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1.0 INTRODUCTION

1.1 Background

Under a contract with the United States Agency for International Development (USAID),
Development Alternatives Incorporated (DAI) is performing an Industrial Wastewater Discharge
Prevention (lWDP) Program in Amman, Jordan. The IWDP Program is one of the four
components of the Water Quality Improvement and Conservation (WQIC) project funded by
USAID. The Program is being performed by DAI with full coordination between the Jordanian
Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber).

The IWDP will be performed in three phases. The first phase requires completion of
eight pollution prevention/waste minimization (PPIWM) opportunity audits by DAI and its sub­
contractors. The second phase requires completion of Feasibility Studies (FS) for four of the
audited facilities. Finally, demonstration projects will be completed for selected FS facilities.

Due to the high cost of waste treatment, as well as the need to minimize waste of raw
materials and resources, it is in the best interest of businesses and industries to minimize their
waste generating practices. Companies with effective PPIWM programs may well be the lowest­
cost producers of goods due to their efficient practices. Waste management practices can
include:

1. Reduce waste generation

• Substitution of less hazardous raw materials in product manufacture
• Alteration of products manufactured to eliminate need for hazardous materials use
• Replacement or upgrading of outdated or inefficient process equipment
• Development of employee training programs to ensure employees efficiently

manage raw materials and resources.

2. Reuse waste materials·prior to disposal

• Reuse of uncontaminated raw materials and resources (including water)
• Reprocessing of previously discarded materials (e.g., off-spec materials, used materials)
• On site recovery of reusable materials (e.g., used solvents, waste heat, scrap).

3. Recycle waste materials

4. Treat wastes and dispose of residues.

These options, in the order presented, represent the waste management hierarchy.

1-1 \



1.2 Objectives

The facility PPIWM audits are designed to assess the potential for pollution prevention
and waste minimization at the study facilities. The goal of each audit is to evaluate and identify
all possible PPIWM, wastewater clean-up, and water conservation techniques that are appropriate
for the study facility. Audit documentation will consist of a background PPIWM assessment
paper and an audit evaluation report. This document is intended to serve as the PPIWM
background paper for the sulfur chemicals processing sector of the chemical manufacturing
industry.

The specific objectives of this audit are as follow:

1. Review general industry background data and identify"state-" =-art" processing
and waste management practices.

2. Work on-site with industry representatives, ministry officials ...:ld other interested
groups to review current processing procedures and identify possible PPIWM
options . ...

3. Develop a report that evaluates all possible PPIWM alternatives and provides
recommendations to the industry.

In order to complete the first objective, a comprehensive literature review was performed.
This review included searches of the U.S. EPA Pollution Prevention Information Clearinghouse
(PPIC) repository (and its corresponding database PIES), on-line library catalog databases,
pollution PPIWM bibliographical references, and personal contacts with pollution prevention
specialists. The review resulted in the identification of numerous references with a range of
very general to very specific PPIWM techniques. Source documents were assessed to determine
their applicability to this project and categorized appropriately. Documents pertinent to this
project are included as Appendix A (Fact Sheets), Appendix B (Case Studies) and Appendix C
(Bibliography). •

Following completion of the literature review, the audit team will perform the on-site
audit of the industrial facility. The audit will be performed with close consultation of industry
representatives to ensure that they are aware of and support proposed actions. Audit activities
will included the careful gathering of baseline water use and waste generation data, identification
and assessment of potential PPIWM options, and solicitation of ideas and proposals from
management and production line staff.

Finally, the audit fmdings will be summarized, and all options evaluated in the audit
report. The audit will recommend the development of a site-specific program that meets the
specific needs and goals of the audited facility. Audit recommendations will include both
technical PPIWM recommendations (e.g., housekeeping practices, treatment options, etc.) and
suggestions for PPIWM training for facility staff and follow-up studies to assess program
successes.

1-2
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2.0 INDUSTRIAL HISTORY

2.1 ~neral

The sulfur chemical industry is involved in the manufacture of a variety of organic and
inorganic chemicals that contain sulfur and sulfur compounds. Sulfur chemicals produced by
this industry group may be sold as raw materials for other manufacturing processes or, for
certain formulations, may be sold as fInished products. One of the major producers and end
users of sulfur compounds is the soap and detergent manufacturing industry. Because the
industry to which this background paper is directed is involved in manufacture of both sulfur
chemicals, soap and detergent additives and builders, and soap and detergent products, this
overview will focus on this specific sector of the industry.

