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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’'s land,
air, and water resources. Under a mandate of national environmental laws, the Agency strives to formulate and
implement actions leading to a compatible balance between human activities and the ability of natural systems
to support and nurture life. To meet this mandate, EPA’s research program is providing data and technical
support for solving environmental problems today and building a science knowledge base necessary to manage
our ecological resources wisely, understand how pollutants affect our health, and prevent or reduce
environmental risksin the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for
investigation of technological and management approaches for preventing and reducing risks from pollution
that threaten human health and the environment. The focus of the Laboratory’ s research program is on methods
and their cost-effectiveness for prevention and control of pollution to air, land, water, and subsurface resources;
protection of water quality in public water systems; remediation of contaminated sites, sediments and ground
water; prevention and control of indoor air pollution; and restoration of ecosystems. NRMRL collaborates with
both public and private sector partners to foster technologies that reduce the cost of compliance and to
anticipate emerging problems. NRMRL's research provides solutions to environmental problems by:
developing and promoting technologies that protect and improve the environment; advancing scientific and
engineering information to support regulatory and policy decisions; and providing the technical support and
information transfer to ensure implementation of environmental regulations and strategies at the national, state,
and community levels.

This publication has been produced as part of the Laboratory’s strategic long-term research plan. Itis

published and made available by EPA’s Office of Research and Development to assist the user community and
to link researchers with their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratory

Guideto Industrial Assessmentsfor Pollution Prevention and Energy Efficiency iii



ACKNOWLEDGMENTS

This Guide to Industrial Assessments for Pollution Prevention and Energy Efficiency was
prepared under the direction and coordination of Emma Lou George of the U.S. EPA’s Office of Research and
Development, National Risk Management Research Laboratory in Cincinnati, Ohio.

Science Applications International Corporation, (SAIC), of Hampton and Reston, Virginia, revised the
origina document, Modern Industrial Assessments. A Training Manual, Version 1.0b, December, 1995,
prepared by The Office of Industrial Productivity and Energy Assessment, at Rutgers, The State University of
New Jersey. The training manual preparation was sponsored by an interagency agreement between the
Department of Energy’s Office of Industrial Technology and he United States Environmental Protection
Agency’s Office of Research and Development, Pollution Prevention Research Branch. Kelly L. Binkley was
the primary SAIC contributor to its revision and reproduction. Brian Westfall of the U.S. EPA National Risk
Management Research Laboratory’s Sustainable Technology Division and Cam Metcalf of the Kentucky
Pollution Prevention Center provided assistance in the development of this guide.

Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency



ABSTRACT

This document presents an overview of industrial assessments and the general framework for
conducting an assessment. |t describes combined assessments for pollution prevention and energy, “industrial
assessments”, providing guidance to those performing assessments at industrial or other commercial facilities.
In addition, basic information about waste generating industrial operations and energy consuming equipment is
provided. Thisguide can be used by both facility personnel to conduct in-house assessments of operations and
by third parties who areinterested in providing industrial assessments.

Traditionally, assessments have been performed on singular problem areas, focusing on either
pollution prevention or energy. An interagency agreement between the USEPA and the Department of Energy
combined pollution prevention and energy assessments into industrial assessments, looking at both areas for
small and medium size facilities in SIC codes 20-39. A first draft of a training manual describing this industrial
assessment methodol ogy was prepared by Rutgers, The State University of New Jersey, in December of 1995.

This Guide to Industrial Assessments for Pollution Prevention and Energy Efficiency is organized
into four basic sections:

Basic Concepts, Chapters 1- 4. Assessment methodology, fundamentals of an assessment, and
evaluation of pollution prevention and energy conservation
opportunities.

Specific Waste Generation Industrial operations, waste generated from each operation, and
Information, Chapter 5. pollution prevention opportunities.

Specific Energy Consumption, Types of energy consuming equipment including electrical
Information, Chapters 6-10. equipment, heat generating equipment like boilers, and furnaces,

prime movers of energy, thermal applications, and HVAC.

References and Case Studies, Materials to be used repeatedly such as references, sources of

information, and pollution prevention and energy conservation
case studies.

This guide is an effort by EPA to contribute to an understanding of both pollution prevention and
energy assessments at commercial facilities. Companies from large to small, and government at al levels, as
well as assistance providers, could find the information contained in this directory useful.

This report was submitted in fulfillment of Contract #68-C7-0011, Work Assignment 21, by Science

Applications International Corporation, under the sponsorship of the U.S. Environmental Protection Agency.
Thiswork covers aperiod from May to September, 1998.
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Executive Summary

EXECUTIVE SUMMARY

This document is intended to provide guidance to those who are interested in performing industrial
assessments at industrial or other commercial facilities. This document is not intended to be an all-
encompassing guide to industrial assessments for pollution prevention and energy conservation but ageneral
reference. The U.S. EPA would like to thank Dr. Michael Muller and staff of The Office of Industrial
Productivity & Energy Assessment, Rutgers University, and the Department of Energy, Office of Industrial
Technology, for their efforts in producing the first version of this document. In addition, the U.S. EPA
would like to acknowledge and thank those who have performed the case study assessments.

This guide presents an overview of industrial assessments and the general framework for
conducting an assessment. In addition, basic information about waste generating industrial operations and
energy consuming equipment is provided. This guide can be used by both facility personnel to conduct in-
house assessments of operations and those who are interested in providing industrial assessments to
industrial and commercial facilities since the framework for an assessment will be the same for both.

E.1 What IsAn Industrial Assessment

An industrial assessment is an in-depth review of existing operations to increase efficiency of the
operation through pollution prevention and energy conservation. The industrial assessment is an essential
and valuable tool used to:

define the specific characteristics of awhole facility that consumes energy and generates wastes,
identify arange of energy conservation and pollution prevention options,

evaluate the options based on a set of criteria, and

select the most promising options for implementation.

One should find the industrial assessment instrumental to systematically identifying opportunities
to increase energy efficiency and decrease waste generation. Assessments can be divided into three types:
energy, waste (hazardous and non-hazardous) or a combination of the two. Energy conservation and
pollution prevention are complementary activities. That is, generally actions that conserve energy reduce
the quantity of wastes produced by energy-generating processes, and actions that reduce production wastes
lower the expenditure of energy for waste handling and treatment. It is a well used and proven approach to
identifying cost saving energy conservation and pollution prevention technologies that enhance a facility’s
performance.

Energy conservation and pollution prevention

Benefits of | ndustrial Assessments = . . ) . )
opportunities provide many benefits. An industrial assessment is

Economics

Reduced energy consumption
Reduced waste generation
Increased operation efficiency
Reduced liability

Reduced compliance issues

Increased worker health and
saf ety

Improved public relations and
publicimage

Better monitoring of operation
performance

intended to increase the efficient use of energy and materials. The
process of performing an assessment provides useful information
for facility personnel to evaluate a particular operation or the
entire facility. Benefits resulting from industrial assessments
include economics, reduced liability, reduced energy consumption,
increased worker health and safety, improved public relations, and
compliance with regulations.

Any facility that wishes to find opportunities to increase
the efficiency of their operations should conduct an industrial
assessment. Businesses have strong incentives to increase
operation efficiency as this increases competitive edge.
Operations that are more efficient can operate with lower expenses
and decrease their cost per unit production. An industria
assessment is not something that is performed only once and
options are implemented. Industrial assessments should be used
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as a tool to periodically examine operation efficiency and re-evaluate current opportunities. As new
technologies become available, an opportunity that was not economically or perhaps technically feasible
when the last industrial assessment was performed can become a viable opportunity for afacility.

Pollution Prevention means "source reduction" as defined under the Pollution Prevention Act, and
other practices that reduce or eliminate the creation of pollutants through:

increased efficiency in the use of raw materials, energy, water, or other resources, or
protection of natural resources by conservation.

A pollution prevention program provides the mechanism to a facility for continuous self-evaluation
and improvement. Assessments are key components of afacility’s pollution prevention program. A pollution
prevention program provides the framework for a facility to develop goals, establish a working group,
provide reports on energy usage and waste generation, and mechanisms to track results of implemented
projects.

The most important element of a pollution prevention program is management support. Top
management must demonstrate support for the program because employees who believe that the program is
not supported by management get the attitude of “They don’t care, why shoul
and should be demonstrated through several mechanisms:

Circulating awritten policy

Establishing goals for reducing waste generation and energy consumption,
Establishing aworking group,

Providing training on conservation techniques, and

Publicizing and rewarding successes.

After a facility has established its goals and objectives for its pollution prevention program, it is
ready to conduct industrial assessments.

E.2 Conducting an Industrial Assessment

The assessment process begins with the recognition of the need for pollution prevention and energy
conservation. Anindustrial assessment consists of four general phases:

1. Planning and Organization
2. Assessment Phase
3. Feasibility Analysis Phase, and
4. Implementation
This document will focus on phases 1-3 and will briefly discuss phase 4.

Thefirst step in an assessment is to establish the assessment team. The team should be composed of
personnel from many areas of the facility. Core team members will include those that are involved with the
operation or process, both supervisors and staff, as well as energy management and environmental staff.
Other areas that may be included are health and safety, facility or civil engineering, quality control,
accounting and finance, purchasing and contracting, and legal.

Once the assessment team is established, the team will need to determine;
What processes will be assessed.

Who will be involved with the assessment.

When will the assessment take place.

Howwill the team approach the assessment.
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E.2.1 Planning and Organization

The planning and organization of an industrial assessment isimportant to obtain the desired results.
The assessment team should decide on a data collection format for the assessment. The team may use
standard worksheets provided in FPA’s Facility Pollution Prevention Guide or may develop their own
assessment worksheets, questionnaires, or checklists. The team should prepare an assessment agenda and
schedul e the assessment in advance to coincide with a particular operation of interest

E.2.2 Assessment Phase

The second phase is the assessment phase. This phase can be broken down into two parts: the pre-
assessment and the actual assessment.

E.2.2.1 Pre-Assessment

Prior to the assessment it is a good idea to collect information, allowing the assessment team to
review and prepare additional questions. Information that should be collected includes: a facility
description, a process description, a process flow diagram, major energy consuming equipment, raw
material information, and energy and waste data collection. The team should collect information for a 12-
month period and all information should be for the same 12-month period. The energy information should
be converted to a standard unit of measure such as the British Thermal Unit (BTU) and graphed to view
energy usage trends. Waste data can be summarized in a table format for review and reference. Collection
of this data prior to the assessment will also give the assessment team an idea of where its attention should
be focused during the actual assessment.

E.2.2.2 Assessment

During the actual assessment, the team should begin with areview of operations and data collected
prior to the assessment with persons who work in the area on a day-to-day basis. After the team has
discussed the operations, the team should take a walk-through the facility to observe actual operations.
During the walk-through team members should talk with personnel to confirm operational procedures and
information collected prior to the assessment.  After the walk-through, the team members should brain
storm ideas for energy conservation and pollution prevention. Thisis the point where the team will generate
alist of ideas without regard to cost or feasibility. Once the list of ideas has been generated, the team can
collect information that it needs to complete afeasibility analysis.

E.2.3 Feasbility Analysis Phase

The third phase of the assessment is the feasibility analysis. This portion of the assessment is
usually completed over several days after the assessment and will include both a technical feasibility
analysis and an economic feasibility analysis.

The feasibility analysis should begin with a prioritization of the identified opportunities. Because
of time and resource constraints many facilities will have to choose among opportunities for
implementation. The team can develop arelative ranking of opportunities using atool know as the decision
matrix. The decision matrix tool can be used to rank the identified opportunities using a list of critical
factorsthat are important to the facility allowing an “apples-to-apples’ comparison of the options.

The feasibility analysis should be documented for presentation to other facility personnel or to
management. This documentation should include a clear description of current operations and practices, a
description of the opportunity, the benefits of that would result from implementation of the opportunity, as
well as a technical and economic evaluation of the opportunity. The detail of the technical and economic
evaluations will vary depending on facility requirements and the complexity of the opportunity.

E.231 Technical Feasibility
Thetechnical feasibility analysis can include:
Calculation of energy consumption and waste generation reductions,

Determination of how much labor will be involved with the changesin operations or equipment,
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Evaluation of space constraints,

Evaluation of safety and health aspects for employees,
Compatibility with current operations and materials, and
Changesin annual operating and maintenance costs.

There are many other factors that can be included in a technical evaluation. All of the factors listed
above may not apply to every opportunity. The team should determine what criteria are applicable to a
specific opportunity based on the complexity and applicability of implementation and impact on operations.

E.232 Economic Feasbility

An economic feasibility analysis is a process in which financial costs, revenues, and savings are
evaluated for a particular project. This analysis is necessary to evaluate the economic advantages of
competing projects and is used to determine how to allocate limited resources. Three methods of comparison
are currently is widespread use: Payback Period, Net Present Value, and Internal Rate of Return. The
method of economic evaluation is often determined by internal company requirements. In addition, Life
Cycle Costing (LCC) and Total Cost Accounting (TCA) tools are used to establish economic criteria to
justify energy conservation and pollution prevention. TCA is used to describe internal costs and savings,
including environmental criteria. LCC includes all internal costs plus external costs incurred throughout the
entirelife cycle of aproduct, process, or activity.

E.24 Implementation

Management support is the most important element in successfully implementing energy
conservation and pollution opportunities. Actions taken to implement energy conservation and pollution
prevention projects vary greatly from project to project and company to company. One facility may decide to
use in-house expertise to implement projects while another may find it beneficial to contract the work to an
outside organization. After successful implementation of the project, it is beneficial to track and advertise the
resulting cost savings and impacts to give feedback to facility personnel. This allows personnel to see the
results of changesin procedures or installation of new equipment and to participate in the energy conservation
and pollution prevention program.

E.3 Sourcesof Energy and Pollution

Sources of energy and pollution come in a great variety. Energy is generated from many sources
including:

Nuclear, - Wind,

Coal-fired electric generation plants, - Solid waste incinerators,

Fossil Fuels, - Geothermal, and

Solar, - Biomass fuels including wood, peat, and

) wood charcoal.
Hydroelectric,
These sources are used to generate energy mainly in the form of electricity, because it is more easily
transmitted over long distances and can be used for more tasks. These sources are also used to generate
steam and compressed air for use in industrial operations.

Energy generation, as well as many industrial operations, produce pollution. Energy generation
operations impact the environment either through air emissions from the burning of fossil fuels, wastes from
the maintenance of equipment and other operations, flooding of areas by hydroelectric dams, and mining or
drilling of fossil fuels. Industrial operations also impact the environment in asimilar manner.

Over the past three decades, the generation of wastes that are released to the environment through
any media has become more stringently regulated. The regulations that have been enacted require much
record keeping, documenting a facility’s status for permitting discharges to the air, and water, and for
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disposal. Regulations such as the Clean Air Act (CAA) and the National Pollutant Discharge Elimination
System (NPDES) require facilities to apply for and obtain permits to discharge pollutants from their
operations. The limits placed on a facility as a result of their discharge permits may impact a facility’s
production capabilities and the types of equipment that will be required to treat and monitor discharges.

E.4 Industrial Operations

There are many common applications that are applied in a variety of ways through out industry.
Pollution prevention opportunities exist for a wide variety of industrial operations. Even though these
operations are applied in a variety of ways there are many common opportunities for pollution prevention.
Thefollowing twelve areas have widespread application in today’ sindustrial operations.

Office Operations - Plating Operations

Materials Management/ Housekeeping - Paint Application

Facility Maintenance - Paint Removal

Metal Working - Paper and Pulp Manufacturing
Cleaning & Degreasing - Commercia Printing

Chemical Etching - Waste Water Treatment

These operations generate similar types of wastes without regard to the specific industry. Assuch,
there are many common opportunities for pollution prevention that can be applied to many industrial
operations. There are many sector guides that focus on these areas available from the U.S. EPA (see
Appendix A of this document).

For example, every facility has some type of office operations to manage the purchase of materials,
personnel, and other administrative tasks. Opportunitiesthat can be implemented in any office include:

Reducing lighting levelsin certain areas,

Using energy efficient bulbs and fixtures,
Retrofitting plumbing with water saving devices
Using electronic documents and mail, and
Making double-sided copies.

While these opportunities will be common to many industries there will always be opportunities that are
specific to a particular facility and it’s operations. The assessment team should explore other opportunities
that fit a facility’s unique needs. This chapter of the document gives a description of each operation area,
the types of wastes generated from each operation, and potential pollution prevention opportunities.

E.5 Energy Consuming Equipment

Industrial operations are very energy intensive. Equipment can be combined into a multitude of
applications. There are common types of equipment used across industries such as boilers, air compressors,
and lighting. There are many energy conservation opportunities that can be implemented for these types of
equipment independent of application. Following are brief descriptions of common types of equipment used
in industry and applicable energy conservation opportunities. Several energy conservation case studies are
given in the appendices of this document.

E.5.1 Electric EQuipment

Motors represent the largest single use of electricity in most facilities. The function of an electric
motor is to convert electrical energy into mechanical energy. Motors are designed to perform this function
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efficiently; the opportunity for energy savings with motors rests primarily in selection and use. The most
direct power savings can be obtained by shutting off idling motors, eliminating no-load losses.

Often motors have a greater rating than required, operating at partial load. Reasons for oversized
motorsinclude:

Personnel may not know the actual load; and to be conservative, select a motor larger than
necessary.

The designer or supplier wants to ensure that the unit will have ample power.
The correct motor rating is not available when areplacement is needed.

Newer technologies have made motors more efficient and alow flexibility in motor loads such as
reduce speed/variable drives and variable frequency AC motors.

Many lighting systems that represented good practice in the past are inefficient in view of today’s
higher electrical costs. A lighting conservation program not only saves energy but is a highly visible
indication of management’s interest in conserving energy in general. The importance of lighting
conservation, therefore, should be considered not only for its dollar savings but also for its psychological
effect on the facility’ s entire conservation program. Opportunities for conservation include:

Using task specific lighting levels,

Turning off unneeded lighting,

Using lighting specifically designed for high ceiling area, and
Using energy efficient lamps.

E.52 Heat

Boilers are common throughout industry to provide steam for applications as well as heat. A boiler
system is comprised of four main parts. a boiler, a steam distribution system, steam traps and a condensate
return system. There are several factors that can impact a boiler’s efficiency. These include adjustment of
air/fuel ratio for fuel combustion, make-up water pre-heat, frequency and amount of blowdown to clean the
system of excess solids, percentage of condensate return, and maintenance of the system for leaks and proper
operation. Many opportunities for increasing efficiency can be realized through simple maintenance of the
system through cleaning, repair of leaks, and periodic adjustment of the air/fuel ratio for combustion.

Heating systems are an integral part of industry today. They are used for process heating, drying and
comfort/space heating. The main purpose of industrial space heating is to provide a comfortable work
environment for its employees. Destratification fans are used to push warm air that has risen to the ceiling
back down to personnel level. This allows the air to mix and reduces the heating requirements for the facility.
Stratification is a result of an increasing air temperature gradient between the floor and the ceiling in an
enclosed area. Destratification fans can also be used to increase air circulation and cooling during the
summer months.

Electric heating equipment is often in expensive and convenient to install. While electrical heating
is efficient, the cost of electricity is significantly higher than other sources of energy such as steam or natural
gas. Opportunities for increased energy efficiency can be realized by applying the correct type of heating for
the application. For example, radiant heating systems are ideal for comfort heating since the infrared
radiation elevates body temperature without heating the air through which it travels.

Furnaces are used to generate heat for application directly to a product for tempering, curing
coatings, or drying. Furnaces can use electricity or a fossil fuel to generate heat. Opportunities for
conservation in furnace operations include adjustment of combustion efficiency, installation of better
insulation, improved product cycling, preheating of combustion air, and installation of furnace covers.

Cogeneration is the simultaneous production of electric power and use of thermal energy from a
common fuel source. Interest in cogeneration derives from its inherent thermodynamic efficiency. Fossil
fuel-fired central stations convert only about one-third of their energy input to electricity and reject two-thirds
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in the form of thermal discharges to the atmosphere. Industrial plants with cogeneration facilities can use
the rejected steam in their plant process and thereby achieve athermal efficiency as high as 80 percent.

Thermoenergy storage systems are used to take advantage of lower cost electrical rates with
nighttime operation to provide daytime thermal needs. There must be a significant difference between night
and daytime electrical costs, and the daytime refrigeration load must result in high daytime costs in order for
this system to be economically feasible.

E.5.3 PrimeMoversof Energy

Pumps are widely used for the transfer of liquids from one place to another. Pumps are usually
driven by electrical motors but can also be driven by compressed air or hydraulics. There are many types of
pumpsin useinindustry and will vary depending on the application. A few typesinclude:

Centrifugal pumps used for transfer of large volumes;

Metering pumps used for precise delivery of liquids to a point of application and ensuring the
constant discharge regardless of back-pressure in the lines; and

Progressive cavity pumps or peristaltic pumps used for delivery of very viscous materials.

Opportunities for energy savings in pump operation are overlooked because pump inefficiency is not readily
apparent. These measures can improve pump efficiency:

Shut down of unnecessary pumps,

Restoreinternal clearancesif performance has changed significantly,
Trim or change impellersif head islarger than necessary,

Control by throttle instead of running wide open or bypassing the flow,
Replace oversized pumps,

Use multiple pumps instead of one large pump, and

Use asmall booster pump.

Fans provide the necessary energy input to pump air from one location to another while they
overcome the resistance created by equipment and the duct distribution system. Factors that can reduce fan
efficiency are: excessive static-pressure losses through poor duct configuration or plugging, duct leakage,
improperly installed inlet cone causing excessive air recirculation, oversized fan, and buildup of negative
pressure. Reductions in exhaust airflows are usually obtained by adjustment of dampersin the duct. More
efficient methods of volume control that can be used are to install inlet damper control, reduce the speed of
the fan, and provide variable speed control for the fan.

Air compressors are often large consumers of electricity. There are two types of air compressors:
reciprocating and screw compressors. Reciprocating compressors operate in a manner similar to that of an
automobile engine, using a piston to compress the air. Screw compressors work by entraining the air
between two rotating augers. The space between the augers becomes smaller as the air moves toward the
outlet, thereby compressing the air. Screw type conpressors, especially older models, use more energy than
reciprocating compressors. This is especially true if the compressor is over sized because the screw
compressor continues to rotate, whereas a reciprocating compressor requires no power during the unloaded
state. There are many opportunities to reduce the amount of energy used by air compressorsincluding:

Repairing air leaks;

Reducing the operating pressure;

Recovering heat from compressor exhaust or cooling water;

Using outside air; and

Installing low-pressure blowers where applicable.
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E.5.4 Thermal Applications

The most common types of cooling towers dissipate heat by evaporation of water that is trickling
from different levels of the tower. Cooling towers conserve water, prevent discharge of heated water into
natural streams and avoid treating large amounts of make-up water. Opportunities for energy reduction in
cooling tower operations include adjustment of condenser water temperature, adjustment of chilled water
supply temperature, installation of variable speed motorsfor cooling tower fans, and use of hot gas defrost for
air cooler cails.

Absorption and mechanical chillers are used to produce chilled liquid for air conditioning and
industrial refrigeration processes. These chillers are usually powered by low-pressure steam or hot water,
which can be supplied by the plant boiler or by waste heat from a process. When prime energy is needed,
mechanical refrigeration is usualy preferable. Air leakage can be a serious operating problem for absorption
chillers. Every effort must be made to keep the system airtight, as even very small leaks can cause problems
and are difficult to detect. Air entering the machine causes the lithium bromide solution to become highly
corrosive to metals, to crystallize, and causes the chilled water temperature to increase.

For mechanical chillers, greater energy efficiency can be achieved through the following steps:
Userefrigeration efficiently.

Operate at the lowest possible condenser temperature/pressure.

Operate at the highest possible evaporator temperature/pressure.

Operate multiple compressors economically.

Recover heat rejected in the condenser.

o gk~ W DN P

Use a hot gas bypass only when necessary.

Insulation is an important component in thermal applications to increase the efficient use of
conditioned fluids and gases. Proper insulation allows the conditioned fluid or gasto retain its temperature or
pressure longer and reduce losses in transportation to the point of use. For example, insulation of steam and
hot water pipes reduces the heat loss prior to itsintended use. Insulation is also an important consideration
for other items such as heated tanks, refrigeration units, and general building insulation.

E55 HVAC

Employee comfort as well as a healthful working environment 5 an important consideration for
facility managers. A controlled working environment is also important for equipment or processes that are
sensitive to temperature and humidity. Air conditioning is the process of treating air to control its
temperature, humidity, cleanliness, and distribution to meet the given requirements. The basic components
include a fan to move air; coils to heat an/or cool the air; filters to clean the air; humidifiers to add moisture;
controls to maintain the specified conditions automatically; and a distribution system. Potential energy
conservation can be realized from air conditioning operations by operating the system only when needed,;
eliminating over cooling and over heating;, eliminating reheat; minimizing amounts of makeup and exhaust
air; minimizing the amount of air delivered to conditioned spaces; recovering energy, and maintaining
equipment.

HVAC systems are typically used for conditioning of space for human comfort. Employee comfort
has a great influence on productivity. However, all the comfort should be provided at the minimum expense.
Factors that should be considered when controlling the HVAC settings include activities to be performed
within the space and the types of clothing typically worn. There are several types of HVAC systems
available today. The assessment team should base any recommended opportunities on the type of system
installed at the facility.

Many operations require ventilation to control the level of dust, gases, fumes, or vapors. Excess
ventilation for this purpose can significantly add to the heating and/or cooling load. Areas that require
significant amounts of ventilation are not always cooled but will in most cases be heated. A common
problem during the heating season is negative building pressure resulting from attempting to exhaust more air
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than can be supplied. A facility can minimize the impact of ventilation during winter months by balancing
airflow and recovering heat for reuse.

E.6 References and Resources

This guide is intended to be a starting point for those interested in increasing a facility’s efficient
use of materials and energy. References used in compilation of this document are listed for more in-depth
information. Industry specific guides available from the U.S. EPA and other sources are also listed.

There are many agencies and organizations that are available to provide assistance to industrial and
commercial facilities in the areas of energy conservation and pollution prevention. The agencies and
organizations are presented by type (i.e., Federal, state, university, or non-profit). Information for web sites
and email addresses are given when available.
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CHAPTER 1. INTRODUCTION

This document is intended to provide guidance to those who are interested in performing industrial
assessments at industrial or commercial facilities. This document is not intended to be an all-encompassing
guide to industrial assessments but a general reference for performing industrial assessments. This
document was not intended to re-invent the wheel and therefore is a compilation of information gathered
from various sources. The U.S. EPA would like to acknowledge and thank those who have performed the
case study assessments. In addition, the U.S. EPA would like to thank Dr. Michael Muller and staff of The
Office of Industrial Productivity & Energy A ssessment, Rutgers University, for their effortsin producing the

first version of this document.

1.1 Document Organization

This guide is organized in four basic sections: Basic
Concepts, Specific Waste Generation Information, and Specific
Energy Consumption Information, and References and Case
Studies. Basic Concepts, Chapters 1-4, is comprised of assessment
methodology, fundamentals of an assessment, and evaluation of
pollution prevention and energy conservation opportunities.
Specific Waste Generation Information, Chapter 5, will cover
industrial operations, waste generated from each operation, and
pollution prevention opportunities. Specific Energy Consumption
Information, Chapters 6-10, covers different types of energy
consuming equipment including: electrica equipment, heat
generating equipment like boilers and furnaces, prime movers of
energy, thermal applications, and HVAC. References and Case
Studies, Appendices AF, include materials that would be used
again and again even after the basic concepts have been mastered
such asreferences, sources of information, and pollution prevention
and energy conservation case studies.

1.2 What IsAn Industrial Assessment

An industrial assessment is an in-depth review of existing
operations to increase efficiency of the operation through pollution
prevention and energy conservation. The industrial assessment is
an essential and valuable tool used to: (1) define the specific
characteristics of a whole facility or operation that consumes
energy and generates wastes, (2) identify a range of energy
conservation and pollution prevention options, (3) evaluate the
options based on a set of criteria, and (4) select the most promising
options for implementation. An industrial assessment is also an
integral component of a facility’s Pollution Prevention Program as
described below.

Document Organization

Basic Concepts- Chapters 1-4

Introduction

Assessment Fundamentals
Evaluation of Pollution
Prevention and Energy
Conservation Opportunities
Sources of Energy and Pollution
Waste Generation - Chapter 5
Industrial Operations

Waste Generation

Pollution Prevention
Opportunities

Energy Consumption - Chapters 6-10

Electric Equipment

Heat

Prime Movers of Energy
Thermal Applications
HVAC

Appendlces& References

Sources of Information
Energy Calculations
Equipment

Definitions

Energy Conservation Case
Studies

Pollution Prevention Case
Studies

Facilities should find the industrial assessment instrumental to systematically identifying

opportunities to increase energy efficiency and decrease waste generation.

It is a well used and proven

approach to identifying cost saving energy conservation and pollution prevention technol ogies that enhance

afacility’ s performance.

1.3 Benefitsof An Industrial Assessment

Energy conservation and pollution prevention opportunities provide many benefits. An industrial
assessment is intended to increase the efficient use of energy and materials. The process of performing an
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Introduction

Benefits of Industrial Assessments

Economics

Reduced energy consumption
Reduced waste generation
Increase operation efficiency
Reduced liability

Reduced compliance issues

Increased worker health and
safety

Improved public relations and
public image
Better monitoring of operation

assessment provides useful information for facility personnel to
evaluate a particular operation or the entire facility. Benefits
resulting from industrial assessments include economics and
compliance with regulations.

One of the biggest motivators for implementing either
energy conservation or pollution prevention measures is
economics. While economics should not be the only factor
considered when evaluating an opportunity for pollution prevention
or energy conservation, it is by far one of the most influential
factors for getting an opportunity implemented.  Economic
evaluations of opportunities should incorporate costs for labor,
energy (electricity, natural gas, fuel oil, etc.), waste disposal,
shipping and transportation. There will be other intangible factors
that a cost cannot be applied to such asimproved worker health and
safety, improved public relations, and reduced liability for waste
disposal. Additional economic benefits include increased operation
efficiency and better monitoring of operation performance. While

performance . ) .
estimates of benefits resulting from these factors can be made, a
facility should always measure the actual savings or cost versusthe
estimate. Economic evaluation of pollution prevention and energy conservation opportunities will be

discussed in greater detail in Chapter 3.

Reduced energy consumption presents direct economic benefit to a facility through reduced energy
costs for electricity, natural gas, fuel ail, etc. This economic benefit can be realized as a result of installing
new energy efficient equipment, scheduling of facility operations to reduce charges from utility companies,
and best management practices. Energy conservation does not always provide a direct benefit to the facility
in terms of reduction of pollution but does provide indirect reductions to pollution generation at the energy
generation facility. Pollution prevention opportunities also provide direct economic benefit to a facility
through reduced waste generation, reduced labor to manage wastes, raw material purchases, and other
unquantifiable benefits such as reduced liability for waste disposal and improved worker health and safety. In
addition, a facility can improve compliance with OSHA and environmental regulations through best
management practices as well as improve public relations. With increased public awareness of environmental
issues, improved public relations and public image are increasingly appealing benefits.

14 Who Should Participate In An Industrial Assessment

Any facility that wishes to find opportunities to increase the efficiency of their operation should
participate in an industrial assessment. Businesses have strong incentives to increase operation efficiency as
this increases their competitive edge. Operations that are more efficient can operate with lower expenses and
decrease their cost per unit production. An industrial assessment is not something that is performed only
once and projects are implemented. Industrial assessments should be used as a tool to periodically examine
operation efficiency and re-evaluate current opportunities. As new technologies become available, an
opportunity that was not economically or perhaps technically feasible when the last industrial assessment was
performed can become a viable opportunity for afacility.

The industrial assessment can be performed either by facility personnel or can be done by an
industrial assessment expert. There are many universities and private firms that provide these services to
industrial facilities. For alist of additional resources available see Appendix A.

1.5 Establishing a Pollution Prevention Program

An effective pollution prevention program is the key to reducing environmental impacts from an
industrial facility. An industrial assessment alone cannot provide continued improvements to a facility with
out planning and organization. A lack of planning and organization can lead to alow performance and higher
cost to implement pollution prevention and energy conservation opportunities. Facilities can avoid this by
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establishing a pollution prevention program. A program is simply an organized, comprehensive, and
continual effort to systematically reduce or eliminate pollution and wastes.

There are four basic elements of a pollution prevention program.
1. Management Support
2. Characterization of Energy Usage and Waste Generation
3. Conducting Industrial Assessments
4. Review of Effectiveness
These elements provide the framework to obtaining effective results from industrial assessment efforts.

151 Management Support

A successful pollution prevention program begins with management support. Visible management
support is important to ensure that employees understand that pollution prevention is a priority. This
commitment can be demonstrated using several techniquesincluding:

1. Written company policy,
Setting goals for reducing energy consumption and waste reductions,
Designating program coordinators or aworking group,

Publicizing and rewarding successes, and

a > WD

Providing employee training.

Goals should be developed to identify specific reductions and accomplishments for a pollution
prevention program. By setting goals, the nature of the pollution prevention program will be defined and
efforts will be directed toward a quantifiable objective. Once the goals are publicized, employees will know
what the program is trying to accomplish and why they should participate. All published goals should set
time limits, numeric goals, measurement units, and a mechanism to track progress. Setting pollution
prevention goals, and tracking progress towards that goal, helps build a sense of accomplishment and
reaffirms the reasons for implementing pollution prevention programs to facility personnel. In addition,
setting goal s will also help determine which pollution prevention projects should get priority and funding.

Program coordinators or a working group should be established to implement the pollution
prevention program. Members should include representatives from each major affected group and include
supervisors and shop level employees. The staff is not necessarily static; different personnel may be needed
as the pollution prevention program progresses from the planning stages to implementation. Staff
responsible for implementing pollution prevention options should be involved in the planning process.

The coordinators will be responsible for developing the pollution prevention plan, encouraging
staff participation in the planning and implementation of the program, monitoring the program as it
develops, acting as advocates for the pollution prevention program, and publicizing the program.

Group members can promote the pollution prevention programthroughout the facility and generate
moral support. They can educate personnel about what is being done and why. They can solicit ideas from
the shop floor and suggest them at the next meeting. A pollution prevention newsletter giving periodic
updates on the progress of certain projects can be started with group members contributing articles. The
group can create incentives for employee participation or give awards for pollution prevention suggestions
from employees.

1.5.2 Characterize Energy Usage and Waste Generation

In order to determine how well the facility’s program and projects are being implemented, the
facility should develop mechanisms to track measures of performance. These measures of performance
should include the quantity and cost of utilities and waste generated as well as hazardous constituents.
Measures of performance can be used to determine the true costs associated with energy and waste
management including regulatory oversight compliance, paperwork, materials in waste stream, and loss of
production potential.

Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency
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Introduction

The data elements identified and discussed below are some examples of information that could be
regularly compiled (if applicable) and reviewed by the environmental office or an appointed environmental
head. For each of these components, large uses should be identified and improved upon.

Toxic Release Inventory (TRI) Releases — track the usage of TRI chemicals to provide data for
identifying reduction opportunities. Material substitution and process changes can reduce TRI
chemical usage.

Hazardous Waste Generation — track and record hazardous waste generation for each group/process
within the facility. The group’s progress toward hazardouswaste reduction should be reported.

Non-Hazardous Solid Waste — track and record waste generation for each group within the facility.
The group’s progress towards reducing the amount of municipal solid waste generated should be
reported.

Alternative-Fueled Vehicles — document and promote use of alternatively fueled vehicles.

Pesticide Management — track pesticide management practices. The information can be utilized to
produce abaseline for agoal of pesticide reduction.

Ozone Depleting Chemicals — track the purchase and usage of ozone depleting chemicals. A formd
reduction plan can be formulated to eliminate the use of all ozone depl eting substances.

EPA 17 Industrial Toxics — tracking can identifying high volume uses of EPA 17 industrial toxics,
and pollution prevention opportunity assessments can be conducted specifically targeting those
products/chemicals.

Affirmative Procurement — track procurement of materials, including the amounts of recycled
content products purchased by the facility. To do this, office personnel can utilize the EPA
Affirmative Procurement Guideline Itemsto identify particular products.

Energy Conservation — track energy consumption sources (e.g., #2 and #6 fuel oil, natural gas,
propane, electricity). This information should be utilized to track progress toward pllution
prevention goals.

Water Conservation — track water usage on a monthly basis to gauge progress toward pollution
prevention goals. Water use data should be distributed to all involved groups.

1.5.3 Conduct Industrial Assessments

An industrial assessment is the tool used to systemically identify opportunities for energy
conservation and pollution prevention. Facilities should periodically conduct assessments to identify
opportunities for implementation not just one time. New technologies are being developed every day and
becoming more economical o implement. Opportunities that were once not technically or economically
feasible for implementation may become feasible two or three years later. Industrial assessments should be
used as atool to accomplish the pollution prevention goals.

154 Review Program Effectiveness

Periodic reviews of pollution prevention program goals and objectives as well as results from
implemented projects are vital to obtaining continuous process efficiency. Managers as well as program
coordinators should review goals to determine if goals and objectives are being reached. Results from
implemented projects will help determine if the program is progressing toward the desired goals and identify
areas for improvement.

Many guidance documents on establishing a pollution prevention program are available from the
U.S. EPA, and many state environmental offices, as well as other organizations. This document provides
only abrief overview of pollution prevention programs.

REFERENCES

1. Federal Facility Pollution Prevention: Tools for Compliance; 1994, U.S. Environmental Protection
Agency. Office of Research and Development, Cincinnati, OH 45268. EPA/600/R-94/154.
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Energy and Pollution Prevention Assessments

CHAPTER 2. ENERGY AND POLLUTION PREVENTION
ASSESSMENTS

The assessment process begins with the recognition for the need for pollution prevention and
energy conservation. Facility personnel have many pieces of information available to them to evaluate
operations. The assessment is a tool to systematically evaluate an operation using available information.
This chapter will discuss general pollution prevention and energy conservation concepts, assessment
methodology, as well as basic concepts and organization in conducting an industrial assessment.

2.1 Pollution Prevention and Energy Conservation

Pollution Prevention means "source reduction” as defined under the Pollution Prevention Act, and
other practices that reduce or eliminate the creation of pollutants. It involves the judicious use of resources
through source reduction, energy efficiency, reuse of input materials during production, and reduced water
consumption. Pollution prevention does not include off-site recycling or waste treatment such as
detoxification, incineration, decomposition, stabilization, and solidification or encapsulation, concentrating
hazardous or toxic constituents to reduce volume, diluting constituents to reduce hazard or toxicity, or
transferring hazardous or toxic constituents from one environmental medium to another.

Energy conservation and pollution prevention are complementary activities. That is, actions that
conserve energy reduce the quantity of wastes produced by energy-generating processes, and actions that
reduce production wastes lower the expenditure of energy for waste handling and treatment.

2.1.1 Hierarchy

Pollution Prevention Act of 1990 reinforces the U.S. EPA's Environmental Management Hierarchy
as illustrated in Exhibit 2.1. The highest priorities are assigned to preventing pollution through source
reduction and reuse, or closed-loop recycling. Source reduction isany practice which

Reduces the amount of any hazardous substance, pollutant, or contaminant entering any waste
stream or otherwise released into the environment (including fugitive emissions) prior to recycling,
treatment, or disposal; and

Reduces the hazards to public health and the environment associated with the release of such
substances, pollutants, or contaminants. The term includes equipment or technology modifications,
process or procedure modifications, reformulation or redesign or products, substitutions of raw
materids, and improvements in housekeeping, maintenance, training, or inventory control.

Preventing or recycling at the source eliminates the need for off-site recycling or treatment and
disposal. Elimination of pollutants at the source is typically less expensive than collecting, treating, and
disposing of wastes. It also presents less risk to workers, the community, and the environment.

Also included in source reduction is energy conservation. Implementation of energy conservation
reduces pollutants generated as a result of energy use. For example, afacility hasaboiler to produce steam
for operations. The steam pipes running throughout the facility are not insulated, therefore, more natural gas
is needed to keep the steam at the needed temperature. Insulation of the steam pipeswould help to keep the
steam at the desired temperature for longer periods of time. This reduces the quantity of natural gas used to
generate steam (energy conservation) and reduces the air pollutants generated from the burning of the
natural gasin the boiler.

Recycling is also pollution prevention because this employs the reuse or reclamation of materials at
the facility for reuse in the process. An example of this would be reuse of excess plastic from trimming
operations in molding and extruding process. The excess plastic can be ground into chips and added back
into the raw materials for the molding and extruding process. Another example would be the reclamation of
solvents using a solvent distillation operation and reusing the solvents in the manufacturing operation.
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1
2
3
4.

This document will focus on phases 1-3 and will briefly discuss phase 4.

Exhibit 2.1: Environmental Management Hierarchy

Method

Example Activities

Example Applications

Source Reduction

*Environmentally Friendly
Design of New Products
*Product Changes
*Source Elimination
*Energy Conservation

*Modify Product to
Avoid Solvent Use
*Modify Product to
Extend Coating Life
eInstall Sensorsto Turn
Off Lights When
Rooms Unoccupied

*Solvent Recycling

Assessment M ethodology

Anindustrial assessment consists of four general phases:

Planning and Organization

Assessment Phase

Feasibility Analysis Phase

Implementation

The procedures discussed in Phases 1-3 tend to be common to many types of facilities.
Implementation procedures for projects will vary from facility to facility and as such will not be covered in

*Reuse *Metal Recovery From
Recycling *Reclamation a Spent Plating Bath
*Volatile Organic
Recovery
«Stabilization .
«Neutralization -Therm_al Delstructlon of
“Precipitation Igrre%:?giltcatsignvgme eavy
Treatment . i g
:Eva_poratl_on Metal From a Spent
eIncineration Plating Bath
*Scrubbing 9
eLand Disposal
Disposal Disposal at a *Deep Well Injection
Permitted Facility

depth here. Before an assessment can begin one must determine the type of assessment to be performed.
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Industrial assessments are an in-depth
review of existing operations to increase efficiency
of the operation through pollution prevention and
energy conservation. Assessments can be divided
into three types: energy, waste (hazardous and non-
hazardous) or a combination of the two. It is very
important to remember that the goal of an industrial
assessment is increased operation efficiency and
that the assessments are not focused on
environmental or safety compliance issues although
improved compliance can be a benefit of the

Energy and Pollution Prevention Assessments

Exhibit 2.2: Assessment Procedures

Therecognized need to conserve energy and

prevent pollution.

Planning and Organization

« Organize assessment team
« Management commitment
« Define objectives and targets

Y

Assessment Phase

assessment. If a facility has particular issues it + Collect process and faxility data
. . <—
would like to resolve, the Assessment Team can Review dataand inspect site
i * Generate options Select new
choose to focus on that particular area. For + Screen and select options for assesament
example, a facility has had increasing waste further study targets and
generation from its operations. The Team can focus * reevaluate
on the operations that are generating wastes with T —. ’;r;jf:ss
. Feasibility Analysis Phase
the end goal to reduce the pollution generated. . Technical evaluation
Another example would be if a facility is having « Economic evaluation
problems with electricity demand charges and the + Select options for implementation
Assessment Team chooses to focus on energy *
consuming operations with the end goal to reduce ——
; mplementation Repeat th
the electrical charges. « Justify project and obtain funding Z’:‘?g% ¢
« Install equipment

Industrial assessments vary from facility to
facility depending on the types of operations
conducted. The assessment process will be the
same for each facility but will vary in the details.
This section will describe the basic concepts and
organization of an industrial assessment. An
example illustrating the concepts presented in this
chapter isgiven in Section 2.3.

2.2.1 Planning and Organization

« Implement procedure
« Evaluate performance

Y

Successfully implemented pollution

prevention and energy proj ects.

The industrial assessment requires planning and organization. This phase includes assemble of the
Assessment Team, obtaining management commitment, and defining objectives and targets for the
assessment.

The first step in conducting an industrial assessment is to assemble the Assessment Team. An
industrial assessment is the examination of the entire operation and as such should include personnel from
many areas of the facility. The size of the Team will vary on the size and complexity of the operation or
process selected to assess. In addition, the composition of the Team may vary if the assessment is being
performed in-house or is being conducted by a consultant. Core team members will include those that are
involved with the operation or process, both supervisors and staff (e.g., line workers) as well as energy
management and environmental staff. Other areas of expertise you may consider to augment the core
Assessment Team include the following.

Health and Safety Accounting and Finance
Facilities or Civil Engineering Purchasing and Contracting
Quality Control Legal

Each member of the Assessment Team provides key pieces of information necessary to get the
entire picture of the operation. It isimportant to keep in mind that you want to look at the operation from all
aspects and that the assessment is meant to provide constructive criticism to improve the entire operation.
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Once the Assessment Team is established, you will need to meet to discuss the assessment strategy
prior to the assessment. The Team should determine;

What processes will be assessed.

Who will be involved with the assessment (i.e., Team members and shop staff).
When will the assessment occur.

Howwill the Team approach the assessment.

An important part of planning is piecing together knowledge about the selected process to begin
building an understanding of what may be involved in the assessment phase. Team members should
contribute what they know about the process, especially those who work directly with the process. The Team
should also obtain pollution prevention case studies, model shop descriptions, and other resources that can
provide pollution prevention ideas for processes that are similar to the one being assessed.

The Team should decide on a data collection format for the assessment. The format can be a
standard format, such as the worksheets provided in EPA’s Facility Pollution Prevention Guide (EPA/600/R-
92/088). Alternatively, the Team may want to develop their own assessment worksheets, questionnaires, or
checklists that may be used to collect data and observations during the site visit. Examples of types of
information to collect in worksheets, questionnaires, or checklistsinclude the following items.

Process descriptions/flow diagrams - General questions/observations

Energy consumption - Material handling techniques

Input materials - Storage procedures

Waste streams - Housekeeping

- Air - Process specific questions/observations

- Water - Developed for theindividual process

- Hazardouswaste - List of mgjor energy consuming and waste

- Solidwaste generating equipment

The Team should prepare an assessment agenda and schedul e the assessment in advance to coincide
with a particular operation of interest. Depending on the operation, multiple wak-throughs may need to be
scheduled, particularly if there are several shifts. The Team may also want to conduct a pre-assessment
whereby Team members begin collecting preliminary information about the process, such as process
descriptions and flow diagrams.

2.2.2 Assessment Phase

The second phase is the assessment phase. This phaseis broken in to two parts: pre-assessment and
assessment.

2.2.2.1 Pre-Assessment Activities

It is a good ideato obtain information prior to the assessment. Thiswill alow the Team to study the
information and prepare additional questions. This part of the assessment is called pre-assessment activities.

Pre-assessment data collection should include general information about the facility. This
information should include a facility description, a process description, a process flow diagram, and energy
and waste data collection. The Assessment Team should collect data for atwelve-month period. Utility costs,
raw material and waste generation data should be for the same 12-month period. The Team should be
cautious about collecting data that is not necessary to complete the assessment. At this point, the Team
should collect basic information that will give them the big picture and collect other information as necessary
to complete opportunity analysis.
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Facility Description

A facility description should include the following basic items: point of contact (if applicable),
annual business volume, annual business sales, the number of employees, previous energy conservation and
pollution prevention efforts, operational schedule, and general characteristics of plant facilities. This
information will provide scale of operation and comparison for energy consumption and waste generation
versus production. In addition, a general layout of the facility is helpful to provide orientation and scale of
facility operations. A simplified drawing of the facility is helpful in determining measurements and
logistical aspects of potential opportunities. An example facility description and facility layout is provided
in Section 2.3.

Process Description

The process description is a very important part of the information collection process as it will
provide the basic information needed to generate process flow diagrams and for opportunity analysis. A
process description should include the following elements:

Description of the products produced (i.e., tooth brushes, decals, blue jeans),
Description or brief list of raw materials,

Step-by-step description of unit operations from the beginning of the product manufacture
following through to the finished product, and

Notations of any energy consuming equipment ratings (i.e., ovens at 500°F, steam at 75 psi) and
wastes generated (these can be made in the description or can be noted on the flow diagram).

Process Flow Diagram

Developing a flow diagram from scratch may require team members to discuss the process with the
supervisor along with multiple members of the staff. The Team will need to visually observe the process
and obtain an adequately detailed description of each step in the process in order to sketch a flow diagram.
Block flow diagrams are useful tools for the assessment. A model block diagram is provided below in
Exhibit 2.3.

Exhibit 2.3; Block Diagram M odel

Energy Input Other Process Inputs
(Water, Air, Etc.)

