4
Organic 5 3 i
Inorganic 10 s 3
Chiorides’ 100 L k 1
kalinity (as CaCO,) 200 100 50
case 150 100 50
mg/L = g/m’.

Values should be increased by amount in domestic water supply.

Note: - 18(°C) + 32 = °F.



THE WASTEWATER TREATMENT PROCESS

Pretreatment
- Screening

- Grit Removal
- Flow Egualization

Primary Treatsent

- Primary Sedimentation
- Dissolved Air PFlotation

Secondary Treatment

- Biological Treatment
- PTrickling Filter
- Activated Siudge
- Anaerobic + Aerobic
- Final Clarification
- Disinfection

Tertiary Treatment

- Nitrogen Removal

- Phosphorus Removal

- Reverse Osmosis

- Ion Exchange

- Activated Carbon Adsorption



Sewage

.
Advanced
Waste
Treatment
FIGURE 5-10
Degrees of treatment.



BACTERIAL DECOMPOSITION OF WASTE

Aerobic Decomposition

Molecular oxygen {02) must be present for decomposition to
proceed by aerobic oxidation. The chemical end products of
bacterial decomposition are primarily carbon dioxide, water,

and new 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 growth rate - high amounts of biological sludge

generated.

Anoxic D osition

Some organisms will use nitrate (NO3) in the absence of
molecular oxygen. This is called denitrification.
End products are nitrogen gas, carbon dioxide, water, and

newv 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. Permentation - complex organic compounds are fermented

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

Carbon dioxide, methane, and wvater are major end products.
Ammonia, hydrogen sulfide, and mercaptans are also formed

(odoriferous compounds).
Lov grovwth rate - lowv amounts of sludge generated.
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Sludge Concentrator

FIGURE 3-22

Photograph and schematic diagram of sludge collector for circular sedimentation basins. [Source:
Walker Process Equipment, Inc.. Division of Chicago Bridge and Iron Company (Bulletin Number
9-W-65, 1973) Aurora, Illinois.)



Figure 9-12 Trickhing fikers. {a) Cutaway view of s trickBng filier. (From Dorr-Oliver.) (b) Comven-
tionzl rock-filled type of filter.



DESIGN OF FACILITIES FOR THE BIOLOGICAL TREATMENT OF WASTEWATER .

-~ i Swing diffuser.in __ _.
raised position

Figure 10-16 Cross section of a typical activated-sludge aeration tank with fine-bubble diffuser
acration systent. Note: m x 31.2808 = ft.
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DEFINITICN OF PROBLEM

AVOIDANCE OF WASTE
- POLLUTION PREVENTION
— WASTE MINIMIZATION

TREATHMENT OF DISCHARGES

SUMMARY