Soaps and cleaning materials have been produced since the earliest recorded history of
mankind; however, modern soap and detergent manufacturing practices trace their history to the
early 1930s. It was during this era that synthetic surface active agents (surfactants) were
developed and introduced to the commercial market. The industry soon developed
polyphosphate detergent builders that allowed synthetic detergents to be substituted for traditional
soap formulations. Due to environmental concerns over the use of polyphosphates, the industry
began conversion to more biodegradable linear benzene sulfonates during the 1960s. Today,
there are a wide variety of soaps and detergents available commercially for all types of
applications. Applications can include; personal hygiene products, laundry detergents, dish
washing detergents and machinery cleaning products (USEPA 1974).

The soap and detergent manufacturing industry most often purchases raw materials such
as caustic, fats and oils and builders from bulk chemical suppliers; however, there are large
scale facilities which produce and control their own raw material supplies. While raw materials
are purchased from bulk suppliers, sulfation and sulfonation are almost always practiced by the
manufacturers.

2.2 The Sulfur Chemicals Manufacturing Industry in Jordan

The Jordan Sulpho Chemicals facility consists of fIve plants. A description of each of
the plants is provided below.

Sulfonic Acid Plant

The plant produces sulfonic acid from sulfur and linear alkaline benzene using a sulfonation
process. The production rate for sulfonic acid is approximately 1 ton per hour yielding 24 tons
per day. The plant also produces linear LSLES.
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Soap Plant

The soap plant produces raw soap granules from palm oil.

Sodium Silicate Plant and Sodium Silicate Dissolvina: Plant

This plant produces sodium silicate from silica, soda ash, and sodium carbonate. The plant
produces approximately 25-30 tons per day of sodium silicate.

The resultant sodium silicate is dissolved using water and steam in the dissolving plant. This
unit is not operated on a continuous basis.

Sodium Thallium Sulfonate Plant

Sodium thallium sulfonate is produced through the reaction of sulfuric acid and thallium. The
production rate is approximately 5 tons per day.

Amides Plant

Amides are produced at this facility using coconut oil, mono ethyl amine and diethyl amine.
The production rate is approximately 5 tons per day.

2-2
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3.0 PROCESS OVERVIEW

The production of organic chemical products involves the chemical reaction of various
raw materials (feedstock), under varying reaction conditions and chemical engineering unit
processes. It is common for a facility in this category to utilize its reaction facilities to produce
several different products simultaneously, and to change its mix of raw materials and products
on a daily, weekly or monthly basis (USEPA 1987).

Synthetic organic chemicals are typically produced by reactions involving naturally
occurring raw materials such as petroleum, natural gas and coal. An industry study performed
in the United States (USEPA 1987) reports that organic chemicals and plastics are produced
commercially from eight major raw material classifications: methane, ethane, propene,
butaneslbutenes, higher aliphatic and aromatic compounds, benzene, toluene and xylene.
Organic chemical manufacturers may use these chemicals directly, or may use intermediate
products produced from these chemicals, as their feedstocks. A diagram of the relationship of
various segments of the organic chemical industry is provided in Exhibit 3-1.

The production and manufacture of an organic chemical product consists of three steps:

1. The combination of reactants under suitable conditions to yield the desired product.

2. The separation of the product fr",m the reaction matrix (e.g., by-products, co-products,
reaction solvents.

3. Final purification and/or disposal of wastewater (USEPA 1987).

The sulfur chemicals industry uses these processes to produce chemical compounds for
a variety of uses. The particular processes applicable to the sulfur chemical industry in Jordan
include: sulfonic acid production, soap and detergent manufacturing, sodium silicate production,
sodium thallium sulfonate pr.oouction and amides production. A description of each of these
processes is provided in the following sections.

3.1 Sulfonic Acid

The group of chemicals referred to as sulfonic acids include acids that are derived from
sulfuric acid by replacement of a hydroxyl group by either an inorganic anion or a univalent
organic radical. Sulfonic acids are, therefore, characterized by the chemical formulae: -S020H
or -SO,H. Where the substitution involves an inorganic ion (e.g., chlorine or fluorine) the
general formula is represented by X-SQOH. Where the substitution involves an organic radical.
the general formula is represented by R-SQOH. The properties of sulfonic acids are affected
significantly by the characteristics of the "R" group. The majority of sulfonic acids, however.
are characterized as strong acids and are generally hygroscopic, nonvolatile, soluble in water and
chemically stable.