Raw Material Inputs  ——————">] > Product

Raw Materid Inputs —® Process " Co-Product

Raw Materia Inputs ~——————| [ Co-Product

NN

Air Solid Hazardous Water
Emissions Waste Waste Emissons

A flow diagram is simply a series of block diagrams that visually describe the process or flow of
materials. For each block in the flow diagram, the Team should obtain data including raw materia input,
waste stream output, utilities, products, and co-products. All data should be based on the same time unit,
e.g. annual, quarterly, or monthly. At a minimum, the Team should collect the data elements above.

In addition to the basic raw material and waste stream information described above, you should
note other information pertinent to the assessment. For example, you should identify the following.

Co-products that are recycled back into the process.
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Pollution control devices.

Routine and non-routine input materials and waste streams.

Environmental fate of waste stream (e.g., landfill, recycle, hazardous waste, etc.).

Temperature settings of any operation that requires heat or cooling.

Pressure settings for compressed air and requirements at the point of use.

Pressure requirements for steamand actual steam generation pressure.

Example flow diagrams are given in Section 2.3. These diagrams should follow the process

description and will visualy illustrate the flow of materials and energy usage for specific operations. These
diagrams can be used to determine where energy is being consumed and wastes are being generated.

Energy and Waste Data Collection

Information obtained prior to the assessment can become a springboard in the determination of
possible energy conservation and pollution prevention opportunities. Collecting this information prior to the
actual assessment allows the Team to analyze, graph, and review the information and generate more
questions.

Information to collect prior to the visit includes raw materials, waste streams and environmental
releases, and utility information. The Team should limit this information collection phase to only information
that will be necessary for the assessment. If the Team has chosen to focus on a specific operation or on
energy conservation, only information for those areas should be collected.

Raw Materials

Weight and/or volume of procured raw materials, along with purchase costs.
Inventory practices.

Waste Streams and Environmental Releases

Volume and characteristics of hazardous wastes generated, waste management and disposal costs.
Volume and characteristics of air emi ssions and waste management costs.
Volume and characteristics of wastewater discharges and management costs.
Other releases and environmental impacts.
Utilities
Utility consumption and costs.
Maintenance of on-site utilities (e.g., emergency generators).

Equipment and Operations

List of major energy consuming equipment such as heaters, air conditioners, water heaters, and
specific process-rel ated equi pment

General Operation equipment information such as cleaning tanks, solvent recovery systems, and
other equipment that have a secondary role in the main operation.

Sources of process information that the Assessment Team may refer to are:

Permit and/or permit applications, - Operator datalogs,
Internal environmental audit reports, - Waste handling, treatment and disposal costs,
Biennial hazardous waste reports, - Water hills,
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Material safety data sheets (MSDSs), - Electric, natural gas, and/or fuel oil hills, and
Product composition and batch sheets, - Standard operating procedures (SOPs).

Analysis of Energy Information

The Team should collect utility usage and cost data for the previous 12-month period prior to the
assessment to allow the data to be summarized and graphed. There are three reasons for collecting energy
information prior to the assessment: (1) to determine how much energy is consumed, (2) how much it costs,
and (3) what are the trends in energy usage. Energy bills yield information that may provide
recommendations before the assessment such as energy demand rescheduling, avoidance of late payment
penalties, and energy ratcheting errors.

Once information for each energy source is collected the Team must convert the different energy
types to BTUs to allow comparison and overall trending of energy usage. Presentation and reference to this
information is usually done in a table and graphical format. Examples of energy usage information are
presented in Section 2.3.

For electric utilities; the Team should collect the following key pieces of information.

Electricity Usage - Other Costs

Energy Charge - Reactive Costs

Peak Demand - Total Electric Cost

Demand Cost - Unit Electric Cost (calculated average)

Review of electricity and other utility use will enable the Assessment Team to determine trends for
the heating season, the cooling season and possible seasonal trends in manufacturing.

The Assessment Team should collect natural gas usage information for the same 12-month period
as for other energy sources. Examination of natural gas usage can revea the following types of potential
problems.

Leaking Fuel Lines

Faulty Temperature Measuring Devices
Faulty Relief Valves

Excessive Burner Cycling

Warped Furnace Doors

Deteriorating Furnace Insulation

Natural gas supplied to industrial operationsis usually done on an interruptible basis. This allows
the facility to obtain lower rates for their natural gas use. Interruption of gas service is done to meet
demands for heating private homes during winter months. Facilities that have an interruptible gas supply
must maintain a back-up fuel supply such asfuel oil.

The Assessment Team should collect fuel oil usage information for the same 12-month period as
for other energy sources. In the United States three types of fuel are available. The most expensive ail is
No. 2, 138,000 Btu/galon. A little cheaper option is No. 4, 142,000 to 145,000 Btu/gallon and the cheapest
is No 6, 149,690 Btu/gallon. It is important to keep in mind that the fuels are not interchangeable because
the combustion equipment is designed for only onetype of fuel. If afacility uses more than one type of fuel
oil, the Team should make separate tables and graphs for each type of fuel.

Graphical representation of the data subsequently provides the Team the next logical step in the
energy usage anaysis progression. Experience indicates that graphical summaries are easily read and
understood indicators of relative proportions. Usage patterns normalized for comparison to regiona and
like industries may indicate abnormalities worthy of investigation. A graph for each energy source and a
summary graph with all energy sources should be prepared with the unit of measure for energy in BTUs
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versus each month. It isimportant when comparing different energy types to use the same unit of measure.
The type of graphslisted below will aid in trend analysis.

Monthly Electric Usage - Monthly Itemized Electric Costs
Monthly Natural Gas Usage - Monthly Natural Gas Costs
Monthly Fuel Oil Costs (make separate -  Monthly Total Electric Costs

graphs for multiple types of fuel oil) summary Cost Graph (with all energy

Monthly Fuel Oil Usage (make separate types)
hs f Itipl f f il
graphsfor multipletypes of fuel oil) Summary Graph (with all energy types

Raw Material and Waste Generation Data

Prior to the actual assessment, the Team should also collect raw material and waste generation data.
Collection of this information will permit the assessment Team to become familiar with the types of materials
used in the facility and the resulting waste streams that are generated. The Team should review this data prior
to the actual assessment to begin generating additional questions. In addition to the basic raw material and
waste stream information described above, other types of information pertinent to the assessment should be
identified.

Co-products that are recycled back into the process.

Pollution control devices.

Routine and non-routine input materials and waste streams.

Environmental fate of waste stream (e.g., landfill, recycle, hazardous waste, etc.).

Raw materials can be provided in advance of the assessment in atable or can be provided in the flow
diagrams. All material information collected should be for the same 12-month period. Facility personnel will
find that collecting raw material information will be simpler using the table format and then use this
information to break raw material information down into operations for the flow diagrams.

Equipment List

Equipment used in a facility are key to determining benefits and costs from potential pollution
prevention and energy conservation opportunities. Prior to the assessment the Team should try to obtain
information about major pieces of equipment. Information to collect about equipment will vary with the type
of equipment. Chapter 5 describes industrial operations common in many types of facilities. Chapters 6-10
describe types of energy consuming equipment. Review of these chapters will provide a genera
understanding of common operations and equipment. This will provide some insight into what types of
information are needed to evaluate a particular opportunity. Information to collect for various pieces of
equipment includes the following.

Equipment Rating - What are the operation requirements?

Average Load - At what pressure does the system generate steam or
compressed air?

Energy Source

- . .
Hours of Operation How much liquid does the tank typically contain?

How big i the tank? What is the equipment used for?

At a minimum the Team should make a list of major pieces of equipment and collect specifics as needed for
opportunity evaluation.

2.2.2.2 Assessment

Thisisthe most important phase of the assessment as thisis the opportunity for the Team to observe
actual operations, talk with al levels of facility personnel, generate alist of possible opportunities, and collect
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information to evaluate those opportunities. The assessment can be organized into the following six main
steps.

Kick-off Meeting

Discussion of Operations
Walk-Through of Facility Operations
Brain Storming

Identify and Fill Data Gaps

o g A~ W NP

Wrap-up Meeting to Discuss Opportunities
Kick -off Meeting

A kick-off meeting is a key element in presenting the assessment to facility personnel who will be
involved in the actual assessment but are not on the Assessment Team. Thisisthe Team’s opportunity to
present the goals of the assessment, discuss organization of the assessment, and anticipated results of the
assessment.

Discussion of Operations

Directly following the kick-off meeting, the Assessment Team should review operations with
facility personnel. This should include review of all data collected prior to the assessment, a step-by-step
verbal walk-through of the process and review of the process flow diagrams. This will alow the
Assessment Team to ask questions without straining to hear answers as they are walking through the
facility. If preferred, the Team may wish to include a brief walk-through of the facility prior to these
discussions.

Walk-Through of Facility Operations

During the walk-through, the Assessment Team should record observations about the operations
and general appearance of the facility (e.g., evidence of leaks and spills). The Team should talk to several
staff members, particularly if there are multiple shifts operating the process. The Team should take the time
to explain the purpose and importance of the assessment to each staff member before asking questions.
Team members should observe the workers performing their jobs and return to the process during different
shifts, if possible.

After making real-time observations, the Team should compare written procedures with the
observations. Written procedures will often contradict actual operations, and may indicate an energy
conservation or pollution prevention opportunity such as aneed for training and education.

During the walk-through, it is important to solicit assistance and input from all levels of staff on
potential opportunities. The process operators are usually the best source of potential solutions, but may be
reluctant to speak up about their ideas. If a staff member identifies an opportunity that is implemented,
Team members should make sure that the employee is acknowledged and rewarded.

One should realize that the assessment and data gathering portion of the assessment might take
considerable time and several iterations, depending on the size and complexity of the process. The Team
should return to the process as often as necessary to gather adequate data to develop alist of opportunities.

Brain Storming

Once the data collection and process assessment is complete, the Team will need to evaluate the
data and observations collected, and begin developing a list of energy and pollution prevention
opportunities. It isimportant to perform this step as ateam, with everyone contributing their ideas equally.

It is a good practice to allow the free flow of ideas at this point. The Team should begin
developing a list of ideas, without regard to cost or feasibility. This process is called Brain Storming. This
is the point where observations made during the walk-through are transformed into energy conservation and
pollution prevention opportunities.
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If the Team is experiencing difficulty identifying pollution prevention options, the Team should try
tapping into other information sources and technical assistance. Appendix A- Sources of Information
provides a number of technical assistance resources, such as pollution prevention clearinghouses, Internet
resources, and technical support.

To begin developing alist of options, the Team should identify the most problematic areas such as
compressed air leaks, increased monitoring of boiler efficiency, large volume or highly toxic waste streams,
inconsistencies with written procedures, lack of environmental ethic, or poor housekeeping efforts.

Another method to identify energy conservation or pollution prevention opportunitiesisto evaluate
each energy source or waste stream individually. First, the Team should determine the cause and effect of the
waste stream by tracking the waste stream back through the process to input materials, and then identify
potential ways to reduce the waste streams. For example, if the waste stream is dry absorbent contaminated
with hydraulic oil, one may be able to back track to the cause for the usage of dry absorbent to a leaking
valve. By fixing the leaking valve, there is an opportunity to (1) reduce hazardous waste generated, and
(2) reduce the amount of hydraulic oil purchased.

One should also consider a wide range of projects. The following provides a list of potential
pollution prevention approaches that should be considered during the option generating process.

Policy Changes - Waste Stream Segregation
Procedural Changes - Housekeeping Practices

Equipment Modifications - Inventory Control

Material Substitution - Reuseof Materias

Training - Equipment Maintenance (i.e., repair

- compressed air, steam, and fluid leaks
Efficiency Improvements

| dentify and Fill Data Gaps

Once the list of energy conservation and pollution prevention opportunities has been generated, the
Team should review the data that has been collected. The purpose of this review isto ensure that the Team
has all the data that it needs to complete a feasibility analysis for the all the options. Thiswould include light
or temperature measurements, counting light fixtures, etc. If any information has not been collected the Team
should, make every attempt to collect it before leaving.

Wrap-up Mesting

Finally, the Team should sit down with the process supervisor and other management personnel to
review the data collected. The Team should also discuss overall observations and general energy
conservation and pollution prevention opportunities that will be addressed in the following phases of the
assessment. Obtaining input from facility personnel at this point is key to gaining support for implementation
of opportunities.

2.2.3 Feashbility Analysis Phase

The third phase of the assessment methodology is the feasibility analysis. The feasibility analysis
phase consists of three post-assessment activities: (1) prioritization of opportunities, (2) evaluation of
technical and economic feasibility, and (3) generation of an assessment report.

2.2.3.1 Prioritization of Opportunities

Because of time and resource constraints, most facilities have to set priorities among their energy
conservation and pollution prevention options based on the original goals and criteria specific to the processes
evaluated.

A relative ranking of opportunities can be developed by using a tool known as the decision matrix.
The decision matrix tool can be used to rank the identified energy conservation and pollution prevention
opportunities using a list of critical factors that are important to the facility. The decision matrix facilitates an
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“apples-to-apples’ comparison of options based on the selected list of critical factors, simplifying the group
decision-making process.

Many companies have criteria for determining what projects will be implemented. For example,
many companies have requirements that payback periods for all projects must be less than 1 year. The
Team should consider common factors like payback period, cost savings, operational impact, compliance
issues (both safety and environmental), and technical feasibility. Some opportunities will be easy to apply
the criteriato, but more complex opportunities may require further analysis before a decision can be made.

To use the decision matrix, one should first assign either a numerical ranking to each of the critical
factors, such as 1-10, or general terms such as “high,” “medium,” or “low.” This approach can also be used
if there is insufficient information for performing a quantitative ranking. In these cases, the Team should
rely on best professional judgement to assign aranking.

The Team can also decide on appropriate weighting factors. For example, the Team may decide
that worker exposure issues are four times more important than future regulations. In this case, the Team
would multiply the results of the criteria ranking by a factor of four to give this issue increased relative
importance.

After the decision matrix ranking process is complete, you will have a ranked list of energy
conservation and pollution prevention opportunities. The top ranked opportunities deserve the most
immediate attention.

2.2.3.2 Evaluation of Technical and Economic Feasibility

Following the assessment it is necessary to evaluate the technical and economic feasibility of each
energy conservation and pollution prevention project identified. A technical evaluation should include
calculations of energy conservation or waste reduction and the associated costs, impacts on operations, and
its advantages and disadvantages. Additionally, the technical evaluation should include an evaluation of the
implementation aspects of the project including such things as. is there room in the facility for new
equipment and will the new process affect the quality of the product.

The next step is to evaluate the economic feasibility of implementing each project identified. Three
common financial performance indicators are used to determine the economic viability of energy
conservation and pollution prevention projects. Payback Period, Net Present Value (NPV), and Interna
Rate of Return (IRR) calculations. The Payback Period is the simplest of the three financial indicators and
requires the least amount of data. The Payback Period calculations are normally used as a “rough” financial
indicator in a decision matrix and for low risk projects. NPV and IRR calculations are detailed financial
indicators that require additional data to be collected about the proposed projects. Both the NPV and IRR
financial indicators are based on the time value of money over a specified period of time. Due to the
complexity and importance of performing an economic feasibility, a detailed overview and example
problem is provided in Chapter 3 “Evaluation of Energy Conservation and Pollution Prevention
Opportunities.”

2.2.3.3 Generate an Assessment Report

After the prioritization and evaluation of the identified opportunities is complete, the Team should
generate a report from the data collected during the assessment and analysis of energy conservation and
pollution prevention opportunities. This report should contain the following items:

Executive Summary with a listing of energy conservation and pollution prevention measures
recommended their estimated reduction of energy or waste, and an estimate of the payback period.

General Facility Information as described in the pre-assessment activities above.
- Process Description and Flow Diagrams

- Utility information and Graphs

- Raw Material and Waste Generation Listing

- Equipment Listing
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Energy conservation and pollution prevention opportunity recommendations and analysis

The report should contain all the information needed to present the recommended opportunities to facility
managers for possible implementation.

2.24 Implementation

Management support is the single most important element in successfully implementing
opportunities from an industrial assessment. Regardless of the size or nature of the organization, top
management must exhibit active and continuing leadership and interest in the results of the assessment.
Facility employees will apply their best efforts to the opportunity only if their supervisors display a constant
awareness of energy conservation and pollution prevention. With management support, the assessment be
successfully implemented.

Actions taken to implement energy conservation and pollution prevention projectsvary greatly from
project to project and company to company. Some facilities may decide to use in-house expertise to
implement projects while others may find it beneficial to contract the work to an outside organization. Either
way, it isimportant that the Assessment Team tracks the progress of the project and the benefits realized from
implementing them.  Tracking implementation progress will prevent expensive equipment from being
purchased but never installed, and help identify opportunities where equipment or programs may be modified
to realize or improve the estimated cost and environmental savings.

After successfully implementing an energy conservation or pollution prevention project it is
beneficial to advertise the cost savings and reductions in environmental impacts. Promoting the Team's
successes Will help build facility support (line operators to management) for the next project.

2.3 Example Facility Information Collection

This section illustrates the concepts presented in this Chapter using a fictitious manufacturing
facility.

Assessment Scenario

The Assessment Team will be performing an industrial assessment at a medium size screen printing
plant. Some of the products produced at the plant are truck decals and beverage dispensing machine colored
panels. This facility is approximately fifteen years old. The facility is interested in an industrial assessment
to find ways to increase operation efficiency. The aging equipment in the facility is increasing unit
production costs and making it harder for the company to compete with newer facilities. The name of the
facility will be Mars Screen Printing.

Exhibit 2.4 illustrates facility description information collected for Mars Screen Printing during a
energy and waste assessment. This information can be used to gage the size of facility operations and make
estimates for identified opportunities.
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Exhibit 2.4: Example Facility Description

Company Name: Mars Printing Facility Description Information

Address: 1678 Mars St.

Anywhere, US 45609

Contact Person: John Smith
Contact Phone: 619-123-4567

Annual Business Volume:
20 Million feet of printed material

Production is not seasonal.

Annual Business Sales:

Approximately $10 Million

Number of Employees: 250
Employees per shift: 1% - 150
2"9-100 3pmilpm

7am-3pm

Operational Schedule:
5 days per week, 50 weeks per year

Facility closed one week in December and
oneweek in July for facility maintenance.

Energy Conservation Measures | mplemented:

Installed ceiling fans in offices and break
areas

Installed occupancy sensorsfor lighting

Pollution Prevention M easures
Implemented:

None

General Facility Information:
Ageof Facility: 15yr.

Basic Construction: Concrete Block

No. of Buildings: 1
Plant Size (ft® per building): 100,000 ft?

Exhibit 2.5 is alayout of the Mars Screen Printing plant. The layout is not in great detail but does
include general proportions of the facility and manufacturing areas. This will assist the Assessment Team
when evaluating identified opportunities.
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Exhibit 2.5: Mars Screen Printing Facility L ayout

Outside Hazardous
Waste Waste Storage
Pallet Air Compressors
Storage Crate
Room Shipping Dept.
Finishing and PV C Plastic Printing Office Area
i
Ink Storage Screen | Screen Art
Washing |  Making Dept.
|
L
Solvent :
Vapor ! .
Incinerator : Cafeteria
Poly- :
Carbonate : Vinyl
Printing ' Printing
l
1
1
: Raw
! Materia
Storage
Receiving
<
200 ft.

Exhibit 2.6 provides a brief process description of Mars Screen Printing operations. A process
description should include enough detail to communicate current operations and support identified

opportunities.
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Exhibit 2.6: Example Process Description

Mars Screen Printing Process Description

This plant uses screen printing to produce, in several varieties and color schemes, fleet
(transportation truck) decals, beverage dispensing machine colored panels and tooth brush backings. Raw
materids include plastic sheets, rolls and spools of plastic stock, inks, adhesives, urethane and various other
chemicals and solvents related to image production and printing operations.

The printing process begins with the plant receiving a mylar sheet with a positive image, paper
copy or computer file from clients. Some artwork is done in-house. Images received on a computer disk,
and other images developed on-site, are processed in a computerized system to yield a mylar positive. The
image sheets are then transported to the screen-making department.

Screen images are produced in several steps. First, large screens are coated with a photo sensitive
emulsion in an automated system. Emulsion is applied to smaller screens manually. Coated screens are
then covered with mylar sheets containing positive images and are placed on a "burn table" which exposes
the screen to ultraviolet light for a specified period of time which hardens the emulsion through transparent
areas exposed to light. After exposure, screens are removed from the "burn table" and the uncured emulsion
iswashed away with awarm water high-pressure spray.

A prepared screen is mounted horizontally on a press, and ink is troweled into an above-screen
reservoir. Ink is received in 3 to 5 gallon containers from which it is used directly or blended to customer
specified colors in an ink-mixing area. During printing, a mechanical "wipe" moves across the screen and
forces ink through porous areas onto the substrate sheets. Subsequent use of other screen imagesin a set
produces a multi-colored image on the sheets. After printing, the substrate is placed on a conveyor for
transport through an ink-curing oven. After curing, some of the printed substrates are coated with an
adhesive or a thin urethane film-followed by heat curing. Finished materials are inspected, packaged and
shipped to customers.

At the end of a printing run, screens are cleaned for reuse Initialy, excessink is removed from
screens with a putty knife. Next, they are hand-wiped with solvent-wetted paper towels while still
positioned on the press. Then the screens are removed from the presses and are transported to a screen
washing room. In this room, screens are positioned upright over a trough and dipped in ink-remover, and
occasionally a "ghost" image remover is brushed into screen material, followed by a high pressure heated
water rinse. In cases where it is not required to save a screen image, an emulsion remover is used to remove
hardened emulsion. Clean screens are allowed to air dry and are returned to storage for future use.

Exhibits 2.7-2.9 are example flow diagrams for Mars Screen Printing operations. These flow
diagrams use the block flow diagram method described in Section 2.2.2 of this chapter. These diagrams
should include pertinent information to illustrate current operations and support identified opportunities.
The Assessment Team should be cautioned to collect only information pertinent to identified opportunities
and should not try to incorporate all available information into the flow diagrams or in the process
description.
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Notes

Exhibit 2.7 Exampl e Flow Diagram for the Mars Screen Printing, Screen Making Operation
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and Mylar ~ Sheets/yr.
Printer :
Waste Emulsion
£ ¢ 1,500 gl Jyr. Waste Water
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Generationof [ gal./yr.
Mylar Positive
Mylar Scrap
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Exhibit 2.8: Example Flow Diagram for the Mars Screen Printing, Printing Operation
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Exhibit 2.9: Example Flow Diagram for the Mars Screen Printing, Cleaning Operations

Paper
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500 500 20,000 Remover 30,000 gallyr
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Exhibit 2.10 through Exhibit 2.12 are tables of energy consumption and cost information collected
from Mars Screen Printing. Information collected for energy usage should be collected for each energy
source for the same time period. The tabular format presented here provides a concise and uniform way to
present information for review.

Exhibit 2.10: ExampleElectrical Summary

Month | Energy Energy Peak Demand | Other | Reactive Total Unit
Usage Charge | Demand Cost Costs Cost Elect. Elect. Cost
(kwh) ($) (kW) (%) (€))] (©) Cost ($/kWh)

(%)

Jan 250,000 19,185.42 584.0 7,965.82 | 215.13 110.15 27,476.52 0.078

Feb 254,400 19,495.87 556.4 7,595.74 | 214.97 116.98 27,423.56 0.077

Mar 246,800 18,979.84 552.8 7,530.38 | 213.21 111.22 26,834.65 0.077

Apr 247,600 16,077.64 551.6 4,245.78 | 194.66 113.77 20631.85 0.065

May 275,600 17,937.39 590.8 4,617.85 | 201.35 | 114.30 22,870.89 0.065
Jun 313,600 20,365.63 633.6 4,905.38 | 209.51 | 116.58 25,597.10 0.065
Jul 324,800 21,582.86 620.0 4,919.60 | 216.13 | 11284 26,831.43 0.066
Aug 316,000 21,050.37 620.8 4,946.63 | 214.93 | 116.75 26,328.68 0.067
Sep 273,200 17,943.95 594.0 4,632.62 | 201.60 | 108.94 22,887.11 0.066
Oct 260,000 17,058.38 574.0 4,468.58 | 198.46 | 110.82 21,836.24 0.066
Nov 266,800 17,440.93 580.8 4,466.06 | 199.60 | 112.29 22,218.88 0.065
Dec 237,600 18,308.30 581.6 7,860.44 | 212.19 | 108.54 26,489.47 0.077
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Exhibit 2.11: Example Natural Gas Summary

Month Energy Usage Energy Usage Total Cost ($) Unit Cost ($/M CF)
(CCF) (MM Btu)

Jan 10,543 906.7 4,979 4.72

Feb 8,116 698.0 3,838 4.73

Mar 1,444 124.2 700 4.85

Apr 756 65.0 376 497

M ay 791 68.0 393 4.97

Jun 558 48.0 283 5.07

Jul 816 70.2 404 4.95

Aug 2,615 224.9 1,251 478

Sep 7,540 648.4 3,567 4.73

Oct 12,877 1,107.4 6,076 472

Nov 18,244 1,569.0 8,588 471

Dec 19,807 1,703.4 9,466 478

Gas Quality - 860 Btu/cf
Exhibit 2.12: Example Fuel Oil Summary
Month Usage Usage Cost Unit Cost Tax (©))
(gallons) (MM Btu) (6] ($/gal)

Jan 5,878 829 3,804.35 0.65 11.38

Feb 3,024 426 1,910.83 0.63 5.72
Mar - - - - -
Apr - - - - -
May - - - - -
Jun - - - - -
Jul - - - - -
Aug - - - - -
Sep - - - - -
Oct - - - - -

Nov 3,515 496 2,227.86 0.63 6.66
Dec - - - - -

Some examples of graphical representations of data collected for Mars Screen Printing Company are
presented on the following pages. Exhibits 2.13 and 2.14 are overall energy consumption and energy cost

summaries. Exhibits 2.15 and 2.16 provide a graphical illustration of electricity usage and cost. Graphical

illustration of natural gas and fuel oil usage have not bee included here but should be provided during

assessment documentation to provide a complete picture of energy usage.
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Exhibit 2.13: Summary of Energy Usage
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Exhibit 2.14: Summary Energy Costs
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Exhibit 2.15; Electrical Costs
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Exhibit 2.16: Mars Screen Printing Electricity Usage
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Raw material and waste generation information collected during an assessment should be compiled
in an easy to reference format. Exhibit 2.17 presents one format for presenting raw material information.
Raw material usage information should be collected for those materials that pertain to opportunities
identified during the assessment to avoid unnecessary information collection. Thiswill save time and labor
for the more important task of evaluating opportunities.

Exhibit 2.17: Example Raw Material List for Mars Screen Printing

Material Volume or Weight per Year Cost per Unit or Total Cost
Adhesive 5,000 gal $6,750
Emulsion Remover 5,000 gal $9,750
Ghost Image Remover 3,000 gal $4,800
Ink —various colors 60,000 gal $156,000
Ink Remover 20,000 gal $28,000
Mylar 20,000 sheets $27,000
Paper Towels 500 rolls $550
Photo Sensitive Emulsion 30,000 gal $70,000 /yr.
Plastic Print Material —rolls 750,000 feet $172,500 /yr.
Plastic Print Material — sheets 1 million feet $200,000 /yr.
Plastic Print Material — spools 650,000 feet $162,500 /yr.
Solvent 20,500 gal $19,500 /yr.
Ultraviolet Light Tubes 100 tubes $5,000 /yr.
Urethane 8,000 gal $12,000 /yr.
Water 80,000 gal $1,600 /yr.

Waste generation information can be collected from several sources at the facility. Waste
generation information can be collected in the same format as raw material information. Facility personnel
will find it much easier to collect data in a table format and then to apply that information to the process
flow diagram.

Exhibit 2.18: Example Waste Generation Data for Mars Screen Printing

Material Quantity Disposal Type Cost
Mylar Scrap 300 Ibs./yr. Landfill $7
Waste Emulsion 1,500 gal/yr. Landfill $2,700
Waste Water and Emulsion 21,100 gallyr. Sanitary Sewer $420
Plastic Scrap 400,000 feet Landfill $100
Paper Towels with Ink and Solvent 100 Ibs./yr. Off-site Incineration $100
Waste Ink and Solvent 5,000 gal/yr. Off-site Incineration $13,600
Solvent Emission 17,000 gal/yr. On-site Incineration $51,000
Excess Ink 220 gallyr. Off-site Incineration $600
Waste Emulsion Remover 4,500 gal/yr. Landfill $12,200
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The assessment team should also collect information about equipment that will be necessary to

evaluate identified opportunities. Exhibit 2.19 provides some example information collected for Mars Screen

Printing. This information will be used to calculate energy usage and waste reductions as well as cost

savings.

Exhibit 2.19: Example Equipment List and Pertinent I nformation

Boilers

Fuel Source— Natural Gas and Fuel Oil #2
150 BHP

Steam generated at 150 PS|

Average Load — 75%

No Condensate Return

18 hrs/day in summer, 24 hrs/day in winter
Used for process heat and space heating
Emulsion Removal Tank

3ftx5ftx 5ft

No cover
Not heated
Curing Oven
Natural Gas
Operation Temperature 120°F
Operation Hours 16 hrs/day

Air Compressors
One Screw Type Compressor — 100 HP
One Reciprocating Compressor — 50 HP
Air Pressure 70 PS|
Used for equipment actuation
Intake temperature - 85°F
Average Load — 80%
Operation 18 hrs per day
Ink Curing Oven
Steam heat from boilers
Insulated

No covered opening

The assessment team should brain storm possible opportunities to be implemented in the facility.
After the team has developed its initial list of opportunities the team should list these out and collect
information necessary to evaluate each opportunity. A list of potential opportunities for our fictitious facility,
Mars Screen Printing is given in Exhibit 2.20.

Exhibit 2.20: Energy Conservation and Pollution Prevention Opportunities for Mars Screen Printing

Enerqgy Conservation Opportunities

=

© ©O N o g M~ w D

Increase Monitoring of Boiler Efficiency to Maximize Fuel Use

Repair Compressed Air Leaks
Repair Steam Lesks

Return Condensate for Supply Water Pre-heating

Schedule Use of Electrical Equipment to Minimize Peak Demand

Recover Oven Exhaust Heat for Space Heating
Replace Compressor Belts with V-Cogged Belts

Insulate Bare Steam Lines

Lower Pressure of Compressed Air to Minimum Necessary Level
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Pollution Prevention Opportunities

a ~ WD

Cover Cleaning Tanks to Minimize Evaporative Losses
Recover Solvent from Exhaust for Equipment Cleaning
Minimize Ink Mixing to Reduce Excess

Improve Housekeeping

Substitute Non-Hazardous Inks for Current Inks

Using the opportunity list generated for our fictitious facility, an example decision matrix is
provided in Exhibit 2.21. Chapter 3 discusses methods to evaluate the pollution prevention and energy
conservation opportunities identified during an opportunity assessment.

Exhibit 2.21: Example Decision Matrix

Opportunity Payback Cost Technical Operational | Compliance
Period Savings | Feasibility Impact I ssues

Energy Conservation Opportunities

1. Increase Monitoring <lyr. High Easy Positive Improve Air
of Bailer Efficiency to Emissions
Maximize Fuel Use

2. Repair Compressed <lmonth | High Easy Positive Reduce
Air Leaks electricity use

3. Repair Steam Leaks <6 months | High Easy Positive Reduce fuel

use

4. Return Condensatefor | >2yr. Medium | Hard Positive Reduce fuel
Supply Water Pre- use
heating

5. Schedule Use of >1yr. Medium | Hard Unclear None
Electrical Equipment
to Minimize Peak
Demand

6. Recover Oven >2yr. Minimal | May cause Negative Reduce energy
Exhaust Heat for condensation use for space
Space Heating of solvent in heating

exhaust stack

7. Replace Compressor <l month | Minimal Easy Positive Increase
Beltswith V-Cogged efficiency
Belts

8. Insulate Bare Steam <2 months | High Easy Positive Reduce steam
Lines use

9. Lower Pressure of <2months | Medium | Easy Unclear Reduce
Compressed Air to compressed air
Minimum Necessary use
Level
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Exhibit 2.21: Example Decision Matrix (cont.)
Opportunity Payback Cost Technical Operational | Compliance
Period Savings | Feasibility Impact Issues

Pollution Prevention Opportunities

1. Cover Cleaning Tanks | <1yr. Minima | Easy So impact Reduced Air
to Minimize for cleaning | Emissions
Evaporative Losses operations.

2. Recover Solventfrom | >5yr. Medium | Hard Disruptive Reduced Air
Exhaust for during Emissions
Equipment Cleaning const.

3. Minimize Ink Mixing <lyr. Medium | Easy Positive Reduced
to Reduce Excess Waste

Disposal

4. Improve <lyr. Minimal Easy Positive Reduced

Housekeeping Waste and
Improved

5. Substitute Non- Unclear Unclear Hard Unclear Reduced Air
Hazardous Inks for Emissions and
Current Inks Waste

Generation
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CHAPTER 3. EVALUATION OF ENERGY CONSERVATION AND
POLLUTION PREVENTION OPPORTUNITIES

Evaluation of identified opportunities is the essence of an industrial assessment. Evaluation of
opportunities provides a facility with information needed to make decisions on opportunity selection and
implementation. There are five basic steps in the evaluation of energy conservation and pollution
prevention opportunities and determining their feasibility.

1. Clearly describe current practices.

2. Describe the recommended energy conservation or pollution prevention opportunity.
3. Evaluate benefits.

4. Technica feasibility analysis.

5. Evaluate economic benefits.

These steps provide the framework for the feasibility analysis of each opportunity. As the team
follows these steps, it will be compiling information for the analysis of each opportunity as well as the
information that will be needed to justify implementation of the opportunity to management. The remainder
of this chapter describes the evaluation process using these five steps. Two examples of opportunity write-
ups are given at the end of this chapter to illustrate these concepts.

3.1 Describethe Current Practices

The first step in the analysis of an energy conservation or pollution prevention opportunity is to
clearly describe the current practice in simple language. This description should include:

Overview of current operations and procedures
Assumptions
Impacts
Raw material costs
Energy costs
Waste management costs
A simple description will provide readers unfamiliar with the operation information needed to

understand what is happening without knowing all the technical details.

3.1.1 Overview of Current Operations

An overview should include a description of the operation, procedures, equipment used, materials
used, and wastes generated by the operation as necessary to provide background information for an
identified opportunity. The operation can be defined in many ways but in the evaluation the Team should
describe only the functions associated with the specific opportunity. For example, if the identified
opportunity is to adjust the air fuel ratio of the boiler, the Team should describe operations or procedures
associated with boiler operation and maintenance. |f the identified opportunity were to adjust the boiler
steam pressure, the Team should include information about boiler operation and maintenance as well as
information about facility steam requirements.

The amount of information included in a description of current practices will vary in content and in
detail. The overview should include enough detail to give anyone who reads the analysis the background
needed to understand the process and the identified opportunity.
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3.1.2 Asumptions

Inevitably the Assessment Team will need to make assumptions or estimates when information is not
available or simply doesn’t exist. In these cases, the assessment team will be required to make reasonable
estimates based on available information, observation and best professional judgement. Any time the
assessment team is required to make estimates or assumptions it isimportant to document thisin the analysis
write-up for future reference. These estimates or assumptions may include any assumptions with regard to
labor costs, utility or waste disposal costs, hours of operation, or loads, etc. Assumptions do not necessarily
need to all be stated in the background information but should be clearly stated when made.

3.1.3 Impacts

The impact that the current operation has should be described as part of the current practice. This
would be the impact that the current practice has on the facility or operation energy consumption, waste
generation, air emissions, and etc. For example, ink is mixed manually and personnel responsible for ink
mixing consistently mix too much ink. The impact of this practice would be excess raw material purchases,
increased waste disposal, and air emissions. For energy conservation opportunities the impacts that would be
described might include increased energy consumption and air emissions, or increased demand charges.

3.1.4 Raw Material Costs

Raw materids account for a large percentage of an industrial facility’s expenses. Raw materials
include any material purchased for the purpose of producing a product or items or to be used in clean-up and
ancillary operations. The Assessment Team can obtain raw material cost information from purchase records
at the facility. In addition, when accounting for raw material costs, the Team should account for material
management costs when applicable. For instance, if an opportunity will greatly reduce raw material
purchases and there is an associated |abor cost for managing the material (i.e., moving it around the facility,
managing the containers, etc.) the team should include the reduced labor costs when evaluating the
opportunity.

3.1.5 Energy Costs

Energy costs or utility costs are also major operating expenses for industrial operations. Some
operations are very energy intensive requiring large amounts of energy for heating of materials to produce a
product. The Assessment Team should review and account for energy costs during the assessment. Chapter
2 discussed the collection of eectric, natural gas, or other energy source information to allow graphs and
summary tables to be prepared. The following sections will discuss how to read the utility bills and define
some of the terminology used.

3.1.5.1 ElectricBillsand Rates

The structure of electric hills differs from region to region. The rates and structure of utility bills
cannot be set arbitrarily since al utility companies are regulated by a Public Utility Commission or Public
Utility Board of the state in which it operates. Approval is needed for any change in rates or structure and
any change is subject to reviews confirming the necessity of such change. The rates reflect the requirement to
maintain a sound financial condition of a utility company and also to pay a “reasonable return” to the
shareholders.

TheElectric Bill: 1ts Components and Wherethe M oney Goes
1. Components Of Your Electric Bill

Customer Charge - Reactive Demand Charge
Demand Charge - SalesTax
Energy Charge
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2. What IsIncluded In The Customer Charge?

Fixed monthly amount designed to recover:

- Service drop - wires from transformer to connection on building.

- Meter.

- Billing, credit and collection and related costs.

- Customer service - costs to encourage safe, efficient and economical use of electricity.
3. What IsIncluded In The Demand Charge?

Generally based on highest 15-minute integrated kW demand during month or 80% of highest
demand during winter months.

Designed to recover:
Investments in generating plants.
Investmentsin transmission system - 345,000, 115,000 & 34,500 volt lines and sub-stations.

Investments in distribution system - all voltages below 34,500 volts, including distribution
transformer.

4. What Is Demand (Load)? Exhibit 3.1: Relation of Demand (kW) to Energy

) . (kwh)
A. Assume Fifty (50) - 100 watt light

bulbs. 5kw

All 50 bulbs are on at the sametime.

50 bulbs x 100 watts each = 5000
watts

B. Total Demand (Load) on System:
5000 watts/1000 = 5 kilowatts (5 kW)
Thisisillustrated in Exhibit 3.1.

5. What IsIncluded In the Energy Bill?

Energy = 5 kW x 730 hours = 3650 kWh

IR £

0 Hours per Month 730

Price per kWh designed to recover:
Variable costs to generate electricity

Oil costs
Energy =50 kW x 73 hours = 3650 kWh
Nuclear fuel costs

Varieswith voltage levels due to losses
6. What Isthe Reactive Demand Charge?

An amount per kVAR of reactive
demand in excess of 50% of monthly
demand (LGS is 50% of first 1,000
kW of monthly on-peak kW demand
and 25% of all additional monthly on-
peak demand).

. 4

0 73 Hours per Month 730

No kVAR billing unless power factor below 90% (higher for customers with demands in
excess of 1,000 kW).

Designed to recover cost of capacitors used to offset effects of customers with poor power
factor.
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7. SalesTax

z
S
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If electricity is used in a manufacturing process, the customer can get an exemption for the

majority of sales taxes. It is advantageous for the community to have the tax incentivesin order
to preserve or promote manufacturing in the area.

3.1.5.2 Exampleof GasBillsand Gas Rates

Unlike electric charges, gas utility bills are very simple to read. In the following section a typical
example of amonthly gas utility bill isintroduced.

Terminology and the Bill
1. Theservice period on amonthly basis.

2. Therate schedule and terms used.
Gas company rates are based on the following priority schedule;

- GN-1isfor residential and small industrial users consuming less than 100,00 cubic feet of gas
per day.

- GN-2 is for industrial users consuming over 100,000 cubic feet per day and who have standby
fuel capability.

3. The actual month’s consumption in cubic feet of gas.

- Thebilling factor isthe actual heat content of the gas (can vary depending on location).
- Thefina columnisthe amount of therms used for the month.

- Meter unitsare 100 cu. ft. (i.e., example equals 3,806,000 cu. ft.).

Exhibit 3.2: Sample Natural GasBill

Service Period Service Address:
@ 06-18-79 07-18-79
@ Rates Therms
GN-1
GN-2 17,667
GN-3 22,486
Total 40,153 $9,760.09
@ Meter Number Meter Readings Difference | Billing Factor Therms
Previous Present
2345678 917920 955980 38060 1,055 40,153

Our hypothetical bill isinterpreted asfollows:

1. Gasconsumption @ GN-2 rate =17,667 therms
2.  Gasconsumption @ GN-3 rate = 22,486 therms
3. Total gas consumption =40,153 therms
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4. Difference in meter readings = 3,806,000 cu. ft.
Btu content of gas = 1,055 Btu/cu. ft.
6. Amount of therms used per month
= (3,806,000 x 1,055) / 1000,000 = 40,153 therms
1 therm = 100,000 Btu
Actual BTUs consumed = 40,153 x 10° Btu

In-Plant Metering
The monthly gas bills show how many Btu’'s have been expended to produce a product. However,
the bill does not indicate where the Btu’'s where used in a particular gas consuming process.

As the nation’s energy requirements grow, industry can expect to pay even more for gasin future
years. Plants that remain dependent upon gas for their production processes will be placing even greater
emphasis on in-house conservation efforts in order to achieve maximum production efficiency from this
increasingly expensive fuel. Cost allocations within departments and fuel surcharges to customers will
become commonplace. Close monitoring of allocated supplies will become a necessity in energy
management. Gas consumption monitoring can also be advantageously used to control oven or furnace
temperatures and prevent over-temperature damage.

A relatively low cost monitoring device is the “Annubar.” This device is a primary flow sensor
designed to produce a differential pressure that is proportional to the flow. The flo-tap annubar can be
inserted and removed from operation without system shut down. It can be interfaced with secondary
devices, a standard flow meter is available for rate of flow indication. It can also be used as a portable meter
or permanently mounted one. Annubar connected to a differential pressure transmitter (electric or
pneumatic) is used with a variety of standard secondary equipment for totalizing, recording, or controlling
complex systems.

3.1.5.3 Fud Oil Rates

A private contractor usually supplies fuel oil. The priceis negotiated before the season or period of
interest to both parties. The supplier is obligated to provide the oil to the customer for an agreed upon
period (typically a year). The price is fixed for an estimated amount of consumption and provides for an
adjustment if supplier’s costs change during the period. The supplying company might require a minimum
purchase, called “alotment,” in order to maintain the required service as well as the price. It is noteworthy
to point out that some customers may decide to burn more fuel than necessary for the operations just to
preserve their pricing. The normal way of calculating the average cost of oil issimply the total money spent
divided by volume purchased.

In the United States three types of fuel are available. The most expensive ail is No. 2 at 138,000
Btu/gallon. A little cheaper option is No. 4 with 142,000 to 145,000 Btu/gallon and the cheapest is No 6
with 149,690 Btu/gallon. It is important to keep in mind that the fuels are not interchangeable because the
combustion equipment is designed for only one type of fuel. Different fuels also have to be handled
differently, for example No. 6 fuel requires heating to flow. Detailed information about equipment,
characteristics of fuel oils and exact Btu content is available from individual suppliers.

3.1.6 Waste Management Costs

Waste management costs include not only the actual disposal costs for waste materials but the on-
site management costs like labor for drumming and moving the material, labor for waste treatment
processes, and labor to file required paperwork. On-site costs may not be directly from abill but can usually
be closely estimated using information from various sources. Thisis often true for labor requirements for
particular operations. The assessment team should use information from on-site interviews of facility
personnel to make an estimate in these cases. The actual disposal cost information is available from
hazardous waste manifests, bills for transportation, bills for solid waste disposal. The remainder of this

Guide to Industrial Assessments for Pollution Prevention and Energy Efficiency

z
®




z
®

Evaluation of Energy Conservation and Pollution Prevention Opportunities

section briefly discusses the pertinent information that the assessment team will need to evaluate various
opportunities.
3.1.6.1 Hazardousand Regulated Non-hazardous Waste Disposal

Hazardous and regulated non-hazardous waste disposal is a significant line item cost for facilities.
When cal culating hazardous waste disposal costs, the assessment team must include these items.

1. Disposal fees
2. Transportation costs

3. In-house labor for management (labor for drumming the waste, moving to hazardous waste storage,
and filing paperwork)

4. Reduction in containers purchase for disposal

Not all of these costs will apply to every waste. For example if the facility is purchasing over pack drums for
some of their wastes and not others. The team should use best professional judgement when applying these
factors.

3.1.6.2 Solid Waste Disposal

Solid waste is what most people think of as trash. It would include waste paper, cardboard, personal
items, food wastes, etc. While solid waste is not as expensive as hazardous waste to dispose of, it is still a
significant expense. When cal culating solid waste costs and cost savings, the team must include these items.

1. Tipping fees (feefor disposal in landfill or other similar fee)
2. Transportation costs, if any

3. Rental and pick-up fees for trash containers

4. In-house labor costs, if any

Again, the team should use best professional judgement to include or not include these and other costs.

3.1.6.3 Air Emisson Management Costsand Emission Fees

Air emissions have become an increasingly important issue for industrial plants. Evaluation of
opportunities that significantly reduce air emissions should include these items.

1. Airemission fees

2. Changesinair emission control costs

3. Changesin monitoring requirements for both environment and health and safety.
4

Changes in labor for management of air emissions.

3.1.6.4 Sanitary and Storm Sewer Discharge Fees

Sanitary and storm sewer discharge fees do not tend to be large line item costs for many facilities.
Changes in fees as a result of implementing an opportunity should be accounted for or noted even if
significant. Itemsthat should beincluded in a cost evaluation are:

1. Dischargefee
2. Labor for on-site management of waste water or other solutions discharged to the sewer
3. Changesin treatment costs, if any.

There may be other items that may be added for various operations. The assessment team should include all
significant items.
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3.2 Describethe Recommended Opportunity

A description of the recommended action needed to accomplish the energy conservation
or pollution prevention should be given in simple language with a minimum of technical details. The
recommended action should include a description of the proposed change including equipment changes,
process modifications, and changes in procedures. In addition, this description should point out the
advantages and disadvantages in implementation of the opportunity. This description of the recommended
action does not need to include calculations of energy and waste reduction, as thesewill beincluded inthe
next sections.

The advantages should include items like reduced waste generation, reduced energy consumption,
improved efficiency of operations, etc. The disadvantages should include items like increased labor,
noxious odors, extensive facility modifications, etc. The advantages for implementing an opportunity are
sometimes obvious but often an assessment team will not account for the intangible benefits and likewise
disadvantages. The benefits may include improved worker health from reduced exposure, improved public
image, and reduced liability. Likewise, the disadvantages may include strong citrus odor from aqueous
cleaner.

3.3 Evaluate the Energy Conservation and Pollution Prevention
Benefits

The evaluation begins with the calculation of the current energy usage or waste generation for a
particular piece of equipment or process associated with the identified opportunity. Information such as
operation times, required pressures for steam and air, light levels, or waste generation information collected
during the on-site assessment phase will be needed to complete the calculations. Next, the Team will
estimate the energy conservation or pollution prevention potential from implementation of the opportunity.
This may entail some initial research for information on equipment needed for implementation of the
opportunity through literature searches or collection of vendor information to verify estimated reduction of
energy consumption or wastes. |t isimportant to note any assumptions made to complete calculations and
where necessary conservative estimates should be made. The remainder of this section will discuss how to
calculate energy consumption and conservation as well as waste generation and pollution prevention
benefits.

3.3.1 Energy Conservation Calculations

When performing any type of comparisons between energy requirements for equipment of
conservation alternatives; care should be taken to use the same unit of measurement for all types of energy inthe
analysis. Exhibit 3.3 lists several sources of energy and its common unit of measure. Usually as scrap material
from a manufacturing process, wood is occasionally used as a fuel source in industrial boilers and is more
commonly used in homes for space heating. Since the BTU value of wood varies significantly with its
preparation and species, it has not been included in Exhibit 3.3.