3-1
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Feedstock Industries Petrochemic.1 Industries Petrochemic.I·Dependent
Chemic.I Industries

1311
Crude

Petroleum
and Natural Gas

1321
Natural

Gas LiQuids

2869 ....
Acyclics and

Aliphatics

2821
Plastic

Materials

2822
Synthetic
Rubbers

2824
Synthetic

Fibers

2843
Surfactants

3079
__..... Misc. Plastics

ProduCts

2823 Cellulosic Fibers

2831 Biologicals

2833 Medicinals and Botanicals

2834 Pharmaceuticals

2841 Detergents

2842 Polishes

2844 Toiletries

2851 Paints

2S79 Pesticides

2891 Adhesives

2911
Petroleum
RefinlrlQ

2874 Phosphatic Fertilizers

287S Mixed Fertilizers

2892 Explosives

2895 _ ....---------.... 2893 Printing Inks
Carbon
Black

Exhibit 3-1 Relationship of VarioDS Segments of the
Organic Chemicals Manufacturing Industry

(From: U.S. Dept. of Commerce. 1981 U.S. Industrial Outlook.
Bureau of Industrial Economics, Washington, DC. 1981.)
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Sulfonates (salts of sulfonic acids) linked to alkyl, aryl, or alkylaryl hydrophobes are
effective in detergent manufacturing. Sulfonic acids are relatively strong acids and their
associated salts are not generally affected by pH. The alkylbenzenesulfonates (ABS) group are
used widely in soap manufacturing. Produced from alkylbenzenesulfonic acids, these salts are
effective surfactants and are widely used in detergent formulations.

Sulfonates are produced by reactions of sulfuric acid and the inorganic or organic
functional group under prescribed conditions. Alkylbenzenesulfonates are produced by the
reaction of sulfuric acid and linear alkyl-benzene (LAB). In this process the by-product of the
reaction is water (Kirk-Othmer 1983).

3.2 Soaps and Detergents

Soaps are the salts of long chain fatty acids. Sodium, potassium and calcium
are commonly used as the cation in these salts. The surface activity of soaps is the result of the
hydrophilic functional group at one end of the long chain molecule combined with the
hydrophobic group at the other. In solution, these molecules aggregate as micelles which result
in the emulsifying and o'Ispersing characteristics of soaps.

The common raw materials used in soap production are naturally occurring fatty acids
and inorganic alkalies. Fatty acid feedstocks may include the following:

• Tallow - Animal fat rendered from the body fat of cattle and sheep
• Coconut Oil - Extracted from crushed fruit of the coconut palm
• Palm Oil- Extracted from the crushed fruit of the tropical palm tree
• Palm Kernel Oil - Extracted from the nut of the tropical palm tree.

Common alkali used in the manufacturing process include sodium hydroxide and potassium
hydroxide. These chemicals can be used alone or in combination to yield specific characteristics
in the final soap product.

The manufacturing processes used in soap production vary depending on the raw
materials and final products being generated. In general, however, the process includes three
basic steps: saponification, w~hing, and fitting. Saponification involves the mixing and reaction
of the fatty acids and alkali feedstocks in a heated environment. In most processes the alkali is
added slowly during the reaction until the point where it is no longer consumed by the reaction.
The unreacted waste alkali (lye) is then removed from the reaction vessel for washing and
glycerol recovery. Washing involves the series of steps that result in the removal of lye from
the soap product. Fitting is the process where additional impurities are removed, additives are
incorporated and final processing is performed. These manufacturing processes can be
accomplished in very simple open tanks or in large fully automated systems (Kirk-Othmer 1983).

3-3
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3.3 Sodium Silicate

Silicates. in the natural environment and manufactured commercially, are salts composed
of silicon dioxide and an alkali metal. The alkali metal is usually sodium or potassium.
Chemically, sodium silicates are the salts of a strong base and a weak acid. In solution, these
salts form highly alkaline solutions and are useful in the manufacture of soaps and detergents.