Energy requirements for different applications also use diverse units of measure. For instance, cooling
capacities of air conditioning units are usually measured in Tons, heating unit capacities are defined in BTUS,
and motor capacities are measured in horse-powers or watts. Exhibit 3.4 lists the common units employed for
various applications. It should be stressed that while these are the common units applied to these applications
they are not the only units of measure used for these applications. For example, heating units and motors are
sometimes measured in KW instead of BTUs and hp. Thisis especially true of equipment that is purchased
from countries where the metric system is used.
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Notes Exhibit 3.3: Common Units of Measure and Conversionsto BTUs (U.S. Dept of Commerce, 1974)
Typeof Energy Common unit of Measure BTU Equivalent
Butane, Liquefied Gdlons (Ga) 91,600 BTU/GA
Coadl, Anthracite Pound(s) (Ib or Ibs) 13,900 BTU/Ib
Coal, bituminous Pound(s) (Ib or Ibs) 14,000 BTU/Ib
Codl, lignite Pound(s) (Ib or Ibs) 11,000 BTU/Ib
Coal, Sub-bituminous | Pound(s) (Ib or Ibs) 12,600 BTU/Ib
Electricity Kilowatts-hours (KW) 3,412 BTU/KWh
Fuel Oil #2 Gallons (Gal) 140,000 BTU/Gdl
Fuel Oil #6 Gdlons (Gal) 152,000 BTU/GA
Kerosene Gallons (Gal) 134,000 BTU/G4d
Natural Gas Cubic Feet (CF) or Hundreds of Cubic Feet (CCF) 1,000 BTU/CF
Therms 100,000 BTU/therm
Propane, Liquefied Gdlons (Ga) 103,300 BTU/GA

Exhibit 3.4: Unitsof Measurefor Various Applications (U.S. Dept of Commer ce, 1974)

Application Units of Measure BTU Equivalent
Air Conditioning / Tons 12,000 BTU/hr
Refrigeration
Heating BTUs
Motors Horsepower (hp) 2545 BTU/hr
Boilers Pounds of steam generated | Varies with specific
per hour or BTUs characteristics of boiler
Lighting Watts 3412 BTU/hr

When calculating energy conservation opportunities you must be sure to account for these factors.
Current energy usage

Projected energy consumption reduction

Energy consumption of new equipment

Changesin energy requirements for associated equipment

Each of these factors should be clearly stated with any assumptions that have been made to complete the
calculations. Chapters 6 - 10 discuss various types of equipment used in industrial and commercia
applications. These chapters describe the equipment, energy usage and some energy conservation
opportunities.

3.3.2 Poallution Prevention Calculations

There are many factors that the assessment team must account for in evaluating a pollution prevention
opportunity. These factors are:
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Changesin raw material consumption
Changesin hazardous waste generation
Changesin solid waste generation
Changesin air emission generation
Changesin energy usage

Implementation of a pollution prevention opportunity may need to include al these factors or may
include only afew. When performing any type of comparisons for pollution prevention opportunities; care
should be taken to use the same unit of measure for al types of materials used in the analysis. Thismeansthat
to ensure consistency in your calculations all raw materials should be converted to the same unit of measureiif
possible. For example, if afacility listsit raw materias for a printing operation as 60,000 gal of ink and 20,000
Ibs. of ink remover, the unit should be converted to either both be pounds or both be gallons.

After performing these energy conservation and pollution prevention calculations, thisinformation
will then be used to cal cul ate the cost savings for the given opportunity.

34 Technical Evaluation of Energy Conservation and Pollution
Prevention Projects

A technical evaluation will determine whether a proposed energy conservation or pollution
prevention option is technically feasible. Some technical evaluations will be straightforward, such as
procedural or housekeeping changes, which may require little more than review, approval, and training of
selected staff. Other technical evaluations will require the expertise of avariety of people. Y ou may require
significant coordination with the operators, vendors, and consultants before deciding whether a proposed
pollution prevention solution is feasible. In some cases, you may need to test your proposed solutionin a
laboratory or perform a field demonstration. Also keep in mind that some equipment vendors are willing to
validate their applicability to your process prior to purchase of the equipment. Exhibit 3.5 presents typical
evaluation criteria that will apply to implementation of an opportunity at a specific facility. Depending on
facility requirements there may be other criteriathat should be included.

These criteria will be used to build the information for the implementation costs. Correct
estimation of implementation costs is very important as implementation costs can have a significant impact
on afacility. When evaluating implementation costs, the assessment the team should consider these items.

Cost of equipment - Annual Operating Costs

Cost for facility modifications - Utilities

- Expanded plant area - Labor

- Improvementsto utilities - Traning

- Ventilation requirement - Maintenance

Installation costs - Replacement parts and filters
Employee Training - Cost of containers and other supplies

Periodic Maintenance associated with disposal
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Exhibit 3.5: Typical Technical Evaluation Criteria

Will it conserve energy or reduce waste?

Isthe system safe for our employees?

Will the product quality be improved or maintained?
Isthere space available in the facility

Are the new equipment, materials, or procedures compatible with our production operation
procedures, workflow and production rates?

Will more labor be required to implement the option?
Will we need to train or hire personnel with special expertise to operate or maintain the new system?

Do we have the utilities needed to run the equipment? Or, must they beinstalled at increased capital
cost?

How long will production be stopped during system installation?
Will the vendor provide acceptable service?
Will the annual operating and maintenance costs increase?

Will the system create other energy consumption or environmental problems?

Also, if the opportunity will require instalation of large pieces of equipment, the team should
consider factors that will influence installation like will the equipment fit through existing doors. While this
seems like an obvious question, several facilities have had equipment arrive for installation that wouldn’t fit
through the doors.

35 Economic Evaluation of Energy and Pollution Prevention Project
Costs

An economic analysis isaprocess in which financial costs, revenues, and savings are evaluated for a
particular project. Thisanalysisis necessary to evaluate the economic advantages of competing projects and
is used to determine how to allocate scarce resources. An accurate estimate of energy conservation and
pollution prevention project costsis essential to decision making.

The easiest and most common economic evaluation is the one that compares the up-front purchase
price of competing project alternatives. However, the up-front purchase price istypically a poor measure of a
project’s total cost. Other costs, such as labor, maintenance (including materials and wastes), reliability,
disposal/salvage value, and training must also be accounted for in the financial decision making process. As
aresult, the type of economic evaluation tools and techniques used may vary from one facility to the next in
order to perform a meaningful economic evaluation.

This section presents three methods commonly used to allow a comparison to be made between
competing projects. These methodsinclude:

Payback Period,
Net Present Value, and
Internal Rate of Return.

Finally, two additional economic analysis tools are introduced at the end of this section: the Life
Cycle Costing (LCC) tool and the Total Cost Assessment (TCA) tool. Both tools are used to establish
economic criteria to justify energy conservation and pollution prevention projects. TCA is used to describe
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internal costs and savings, including environmental criteria. LCC includes all internal costs plus external
costsincurred throughout the entire life cycle of aproduct, process, or activity.

3.5.1 Common Methods of Comparing Financial Performance

Financial performance indicators are needed to allow comparisons to be made between competing
project alternatives. Three methods of comparison are currently in widespread use: Payback Period, Net
Present Value, and Internal Rate of Return.

3.5.1.1 Payback Period

The payback period is used most often. The purpose of the payback analysis is to determine the
length of time it will take before the costs of a new project is recouped. The formula used to calculate the
Payback Periodis:

Equation: Payback period (inyears) = 1/(N-C)

where | =initial investment, start up costs (in dollars)
C = annual cost of current practice (in dollars/year)
N = annual cost of new practice (in dollars/year)

Although the payback period indicator is the simplest, there are certain limitations to the accuracy
of the indicator. One limitation is that the payback period indicator does not account for al of the cash
flows of a project. It considers the cash flows that take place before the start-up costs are paid back, but
ignores all cash flows after this threshold. Ignoring these cash flows can skew the true profitability of
implementing a proposed proj ect.

As an example, when comparing two projects, A and B, and each requires an initial start-up cost or
investment of $50,000 and project A generates $25,000 in revenues (or annual savings) for the next three
years and project B generates $20,000 in revenues for the next 20 years. Using the principles of payback
period, project A is more profitable than project B because you recover your start-up costs (or initial
investment costs) earlier with project A. However, project A generates revenues for only three years,
whereas project B continues to earn revenues for 20 years. This example illustrates that a projects payback
period does not necessarily reflect its overall profitability because it only measures the time it takes to reach
the break-even point for implementing a project. For pollution prevention projects, this can be an especially
significant limitation because many annual operating costs may occur several years after the initial start-up
costs have been incurred.

A second limitation is that complex scenarios can have multiple paybacks when annual operating
costs vary significantly from year to year or when there are start-up costsin multiple years.

3.5.1.2 Net Present Value

The Net Present Value (NPV) method is based upon the concept that a dollar today is worth more
than adollar in the future, a concept known as the time value of money. This concept captures the cost of a
given project, taking into consideration future value. The discount rate, similar to an interest rate, is the
mechanism that equates today’ s dollar with its value in the future.

A simpleillustration considers what the value of adollar invested today will be worth in ayear. At
a simple interest rate of 5 percent, a dollar today is worth $1.05 one year from now. Thisis referred to as
the “present value” of one dollar one year from now at an interest rate of 5 percent.

The selection of an appropriate discount rate is one of the most difficult aspects of a cost-benefit
analysis, but it is also one of the most important. The discount rate is afunction of what a business must pay
to borrow money and what rate of return it must earn to satisfy a company's financial requirements. For
evaluating multi-year and long-term projects, the identification of an accurate discount rate is crucial. For
example, a project that looks favorable using a 3 percent discount rate may look very unattractive at a 10
percent rate.
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For an investment to be cost beneficial, it must return more dollars in the future (i.e., benefit) than
the amount of dollars spent in the present (i.e., the cost of the investment) to account for this difference in
value. In other words, the dollar benefits gained in the future must be greater than the initial investment.
This method progressively reduces (discounts) the value of costs and revenues occurring in future years. The
formulafor NPV is:

Equation: | + [(AS— CE)1( PVIF)y +(AS— CE)(PVIF); +...+ (AS— CE)(PVIF),] = NPV
where I =initial investment, start-up cost (expressed as a negative number)
AS = annual savings (cash inflows)
CE = capital expenses (cash outflows)
(AS—CE); = net cash flow year 1
(AS—CE), = net cash flow year 2
(AS—CE), = net cash flow year n
PVIF = 1/(1+r)' = present value interest factor
r = discount rate of money (i.e., current rate of return)
t = incremental time period, O thru n, normally expressed in years

The first step to determining the net present value of a proposed project is to determine the net
difference (net cash flow) for each year over the specified time period (AS-CE),.

The second step is to calculate the present value interest factor (PVIF) based on the companies
discount rate. The following equation is used to calculate the PVIF for each year of the specified time period.

Equation: PVIF = 1/(1+)!
where r = discount rate of money (i.e., current value of money to the company)
t = incremental time period (i.e., 1, 2, 3, etc.), normally expressed in years

The PVIF is calculated for each incremental time period. The PVIF aways equals one, when n=0;
the start-up costs. Asthetime period (n) increase the PVIF decreases.

The third step is to multiply the net difference in cash flows for each incremental time period
determined in Step 1 one by the corresponding PVIF determined in Step 2 to calculate the present value (PV)
of the money in today's dollars. The following equation is used to calculate the PV for each time period.

Equation: PV = (AS—CE) X (PVIF); at agiven time period (n)

The last step is to sum the PV's for each incremental time period (0 through n) and then subtract the
star-up cost (1) to obtain the net present value (NPV) of implementing the project.

A project is deemed profitable if its net present value is greater than zero. When the NPV is greater
than zero a project is sufficient to (1) pay off the initial star-up costs, (2) pay off interest paymentsto creditors
who lent the company money to pay for the start-up costs, (3) provide the required return to shareholders or a
company's financial regquirements, and (4) increase economic value in the company.

Net present value is a very useful indicator because it is a direct measure of a projects profitability in
dollars and therefore most directly relates to a company's value of money. It does however, depend
significantly on the value of the discount rate. In general, net present value is one of the strongest financial
performance indicators because it has few limitations and can be used in all types of analyses.

3.5.1.3 Internal Rateof Return

The Internal Rate of Return (IRR) is another technique used in decision making. The purpose of the
IRR is to determine the interest rate (r) at which NPV is equal to zero. If that rate exceeds the hurdle rate
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(defined as the minimum acceptable rate of return on a project), the investment is deemed worthy of
funding. Theformulafor IRRis:
Equation: | + [(AS— CE)1( PVIF); +H(AS— CE)»(PVIF); +...+ (AS— CE),(PVIF),] =0
where | =initial investment, start-up cost (expressed as a negative number)
AS = annual savings (cash inflows)
CE = capital expenses (cash outflows)
(AS— CE); = net cash flow year 1
(AS—- CE);, = net cash flow year 2
(AS— CE),, = net cash flow year n
PVIF=1/(1+r)' = present value interest factor
r = discount rate of money (i.e., current rate of return)
t = incremental time period, O thru n, normally expressed in years

In practice, IRR is usually calculated through trial and error, where different interest rates are tried
until the IRR is found. Using the IRR financial performance indicator, projects are ranked according to their
IRRs, and projects with IRRs in excess of the appropriate discount factor are accepted. Although, IRR and
NPV methods will lead to the same accept — reject decisions for an individual project, they can give
contradictory signals concerning choices between mutually exclusive projects. That is, a given project
might have a higher IRR but alower NPV than an aternative project. This problem arises because the IRR
isthe implied reinvestment rate (discount rate) for cash flows under the IRR method while the discount rate
used in the NPV method is a company's cost of capital. If the IRR for a project is very different from the
cost of capital, these differing reinvestment rates can lead to differences in project ranking. In most
situations, reinvestment of cash flows at a rate close to the cost of capital is more realistic; therefore, the
NPV method is generally superior.

3.5.2 Additional Economic Analysis Tools

Life Cycle Costing (LCC) tool and the Total Cost Assessment (TCA) tool are introduced below as
concept overviews. Both tools can be used to establish economic criteriato justify energy conservation and
pollution prevention projects. TCA is used to describe internal costs and savings, including environmental
criteria. LCC includes al internal costs plus external costs incurred throughout the entire life cycle of a
product, process, or activity.

35.21 Life-CycleCost Analysis

Life-cycle costing (LCC) has been used for many years by both the public and private sector. It
associates economic criteria and societal (external) costs with individual energy and pollution prevention
opportunities. The purpose of LCC isto quantify a series of time-varying costs for a given opportunity over
an extended time horizon, and to represent these costs as a single value. These time varying cost usually
include the following.

Capital Expenditures - Costs for large, infrequent investments with long economic lives (e.g., new

structures, major renovations and equipment replacements).

Non-recurring Operations and Maintenance (O& M) - Costs reflecting items that occur on aless
frequent than annual basis that are not capital expenditures (e.g., repair or replacement of partsina
solvent distillation unit).

Recurring O&M - Costs for items that occur on an annual or more frequent basis (e.g., oil and
hydraulic fluid changes).
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Energy - All energy or power generation related costs. Although energy costs can beincluded asa
recurring O&M cost, they are usually itemized because of their economic magnitude and sensitivity
to both market prices and building utilization.

Residual Value - Costs reflecting the value of equipment at the end of the LCC analysis period.
Considers the effects of depreciation and service improvements.

By considering all costs, a LCC analysis can quantify relationships that exist between cost
categories. For example, certain types of capital improvements will reduce operations, maintenance, and
energy costs while increasing the equipment’ s residual value at the end of the analysis period. When energy
costs are broken out from recurring Q&M costs, there is the potentia for the application of environmental
criteria, but thisis generally not the focus of traditional LCC analysis.

Societal (external) costs include those resulting from health and ecological damages, such as those
related to unregulated air emissions, wetland loss, or deforestation, can also be reflected in a LCC analysis
either in a quantitative or qualitative manner. LCC includes the following cost components.

Extraction of Natural Resources - The cost of extracting the material for use and any direct or
indirect environmental cost for the process.

Production of Raw Materials - All of the costs of processing the raw materials.

Making the Basic Components and Product - The total cost of material fabrication and product
manufacturing.

Internal Storage - The cost of storage of the product before it is shipped to distributors and/or retail
stores.

Distribution and Retail Storage - The cost of distributing the products to retail stores including
transportation costs, and the cost of retail storage before purchase by the consumer.

Product Use - The cost of consumer use of the product. This could include any fuels, oils,
maintenance, and repairs which must be made to the equipment.

Product Disposal or Recycling - The cost of disposal or recycling of the product.

3.5.22 Total Cost Accounting

The total cost accounting (TCA) tool is especially interesting because it employs both economic and
environmental criteria. As with the LCC analysis, the TCA study is usually focused on a particular process as
it affects the bottomline costs to the user. Environmental criteria are not explicit, i.e.; success is not
measured by waste reduction or resource conservation, but by cost savings. However, since the purpose of
TCA is to change accounting practices by including environmental costs, environmental goals are met
through cost reductions.

Because of its focus on cost and cost effectiveness, TCA shares many of the features of LCC
analysis by tracking direct costs, such as capital expenditures and O& M expenses/revenues. However, TCA
also includes indirect costs, liability costs and less tangible benefits—subjects that are not customarily
included in LCC analysis. A summary of costs included in TCA is presented in Exhibit 3.6. By factoring in
these indirect environmental costs, TCA achieves both economic and environmental goals. Because of its
private sector orientation, TCA uses Net Present Vaue (NPV) and Internal Rate of Return (IRR) as well as
other economic comparison methods.
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Exhibit 3.6: TCA Cost Categories

Direct Costs Indirect or Hidden Costs Liability Costs
Capital Expenditures Compliance Costs Penaltiesand Fines

Buildings Permitting

Equipment Reporting Personal Injury and Property

Utility connections Monitoring Damage

Equipment Installation Manifesting

Engineering

Insurance

Operations and Maintenance
Expenses/Revenues

Raw meterials
Labor

Waste disposal
Utilities

Value of recovered
materials

On-Site Waste Management

Operations of On-Site
Pollution Control Equipment

3.6 Energy Conservation and Pollution Prevention Project Examples

This section presents two energy conservation and pollution prevention projects from the fictitious
manufacturing facility discussed in Chapter 2 to illustrate the technical and economic concepts presented in
this chapter. They are presented in a simple format that could be used for a report. The assessment team
can set up a format that suits their need or particular report style requirements. The important point in
opportunity write-upsis to be consistent in format and content.

3.6.1 Adjus Air Fud Ratio to Improve Boiler Efficiency

Thisexample uses the total cost accounting and simple payback tools discussed above.
3.6.1.1 Current Practice and Observations

During the audit, the exhaust from the boilers was analyzed. This analysis revealed excess oxygen
levelsthat result in unnecessary energy consumption.

3.6.1.2 Recommended Action

Many factors including environmental considerations, cleanliness, quality of fuel, etc. contribute to
the efficient combustion of fuelsin boilers. It istherefore necessary to carefully monitor the performance of
boilers and tune the air/fuel ratio quite often. Best performance is obtained by the installation of an
automatic oxygen trim system that will automatically adjust the combustion to changing conditions. With
the relatively modest amounts spent last year on fuel for these boilers, the expense of a trim system on each
boiler could not be justified. However, it is recommended that the portable flue gas analyzer be used in a
rigorous program of weekly boiler inspection and adjustment for the boiler used in this plant.

3.6.1.3 Anticipated Savings

The optimum amount of O, in the flue gas of a gas-fired boiler is 2.0%, which corresponds to 10%
excess air. Measurements taken from the stack on the 300 HP boiler gave a temperature of 400°F and a
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percentage of oxygen at 6.2%. By controlling combustion the lean mixture could be brought to 10% excess
air or an excess O, level of 2%. This could provide a possible fuel savings of 3%.

The 300 HP natural gas boiler is used both for production and heating. It is estimated that 100% of
the natural gasis consumed in the boiler.

Therefore the total savings would be:

Savings in Fuel (therms/yr): = (% burned in boilers ) x (annual therms per year) x (percent possible

fuel savings)
= (1.0 x (56,787 thermg/yr) x (0.02)
= 1,136 therms/yr
Savingsin Dollars ($/yr): = (therms Saved/yr) x ( cost/therm)
= 1,136 therms/yr x $0.644/therm
=$732lyr

3.6.1.4 Implementation

It is recommended that you purchase a portable flue gas analyzer and institute a program of monthly
boiler inspection and adjustment of the boiler used in the plant. The cost of such an analyzer is about $500
and the inspection and burner adjustment could be done by the current maintenance personnel. The simple
paybackis:

$500 cost/ $732 = 8.2 months
3.6.2 UselessHazardousInksin the Screen Printing Process

This example uses the total cost accounting and will also illustrate the simple payback, net present
value and internal rate of return tools discussed above. All three economic evaluation methods are presented
here to demonstrate the difference results for obtained by the three methods for the same project.

3.6.2.1 Current Practice and Observations

The inks currently used in the screen printing operation contain large quantities of methyl ethyl
ketone (MEK). These inks are a major source of hazardous air pollutants and hazardous waste at the facility.
Approximately 60,000 gal/year of ink are purchased and used in screen printing. Clean up of ink presses and
screens requires the use of an ink remover (20,000 gal/year) and paper towels (500 rolls/year).

3.6.2.2 Recommended Action

The facility should substitute |ess hazardous screen printing ink for the currently used inks.
3.6.2.3 Anticipated Savings

Assumptions
- The new "environmentaly preferred” ink is a two-component ink, as opposed to the current ink
which is a one-component formulation. Two-component ink mixing equipment is required to use
the new ink. Start-up costs to purchase, install, and train staff is estimated at $75,000. Start-up costs
were determined from vendor literature and price estimates from alocal distributor.

Methyl ethyl ketone (MEK) is the main solvent carrier used in the current and "environmentally
preferred” ink. MEK is a listed hazardous air pollutant and is one of several reasons that Mars
Screen Printing isrequired to have a Title V Permit, under the Clean Air Act
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A 75% reduction in solvent emissions (MEK from the ink) will be achieved by using the
"environmentally preferred” ink over the current ink formulation.

A 25% reduction in the usage of ink remover will be achieved by using the "environmentally
preferred” ink over the current ink formulation.

A 20% reduction in paper towel usage will be achieved by using the "environmentally preferred”
ink over the current ink formulation.

Current material usage and waste generation annual volumes and costs areidentified in Chapter 2.

The "environmentally preferred" ink costs an additional $0.25 per gallon to purchase in comparison
to the current ink. Annual usagein gallonsis anticipated to remain unchanged.

Raw material purchase and disposal costs for ink remover and paper towels will remain unchanged
from the current practice, as well as, the disposal cost for solvent emissions.

Material purchase and waste generation volume and disposal costs for the current operation were
obtained from the data collection effort conducted during the assessment phase at the Mars Screen Printing
company. Exhibit 3.7 summarizes the material purchase and waste generation costs directly related to the
use and disposal of the current ink formulation.

Exhibit 3.7: Estimated Annual Cost of Environmentally Preferred Ink at Mars Screen

Printing
Cost Element Units Purchased Unit Cost Annual Cost

Raw Materials Purchased

Ink 60,000 gal. $2.85/gal. $171,000
Ink Remover 15,000 gdl. $1.40/gal. $21,000
Paper Towels 400ralls $1.10/roll $440
Waste Disposal

Ink Remover 3,750 gal. $2.72/gal. $10,200
Solvent Emissions 4,250 gal. $3.00/gal. $12,750
Paper Towels 75 Ibs. $1.00/1b. $75
Estimated Annual Cost of New Practice = $215,465

3.6.2.4 Payback Period

To calculate the payback period for substituting an "environmentally preferred” ink for the current
ink for the current ink formulation three values must be determined: (1) the start-up cost (i.e., capital
equipment purchases and installation and training costs), (2) the annual cost to operate the current practice
(i.e., using the hazardous ink formulation), and (3) the estimated annual cost of the new practice (i.e., using
the "environmental preferred” ink formulation).

Start-up Cost
The start-up cost to change ink formulationsis identified as $75,000 in the key assumptions.
Annual Cost of Current Practice

Material purchase and waste generation volume and disposal costs for the current operation were
obtained from the data collection effort conducted during the assessment phase at the Mars Screen Printing
company; see Chapter 2 for additional information on data collection efforts. Exhibit 3.8 summarizes the
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material purchase and waste generation costs directly related to the use and disposal of the current ink

formulation.
Exhibit 3.8: Annual Cost of Current Ink Formulation at Mars Screen Printing
Cost Element Units Purchased Unit Cost Annual Cost

Raw Materials Purchased

Ink 60,000 gal. $2.60/gal. $156,000
Ink Remover 20,000 gd. $1.40/gal. $28,000
Paper Towels 500 rolls $1.10/roll $550
Waste Disposal

Ink Remover 5,000 gal. $2.72/gdl. $13,600
Solvent Emissions 17,000 gdl. $3.00/gal. $51,000
Paper Towels 1001bs. $1.00/1b. $100
Annual Cost of Current Practice = $249,250

Estimated Annual Cost of New Practice

The key assumptions, identified above, were developed from vendor literature and price estimates
from distributors. According to the post-site visit research conducted, the proposed two-component ink
formulation will reduce total solvent emissions from the printing operation by 75%, as well as, reduce the
amount of ink remover used by 25% per year. Paper towel usage, a secondary material in the printing
process, was also estimated to be reduced by 20% from the reduction in ink remover. Although, the volume
of ink required to print one square foot of surface areaisthe same for either type of ink, the "environmentally
preferred” ink formulation costs an additional $0.25 per gallon.
material purchase and waste generation costs directly related to the use and disposal of the "environmentally

preferred” ink formulation.

Exhibit 3.9 summarizes the estimated

Exhibit 3.9: Estimated Annual Cost of Environmentally Preferred Ink at Mars Screen Printing

Cost Element Units Purchased Unit Cost Annual Cost

Raw Materials Purchased
Ink 60,000 gal. $2.85/gal. $171,000
Ink Remover 15,000 gal. $1.40/gal. $21,000
Paper Towels 400ralls $1.10/rall $440
Waste Disposal
Ink Remover 3,750 gdl. $2.72/gal. $10,200
Solvent Emissions 4,250 gal. $3.00/gal. $12,750
Paper Towels 75 lbs. $1.00/1b. $75
Estimated Annual Cost of New Practice = $215,465

Payback Period Calculation

Theformulafor Payback Period is:

Equation: Payback period (in years) = I/(C-N)

where | =initial investment, start up costs (in dollars) = $75,000
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C = annual cost of current practice (in dollars/year) = $249,000/year
N = annual cost of new practice (in dollars/year) = $215,465/year
Therefore Payback period (in years) = $75,000/($249,000/yr. - $215,465/yr.) = 2.2 years

3.6.2.5 Implementation

Implementation of this opportunity will require the purchase and installation of two—component ink
mixing equipment and switch over to the new inks. The vendor for the new equipment has estimated that
the equipment, installation, and training of employees will be $75,000. No modifications to the facility
structure are required and labor requirements are expected to remain the same. The facility will have to
make electrical and compressed air connections for the equipment and this is included in the installation
costs.

The formulafor Payback Period is:
Equation: Payback period (in years) = 1/(C-N)
where | = initial investment, start up costs (in dollars) = $75,000
C = annual cost of current practice (in dollars/year) = $249,000/year
N = annual cost of new practice (in dollars/year) = $215,465/year
Therefore Payback period (in years) = $75,000/($249,000/yr. - $215,465/yr.) = 2.2 years

The economic evaluation for this opportunity is also presented using the Net Present Value and the
Internal Rate of Return methods.

3.6.2.6 Net Present Value (NPV)

The net present value financial performance indicator looks at the profitability of a project over a
specified time period, usually expressed in years, in contrast to the payback period method which only looks
at the time period to recover the start-up costs. Simply, the NPV calculation takesinto consideration the net
difference between the annual benefit received from implementing the project in comparison to the annual
cost to operate the process (including O& M cost, replacement parts, and equipment replacement based on its
anticipated life-span) each year of operation over the specified time period and calculates the net present
value by discounting the value of future expenses and income to today's dollars.

In order to calculate the NPV for the substitution of "environmentally preferred” ink at the Mars
Printing Company additional information about the life-span and replacement cost of the current ink
application equipment and the two-component ink mixing system is required. The following key
assumptions will be used to illustrate the use of net present value with the Mars Screen Printing company.

The material substitution project will be analyzed over the life-span of the two-component ink
mixing system; 5 years.

The life-span of secondary equipment (holding tanks, pumps, and propellers) used with the two-
component ink mixing system is 2 years; and therefore must be replaced at acost of $25,000.

The current ink application system requires a complete overhaul every two years at a cost of $1,000
to replace pumps, seals, and valves.

Over a five year period the annual savings from the project are anticipated to remain constant at
$33,785 by off-setting increases and decreasesin material purchase and waste disposal costs.

Mars Screen Printing's financial advisors have determined that the value of money to the company
is approximately 3%, i.e. the discount rate, therefore the project must have a return on investment
of greater than 3%, which is equivalent to a net present value of zero.
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Theformulafor NPV is:
Equation:; NPV =1 +[(AS— CE)1( PVIF); +(AS— CE),(PVIF); +...+ (AS— CE)(PVIF)]

where I =initia investment, start-up cost (expressed as a hegative number)
AS = annual savings (cash inflows)
CE = capital expenses (cash outflows)
(AS—CBE); = net cash flow year 1
(AS— CE);, = net cash flow year 2
(AS—CE),, = net cash flow year n
PVIF = 1/(1 +r)' = present value interest factor
r = discount rate of money (i.e., current rate of return)
t = incremental time period, 0 through n, normally expressed in years

A detailed explanation of how to use the equation is provided in Section 3.5.1, Common Methods of
Comparing Financial Performance. Using the additional information supplied about the proposed project for
Mars Screen Printing, asmall cash flow spreadsheet was devel oped to calculate the NPV; see Exhibit 3.10.

Exhibit 3.10: NPV Calculation for Mars Screen Printing

Year Annual Savings Capital Expenses Net Difference PVIF PV
(cash inflows) (cash outflows) (net cash flow) (DR=5%) Cash Flow
0=1 NA - $75,000 - $75,000 1.00 - $75,000
1 $33,785 $0 $33,785 0.95 $32,176
2 $33,785 - $26,000 $7,785 091 $7,061
3 $33,785 $0 $33,785 0.86 $29,185
4 $33,785 - $26,000 $7,785 0.82 $6,405
5 $33,785 $0 $33,785 0.78 $26,471
Net Present Value (NPV) = Sum of "PV Cash Flows' from Year Oto Year 5= $26,298

The net present value of the “environmentally friendly” ink project is estimated to be a positive
$26,298 over the life of the project for Mars Screen Printing, therefore, implementing this project is
anticipated to be afinancially profitable endeavor.

3.6.2.7 Internal Rateof Return

The internal rate of return calculation is mathematically similar to the NPV calculation. Except, the
purpose of the IRR calculation is to determine the rate of return (r), the equivalent to the discount factor
which isknown for the NPV calculation, and the NPV is set at zero.

In order to calculate the IRR for the substitution of “environmentally friendly” ink at the Mars
Screen Printing company the same information is used as for the NPV calculation, except for the discount
factor , which is unknown. The IRR equation is solved using an iterative process of trial and error to
determinethe internal rate of return (r). The equation used to calculatethe IRR is:

Equation: | +Cy (U1+) + Cp (V1+1)? +... + C, (U141)" =0
where r = Internal Rate of Return (IRR)
| =initial cost

C; = net cash flow year 1
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C, = net cash flow year 2
C, = net cash flow year n

The first step isto develop a cash flow spread sheet, asin the NPV calculation, to determine the net
cash flow. The second step isto pick aninitial IRR percentage (an educated guess) and cal cul ate the present
value (PV) cash flow. The third step is to sum the PV cash flows for each time period to determine if it
equals zero. The process of choosing an IRR value is repeated until the sum of the PV cash flows equals
zero. Exhibit 3.11 demonstrates the iterative process to calculate the IRR for the Mars Screen Printing
project.

Exhibit 3.11: IRR Calculation for Mars Screen Printing

z
®

Year Net Difference PVIF PV PVIF PV PVIF PV
(net cashflow) | (r=5%) [ (r=5%) | (r=20%) | (r =20%) | (r =17%) | (r =17%)
0 - $75,000 1.00 - $75,000 1.00 -$75,000 1.00 -$75,000
1 $33,785 0.95 $32,176 0.83 $28,154 0.85 $28,876
2 $7,785 091 $7,061 0.69 $5,406 0.73 $5,687
3 $33,785 0.86 $29,185 0.58 $19,552 0.62 $21,094
4 $7,785 0.82 $6,405 0.48 $3,754 053 $#,154
5 $33,785 0.78 $26,471 040 $13,577 0.46 $15410
Sum of “PV Cash Flows’ $26,298 -$4,556 $222

For the iterative process of cdculating the IRR, a value of plus or minus $500 is normally

considered acceptable. Therefore, the internal rate of return for implementing “environmentally friendly”

ink at the Mars Screen Printing is calculated to be 17%.

Mars Screen Printing should implement the

“environmentally friendly” ink project because the actual IRR, 17%, is greater than the company’s required
5% IRR on all projects.
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Sources of Energy and Pollution

CHAPTER 4. SOURCES OF ENERGY AND POLLUTION

Renewable energy sources account for approximately ten percent of the U.S. annual energy
production. About half of this goes to generate electricity while the remaining half is used for transportation,
space heating, and water heating. Much research has been done in the area of renewable energy. In 1991, the
Solar Energy Research Institute located in Golden, Colorado was designated as the National Renewable
Energy Laboratory demonstrating acommitment to renewabl e energy technology.

Non-renewable energy sources supply the majority of energy inthe U.S. Nuclear power plants generate
about twenty percent of electricity and Petroleum products, natural gas, and coal each supply twenty-five percent
of thetotal energy generated in the United States.

The generation of energy more often than not results in the generation of pollution in the form of air
emissions, ash, spent nuclear fuel or other wastes. Pollution is also generated from industrial, commercial, and
residential facilities throughout the nation. This chapter will discuss common sources of energy and sources of
pollution from industrial and commercial operations.

4.1 Electric Energy

During the 70's energy crisis, there was a drive, mainly from energy consumers, to conserve energy
and reduce costs because of the skyrocketing price of oil from the Middle East. These efforts began what is
today called demand-side management. DSM activities include customer load control, strategic conservation,
thermal storage, heat pumps, electrification, and innovative rate programs. These activities help the utilities
keep abalance between electricity supply and demand from customers.

Industry now spends more money on electricity than any other fuel source. The Assessment Team
continually monitors electrical usage in manufacturing processes to ensure the greatest amount of source
conservation, although electricity as compared to other production expenses appears relatively low. A large
amount of dollar savings can be realized through small changes in electrical consumption practices thus
producing a greater ratio between pounds of product to dollars of energy cost. Indeed, the industrial
assessment may reveal instances where substitution of energy sources indicates a greater amount of energy
used but lower energy costsincurred asin the case of natural gas conversions.

Cogeneration of electricity moves generative power out of the hands of regional utilities feeding
massive electrical grids into the hands of the company utilizing large amounts of heat and generating an
excessive amount of steam. This steam has been found to turn turbines as well as nuclear energy so instead
of venting waste heat into the atmosphere, electrical power is generated and either fed into the power grid or
sold directly to other consumers. Indeed, cogeneration has led to a new cottage industry- threatening to
cogenerate. A cash revenue stream provided by the utility and its rate payers can provide a major incentive
against cogeneration.

Providing electrical power will soon be no longer in the purview of the local or regional power.

Recent Congressional legislation intends to link producers and consumers from across the country. A
manufacturer in New York City will be able to buy Pacific Gas and Electric Power at a fraction of the current
Consolidated Edison price. Another cottage industry will spring up in the electrical brokerage business as
industrial consumers battle for the lowest price. No longer limited to large facilities, industrial manufacturers
will pay third parties to scout the markets for the lowest price or purchase computer software to electronically
perform the same function without the human overhead. Greater attention will have to be paid to the
formerly simple utility bills as rate structures and delivery mechanisms diverge leaving the manufacturer prey
to inconsistency potential heretofore unheard of. The utility assessment market will grow as will
opportunities for the industrial assessors prepared for the chaos.

There are five basic waysto reduce electric costs.
1. ReduceElectrical Use.
2. Power Factor Improvements.

L oad Factor Improvements.
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4. Electricity Billing Verification.
5. Rate Structure Corrections.

Of these, only the first involves a reduction in energy consumption while the remainder detail some special
situations not directly related to the quantity of electricity consumed but rather the cost of consumption.

411 ReduceElectrical Use

The detailed use of electricity will be discussed under the separate sections in this manual, but the
conservation message can never be delivered too many times. Basically, electricity should be conserved, like
any other source, and not wasted as in the simple but common example whereby lights or equipment consume
energy during periods when rooms remain unoccupied or production lines experience downtime. Corrective
action requires cognizant, conscientious employees cooperating with energy-minded management to identify
areas of waste and suggest conservation practices.

4.1.1.1 Distribution System

The electrical power distribution system, from the source to utilization points, consists of electric
lines of varying sizes, switches and circuit breakers designed for carrying capacity maxima, transformers and
protective equipment. Asrelated to thetotal consumption at any industrial plant, this system usually involves
losses of 3 percent or less. Consequently, rarely does any practical savings potential in transmission systems
appear to warrant investment in conservation.

The voltage in an electric circuit will drop in proportion to the circuit resistance. Resistance varies
with wire size, temperature and metallic material. Thus, as conductor losses increase, the current necessary to
deliver a given amount of power increases at any point in the circuit, as power derives from the product of the
voltage and current. This principle applies likewise to switches, circuit breakers, and protective equipment.

The question of energy conservation possibilities should be examined in relation to the individual
components in the system. In the case of the transmission linesit can be shown that doubling the conductor
sizes reduces resistance losses by 75 percent. However, savings do not usually justify the expense as
conductor cost in relation to the total electric investment only comes to about 10 percent. Because doubling
the conductor sizes essentially doubles cost, the savings potential deserves little attention.

As previously mentioned, energy losses from switches, circuit breakers, and protective equipment
also deserve minima attention as replacement with more energy-efficient devices equalizes costs with
benefits. However, in the case of defective contacts or other parts, malfunction may cause overheating and
imminent failure of the part(s) causing an outage. Monitoring and inspection to diagnose abnormally high
temperature operation of these items will help prevent costly power outages and subsequent downtime.
Replacement with more energy efficient devices when failure occurs incrementally improves energy
conservation with little or no expense over normal, less efficient practices. To sum up, the distribution
system will offer few opportunities unless monitoring and replacement of parts before failure practices are
observed saving on future electricity costs and preventing expensive downtime.

Transformers do represent an area of potential savings during the condition of lightly loaded
equipment. Shrinking loads or incorrectly forecasted plant expansions often manifest themselves during
transformer examination by the Assessment Team. Unloaded motors incur no-load losses continually, as do
transformers, although newer model transformers adjust based upon loading conditions. Older transforms
incur continual power losses on the basis of full-load rating, not that of the load served. The Assessment
Team can investigate the possibilities of redistributing existing loads to permit scrapping of under-loaded
transformers. Implementation decisions must compare of the cost of installing new connecting cables and
disposal of existing equipment with power savings from the elimination of no-load transformer losses. For
the case involving older transformers disposal cost should be compared with not removing the equipment,
later removal and future growth of waste disposal costs, and the cost of emergency disposal if an explosion
damages the transformer. Close examination of the materials within the transformers for hazardous and
poisonous substances for inclusion in the energy conservation and pollution prevention write-up will help
present the entire picture and consequence scenario.
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4.1.1.2 Useof Electricity in thelndustry

Electrical energy use, commonly found in the following systems and operations, presents significant
opportunities for exploration during the industrial assessment.

Mixing operations

Melting and refining metallic and non-metallic materials

Holding molten material

Material Transportation

Cleaning and finishing (air compressors)

Miscel laneous assembly equipment

Computers and other controls

Material handling

Packaging operations

Environmental controls

Lighting

Heating, Ventilation, and Air Conditioning
4.1.2 Power Factor

Power factor quantifies the reaction of alternating current (AC) electricity to various types of
electrical loads. Inductive loads, as found in motors, drives and fluorescent lamp ballasts, cause the voltage
and current to shift out of phase. Electrical utilities must then supply additional power, measured in kilovolt-
amps (kVA), to compensate for phase shifting. To see why, power must be examined as a combination of
two individual elements.

The total power requirement constituents can be broken down into the resistive, also known as the
real component, and reactive component. Useful work performance comes from the resistive component,
measured in kilowatts (kW) by a wattmeter. The reactive component, measured in reactive kilovolt-amps
(kVAR), represents current needed to produce the magnetic field for the operation of a motor, drive or other
inductive device but performs no useful work, and does not register on measurement equipment such as the
watt meter. The reactive components significantly contributes to the undesirable heating of electrical
generation and transmission equipment formulating real power losses to the utility.

Power factor derives fromthe ratio of real, usable power (kW), to apparent power (kVAR). During
the industrial assessment recommendations toward reduction of the power factor in fact indicate reduction of
reactive losses. To accomplish this goal, the industrial electricity user must increase the power factor to a
value as close to unity as practical for the entire facility. The supplying utility should be consulted for the
determination of the requisite amount of capacitance necessary for correction to the desired power factor. For
example, The number in Exhibit 4.1 is multiplied by the current demand (kW) to get the amount of capacitors
(kVAR) needed to correct from the existing to the desired power factor. Mathematically, power factor is
expressed as

F :k_W
kVA

Power factor can also be defined as the mathematical factor by which the apparent power is
multiplied in order to obtain active power.
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Exhibit 4.1: Components of Electrical Power
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Example: Consider a 480 volt 3phase system with an assumed load and instrument readings as
follows: the ammeter indicates 200 amps and wattmeter reads 120 kW. The power factor of the load can be
expressed as follows:

The apparent power for a 3-phase circuit is given by the expression

E" 1”43 _ 480 volts’ 200 amps’ 1.73

kVA= =166.08 KVA
1000
Therefore:
= k_W = ﬂ =72.25%
kVA 166.08

From the above example it is apparent that by the decreasing power drawn from the line (kVA) the
power factor can be increased.

4.1.2.1 Power Factor Improvement

Preventive measures involve selecting high-power-factor equipment. For example, when
considering lighting, only high-power factor ballasts should be used for fluorescent and high intensity
discharge (HID) lighting. Power factor of so-called normal-power factor ballasts is notoriously low, on the
order of 40 to 55 percent.

When induction motors are being selected, the manufacturer’s motor data should be investigated to
determine the motor power factor at full load. In the past few years, some motor manufacturers have
introduced premium lines of high-efficiency, high-power-factor motors. In some cases, the savings on power
factor alone can justify the premium prices charged for such motors. Motors should also be sized to operate
as closely as possible to full load, because the power factor of an induction motor suffers severely at light
loads. Power factor decreases because the inductive component of current that provides the magnetizing
force, necessary for motor operation, remains virtually constant from no load to full load, but the in-phase
current component that actually delivers work varies almost directly with motor loading.
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Corrective measures for poor power factor involve canceling the lagging current component with
current that leads the applied voltage. This cancellation can be done with power-factor-improvement
capacitors, or by using synchronous motors. Capacitors have the effect of absorbing reactive current on a
one-to-one basis, because almost al of the current flowing through a capacitor leads the applied voltage by 90
degrees. A capacitor rated at 100 kilovolt-amperes capacitive (KVAC) will cancel 100 kilovolt-amperes
reactive (KVAR).

Synchronous motors provide an effective method of improving power factor because they can be
operated at the leading power factor. Moreover, power factor of a synchronous motor to serve aload with
actual power requirements of 1,000 kW, improves power factor on the load center from 80 percent to 89
percent. This improvement at the load center contributes to an improvement in overall plant power factor,
thereby reducing the power factor penalty on the plant electric bill. The burden on the load center, plant
distribution system, and entire electric-utility system is 400 kV A less than if an induction motor with a power
factor of 85 percent were used. Power factor can be improved still more by operating the synchronous motor
at the leading power factor.

Exhibit 4.2 can also be used to determine the amount of capacitors needed to correct a power factor.
The amount of capacitors needed in (kVAR) can be determined from:

KVAR=D" CF

where

D = maximum annual demand, kW
CF = correction factor

Exhibit 42: Power Factor Correction

EXISTING NEW POWER FACTOR
POWER FACTOR
1.00 0.95 0.90 0.85 0.80 0.75
0.66 1138 0.810 0.654 0.519 0.388 0.256
0.68 1078 0.750 0.5%4 0.459 0.328 0.196
0.70 1.020 0.692 0.536 0.400 0.270 0.138
0.72 0.964 0.635 0.480 0.344 0.214 0.082
0.74 0.909 0.580 0425 0.289 0.159 0.027
0.76 0.855 0.526 0.371 0.235 0.105
0.78 0.802 0474 0.318 0.183 0.052
0.80 0.750 0421 0.266 0.130
0.82 0.698 0.369 0.214 0.078
0.84 0.646 0.317 0.162 0.026
0.86 0.593 0.265 0.109
0.88 0.540 0.211 0.055
0.90 0484 0.156
0.92 0.426 0.097
0.94 0.363 0.034
0.96 0.292
0.98 0.203
0.99 0.142
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4.1.2.2 General Consderationsfor Power Factor | mprovements
Poor power factor penalizes the user in three ways.
1. Itrobsthe distribution system of capacity that could be used to handle the work-performing load.

2. It results in currents higher than necessary to perform a given job, thereby contributing to higher
voltage drop and electrical system losses.

3. It canresult in electric power billing penalties depending on the schedule terms. A plant’s power
factor penalty can be determined from the monthly utility bills. The method of billing for low power
factor varies widely among utilities. Often no penalty isimposed unless the power factor falls below
a certain minimum, typically 85 percent to 90 percent. In other situations, a penalty is involved for
any reduction below 100 percent. For this reason, each rate schedule must be studied separately to
determine the potential savingsinvolved for improving power factor.

Some equipment, such as high power factor lighting ballasts or synchronous motors, has inherent
power factor improvement. With other equipment, notably induction motors, power factor is afunction of the
mode of operation. Operation of an induction motor below full load will significantly reduce the power factor
of the motor. Therefore, motors should be operated close to full load for the best power factor. Power factor
also becomes progressively lower for slower speed motors. For example, the decline in power factor below
90 percent for a 1,200-rpm motor is 1.5 times greater than for an 1,800-rpm motor; for a 900-rpm motor, the
decrease is more than double that for an 1,800-rpm motor.

The use of power factor improvement capacitors is the simplest and most direct method of power
factor improvement. Capacitors can be bought in blocks aad combined to provide the required amount of
capacitive reactance or individual capacitors can be installed at each motor. Capacitors already in use should
be checked annually to ensure all units are operating. |noperative capacitors negate the power factor
improvement for which their installation was intended. Diminishing returns are realized as power factor
approaches 100 percent. Generally, 95 percent (based on normal full load) is the economic break-even point
in a power factor improvement program; up to this point, improvements usually show a good return on
investment.

4.1.3 Electrical Demand / Load Factor |mprovement

The plant’s load factor should be analyzed to determine the opportunity for improvement. Load
factor improvement is synonymous with demand control.

Load factor is defined as the ratio of the average kilowatt load over a billing period to the peak
demand. For example, if a facility consumed 800,000 kWh during a 30-day billing period and had a peak
demand of 2,000 kW, the load factor is:

Load Factor = (800,000 kWh/720 hrs) / 2,000 kW = 0.55 or 55%

A high-load factor usually indicates that |ess opportunity exists for improvement because the load is
already relatively constant.

4.1.3.1 Potential Savings
The potential savings for demand limiting depends on such factors as;
The plant’ s profile (Variations in kW demand.),
The availability of sheddable loads, and
Therate schedule.

Together these factors determine the relative importance of the demand charge to the plant’s total
dectric bill. Controlling demand becomes more important if the schedule includes a ratchet clause that
involves payment based on the highest peak occurring in the previous 12 months.
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4.1.3.2 System Analysis

The user will obtain the lowest electric cost by operating as close to a constant load as possible (load
factor 100 percent). The closer a plant can approach this ideal situation, the lower the monthly demand
charge will be. The key to a high-load factor and corresponding lower demand charge is to even out the
peaks and valleys of energy consumption.

To analyze the opportunity for demand reduction, it is necessary to obtain data on the plant’s
demand profile. The demand profile is best obtained from the utility’s record of the kW demand for each 15-
or 30-minute interval. If no demand recording is made as a routine part of the billing procedure, the utility
will usually install an instrument temporarily to provide the customer with this information. A plot of this
data will show the extent of the peaks and valleys and indicate the potential for the limiting demand. If sharp
peaks or an unusually high demand for one shift or short period occur, the opportunity for demand control
should be investigated further. If the demand curve is relatively level, little opportunity exists for reducing
demand charges by peak shaving.

In order to level out peaks in the demand profile, it is necessary to reduce loads at peak times.
Consequently it is necessary to identify the various loads that could be reduced during periods of high
demand. The maor users of electricity will provide the most likely sources for limiting demand.
Accordingly, alist of the largest users, their loads, and their operating schedules should be prepared. The
smaller loads can be ignored, as they will not be able to affect the demand significantly. An examination of
this list will often suggest which loads do contribute or are likely to peak demands. When the load pattern is
not easily determined, a recording wattmeter can be installed at individual loads to provide a more detailed
record of load variations.

4.1.3.3 Waysto Reduce Demand

Consideration of demand control often begins with automatic demand controllers. However, severa
other approaches should be considered first.

Stagger Start-Up Loads - If a high-peak load is determined to result from the simultaneous start-up
of several loads, such as might occur at the beginning of a shift, consideration can be given to
staggering start-up of equipment to span two or more demand intervals.

Reschedule Loads - Peak demands are usually established at particular times during the day shift. A
review of the operating schedule may show individual loads can be rescheduled to other times or
shifts to even out demand. This technique can provide significant gains at little or no cost. For
example, operation of an electric oven might be rescheduled to the evening shift if the oven is not
needed full-time. Another example is conducting routine testing of the fire pump during periods
when peak demands are not likely to occur.

Increase Local Plant Generation - When some electricity is generated by the plant, plant generation
can be temporarily increased to limit demand. In some cases, any venting of excess |low-pressure
steam from the turbo-generator for short periods may represent a lesser penalty than the increased
demand charge.

Install Automatic Demand Control - After an investigating the above approaches, if an application
for automatic demand control still appears to exist, a more detailed analysis of conditions should be
made. The minimum peak demand that can be established will depend on the downtime that is
acceptable without undue interference with normal operations and the available sheddable load.

To determine the extent of downtime necessary to achieve a given kW reduction, it is necessary to
tabulate the size and frequency of peak demands. A sufficient number of months should be similarly studied
to develop a representative profile. Seasona or production variations may also exist although it is likely the
variationsin peak demands will remain relatively the same.

A suggested method of analysisis to tabulate the 10 to 20 highest peak demands occurring during a
typical month in descending order, as shown in the example given in Exhibit 4.3. In this case, limiting the
demand to the lowest value shown (5,990 kW) would reduce the electrical demand by 330 kW. The monthly
saving based on $9.40/kW would be $3,100, or on an annual basis, $37,200.
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Exhibit 4.3: Highest Demandsfor Hypothetical Billing Period of May

Date Time kw kW Above
5990 kW
May 10 10:00am. 6320 330
May 24 10:30am. 6220 230
May 14 11:00am. 6145 155
May 5 1:30p.m. 6095 105
May 20 2:30p.m. 6055 65
May 15 10:30am. 6025 35
May 15 10:00am. 6010 20
May 8 2:00p.m. 6000 10
May 9 2:00p.m. 5995 5
May 13 1:30p.m. 5995 5
May 5 2:00p.m. 5990 --

To effect this reduction requires a total sheddable load of at least 330 kW. If additional sheddable
loads are available, a greater reduction in peak demand can be considered. It should be noted that the task of
eliminating a peak becomes progressively harder as the demand limit is set lower because the frequency of
the peaks increases. For example, limiting the demand to 6,220 kW for a reduction of 100 kW from the peak
demand requires shedding atotal of 960 kW for 30 minutes over 10 separate occasions. In other words, in the
second case it was necessary to shed aload almost three times longer for an equivalent reduction in demand.
As further limiting of demand is attempted, progressively longer periods of equipment outage arerequired. A
point is eventually reached where the interference with normal operation outweighs the benefits or no more
sheddable loads are available.

To determine the sheddable loads, review the list of the larger electrical loads which have already
beenidentified. Theseloads should be divided into two major categories.

1. Essential - Loads that are essential to maintain production or safety. Unscheduled shutdowns on
these |oads cannot be tolerated.

2. Nonessential or sheddable - Loads in this category can be shut down temporarily without
significantly affecting operations or worker comfort. Examples of such loads are air conditioning,
exhaust and intake fans, chillers and compressors, water heaters, and battery charges. Electric water
heaters represent aload that can usually be shed.

The practical extent of peak shaving can now be determined based on the schedule of sheddable
loads and the pattern of peak demands. The number and type of loads to be controlled will determine the type
of demand controller needed. Automatic demand controllers are offered in a wide range of prices from
several thousand dollars to tens of thousands of dollars. For different applications, the more sophisticated
controllers may be necessary. For normal demand control, the less expensive controllers will be more than
adequate.

Annual savings can be calculated and compared to the costs of installing a demand control system.
As part of the installation, demand controllers will require a pulse signal from the utility to synchronize the
utility’ s demand interval with the demand controller’s.

4.1.4 ReadingtheBill

The cost of purchasing electrical power from utility companies is derived from four mgjor factors;
energy charge, fuel-adjustment charge, demand charge, and low power factor penalty.

Other incidental items which will affect the power charges are character of service, service voltage,
and equipment charges. These are fixed charges.
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4.1.4.1 Exampleof aTypical ElectricBill

1. The utility rate schedule A-7 is the key to analyzing the electric bill. It is normally included as part
of the contract.

2. The energy used expressed in kilowatt-hours (kWh) is determined by the difference of two monthly
meter readings times the hilling constant (2A). The billing constants (2A) and (3A) are aso
described as “Meter Multipliers’. They are determined by the product of the current and potential
transformer ratios installed at the particular location.

3. The reactive power used, sometimes called “wattless power’, expressed reactive kilowatt ampere
hours (kVARDh) is determined from a separate reactive meter similar to the kWh meter (2) above.

4. The maximum demand in kilowatts for the current month is read from a separate register on the kWh
meter. The value is the largest quantity of kilowatts consumed during a time interval prescribed in

the contract.
Exhibit 44: ExampleElectric Bill
Billing ® Kilowatt-Hour Meter Reactive- Hour Meter
Demand: 3840 : " ; i
Service Readings Service Readings

From To | From To kwh From To | From To KVARN
Billing kWh kVARh
Constants: 12000 12000 05 % 06(25] 1352 | 1415 | 756,000 | [05]24(06]25( 0941 | 0981 | 480,000
Maximum Total kWh 756,000 Year 1979 Tota kVARh 480,000
Demand: 340 @

Rate Schedule
Resactive @ A-7 @
Demand: 2438 @ |y, sstateTax @ 1 Cent/100 kWh
Demand Customer or
Service Charge: $3,615.70
Energy Charge: $29,010.33
GrossBill: (10 $32,626.03
Voltage Discount: $706.77 Cr @ Service Address
Power Factor Previ Bal
Adjustment: weessa @ evious balance
Net Bill: (19 $31,652.88 Deposit Refund @
Amount Due: $31,652.88

5. Thereactive demand in kVAR is calculated from the formulakVAR - kW (kVARKNKWHh).

6. The billing demand is the average of the maximum demand for the past 11 months and the current
month’s demand. The minimum is half of the past 11-month value.

7. Date and time span of the current billing.

8. The service charge, as specified in the rate schedule, is based on the billing demand item 6 and the
service charge, is also used as the minimum billing if the energy usage fallsto alow value.

9. The electrical energy charge is based on the kilowatt hours used as shown in item (2). Certain
adjustments are made to the energy charge determined from the meter readings as follows:

a) Energy cost adjustment known as “ECAC" varieswith the changein fuel cost to the utility.
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b) Fuel balance factor is usually a credit.
¢) Load management factor.
d) State tax asindicated on the monthly bill.
10. Thegrosshill isthe summation of items (8) and (9).

11. The voltage discount is available for services that are metered on the high voltage or primary side of

the power company transformer. This discount is made to compensate for the utility transformer
losses which are now included initem (2).

12. The power factor adjustment may be a penalty or a discount depending on the amount of reactive
power, item (3), required by a plant. Power factor is defined as the ratio of the kW to kVA,
sometimes stated as the ratio of “real power to the apparent power”. This valueis not read directly
from the utility meters but must be calculated. A simpler method, using a hand calculator, isto solve
as aright angle triangle where power factor (PF) is:

_kw __kwh
KVA  RKkVAh
RkVAh = (kwh )? + (RKVAh)?
PF = 756,000 = 0.849

(756,000 )? + (480,000)?
%PF = 100 x 0.849 = 85.9% Power Factor

On this rate schedule a power factor over 70.7% provides a credit; below a penalty, however, other
utilities may use a different break even point - 85% is used by many.

13. City taxeswhere applicable.
14. Net bill isthe summation of all of the above charges, adjustments and credits.
415 TheEnergy Charge
Energy charge is based on the number of kilowatt hours (kWh) used during the billing cycle. The

total kilowatt hours are multiplied by the energy charge for total energy billing. The energy charges can vary
with the type of service, voltage, and energy consumption. Example energy rate schedules are as follows:

Example 1. General service schedule is applied to electrical load demand of up to 8,000 (kWh)

kilowatt hours per month. Thus a non-demand charge schedule, the cost of energy and demand are one
charge.

Example 2: Rate schedule A-12 is applied to electrical load demand of 30 to 1,000 kilowatt of
demand per month. This schedule has an energy charge, fuel-adjustment charge, demand charge, and low
power factor penalty.

Example 3: Rate schedule A-22 is applied to electrical load demands of 1,000 to 4,000 kilowatt of
demand per month. This schedule has an energy charge, fuel-adjustment charge, demand charge, and low
power factor penalty. The rate schedule has a “time of day” billing rate for energy and demand for both
summer and winter. The summertime hour periods are from May 1 to September 30; the energy and demand
charges change between the following hours:

Partial peak hours- 8:30 am to 12:30 pm = 4 hours
Peak hours- 12:30 pm to 6:30 pm = 6 hours
Partial peak hours- 6:30 pm to 10:30 pm = 4 hours
Off peak hours- 10:30 pm to 8:30 am = 10 hours
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The wintertime hour periods are from October 1 to April 30; the energy demand charges change
between the following hours:

Partial peak hours- 8:30 am to 4:30 pm = 8 hours
Peak hours - 4:30 pm to 8:30 pm = 4 hours

Partial peak hours- 8:30 pm to 10:30 pm = 2 hours
Off peak hours- 10:30 pm to 8:30 am = 10 hours

Example 4: Rate schedule A-23 is applied to electrical load demands of 4,000 and above 5 kilowatts
(kw) of demand per month. All other charges and “time of day” billing hours and periods are the same as
rate schedule A-22. Additional rates are available for the purchase of supply voltage of 4,500 or 12,000 volts,
this schedule provides for a high voltage discount of the total energy and demand charges.

4.1.6 TheDemand Charge

This charge compensates the utility company for the capital investment required to serve peak loads,
even if that peak load is only used for a few hours per week or month. The demand is measured in kilowatts
(kW) or kilovolt amperes (kVA). These units are directly related to the amount of energy consumed in a
given time interva of the billing period. The demand periods vary with the type of energy demand; the high
fluctuating demand has a short demand period, which can be as short as five minutes, but generally demand
periods are of 15 or 30 minutes. The period with the highest demand is the one used for billing demand
charges.

Example: If the demand for a plant is 70 kilowatts for the first 15-minute period and for the next 15-
minute period the demand increases to 140 kilowatts and then drops back to 70 kilowatts for the remainder of
the billing period (one month), the billing demand for that month is then 140 kilowatts. This represents the
interval of maximum energy demand from the utility company for the month.

Demand charges can be a significant portion of the total electric bill; in some cases, demand charges
can amount to as much as 80 percent of the bill. The demand charge can be reduced by smoothing out the
peaks in energy demand by rescheduling of work or through a demand control program to shed loads when a
demand limit is approached. This concept is particularly important for plants using electricity for major
processes such as melting.

417 Powe Demand Controls

The power demand controller automatically regulates or limits operation in order to prevent set
maximum demands from being exceeded. The role of such a power demand controller has been widely
recognized, the “time of day” hilling rates will make it far more necessary in the future. The type of
controller best suited for a plant operation is that which will predetermine the demand limit and the demand
interval.

The overall usage of power is constantly monitored from the power company meter, the power usage
of al the controlled loads is also monitored. By having this information the controller can calculate when an
overrun of the desired demand limit will occur. The controller will delay any shed action to allow time for
loads to shed normally. When it is determined that it will be necessary to shed one or more loads to keep
from exceeding the demand, the controller, at the last possible moment, will shed the necessary loads. This
means that shedding will occur only once during a demand interval and maximum use of available power will
be realized.

4.1.8 Demand Shifting

Due to the lack of availability and the increased cost of natural gas and petroleum products, industry
has come to rely on electrical power as a major source of energy. The use of electrical energy has increased
at a greater rate than was anticipated and therefore a critical shortage has also been created in some areas.

Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency 71

z
R




Source of Energy and Pollution

This is particularly true during the normal working day hours. Over the past few years this condition has
caused situations known as “brown-outs’, which is controlled curtailment of power.

Even with power companies doing their best to cope with the problem by building new generating
stations, installing additional equipment in existing facilities, and operating all equipment at maximum
capacity, they still have not been able, in some cases, to keep up with the rapid growth in the demand for
electrical energy.

The demand for electrical energy is not constant, but occurs in peaks and valleys. Power companies
are obligated to have enough equipment available to meet a customer’s peak demand, even though this
equipment is only used during the peak periods and is not in use during most of the working day. In order to
finance the equipment necessary to provide this peak demand service for industrial users, the power demand
charge was created. In some localities this high demand rate is the rate, which is paid for the next year, even
if it isnever reached again, and the price paid for power demand can be very high.

With peaks and valleys in electrical demand caused by electrical melting during the normal work
day, maximum demand peaks should be controlled by sequencing the furnace's operation and maximum
power input to each furnace. By applying this procedure, the revised operation would level out the peak
demands and produce a flat demand profile during normal daytime melting. With this melting operation the
“load factor” would be improved, thus preventing high maximum demand peaks, which are developed
through operating all machines at full load at the sametime.

42 Fossl Fuels

Fossil fuels including petroleum products and coal supply about sixty percent of the U.S. energy
requirements. Petroleum products and coal are used inindustrial boilers and power generation stationsto produce
steam for manufacturing and electric generators. Domestic petroleum production is on asteady decline while the
U.S. has the largest coal reserves in the world. About ninety percent of domestic coal is used for electricity
generation.

Natural gas suppliesafourth of the U.S. energy needs. Natural gas use is expected to grow in the next
twenty years with most of this consumption met by domestic supplies. Natural gasis used in a variety of
operations such as steam generation, space heating, and cooking.

Fossil fuel generation and use creates avariety of wastes. The gaseous and particul ate byproducts of
fossil fuel combustion include carbon dioxide, carbon monoxide, and nitrogen and sulfur oxides. The processes
used to treat the gases create other wastes. Water used in generating energy from fossil fuelsis contaminated with
the chemicals used to control scale and corrosion. Before discharge, the water must be treated to remove these
contaminates. Burning fossil fuels creates solid waste in the form of ash and slag. In addition, the treatment of
waste gases and water causes the formation of solid waste.

4.2.1 Energy Conservation Measuresfor Fossil Fuels

In many ways energy conservation for fossil fuel usage is much less complicated and has a more
directly visible impact on the environment. Conservation opportunities can range from the very simple
opportunities like repairing steam leaks to more complex equipment replace projects. Common energy
conservation opportunities for fossil fuel using operations are included below.

Monitor Air/Fuel Ratio - Monitoring the air/fuel ratio for boilers and other similar equipment to
ensure the optimum mixture will allow more efficient use of fossil fuels and reduce usage.

Insulate Steam Pipes - Insulation of steam pipes will keep steam at the needed temperature allowing
the steam pressure to be lowered thus minimizing the energy needed to generate the steam.

Repair Steam Leaks — Repair of steam leaks to minimize unnecessary steam loss will reduce the
quantity of fuel used to generate steam

Preheat Combustion Air with Waste Process Heat — Use of waste process heat to preheat
combustion air for furnaces requires less fuel to heat the air to the needed temperature.
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4.3 Alternative Energy Sources

Renewable energy sources account for approximately eight percent of the U.S. annual energy
production. About half of this goes to generate electricity while the remaining half is used for transportation,
space heating, and water heating.

Hydroel ectric power generation comprises the largest percentage of the renewable energy category at
more than fifty percent. Hydropower generation is used primarily for generation of electricity. Electricity
generated from hydroelectric plants has increased as a result of increased water availability and improved
efficiency.

Solar energy comprises about one percent of the renewable energy. Solar energy is used in three
processes; heliothermal, heliochemical, and helioelectrical. Heliothermal isthe absorption of the sun's radiation to
produce heat for processes such aswater heating. Applications of heliothermal processes are called active solar
systems. Heliochemical solar energy iswhen the sun's radiation causes chemical reactions like photosynthesis.
Helioelectrical is the conversion of the sun's radiation into electrical energy. Application of helioelectrical
processes is usually termed photovoltaic systems. Solar energy can be accumulated in a number of solar
collectors, which vary according to application. Solar energy has cost constrains, but recently there has been a
resurgencein interest in solar energy, especially with environmental concerns.

Wind has been used for centuries as a power source to turn windmills for grinding grains and pumping
water. Dueto the variability of wind, generation of electricity using wind turbinesisfairly expensive, the more
wind the cheaper electricity generation. Energy generated from wind comprises less that half a percent of
renewable energy. The use of wind turbinesis limited to those areas with a more constant supply of wind.

Geothermal energy generation, approximately five percent of renewable energy generation, islimitedto
certain areas of the world where there are geysers, hot springs, or access to the earth’ sinternal thermal energy.
Geothermal sources which are rich in hot water and steam from these sources is used to power low pressure
turbines to generate electricity either directly or through a binary process. The "direct process' isto use the
heated water and steam directly to power turbines while the "binary process" isto use a secondary fluid such as
freon to power the turbine.

Biomass fuelsinclude awide variety of materials such as wood, peat, wood charcoal, bagasse, biogas,
and liquid fuels produced by biological processes. Biomass fuels are the second largest source of renewable
energy generation at about forty-one percent. Wood materials are usually burned in fireplaces and boilers to
produce heat with little preprocessing. Wood charcoal is wood, which has been heated to remove most of the
moisture resulting in a higher BTU value. Peat is a material in the early stages of transformation to coal and is
generally low in sulfur, nitrogen, and ash. Peat, before harvesting, is greater than 90 percent water so drying is
necessary before use. Bagasseis afibrous residue material from sugarcane processing and is burned in boilers
like wood. Biogas isgenerated from anaerobic digestion of waste materials. Thisgasisauseful source of energy
and the remaining sludge materials are used for fertilizer. Much research has been done on waste to ethanol
processes. These are biological processes that are used to generate liquid fuels. The waste to ethanol processis
not yet economically competitive with current energy sources and is not commercially practiced.

Municipal solid waste incinerators have increased in popularity over the past few years. Heightened
interest is aresult of the closing of many landfills and the increasing capacity requirements for waste disposal.
There are hundreds of municipal solid wasteincineratorsinthe U.S.

44 Pollution Prevention and Waste Generation

All of the above energy sources impact the environment either through emissions of pollution
causing materials, flooding of areas by hydroelectric dams, mining, or drilling. The U.S. has reduced energy
related air pollution through regulations requiring better emission control and cleaner fuels. In addition, other
wastes and pollution generated as the result of energy generation such as ash from the burning of solid waste
and other materials is also regulated. As these regulations become more stringent, pollution prevention and
waste generation from energy generating operations will be critical.
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4.4.1 Regulatory Requirements

Over the past three decades, the generation of wastes that are released to the environment through
any media have become more stringently regulated. Environmental compliance and waste management costs
increase in proportion to the number, volume, and complexity of a facility’s waste streams. Simply stated,
the less waste a facility generates the lower the treatment and disposal costs; not generating wastes is the
wisest approach to waste management. This section gives an overview of major environmental requirements
the Assessment Team should refer to the Code of Federal Regulations or the U.S. EPA web site for specific
information on these regul ations.

4.4.1.1 Air Emissions

The 1990 amendments to the CAA significantly affect facilities in several ways. Facilities located in
nonattainment areas may be subject to more stringent emission levels on existing permitted sources such as
painting/degreasing operations, power plants, or incinerators, and new regulations on many small sources that
were not regulated previously such as print shops, dry cleaning operations, and gasoline stations. The air
toxics provisions are likely to mandate new or additional control equipment for new and existing sources.
The list of air toxics to be regulated has grown beyond the original list of seven, to a new list of 189
substances. The expanded list of air toxics, coupled with the new provisions to reduce emissions in
nonattainment areas nation wide, means that many small sources typically found at facilities must now have
permits.

Sources of air emissionsin industrial facilitiesinclude but are not limited to cleaning and degreasing
operations, painting or paint removal processes, heaters, furnaces, boilers, and printing. These operations are
common in many types of facilities. Control technologies are available to help reduce the release of regulated
emissions from many of these sources. For example, technologies available to reduce emissions from boilers
include low NOx burners and flue gasrecirculation. In addition, many facilities have changed the types of
fuelsthat are used for boilers and furnaces to low sulfur fuels. For instance, conversion of boiler burners
from Fuedl Oil No. 4 to Fuel Oil No. 2 would significantly reduce emissions.

4.4.1.2 Water Discharges

The primary regulation for wastewater management is the National Pollutant Discharge Elimination
System (NPDES), developed in accordance with the Clean Water Act. The CWA requires NPDES permits
for the discharge of pollutants from any point source into waters of the United States. Permits are required
for industrial facilities as well as facilities treating domestic wastewater. NPDES permits typically contain
limits on the quantities of specific pollutants that can be discharged from the facility. The NPDES permit
system encourages facilities to restrict their usage of regulated substances in order to comply with the
discharge limits.

EPA has established 34 NPDES Primary Industry Categories. Any permit issued to a facility
included in one of these categories contains specific effluent limitations and a compliance and sampling
schedule to meet the limitations. Technology-based treatment limits form the basis of most effluent
limitations.

The pretreatment program sets standards for the control of industrial wastewater discharged to
publicly-owned treatment works (POTWSs). The goal of the pretreatment program is to protect human health
and the environment by reducing the potential harmful substances from entering POTWs.

Point source discharges are those that originate from a specific location such as an outlet pipe or
open channel that carries wastewater from sewage treatment or industrial process plants. Typically, al point
source discharges are required to have NPDES permits that specify the maximum quantity of toxins allowed
to be released. Point sources at facilities include photo labs, medical clinics, cafeterias, and electroplating
operations. Non-point source discharges are from operations such as agriculture, golf courses, and forest
operations.

4413 SolidWaste

Municipal solid wastes, in general terms, include all items that are discarded and are, or could be,
taken to a sanitary landfill. According to an EPA report, the average office worker individually contributes
more than 100 pounds of high quality paper to landfills every year. Paper and paperboard products were the
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largest components of municipal solid wastes by weight (37 percent) and volume (about 32 percent), totaling
nearly 66.5 million metric tons in 1990. Construction and demolition debris wastes accounts for more 25
percent of all municipal solid wastein the United States. The majority of these wastes are landfilled

Many State and local regulations prohibit the disposal of specific wastes at sanitary landfills.
Wisconsin, for instance, bans tires and used oil. The Assessment Team should refer to State or local
regulations for the most up-to-date landfill regulations.

Apart from regulatory incentives, the greatest incentive for applying pollution prevention to
municipal solid wastes is the cost savings from reduced disposal fees. In addition, recycling programs may
generate asmall profit depending on local market conditions and the volume generated.

4.4.1.4 Hazardous Waste

The hazardous waste regulations promulgated to implement RCRA and the Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) specify requirements for the
identification, storage, treatment, and disposal of hazardous waste. RCRA offers facilities four incentives for
pollution prevention.

1. Under the cradle to grave liability provisions, generators remain legally and financially responsible
for any environmental damage from their wastes from generation to disposal. In fact, generators
remain responsible for their wastes even after they have been disposed of (e.g., at alandfill).

2. As aresult, hazardous waste management, treatment, and disposal costs have risen dramatically,
giving waste generators afinancial incentive to produce the least amount of waste possible.

3.  RCRA requires hazardous waste generators to certify that they have waste minimization programsin
place whenever they sign off on amanifest.

4. Generators are asked to voluntarily report their waste minimization achievements on the waste
minimization form of the Biennia Report, which they are required to file under 40 CFR § 262.41.

Sources of hazardous waste in industrial operations are abundant. An extensive list of these
operations is given in Exhibit 4.5. Pollution prevention opportunities for reduction of hazardous waste can be
as simple as better housekeeping or complex process or product modifications. Suggestions for common
pollution prevention opportunities are listed in the following sections.

4.4.1.5 Record Keeping

Industrial facilities are required to keep records to document hazardous waste generation, air
emissions, and water discharges. In some cases facilities are required to do regular monitoring of emissions
or discharges. Records for hazardous waste disposal are required by law to alow tracking of individual
substances according to the needs, should they arise. The record of movement of all hazardous substances
through the plant, from one manufacturing cell to another, or simply as a material flow, is a very useful tool.
It is always in the company’s interest to deal with the issue of hazardous waste according to al the
regulations. The penalties for noncompliance are high, and in serious cases could even cause shutdown of the
operation. In the beginning of this manual it is emphasized that the industrial assessments are not compliance
audit and this holds true. But it is to the benefit of the company to be informed of the consequences of
noncompliance and the Assessment Team’s job to help in solving problems related to waste and hazardous
wastein particular.

4.4.2 Sourcesof Manufacturing Wastes

Almost any operation will generate some type of waste or release pollutants to the environment.
Even a non-industrial type of a business will have a waste in terms of paper, cardboard, etc. If the waste is
landfilled, it is rather obvious that the space available is limited. If the waste is incinerated, a secondary
waste whether in the form of unwanted, though more acceptable, substances or at least heat is created. Waste
generators need to concentrate on source reduction, if that is not possible, recycling is the second choice, and
asthelast resort, treatment of waste that will reduce the toxicity of the waste.
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4.4.2.1 Processes Generating Wastes and Types of Wastes Gener ated

In order to be able to deal successfully with any waste issues, the Assessment Team has to know
what usually constitutes waste and where and how it is generated. Nothing can be as valuable as personal
experience but even an inexperienced person performing the assessment can get a good idea from the
following list of waste materials for various operations.

Raw Materials Containers, packing Spoiled batches
Off-spec and expired lots

Processes Cleaning Coating/Painting
Reactions Planting/Anodizing/Chromating
Machining Casting/Molding
Testing Extracting/Refining
Printing Packaging

Cleaning Alkaline baths Acidic baths
Solvents Rags
Sludges Qil and Grease
Grit Rinse water

Painting Thinner Paint sludge
Overspray Filters
Containers Unused paint
Paint stripper Masking

Machining Metal chips Trimming waste
Cutting coolants Tapping oil
Hydraulic oil Tramp oil
Filters Rags

Printing Lithographic plates Plate process solutions
Silver Photo process solution
Press washes Rags
Paper Inks

4.4.2.2 Industry Compendium of Processes Producing Waste

Processes that generate wastes can be categorized by the standard industrial classification (SIC) code
for easy of reference as shown in Exhibit 4.5. These processes are not limited to the industrial operations
classified into the given classification code but can be part of processes in other industrial facilities. The
assessment team should be aware that the opportunities listed may be applied to industrial operationsin other
SIC codes.
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Exhibit 45: Compendium of Processes Producing Waste

General Unit Operation Common Waste Streams Pollution Prevention M easures
Industrial
Category
Chemical Blending/mixing Tank clean-out solutions Use Teflon lined tanks
processing Reaction to form Tank clean-out solids Clean lines with "Pigs" instead of solvents or aqueous solutions
(SIC: 28,29) product Reagent (liquid and powder) Use squeegees to recover clinging product prior to rinsing
Vessel cleaning spillsto floor Use Clean In Place (CIP) systems
Reaction by products Clean equipment immediately after use
Air emissions- Dust from Treat and reuse equipment cleaning solutions
powdered raw material Use cylindrical tanks with height to diameter ratios close to one to reduce wetted
surface
Use tanks with aconical bottom outlet section to reduce waste associated with the
interface of two liquids
Increase use of automation
Convert from batch operation to continuous processing
Use dry cleaning methods whenever possible
Use squeegees, mops and vacuums for floor cleaning
Use pumps and piping to decrease the frequency of spillage during material transfer
Install dedicated mixing equipment to optimize re-use of used rinse and to preclude
the need for inter-run cleaning
Usein process recycling whenever possible
Install floating covers on tanks of volatile materials to reduce evaporation
Order paint pigmentsin paste form instead of dry powder to eliminate hazardous dust
waste
Food Mixing/blending Equipment cleaning waste Use dry cleaning methods whenever possible
processing Cooking/baking waters Use high pressure washing equipment
(SIC: 20) Floor washing waste waters Use squeegees and mops and for floor cleaning

Solid materials from mixer
cleaning (e.g. dough)
Spent cooking oils

Use continuous processing to eliminate the need for inter-run cleaning
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easur es
Industrial
Category
Metal Melting Air emissions Recycle non ferrous dust
working Hazardous slag Alter raw materials to reduce air emissions
(SIC: 33-39) Non-hazardous slag Use induction furnacesinstead of electric arc r cupola furnaces to reducedust and
Metal dust fumes
Scrubber sludge Reuse high ferrous metal dust as raw material
Use high quality scrap (low sulfur) to reduce hazardous sludge generation
Use an alternative desulfurizing agent to eliminate hazardous slag formation
Alter Product Requirements to eliminate unnecessary use of desulfurizing agent
(calcium carbide)
Separate iron from slag and remelt
Treat disulfurization slag in a deep quench tank in-stead of spraying water onto an
open pile to reduce air emissions
Casting - Spent sand Recycle casting sand
- Flashing Use sand for other purposes (e.g. construction fill, cover for municipal landfills)
- Reject castings Avoid contamination of flashing and reject castings and reuse as feed stock
Recover metals from casting sand
Extrusion Scrap end pieces Avoid contamination of end pieces and reuse as feed stock
Cold working Scrap metal Recycle scrap metal to foundry
(bending, pulling)
Machining (cut- Metal scrap Segregate metals for sale to arecycler
ting, lathing, Spent hydraulic oils Reprocess spent oils on site for reuse
drilling, tapping) Spent lubricating oils Install shrouding on machines to prevent splashing of metal working fluids
Leaked oils Utilize a central coolant system for cleaning and re-use of metal working fluid
Dirty rags or towels Maintain machines with aregular maintenance pro-gram to prevent oil leaks
Implement a machine and coolant sump cleaning program to minimize coolant
contamination
Grinding Metal and abrasive dust Separate (flotation, magnetic) and recycle scrap to foundry
Heat treatment Air emissions Improve furnace control
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easures

Industrial

Category
Printing Image production Scrap film Use glass marblesto raise fluid levels of chemicalsto the brim to reduce contact with
(lithography, Spent film processing atmospheric oxygen
gravure, solutions Recycle film for silver recovery
flexography, Use electronic imaging and laser plate making
|etterpress, Use water-based image processing chemicals
screen) Closely monitor chemical additions to increase bath life
(SIC: 27) Use squeegees to prevent chemical carry-over in manual processing operations

Use counter current washing in photo processors
Recycle processing baths for nickel recovery
Usesilver free films

Use "washless" processing equipment

Plate, cylinder Spent plate processing Use water-based developers and finishers

and screen solutions Use an automatic plate processor

making Use counter-current rinsing to reduce rinse water volume (gravure)
Use drag-out reduction methods (gravure)-see surface coating
Sell used plates to an aluminum recycler

Make-ready Scrap paper Automate ink key setting system

VOC emissions Reuse scrap printed paper for make-ready

Useink water ratio sensor
Computerized registration
Use automated plate benders

Printing Scrap paper Install web break detectors to prevent excessive waste paper

VOC emissions

Damaged rubber blankets
Waste ink

Waste printing press oils

Eliminate chemical etching and plating by using alternative printing technologies
(Presensitized lithographic, plastic or photopolymer, hot metal, or
flexographic)

Use awaterless plating system

Use automatic ink levelers

Schedule jobs to minimize the need for cleanup (light colors before dark)
Use dedicated presses for each color

Use less toxic solvents

Use soy or water-based inks

Automate ink mixing

Cover ink containers when not in use
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easures
Industrial
Category
Printing Clean-up VOC emissions Use press cleanup rags as long as possible before
(lithography, Left over ink from fountains disregarding
gravure, Wasteroller cleaning solution Recycle waste ink and cleanup solvent
flexography, Dirty rags Use automatic cleaning equipment
letterpress, Paint skin from open ink Remove rollers from the machines and clean in a closed solvent cleaner
screfen) containers Prevent excessive solvent usage during cleaning (operator training)
(S C'. 27) Used plates Segregate spent solvents (by color) and reuse in sub-sequent washings
continued - L o }
Improve cleaning efficiency by maintaining cleaning system (rollers, cleanup blade)
Surface Painting Off-specification or out -dated Usetight fitting lids on material containersto reduce
coating paint VOC emission
(SIC: 24, 25, Empty paint and solvent Convert to higher efficiency technologies
34-39) containers Convert to electrostatic powder coating
Paint sludge Convert from water curtain spray booths to adry system
Spent paint filters Convert to robotic painting
Booth clean-out waste Use low VOC or water based paint
(overspray) Purchase high volume materials in returnable bulk containers
Spent cleaning sol-vent Train operators for maximum operating efficiency
VOC emissions Automate paint mixing
Painting Use compressed air blowout for line cleaning prior to solvent cleaning
continued Shorten paint lines as much as possible to reduce line cleaning waste
Schedul e production runs to minimize color changes
Recycle cleaning solvent and reuse
Use paint without metal pigments
Plating (electro Spent alkaline cleaning Use high purity anodes to increase solution life
electroless-) solutions L ower the concentration of plating baths
Anodizing Spent acid baths Reduce drag-in with better rinsing to increase solution life
Spent cyanide cleaning Use deionized water for make-up and rinse water to increased solution life
solutions Extend solution life with filtering or carbonate freezing
Spent plating solutions Use cyanide free solutions whenever possible
Filter sludge Replace cadmium-based sol utions with zinc solutions
Waste rinse water Replace hexavalent chromium solutions with trivalent solutions
Waste water treatment sludge Return spent sol utions to the manufacturer
Vent scrubber waste Use lower concentration plating baths
Reduce drag-out by racking parts for maximum drainage
Reduce drag-out by slowing withdrawal speed and increasing drain time
Rack parts for maximum drainage
Use drain boards between tanks for solution recovery
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easures
Industrial
Category
Surface Reduce water use with counter current rinsing
coating Use fog nozzles over plating tanks and spray rinsing instead of immersion rinsing
(SIC: 24, 25, Use reactive rinsing

34-39) (cont.)

Mechanically and air agitate rinse tanks for complete mixing

Useastill rise astheinitial rinsing stage

Use automatic flow control

Recovery metals from rinse water (Evap., lon exchange, R.O., Electrolysis,
Electrodialysis) and reuse rinse water

Use precipitating agents in waste water treatment to reduce waste generation
Use separate treatments for each type of solution and sell sludge to arecycler

Surface Stripping of Spent solvents Use mechanical stripping methods
Stripping paint, varnish, VOC emissions Use cryogenic stripping
(SIC: 24, 25, lacquer Spent caustic solutions Use non-phenolic strippers to reduce toxicity associated with phenol and acid
34-39) Spent sand and other blasting additives
media Maintain clean conditions before painting to avoid surface contamination resulting in
Paint dust paint defects
Metal plating Spent acid solution Recover metals from spent solutions and recycle
removal Tank sludge
Surface Chemical etching Spent acidic solution Reduce solution drag-out from process tanks
preparation/ Solvent cleaning Tank sludge Prevent solution drag-out from upstream tanks
cleaning (vapor Waste rinse water Use deionized water in upstream rinse tanks
(SIC: 24, 25, degreasing, Spent solvents Treat and reuse rinse waters
34-39) solvent dip) Solvent recycle still bottoms Recover and reuse spent acid baths

VOC emission
Solvent tank sludge

Use tight-fitting lids on material containers and sol-vent cleaning tanksto reduce
VOC emissions

Convert to aqueous cleaning system

Convert to less toxic hydrocarbon cleaners

Use peel coatings on raw materials to eliminate need for cleaning

Use water-based cutting fluids during machining to eliminate need for solvent
cleaning

Increase freeboard space and install chillers on vapor degreasers

Distill contaminated solvents for reuse

Remove sludge from tanks on aregular basis

Slow insertion and withdrawal of parts from vapor degreasing tank to prevent vapor
drag-out

Maintain water separator and completely dry partsto avoid water contamination of
solvent

Convert to agueous cleaning
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easures
Industrial
Category
Surface - Usesilhouette entry covers to reduce evaporation area
preparation/ - Avoidinserting oversized object to reduce piston effect
cleaning - Allow drainage before withdrawing object
(33'29)24 25, - Eliminate the need for cleaning with improved handling practices
continued
Aqueouscleaning | - Spent cleaning solutions - Remove sludge from tanks on aregular basis
Waste rinse waters - Minimize part contamination before washing
Oil sludge - Eliminate the need for cleaning with improved handling practices
Tank sludge - Extend solution life by minimizing drag-in

Use alternatives for acid and alkaline (e.g. water, steam, abrasive)

Pre-inspect partsto prevent drag-in of solvents and other cleaners

Install mixers on each cleaning tanks

Closely monitor solutions and make small additions to maintains solution strength
instead of lathe infrequent additions

Implement aregular maintenance program to keep racks and tanks free of rust,
cracks, or corrosion

Apply aprotective coating to racks and tanks

Reduce solution drag-out to prevent solution loss

Use counter current rinsing to reduce waste water

Use reactive rinsing to extend bath life

Abrasivecleaning | - Used buffing wheels - Usewater based or greaseless bindersto increase wheel life

Spent compound - Useliquid spray (water based) adhesiveinstead of bar abrasivesto prevent over use
of material and easier part cleaning

Carefully control water level in Mass Finishing

Equipment
Dryandwetrag | -  Spent solvent wetted rugs - Wash and reuse rags on-site
cleaning - Oil soaked rags - Usean off-siterag recycling service

Minimize use of rags through worker training
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention Measures
Industrial
Category
Paper and Wood Wood waste (saw dust, bark) Use diffusion pulp wash systems to maximize efficiency
pulp Preparation Acid and Alkaline waste Maintain spray water temperature of 60- 70F to maximize rinse efficiency
manufacturingl . Pulping waters Employ aclosed cycle mill process to minimize waste water production
(SIC: 26) Screening Toxic waste waters Reuse rich white water in other applications
Washing and sludges Use felt showers to minimize the amount of fresh water use
Thickening Wood fiber waste Recycle white water
Bleaching Non-hazardous waste water Develop segregated sewer systems for low suspended solids, high suspended solids,
Stock preparation treatment sludge strong wastes, and sanitary sewer
Paper machine Improve process control to prevent spills of material
Finishing and Minimize overflows or spillsby installing level controlsin process tanks and storage
Converting tanks
Install redundant key pumps and other equipment to avoid | osses caused by
equipment failure and routine maintenance
Provide a storage lagoon before the biological treatment system to accept long-tem
shock loads
Replace the chlorination stage with an oxygen or ozone stage
Recycle chlorination stage process water
Usewater from the counter current washing system in the chlorination stage
Perform high consistency gas phase chlorination
Textile Fabric weaving Waste thread, yarn and Market waste material as clean-up rags
processing Milling material Recover dye from waste waters
(SIC: 22) Sewing Dye contaminated waste
Pressing water
Dying
Waste water pH adjustment Treated effluent Use alternative flocculants to minimize sludge volume.
treatment Filtration Hazardous treatment sludge Usefilter afilter press and drying oven to reduce sludge volume
(SIC: 20, 22, Mixing Non-hazardous treatment Automatically meter treatment chemicals
26, 28, 29, 31, Flocculating sludge Minimize contamination of water before treatment
33-39) Clarification
Polishing
Plastic Injection Molding Machine clean-out waste Maintain machines with aregular mai ntenance program to prevent oil leaks
formation (pancakes) Regrind and reuse scrap plastic parts
(SIC: 30) Scrap plastic parts Filter and reuse hydraulic oil

Plastic pellet spill to floor
Spent hydraulic oil
Oil-soaked absorbent

Use and industrial vacuum for spill cleanup instead of absorbent

Extrusion

Scrap end pieces

Avoid contamination of end pieces and reuse as feed stock
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Exhibit 4.5: Compendium of Processes Producing Waste (cont.)

General Unit Operation Common Waste Streams Pollution Prevention M easures
Industrial
Category

Plastic Foaming Fugitive air emissions Improved material handling (mixing and transfer) to avoid spills

formation Stack releases Implement aregular maintenance program to reduce fugitive emissions from leaky

(SIC: 30) Scrap foam valves and pipe fit-tings

continued Composite Empty resin and Maximize production runs to reduce cleanings

materials solvent containers Regenerate cleaning solvent on-site and reuse

Spent cleaning sol-vents Use less toxic and volatile solvent substitutes
Waste wash-down water Reduce transfer pipe size
Cleanup rags Use more efficient spray method for gelcoat application
Waste fabric Modify material application methods to prevent material spillage
Gelcoat and resin overspray Cover solvent and resin container to minimize evaporative losses
VOC emissions
Waste resins
Resin and solvent
contaminated floor sweeping

Glass Melting Scrap glass Avoid contamination of scrap glass and reuse as feed stock

processing Blowing Contaminated

(SIC: 32) Molding granular raw materials

Leather Tanning Scrap leather material Recycle spent tanning solution

processing Finishing Waste processing solution

(SIC: 31)

Fastening/ Gluing (adhesive) Used adhesive container Purchase adhesive in bulk containers

joining/ M echanical Adhesive solvent Use water-based adhesives

assembly fastening air emissions Use more efficient adhesive applicators

(SIC: 24, 25, Welding Dried adhesive Use arag recycle service

27, 34-39) Part testing Shielding gas emissions Reuse rags until completely soiled

Fluid filing Metal slag Userags sized for each job

Gasoline (motor test)
Oil and grease spilled to floor
Spent clean-up rags or towds

Guide to Industrial Assessments for Pollution Prevention and Energy Efficiency




Sources of Energy and Pollution

REFERENCES

1. Federal Facility Pollution Prevention: Tools for Compliance; 1994, U.S. Environmental Protection
Agency. Office of Research and Development, Cincinnati, OH 45268. EPA/600/R-94/154.

2. Pollution Prevention Act of 1990

3. Facility Pollution Prevention Guide; 1992, U.S. Environmental Protection Agency. Office of Research
and Development, Cincinnati, OH 45268. EPAG600R92088.

4. Energy Conservation Program Guide for Industry and Commerce: NBS Handbook 115; 1974, U.S.
Department of Commerce. National Bureau of Standards, Washington DC 20402.

5. Energy Conservation Program Guide for Industry and Commerce: NBS Handbook 115 Supplement 1;
1974, U.S. Department of Commerce. National Bureau of Standards, Washington DC 20402.

6. Annual Energy Review 1997, July 1998, U.S. Department of Energy. Energy Information
Administration, Washington, D. C. 20585. DOE/EIA -0384(97)

7. Electric Power Annual 1995, Volume I, July 1996, U.S. Department of Energy. Energy Information
Administration, Washington, D. C. 20585. DOE/EIA -0348(95)

8. Renewable Energy Annual 1997, Volume |, February 1998, U.S. Department of Energy. Energy

Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency

Information Administration, Washington, D. C. 20585. DOE/EIA -0630(97)

z
R




z
®

Source of Energy and Pollution

THISPAGE INTENTIONALLY LEFT BLANK

86 Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency



Industrial Operations. Office Operations

CHAPTERS. INDUSTRIAL OPERATIONS

Pollution prevention opportunities exist for a wide variety of industrial operations. The intent of this
chapter is to provide a resource for common pollution prevention techniques for a broad range of industrial
applications. The fllowing twelve areas have been selected based on their widespread use in today's
industrial operations.

Office Operations - Plating Operations

Materials Management/Housekeeping - Paint Application

Facility Maintenance - Paint Removal

Metal Working - Paper and Pulp Manufacturing
Cleaning & Degreasing - Commercid Printing

Chemical Etching - Waste Water Treatment

A process description, waste description, and pollution prevention opportunities are provided for
each industrial operation highlighted. The information provided is not to be considered completely inclusive
of all processing steps or wastes generate, nor is its intent to be completely exhaustive of all pollution
prevention opportunities available to the reader.

5.1 Office Operations

Offices are the backbone of many industrial operations. Office personnel often handle
procurements, administrative issues, contracting issues, legal issues, and the design and implementation of
new procedures at industrial operations.

5.1.1 Waste Description

Office operations impact the amount of waste generated by industrial operations. Decisions made by
office operations effect pollution prevention plans, the type of materials purchased, the types of materials
disposed of, water usage, energy usage, paper usage, construction materials, demolition techniques, and
recycling plans.

Besides affecting the wastes produced by industrial operations, offices also often utilize high
amounts of energy and produce large quantities of waste through daily operations. Most of the office
operations energy is spent on electrical equipment such as computers, fans, printers, lights, and calculators
and HVAC equipment. Paper, cardboard boxes, and packaging materials usually compose the majority of
solid waste produced by an office.

5.1.2 Pallution Prevention Opportunities

Pollution prevention opportunities for office operations are classified according to the waste
management hierarchy in order of relevance; first, source reduction techniques, then secondly, (in-process)
recycling options.

5.1.2.1 SourceReduction
Source reduction offers a number of pollution prevention opportunities including:
Water Conservation,
Energy Conservation,
Paper Reduction, and
Construction and Demolition Waste Reduction.

These four source reduction techniques are explained in greater detail below.
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Water Conservation

Water conservation reduces pollution by reducing the demands on water and wastewater treatment
plants. This, in turn, reduces the energy requirements, chemical usage, and the potential for environmental
impacts from improperly treated wastewater effluent discharge.

Staff should request water usage statistics on a quarterly or monthly basis to track and identify
increases in consumption. As the facility implements specific water conservation activities, water usage
reductions can be documented.

The following list of water conservation strategies can be implemented to help reduce total water
usage.

Retrofitting plumbing with water saving devices (including faucet aerators and low-flow toilets).

Performing regular water system leak detection and repair activities.

Altering landscaping activities to reduce water use, including planting species that require less water
(also known as xeriscaping) and reusing wastewater.

Benefits of Water Conservation

Reductions in water use will reduce energy consumption and generation.

Water conservation practices will create corresponding reductions in wastewater treatment, energy
requirements, chemical use, and effluent discharge.

Reducing water usage can help reduce operating costs associated with both the purchases of water
and energy for water heating and treatment.

Limitations of Water Conservation

Water saving devices can have higher capital costs than regular equipment.
Re-landscaping alarge facility can be a costly change.
Energy Conservation

A comprehensive facility audit or energy use tracking data can determine energy conservation
opportunities. Lighting, heating, ventilating, air conditioning, office equipment and other systems should be
examined. At many facilities, energy conservation strategies can be economically implemented with very
little capital costs.

Lighting costs can be drastically reduced by:

Reducing lighting levels and the number of fixtures,

Using energy efficient bulbs or fixtures,

Turning off light switches when not in use,

Installing motion sensors or timers to automatically switch lights off when an areais unoccupied,
Replacing incandescent bulbs with fluorescent bulbs,

Taking advantage of natural sunlight by using top-silvered blinds and light colored finishes to reflect
light, and

Installing skylightsin office areas.

Heating, ventilating, and air conditioning (HV AC) energy consumption can be reduced by:
Keeping HVAC systems serviced,

Setting core air temperature at the maximum allowabl e temperature for proper equipment cooling;

Setting office thermostats to 68°F in winter;
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Properly insulating walls, floors, and ceilings with weather stripping, caulking, storm doors, and
windows;

Installing solar energy systems to reduce electric demand from HVAC systems; and

Planting shrubs on the windward side of the building to block wind and decrease building heat |oss.
Energy consumption by office equipment can be drastically reduced by:

Considering energy efficiency when purchasing new equipment,

Turning off electrical machines such as fans, typewriters, calculators, and copiers when not in use,
and

Using Energy Star computer and copier equipment designed to go into a“sleep mode” whenidle.
Other practicesthat facilitate energy savingsinclude:

Insulate hot water pipes, heating ducts and steam pipes. The cost for heating systems is directly
related to the heat they produce; this economic investment is wasted if the heat is allowed to radiate
from uninsulated pipes or duct work.

Perform routine leak checks on pneumatic lines. High-pressure leaks often result from cracked lines
or loose fittings and can easily be detected with inexpensive leak detection equipment.

Benefits of Energy Conservation

Energy conservation can help to reduce operating costs.