Sodium silicates are widely used as soap builders in soap and detergent manufacturing.
In the soap and detergent formulation, sodium silicates act as alkalies and aid in the
saponification of oils and fats due to their alkaline nature and buffering capacity. Silicates are
also effective in controlling the corrosive action of detergents on metallic washing machine parts
and are effective in the sequestering of magnesium hardness ions in solution. Commercially
available silicates are characterized by the ratio of SiQ to Na,O in the silicate molecule. In
detergent formulae, the ratio is typically 2.4: 1.

Sodium silicate is produced commercially through the reaction of quartz sand (silica) and
sodium carbonate (soda ash) at a high temperature. To ensure a high quality glass, the sand and
soda ash should be of high purity. The resultant molten sodium silicate is extremely caustic and
can damage equipment if not handled properly. The molten glass is formed in to lumps for
subsequent dissolving or can be drawn directly into a dissolving unit.

3.4 Sodium Thallium Sulfonate [RESERVED]

3.5 Amides

Fatty acid amides are generally produced by the reaction of a fatty acid with a ammonia
or an amine and have the chemical formula: R-CONHz, where R may be a saturated or
unsaturated alkyl chain derived from a fatty acid. Fatty acid amides are generally insoluble in
water.

Fatty acid amides are produced most commonly by the reaction of a fatty acid with
anhydrous ammonia. These materials are combined and heated under slightly increased pressure
for approximately 10 to 12 hours. During the reaction, ammonia and water are constantly
vented to ensure completion of the reaction. Various materials can be used to catalyze the
reaction including boric acid, and titanium and zinc alkoxides.

3-4
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4.0 WATER USE AND WASTE GENERATION IN THE
CHEMICAL MANUFACTURING INDUSTRY

The variety of raw materials, reaction processes, intermediates and final products
manufactured by the chemical industry results in an equally diverse inventory of wastes
generated by these processes. Pollutants generated by the organic chemicals industry can include
pH, Biochemical Oxygen Demand (BOD), Suspended Solids (TSS) , oil and grease, a wide
variety of toxic organic compounds and toxic metals. For the inorganic chemicals manufacturing
industry, pollutants generated can include, pH, suspended solids, nutrients, and a wide variety
of toxic inorganic compounds (including metals) (USEPA 1987, USEPA 1980).

Both organic and inorganic chemicals manufacturing use large volumes of water during
production processes. Water is used for cooling reaction vessels, as a blending agent or carrier
for raw materials, intermediates, and final products, and as a component in chemical reactions.
Water is also used in large volumes at inany facilities for cleaning reaction vessels and
production areas and for removal of airborne materials (scrubbers). A more comprehensive
description of water use and waste generation for the chemicals industry, in general, and the
sulfur chemicals industry, in particular, is provided in Sections 4.1 and 4.2, below.

4.1 Water Use

Water use and wastewater generation are reported by USEPA (1987) to occur primarily
in the following areas at an organic chemical manufacturing facility:

•

•

•

•

Direct and indirect contact process water - Uses include the direct use of water as the
reaction medium for the chemical process and indirect contact through vacuum jets or
sprays to recover solvents and volatile organics from the reaction vessel.

Contact and non-contact coolin~ water -.Cooling of reactors, distillation units and other
equipment results in tqe highest volume"of water use at chemical manufacturing facilities.
Contact cooling water is usually directly integrated in the reaction process, such as in a
barometric condenser. Non-contact cooling water does not come into direct contact with
process chemicals, and is generally uncontaminated.

Utilities. maintenance and housekeepin~ - Ancillary water uses at chemical manufacturers
can also consume significant quantities of water. Uses include cleaning of reactors and
conduits, process area washdown, and flushing of tanks and storage vessels.

Waters from air pollution equipment such as Venturi scrubbers - Many organic chemicals
manufacturers generate significant volumes of airborne contaminants. Scrubbers used
to remove these airborne pollutants utilize large volumes of water.
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Although inorganic chemicals manufacturers utilize significantly different raw materials and
processes to produce their chemical products, the areas of water use are quite similar to those
in the organic chemicals industry.