Energy conservation reduces the demand for electricity and therefore smaller amounts of greenhouse
gases, heavy metals, boiler ash, scrubber residue, and spent nuclear fuel are produced.

Limitations of Energy Conservation

Energy efficient systems often come with a higher capital cost.
Paper Reduction

A facility-wide program can encourage staff to reduce paper consumption. Posters should be placed
throughout the facility to remind and encourage staff to reduce their paper use. Some suggested methods to
reduce paper consumption include;

Implementing a Facility-Wide Double-Sided copying Policy - In those offices that have copiers with
double-sided printing capabilities, personnel should be encouraged to make double-sided copies
whenever possible. Instructions on making double-sided copies should be placed near the copier for
ease and increased participation in the program. This practice reduces the generation of office paper
waste and can greatly reduce the amount of paper purchased.

Expanding and Encouraging the Use of Electronic Mail - Staff members should be encouraged to
use electronic mail in place of paper memos and distribution copies.

Identifying Opportunities to Reuse Paper and Paper Products - Corrugated cardboard boxes, jiffy
bags, manila envelopes and other packaging materials are reusable for their original function. In
addition, used paper can be reused as scrap paper.

Using the Blank Side of Used Paper - Staff members should use the blank side of used paper for
items such asinternal memos, notes, phone messages, and scrap paper.

Benefits of Reducing Paper Consumption

Significant reduction in the amount of paper products purchased, thereby generating substantive cost
savings.

Reduced solid waste disposal costs of bulky paper products such as coated cardboard boxes and
packaging materials.
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Limitations of Reducing Paper Consumption

There are no significant limitations to reducing paper consumption.
Construction and Demolition Waste Reduction

Although it may not be possible to modify existing construction contracts, the facility staff should
consider inserting language requiring recovery or recycling of construction and demolition debris to the
greatest extent possible, and include the language when negotiating future contracts.

Examples of typical construction and demolition debristhat may be segregated for reuse or recycling
are: wood products, cardboard, glass, carpeting, carpet pads, plumbing, hardware, and insulated wire.

Construction and demolition debris can be reduced or recycled at the construction site and earlier
during the design and purchasing stages. For example:

During the design stage, the contractor can select designs that utilize standard sizes (i.e., 8foot
lengths) to reduce off-cuts of lumber and wallboard,

Evaluate design plans to ensure the efficient use of materials, and
Wood, wallboard and other biodegradable materials can be composted.
Waste can be reduced during the purchasing stage by:

Improving the accuracy of estimating procedures to ensure that the correct amount of each material
isbrought to the site, and

Negotiating with suppliers to buy back unused materials. Ask for their assistance to identify
materials that contain the least amount of hazardous products. In addition, ask suppliers to deliver
supplies on returnabl e pallets and containers.

Waste can be reduced on-site by:

Improving storage and handling procedures to reduce and prevent materials loss from weather and
other damage,

Salvaging reusable items, such as windows and doors for remodeling projects, and

Segregating wood, wallboard and other biodegradable materials and send them to a composting
facility.

Benefits of Construction and Demolition Waste Reduction

Reduction in quantity of solid waste produced.
Reduction in disposal costs.

Limitations of Construction and Demolition Waste Reduction

Recycled materials may be more expensive than non-recycled.

Separating waste from usable materials can be labor intensive and time consuming.
5.1.2.2 Recycling

Implement a Solid Waste Recycling Program

Many large facilities face the problem of low participation in the recycling program. Often large
amounts of recyclables are thrown away and non-recyclable materials are found in the recycling bins.
Improvementsin the recycling program can often be made through the following activities.

Establishing Written Recycling Program Guidance and Distributing to Section Heads/Process
Supervisors — Recycling awareness can be improved within the facility through a written program.
A written recycling program that clearly outlines materials that are recyclable, in what form (triple
rinsed, crushed, baled, etc.), and where to recycle will educate personnel to the opportunities
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available. Participation in recycling programs can be enhanced by through rewards and recognition
of personnel.

Make Recycling Convenient — This can be accomplished by providing bins in al areas where
materials are generated. These bins can be purchased or can be fabricated using empty drums,
crates, boxes, wood, or metal depending on the material to be collected.

Schedule Regular Collections - to insure that personnel will have sufficient space for their
recyclables. To do this, the facility engineer should work with the building managers to ensure they
routinely collect recyclables and place materialsin the correct dumpsters marked for recyclables.

Expand the Number of Waste Streams Recycled — by forming a regiona alliance with other facilities
and private businesses in the local area or work with local recycling firms to expand services to
include new waste streams.

Make Trash Disposal Less Convenient than Recycling - in order to reduce the amount of recyclable
material that is placed in trash containers. This can be accomplished by reducing the number of
trash receptacles in buildings, limiting access to trash dumpsters, or decreasing the frequency of
trash pickups. However, trashcans should not be too hard to find; otherwise the recycling bins will
fill up with trash. Placing trashcans and recycling bins right next to each other sometimes helps
reduce incorrect disposal practices.

Institute a “ Clear Bag” Program for Trash Pickup - A clear bag program requires facilities to
dispose of all trash in clear plastic bags. The waste disposal contractor visually inspects bags before
picking them up and does not pick up bags that contain recyclable materials. This places the burden
of recycling on the generator.

Benefits of Implementing a Solid Waste Recycling Program

Reduces the mass of materials entering the waste stream and the associated disposal costs.
The sale of recyclable materials can be financially rewarding.

Limitations of Implementing a Solid Waste Recycling Program

There are no significant limitations to implementing a solid waste recycling program.

52 Materials Management/Housekeeping

The following section provides a process description, waste description and a broad range of
pollution prevention opportunities that can be implemented to improve materials management and
housekeeping operations.

5.2.1 ProcessDescription

Materials mangers have a chance to generate economic, safety, and environmental benefits within an
individual department aswell as entire corporations. Efficient and effective materials management includes:

Materials Purchasing - MaterialsHandling

Materials Tracking - MateriasDistribution

Material Mixing - Packaging and Shipping Concerns
Managing Materials Requirements - Minimizing On-Site Storage

Spill Prevention and Clean-Up Employee Training on Materials Concerns
Improving Use and Reuse of Materials

The duties of materials management represent the heart of any effective waste reduction and
pollution prevention plan.
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5.2.2 Waste Description

The goal of any materials management program is to reduce the waste generated through materials
purchasing, handling, distribution, and clean up. Decisions about the purchasing of materials affect wastes
due to under- or over-purchasing and packaging wastes. Decisions affecting materials handling affect spills
and other losses. Distribution decisions affect the amount of waste generated due to spills and man-power.
Clean-up decisions affect the anount of waste released to the environment versus the amount properly
contained.

5.2.3 Poallution Prevention Opportunities

Pollution prevention opportunities for materials management/housekeeping operations are classified
according to the waste management hierarchy in order of relevance; first, source reduction techniques, then
secondly, (in-process) recycling options.

5.2.3.1 SourceReduction
Source reduction offers a number of pollution prevention opportunitiesincluding:
Affirmative Procurement Program,
Hazardous Material Control Centers,
Bulk Fluids Distribution Systems,
Automated Mixing Systems
Packaging Design,
Hazardous Materials M anagement,
Spill Clean-Up Procedures, and
Employee Education.
These eight source reduction techniques are explained in greater detail below.
Affirmative Procurement

Affirmative procurement refers to the purchase and use of materials containing recycled or
recovered content in the greatest amounts practical, given resource and performance constraints. The EPA
has established the Comprehensive Procurement Guidelines that identify categories of items to be purchased
with recycled content and the recycled content level these items should contain. EPA guideline items include
paper and paper products, retread tires, re-refined lubricating oil, building insulation, cement and concrete
containing fly ash, engine coolants, structural fiberboard, laminated paperboard, carpet and floor tile, patio
blocks, cement and concrete containing granulated blast furnace slag, traffic cones and barricades, playground
surfaces and running tracks, hydraulic mulch, yard trimmings compost, office recycling containers and office
waste receptacles, plastic desktop accessories, toner cartridges, binders, and plastic trash bags.

The facility should implement an affirmative procurement program. Typically, the steps to
implement an affirmative procurement program include:

Obtain EPA’s Comprehensive Procurement Guidelines,

Distribute alist of affirmative procurement itemsto purchasing staff,

Train purchasing staff on affirmative procurement,

Identify items to be procured with various levels of recycled content,

Develop and implement atracking program to monitor compliance and progress.

When establishing the affirmative procurement program, purchasing staff must require that
vendors:
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Certify that the percentage of recovered materials to be used in the performance of the contract will
be at | east the amount required by applicable specifications, and

Estimate the percentage of total material utilized for the performance of the contract which is
recovered materials.

Affirmative procurement requirements should be included in future construction agreements, so
contractors will have to use recycled materialsin the beginning phase of building.

Benefits of Developing an Affirmative Procurement Program

Purchasing products with recycled content “ closes the recycling loop.”
Affirmative procurement programs help to ensure that there will be aviable market for recyclables.

Limitations of Developing an Affirmative Procurement Program

Implementing an affirmative procurement program can be man-hour intensive to set-up, especialy if
itisanew concept to the facility.

Efforts have to be made to ensure that product quality and/or work efficiency are not comprised by
the use of materials comprised of recycled content.

Implement a Hazardous M aterial Control Center

Proper materials management can suppress chemical losses and spills thereby reducing costs and
waste stream outputs. Records of chemical purchases, inventory, bath analyses, dumps and additions, water
usage, wastewater treatment chemical usage, and spent process bath and sludge analyses must be kept in
order to gather an overview of an operations material balance and waste costs. From these records, data can
be gathered and used to determine the success of an overall minimization policy. Process-specific material
balance block diagrams can be drawn and shared with operators. These diagrams illustrate origins of waste
production clearly and can be used to re-engineer operations to reduce chemical loss.

Standardization of materials used throughout a facility can greatly reduce chemical inventory,
thereby reducing costs. Decisions to purchase one chemical rather than another must consider technical
reguirements, environmental impacts, and cost.

The initiation of a facility-wide hazardous material control center (HMCC) will help reduce
hazardous material purchases and reduce the generation of hazardous wastes due to improper storage and
expiration of shelf life. One of the primary purposes of implementing an HMCC is to centralize the purchase,
storage, distribution, and management of hazardous materials (HM) throughout the facility, as well as to
allow for enhanced tracking of the movement of hazardous materials and wastes. Thefollowing concepts are
good building blocks for a successful HMCC program.

Proper Coordination - can centralize the purchase, storage, and distribution of materials through a
single location within the facility. To do this, it is critical that the staff establishing the HMCC talk
with facility staff that use chemicals to document exact usage patterns of all materials. The end
result of the entire HM CC isto purchase only the amount of materials needed by each activity.

Standard Operating Procedures (SOP) - are a set of written guidelines or standards for operating the
HMCC.

Review and Approval — of the purchase of all materials that contain hazardous components should be
handled by the HMCC. A list of approved hazardous chemicals and applications should be
developed for each shop at the facility. Materials that are hazardous to human health or the
environment should require approval for each purchase. The HMCC should continually strive to
identify and purchase substitutes for these hazardous materials. This process would include the
evaluation of specific hazardous materials on an annual basis to determineif approved substitutes are
available.

Inventory Tracking - can be improved by using a bar-coding system for all hazardous materials used
at the facility. The bar-coding system can be used to track the purchase and receipt of chemicals and
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materials at the facility, as well as the requisition of chemicals from the HMCC areato individuals or
shops. Inventory tracking can also be improved with the aid of atracking system.

Inventory Controls - should be establish through central storage and inventory points for chemicals
and materials used in various locations at the facility. These storage points (or satellites) could
coincide with flammable lockers aready located throughout the facility and could be used to store
the hazardous materials issued to each shop. Further, each satellite should maintain a written
inventory of materials that would be updated as materials are used and stocked. These inventories
would be cross checked against the computer tracking system to verify the location and usage of
materials purchased. Materials used could be stored (daily or weekly) after use.

Purchase - of hazardous materials routinely used in large quantities should be available for quick
delivery.

Review and Inspection — of procedures ensures proper usage of lockers and compliance with the
HMCC guidelines outlined by the facility.

Successful implementation of a HMCC will require that select facility personnel, particularly supply
personnel, receive specialized training in the administration of a HMCC. Furthermore, all personnel whose
jobs require the use of hazardous materials or result in the generation of hazardous wastes will require
training on how the HMCC will operate, why it was implemented, and what their roles and responsibilities
will be.

Benefits of Implementing a Hazardous Material Control Center

A HMCC can identifying and quantifying the types and amounts of hazardous materials purchased
and used in order to create a baseline.

Improves accountability, tracking, and control of hazardous materials.
Reduces overuse of hazardous materials.
Reduces occurrences of shelf-life expiration.

Provides shops with the opportunity to return unneeded or unused requisitioned materials for use by
others.

Ensurestimely substitutions of accepted environmentally preferable products.

Allows the purchase of some materias in refillable and/or bulk containers to reduce packaging
waste.

Limitations of Implementing a Hazardous Material Control Center

Planning and organization requires extensive man-hours.

Capital costsfor computerized tracking systems can be expensive.
Program requires all levels of staff acceptance to function properly.
Install a Bulk Fluids Distribution System

Bulk fluid distribution systems should be purchased and installed to significantly decrease material
costs. Typically, petroleum, oil, and lubricant (POL) products cost up to 30 percent less when purchased in
bulk rather than in quarts or gallons, and the labor required to triple rinse 5gal pails prior to disposal is
eliminated. Purchasing fluids in bulk also eliminates the costs associated with landfill disposal of non-
recyclable containers. Following installation of a bulk dispensing system, products should be purchased in
larger units of issue (i.e., 55-gal drums) and dispensed.

There are four basic types of bulk distribution systems including portable tank units, 55-gallon drum
pumps, bulk distribution racks, and overhead bulk distribution systems. The determination of which systemis
appropriate is dependent on the volume of fluids dispensed per year and the space available to install the
equipment. The following is a brief explanation of each type of bulk oil distribution system and the
advantages of each.
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Portable Tank Unit - consists of a24.5-gal tank (oil dispenser), hose assembly (with 50 feet of hose),
and electronic control handle. Nitrogen gas (or an acceptable substitute) can be used to discharge
the oil from the tank. Pressurizing the tank eliminates the need for an external power source to operate
the pump (air, electricity). The unit can be mounted on a movable cart for use in various areas. The
portabletank is sealed and pressurized to eliminate the possibility of contamination of the oil tank during
servicing of vehicles or machinery.

55-Gallon Drum Pump - connects directly to a 55-gallon drum and includes atrolley, air pump, bung
screw, connecting hose, hose reel, and control handle. The hose is 33 feet in length, but can be
rigged as long as 50 feet. The unit can aso be equipped with stainless steel recoil hose reels, which
may be needed in colder climates. Manufacturers recommend ordering the system with an electronic
oil meter because they are much better than the older style mechanical meters and cost the same.
They also recommend using an air regulator inside the drum. This system works well in shops with
limited overhead space.  Since fluid is dispensed from the same container as it is received, it
eliminates the possibility of spill during transfer of fluid from a 55-gal drum to a secondary
container.

Bulk Distribution Rack - dispenses fluids from pre-set containers organized in arack system. Each
container holds 65 gallons, and is equipped with a site glass to monitor stock levels. Fluid is gravity-
fed to afixed dispensing point. A second container is required to transfer the fluids from the rack to
a portable container. The transfer pump removes the fluids from the original 55-gal container and
fills the container on the rack so there is no heavy lifting required. The number of containers and
size of the rack can be ordered to meet the specific needs of the shop area. The system works well in
shop areas with limited floor space. The downside of bulk distribution is that a small amount of
cross contamination of products may occur when switching transfer pumps from one fluid type to a
second.

Overhead Bulk Distribution System - is custom designed to the user’s specifications to dispense
fluids from transfer lines suspended above the shop floor. This system reduces labor costs by
placing commonly used fluids within the operator’s reach. The volume of fluid dispensed can be
metered to achieve accurate volumes. Fluids are dispensed from a central location, either in the
maintenance area or in an adjacent room from 55-gal drums or storage tanks with air driven pumps.
Electronic tracking devices can be installed to monitor and record fluid usage. Typically air, grease,
hydraulic fluid, gear oil, motor oil, and antifreeze are dispensed with this system. The system
eliminates the labor required to retrieve the fluid product from a drum or dispensing rack.

Benefits of Installing a Bulk Fluids Distribution System

Reduces disposal of empty containers.
Cost savings associated with purchasing in bulk.
Reduces | oss of product.

View windows on the fluid containers provide a constant reading of fluid amounts, so a shortage or
overstock of fluidsisminimized or eliminated.

Increased operating efficiency.
Conservation of valuable shop floor space.
Limitations of Installing a Bulk Fluids Distribution System

Cross contamination may occur when switching transfer pumps from one fluid to a second.
Spills may occur when transferring fluids from a 55-gallon drum to a portabl e unit.
Minimize Packaging Waste Through Design

Without compromising health, safety, or product-integrity standards or violating regulatory
requirements, preferred packaging design practices should be implemented. Looking at total cost,
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environmental impacts and site-specific considerations is critical to making a competent decision. Preferred
packaging practices are discussed below.

Reduce Packaging Size — to eliminate unnecessary solid waste. The ultimate goal of packaging
elimination is often not technologically feasible, but should be attempted, provided product integrity
will not be jeopardized. Computer aided design programs can be used to devise efficient systems to
protect and package aimost any product. Besides reducing the amount of packaging entering the
waste stream, decreasing the packaging size can also reduce shipping, disposal, and raw material
costs.

Environmentally Benign Materials — should be utilized whenever possible.  Toxic, non-
biodegradable, and hazardous materials in the packaging often can be eliminated or reduced through
the use of environmentally friendly products. For example, items such as starch-based water-soluble
packing peanuts may replace environmentally detrimental non-biodegrade polystyrene packaging.

Bulk and Concentrated Materials — should be utilized whenever possible. Products shipped in the
concentrated form are reduced in size, which reduces the amount of packaging required, while bulk
containers give more product with |ess packaging, therefore reducing the overall waste.

Multi-Use Items — can reduce the mass of packaging material used by decreasing the total number of
items shipped. Reducing the number of items shipped also reduces shipping, disposal, and raw
material costs.

Readily Recyclable Packaging — reduces the amount of manual labor required to prepare materials
for recycling, and insures that recycling is economically feasible. In order to create readily

recyclable packaging dissimilar materials such as foam and corrugated cardboard cannot be bonded,
and packaging is composed of asfew materials as possible.

Durable or Repairable Packaging — can reduce the mass of waste entering the waste stream. Items
such as broken wooden pallets or reels should be fixed whenever possible, or replaced with more
durable materials. Durable and fixable items also save the cost of disposal and replacement of
packaging materials.

Recycled Products — should be used in packaging whenever possible in order to complete the cycle.
Recycled packaging materials can work as well, if not better than, non-recycled products. The use of
recycled productsis necessary for the recycling process to work.

Benefits of Minimizing Packaging Waste Through Design

All packaging waste entering the waste stream is ended with packaging elimination.
Packaging size reduction reduces shipping, disposal, and raw material costs.

Environmentally benign materials can eliminate or reduce the amount of toxic, non-biodegradable,
and hazardous material s being produced and disposed of.

Bulk containers give more product with less packaging, therefore reducing the overall mass of
wastes.

Multi-use items can reduce the amount of packaging entering the waste stream by decreasing the
total number of items shipped.

Durable or repairable packaging can reduce the mass of unnecessary packaging waste entering the
waste stream, disposal costs, and replacement costs.

The use of recycled productsis necessary for the recycling processto be profitable.

Limitations of Minimizing Packading Waste Through Design

Packaging waste elimination is not technologically feasible in most applications.

Packaging redesign to reduce the size may be economically impracticable.
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There may be many conflicts between competing goals, such as recyclability and cost reduction.
Recycled packaging can be more expensive than new materials.

Improve Hazar dous M aterials and Waste M anagement, Secondary Containment, and
L abeling Procedures

Not only should substitutes be found and used in place of the hazardous materials, but also on-hand
supplies should be reduced. Ensure proper hazardous waste storage and labeling procedures are being
followed and train personnel to insure compliance with local, State, and Federal regulations. Containers used
to store hazardous waste (e.g., paint waste, batteries, waste flammable liquids) must be properly identified
with a hazardous waste label. The specific information required to be on the label includes the generator’s
USEPA identification number, the words “hazardous waste”, USEPA hazardous waste number, substance
name, and generation date or start/ending accumul ation dates.

It is generally good practice to store other wastes (i.e., waste oil, waste antifreeze, used oil absorbent
pads) in well-labeled containers with secondary containment. It is also a good practice to make sure all
containers are labeled, especialy if they contain hazardous materials. In addition, metal drums stored outside
should be covered so the integrity of the drumswill not be compromised.

Benefits of |mproved Hazardous Materials and Waste Management, Secondary Containment, and Labeling
Procedures

Helpsto avoid future liabilities from regulatory agencies.

Reduces the potential generation of waste through mislabeling, improper storage and handling, and
exposure to weather.

Reduces the quantity of hazardous waste generated.
Reduces the reporting burden and cost of hazardous waste disposal.

Limitations of Improved Hazardous Materials and Waste Management, Secondary Containment, and
Labeling Procedures

There are no direct limitations to improving hazardous materials and waste management, secondary
containment, and labeling procedures.

Improve Spill Clean-up Procedures

All industrial operations should improve their spill prevention and cleanup practices to reduce waste
generation. Thisinvolvesahierarchy of optionsthat are listed below.

Use drip pans - to collect the fluids during the draining process and to collect minor drips and leaks
during servicing. This will prevent the leaks from dripping to the floor that will reduce the need to
use absorbent material or ragsto clean the spills. Thiswill also reduce |abor time to clean the floors.

Shop Vacuum for Oil Spills - provide the most environmentally sound way of managing uncontained
oil. This process ensures recoverability of the spilled oil for future recycling prospects. Several
vacuums are commercially available for use in wet or dry situations.

Reusable pads and wringers — can be used to clean the spills and leaks. These pads are highly
absorbent and can be used several times 4 —10 before having to be disposed. Once the absorbent
pads are saturated with oil, the pads can be passed through a wringer that sits on top of a 55-gallon
drum which removes a large amount of the oil, allowing the pad to be reused. Facilities should
discuss what material s the reusabl e pads and wringer can be used with to avoid any safety issues.

Collect and reuse dry sweep - if it is not possible to use absorbent pads. It is recommended that the
shops purchase or construct a dry sweep “sifter”. This device is simply a mesh screen which filters
usable dry sweep from saturated dry sweep. The saturated dry sweep forms clumps that cannot pass
through the screen, whereas the unclumped, clean dry sweep can be reused. A small trap door
located at the bottom of the drum is then used to distribute the reusable dry sweep. Once the dry
sweep is spent, the dry sweep can be compacted. Compaction of spent sorbents can be accomplished
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using mechanical compactors. Mechanical compactors compress liquids from the sorbent and also
serve to reduce the volume of the absorbent material such that a much smaller number of containers
are required for disposal. Mechanical compactors are typically designed to compact the contents of
drums, and may be fitted with pumps to transfer the liquid to a separate collection container.
Sorbents are typically not reusable after compaction.

Hydrophobic Mops - have a high viscosity oil mop head composed of 100 percent polypropylene,
which makesit very effective at absorbing and containing oil spills. The advantage of using thistype
of mop head is that it is water resistant and will absorb only oil if other materials (i.e. water, engine
coolant) are part of the spill. The mop can be reused up to 7 times or more before disposal.

Reuse Rags and Absorbent Materials - to wipe, absorb, or clean-up spills. The rags should be
saturated with the substance before being laundered or disposed. Applicable materials include rags,
floor sweeps, absorbent pads, or any disposable towel. Designate two separate containers for
partialy-used rags and saturated rags to be laundered or disposed. When finished cleaning a spill,
decide whether the rag is partially or entirely saturated and place it in the proper bin. Ensure that all
shops follow these procedures.

Benefits of Improved Spill Clean-up Procedures

Reduces raw material costs and waste generation.
Reduces labor time required to clean up unnecessary spills and leaks.

Limitations of Improved Spill Clean-up Procedures

It ishard to predict leaks, so drip pan placement is difficult.
Clean-up equipment can be expensive.
Employee Education

A high level of employee awareness and education is an essential part of any company’s overall
pollution prevention program. The success or failure of specific procedures depends largely on employee
attitudes toward that policy. The employees must discern a company-wide effort supported at all levels of
management that affords the tools and data to ensure success.

Employee training should cover minimization or prevention of waste generation at the source,
routine process chemistry additions and sampling, handling of spills and leaks, and operating of pollution
prevention and control technologies. Background information should be available to employees, such as a
background of the applicable regulations, overall benefits to health and safety in and out of the workplace,
and overal cost of waste disposal before and after the successful implementation of waste minimization
procedures. This training should be integrated with normal operator training, and pollution prevention and
control procedures should be included in the written operating procedures of each process.

Benefits of Employee Education

Can create enthusiasm about programs.
Can reduce chemical usage and | osses.

Limitations of Employee Education

Requires extraman-hours for training.
5.2.3.2 Recycling

Recycling and reuse opportunities exist both on and off-site for facilities. Recycling and reuse have
innumerable benefits both financially and environmentally.
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On-Site Recycling

Internal Supply Reuse

Material reuse can be an environmentally friendly effective solution to excess materials. Reuse
curtails the flow of material into the waste stream, and does not require the energy necessary for recycling.
Disposal costs and packaging materials costs can also be reduced through reuse. Packaging materials such as
barrels, crates, polystyrene peanuts, bubble-wrap, and cardboard boxes can be reused internally in many
operations. Packaging materials are often reused for storage, internal mail, internal freights, or shipping
product externally.

Benefits of Reusing Supplies

Packaging reuse decreases the mass of materials entering the waste stream.

Reduces the amount of toxic and non-biodegradable materials entering the waste stream.
Decreasing mass of material entering the waste stream can decrease disposal costs.
Raw material costs may decrease.

Limitations of Reusing Supplies

Sources for unwanted materials may be difficult to find.

Separating packaging materials for reuse can be time consuming and labor intensive.
Off-Site Recycling

Returnable Containers

Returnable containers (returnables) are containers that are shipped back to the original supplier when
empty. Examples include metal racks, rigid plastic racks, metal skids, returnable bins, and totes. Returnables
often contain expendable materialsto protect the parts.

Returnables usually have a greater tare weight, which may increase transportation costs and have
negative ergonomic impacts if the containers are manually handled. If a part is changed significantly, the
returnable containers may have to be altered or completely changed at a relatively high cost. With a large
number of suppliers, plants may find returnables create a logistical problem requiring detailed tracking and at-
plant storage. Costs to return these containers may be large, especially if the containers do not break down or
nest and if the distance traveled is great. Returnables need periodic cleaning, repair, and maintenance, which
is an on-going expense. Returnables often have features such as “feet,” ribs, or other protrusions that may
inhibit plant materials handling systems. Obviously, these containers do not require disposal, therefore use of
returnables avoids the ever-increasing expense. Despite some of the drawbacks mentioned, returnables are an
attractive option for many situations, especially if the suppliers are relatively close. Also, when damaged or
obsolete, the racks can be sold back to the manufacturer and recycled into new racks.

Benefits of Returnable Containers

Theinitial costs for returnables can be recovered.

Greatly reduces the mass of packaging materials entering the waste stream.
Reduces land disposal costs.

Racks can typically be recycled when damaged or obsolete.

Racks are often composed of recycled material.

Limitations of Returnable Containers
Returnable containersrequire a high initial investment.
Logistical problem may require detailed tracking and at-plant storage.

Costs to return these containers may be prohibitive.
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Periodic cleaning, repair, and maintenance and an on-going expense to utilizing returnables.
Design of returnable containers may inhibit handling systems.

The added tare weight of returnables may increase transportation costs and have negative ergonomic
impactsif the containers are manually handled.

Part changes can require that the returnable containers be altered or completely changed at a
prohibitively high cost.

Recycling Expendable Packaging

Expendable packaging is used once and then discarded or the material content is recycled. These
include corrugated boxes, shrink-wrap, styrofoam peanuts, wood skids, plastic, and metal banding.
Expendable packaging is lightweight and may reduce shipping costs. It can be easily modified if parts are
changed, which provides greater flexibility. Recycling of expendable packaging is a good option, but
involves internal labor to sort and handle. If the packaging is well thought out and the proper systems arein
place in a plant, sorting and handling costs can be greatly reduced. The markets for recycled materials must
be located and prices vary from location to location and from year to year. Expendable packaging may not be
suited near operations sensitive to fiber contamination or near ignition sources.

Benefits of Recycling Expendable Packaging

Avoids some logistical problems since expendable packaging is not returned to the supplier.
Avoids increasing disposal costs.

Reduces mass of packaging material entering the waste stream.

Expendable packaging has virtually no initial investment.

The lightweight characteristics of expendable materials can reduce shipping prices.
Limitations of Recycling Expendable Packaging

Markets for the recycled materials must be located.

Recycling involvesinternal labor to sort and handle the expendable materials.

Expendable materials are not suited for areas sensitive to fiber contamination or areas near ignition.
Therecycling market ishighly variable.

M aterials M anagement

Proper materials management can suppress chemical losses and spills thereby reducing costs and
waste stream outputs. The main methods of materials management are below.

Employee Education

A high level of employee awareness and education is an essential part of any company’s overall
environmental program. The success or failure of specific procedures depends largely on employee attitudes
toward that policy. The employees must discern a company-wide effort supported at all levels of
management that affords the tools and data to ensure success.

Employee training should cover minimization or prevention of waste generation at the source,
routine process chemistry additions and sampling, handling of spills and leaks, and operating of pollution
prevention and control technologies. Background information should be available to employees, such as a
background of the applicable regulations, overall benefits to health and safety in and out of the workplace,
and overall cost of waste treatment before and after the successful implementation of waste minimization
procedures. This training should be integrated with normal operator training, and pollution prevention and
control procedures should be included in the written operating procedures of each process.
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Chemical Tracking, Inventory, and Purchasing

Records of chemical purchases, inventory, bath analyses, dumps and additions, water usage,
wastewater treatment chemical usage, and spent process bath and sludge analyses must be kept in order to
gather an overview of the shop’s material balance and waste costs. From these records, data can be gathered
and used to determine the success of an overall minimization policy. Process-specific material balance block
diagrams can be drawn and shared with operators. These diagrams illustrate origins of waste production
clearly and can be used to re-engineer plating lines to reduce chemical loss.

Standardization of materials used throughout a shop can greatly reduce chemical inventory, thereby
reducing costs. Decisionsto purchase one chemical rather than another must consider technical requirements,
environmental impacts, and cost.

Optimize Mixing Operations

Optimize mixing operations so that only the needed amount of materials is mixed. Limiting the
volume of chemicals mixed to the exact amount required to perform the job reduces the volume of excess
chemicals disposed per shift.

53 Facility Maintenance

The following section provides a process description, waste description and a broad range of
pollution prevention opportunities that can be implemented to improve facility maintenance activities.

5.3.1 ProcessDescription

Facility maintenance assures that the facility is able to achieve a performance level consistent with
design and engineering. Maintenance personnel typically:

Perform routine maintenance on machines,
Maintain the facility grounds,

Fix or replace broken parts, and

Keep the facility and machinery clean.

5.3.2 Waste Description

Through daily tasks, maintenance personnel encounter many different waste streams. Potentially
hazardous lubricants, fluids, and filters are produced as a result of routine maintenance. Maintaining facility
grounds often produces large quantities of yard waste, and brings personnel in contact with potentially
hazardous chemicals. Fixing and replacing parts can produce wastes such as light bulbs, while keeping the
facility clean can produce large quantities of water.

5.3.3 Pallution Prevention Opportunities

Pollution prevention opportunities for facility maintenance operations are classified according to the
waste management hierarchy in order of relevance; first, source reduction techniques, then secondly, (in-
process) recycling options.

5.3.3.1 SourceReduction

Source reduction opportunities for facility maintenance exist for routine oil changes, ground
maintenance, and material substitution.

Establish an Oil Analysis Program

The quality of the oil from a facility’s machinery should be tested before scheduled changes and
only changed when tests indicate that it is needed. There are two options to implement this opportunity:
(1) purchase oil analysis equipment, or (2) pay an outside company to test the oil. The cost for implementing
the oil-testing program will depend on the detail of analysis needed and the availability of facility personnel
to perform the tests. Acquiring the services of an outside vendor is generally more economically beneficial if
adetailed analysis of oil is needed. Often the more detailed the analysis needed the more economical it is to
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have outside vendors perform the analysis. However, there is atime delay in obtaining results (1 day to 7-14
days) when an outside vendor is used.

Oil analysis equipment tests the physical and/or chemical constituents of the oil to determine its
quality level. There are two types of oil analysis-equipment that can be purchased to test the oil. Thefirstis
a hand-held oil analyzer that provides limited information on the level of water and fuel contamination. The
second type of equipment is a PC-based program that uses a particle separator and viscometer to determine
oil quality. The parameters that are typically evaluated in determining oil quality include viscosity, total base
number (a measure of the oil's ability to neutralize acids), and the concentration of some metal ions (e.g.,
calcium, magnesium, phosphorus, sodium, and zinc), which are components of many additives. Regardless
of which system is purchased, operator training isminimal.

Benefits of an Oil Analysis Program

Qil changes potentially reduced by 50% or more.
Decreases the volume of oil and number of filters used.
Reduces quantity of oil wastes and oil filter wastes.

The manpower spent changing oil can be drastically reduced.

Limitations of an Oil Analysis Program

Off-site testing can take as long as 14 days.
Not following maintenance schedules can void equipment warranties.
Implement Environmentally Preferred Grounds Maintenance Practices

Many facilities have grounds maintenance activities on a daily basis that include landscaping, |eaf
and brush removal, pesticide and fertilizer application, turf maintenance, lawn trimming and mowing.
Implementing the following pollution prevention activities can reduce the impacts associated with grounds
maintenance activities.

Reduce/Eliminate Chemical Use - pesticides and herbicides wherever possible. The negative long-
term effects of the applications of these chemicals on the environment have been well documented.
In addition, improper use and mismanagement of chemical pesticides can result in human health
concerns. Over-mixing and over-application of landscaping chemicals leads to the generation of

unnecessary waste and environmental degradation. Application near environmentally sensitive areas
such as wetlands and tidal basins should be avoided.

Practice Environmentally Sound Pesticide Management - use pesticides with low mobility, high
adsorption, and low persistence. Training employees in proper pesticide preparation, application,
and safe handling procedures to maximize product effectiveness and reduce the risk of accidental
spills. Use proper lawn care product application equipment and techniques to minimize excessive
spraying. Practice Integrated Pest Management (IPM) to minimize use of pesticides by utilizing
organic equivalents, beneficial insects and pest tolerant plant species. Practice strict inventory
control to prevent material expiration.

Avoid Unnecessary Pesticide Use — through spot application practices. This practice ensures that the
smallest amount of chemical is applied to the ground and that the chemical is applied only in areas
whereit is needed. Spot application reduces contamination of surrounding soil and local groundwater
supplies. Timely application ensures that applied chemicals do the most good when application is
needed. This includes applying chemicals at times when they are most likely to be absorbed by the
target species and not spraying in windy conditions or immediately before predicted precipitation
events, which could blow or wash the applied chemical into the surrounding environment.

Employ Environmentally Sound Fertilizer Management - to avoid applying excess fertilizer. Usethe
rates that are recommended for the product by the manufacturer. Understand the needs and growth
requirements of the plants, and use the minimum amount of fertilizer necessary to meet the plant
needs.
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Replace Turfgrass with Native Plants - which are hearty and require low maintenance.

Improve Mowing Practices — to reduce waste. Mowers should be set so that no more than 1/3 of the
lawn height (no more than 1 inch total) is removed with each mowing. Also, keep mower blades
sharp and |leave grass clippingsin place after mowing.

Compost Yard Waste — and substitute it for organic matter such as mulch and topsoil, normally
purchased for grounds maintenance.

Develop Standard Operating Procedures (SOPs) - and other outreach materials for contractors
and/or staff that are involved in grounds maintenance activities. SOPs and other materials should

describe and promote environmentally sound approaches to landscaping.

Benefits of Implementing an Environmentally Preferred Grounds Maintenance Practices

Reduces the total solid waste disposal costs by decreasing the waste stream.

Minimizes the hazardous waste stream by reducing potentialy toxic fertilizer, pesticide, and

herbicide use.
Potential hazardous waste disposal costs can be decreased.
Reduces water usage, energy usage, and |abor costs.
Limitations of Implementing an Environmentally Preferred Grounds Maintenance Practices

Re-landscaping can be economically prohibitive.
Outside contractors often handle facility maintenance.
Substitute Low Mercury Fluorescent Tubesfor Standard Tubes

Low mercury fluorescent tubes can be directly substituted for many standard fluorescent tubes. The
mercury content of these tubes is much lower than standard tubes and the many of the tubes will meet TCLP

testing for non-hazardous waste.

5.3.3.2 Recycling

There are many recycling opportunities available to facility maintenance personnel. Recycling

programs can be utilized to recycle or reuse:
Steel containersand Oil filters,
Scrap Metal and Wood (pallets),
Fluorescent light bulbs and Lamp ballasts,
Shop towels,
Antifreeze, and

Wash water.

These recycling opportunities and their associated benefits and limitations are discussed in further

detail below.
Implement a Used Qil Filter/Steel Container Recycling Program

Used oil filters and steel containers, such as empty aerosol cans and paint cans are often disposed of
in the municipal solid waste stream, when they can be recycled. A comprehensive used steel container
recycling program for industrial and shop operations can reduce non-hazardous solid waste and
environmental liability from landfilling of containers that once contained petroleum based products. Used oil
is removed from oil filters either via crushing, shredding or dismantling for use in fuel blending operations,
waste to energy recovery, or oil reclaiming operations. The steel recovered from used oil filters, aerosol cans,

and paint cans, are crushed into dense cubes, and used by steel mills asaraw material.
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Seel Container/Used Filter Recycler — should be able to handle several or all miscellaneous steel
waste streams in order to simplify the management oversight required to handle the contract, and
may allow the waste streams to be commingled at the point of generation for enhanced recyclability.
Certification that 100 percent of the waste stream received is recycled and cradle-to-grave tracking
to eliminate future liability from the waste stream are two important qualities to look for in any
recycler.

Place Recycling Containers in Convenient Locations — such as near the point of generation is
important for increased recycling participation of any waste stream. The service contract established
with a steel recycler should provide timely removal of full containers.

Awareness Training - is the key to any successful recycling program. Personnel must properly
understand what is and what is not recyclable, and where to recycle it. When personnel are unsure
of whether or not an item is recyclable, 9 out of 10 times it will end up in the waste steam. Monthly
updates in the newsletter and recycling posters promoting the recycling of new waste streams will
help educate personnel on proper procedures and an environmentally friendly alternative disposal
method to landfilling.

Benefits of |mplementing a Used Oil Filter/Steel Container Recycling Program

Recycling will reduce the quantity of solid waste generated by the facility.
Disposal costswill be reduced.
Sale of recyclable materials can be economically beneficial.

Limitations of Implementing a Used Qil Filter/Steel Container Recycling Program

A recycling program islimited staff participation.
A local recycler hasto be able to handle the types and amounts of materials generated.
Establish a Recycling Program for Fluorescent Lightsand Ballasts

Fluorescent and high-intensity discharge lamps contain mercury to conduct the flow of the electric
current. Historically, fluorescent lights have been discarded in landfills, where they can break and release
mercury into the environment. This potential hazard has caused many states to classify fluorescent light tubes
as hazardous waste and require that they be managed in accordance with applicable hazardous waste laws and
regulations. There are recyclers across the nation who accept fluorescent light tubes for recycling.

Lamp ballasts can also be recycled. Fluorescent lighting ballasts manufactured before 1980 contain
polychlorinated biphenyls (PCBs), which also have disposal problems associated with them. In fluorescent
fixtures, PCBs were usualy found in ballasts within small capacitors or in the form of a black, tar-like
compound. The useful life of ballasts is approximately 15 years, so disposal of ballasts containing PCBs
should not be a problem much longer since ballasts produced after 1980 do not have PCBs. If aballast is not
labeled “NO PCBs,” it should be assumed that it contains PCBs.

Diethylhexylphthalate (DEHP) was used to replace PCBs in certain ballast capacitors beginning in
1979. DEHP is considered a human carcinogen. Ballasts designed for the following fixtures contained
DEHP: four foot fluorescent fixtures manufactured between 1979 and 1985; eight foot fluorescent fixtures
manufactured between 1979 and 1991; and high intensity discharge fixtures manufactured between 1979 and
1991. To determine if a ballast contains DEHP, the manufacturer should be contacted or the capacitor should
be sent to alaboratory for tests.

Facilities are encouraged to manage all ballasts as hazardous because of the possible PCB or DEHP
content. Recyclers remove the PCB- or DEHP-containing materials for incineration or land disposal. Metals
can be reclaimed from the ballasts for use in manufacturing other products.

Fluorescent bulb recycling costs range from $0.06/ft to $0.15/ft, not including packaging,
transportation, or profile fees. Disposal costs at a hazardous waste landfill range from $0.25-$0.50 per four
foot fluorescent tube and $0.33-$0.83 per ballast, not including packaging, transportation or profile fees.
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Recycling the light bulbs intact instead of crushing them at the facility is preferable in order to
reduce possible employee exposure to mercury vapors. After accumulating a number of tubes, the facility
should ship them to a vendor for recycling or arrange for arecycler to pick them up. Some vendors prefer the
lights be boxed in their original packaging; others provide special shipping boxes which comply with DOT
specifications. Lamp ballasts should also be recycled.

Fluorescent lights with lower concentrations of mercury should be purchased. A new low-mercury
fluorescent light tube became available in late 1995. The four-foot tube contains 10 milligrams of mercury
compared with 22.8 milligrams in currently produced lamps, down from an industry average of 38.4
milligrams per tube in 1990.

Benefits of Establishing a Recycling Program for Fluorescent Lights and Ballasts

Recycling spent fluorescent lighting tubes offers an environmentally sound alternative to solid or
hazardous waste disposal.

Shipping the tubes intact reduces the risk of employee exposure to mercury.
Permitting should not be required if tubes are sent for recycling.

Limitations of Establishing a Recycling Program for Fluorescent Lights and Ballasts

Tubes must be collected until enough are collected to be economically efficient to send.
All employees must participate in the recycling program.
Implement a Shop Towel Laundry Service

A facility-wide shop towel laundry program with a commercial laundry should be developed.
Industrial laundry services generally pick up the dirty shop towels and drop off clean ones each week. Most
laundries will accept al shop towels except those contaminated with hazardous waste. Depending on the
vendor, shop towels may be provided with the service.

Personnel should ensure that all shop towels are used to their maximum potential before sending
them to the laundry service to be washed. Extending the service life of the shop towels through improved
operating procedures can reduce program operating costs and reduce water consumption at the laundry.
Therefore, each shop should designate one container each for clean, used, and partially used shop towels.

Benefits of |mplementing a Shop Towel Laundry Service

Up to a 90% reduction in waste generation can be noticed with laundered towels versus disposable.

Environmental liabilities associated with improper disposal practices are reduced.

Limitations of Implementing a Shop Towel Laundry Service

Laundry services can be more expensive than disposabl e shop towels.
Establish an Antifreeze Recycling Program

Facilities should establish an antifreeze recycling program to recover used antifreeze. Facilities can
purchase either a bulk recycler for processing large amounts of antifreeze or smaller units that can
simultaneously filter fluid and flush cooling systems of machines, automobiles, and small trucks. Bulk
recyclers have ahigher initial cost but lower operating costs than the smaller ones.

Currently, there are two popular reclamation systems. One system uses ion exchange and the other
uses vacuum distillation as the primary separation/purification process. These systems filter solids from the
spent antifreeze and remove the metal ion contaminants from the solution. The recovered coolant solution
often requires blending with an inhibitor package to restore it to its initial state. The two recycling systems
work with either ethylene glycol or propylene glycol, but each must be processed separately. These systems
are relatively simple to operate, compact (~4' x 4'), portable (on wheels or can be mounted on a trailer or
truck), and are easy to maintain.

The distillation system produces the larger quantity of waste residue. Residue production is
approximately 3 gallons of residue per 75 gallons of spent antifreeze. This residue is probably a hazardous
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waste since the lead contamination is often greater than 5 ppm, but only a Toxicity Characteristics Leaching
Procedure [TCLP] analysis can determine whether the waste has this hazardous characteristic. The
manufacturer of this unit claims that a batch of accumulated residue can itself be processed to further reduce
thetotal volume of waste produced.

Theion exchange unit does not produce any liquid hazardous waste residue; however, it does require
filter replacement. Spent filters accumulate metals and may be considered hazardous waste if disposed. Once
the ion exchange filters are spent they must be shipped back to the manufacturer for regeneration. The spent
filters are not generally treated as a hazardous waste since they are re-used after regeneration and are not
disposed. Thissystem isrecommended.

Benefits of Establishing an Antifreeze Recycling Program
Reduces purchasing, materials handling, and waste disposal costs.
Reduces the mass of materials entering the waste stream.
The recycling systems can be portable.

Limitations of Establishing an Antifreeze Recycling Program

Theresidue from the distillation recycler may be considered hazardous waste.

Install a Wastewater Recycling System & High Pressure Low Volume Washersfor Vehicles
and Equipment Cleaning

Facilities that regularly wash machinery or fleet vehicles should consider the installation of a wash
water recycling system. A wastewater recycling system, or recycling wash rack, removes oils, grease, soils,
and most other contaminants from the wash water through a closed loop system, greatly reducing the burden
placed on the oil water separators and the wastewater treatment plant. Additionally, water consumption from
washing operations can be reduced by an estimated 90 percent. Some systems require construction of an
inclined wash pad and installation of a submersible processing pump. If applicable, wash water from current
washing operations may need to be tested for metal concentrations to determine if a pre-metal isolation filter
for the system is necessary. Depending on the design of the model, an open pool of dirty water isvisible.

High Pressure Low Volume (HPLV) washer options should be chosen when selecting the water
delivery system for each type of wastewater recycling unit. When combined with the wastewater recycling
unit, the total consumption of water can further be reduced. If HPLV washers are not available, they can be
purchased separately.

Benefits of Installing a Wastewater Recycling System & High Pressure Low Volume Washers for Vehicles
and Equipment Cleaning

Water consumption and cost can be greatly reduced.

The strain on the municipal wastewater treatment plant and oil water separatorsis reduced.

Limitations of Installing a Wastewater Recycling System & High Pressure Low Volume Washers for Vehicles
and Equipment Cleaning

Water recycling equipment is expensive.
Washing operations must be very high volumein order to be cost efficient.

An open pool of dirty water may be visible with the recycler

54 Metal Working

The following section provides a process description, waste description and a broad range of
pollution prevention opportunities that can be implemented to improve metal working operations.
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5.4.1 ProcessDescription

Metal working includes processes that machine, treat, coat, plate, paint and clean metal parts. There
are two major segments of the industry: job shops that process materials owned by other parties on a
contractual basis, and captive shops that are part of larger manufacturing facilities. Metal fabrication
processes are integral parts of aerospace, electronic, defense, automotive, furniture, domestic appliance, and
many other industries. Metal working operations involve various metal cutting processes that include the
following.

Turning - Threading - Polishing

Drilling - Broaching - Planing

Milling - Grinding - Cutting and shaping
Reaming

Metal working processes use cutting tools of some sort that travel along the surface of the work
piece, shearing away the metal ahead of it. Most of the power consumed in cutting is transformed into heat,
the major portion of which is carried away by the metal chips, while the remainder is divided between the tool
and work piece.

Turning processes and some drilling are done on lathes, which hold and rapidly spin the work piece
against the edge of the cutting tool. Drilling machines are intended not only for making holes, but for
reaming (enlarging or finishing) existing holes. Reaming machines using multiple cutting edge tools also
carry out this process. Milling machines also use multiple edge cutters, in contrast with the single point tools
of alathe. Whiledrilling cutsacircular hole, milling can cut unusual or irregular shapesinto the work piece.

Broaching is a process whereby internal surfaces such as holes or circular, square or irregular
shapes, or external surface like keyways are finished. A many-toothed cutting tool called abroach isusedin
this process. The broach’s teeth are graded in size in such a way that each one cuts a small chip from the
work piece as the tool is pushed or pulled past the work piece surface, or through aleader hole. Broaching of
round holes often gives greater accuracy and better finishing than reaming.

Metal working processes often apply aliquid (or sometimes gases) to the work piece and cutting tool
in order to aid in the cutting operation. A metalworking fluid is used:

To keep tool temperature down, preventing premature wear and damage;
To keep work piece temperature down, preventing it from being warped;
To provide agood finish on the work piece;

To wash away chips; and

To inhibit corrosion or surface oxidation of the work piece.

Also, metalworking fluids are frequently used to lubricate the tool-work pieceinterface, in additional
to simply cooling it.

Metalworking fluids can be air-blasted, sprayed or drawn through suction onto the tool-work piece
interface. Types of fluids include water (either plain or containing an alkali); an emulsion of soluble oil; and
“straight” oils (those that are not water-based) such as mineral, sulphurized, or chlorinated oil.

Air drafts are often used with grinding, polishing and boring operations to remove dust and chips,
and to cool to a certain extent. Aqueous solutions containing approximately one percent by weight of an
alkali such as horax, sodium carbonate or trisodium phosphate exhibit high cooling properties and also
provide corrosion prevention for some materials. These solutions are inexpensive and sometimes are used for
grinding, drilling, sawing, and light milling and turning operations.

5.4.2 WasteDescription

The major wastes from metal working operations are spoiled or contaminated metalworking fluids
and metal chips. The spent metalworking fluids are often treated as hazardous wastes because of their metal
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and oil content, as well as other chemical additives such as chlorine, sulfur and phosphorus compounds,
phenols, creosols and alkalies. While fresh metalworking fluids contain varying degrees of oil depending on
their function, “tramp” hydraulic and lubricating oils aso find their way into the fluids during the course of
operations. Spent metalworking fluids can be either disposed of or recycled on- or off-site. Metal chips can
be collected for recycling.

While metalworking fluid purchases typically account for less than 0.5 percent of the cost of
operating a machine tool, the problems that contaminated and degraded fluids can cause can be expensive and
troublesome. Proper coolant and cutting oil maintenance is necessary to prevent excessive machine tool
downtime, corrosion, and rancidity problems.

Rancid metalworking, perhaps the most common problem, can affect productivity and operator
morale. Rancid odors are produced in contaminated fluids due to bacterial action. The odors are especially
strong when machines are started up after periods of downtime. The odors are frequently unpleasant enough
that the fluid must be changed.

Insufficient maintenance of cutting fluids, especially water-based fluids, can result in work piece and
machine tool corrosion. Cutting fluids are needed to protect in-process parts from corrosion, but they will not
offer this protection if they have deteriorated due to rancidity, or if they are not maintained at the
recommended concentrations. Cutting fluids also must not be allowed to penetrate into gear boxes or into
lubricating oil reservoirs, or internal damage to machines can result.

Contamination of water miscible metalworking fluids by “tramp” lubricating and hydraulic oils
constitutes one of the major causes of fluid deterioration. The tramp oils interfere with the cooling effect of
the fluids, promote bacterial growth, and contribute to oil mist and smoke in the shop environment. Tramp
oils impair the filterability of metalworking fluids through both disposable and permanent media filters, and
thusinhibit recycling. Tramp oils also contribute to unwanted residues on cutting tools and machine parts.

A serious problem caused by tramp oils is the promotion of bacterial growth, primarily pseudomonas
oleovorans, in the metalworking fluid. Such bacteria degrade lubricants, emulsifiers and corrosion inhibitors
in the metalworking fluids, and liberate gases, acids and salts as byproducts of their growth. Bacterial growth
also interferes with the cooling effect of metalworking fluids.

The tramp oils that most contribute to bacteria growth are hydraulic oils (used in hydraulic assist
systems), due to their high water miscibility compared to lubricating oils, and to the phosphorus antiwear
compounds they contain, which catalyze microbe growth. Lubricating and machine ramp oils create fewer
problems, because their lower miscibility causes them to float to the surface of the coolant.

Solvent wastes resulting from cleaning of parts and equipment also comprise a sizable waste stream.
Thiswaste stream is examined in Section 5.5, Cleaning and Degreasing.

5.4.3 Poallution Prevention Opportunities

Pollution prevention opportunities for metal working operations are classified according to the waste
management hierarchy in order of relevance; first, source reduction techniques, then secondly, (in-process)
recycling options.

5.4.3.1 SourceReduction

As identified in the Waste Description section, the primary problem in metalworking fluid
management is contamination with tramp oil and the problems that result from this. While the best solution
for tramp oil problems is to prevent the oils from entering the metalworking fluid, some contamination will
occur as the machines and their oil seals and wipes wear. This can be reduced through the following
activities:

Preventive Maintenance Program,

Improved Housekeeping Procedures, and

Fluid Selection.
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The following provides a brief description of each type of source reduction activity identified to
reduce waste metalworking fluid.

Preventive Maintenance Program

Preventive maintenance activities such as periodic seal and wiper replacement can extend the
working life of the fluid by preventing contamination with tramp oils. Metalworking fluid performance starts
with a preventive maintenance program that includes:

Use of high quality, stable cutting and grinding fluids;

Use of demineralized water for mixing purposes;

Fluid concentration control;

Control of fluid chemistry (pH, dissolved oxygen, etc.);

Fluid contamination prevention;

Periodic sump and machine cleaning;

Period gasket, wiper and seal inspections and replacements to minimize tramp oil contamination;

Regular cleaning of metaworking fluid through filtering or centrifugation, in order to minimize
microbe growth by controlling tramp oil buildup; and

Assignment of responsibility for fluid control to one person.

A periodic schedule of metalworking fluid testing can also alert plant staff to deteriorating fluid
qualities in time to prevent failure of the fluid. Tests might include analyses for pH, specific component
concentration including additives, particulate matter, tramp oil, rust inhibitor, biocide concentrate, and
dissolved oxygen. Low pH values indicate low product concentrations, and thus related problems such as
increase in metal fines or other suspended solids, and heightened vulnerability to microbe growth and tramp
oil contamination.

Improved Housekeeping Procedur es

Anirritating problem in many shops is the contamination of fluids with trash such as cigarette butts,
food or food wrappers that find their way into sumps. Better housekeeping procedures, including operator
training and coverage of sumps with screens or solid covers, can help reduce this ongoing problem.

Fluid Selection

It is important to carefully select the metalworking fluid most suitable for the particular application,
in order to maximize performance and long fluid life. Fluid selection should be done from an overal, plant-
wide perspective, in order to find the best products as well as to minimize the number of different fluids in
use. With the broad applications of some high quality fluids, it is sometimes possible to employ only one
type in an entire plant, although different applications in the plant may require different proportions of water
and concentrate.

In order to make informed choices of fluids, it isimportant to know not only about the fluids’ cutting
and grinding abilities, but also about factors such astheir resistance to bacterial attack, the residues they leave
on machine tools and work-pieces, the corrosion protection they offer, the health dangers they present, such
as skin or respiratory irritation, and the environmentally hazardous chemicals they contain. For instance,
chemically active lubricants contain chlorine, sulfur or phosphorus may be used. Fluids can aso contain
phenals, creosols, and harsh akalies. Tramp oils often carry other hazardous contaminants into metalworking
fluid, and can lead to breakdown of the fluid and formation of hydrogen sulfide.

Use of synthetic metalworking fluids can sometimes result in dramatically increased fluid life.
Synthetic fluids are made up of chemicals such as nitrites, nitrates, phosphates, and borates. Synthetic fluids
contain only zero to one percent soluble oilsin the fluid concentrate, compared to 30 to 90 percent soluble oil
in non-synthetic metalworking fluid concentrates. While the lubricity of synthetic fluids is lower than many
non-synthetic fluids, an advantage of synthetic fluids is that tramp oils are not able to contaminate them as
easily as non-synthetic fluids, because they are not able to readily enter the fluid emulsion, which leads to
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breakdown of the fluid’s qualities. Many synthetic fluids offer greater thermal stability at high temperatures,
resisting oxidation better than non-synthetic fluids.

Gases can sometimes be used in place of coolants, because they can cool work pieces and tools with
no work piece contamination. Air isthe most frequently used gas, and is employed both in dry cutting and
with other fluids. Nitrogen and carbon dioxide are occasionally used as well, but their cost is high and
therefore their applications are limited.

Benefits of Source Reduction Opportunities for Metal Working

Decreased waste generation from the cross-contamination of metal working fluids.

Increased facility production from decreased down time to replace metal working fluids.

L ower maintenance and labor costs associated with change-out and cleaning of metal working fluids.
Reduced operating costs for new metal working fluids.

Limitations of Source Reduction Opportunities for Metal Working

No limitations were identified.
5.4.3.2 Recycling

Recycling of deteriorated or contaminated fluids can reduce costly hauling and disposal charges.
Also, recycling will minimize the need for purchase of high priced fluid concentrates. While many shops
engage off-site recycling companies to handle their spent fluids, it is very feasible for larger shopsto recycle
in-house. Off-site recyclers employ processes to separate oily wastes from water. The water is released to
the sewer while the oil isrefined or used as fuel. In-house recycling typically focuses on extending the usable
life of metalworking fluids, rather than to separate and refine the oils it contains. Continuous in-house
filtration of fluids in machine sumps reduces the requirement for new fluids, avoids recycling charges, and
saves money by reducing machine downtime for cleaning and coolant recharge.

Methodologies for recycling metalworking fluids include:
Gravity & Vacuum Filtration,

Separation By Dissolved Air Flotation,

Coalescing,

Hydrocycloning,

Centrifuging, and

Pasteurization and Downgrading.

The following provides a brief description of each recycling method identified to reduce the disposal
of waste metalworking fluids. Each option can be employed either on-site or by an off-site contractor.

Gravity and Vacuum Filtration

In gravity pressure and vacuum filtration technologies, the waste coolant is passed through a
disposable filter to remove solid particles. Diatomaceous earth filters are also used at times, but their
adsorptive properties are so high that they can actually remove additives from a metalworking fluid. In
skimming separations, the metalworking fluid is allowed to sit motionless until immiscible tramp oil floats to
the surface, where it is manually removed or skimmed automatically using oil-attracting belts, floating ropes
or wheels. If the oil contaminants are fairly miscible, asis the case with hydraulic oils, or if the coolantsin
the fluid have emulsified the oils, they will not rise to the surface on their own, and other separation
techniques must be used.

Separation by Dissolved Air Flotation

Separation of oil contaminants can sometimes be enhanced through dissolved air flotation. In this
method, the metalworking fluid waste stream is put under high pressure and air is injected. When the
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pressure is released, the air comes out of the solution, attaches to the oil and grit in the fluid, and floats it to
the surface, where it can be skimmed off.

Coalescing

In coalescing techniques, the fluid is brought into contact with an aleophilic (“oil loving”) medium
formed into a high surface area shape such as corrugated plates or vertical tubes. Oil dropletsimpinge on the
media and cling to it, eventually coalescing to form large droplets that float to the surface of the fluid and are
skimmed off by adjustable weirs. Coalescers are not effective for removing water-miscible hydraulic oils or
emulsified lubricating oils, because they do not readily separate from the metalworking fluid.

Hydrocycloning

A hydrocyclone uses centrifugal force to separate solid contaminants from the fluid. Waste fluid is
pumped under pressure into the top of a cone-shaped compartment in which a vortex is set up. As the
spinning fluid accelerates down the cone, solids are forced to the outer wall. The solids move downward and
are discharged, while the clean fluid is forced by back pressure to move upward through the center of the
cone. Hydrocyclones can remove particles down to about 5 microns; they cannot, however, efficiently
remove small quantities of tramp oil. The advantage of this type of system is that it is mechanically very
smple and relatively easy to operate.

Centrifuging

Centrifuging involves mechanical rotation of the metalworking fluid, providing several thousand G's
of separating force. Centrifugation is able to remove hydraulic oils and other emulsified tramp oils as well as
“free” oils. Low RPM centrifuges are also used as “chip wringers’ to separate reusable oil clinging to metal
chips.

Pasteurization & Downgrading

Another recycling method is the combination of pasteurization and low speed centrifuging. While
this method is promising for certain applications, pasteurization is a tremendously energy intensive process,
and is only marginaly successful in controlling microbe growth. Pseudomonas aeruginosa and
Pseudomonas oleovorans are two coolant-attacking bacteria that are notoriously hard to kill. Pasteurization
can also cause de-emulsification of oils, and if the metalworking fluid has degraded to the point where it has a
gray color and emits a hydrogen sulfide odor, pasteurization and centrifugation can only remove the odor and
color, but often cannot restore the fluid’ s lubricity and corrosion inhibition.

Used high performance hydraulic fluid that no longer fulfills exacting specifications can often be
downgraded and employed as cutting oils. For instance, certain mil spec hydraulic oils cannot be employed
in their original application once their viscosity has dropped due to polymer shearing, but if the oils have been
kept clean, additives can be mixed into them to make excellent metalworking fluids.

Benefits of Recycling Metal Working Fluids

Decreased waste generation from the reuse of metal working fluids.
Increased facility production from decreased downtime to replace metal working fluids.
L ower maintenance and labor costs associated with change-out and cleaning of metal working fluids.
Reduced operating costs for new metal working fluids.
Limitations of Recycling Metal Working Fluids

Potentially high capital cost depending on the required quality level for the fluid.

Additional maintenance and labor expense to maintain and operate the recycling equipment.
55 Cleaning & Degreasing

The following section provides a process description, waste description and a broad range of
pollution prevention opportunities that can be implemented to improve cleaning and degreasing operations.
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5.5.1 ProcessDescription

Cleaning and degreasing processes are applied in a variety of industries to remove dirt, soil, and
grease (often referred to together as soil). Cleaning and degreasing are done as a final step in manufacturing
a product, as a preliminary step in preparing a surface for further work (e.g., electroplating), or as a cleaning
step for forms or equipment between uses.

In preparing metals for finishing, the cleaning process is the most important. Finishing processes
depend on a clean surface as a foundation. In selecting a cleaning operation, the process to be performed, as
well asthe type of metal and contaminant, are important considerations.

Many parts manufacturers clean their own products, whereas others send them out to companies
with the sole business of parts cleaning. Currently, the common cleaning processes for metals include liquid
solvent cleaning (cold cleaning) and vapor degreasing. Liquid solvent cleaning usually is donein large tanks
containing solvent solutions in which the parts are immersed. This usually is an automated process. Vapor
degreasing generally involves chlorinated solvents such as methylene chloride, 1,1,1-trichloroethane,
trichloroethylene, or perchloroethylene. Parts are immersed in the vapors of these solvents for degreasing. In
the dry cleaning industry, perchloroethylene is commonly used for washing clothes.

In the electronics industry, parts generally are cleaned after soldering to remove contaminants.
These contaminants originate from the fluxes used to promote the wetting necessary for good solder joints to
be formed. The flux residue can interfere with future processes and reduce the aesthetics and reliability of a
part. Traditionaly, chlorinated, fluorinated, and other halogenated solvents have been used to remove these
residues.

552 WasteDescription

Cleaning and degreasing technologies generally involve applying some form of a solvent to a part.
Solvents are used in virtually every industry to some extent. During the cleaning process, there is often an
environmental problem with air emissions from the solvents. After the cleaning process, a waste stream
composed of the solvent combined with oil, debris, and other contaminantsis|eft for disposal.

Halogeneated solvents, which are known for their stability, ease of drying, and effectiveness in
removing oils, have detrimental environmental effects. Solvent evaporation has been investigated for its role
in stratospheric ozone depletion, global warming potential, and ground smog formation.

Using hal ogeneated solvents to clean and degrease not only generates hazardous solvent wastes but
also create work conditions that may be detrimental to the health and safety of workers. Questions
concerning safety and health issues include chronic and acute effects, carcinogenicity, and teratogenicity.

Because environmental laws restrict the use of such solvents, many industries are attempting to
reduce or eliminate their use of halogenated solvents. Additional restrictions can be expected in the future.

5.5.3 Poallution Prevention Opportunities

Pollution prevention opportunities for cleaning and degreasing operations are classified according to
the waste management hierarchy in order of relevance; first, source reduction techniques, then secondly, (in-
process) recycling options.

5.5.3.1 SourceReduction

Cleaner technologies now exist or are being developed that would reduce or eliminate the use of
solvents for many cleaning and degreasing operations. There are two main focuses in describing cleaner
technologies for cleaning and degreasing:

Alternative Cleaning Solutions - (e.g., aqueous-based) can directly replace existing solvents with little or
no process modifications.

Process Changes - use different technologies for cleaning or eliminate the need for cleaning. The capital
costs may be greater for process changes, but the reduced cost of buying and disposing of solvents often
makes up for this.
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Both alternative cleaning solutions and process changes may have limitations that should be
carefully evaluated by potential usersfor their specific applications.

Alternative Cleaning Solutions

Alternative cleaning and degreasing solutions are non-ozone depleting or lower ozone depleting
substances that are non-hazardous; have low toxicity, low odor, and high flash points; produce low emissions
of volatile organic compounds; and are effective for removing contaminants. Alternative cleaning solutions
present a sound option to reduce or eliminate the use of hazardous cleaning and degreasing chemicals from
the workpl ace through source reduction.

The following seven common alternative cleaning solutions are presented below: (1) aqueous
cleaners, (2) semi-aqueous cleaners, (3) petroleum hydrocarbons, (4) hydrochlorofluorocarbons (HCFCs), (5)
miscellaneous organic solvents, (6) supercritical fluids, and (7) carbon dioxide snow.

Exhibit 5.1 describes each available cleaner technology. It lists the pollution prevention benefits,
reported application, operational benefits, and limitations of each technology to allow preliminary
identification of those technologies that may be applicable to specific situations.

Aqueous Cleaners

Aqueous cleaning and degreasing can be performed for a wide variety of applications, including
those that once were considered the domain of vapor degreasing or cold solvent cleaning. However, some
ferrous metals may exhibit flash rusting in agueous environments; therefore, such parts should be tested prior
to full-scale use.

Many kinds of agueous cleaning products are available. Thus, some investigation isrequired to find
cleaners that are most effective against the contaminants typically encountered and to find cleaners that give
the best performance with the process equipment that will be used. Whereas solvents depend largely on their
ability to dissolve aganic contaminants on a molecular level, aqueous cleaners utilize a combination of
physical and chemical properties to remove macroscopic amounts of organic contaminants from a substrate.
Aqueous cleaning is more effective at higher temperatures, and normally is performed above 120°F using
suitable immersion, spray, or ultrasonic washing equipment. For this reason, good engineering practices and
process controls tend to be more important in aqueous cleaning than in traditional solvent cleaning to achieve
optimum and consistent results.

When switching from solvent cleaning to aqueous cleaning, one should be aware that parts usually
need to be rinsed and will remain wet for some time unless action is taken to speed up the drying process.

The ability of agueous cleaners to remove most contaminants has been demonstrated in numerous
tests. Aqueous cleaners are capable of removing inorganic contaminants, particulates, and films. They also
exhibit considerable flexibility in application because their performance is strongly affected by formulation,
dilution, and temperature. The formulation that gives the best results can be found through some
investigation, and the user can select the dilution factor and temperature that give the best resullts.

Benefits of Aqueous Cleaners

The primary pollution prevention benefit of aqueous cleaners is that they are non-ozone depleting
and may not contain VOCs.

Aqueous cleaners that are non-hazardous initially remain so unless they become contaminated with
hazardous materials during cleaning operations.

In some cases, spent cleaner can be treated to remove contaminants, which may alow them to be
discharged to sewers, provided that the effluents meet local discharge requirements.

Aqueous cleaners are nonflammable, therefore, thereis no risk of fire.

Aqueous cleaners are available in a wide variety of formulations, strengths, and materias
compatibility properties.
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Exhibit 5.1: Available Technologiesfor Alternativesto Chlorinated Solventsfor Cleaning and Degreasing

Technology Type

Pollution Prevention
Benefits

Reported Application

Operational Benefits

Limitations

AqueousCleaners

No ozone depletion
potential

May not contain
VOCs

Many cleaners
reported to be
biodegradable

Excellent for removing
inorganic and polar organic
contaminants

Used to remove light oils
and residues left by other
cleaning processes

Used to remove heavy oils,
greases, and waxes at
elevated temperatures
(>160°F)

Remove particulates and films

Cleaner performance changes
with concentration and
temperature, so process can be
tailored to individual needs

Cavitate using ultrasonics

Nonflammable and nonexplosive,

relatively low health risks compared
to solvents; consult Material Safety
Data Sheet (MSDS) for eachcleaner

Contaminant and/or spent cleaner
may be difficult to remove from
blind holes and crevices

May require more floor space,
especially if multi-stage cleaningis
performed inline

Often used at high temperatures
(120 to 200°F)

Metal may corrode if part not dried
quickly; rust inhibitor may be used
with cleaner and rinsewater
Stress corrosion cracking can occur
in some polymers

Semi-Aqueous
Cleaners

Some have low vapor
pressure and so have
low VOC emissions

Terpeneswork well at
low temperatures, so
less heat energy is
required

Some types of cleaners
allow used solvent to
be separated from the
aqueousrinse for
separate recycling or
disposal

High solvency givescleaners
good ability for removing
heavy grease, waxes, and tar

M ost semi-aqueouscleaners
can be used favorably with
metals and most polymers
NMP used as asolvent in

paint removers and in
cleaners and degreasers

Rust inhibitors can beincluded in
semi-aqueous formulations
Nonalkaline pH; prevents etching
of metals

Low surface tension allows sami-
aqueous cleaners to penetrate
small spaces

Glycol others are very polar
solvents that can remove polar
and nonpolar contaminants

NM P used when a water-miscible
solvent is desired

Esters have good solvent
properties for many contaminants
an are soluble in most organic
compounds

NMP isareproductive toxin that is
transmitted dermally; handling
requires protective gloves

Glycol ethers have been found to
increase the rate of miscarriage

Mists of concentrated cleaners
(especially terpenes) are highly
flammable; hazard is overcome by
process design or by using as water
emulsion

Limonene-based terpenes emit a
strong citrus odor that may be
objectionable

Some semi-aqueous cleaners can
cause swelling and cracking of
polymers and elastomers

Some esters evaporatetoodowly to
be used without including arinse
and/or dry process

May be aquatic toxins
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Exhibit 5.1: Available Technologiesfor Alternativesto Chlorinated Solventsfor Cleaning and Degreasing (cont.)

Technology Type Pollution Prevention Reported Application Operational Benefits Limitations
Benefits
Petroleum Produce no wastewater Used in applications where No water used, so thereis less Flammable or combustible, some
Hydrocarbons Recyclable by water contact with partsis potential for corrosion of metal have very low flash points, so
distillation undesirable parts process equi pment must be designed

High grades have low
odor and aromatic
hydrocarbon content
(low toxicity)

High grades have
reduced evaporative
loss

Used on hard-to-clean
organic contaminants,
including heavy oil and
grease, tar, and waxes
Low grades usedin
automabilerepair and related
service shops

Compatible with plastics, most
metals, and some elastomers
Low liquid surface tension
permits cleaning in small spaces

to mitigate explosion dangers

Slower drying times than
chlorinated solvents

The cost of vapor recovery, if
implemented, isrelatively high

Hydrochloro-
fluorocarbons
(HCFCs)

Lower emissions of
ozone-depleting
substances than CFCs

Produce no wastewater

Used as near drop-in
replacements for CFC-113
vapor degreasing
Compatible with most metals
and ceramics, and with many
polymers

Azeotropes with alcohol
used in electronics cleaning

Short-term solution to choosing
an alternative solution that
permits use of existing equipment

No flash point

Have some ozone depletion
potential and global warming
potential

Incompatible with acrylic, styrene,
and ABS plastic

Users must petition EPA for
purchase, per Section 612 of CAAA

Miscellaneous
Organic Solvents

Do not contain
halogens, so they do
not contribute to ozone
depletion

Most are considered
biodegradable
Generate no waste-

water when used
undiluted

Most are used in small batch
operations for spot-clesning

Alcohols are polar solvents and
are good for removing awide
range of inorganic and organic
contaminants; soluble in water
and may be used to accelerate
drying

Ketones have good solvent
properties for many polymers and
adhesives; they are solublein
water and may be useful for
certain rapid drying operations
V egetable oilsare used to remove
printing inks and are compatible
with most elastomers

Lighter alcohols and ketones have
high evaporation rates and
therefore dry quickly

Most evaporate readily and therefore
contribute to smog

Alcoholsand ketones have low flash
points and present afire hazard
Inhalation of these solvents can
present a health hazard

Some have vapor pressuresthat are
too high to be used in standard
process equipment

MEK and MIBK are on EPA list of
17 substances targeted for use
reduction
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Exhibit 5.1: Available Technologiesfor Alternativesto Chlorinated Solventsfor Cleaning and Degreasing (cont.)

Technology Type

Pollution Prevention
Benefits

Reported Application

Operational Benefits

Limitations

Supercritical
Fluids (SCFs)

Nonpolluting when
CO,isused as the
supercritical fluid

Generate no
wastewater

Use natural or
industrial sources of
CO,, so no net
production of carbon

Remove organic
contaminants of moderate
molecular weight and low
polarity

Precision clean instrument
bearings, electromechanical
assemblies, direct access
storage devices, optical
components, polymeric
containers, porous metals,
ceramics

Low viscosity and high
diffusivity permit cleaning in
very small cracks and pore
spaces

Compatible with metals,
ceramics, and polymers such as
Teflon™, high-density
polyethylene, epoxies, and
polyimides

No solvent residue left on part

May be very useful for cleaning
oxygen equipment

Solvent properties can be altered
by adding a cosolvent

Cosolvents used to improve the
solvent power of CO, may have a
pollution potential

Danger of a pressure vessel
explosion or line rupture

Causes swelling in acrylate, styrene
polymers, neoprene, polycarbonate,
and urethanes

Components sensitive to high
pressures and moderate temperatures
should not be cleaned by SCF
methods

Ineffective in removing inorganic
and polar organic contaminants; for
example, does not remove
fingerprints

Carbon Dioxide
Snow

No polluting emissions
released

Replaces CFCs and
solvents

Does not generate
wastewater

Uses natural or
industrial sources of
CO,, so no net
production of CO,
occurs

Carries contaminants

away in astream of
inert CO,

Cleans critical surfaces on
delicate fiber optic
equipment

Cleans radioactive-
contaminated components

Used in hybrid circuits to
remove submicron particles

Used on the largest, most
expensive telescopes
Removes submicron
particles and light oilsfrom
precision assemblies
Removes light fingerprints
from silicon wafers and
mirrors

Prepares surface for surface
analysis

Generates no media waste, thus
no media disposal cost

Does not create thermal shock
I's nonflammable and nontoxic
Noncorrosive

Leaves no detectable residue

Can penetrate narrow spaces and
nontrubulent areas to dislodge
contaminants

Adjustable flake size and intensity
More effective than nitrogen or
air blasting

Can clean hybrid circuits without
disturbing the bonding wire

CO, must be purified

Requires avoidance of long dwell
times

Particulates such as sand may be

carried by the gas stream and scratch
the surface

Heavier oils may require the
addition of chemicalsand heat to be
completely removed
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Limitations of Aqueous Cleaners

Some aqueous cleaners contain organic substances that may be hazardous.

Aqueous cleaners are generally not as fast or effective as traditional halogenated solvents.
Material Safety Data Sheets (M SDSs) for individual products should be consulted before use.
Metal corrosion may occur if parts cannot be dried quickly enough.

Stress corrosion cracking can occur in some polymers as aresult of contact with alkaline solutions.
Compatibility of the product/process with water must be carefully investigated.

Semi -Agueous Cleaners

Sami-aqueous cleaners comprise a group of cleaning solutions that are composed of natural or
synthetic organic solvents, surfactants, corrosion inhibitors, and other additives. The term semi-aqueous
refers to the use of water in some part of the cleaning process, such as washing, rinsing, or both. Semi-
aqueous cleaners are designed to be used in process equipment much like that used with aqueous cleaners.
The commonly used semi-aqueous cleaners include water-immiscible types (terpenes, high-molecular-weight
esters, petroleum hydrocarbons, and glycol ethers) and water-miscible types (low-molecular-weight alcohols,
ketones, esters, and organic amines).

Sami-aqueous cleaners are designed to be water-rinsable or non-water-rinsable. After washing in a
water-rinsable type, cleaned parts may be rinsed in water to remove residue. If a non-water-rinsable type is
used, cleaned parts may be rinsed in alcohol, such as isopropyl alcohol, or other organic solvent, or the
residue may be allowed to remain on the parts. If rinsing is the desired option, it is common practice to rinse
in secondary tank to capture dragout cleaner.

If the semi-aqueous cleaner is diluted with water to form an emulsion, the cleaner can be coalesced
into its agueous and nonaqueous components by gravity separation or by advanced membrane separation
techniques. These techniques permit used cleaner to be recycled back into the wash tank or discharged for
treatment and disposal. Vacuum distillation can be used to purify single-component solvents. Reclaimed
rinsewater also can be reused or discharged.

Proper use of these cleaners is required to reap their full pollution prevention benefits. Good
engineering design is essential so that air emissions can be kept low. For example:

The cleaning bath should be operated at the minimum temperature where acceptable cleaning
performance is obtained.

L ow-vapor-pressure cleaning agents should be used.
Dragout should be minimized by the use of air knives.

The air exhaust rate should be maintained at aminimum level.

Terpene semi -aqueous cleaners are normally used at ambient temperature or heated to no higher than
90°F. However, many high-molecular-weight esters have flash points in excess of 200°F. Also, the glycol
ethers generally have flash points above 200°F and can be heated for improved solvency.

N-methyl-2-prrylidone (NMP) has been used for removing cured paint and hence is a substitute for
methylene chloride. NMP is better suited for immersion tanks than other application methods, because
elevated temperatures are required to enhance its chemical activity. Usually, NMP immersion cleaning or
paint removing is done at 155°F in an open tank, or up to 180°F if amineral oil seal is present.

In general, the semi-aqueous cleaners have excellent solvency for a number of difficult
contaminants, such as heavy grease, tar, and waxes. The cleaners have low surface tension, which decreases
their contact angles and allows them to penetrate small spaces such as crevices, blind holes, and below-
surface-mounted electronic components. Rinsing is necessary to avoid leaving aresidue on the cleaned parts.
If water rinsing is performed, the parts must be dried.
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Benefits of Semi-Aqueous Cleaners

The primary pollution prevention benefit of semi-aqueous cleaners is that they are non-ozone
depleting. However, they may be partly or completely composed of VOCs. In addition, their use commands
substantially more concern about aquatic toxicity and human exposure than does the use of agqueous cleaners.
Most semi -aqueous cleaners are reported to be biodegradable. One benefit of semi-aqueous cleaners is that
distillation and membrane filtration technologies are being developed that will permit recycling and reuse of
the products.

The following benefits have been identified with semi -aqueous cleaners.

May be more aggressive in removing heavy organic contaminants.

May have lower corrosion potential with water-sensitive metals.

Penetrate small spaces more easily because they have lower surface tensions.

Semi-aqueous cleaners are noncorrosive to most metals and generally are safe to use with most
plastics.

Limitations of Semi-Aqueous Cleaners
Mists of concentrated semi -agueous cleaners can be ignited at room temperature.

Terpenes have flash points as low as 115°F, therefore, the low flash point restricts safe operating
temperatures to no more than 90°F in some cases.

Strong odors may become objectionable to workers, thus requiring additional ventilation in areas
where they are used.

Reproductive health problems associated with glycol ethers are a cause for serious concern.

Although semi-aqueous cleaners are biodegradable, the capacity of treatment facilities to treat the
wastewater properly should be explored.

Terpenes generally are not recommended for cleaning polystyrene, PV C, polycarbonate, low-density
polyethylene, and polymethylpentene; nor are they compatible with the elastomers natural rubber,
silicone, and neoprene. Likewise, NMP dissolves or degrades ABS, Kynar™, Lexan™, and PVC
and it causes swelling in Buna-N, Neoprene, and Viton™,

Petroleum Hydrocarbons

Hydrocarbon solvents dissolve organic soils. Some solvents that have flash points as low as 105°F
must be used at ambient temperature to avoid a fire hazard. Many high-grade hydrocarbon solvents have
flash points above 140°F. Higher flash points are achieved using higher-molecular-weight compounds.
Some formulations contain non-petroleum additives such as high-molecular-weight esters to improve
solvency and raise the flash point.

When the cleaning lifetime of a hydrocarbon solvent expires, the entire bath must be replaced. Used
hydrocarbon solvents commonly are blended with other fuels and burned for energy recovery.

Petroleum hydrocarbons are available in two grades, the basic petroleum distillates and the specialty
grade of synthetic paraffinic hydrocarbons. Products of the petroleum distillate grade include mineral spirits,
kerosene, white spirits, naphtha, Stoddard Solvent, and PD-680 (military designation; types I, I, and IIl).
These are technologically less advanced, as they contain components that have a broad range of boiling points
and may include trace amounts of benzene derivatives and other aromatics.

Petroleum hydrocarbons typically are used when water contact with the parts is undesirable.
Cleaning with petroleum distillates lends itself to simple, inexpensive one-step cleaning in situations where a
high level of cleanlinessis not essential.

Benefits of Petroleum Hydrocarbons

The primary pollution prevention benefits of petroleum hydrocarbon solvents are that they produce
no wastewater and they are recyclable by distillation. Paraffinic grades have very low odor and aromatic
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content and low evaporative loss rates. However, planned recovery of VOCsis an important part of pollution
prevention if these solvents are to be used.

The following benefits of petroleum hydrocarbon solvents have been identified.

No water is used with petroleum hydrocarbon cleaners, so there is no potential for water corrosion or
for water to become trapped in cavities.

Hydrocarbon solvents can easily be recycled on- or off-site.
Limitations of Petroleum Hydrocarbons

Petroleum hydrocarbons are flammable or combustible, and some have very low flash points, as low
as 105°F.

Process equipment, including drying ovens, must be designed to mitigate explosion dangers.

The toxicity level of hydrocarbon solvents is considered low: 8-hour PELs for Stoddard Solvent and
VM & P naphthas are 100 ppm and 400 ppm, respectively.

Residues may remain on the parts long after they are cleaned.
Hydrocarbons are VOCs, and hence they are photochemical smog producers.

Businesses choosing this alternative must consider the expenses of possible requirements for
recovering VOCs from exhaust equipment.

Hydrochl or ofluorocarbons (HCECs)

HCFCs are designed to be near term replacements to CFC-113 for vapor degreasing. However, the
properties of the HCFCs differ somewhat from those of CFC-113, so that vapor degreasing equipment that
was designed for CFC-113 would have to be retrofitted to accommodate HCFCs.

It is important to realize that HCFCs are being developed for interim use only. The London
Amendments to the Montreal Protocol call for a ban of HCFCs between 2020 and 2040. The main reason for
choosing this technology is to enable an existing CFC-113 vapor degreasing system to continuein use until a
long-term alternative is found. The long-term alternative could be a completely enclosed vapor degreaser or a
non-HCFC technology discussed in this section.

Hydrochlorofluorocarbons, or HCFCs, were developed to lower emissions of ozone-depleting
substances that are used in cleaning, foam-blowing agents, and refrigerants. Although HCFCs accomplish the
goal of reducing emissions, they have some ozone depleting potential; about 0.15 for HCFC-141b and 0.033
for HCFC-225ch--relative to CFC-113, which is 1.0. Therefore, HCFC-141b depletes ozone at a rate about 6
to 7 times less than that of CFC-113, but about equal to that of TCA. The ozone depletion rate for HCFC-
225ch is about 30 times lower than that of CFC-113.

Benefitsof HCFC's

HCFCs provide a short-term solution to choosing an alternative solvent and allow use of existing
equipment.

Limitationsof HCFC's

Because HCFCs have lower boiling points than CFC-113, HCFC solvent vapors may be lost too
quickly in older degreasers, and these vapors may be a health risk.

Some emission control features may have to be added, such as extending freeboard height, adding
secondary condensers, or completely enclosing the system.

HCFC cleaners are incompatible with acrylic, styrene, and ABS plastic.
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Miscellaneous Organic Solvents

This group covers a wide range of solvents that may be beneficial as a replacement technology,
particularly on a small scale, such as bench-top or spot cleaning. Types of miscellaneous organic solvents
that are commonly used include alcohols, liner methy! siloxanes, vegetable oils, ketones, esters, and ethers.

Alcohols are polar solvents and have good solubility for awide range of inorganic and organic soils.
The lighter alcohols are soluble in water and may be useful in drying operations.

Ketones have good solvent properties for many polymers and adhesives. Lighter ketones, such as
acetone, are soluble in water and may be useful for certain rapid drying operations. Heavier ketones, such as
acetophenone, are nearly insoluble in water. Ketones generally evaporate completely without leaving a
residue. Some ketones such as methyl ethyl ketone (MEK) and methyl isobutyl ketone (MIBK) once were
widely used, however, they now are considered Hazardous Air Pollutants (HAPs) and thus are not favorable
solvent substitutes.

Esters and ethers also have good solvent properties. Low-molecular-weight compounds dry readily
without leaving aresidue.

A new class of organic solvents is the volatile methyl siloxanes. Their molecular structure is either
linear or cyclic. The linear methyl siloxanes are nonpolar and are most effective in removing nonpolar and
nonionic contaminants. The most volatile methyl siloxane can function as a drying agent.

Vegetable oils are finding use in removing printing inks. They are also compatible with elastomers.
Vegetable oils contain triglycerides of fatty acids, typically oleic, linoleic, palmitic, and stearic fatty acids.

Benefits of Miscellaneous Organic Solvents

The miscellaneous organic solvents do not contain halogens; therefore, they do not contribute to
ozone depletion. However, al of these compounds are VOCs and evaporate readily, thereby contributing to
smog formation. The solvents discussed in this section normally are used in small quantities for niche
applications.

Most of these solvents are well developed and some have been used as cleaners for a century or
more. Many of them have reached their full potential for development. The lighter alcohols and ketones
have high evaporation rates and, therefore, fast drying times. The more volatile solvents are best suited for
spot cleaning, where rapid evaporation is desired. Users should consult MSDS literature for safe handling
practices.

The benefits of each type of miscellaneous solvent are discussed below.

Ethyl and isopropyl alcohols are commonly used in spot cleaning and touch-up applications.
Because they are dlightly polar, they tend to be good, general-purpose solvents for nonpolar
hydrocarbons, polar organic compounds, and even ionic compounds. Ethyl and isopropy! alcohols
arefully misciblein water.

Benzyl alcohol is a solvent for gelatin, casein (where heated), cellulose acetate, and shellac, and is
used as ageneral paint softener (when heated). The good solvent properties of benzyl alcohol can be
enhanced by heating; its flash point is 101°C, or 213°F (closed cup). Mixtures composed of 90%
benzyl alcohol and 10% benzoic acid are also used for solvent cleaning applications. Pure benzyl
acohol is4% solublein water, but is miscible in lighter alcohols and with ether.

Furfuryl alcohol forms a miscible, but unstable solution in water. It is used as a general cleaning
solvent and paint softener. Furfuryl alcohol is soluble in water and is miscible in lighter alcohols
and in ether. The solvent properties of furfuryl alcohol can be enhanced by moderate heating; its
flash point is 75°C, or 167°F (closed cup).

N-butyl alcohoal is a solvent for fats, waxes, resins, shellac, varnish, and gums. It is 9% soluble in
water at 25°C, but forms an azeotrope with water (63% nbutyl alcohol/37% water) that boils at
92°C. N-butyl alcohol ismisciblein lighter alcohols, ether, and many other organic substances.

N-butyl acetate is a solvent used in lacquer production. It islessthan 1% soluble in water at 25°C.
The solvent activity of n-butyl acetate is enhanced by mixing with n-butyl alcohol. A mixture of
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80% n-butyl acetate and 20% n-butyl alcohol is used to dissolve oil, fats, waxes, metallic resinates,
and many synthetic resins such asvinyl, polystyrene, and acrylates. Also, the mixture dissolvesless
highly polymerized alkyd resins and shellac.

Ethyl lactate is another ester that has useful solvent properties. The use of ethyl lactate is relatively
new to cleaning and degreasing. Recently, it has been shown to have good solubility for skin ails,
cutting fluids, coolants, mold release compounds, and marking inks. Ethyl lactate has a flash point
of 47°C, or 117°F (closed cup).

Acetone is a solvent for fats, oils, waxes, resins, rubber, some plastics, lacquers, varnishes, and
rubber cements. It iscompletely misciblein water and in most organic solvents.

Volatile methyl siloxanes have been found to remove contaminants in precision metalworking,
optics, and electronics processing. They remove cutting fluids, greases, and silicone fluids. They
have low odor and evaporate in the range of butyl acetate, without leaving aresidue. They can be
used in cleaning equipment designed for use with isopropy! alcohol.

Limitations of Miscellaneous Organic Solvents

Limitations of some of these cleaners is that some have vapor pressures that are too high to be used
in standard process equipment, whereas others evaporate too slowly to be used without including a rinse
and/or dry process. The following specific limitations have been noted with these sol vents.

Low flash points that present afire hazard.
Inhalation of these solvents can present a health hazard.

The more volatile solvents will not be able to meet VOC emission restrictions in highly regulated
areas of the country.

Supercritical Fluids

Supercritical fluids (SCF) cleaning exploits the marked improvements of the solvent power of CO,
or other substances after they undergo a phase transition from a gas or liquid phase to become supercritical
fluids. Supercritical CO, has been used very successfully to remove organic soils of moderate molecular
weight and low polarity. Supercritical CO, does not give good results for soils that are ionic or polar in
nature, such as fingerprints.

SCF cleaning is probably best reserved for removing small amounts of soil from parts that require a
high degree of cleanliness. For example, precision cleaning operations have been performed successfully on
the following devices. gyroscope parts, accelerometers, thermal switches, nuclear valve seals,
el ectromechanical assemblies, polymeric containers, optical components, porous metals, and ceramics.

The main advantage of using carbon dioxide (CO,) as a supercritical fluid (SCF) is that CO; is
derived from the atmosphere and is not created for use as a solvent. Furthermore, the small quantity of CO,
released would have an insignificant effect on global warming. On the other hand, cosolvents, which may be
used to improve the solvent power of CO,, may have pollution potential and should be investigated before
use. Energy is required to operate the pumps and temperature control equipment that are needed in
supercritical cleaning equipment.

Benefits of Supercritical Fluids
No solvent waste stream.
Low viscosity and high diffusivity permit SCFsto clean within very small cracks and pore spaces.

The solvent power of SCFs is pressure-dependent, making it possible to extract different soils
selectively and precipitate them into collection vessels for analysis.

SCFs are compatible with metals, ceramics, and polymers such as Teflon™, high-density
polyethylene, epoxies, and polyimides.
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Limitations of Supercritical Fluids
The only major safety concern isthe danger of apressure vessel or line rupture.
SCFs cause swelling in acrylates, styrene polymers, neoprene, polycarbonate, and urethanes.

Components that are sensitive to high pressures and temperatures should not be cleaned by SCF
methods.

SCFs are not effective in removing inorganic and polar organic soils, nor do they remove |oose scale
or other particulates.

Carbon Dioxide Snow

CO, snow gently removes particles smaller than 10 microns in diameter down to 0.1 micron that are
difficult to remove using high-velocity liquid nitrogen. It is used to remove light oils and fingerprints from
mirrors, lenses, and other delicate surfaces, and from precision assemblies, without scratching the surface.

Cleaning action is performed when the snow particles impact a contaminated surface, dislodge
adherent contaminant particles, and carry them away in the gas stream. The processis effective in removing
very small (submicron) particles, where fluid drag normally restricts the performance of liquid phase
cleaning. The CO, snow cleaning process is also believed to attack hydrocarbon film by dissolving
hydrocarbon molecules in a temporal liquid CO, phase at the film-substrate interface. The dissolved film is
then carried away by subsequent flow of snow and gas.

CO, snow can clean hybrid circuitry and integrated circuits without disturbing the bonding wires.
This unique ability cannot be duplicated by any other cleaning mechanism. In the disc drive industry, CO,
snow is used to remove particles from discs without damage to the operation.

The process is used to remove paste fluxes in soldering. If the grease cannot be removed with CO,
snow alone, combination of CO, snow and ethyl alcohol is effective, followed by CO, snow alone to remove
theimpurities from the alcohol.

CO, is used to remove hydrocarbons and silicone grease stains from silicon wafers. Wafers
artificially contaminated with a finger print, a nose print, and a thin silicone grease film were found to have
surface hydrocarbon levels 25 to 30% lower after CO, snow cleaning than the original wafer surfaces.

CO, snow is al'so used to clean surfaces exposed to contaminantsin air prior to surface analysis. The
process was found to work better than solvents to clean vacuum components. Because the aerosol could
penetrate narrow spaces, no disassembly was required, greatly shortening the time required for cleaning.
Furthermore, CO, cleaning is effective on some plastic parts that cannot be cleaned by solvents.

Chilled CO, is a nontoxic, inert gas that replaces solvent use to eliminate ozone-depleting
substances. Because the CO; is recycled, there is no need for disposal, nor is any wastewater produced. It
generates no hazardous emissions.

Benefits of Carbon Dioxide Snow

CO, snow performs ultrapure cleaning of light oils down to submicron size on the most delicate,
sensitive materials ranging from bonding wires to precision mirrorsin telescopes.

The CO; snow crystals generated by the snow gun are extremely gentle.
The CO, snowflakes are adjustable to awide range of size and intensity.

The process does not create thermal shock, is nonflammable and nontoxic, and causes no apparent
chemical reactions.

Cleaning by CO, snow is noncorrosive and leaves no residue.
CO, snow does not crack glass or other ceramics.
No media separation system is needed, nor is there a media disposal cost.

CO, snow can penetrate the nonturbulent areas to dislodge contaminants and can be used on
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components without disassembly that otherwise must be disassembled because the aerosol penetrates
Narrow spaces.

Limitations of Carbon Dioxide Snow

Heavier qils, done or mixed with light oils, may require chemical precleaning and/or heating to be
completely removed.

The CO, must be purified because of its tendency to dissolve contaminants from the walls of tanks
inwhichit isstored. Purification equipment adds expense to the CO, snow cleaning process.

When surfaces are excessively chilled by long dwell times, airborne impurities may condense and
settle on the clean surface.

CO, snow has low Mohs hardness and will not scratch most metals and glasses. However, hard
particulates such as sand that may be present on a surface potentially could cause scratching when
carried by the gas stream.

Process Changes

Process changes can either eliminate the need for cleaning or apply techniques that eliminate or
reduce the use of solvents.

Another possihility isto combine an alternative cleaning solution with a process change. Sometimes
the cleaning effectiveness of a solvent substitute is not adequate, and a process change can improve the
effectiveness of the substitute. In such a case, a process change is combined with solvent substitution to create
a cleaner technology. In other cases, the process change may involve reducing the amount of solvent or
making it amenable to recycling.

The following five common process changes for cleaning and degreasing are presented below:
Add-on controls to existing vapor degreasers,

Completely enclosed vapor cleaner,

Automated aqueous cleaning,

Aqueous power washing, and

Ultrasonic cleaning.

Exhibit 5.2 summarizes the Pollution Prevention Benefits, Reported Application, Operational
Benefits, and Limitations of each to provide a range of technologies to allow preliminary identification of
those that may be applicable to specific situations.

Add-on Controlsto Existing Vapor Degreasers

Add-on controls ae features that can be incorporated into an existing degreaser to reduce air
emissions. These process changesinclude the following:

Operating controls,

Covers,

Increased freeboard height,

Refrigerated freeboard coils, and

Reduced room draft/lip exhaust velocities.
Operating Controls

The add-on controls limit air emissions through changes in operating practices or through equipment
modifications. Operating controls are practices that reduce work |oad-related losses. These can be easily
incorporated into the operating procedure, but their impact on emission reduction is significant. Air
emissions can be reduced by slowing down the rate of entry of the work load into the (open-top vapor
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Exhibit 5.2: Available Technologiesfor Cleaningand Degreasing

Cleaning/Degreasing
Technology

Pollution Prevention
Benefits

Reported Application

Operational Benefits

Limitations

Add-on Controlsto Existing
Vapor Degreasers

Reduce solvent air
emissions

Retrofitted on existing
vapor degreasers

Allow gradual phaseinof emisson
controls

Major process modifications not
required

Cleaning principle remains the
same

Relatively inexpensive

Reduce but cannot eliminate air
emissions

Performance depends on other
features of existing degreaser

Dragout on parts cannot be
eliminated

Completely Enclosed Vapor Virtually eliminates Same as conventional Virtually eliminates air emissions Highinitial capital cost
Cleaner solvent air emissions gpen-top vapor and workplace hazards Slower processing time
egreasers clean-ing principle remains the Relatively high energy

o aquesusleaning | reauirement

Significant recovery of solvent

Reduced operating costs
Automated Aqueous El i.mi nates solvent use by Cleaning of small parts Eliminates solvent hazards May not_be abletorepl ace vapor
Cleaning using water-based Reduces water consumption degreasing for some delicate

cleaners

Cleaning chemicals are reused
Easy to install and operate

parts, and requires more space
than vapor degreasing

Wastewater treatment required

Relatively higher energy
requirement

Aqueous Power Washing

Eliminates solvent use by
using water-based
cleaners

Cleaning of large and
small parts

Eliminates solvent hazards
Reduces cleaning time

Pressure and temperature may be
too great for some parts

Wastewater treatment required
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Exhibit 5.2: Available Technologiesfor Cleaning and Degreasing (cont.)