Water is used extensively in the sulfur chemicals and soap and detergent manufacturing
industries. In a comprehensive review of the soap and detergent manufacturing industry in the
United States, USEPA (1974) identified water use practices for the following industry processes:

Soap Manufacture:

Steam is widely used in the heating and processing of fats; thus, cooling water is required
for $is process. In the kettle batch process, water use and discharge may range from 623 to
2080 1/kkg. Wastewater can be generated from leaks, spills, and rainwater runoff from
processing areas. Wastewaters are also generated by the fat skimmers during the manufacturing
process. Depending on the process used, a wastestream may also be generated by the
saponification process through the sewering of waste nigre.

If a facility practices waste soap reclaiming, an additional wastestream referred to as
"sewer lyes" may also be generated. Sewer lyes are usually low volume; however, they contain
higWy concentrated pollutants.

Where soaps are manufactured by the fatty acid neutralization process, there is little or
no wastewater produced.

Fatty Acid Manufacture:

In the United States, USEPA determined that the majority of water used for fatty acid
splitting was recycled. The small amount of water discharged results from blowdown from the
cooling system and generates flows in the range of 3.2 to 12.61/sec. The other main source of
waste water from this process is generated in the processing of still bottoms. The flow from this
process is low; however the \Ya5testream is higWy concentrated.

Glycerine Recovery:

The crude glycerines generated during the soap manufacturing process contain
approximately 90 percent water. The majority of wastewater generated by this process comes
from the cooling water condensers. Where recycling is practiced, water use is relatively low;
however, without recycling, flows may approach 1,000,000 l/kkg of glycerine produced.
Smaller flows are also generated by still washout, steam generation, and ion exchange media
regeneration.

4-2
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Oleum Sulfonation and Sulfation:

The processes of sulfonation and sulfation are used to manufacture synthetic detergents
from akylbenzenes, fatty alcohols, and alcohol ethoxylates. These manufacturing processes
generate no process wastewater; however, water is used for clean-up and wastewater and may
be generated by leaks and spills.

Spray Dried Detergents:

Cooling water is not used for this process. The majority of the wastewater generated by
this process is from clean-up activities. In particular, if scrubbers are used to remove organic­
contaminants from the spray tower vent gasses, large volumes of scrubber water will be
generated.

4.2 Waste Generation

Wastewaters generated at organic chemicals manufacturing facilities are somewhat more
easily classified than those at inorganic chemicals manufacturing facilities due to the common
feedstocks and processes. The pollutants introduced by inorganic chemicals manufacturers are
directly related to the specific raw materials and processes utilized by a given facility. It is,
therefore, beyond the scope of this paper to include an a comprehensive inventory of the types
of wastes generated by the inorganic chemicals industry segment; thus, the majority of this
section of the background paper will focus on the organic chemical industry.

The types of pollutants generated by an organic chemical manufacturer can be grouped
into three general categories, and several additional subcategories as follow:

•

•

Conventional Pollutants (Treatable by cC?nventional biological methods)

Biochemical Oxygen Demand (BOD)
Total Suspended Solids (TSS)
.pH
Chemical Oxygen Demand (COD)
Total Organic Carbon (TOC)
Oil and grease.

Toxic Pollutants (Requiring specific physical, chemical or biological treatment)

• Toxic Organic Pollutants
Wide variety of pollutants related to raw materials, intermediates, reaction
media, and final products.

• Toxic Inorganic Pollutants
Metallic elements and compounds related to raw materials, intermediates,
reaction media, and final products.
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• Non-Conventional Pollutants (Not highly toxic, but requiring special treatment)

Nutrients (e.g., nitrogen, phosphorus)
Sulfur Compounds
Chlorides

The sulfur chemicals and soaps and detergents industries generate wastewaters that
contain primarily conventional and non-conventional pollutants. In particular, process
wastestreams, contact cooling water, leaks, spills, and cleaning activities introduce raw
materials, intermediates, and fInal product, lost through processing and clean-up, to the
wastestreams. Production processes typically result in wastewaters that have high alkalinity,
high suspended solids, high salt, and high oxygen demand, as well as fats ::m oils, surfactants
and foaming agents. In addition to these parameters, the pH of the wastestreams can vary
widely due to large volumes of acids and alkali materials used by this industry. USEPA's
survey of the soap and detergent manufacturing industry (USEPA 1974) identifIed specific
pollutants generated by the following processes.

Soap Manufacture:

Pollutants generated by the soap manufacturing processing include; fats and oils (raw
materials); unrecovered sodium chloride, sodium sulfate and sodium hydroxide; and waste soap
materials. These pollutants result in high BOD and COD, high suspended solids, and pH
fluctuations.