Cleaning/Degreasing
Technology

Pollution Prevention
Benefits

Reported Application

Operational Benefits

Limitations

Ultrasonic Cleaning

Eliminates solvent use by
making aqueous cleaners
more effective

Cleaning of ceramic,
aluminum, plastic and
metal parts, electronics,
glassware, wire, cable,
rods

Eliminates solvent hazards

Can clean in small crevices

Cost effective

Faster than conventional methods
Inorganics are removed

Neutral or biodegradable
detergents can often be employed

Part must be immersible

Testing must be done to obtain
optimum solution and cavitation
levels for each operation

Thick oils and grease may
absorb ultrasonic energy
Energy required usually limits
parts sizes

Wastewater treatment required if
aqueous cleaners are used

L ow-Solids Fluxes

Eliminates need for
cleaning and therefore
eliminates solvent use

Soldering in the
electronicsindustry

Eliminates solvent hazards

Little or no residue remains after
soldering

Closed system prevents al cohol
evaporation and water absorption

Conventional fluxes are more
tolerant of minor variationsin
process parameters

Possible startup or conversion
difficulties

Even minimal residues are
unacceptable in many military
specifications

Inert Atmosphere Soldering

Eliminates need for flux
and therefore eliminates
solvent cleaning

Soldering in the
electronicsindustry

Eliminates solvent hazards

Economic and pollution prevention
benefits from elimination of flux

Requires greater control of
operating parameters

Temperature profile for reflow
expected to play more important
rolein final results
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cleaner) OTVC tank. The faster the work load is lowered into the tank, the greater the disturbance or
turbulence created at the vapor-air interface and the greater are the air emissions as the interface tries to
reestablish itself. When the workload is lowered manualy into the tank it is difficult to achieve a slow,
steady rate of entry. Installing an electric hoist above the OTVC alows greater control on the rate of entry or
removal of the workload. Reducing the area of the horizontal face of the basket in proportion to the area of
the OTVC tank opening is another way of reducing turbulence at the interface; this will however, adversely
affect the production rate.

Facilitating parts drainage also is an important operating control. Parts that have recesses in which
solvent condensate could accumulate must be placed in the basket in such away that the condensate drains
out of and not into the recesses. Thus, the amount of condensate dragged out as the basket is removed from
the OTVC tank is limited, reducing subsequent air emissions. Another way of reducing dragout is to install
electric-powered rotating baskets. The rotation allows condensate to drain out of the recessesin the parts.

Covers

A simple flat or rolling cover can be installed on the top of the OTVC tank to reduce air emissions.
A cover reduces drafts in the freeboard that may cause disturbances. A cover also reduces diffusion losses
during startup/shutdown, downtime, or idling. Covers should slide gently over the top of the opening to
reduce disturbances. Automatic bi-parting covers that enclose the tank while the workload isin the process of
being cleaned are also available. Covers can reduce working air emissions from an OTVC by as much as 35
to 50%. The variationsin the percent reduction reflect different initial design and operating conditions of the
OTVCstested.

Increased Freeboard Height

Increasing the freeboard height from 0.75 to 1.0 or 1.25 can reduce air emissions significantly.
Increasing the freeboard height that is, the height of the tank above the vapor-air interface reduces the
susceptibility of theinterface to room drafts and also increases the distance over which diffusion hasto occur.
Raising the freeboard on an existing OTVC may, however, reduce a worker's accessibility to the tank, but a
raised platform next to the OTVC or an electric hoist can alleviate the problem. Raising the freeboard height
from 0.75 t01.0 reduces working air emissions by up to 20% and under idling conditions by up to 40%.
Increasing the freeboard height from 1.0 to 1.25 reduces emissions by another 5to 10

Refrigerated Freeboard Coils

Air emissions can be reduced through diffusion by installing refrigerated coils on the freeboard
above the primary condenser coils. The refrigerated coils may be designed to operate either above or below
freezing temperatures. Although theoretically the below freezing coils should work best, in practice, the
below- freezing coils have to be operated on a timed defrost cycle to prevent ice from building up on the
coils. This periodic defrosting cycle reduces the efficiency of the coils to some extent. Working emissions
are reduced by approximately 20 to 50% for above-freezing coils and by approximately 30 to 80% for below-
freezing coils. Under idling conditions, emissions with below-freezing coils were reduced by approximately
10 to 60%. Some systems operate with the primary condenser coils refrigerated, instead of having separate
refrigerated coils.

Reduced Room Draft/Lip Exhaust Velocities

Room drafts caused by plant ventilation can cause an increase in air emissions by sweeping away
solvent vapors that diffuse into the freeboard region, leaving behind a turbulence that promotes greater
emissions. Reducing room drafts can reduce these emissions. One interesting case is when lip exhausts
themselves cause emissions. Lip exhausts are kteral exhausts installed on the perimeter of the OTVC
opening to reduce solvent concentrations in the region where workers are exposed. However, this very
feature increases diffusion and solvent diffusion losses from the OTVC sometimes are almost doubled.
Although most of the diffusing solvent is captured by the lip exhaust and may be recovered later by carbon
absorption, some vapor escapes to the ambient.
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Benefits of Add-On Controlsto Existing Vapor Degreasers

Additional controls can be incorporated into an existing OTV C to reduce these air emissions. These
add-on controls are an important way of reducing solvent emissions without changing the cleaning operation
dramatically. Add-on controls have the following benefits.

They can beretrofitted onto existing vapor degreasers.

Simple add-ons such as a cover can reduce air emissions significantly.

Reduced air emissions mean reduced solvent consumption and hence reduced operating costs.
Add-on controls arerelatively inexpensive.

They are easy to install and operate.

Using add-on controls requires no additional labor or skills.

Limitations of Add-On Controlsto Existing Vapor Degreasers

The performance of any one add-on control is dependent on the design features already available on
the OTVC. For example, the control efficiency of refrigerated coils varies depending on the
temperature and efficiency of the existing primary condenser.

Air emissions can be reduced considerably but not eliminated by suing multiple controls. For
example, if adding a cover along reduces air emissions by 50% and adding refrigerated coils alone
reduces air emissions by 50%, adding both the cover and the refrigerated coils will not give 100%
reduction.

Work load-rel ated | osses can be reduced but not eliminated.

Dragout of solvent with the workload cannot be eliminated using add-on controls. Some residual
solvent will escape from the partsto the ambient air.

Completely Enclosed Vapor Cleaner

In a completely enclosed vapor cleaner (CEVC), the workload is placed in an airtight chamber, into
which solvent vapors are introduced. After cleaning is complete, the solvent vapors in the chamber are
evacuated and captured by chilling and carbon absorption. Once the solvent in the chamber is evacuated, the
door of the chamber is opened and the workload is withdrawn. The cleaned workload is also free from any
residual solvent and there are no subsegquent emissions.

The CEVC remains enclosed during the entire cleaning cycle. Approximately 1 hour before the shift
starts, a timer on the CEVC uwnit switches on the heat to the sump. When the solvent in the sump reaches
vapor temperature, the vapor is still confined to an enclosed jacket around the working chamber. The partsto
be cleaned (work load) are placed in a galvanized basket and lowered by hoist form an opening in the top into
the working chamber. The lid is shut, the unit is switched on, and compressed air (75 psi) from an external
source hermetically sealsthe lid shut throughout the entire cleaning cycle.

Exhibit 5.3 shows the cleaning cycle stages. First, solvent vapors enter the enclosed cleaning
chamber and condense on the parts. The condensate and the removed oil and grease are collected through an
opening in the chamber floor. When the parts reach the temperature of the vapor, no more condensation is
possible. At this point, fresh vapor entry is stopped and the air in the chamber is circulated over a cooling coil
to condense out the solvent. Next, the carbon is heated up to a temperature where most of the solvent
captured in the previous cleaning cycle can be desorbed. The desorbed solvent is condensed out with a
chiller. The carbon absorbs the residual solvent vapors from the air in the cleaning chamber. The absorption
stage continues until the concentration in the chamber is detected by a sensor that falls below a preset level
(usually around 1 g/nf). When the concentration goes below thislevel, the seal on thelid isreleased and the
lid can be retracted to remove the workload. Upon retraction, atiny amount of residual solvent vapor escapes
to the atmosphere, the only emission in the entire cycle. Tests have shown that the CEV C reduces solvent
emission by more than 99% compared with an OTVC.
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Exhibit 5.3: CEVC Cleaning Cycle

Stage Vendor Recommended Time Setting
Solvent Heat-up (once aday) Variableto Raise Temperatureto 70 °C
Solvent Spray (optional) 10— 180 sec.
Vapor Fill 8 — 40min. (Varies according to mass of work load and
type of metal.)
Degreasing 20— 180 sec.
Condensation 120 sec.
Air Recirculation 120 sec.
Carbon Heat-up Varigble
Desorption 60 sec.
Adsorption 60 — 240 sec.

Unlike a conventional degreaser, there are no significant idling losses between loads, downtime, or
during shutdown. The CEVC can be operated as a distillation unit to clean the liquid solvent in the sump. To
distill, the unit is switched on without any workload in the chamber. After most of the solvent is converted to
vapor, the residue in the sump is drained out and the vapors in the chamber are condensed in the chiller to
recover the solvent. CEVC thus provides agood alternative for meeting pollution prevention objectives.

Energy requirements of the CEVC are higher compared with a conventiona degreaser. The CEVC
operates on a 480-V AC electric supply and consumes approximately 22 kW of power. The higher energy is
required to generate, condense, and move the vapor during each load.

One significant difference between a conventional degreaser and the CEVC is that, in the
conventional degreaser, there is always a solvent vapor layer present in the degreasing tank. This layer is
continuously replenished with solvent vaporizing from the sump. The workload therefore reaches vapor
temperature very soon and the cleaning is completed. The CEVC, on the other hand, goes through several
stages to evacuate and introduce vapors. Although most of the stages have arelatively fixed time requirement,
the vapor-fill stage time varies. The vapor is introduced near the bottom of the working chamber with each
workload. The vapor slowly works itself up through the workload bringing each successive layer of partsin
the basket to vapor temperature. The time taken for the entire load to reach vapor temperature varies from 8
to 40 minutes. This vapor-fill time, however, is highly dependent of the total mass and type of metal in the
workload. The factor that governs the variation based on type of meta is the thermal diffusivity of each
metal. The thermal diffusivity itself is afunction of the thermal conductivity, specific heat, and density of the
metal.

For a CEVC unit, as the mass of the workload increases, the total cycle time increases (mainly dueto
an increase in the vapor-fill stage time). Parts made out of copper or auminum require a lower cycle time
compared to steel. Aluminum, though, has a much lower density, and there is a limit as to the mass (or
weight) of parts that can fit into the basket for one cycle. Additional parts have to be run through the next
batch or cleaning cycle.

Benefits of Completely Enclosed Vapor Cleaning
Reduces solvent emissions by over 99% compared to a conventional OTVC.

Users who do not want to switch to aqueous cleaning can still achieve significant pollution
prevention by using the CEVC.

Labor and skill level requirements are similar to those for aconventional OTVC.

The CEVC lowers operating costs by reducing solvent losses.
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No additional facility modifications are needed to meet OSHA requirements for plant ambient
solvent levels.

The CEVC has fully automated cycles and runs unattended except for loading and unloading. The
unit adjusts automatically to any type of workload and unseals the working chamber when the cycle
iscomplete.

Limitations of Completely Enclosed Vapor Cleaning
The CEVC hasrelatively high capital cost compared toa conventional OTVC.
The CEVC haslonger cleaning cyclesfor the same capacity.

It has arelatively higher energy requirement because of the alternating heating and cooling stages.

Automated Agueous Cleaning

Small machine parts are often cleaned in batches of thousands by immersion into a solvent solution
or a solvent vapor. An alternative to this process is the automated aqueous parts washer. Instead of
immersion, the automated aqueous washer sprays an aqueous solution across the parts to remove oil and
debris. Parts travel through a series of chambers, each with different concentrations of cleaning and rinsing
solutions. Excessively sprayed solution is recovered and reused. Similar automated cleaners are also
available for semi -aqueous cleaning sol utions.

The configuration of the system promotes good contact between cleaning solutions and the parts.
One example of an automated agueous cleaner consists of a series of five compartments though which the
soiled metal parts are transported. The parts are transported form one compartment to the next by a helical
screw conveyor. The parts are sprayed successively with solutions from five holding tanks (one for each
compartment). The first compartment sprays hot water on the parts. The second and third compartments
spray detergent solutions at two different concentrations on the parts. The fourth compartment is for a clean
water rinse. The fifth and final compartment sprays a rust inhibitor solution, if required. The fifth
compartment is followed by a dryer that vaporizes any water droplets remaining on the parts. The cleaned
parts drop out of the dryer onto a vibrating conveyor from which they are collected.

The automated aqueous washer also makes use of a "closed loop" system, whereby the used
solutions are not disposed of daily but can be recirculated for arelatively continuous operation. The cleaning
solutions are recaptured after use and sent to a separator tank. One separator tank is provided for each
compartment. In these tanks, the oil floats to the surface and is skimmed off by a pump. Dirt and suspended
particles settle down at the bottom of the tank. The bulk of the solution is recirculated back to the holding
tanks for reuse. Some makeup solution is needed periodically to replace losses from evaporation and dragout.
Detergent chemicals are also replenished periodically.

Because the closed-loop system eliminates daily disposal of spent solutions, the same cleaning
solution can be recirculated and used for several days without changing. Atthe end of the week (or whenever
the contaminants reach a certain level), the holding tanks are emptied and fresh solutions are made up.
Because recovery and reuse of the cleaning solution is automatic, the unit requires very little operator
attention. In contrast to vapor degreasing or traditional batch aqueous cleaning processes, the continuous
operation of this conveyorized unit enables production efficiency. The only operator involvement is for
unloading a barrel of soiled partsinto the hopper that feeds the parts to the compartments.

Several variations of the automated aqueous cleaners are available. Different types of filters, oil-
water separators, and sludge thickeners are some of the features offered. Some new units claim zero
wastewater discharge, with fresh water added only to make up for evaporation in the drier.

Benefits of Automated Aqueous Cleaning

Automated aqueous cleaners use agueous cleaning solution instead of solvents to achieve high-
quality cleaning. This available technology replaces the hazardous solvent waste stream with a much less
hazardous wastewater stream. These automated machines also have features to significantly reduce the
amount of wastewater generated. These machines remove some of the contamination from the parts being
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cleaned into the cleaning solution. The cleaning solution can then be recirculated for use several times. The
automated washer described above has the following benefits.

Improved contact between cleaning solution and parts being cleaned enables most types of partsto
be aqueous cleaned instead of solvent cleaned.

Solvent usage at ametal finishing plant can be drastically reduced or eliminated.

Cleaning effectiveness is comparable to vapor degreasing or conventional aqueous cleaning
processes (alkaline tumbling or hand-aqueous washing).

The amount of wastewater generated is very low compared to the amount generated by traditional
agueous processes. In some types of units, the manufacturer claims that wastewater is completely
eliminated with fresh water added only to make up for evaporation.

The automated aqueous washer is easy to install and operate. The labor and skill requirements are
low.

This technology has lower cleaning chemicals consumption compared to traditional agueous
processes.

Continuous operation of the automated aqueous washer enhances plant efficiency.

The technology realizes operating cost savings compared to traditional agueous processes.
Limitations of Automated Aqueous Cleaning

Wastewater generated must be treated and discharged.

Some types of parts cannot be cleaned as effectively in the automated aqueous washer as in a vapor
degreaser or with a conventional agqueous process.

The technology has a high energy requirement compared to vapor degreasing, mainly due to drying
reguirements.

The automated aqueous washer technology has arelatively high initial capital requirement.
Drying can leave spots on agueous-cleaned partsif rinsing isinadequate.

Aqgqueous Power Washing

Unlike the automated washer that has a continuous operation, most power washers are batch units.
Some continuous (conveyorized) units are also available. Whereas the automated washer is more suitable for
smaller parts, the power washer is suitable for larger parts. The aqueous power washer is useful for parts that
normally run through a vapor degreaser, alkaline tumbler, or hand-agueous processes. Power washing, with
the correct selection of detergents, is safe for metals, plastics, varnish coatings, and etc. A power washer can
also be used for deburring and chip removal of metal parts.

Parts to be cleaned are placed inside the power washer unit on aturntable. As the turntable rotates,
the parts are blasted from all angles with water at high pressure (180 psi) and elevated temperature (140 °F to
240 °F). The force of the spray jets, the heat, and the detergent, combine to strip oil, grease, carbon, and etc.
The cycle time varies from 1 to 30 minutes depending on the type of part.

Power or jet washers are available from a variety of vendors with varying options and in various
sizes. One available option is a closed-loop system. The water is collected and sent through a filtration or
sedimentation unit or another method of contaminant removal and then sent back to the unit for reuse. This
can reduce wastewater treatment and disposal requirements as well as water consumption. While most
systems are simple single-compartment batch units, they are available also as multiple-stage cleaning units or
as conveyorized automated systems.

Most units run on 220 V electrical power. Aqueous power washers are stand-alone units and are
available in arange of sizes to fit even in crowded plants. An aqueous cleaner can be selected for usein a
power washer depending on the type of partsto be washed.
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Benefits of Aqueous Power Washing

The aqueous power washer is similar to the automated aqueous washer in that it combines
innovative process technology with the use of an agueous (or semi-aqueous) cleaning solution. Both
technologies eliminate the use of solvents for cleaning. When combined with a"closed-loop" technology, in
which the cleaning solution is recircul ated, agueous power washing also reduces water and cleaning solution
disposal requirements. The benefits of the agueous power washer are the following.

Adueous cleaners can be used in applications where solvent cleaning was used previously.
Aqueous cleaners provide more efficient cleaning compared to manual aqueous tank cleaning.
Cleaning times are reduced.

The most common unit is a compact machine with one chamber as opposed to several tanks or
compartments.

The small units are also avail able as portable units.
Limitations of Aqueous Power Washing
Wastewater generated has to be treated and discharged.

Some parts, such as electronic sensors or diaphragms, may not be able to withstand the high pressure
or temperature of the sprays.

It is also possible that jet washers will not be able to remove baked-on dirt that cannot be removed
by scrubbing.

Drying can leave spots on aqueous-cleaned partsif rinsing is inadequate or if the rinsewater contains
ahigh level of dissolved solids.

Ultrasonic Cleaning

In ultrasonic cleaning, high frequency sound waves are applied to the liquid cleaning solution.
These sound waves generate zones of high and low pressures throughout the liquid. Inthe zones of negative
pressure, the boiling point decreases and microscopic vacuum bubbles are formed. As the sound waves
move, this same zone becomes one of positive pressure, thereby causing the bubbles to implode. This is
called cavitation and isthe basis for ultrasonic cleaning.

Cavitation exerts enormous pressures (on the order of 10,000 pounds per square inch) and
temperatures (approximately 20,000°F on a microscopic scale). These pressures and temperatures loosen
contaminants and perform the actual scrubbing action of the ultrasonic cleaning process.

Ultrasonic energy usually is applied to a solution by means of a transducer, which converts electrical
energy into mechanical energy. The positioning of the transducers in the cleaning tank is a critical variable.
The transducers can be bonded to the tank or mounted in stainless steel housings for immersion in the tank.
The number and position of immersable transducers are determined by the size and configuration of the parts,
the size of the batch, and the size of the tank. It is preferable to locate the transducers so that the radiating
faceisparalel to the plane of the rack and the ultrasonic energy is directed at the work pieces.

The part being cleaned must be immersible in a liquid solution. For best cleaning results, testing
must be done with each set of parts to obtain the optimum combination of solution concentration and
cavitation levels. Temperature is the operating feature that has the most effect on the cleaning process.
Increased temperature results in higher cavitation intensity and better cleaning. Thisistrue provided that the
boiling point of the chemical is not too closely approached. Near the boiling point, the liquid will boil in the
positive pressure areas of the sound waves, resulting in no effective cavitations.

How parts are loaded into an ultrasonic cleaner also is an important consideration. For instance, a
part with a blind hole or crevice can be cleaned effectively if it is placed so that liquid fills this hole and is
therefore subjected to cavitation action. If the hole is inverted into a liquid with the opening of the hole
facing downward, it will not fill with liquid and will not be cleaned. Overloading baskets with small parts
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can sometimes result in ultrasonic energy being adsorbed by the first several layers of parts. Large volumes
of small parts can be more effectively cleaned afew at atime with relatively short cycles.

The actual basket design is another important consideration. It should ensure that transmission of
ultrasonic energy would be attenuated as little as possible. An open racking method is best whenever
possible.

There are three basic stages in ultrasonic cleaning. The first is the presoak stage, which is vital to
the efficiency of the system. In this stage, parts are placed in a heated cleaning solution that removes all
chemically soluble soil and contaminants. The second stage is the primary stage of ultrasonic cleaning, in
which scrubbing and cleaning are performed through cavitation in the solution. The third stage is rinsing of
the cleaned part. Ultrasonics also can be applied in the third stage for increased efficiency.

The primary ultrasonic cleaning system has three components. a liquid solution tank; an ultrasonic
generator, which is the power source of electrical energy; and a transducer that converts electrical energy to
mechanical energy. Most generators accept standard AC input at 60 Hz and then convert it to DC. Sizes
range from 200-W tabletop units to large 1000-W units. The optimum transducer frequency for most
applications has been found to be approximately 20 kHz.

The use of ultrasonic equipment does not require any special knowledge. The equipment can be
selected with the aid of the manufacturer and is simple to operate. There are two basic types of ultrasonic
equipment available. Electrostrictive ultrasonics employ a ceramic crystal to produce sound vibrations, while
magnetostrictive ultrasonics use metallic elements.

Ultrasonic cleaning can be applied to aimost any part. Materials such as ceramic, aluminum, plastic
and glass, as well as electronic parts, wire, cables, and rods and detailed items that may be difficult to clean
by other processes, are ideal candidates for ultrasonic cleaning.

Printed circuit boards and other electronic components can also be cleaned using ultrasonics. While
there have been complaints that the 20 kHz equipment can damage fragile products such as electronic
equipment, there are 40 kHz equipment which is more applicable to the electronics industry and also reduces
the noise level associated with ultrasonic cleaning.

Although most available ultrasonic cleaning equipment is designed for batch tanks, equipment does
exist in cylindrical form. A horizontal cylindrical tube or pipe is fitted with peripheral transducers. The
transducers focus energy along the in-line centerline to allow non-contact cleaning except for the cleaning
solution. It has a concentrated high power which results in reduced cleaning times. It generally is used for
cleaning wire, strip, tube, cable, and rod configurations. The cylindrical form alows items to feed through
without bending and is easily adaptable to varying customer line speeds.

Because of the simplicity of the equipment and the decreased cleaning time, thereisasaving in labor
costs when using ultrasonics. This savings, along with that from decreased solvent purchase and disposal
costs, offsets the capital cost of the equipment in a short time.

Benefits of Ultrasonic Cleaning

Ultrasonic cleaning makes use of cavitation in an agqueous solution for greater cleaning effectiveness.
The efficiency of the technology greatly reduces or eliminates the need for strong solvents. Although
solvents can be used with ultrasonic technology, and aqueous or semi -aqueous solution can be substituted for
solvents, thereby eliminating solvents from the waste stream. The wastewater generated can then be treated
on-site and discharged. Ultrasonic technology offers the following basic advantages.

Ultrasonic cleaning can reach into crevices and small holes where conventional methods may not
reach.

Ultrasonic cleaning removesinorganic particles aswell as oils.
Processing speed can beincreased.
Health hazards are greatly reduced.
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A lower concentration of cleaning solution can be used and possible lower toxic agents such as
neutral or biodegradabl e detergents can be employed.

Although capital costs may be higher with ultrasonic cleaning, reduced solvent expense can often
pay for asystem in ashort period of time.

Limitations of Ultrasonic Cleaning

Wastewater generated has to be treated and discharged.
Ultrasonic cleaning requires that the part can be immersed in the cleaning solution.
Dryers may need to be employed to obtain adry part.

Testing must be performed to obtain the optimum combination of cleaning solution concentration
and cavitation level.

The electric power required for large tanks generaly limits part sizes that can be cleaned
economically.

Thetendency for thick oils and greases to absorb ultrasonic energy may limit their removal.
Operating parameters have to be more closely monitored.
55.3.2 Recycling

The goal of recycling is to recover the cleaning medium in a form suitable for reuse. Technology is
available to recycle halogenated solvents, nonhal ogenated solvents, and aqueous cleaners. This may involve
filtration, decantation, distillation, concentration, or a combination of methods. For many applications,
continuous recycling can be used to maintain an acceptable level of contamination in the cleaner. The level
of cleanliness required and obtained can range from low or zero in the case of maintaining a near-virgin grade
of solvent to just maintaining an acceptable level so that parts are not over or under cleaned.

The recovery of spent solvents may be performed either on- or off-site. The recovery of emulsion
cleaners (i.e., semi-agqueous or water-soluble solvents) and aqueous cleanersis exclusively performed on-site.
The decision to recycle on- or off-site generally depends on the volume of waste to be processed, the capital
and operating costs of the system, as well as the availability of in-house expertise. If the volume of waste to
be recycled is small or if the level of in-house expertise is low, off-site recycling may be a more attractive
option. A third optionisto list the spent cleaning solution on awaste exchange service which acts as a broker
to sell the spent solution to company that could use it asaraw material.

The following sections further describe the three recycling options;
On-site recycling,
Off-site recycling, and
Waste exchange services;

aswell as provide an overview of the basic recycling technologies available.
On-Site Recycling

On-site recycling is defined as the process of reclaiming a spent cleaning solution in or near the
original process line for reuse. The decision to recycle wastes on-siteistypically based on the economics of
cleaner reuse and quality control.

Design of an on-site recycling system must be address a number of crucial elements including
chemica volatility, solubility, thermal stability, potential corrosion or reaction with materials of construction,
purity requirements for the recovered cleaner, system capacity, steam and cooling water availability, worker
exposure, regulatory permitting, and overall economics. The above factors will guide the selection process
for purchasing a specific type of recycling equipment and potentially the type of cleaner employed based on
its recyclability. Three common types of recycling technologies, gravity separation, filtration, and
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distillation; are available in a wide range of sizes, material construction, and performance requirements. The
following further describes each basic type of recycling technology.

Gravity Separation

Gravity separation involves the removal of particles suspended in aliquid and is often referred to as
sedimentation. The contaminated liquid is introduced into a settling tank, and after a sufficient settling time,
the clarified liquid is drawn off from the solids resting of the bottom of the vessel. The solids are removed
and disposed. This process is widely employed as a preliminary purification or prefiltration step. Capital,
operating, and maintenance costs for a sedimentation system are low. Disadvantages of the method include
poor removal of fine colloidal particles and potential for excessive air emissions if conducted in a large open
holding tank or basin. Sedimentation is typically employed in the recycling of dirty cleanup solvents and
thinners from painting operations.

Decantation is a gravity separation technique used to separate immiscible liquids of different
densities. The mixture is slowly introduced into a decant tank where continuous-phase separation occurs.
Dust and dirt particles can interfere with the separation so they are often removed by filtration beforehand.
Decantation is often used to remove insoluble oils from spent solvents in the dry cleaning industry and to
recover semi-agqueous solvents that enter the emulsion rinse stage. The main factors in designing a decant
tank are the droplet size of the discontinuous phase and its volume fraction.

To achieve a greater degree of solid or immiscible liquid separation, the acting forces may be
increased by pumping the contaminated liquid through a hydrocyclone or centrifuge. These devices spin the
liquid and create a very large centrifugal force that acts on the suspended matter in a way similar to gravity,
except much greater. Solids are removed in the under flow of the device while clean liquid is discharged in
the overflow. As expected, capital and operating costs for these devices are greater, but so is the
effectiveness of separation. Use of a hydrocyclone to remove suspended dirt and oil from an agueous
cleaning bath can sometime double solution life. Centrifuges are sometimes used to remove water from ails,
but they are not commonly encountered in parts cleaning operations.

Filtration

The process of filtration removes insoluble particulate matter from a fluid be means of entrapment in
a porous medium. It is often used to extend the life of a cold-cleaning bath or to continuously remove metal
fines and sludge from a vapor degreaser sump. Some of the process related factors important in the selection
of a filter system include particle size distributions, solution viscosity, production throughput, process
conditions, performance requirements, and permissible materials of construction. Common styles include bag
and disposabl e cartridge, although awide array of equipment is available.

While standard filtration does not remove soluble contaminants such as dissolved oils from a
solvent, it can be used to remove solid dirt and grease particles. Passing the dirty solvent through afine metal
screen may remove these contaminants before they have a chance to dissolve and load the solvent bath.
Routing, screening and removal of undissolved contaminants can be an effective way to extend the life of a
cold-cleaning bath.

Microfiltration systems are filtration technologies that can remove soils to a much finer degree than
standard filtration. In the field of precision cleaning, their use is essential. Typically, vapor degreasers are
equipped with a 5 or 10-mm filter for remova of particulates. The smaller particles that are not removed
accumulate in the sump and eventually contaminate the solvent vapor and hence the assemblies being
cleaned. The use of a microfiltration system can remove particulates down to less than 0.1 mmin size. This
minimizes the potential for particulate contamination of the solvent vapor. Because of the fine filtration
capability of thefilter, removal of water, organic acids, and other soilsfrom the solvent isfeasible.

Moving beyond microfiltration, membrane filtration (which includes ultrafiltration) is capable of
removing emulsified oil and grease from aqueous cleaning solutions. Membrane filtration is sometimes so
effective that it will also remove surfactants and other special additives from the cleaner. Particles as fine as
0.01 to 0.003 mMm and organic molecules with molecular weights exceeding 500 can be removed by
ultrafiltration. Therefore, selection of a suitable aqueous cleaner and the ability to recycle that cleaner often
involves optimizing ingredients used in the formulation to removal efficiency of the system.
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Distillation

Distillation is the process of separating two miscible liquids based on the difference in their vapor
pressures. The process of distillation is commonly used to recover a clean volatile solvent (halogenated) from
alessvolatile contaminant. Operation may be conducted in batch or continuous modes.

Distillation for halogenated solvents falls into one of three categories; process stills, batch stills, and
semi-portable mini-stills. Process stills are used in conjunction with vapor degreasers to provide continuous
cleaning of the solvent. Dirty solvent from the sump of the degreaser is pumped to the still for processing and
then returned to the degreaser's clean solvent storage tank. Solvent recovery with a process still typically
ranges from 60 to 80 percent. An advantage to process stills over batch stills is that the degreaser does not
have to be shut down while the solvent is being processed. Another advantage is that the level of
contamination in the degreaser stays at a steady low level. Process stills may also be used for recycling
solvent from cold-cleaning operations.

Batch ditillation is performed whenever the degreaser requires cleaning; anywhere from once per
week to once per month or longer. Batch distillation is also commonly used to recycle solvent from cold-
cleaning operations. To be recycled, dirty solvent is pumped into the still, heated and condensed, and then
put back into drums or storage tanks for return to its point of use. Batch stills are typically capable of much
higher solvent recovery rates than are process stills, usually around 70 to 95 percent. The reason for thisis
that waste from a process still must often be pumped out into drums while batch stills are often equipped with
lining bags that are then used to lift the waste out of the unit. Since the waste does not have to be pumped
out, the viscosity of the waste is less of an issue and higher solvent recovery can be practiced. The uses of
batch mini-stills is not common with vapor degreasing, but are widely used in maintenance parts cleaning.

If the boiling point of the solvent is high (greater than 200 °F as with perchloroethylene), distillation
can be performed under vacuum to minimize therma decomposition of the solvent or impurities. Vacuum
distillation can also be used to recover dlimonene at low temperatures so as to avoid auto-oxidation and
polymerization. Another technique is to inject live steam into the solvent, which allows the solvent to boil at
alower temperature. The condensate of water and solvent is then phase-separated by gravity in a decanter.
Steam injection should not be used when the solvent contains water-soluble inhibitors. The use of steam
sparging can also result in increased air emissions if the sparging and condensing equipment are not designed
and operated properly.

Benefits of On-Site Recycling

Lesswaste |eavesthe facility.

Tighter control of recovered cleaner purity.

Reduced cost of liability associated with waste transport.

Limitations of On-Site Recycling

Capital expenditure required for purchasing and installing recycling equipment.
Additional operating costs for periodic maintenance, operation, and worker training.
Increased liability associated with worker health, fires, leaks, and spills.

Off-Site Recycling

The second option off-site recycling of the spent cleaning solution through an outside vendor or
contractor. Most commercial recyclers readily accept halogenated or nonhal ogenated solvents and recycle
them be means of distillation. The off-site recycler, under a contractual agreement, picks up the generator's
contaminated solvent, recycles it, and delivers the purified solvent back to the generator. If the generator
does not want the recycled solvent back, then he receives alesser credit for the solvent and the recycler sells
the solvent to another user. The sludges that result from the off-site reclamation operation contain
hal ogentated solvent and are usually blended with nonhal ogenated solvent waste and sent as fuel supplement
to cement kilns. The production of cement requires a source of chlorine, and the use of halogentated solvent
suits this need well.
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Generators should be careful to maintain spent solvents in as pure a form as possible (i.e., keep all
solvents segregated) so as to maximize their recyclability. Failure to keep solvents segregated may lead to
rejection of the solvent by the recycler. Depending on the waste volumes handled, off-site recycling may be
economically favorable over on-site recycling. Off-site commercia recycling services are well suited to
small-quantity generators. The recycler may charge the generator by volume of waste accepted and later
credit the generator for the value of recoverable solvent received. Other recyclers charge a straight fee or
accept waste at no charge depending on its market value.

In selecting an off-site recycler, one should remember that the waste generator can be held liable for
the mishandling of waste by the hauler or recycler. In choosing a commercial recycling service, one should
investigate and verify the following:

Types of wastes typically managed,;

Permits held by the facility;

State compliance records and site inspection reports;

Type and extent of insurance held;

Type of record keeping and reporting practices followed:

Availability of registered trucks and licensed haulers to transport the waste solvents;
Distanceto therecycling facility and associated transportation costs;

Expertise of in-plant waste management personnel and process controls;

Disposal procedures for still bottoms and solvents that cannot be recycled;
Laboratory facilities and analytical procedures employed to ensure solvent purity;

Availability of custom recycling services (e.g., vendor-owned recycling units that are operated at the
generators property); and

Customer comments.
Benefits of Off-Site Recycling

No capital cost for equipment.

Potential for increased profit from the cost of off-site recycling in comparison to purchasing virgin
cleaning solvent.

Reduction in raw material purchases.

Limitations of Off-Site Recycling

Off-site recycling is not considered pollution prevention.

Increased liability associated with off-site transfer of waste.
Commercial recyclers generally except only petroleum based products.
Exchange Services

A third recycling option is to list the spent cleaning solution either on an information exchange or
material exchange. An information exchange acts as a clearinghouse for information on waste availability
and demand. The following information is required to list a spent cleaning solution with an exchange service:
type of waste, composition, quantity, method of delivery (i.e., drums or bulk), frequency of generation (i.e.,
one time or continuous), and regional location. Once this information is listed, the clearing-house will
provide a list of facility names that inquire about the generator’ swaste. All arrangements for transferring and
delivering the waste are between the generator and purchaser.

A material exchange differs from an information exchange in that it takes temporary physical
possession of the waste and may initiate or actively participate in the transfer of the waste to the user.
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Advantages of this arrangement include less involvement of the generator and receiving facility in deciding on
equitable terms and conditions (these may aready be dictated by the material exchange) and the ability to
participate in an exchange without the facilities having to identify themselves with one another. A disadvantage
of a material exchange is that the generator will pay more for this service; many information exchanges are free.
Information regarding available exchanges can be obtained from state and local regulatory agenciesinvolved in
pollution prevention or recycling activities.

Benefits of Exchange Services

No capital cost for equipment.
Potential for increased profit from the sale of spent cleaning solutions.

Reduces facility hazardous waste generation (assuming the spent solution is used by the purchaser asa
raw materia).

Limitations of Exchange Services

Increased liability associated with off-site transfer of waste.
Market demand fluctuates based on supply and demand.
Sale price may fluctuate greatly over time.

56 Chemical Etching

The following section provides a process description, waste description and a broad range of pollution
prevention opportunities that can be implemented to improve chemical etching operations.

5.6.1 ProcessDescription

Chemical etching is the process of depositing a conversion coat onto a metal substrate to enhance the
corrosion and adhesion properties of the metal prior to applying apaint coating. The two most common types of
chemical etching are Phosphating on steel or zinc, and Chromate Conversion Coating (CCC) on auminum.

5.6.1.1 Phosphating

Phosphating (i.e., iron and zinc phosphating) is the process of depositing a conversion coating ontosted or
galvanized steel to enhance the paint coating's adhesion to the metal surface. This strengthened bond enhancesthe
coatings' ability to resist corrosion. Typically, iron phosphating is conducted using a three-step processthat indudes
two rinse steps. To achieve a primer - topcoat system with enhanced corrosion resistance, a five-step processthat
comprises three rinse steps is used. (See Exhibit 5.4.) Depending on their size and the volume throughput
requirements, workpieces undergo phosphating either in batches by immersion or asindividua piecesthat are sprayed
asthey are moved through the process by conveyor. For most pretreatment processes, the phosphating stageis|
followed immediately by adry-off oven, at atemperature that will evaporate water as quickly as possible to prevent
flash rusting. For ovensused to dry particularly bulky pieces, the temperature may be as high as 400 °F.

Exhibit 5.4: Five-stagelron or Zinc Phosphating Process
5.6.1.2 Chromate Conversion Coating

Degrease Water Rinse Iron or Zinc Water Rinse Seal Rinse
. Phosphate . .
(Hot) (Ambient) (Ambient) (Ambient)
(Hot)
Step 1 Step 2 Step 3 Step 4 Step 5

Chromate Conversion Coating, a chromate oxide formulation, is the process of depositing a conversion

coating onto aluminum. For low-value end products, aluminum work pieces are often pretreated using an

aqueous (i.e., nonchromate) formulation.
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include Alodine® 1200 and Accelagold®. The active ingredient in these solutions is hexavalent chromium in
chromate (CrO, %) and dichromate (Cr,0O; %) chemical forms.

Conversion coatings are widely used in the manufacture and maintenance of auminum prior to
painting or as afinal finish. In most cases, the conversion coating imparts corrosion protection and provides
an excellent base for paint adhesion. In a smaller number of cases the conductive properties of the coating
alow it to be used for electrical bonding applications. Recent developments in conversion coating
formulations have lead to the development of nonchromate conversion coatings for limited applications.

A typical process for applying a conversion coating to aluminum with either a chromate or
nonchromate formulation, consists of a seven-step process that includes two rinse steps. (See Exhibit 5.5.)

Exhibit 5.5; Typical Conversion Coating Processfor Aluminum

Chromate or
Degrease Water Rinse Deoxidize Water Rinse Nonchromate Water Rinse Seal Rinse
(Hot) (Ambient) (120F) (Ambient) Conversion (Ambient) (Ambient)
Coating
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

5.6.2 Waste Description

Chemical etching, either phosphating or chromate conversion coating regardless of complexity
requires four basic steps; Degrease, Pre- Rinse, Chemical Etch, and Post- Rinse. Each phase of the chemical
etching process generates air emissions and solid waste. This section of the document deals with the waste

streams generated from the pre-rinse, chemical etching, and post-rinse process steps. Detailed information on
Degreasing is contained in Section 5.5, Cleaning & Degreasing.

Pre-rinsing, after degreasing and before chemical etching, is essential to prevent contamination and
to maintain the pH of the phosphate bath, but rinsing can generate high volumes of wastewater. A more
efficient process, cost savings and wastewater minimization can be attained through process modifications.

Exhibit 5.6 describes the basic waste streams generated from atypical chemical etching operation.
Exhibit 5.6: Simplified Material Balance of a Chemical Etching Process Step

vVOC Heavy Metal
Emissons Emissions
Meta —» Degrease P> Pre-Rinse P Chemical - Post-Rinse > Chemically Etched
Substrate Etchi ng Metal Substrate

(Not covered under * + +

this section) Wastewater Drag-out Spent Heavy Metal ~ Wastewater
Loss Solution  Sludge

For certain types of operations, a post-rinse stage isincluded to remove drag-out of unreacted acids,
sludge deposits, corrosive salts, and other contaminants that remain on the work piece following chemical
etching. Because more rinse cycles are required with post-rinsing than pre-rinsing, the post-rinse can also

generate high volumes of wastewater. However, efficient process modifications can reduce overall costs and
wastewater.

5.6.3 Poallution Prevention Opportunities

Pollution prevention opportunities for the chemical etching industry exist in both the source
reduction and recycling categories. These opportunities are discussed in further detail below.
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5.6.3.1 SourceReduction

The chemical etching industry has many opportunities for pollution prevention through source
reduction. The source reduction possibilities are typically separated into (1) process efficiency and (2)
alternative sealing processes.

Process Efficiency

A key method to waste minimization in the chemical etching stage of metal finishing is source
reduction via process efficiency. Applying conversion coatings to work pieces with chemicals that are
appropriate for the particular metal substrate can minimize the generation of heavy metal sludge in immersion
baths or from conversion coating spray operations. If the color of a deposited coating varies from the
coloration associated with the particular formulations, the process operator should check for problems such as
exhaustion of the solution. Both the monitoring of operations and the replenishing of chemicals can be
automated to ensure maximum process efficiency.

In general, some amount of heavy metal sludge is generated in all chemical-etching processes. In
the worst case, the use of chemicals that are not well suited to a work piece’'s metal substrate will fail to
deposit a coating and will generate an excess of heavy metal sludge. For example, iron phosphate cannot be
used to apply a conversion coating to gal vanized steel because the acid will react with the zinc in the substrate
but not the iron, resulting in an excess of zinc sludge. Instead, a zinc phosphate formulation should be used to
apply a conversion coating on galvanized steel. Similarly, an aluminum substrate will not receive a
conversion coating from iron phosphate and will generate an excess d aluminum sludge. Aluminum
phosphate should be used to apply conversion coatings to aluminum work pieces.

Degreasing Before Chemical Etching

The removal of grease is an important step before chemical etching. Detailed information on the
degreasing processis contained in Section 5.5, Cleaning & Degreasing.

If the degreasing formulation is properly selected for an immersion process, contaminants from work
pieces will either sink to the bottom of the tank or float to the top (i.e., the oils will float rather than emulsify).
The line operator can then easily filter out the insoluble sludges or separate off the oils. Sludge material can
be dried and then disposed of as hazardous waste, whereas the oils can be sent off site for fuels blending.

Benefits of Degreasing before Chemical Etching

Remove trace contaminants from the work piece.

Minimize the likelihood of akaline salts and grime contaminating the phosphate bath.
Prevent the alkaline salts from raising the pH of the phosphate bath

Increase bath life.

Limitations of Degreasing before Chemical Etching

Degreasing operation may generate a hazardous waste stream or require the use of toxic chemicalsto
remove the trace contaminants.

Rinsing after Degreasing

Before chemical etching, a metal work piece should be thoroughly rinsed to remove any surface
residue. While the surfactants in degreasing formulations are essential for removing contaminants from a
work piece, their typically low surface tension makes them extremely difficult to remove without a thorough
rinse. Surfactants and other contaminants that remain on the surface of the work piece following degreasing
can undermine the integrity of the metal deposition and ultimately the quality of the finished piece. An
additional reason for including a rinsing step at this point of the processes is to minimize the amount of drag-
in from high alkaline degreasing baths to the near-neutral chemical etching bath. Drag-in from a degreasing
bath or from an exhausted post-degreasing rinse will gradually neutralize the chemical etching bath until little
or no metal will deposit on the work piece. Thus, eliminating this rinsing step can dramatically shorten the
useful life of the chemical etchant bath, which in turn creates higher raw chemical costs and increased waste
stream volumes. The following describes three rinsing systems that can be effectively used in chemical
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etching operations to extend bath life and improve finished product quality; rinsing by immersion, spray rinse
system, and counter-flow rinsing.

Rinsing by immersion is ideal for situations in which the production flow through the process is
relatively slow (i.e., less than 2 ft/min on a continuous basis) and production is intermittent. A facility
operator considering theinstallation of an immersion system should consult with a specialized contractor about
design and layout.

Exhibit 5.7 illustrates two typical immersion system layouts. Exhibit 5.7(a) shows the more
common layout for a typical batch operation; Exhibit 5.7(b) shows a less-common layout that would rely on a
conveyor to carry work piecesin and out of the tanks in a continuous process.

A spray rinse system is often recommended for a paint and coatings operation that has a conveyor
line with a speed greater than 2 ft/min. Facility operators considering the installation of a spray washer line
would be well advised to consult with a specialized contracting company. In general, when planning for a
spray washer, the facility operator needs to consider how the layout will affect process flow. The spray
washer system must be designed so that work pieces easily pass through the pretreatment process, allowing
adequate time for the solutions to drain between each tank.

A spray washer system cannot be properly designed unless the conveyor line speed and the part sizes
are known. The dimensions of the spray tunnel must be based on the silhouette of the maximum part size.
The spray nozzles inside the tunnel must be located on risers so that they are only afew inches away from the
largest part.

Exhibit 5.7: Immersion Rinse System Schematic

?

Tank #1
Tank #2
Tank #3
Tank #4

(a) Immersion tanks laid out for batch operation

> Tank #1 Tank #2 Tank #3 Tank #4 >

(b) Immersion tanks laid out for continuous conveyorized operation

When possible, a system should be designed so that spray rinses precede every process tank.
Although therinses are at low pressures, they enhance pretreatment by preventing the contamination of tanks
with chemicals from a preceding tank. Operation of such spray washersisrelatively inexpensive because low
volumes of water are used.

Given the vast number of work pieces and parts of varying size that can pass through a spray system
each day for crtain operations, nozzles can often be misdirected. Thus, a maintenance engineer should
routinely check to see that spray nozzles are pointing in the correct direction.

A design feature often overlooked regards conveyors that pass work pieces through the tunnel, dry-
off oven, and spray booths, as shown in Exhibit 5.8. The advantage of such design is that line workers are
only needed for hanging and offloading work pieces.
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Exhibit 5.8: Schematic of a Conveyorized Paintsand Coatings Operation

»0O >
Load Station

Metal Pretreatment Dry-Off Oven (400 F)

Priming Spray
Booth

? Unload Station Curing Oven

-

Curing or Top Coat Prepping Area
Baking Oven Spray Booth

Counter-flow rinsing is an effective method for thoroughly washing contaminants from the work
pieces after degreasing or phosphating, in addition, it is an effective method for minimizing water usage.
Fundamentally, a counter-flow rinsing system is a sequence of baths in which replenished rinse water moves
in opposite direction of the process flow. Thus, the work piece progresses from dirtier to cleaner rinse water.
The system maximizes water use by replenishing the rinse water in the processing bath. Rinse water effluent
is ultimately released to the wastewater treatment system as overflow from the first (dirtiest) bath in the
seguence.

Benefits of Rinsing after Degreasing

Removes surfactants and other contaminants that can undermine the integrity of the metal deposition
and the quality of the finished piece.

Minimizes the amount of drag-in from high alkaline degreasing baths to the near-neutral chemical
etching bath.

Reduces the need for raw chemicals therefore decreasing the cost.
Increases the useful life of the chemical etchant.

Longer bath life reduces wastewater.

Thorough cleaning promotes proper adhesion.

Limitations of Rinsing after Degreasing

Often requires large amounts of floor space.

Capital and maintenance costs may be high.

Check for Cleanliness Prior to Etching

The cleanliness of the substrate as the work piece enters the phosphating step or asit leaves the final
rinse tank should pass the water break-free or the towel-wipe test. In the water break-free test, a squirt bottle
is used to pour deionized water over acleaned substrate. The water should run off in a sheet rather than bead
up. While the test may demonstrate that oils and greases have been removed from the work piece, it will not
confirm that the surfactants from the degreaser have also been removed. To do this, one needs to rinse the
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part with a small quantity of deionized water and then determine the pH of the water. This can easily be done
using pH papers.

To determine that metal fines, smut, and other contaminants have been removed, a clean paper towel
should be wiped across the wet surface of the work piece. Whereas the test may not always result in a
perfectly clean towel, relative changes in cleanliness can be assessed.

Benefits of Checking for Cleanliness
Demonstrates that oils and greases have been removed.
Minimizes contamination of the chemical etching bath.

Minimizes the amount of drag-in from high alkaline degreasing baths to the near-neutral chemical
etching bath.

Insures longer bath life that reduces wastewater and raw chemical usage.
Indicates the effectiveness of the utilized rinses

Limitations of Checking for Cleanliness

Does not confirm that surfactants from the degreaser have been removed.

A combination of both the water break-free and the towel-wipe test must be used to ensure
cleanliness.

Choosing a Phosphate Formulation and Qualifying the Phosphate Coating

Paints and coatings facility operators typically confer with chemical vendors in the selection of a
phosphate formulation. Indeed, one vendor may be able to offer a better formulation than another vendor,
especially if the performance requirements are unique.

The choice of formulation can be significant in terms of achieving optimum coating properties. Itis
especially prudent for the operator to discuss special requirements with a chemical vendor, particularly if the
finished work piece will be subjected to aggressive environments. In some situations, laboratory tests may
need to be conducted to verify that the selected coating will be able to provide the required finish. In general,
choosing aformulation on the basis of priceisinadvisable.

Benefits of Choosing the Proper Phosphate Formulation

The proper etchant formulation will achieve optimum coating properties.

Proper formulas will reduce waste stream of ruined pieces.

Limitations of Choosing the Proper Phosphate Formulation

Lab tests may be required to determine the optimum formula.

The cost of the optimum formulamay be prohibitive.

The optimum formulation may be more environmentally hazardous than a substitute.
Alternative Sealing Processes

Some operations subject work pieces to a final rinse bath after chemical etching to harden the
deposited coating, providing an enhanced long-term corrosion resistance. This process step is included in
operations for awide range of industries, most of which pertain to high value work pieces. Sealing is
accomplished with both a chromate and a nonchromate process. Typically, work pieces are sealed using a
rinse of deionized water mixed with asmall concentration of chromate or nonchromate additive.

Chromate Sealers - seek out areas of the coating where the phosphate failed to convert the base
metal. The chemicalsin the chromate sealer then react with the exposed substrate, in much the same
way as the phosphating process itself, to form a corrosive resistant film. Operators have used
chromate-based rinses for many years as an effective means of sealing the phosphate coating on the
work piece. Chromate rinse additives are based on either a hexavalent or trivalent chromium. While
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both form pollutants of concern, hexavalent chromium is particularly toxic and is a suspected
carcinogen; thus, residuals must be disposed of as hazardous waste, which can add significant costs
to the process.

Nonchromate Sealers - also form aprotective film over exposed areas of the substrate, although not
through a chemical reaction with the base metal. Several nonchromate sealant formulations have
been developed, but their effectiveness for enhancing the durability of a work piece as compared
with chromate-based sealers has yet to be fully established. Nonetheless, when the finished work
piece will be used in applications requiring less-demanding corrosion resistance, nonchromate
sealers can present an attractive alternative. The great advantage that nonchromate sealers hold over
chromate based formulations is that they are non-toxic. Thus, an operator can realize significant
benefits by reducing or eliminating the need to dispose of hazardous residuals.

Benefits of Alternative Sealing Processes

Seal ers harden the deposited coating, providing an enhanced long-term corrosion resistance.
Nonchromate based sealers are non-toxic, therefore they reduce the cost of disposal.

Nonchromate sealers can work in applications requiring less-demanding corrosion resistance.

Limitations of Alternative Sealing Processes

5.6.3.2

Chromate sealers are toxic, therefore increasing the disposal cost.
Chromate based seal ers are suspected carcinogens.

Non-toxic nonchromate based seal ers cannot enhance the durability of a work piece as well as toxic
chromate based sealers.

Chromate sealers contain environmentally detrimental hexavalent or trivalent chromium.
Recycling
In process recycling phosphate baths and rinses can be used to extend bath life and reduce waste

volumes. The recycling process is accomplished by raising the pH of an exhausted phosphate bath or
collected spray drainage, which will precipitate out any heavy metal sludge. The wastewater can then be run
through a centrifuge to collect the sludge into a cake, which must be disposed of as hazardous waste. For
more information on recycling technologies to remove heavy metals and suspended solids, see Section 5.5,
Cleaning and Degreasing.

A growing trend in phosphate waste recycling is to use ultrafiltration to separate and reuse rinse

water and concentrates. This additional step maximizes water use and reduces the amount of wastewater
discharged to local treatment works.

Benefits of In-Process Recycling

Reduces the mass of materials being disposed.
Reduces amount of chemicals used, thereby reducing raw chemical costs.
M aximizes water use.

The process takes place on-site, therefore reducing transportation costs.

Limitations of In-Process Recycling

S.7

The hazardous sludge cake has to be disposed of.

Plating Operations

The following section provides a process description, waste description and a broad range of

pollution prevention opportunities that can be implemented to improve plating operations.
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5.7.1 ProcessDescription

Metal finishing comprises a broad range of processes that are practiced by most industries engaged
in manufacturing operations using metal parts. Typicaly, metal finishing is performed on manufactured parts
after they have been shaped, formed, forged, drilled, turned, wrought, cast, etc. A “finish” can be defined as
any final operation applied to the surface of a metal article in order to alter its surface properties to achieve
various goals. Metal finishing operations are intended to increase corrosion or abrasion resistance, alter
appearances, serve as a improved base for the adhesion of other materials (e.g., other metals, paints,
lacquers, ails), enhance frictional characteristics, add hardness, improve solderability, add specific electrical
properties, and/or improve the utility of the product in some other way.

Plating processes are typically batch operations, in which metal objects are dipped into and then
removed from baths containing various reagents to achieve the desired surface condition. The processes
involve moving the object being coated through a series of baths designed to produce the desired end product.
These processes can be manual or highly automated operations, depending on the level of sophistication and
modernization of the facility and the application. Most metal plating operations have three basic steps: (1)
surface cleaning and preparation, (2) surface modification, and (3) rinsing or other work piece finishing
operations to produce the final product.

5.7.1.1 Surface Cleaning and Preparation

Preparation cycles vary depending on the particular substrate being electroplated. Often only slight
variations in substrate composition significantly influence the preparation process. Heat treating variations
also contribute to the complications of preparation. Determining an optimum preparation process for a given
material often becomes a matter of trial and error. Poor preparation of a substrate can result in loss of
adhesion, pitting, roughened coating, lower corrosion resistance, smears, and stains. Because plating takes
place at the exact molecular surface of awork, it isimportant that the substrate be clean and receptive to the
plating. The soils encountered in electroplating processes can be organic, (e.g., oil greases, and other
cleaning compounds) or inorganic, such as oxides and heat-treat scales. Some plating baths can clean
surfaces and thus tolerate minimally cleaned surfaces, but the majority needs surfaces cleaned to near
perfection. No simple, universal cleaning cycle exists for electroplating. Several methods and cleaning
solutions may be used in asingle-plating process.

5.7.1.2 Surface Modification

Surface modification is typically achieved through electroplating, which passes an electrical current
through a solution containing dissolved metal ions and the metal object to be plated. The metal substrate
serves as the cathode in an electrochemical cell, attracting metal ions from the solution. Ferrous and non-
ferrous metal objects are plated with a variety of metals, including aluminum, brass, bronze, cadmium,
copper, chromium, iron, lead, nickel, tin, and zinc, as well as precious metals, such as gold, platinum, and
silver. Controlling a variety of parameters, including the voltage, amperage, temperature, residence times,
and the purity of bath solutions regulates the process. Fating baths are almost always aqueous sol utions,
therefore, only those metals that can be reduced from aqueous solutions of their salts can be electrodeposited.
The only major exception is aluminum, which can be plated from organic electrolytes. If the poduction
alows, electroless plating is also used. Electroless plating follows similar steps to electroplating but involves
the deposition of metal on a substrate without the use of external electrical energy.

5.7.1.3 Rinse

A fina rinse typically follows the bath process, and is important in the removal of a thin film of
plating solution from the surface of the substrate. Good rinsing requires good water, not too cold, vigorous
agitation, and time. Water at 57°C is a poor rinse; water 30-35°C gives a good rinse. Time and agitation
allows the rinse water to penetrate, to dilute, and to remove the substantive films. A two-minute dip in each
agitated rinse has often produced good work having good adhesion, when one-minute dips have failed.

5.7.2 Waste Description

The plating industry is somewhat unusual among manufacturing industries at present because the
vast majority of the chemicals used end up as waste. The current inefficiency of material use is due to the
inherent characteristics of the processes employed where parts are immersed into concentrated tanks of
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chemicals and subsequently rinsed with fresh water. The resultant wastewater makes up the greatest volume
of waste material from plating operations.

Wastewater is generated during rinsing operations. Rinsing is necessary to remove the thin film of
concentrated chemicals (i.e., drag-out) that adheres to parts after their removal from process baths (e.g.,
plating solution). Wastewaters are usually treated on-site. This treatment generates a hazardous sludge that
must be disposed of in an approved landfill or sent to arecovery site for metal s reclamation.

Residual metals in wastewaters discharged by plating shops to municipal sewer systems, as
permitted, where it will be treated further. Process baths are discharged periodically when they lose their
effectiveness due to chemical depletion or contamination. Accidental discharges of these chemicals also
occur sometimes (e.g., when atank is overfilled). These concentrated wastes are typically treated on-site or
hauled to an off-site treatment or recovery facility.

With respect to air emissions, the greatest concerns with plating shops are solvents and chromium.
Solvents are partly evaporated during degreasing operations. Contaminated liquid solvents are either
recovered by distillation (on-site or off-site) or sent for disposal (incineration). Chromium is released to the
air by plating and anodizing processes. Most shops do not have controls for organics; however, some larger
plants use carbon adsorption units to remove hydrocarbons. Chromium emissions and other heavy metals are
frequently controlled by the use of wet scrubbers. The discharge of these systems is sent to the wastewater
treatment system and combined with other wastewaters for processing.

Plating also generates other miscellaneous sources of wastes, including floor wash waters, storm
water, and chemical packaging wastes.

Exhibit 5.9 identifies the major waste streams from typical metal plating operations, as well as the
major waste constituents of concern from both regulatory and environmental risk perspectives.

5.7.3 Pallution Prevention Opportunities

During the past 10 to 15 years, innovative members of the plating industry have made significant
strides in developing and implementing preventative methods of pollution control. In some cases, waste
minimization methods and technologies have been responsible for reducing waste volumes by up to 90
percent. Associated with the decrease in waste generation are reductions in end-of-pipe equipment purchases,
improvements in effluent compliance, improvements in product quality, and significant cost savings in raw
materials.

Exhibit 5.10 presents waste minimization opportunities applicable to the metal plating industry. It
should be noted that many lower technology waste minimization options, including process recovery and
reuse, improved operating procedures, and use of waste exchanges and off-site recovery options, represent
significant opportunities for waste reduction often with relatively low investment requirements.

Exhibit 5.11 presents a more detailed identification of the specific waste reduction techniques that
have documented applicability to metal plating processes and briefly describes the applications and
limitations of each. All of these methods are described in detail in the body of the paper with discussions of
the current use and applicability, limitations, and costs associated with purchasing, installing, and operating
the various technologies.
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Exhibit 5.9 Major Metal Plating Wastes and Congtituents

Air Emissions

Key Congtituents

Solvent releases from degreasing operations

Solvents

Chromium -1,1,1-Trichlorethane
-Triclorethylene
-Perchloroethylene
Waste Waters -Chloroflurocarbons
Rinse Water -Methylene chloride
Spent Baths -Acetone
Scrubber Blowdown -Toluene
Cooling Water -Methyl Ethyl Ketone
-Methyl Isobutyl Ketone
Metals
Solid and Hazar dous Wastes -Cyanide
Solvent Wastes -Chromium
-spent contaminated solvents -Cadmium
-still bottoms from solvent recovery -Nickel
Spent Process Solutions -Aluminium
-akaline cleaners -Copper
-acid etching solutions -lron
-plating solutions -Lead
Waste Treatment Sludges -Tin
-Zinc

5.7.3.1 Source Reduction

Pollution from conventional plating methods is typically high because the vast majority of the
chemicals used end up as waste. The current inefficiency of material use is due to the inherent characteristics

of the processes employed. The main focusesin cleaner technologies for plating are:

Product Replacements —could be used in place of the metal plating therefore eliminating the need for
the conventional plating processin particular situations.

Alternative Processes — replace the conventional plating process. They may perform as well as
plating done by conventional methods, and reduce waste.

Process Efficiency — reduces the amount of waste created during the traditional plating process.

Materials Management — reduces the material usage through improved management practices.
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Product Replacements

Product replacements may be utilized for decorative coatings, but for technical purposes metal
coatings are essential. Hard coated metals are expected to resist acidic attack, combat high temp eratures, and
reduce friction. While paint and plastics have limited replacement values as decorative coatings, they cannot
withstand the abuse that hard coated metals stand up to. Paint and plastics have been used as product
replacements for hard coated metals successfully in very selective decorative coating applications. The act of
eliminating the plating operation from a product design is best achieved during product design.

Exhibit 5.10 Waste Minimization/Pollution Prevention M ethods and Technologies

—> = LEAST PREFERRED OPTION

Product Changes Operatioon | ' Process Chemical | ' Treatment/
and Process + Process Solution _> Recovery Off-siteRecycle
Substitution Maintance

Alternative Improve Conventional Physical/
| o Products/ > Operating Hp M;l/'nte;nce [ Evaporators »  Chemical
Processes Procedures Treatment
Reduce/Eliminate Reduce lon Off-site Recycle
P use of Chlorinated > i Microfiltration i g P of Treatment
Solvents Drag-out L osses Exchange Residuals
—_r Reduce Rinse
Reduce/Eliminate lon -
» use of Cyanide g Water i Exchange | Electrowinning
Discharge
Reduce/Eliminate Reduce Air Acid .
P use of Cadmium » Emissons i Sorption P Electrolysis
Reduce/Eliminate Recover
» use of Chromium W) lon Transfer P Organics
Reducdlfillrzlnate N Membrane
p  useof other Electrolysis
Hazardous
Materias

Alternative Processes

Recently, alternative processes to the conventional plating process have been developed. Viable
replacements may be able to reduce or eliminate the wastes associated with the bath process. The alternative
processes are separated into the following categories.

Chemical Vapor Deposition
Physical Vapor Deposition

Thermal Spray Technologies
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Exhibit 5.11 Waste Minimization Opportunities Availableto the Metal Plating Industry

Category

Examples

Applications

Limitations

General Waste
Reduction Practices

Improved operating procedures
Drag-out reduction
Rinse-water use reduction

Air emissions reductions

Applicableto al conventional plating
operations

Should be considered standard operating
procedures and/or good design

Cost benefits typically outweigh any
necessary expenditures

Existing facilities may be able to
accommodate changes due to process
configuration, space constraints, etc.

Alternative
Processes

Thermal Spray Coatings
Vapor Deposition
Chemical Vapor Deposition

Primarily repair operations athough they
are now being incorporated into original
manufacturing

Primarily high-technology applications
than can bear additional costs

Expected to improve product quality and
life

Technologiesin varying states of
development; commercial availability may be
limited in certain areas

Expense often limits application to expensive
parts (e.g., aerospace, electronics, military)

May require improved process controls,
employee training, and automation

Process Solution
Maintenance

Convention Maintenance
Methods

Advanced Maintenance M ethods

Process Monitoring and Control

Conventional methods applicableto all
plating operations

Advanced methods may require significant
changes in process design, operation, and
chemistry

Application limited for some plating
process/technology combinations (e.g.,

microfiltration not applicable to copper or
auminum)

Chemical Recovery
Technologies

Evaporation
lon exchange
Electrowinning

Requires significant engineering,
planning, and characterization of process
chemistry

Costs are highly variable for advanced
methods

Applications must be carefully tailored to
process chemistry

Electrodialysis
Reverse osmosis
Sfe‘;f\i,ﬁy“" etals Filtration M etal-bearing wastewater treatment Waste materials must be acceptable to
lon exchange sludge recyclers
Electrowinning
Electrolytic Recovery
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Chemical Vapor Deposition

In Chemical Vapor Deposition (CVD) processes, a reactant gas mixture impinges on the substrate

upon which a deposit is made. The different variations of CVD are distinguished by the manner in which the
precursor gases are converted into the reactive gas mixture. Typically in CVD, gas precursors are heated to
form a reactive gas mixture. A precursor material, otherwise known as a reactive vapor delivers the coating
species. It isusualy in the form of a metal halide, metal carbonyl, a hybrid, or an organmetallic compound.
The precursor may be in either gas, liquid or solid form. Gases are delivered to the chamber under normal
temperatures and pressures, while solids and liquids require high temperatures and/or low pressure in
conjunction with a carrier gas. Once in the chamber, energy is applied to the substrate to facilitate the
reaction of the precursor material upon impact. The ligand species is liberated from the metal species to be
deposited upon the substrate to form the coating. Since most CVD reactions are endothermic, regulating the
amount of energy input may control the reaction. The most useful CVD coatings are nickel, tungsten,
chromium, and titanium carbide.

g M w DN PP

The stepsin ageneric CVD process are:

Formation of the reactive gas mixture;

Mass transport of the reactive gases through a boundary layer to the substrate;
Absorption of the reacts on the substrate;

Reaction of the absorbents to form the deposit; and

Description of the gaseous decomposition products of the decomposition process.
Benefits of Chemical Vapor Deposition

Controlsthe microstructure and/or chemistry of deposited material.

Evenly coats corners, holes, and irregularities.

The CVD coating process does not involve a bath operation, therefore eliminating the
environmentally hazardous waste released due to drag-out.

Limitations of Chemical Vapor Deposition
The substrate must be thoroughly cleaned prior to deposition.

Reacted and unreacted chemical vapors may be released to the environment if a proper exhaust
systemisnotin place.

The deposition chamber must be clean, leak-tight, and free from dust and moisture.
Toxic, corrosive, and flammable materials are produced and must be recovered and disposed of .
Very expensive start-up cost.

Hazardous or toxic chemicals may be produced due to improper precursor chemical selection.

Physical Vapor Deposition

Physical Vapor Deposition (PVD) methods are clean, dry vacuum deposition methods in which the

coating is deposited over the entire object simultaneously, rather than in localized areas. PVD technologies
aregenerally classified into the following categories.

Sputtering — is an etching process for altering the physical properties of the surface in which the
substrate is eroded by the bombardment of energetic particles. The sputtering process has an in-situ
cleaning effect, therefore does not require the substrate to be spotlessly clean. Sputtering deposits
are typicaly thin, ranging from 0.00005 mm to 0.01 mm. Compared to other deposition processes,
sputtering isrelatively inexpensive.

lon Plating — is separated into either plasma based or ion beam enhanced deposition. In plasma-
based ion plating the substrate is in the proximity to the plasma and ions are accelerated from the

plasma by a negative bias on the substrate, while ion beam enhanced deposition the ions are

Guideto Industrial Assessments for Pollution Prevention and Energy Efficiency 149

z
®




z
®

Industrial Operations: Plating Operations

accelerated from an ion gun or other source. Titanium, aluminum, copper, gold, and palladium are
typically coated with the ion plating method. A benefit of both ion plating methods is that the
substrate does not have to be extremely clean before plating. Capitol costs for this technology are
typically high; thereforeit is used in applications where high value-added equipment is being coated.

lon Implantation — does not produce a discrete coating; the process alters the elemental chemical
composition of the surface substrate by forming an aloy with energetic ions. All surface
contaminants must be removed prior to plating using ion implantation.

All three PVD methods allow coatings to be deposited as thin as 0.00005mm and as thick as

0.025mm. Most commonly chromium, titanium, gold, silver, and tantalum are coated.

All reactive PVD hard coating processes combine:

A method for depositing the metal;

Combining with an active gas, such as nitrogen, oxygen, or methane; and
Plasma bombardment of the substrate to ensure a dense, hard coating.
Benefits of Physical Vapor Deposition

Even deposition rates.

The PVD coating process does not involve a bath operation, therefore eliminating the
environmentally hazardous waste released due to drag-out.

High resistance to friction.

PVD typically requires less substrate cleaning than conventional plating therefore reducing the
amount of cleaning solvents entering the waste stream.

PV D does not add any new toxic waste streams.

Good adhesion to the substrate.

Limitations of Physical Vapor Deposition

High start up costs.

The coating may be contaminated with other molecules if the work areais not properly prepared.

PV D produces waste streams from blasting media and solvents, bounce and over spray particles, and
grinding particles.

Thermal Spray Technologies

Thermal Spray coatings can be sprayed from rod or wire stock or from powdered materials. The

material (e.g. wire) is fed into a flame where it is melted. The molten stock is then stripped from the end of
the wire and atomized by a high velocity stream of compressed air or other gas, which propels the materials
onto a prepared substrate or work piece. Depending on the substrate, bonding occurs either due to
mechanical interlock with a roughened surface, due to localized diffusion and alloying, and/or by means of
Van de Waals force (i.e., mutual attraction and cohesion between the surfaces). Thermal spray technologies
can be categorized into the following five methods.
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Combustion Torch/High Velocity Oxy-Fuel — has a very high velocity impact, and coatings exhibit
little or no porosity. Deposition rates are relatively high, and the coatings have acceptable bond
strength. Coating thickness ranges from 0.000013 to 3.0 mm. Some oxidation of metallics or
reduction of some oxides may occur, altering the coating’ s properties.

Combustion Torch/Detonation Gun — produces some of the densest of the thermal coatings. Almost
any metallic, ceramic, or cement materials that melt without decomposing can be used to produce a
coating. Typical coating thickness ranges from 0.05 to 0.5 mm, but both thinner and thicker coatings
can be used.
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Combustion Torch/Flame Spraying — is noted for its relatively high deposited porosity, significant
oxidation of the metallic components, low resistance to impact or point loading, and limited
thickness (typically 0.5 to 3.5 mm). Advantages include the low capital cost of the equipment, its
simplicity, and the relative ease of training the operators. In addition, the technique uses materials
efficiently and has alow associated maintenance cost.

Electric Arc Spraying — produces coatings with high porosity and low bond strengths. Coatings can
range from a few hundredths of a mm to ailmost unlimited thickness, depending on the end use. It
can be used for simple metallic coatings, such as copper and zinc, and for some ferrous alloys.

Industrial applications include coating paper, plastics, and other heat sensitive materials for the
production of electromagnetic shielding devices and mold making.

Plasma Spraying — is a variable technique, which can produce coatings a wide range of selected
physical properties, such as coating with porosities ranging from essentially zero to high porosity.
The spraying can achieve thickness from 0.3 to 0.6 mm, depending on the coating and the substrate
material. Sprayed materials include aluminum, zinc, copper aloys, tin, molybdenum, some steels,
and numerous ceramic materials.

Of the thermal spraying techniques, flame spraying and high velocity oxy-fuel are relatively
inexpensive in comparison to the detonating gun, electric arc furnace, and plasma spray. The five techniques
all follow the same basic steps summarized below.

1. Substrate preparation — usualy involves scale, oil, and grease removal as well as surface
roughening. Roughening is necessary for most of the thermal spray process to ensure adequate
bonding of the coating material.

2. Masking and fixturing — limits the amount of coating applied to the work piece in order to remove
over spray through time consuming grinding and stripping after deposition.

3. Coating — is affected by particle temperature, velocity, angle of impact, and extent of reaction with
gases during the deposition process. The geometry of the substrate al so effects the coating since the
special properties vary from point to point on each piece.

4. Finishing — is necessary in many applications. Typically after the deposition process, grinding and
lapping techniques are utilized.

5. Inspecting — involvesthe verification of dimensions and avisual examination for pits, cracks, etc.

6. Stripping - when necessary, is done chemically in acids or bases, electrolytically, or in fused salts. If
none of these techniques are possible, mechanical removal by grinding or grit blasting is necessary.

Benefits of Thermal Spray Technologies

Thermal spray technologies do not involve a bath operation, therefore eliminating the
environmentally hazardous waste released due to drag-out.

Efficiently uses materials consequently reducing the amount of waste generated, and the cost
associated with raw materials.

Variability in the process allows for awide range of thickness and porosities.

Can normally be stripped chemically, electrolytically, or in fused salts.
Limitations of Thermal Spray Technologies

High noise generation (between 80 db to more than 140 db).
Environmental concernsincluding the generation of dust, fumes, over spray, and intense light.
Nondestructive testing of the coating has largely proven unsuccessful.

Water curtains designed to capture over spray and fumes discharge contaminated wastewater.
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Process Efficiency

Through process efficiency the waste streams involved with conventional plating systems can be

reduced. Small changes in processes can often net large results in preventing pollution and cost reduction.
The following procedures can be used to maximize process efficiency.

Drag-out reduction.
Rinse water reduction.
Conventiona maintenance methods.

Advanced Maintenance technologies.

Drag-Out Reduction

Drag-out of process fluid into rinse water is a major source of pollution in any plating shop. The

volume of drag-out discharged from a process is determined by some factors that cannot be altered easily,
such as part shapes and process fluid concentrations. The effects of many other contributing factors,
however, are readily reduced by common techniques. Reduction of drag-out not only reduces the mass of
pollutants reaching the wastewater stream but also reduces the amount of chemical loss suffered by the
process. Because most drag-out reduction methods require only operator training or small process changes,
the cost savings and other benefits realized quickly offset any implementation expenses incurred. Drag-out
reduction techniques include the following.
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Plating Solution Control — minimizes drag-out by reducing bath viscosity with the lowest
concentration or highest temperature possible, reducing surface tension with wetting agents,
preventing the build-up of contaminants in process tanks by monitoring carbonate accumulation,
and using high purity electrodes to reduce impurities from falling out and contaminating the
solution.

Withdrawal Rates and Drainage — are critical to minimizing drag-out. Maximizing the drip time,
using drip shields or boards to capture and return drag-out as a rack or barrel is transported away
from the process, using tanks to collect drag-out, and utilizing air knives to enhance drainage will
return the maximum drag-out volume.

Positioning of Parts on the Rack — is important both for quality as well as drag-out reduction
considerations. The best position is typically determined by experimentation. Parts should not be
racked over one another, but they should be positioned to consolidate runoff streams, and oriented
so that the lowest profile emerges from the fluid as the rack is removed.

Rinsing Over Process Tanks — with fog or sprayers can be utilized in heated processes, which
provide enough evaporation headroom to accept additional fluid. The process can cause
complications with ventilation systems by possibly increasing the airborne pollutant oad.

Drag-Out Tank — is arinse tank that is filled with water but is stagnant and drag-out accumulatesin
thetank. The contents of the tank are used to replenish drag-out and evaporation losses occurring in
the processtank. Water is added to the drag-out tank to maintain the operating level.

Drag-In Drag-Out Rinse- is positioned before and after the plating tank to ensure that the drag-out is

returned at the same rate at which it isremoved. The procedure is most effective in low-temperature
processes, but requires an extra processing step and builds up contaminants faster than typical
processes.

Benefits of Drag-Out Reduction

Up to 50% reduction in drag-out loss of chemicals.

Start-up costs are quickly recovered.

L ower viscosity reduces the mass of the constituents in the drag-out.

Higher quality coating can be achieved.
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Limitations of Drag-Out Reduction
May cause ventilation problems.
Time loss due to process.
Increased drying time can accel erate oxidation and passivation.
Staining can occur if parts dry completely.
Rinse Water Reduction

Water usage cannot be reduced indiscriminately without risking process problems. Rinse tanks must
not exceed maximum concentration of contamination, or part quality will suffer. However, severa
inexpensive methods can significantly reduce water consumption without affecting rinse contaminant
concentrations. They are asfollows.

Tank Design — should allow for rinsing of the largest parts, and all tanks (rinse and process) should
be the same size. Inlet and outlet points should be at opposite sides of the tank and the flow into the
tank should be distributed. Agitation may be achieved through air spraying or other methods.

Flow Controls — will reduce waste by closely monitoring the flow. Timer release controls regulate
flow by opening and closing valves at set times, while conductivity controllers regulate flow based
on rinse water conductivity. When the conductivity reaches a set point, the valve is opened and
water flows through the tank. When the conductivity falls below a set point, the valve is shut-off.

Rinse Configuration — effects the amount of drag-out that is recovered. A simple overflow rinseis
very inefficient. A drag-out rinse or counterflowing rinse series inserted between the overflow rinse
and the process is much more efficient. A counterflowing rinse series consists of a series of tanks
where fresh water enters the tank farthest from the process tank and overflows into the next tank
closer to the process tank, in the opposite direction of the work flow. As work runs through a
counterflowing series, the first tank becomes more concentrated than the next. The flow rate is
calibrated to achieve the desired concentration in the last, or cleanest tank.

Benefits of Rinse Water Reduction

Reduced water consumption and corresponding water costs.

Increased waste treatment efficiency from decreased throughput.

Size reduction of future waste treatment and pollution control technologies.
Reduction in use of treatment chemicals.

Allowsfor shorter dwell times.

Limitations of Rinse Water Reduction

Flow controls have to be automated; manual valves are difficult to control.
Set-up often requires large floor space.

Conventional Maintenance Methods

Maintaining the bath plating solutions can prolong their use. By removing the contaminants in a
bath solution, fewer chemicals enter the waste stream and fewer chemicals are also required. The most
common conventional bath maintenance method is filtration. Nearly all plating baths require filtration to
remove suspended solids that would otherwise adhere to the surface of the parts and cause rough plating.
Small tanks can be filtered efficiently by in-tank designs, while larger tanks require external pump and filter
assemblies. The disposable cartridge filters are typically fabricated wound or woven plastics, or sand and
diatomaceous earth.
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life.

Plating bath contaminants can also be removed through the following techniques to extend the bath

“Dummy Platting” — or electrolysis is a method of reducing the mass of contaminant metals in a
plating bath by plating them onto a dummy panel. During dummy plating, a current density much
lower that that used for normal plating is applied.

Carbonate Freezing — is applicable to sodiumbased cyanide plating baths. When cooled to a
temperature of approximately 3°C, sodium carbonate crystals form and can be removed easily.

Carbon Treatment — is a common method of reducing organic contamination in plating baths.
Carbon treatment may only consist of occasionally substituting carbon for normal cartridges in the
existing filtration equipment.

Advanced Maintenance Technologies

Advanced maintenance technologies are relatively new, but they are employed to treat specifically

difficult to maintain bath solutions. The following four treatmentstypically utilized are:
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Microfiltration — is a membrane-based technology applied primarily to agueous and semi-aqueous
cleaning solutions. This technology separates emulsified oils and other colloids from the cleaner
chemistry, thereby extending thelife of the process bath.

lon Exchange — is applied to chromic acid solutions to remove cations, such as copper, zinc, or iron
that are introduced into plating baths from racks and parts. For chromic acid purification, ion
exchange competes with ion transfer and membrane el ectrolysis.

Acid Sorption — is applied to acid solutions, such as pickling or sulfuric acid anodizing baths, to
remove dissolved metals.

lon Transfer — is a common technology with applications generally restricted to chromic acid plating
baths, etched, and anodizing baths. The goal of thistechnology isto selectively remove cationsfrom
chromic acid process fluids.

Benefits of Process Bath Maintenance

Extends bath solution life.

Reduces chemical use.

Reduces waste disposal.

Limitations of Process Bath Maintenance

Start-up costs can be expensive.

Expensive start-up and maintenance costs for certain processes.
Can cause time delaysin the plating process.

Recycling

Chemical recovery technologies either recover drag-out and return it to the process or recover a

constituent of the drag-out chemistry, usually a dissolved metal, and recycle it in another process.
Recovering drag-out reduces raw material costs by returning otherwise lost components to the process and
reduces the mass of regulated ions reaching the waste treatment system, which lowers costs and aids in
complying with discharge limits. Recycling takes places both on-site and off-site.

On-Site Recycling

On-site recycling technologies typically recover plating solution lost from drag-out in the rinse

tanks; usualy adissolved metal. Thefollowing briefly summarizes the types of technology commonly used.
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Evaporation - with atmospheric and vacuum systems are the most common chemical technology
used in the plating industry. Atmospheric evaporators are most common, and relatively inexpensive
to purchase, and easy to operate. Vacuum evaporators are mechanically more sophisticated and
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more energy efficient. Additionally, with vacuum evaporators, water lost as vapor can be recovered
as acondensate and re-used in the plant.

lon exchange - is a versatile technology that can be a major component of a low- or zero-discharge
configuration or it can be employed to selectively remove certain cations from a rinse stream. In
either case, ion exchange can only be applied to relatively dilute streams, and is often used to recycle
rinse water.

Electrowinning - is a well-known and common recovery technology. It islimited, however, because
only the metal portion of the process chemistry is recovered, making direct return of metal-depleted
drag-out usually impossible. The technology is generally inexpensive both to purchase and operate.
Electrowinning is applied to drag-out fluids, process baths, or ion exchange regenerate, all of which
arerelatively concentrated with metal ions.

Electrodialysis - is employed with much less frequency for metal recovery than some other
technologies, such asion exchange or evaporation. The most common application of electrodialysis
is the recovery of nickel from rinse water. One advantage unique to this technology is that the
organic molecules are prevented from entering the concentrate flow and therefore are not returned to
the process tank, making electrodialysis particularly suitable for recovery of process fluids in which
an undesirable build-up of organics occurs.

Reverse osmosis - is a membrane filtration technology that has been applied to a single rinse stream
from a process or to a mixed stream from several processes. The portion of the flow that passes
through the membrane is usually recycled as rinse water. The portion of the flow rejected by the
membrane and containing most of the dissolved solids is often suitable for direct return to the
processtank. Reverse osmosisisagood component of low- or zero-discharge configuration.

Benefits of On-site Recycling

Reduces raw material costs.

Can remove both organic and non-organic materials.

Reduces mass of regulated ions reaching the waste treatment system.
Removes liability associated with land disposal from generator.

Limitations of On-site Recycling

Can require expensive engineering and planning stages.
Equipment must be customized to each system.

Capitol and operational costs can be high.

Off-Site Recycling

Approximately one-third of U.S. plating shops send their metal bearing wastewater treatment
sludges to off-site metals recycling companies, rather than to land disposal. The recycling companies
separate the metals from the sludges and convert them to usable materials. Off-site metals recycling services
in the United States were previously limited to spent solvents, precious metal wastes, and high purity
common metal wastes. Since 1985, there has been a steady increase in the use of off-site recycling, primarily
because of the availability of recycling services for wastewater treatment sludges, rising costs for land
disposal, and increased generator concern over liability associated with land disposal.

Benefits of Off-site Recycling

Reduces liability associated with land disposal from generator.
The amount of waste going to land disposal is reduced.

Organic and non-organic materials can be removed from baths.
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Limitations of Off-site Recycling

Slightly more expensive than land disposal.

Limited to spent solvents, precious metal wastes, and high purity common metal wastes.

5.8 Paint Application

The following section provides a process description, waste description and a broad range of
pollution prevention opportunities that can be implemented to improve paint application operations.

5.8.1 ProcessDescription

Paint application is the process of applying an organic coating to a substrate. The purpose of
applying apaint coating isto provide a protective barrier against corrosion and damage to the part surface, as
well as, enhance the aesthetic appeal of the part being manufactured.

The complete process of applying paint to a part generally consists of (1) cleaning and degreasing,
(2) chemical etching (optional), and then (3) applying the paint. This section deals only with the third step,
application of the paint. Pollution prevention information for reducing the wastes generated from the first
two steps is contained in the following parts of this document: Section 5.5, Cleaning & Degreasing; and
Section 5.6, Chemical Etching.

5.8.2 Waste Description

Woastes generated from paint application may include air emissions of volatile organic compounds
(VOCs), hazardous air pollutants (HAPs), and heavy metal particulates; excess paints and coatings, empty
containers, disposable brushes and rollers, dirty solvents and thinners used for equipment cleanup, dirty filters
from dry filter paint booths, and paint sludge from water wash paint booths. The toxicity and hazard of the
wastes generated is dependent on the concentration of solvent remaining in the waste and the presence of
heavy metals such as lead and chromiumcompounds used in paint formulations.

The largest source of air emissions is from the actual step of applying the paint in the form of
overspray. The greater the overspray, or lower transfer efficiency, the more waste is generated over-al inthe
form of air-emissions, clean-up materials, and paint booth filters or sludge.

5.8.3 Pallution Prevention Opportunities

Pollution prevention opportunities for paint application processes are classified according to the
waste management hierarchy in order of relevance; first, source reduction techniques, then secondly, (in-
process) recycling options.

5.8.3.1 SourceReduction

The preferred method of pollution prevention is source reduction. In the case of paint application
processes the keys to source reduction are:

Eliminating the need to paint the part through product re-engineering;
Using environmentally friendly coating material; and
Improving transfer efficiency through improved equipment and operator training.

Each of the three source reduction methods is described below with associated benefits and
limitations. The information contained below is not to be considered completely inclusive of al
environmentally preferred paint application methods or formulations, nor is its intent to be exhaustive of all
considerations. Prior to implementing an environmentally preferred paint application method or formulation
a thorough investigation of process requirements (material compatibility) and an appropriate financial review
(i.e., payback period, etc.) should be conducted.

156 Guideto Industrial Assessmentsfor Pollution Prevention and Energy Efficiency



Industrial Operations: Paint Application

Eliminate the Need to Paint

Eliminating the need to paint a part due to better process engineering and design would be the
highest form of source reduction. Although one should be cautious that the environmental impacts associated
with the alternative design are not worse over-all.

The need for painting can sometimes be avoided by selecting materials that combine both function
and aesthetics. Use of injection-molded plastic shellsin place of painted metal cabinetsiswidely practiced in
the electronics industry. Building construction employing the use of vinyl siding, PVC and FRP plastics,
precolored concrete, and metal trim materials such as stainless steel, copper, bronze, and aluminum are
known.

The area of surface-coating-free materials is not as widely explored nor marketed as non-, low-VOC
coatings as a means to reduce the environmental impacts from painting operations. In addition, to implement
this form of pollution prevention requires forethought during the design of the product, and typically is cost
prohibited to implement after the product design stage.

Benefits of Eliminating the Need to Paint

Eliminates the need to apply paint, in turn, eliminating all environmental impacts associated with
paint application and paint removal over the life span of the product.

Limitations of Eliminating the Need to Paint

Generally, can only be implemented during product design.
Use Environmentally Friendly Coating M aterial

Traditional solvent-based coatings contain high levels of volatile organic compounds (VOCs) that
are emitted into the air during paint operations. VOCs contribute to ground level smog formation and other
forms of air pollution. Under the Clean Air Act, limitations have been set as to the amount of VOCs that are
allowed in paints and coatings. While limits are based on specific industry group and application, the VOC
limit of 3.5 Ibs/gal is considered reasonably available control technology (RACT) in most states. Coatings
with VOC contents of less than 3.5 Ibs/gal are generally marketed as low-VOC coatings.

Low-VOC or environmentally friendly paint coatings are currently available in a wide variety of
formulations. The following list identifies the most common types of formulations available.

Powder Coatings
Water-Borne Coatings
Solvent-Borne Coatings
Specialized Coatings

Each formulation has its own unique performance qualities and application requirements. Prior to
performing a material substitution it is necessary to match the appropriate environmentally substitute to your
operational needs. A basic overview of each type of formulation and its associated benefits and limitations
are provided below to facilitate in the material substitution selection process.

Powder Coatings

Powder coatings are particularly popular for their low VOC content. For many applications, powder
coatings offer cost advantages over either solvent- or water-borne liquid technologies. The act of applying
powder coatings does not contribute to air, water, or hazardous waste pollution.

A powder coating facility does, however, generate some pollution, primarily from two associated
processes. The first and most important involves surface preparation. Powders are applied over well-
degreased surfaces, which have been phosphated. The second important pollution-generating processisthe
stripping of powder coating from hooks and rejected parts.

The two basic stepsin the powder coating process are described on the next page.
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Applying the Coating — can be done through three primary methods including electrostatic attraction
by corona charge, elecrostatic attraction using turbo-charging guns, and fluidized beds. None of the
coating methods involve solvents or generate hazardous wastes. Also clean-up efforts are minimal,
benefiting both pollution prevention and time and material s resources.

Curing the Coated Part — entails heating the powder-coated part in a convection or infrared oven at
temperatures between 325 °F and 400 °F for approximately 8 to 20 minutes. When the powder
coating is cured, some vapors, approximately 0.5 o 5 percent by weight of powder coating, are
emitted into the atmosphere. These are comprised mainly of water and some organics. The organics
are not solvents, but rather plasticizers or resins emitted at the high baking temperature. It is
questionable whether the air emissions are truly VOCs. In fact, most air pollution regulatory
agencies assume that the emissions from powder coating operations are essentially zero; therefore,
operators are usually not required to measure or record their emissions. Facility personnel should
consult the regulations for their areafor applicable regulations

Benefits of Powder Coatings

The act of applying powder coatings does not contribute to air, water, or hazardous waste pollution.
VOC emissions are essential zero.

Clean-up efforts are minimal, benefiting both pollution prevention and time and materials resources.

Limitations of Powder Coatings

The substrate has to be completely clean before powder coating, therefore introducing the wastes
associated with degreasing, cleaning, and etching.

The stripping of powder coating from hooks and rejected parts produces pollution.
The curing process emits vapors, at 0.5 to 5.0 percent by weight, of the powder coating.

Water-Borne Coatings

The term "water-borne" describes coatings in which the predominant solvent is water. Organic
solvents (VOCs) are also used but, for the most part, their concentration is small. In many formulations the
ratio between the amount of water and organic solvent is 80:20.

The organic solvents, often referred to as co-solvents, enhance the formulation of the coating film,
especially during the drying process when the water is evaporating from the deposited coating. As resin
manufacturers develop new resin technologies, they are reducing the amount of co-solvent required to form
the film. Currently, new formulations exist that contain no co-solvents, and consequently have zero VOCs.
Manufacturers do not yet have a long-term performance history; therefore, most end-users generally consider
the more conventional water-borne coatings.

When dealing with water-borne coatings, the end-users must thoroughly understand the terminol ogy
most regulations use. For instance, 1.0 gallon of a water-borne coating contains many ingredients. the resin
(or binder), pigments, extender pigments, coalescing agents, a small quantity of co-solvents, and usually a
fairly substantial amount of water. The volatile portion of the coating comprises the co-solvents and water.
In a gallon can, the co-solvents, which are considered to be the VOCs, may account for less than 1.0 pound.
In other words, the VOC content of the coating may only be 1.0 pound/gallon. The VOC regulations,
however, require that the VOC content of the coating be calculated as if no water were in the coating.
Depending on the coating formulation, the VOC content, less water, may be considerably higher, such as 2.0
pounds/gallon or more.

The classification of water-borne coatings is further sub-divided into the following categories.

Water-Borne Air/Force Dry Alkyds, Acrylics, Acrylic-Epoxy Hybrids — are the most common type of
water-borne coatings for metals, which air- or force-dry at temperatures below 194°F. Water-
reducible, or water thinnable, alkyds and modified alkyds are modified polyesters that have high acid
values and employ special chemical blocking agents such as carboxylic acid functionalities.
Although alkyds and modified alkyds may take longer to dry, the resulting coatings have gloss, flow,
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and leveling properties similar to their solvent-borne counterparts. The acrylic latexes include other
polymers such as vinyl acrylic and styrene acrylic. The resins are high molecular weight polymers
dispersed as discrete particles in water. Acrylic latexes are known for their good exterior durability
and ecellent resistance to ultraviolet (UV) degradation. In outdoor exposure, they retain their
original gloss and color over long periods. Acrylic epoxy hybrids, another type of water-borne
air/force dry akyd, comprise two-or three-package systems in which emulsified epoxies cross-link
with aqueous acrylics. Most acrylic epoxy hybrid formulations are corrosion resistant and can
produce finishes that have very good gloss, hardness, flexibility, alkali, and abrasion resistance.

Unlike conventional solvent-based epoxies, some mixed water-borne coatings have pot-lives of up to
36 hours at reasonable ambient temperatures.

Water-Borne Epoxy Water Reducible Air/Force Dried Coatings— can be cured at room temperature,
or below 194 °F. Manufacturers supply these coatings as two- or three- package systems. The most
commonly available water-reducible epoxies are formulated as primers complying with military
specifications MIL-P-53030 (lead- and chromate-free) and MIL-P-85582 (containing chromates).
As primers, they are commonly specified for steel weldments, such as automotive chassis, cabs,
truck bodies, military hardware, steel and aluminum frames, cold rolled steel panels and cabinets,
aerospace components, and el ectronic components.

Polyurethane Dispersions — are water-borne systems that can air/force dry at temperatures below
194°F. Essentialy, they are polyurethane lacquers dispersed in water; therefore, as the water
evaporates, the coating film forms. No other curing mechanisms take place. Polyurethane
dispersions can be useful on metal parts, much like the conventional two-component polyurethanes,
the primary focus at the present time isin the wood finishing industry.

Water-Borne Baking Finishes: Alkyd, Alkyd-Modified, Acrylic Polyester — cure at elevated
temperatures, usually well above 250 °F. Cross-linking occurs by formulating the basic resin with
aminoplast resins such as melamine formaldehyde. Because of the high temperature-curing
requirement, these coatings are generally not appropriate for heat-sensitive substrates, such as
plastics. Formulations are available that satisfy 3.0 Ib./gal (360 g/L), less water, with some below
the 2.3 Ib./gal (275 g/L) levels. The VOCs including water are in the 1.5 to 2.0 Ib./gal (180 to 240
g/L) range. Compared with their air-forced dried counterparts, they have higher VOCs on both a
“less water” and “including water” basis. These products exhibit properties such as hardness, mar
and abrasion resistance, and excellent color and gloss retention, even when exposed to sunlight,
chemicals, detergents, and solvents.

Benefits of Water-Borne Coatings

Low VOC, RACT compliant, coating.

Can be spray applied with standard equipment.

Low fire hazard due to high water content.

Generally, have alow toxicity dueto reduced concentrations of organic solvents.

Can clean spray equipment and ancillary equipment with tap water.

Suitable for coating steel, aluminum, galvanizing, plastic, wood, and architectural substrates.
Availablein awiderange of colorsand gloss levels.

Limitations of Water-Borne Coatings

Compared with 2-part polyurethanes or baking water-reducibles, they have poorer exterior durability
and poorer resistance to salt spray, humidity, chemicals, and solvents.

Although the lower concentrations of solventsin their formulations benefit pollution prevention, this
also causes water-borne coatings to be more sensitive to substrate cleanliness than most solvent-
borne coatings.
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Some water-borne epoxy water-reducible air/force dried coatings contain chromates, and therefore
require disposal as hazardous waste.

Solvent-Borne Coatings

Although air pollution agencies actively promote water-borne coatings, all solvent-borne coating

cannot yet be replaced. Some companies will require solvent-borne coatings into the 21% century.
Fortunately, VOC contents are gradually decreasing, viscosities are becoming manageable, and paint
chemists continue work on developing new solvents that are not VOCs, hazardous air pollutants (HAPS), or
ozone depleting compounds (ODCs). These new solvents may offer awide range of new opportunities.
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The classification of solvent-borne coatingsis further sub-divided into the following categories.

Solvent-Borne Alkyds and Modified Alkyds That Air or Force Dry — are basicaly oil-modified
polyesters that form from a reaction between an alcohol and an organic acid. Each combination has
its own distinctive chemical and physical properties. In addition, properties of alkyds such as
hardness, gloss retention, color retention, sunlight resistance, etc.; can be improved by modifying
akyds with other resins. Typical modifications add styrene, vinyl toluene, acrylics, silicone, or
other polymers. Any of these modified products are more commonly known as modified alkyds.

Alkyd Derivative Combinations That Cure By Baking — include high sold alkyds, acrylics, polyesters
oil-free, melamine- and urea-formaldehyde, and phenolics. Unlike the air/force dry akyds, this
group of coatings provides excellent physical and chemical properties. The primary difference is
that cross-linking of the resins takes place when the coating reaches a certain minimum temperature.
For most such coatings, curing takes place at temperatures above 250 °F, but the curing time may be
too long (over 30 minutes) for most production painting facilities. These coatings have properties
similar to water-borne alkyd-type baked coatings. As with the water-borne coatings, these solvent-
borne counterparts are commonly applied to steel shelving, steel racks used in stored and
warehouses, metal office furniture a