Fatty Acid Manufacture:

This manufacturing process generates waste organic material in the form of waste fats
and oils, and unrecovered glycerine, and inorganic wastes such as sodium hydroxide and sodium
sulfate.

Glycerine Recovery:

Pollutants include glycerine and glycerine polymers, sodium chloride and sodium sulfate.

Oleum Sulfonation and Sulfation:

Wastes generated by these processes include waste oils, sulfuric acid, and surfactant
sulfonic acids.

Spray Dried Detergents:

Pollutants include the raw materials used in the production of spray dried detergents such
as LAS, amides, non-ionic and alcohol surfactants, sodium silicates, and other builders and
additives.

4-4
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USEPA reported pollutant concentrations in the wastestreams from the manufacturing
processes in the soap and detergents industry in its 1974 study of this industrial sector. The
findings of this study are presented in Exhibit 4-1.

Pollutant Reported Concentration

Oils and greases 0-3,400 mg/l

Suspended organics 0-30,000 mg/l

Dissolved and colloidal organics 100-12,000 mg/l

Surfactant organics 0-1,700 mg/l

Boron and borates less than 1 mg/l

Phosphates 25-1,000 mg/l

Dissolved inorganics 0-250,000 mg/l

Zinc and barium less than 1 mg/l

Exhibit 4-1 Typical Pollutant Concentrations for
the Soap and Detergent Manufacturing Industry

(From: USEPA. Development Documentfor Soap and Detergent Manufacturing. 1974)

4-5
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5.0 POLLUTION PREVENTION AND WASTE MINIMIZATION
TECHNIQUES USED BY THE

CHEMICAL MANUFACTURING INDUSTRY

Due to the distinctive manufacturing processes at individual chemical facilities, PPIWM
techniques practiced at one facility may not apply to all others. However, there are similarities
in water use practices and types of wastes generated that may allow the sharing of successful
technologies. Since no one set of PPIWM practices will apply to all facilities, decisions
regarding water reuse and PPIWM will depend on site-specific characteristics, as well as well
as water supply and environmental factors. This section, therefore, will present several
alternatives that have proved successful in specific applications.

5.1 Water Conservation and PP/WM Techniques

The wastes generated by chemical manufacturing industries, excluding atmospheric
discharges, are most often directly related to the contamination of the water used at the facility.
It follows, therefore, that water conservation practices and control of water use at a chemical
manufacturing facility will reduce chemical loss and waste generation. In addition to control of
water use, many chemical manufacturers have identified wastestreams that contain unused raw
materials, product, or by-products. Instead of discharging these materials as wastes, prudent
companies have developed techniques for further processing and recovery of these former waste
materials.

As noted in Section 4, many of the wastes generated by the chemicals manufacturing
industry can be highly toxic to humans and wildlife. To address the reduction of discharges
containing these toxic materials, a facility may wish to consider raw material or product
substitution. The literature cites many examples of facilities that have found less toxic
substitutes for existing chemical reagents. Examples are also provided of facilities that have
identified less hazardous processes for producing equivalent final products.

For the organic chemicals industry, USEPA (1987) notes that the following water
conservation techniques have been utilized:

•
•
•

•
•
•

Recovery and reuse of steam condensates and process condensates
Process modifications to recover more product solvents
Effective control of cooling tower treatment and blowdown to optimize cycles of
concentration
Elimination of contact cooling for off-vapors
Monitoring of water uses and prompt attention to faulty equipment, leaks, etc.
Installation of automatic monitoring and alarm systems on in plant discharges.

These techniques may prove useful in conserving water and in minimizing pollutant losses to the
wastestream.

5-1
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Pollution prevention and waste minimization at sulfur chemicals and soap and detergent
manufacturing facilities is directly related to control of water use and wastewater generation.
Studies of this industry sector have determined that significant reduction in pollutant loadings
oan be achieved through efficient water use. In addition, many materials ordinarily discharged
in soap and detergent manufacturing wastewater can be effectively recovered as saleable products
(USEPA 1974).

In addition to the specific practices noted below, all chemical industries should perform
complete water balances. Due the age and complexity of many manufacturing facilities,
plumbing and piping diagrams are often incomplete. A complete and comprehensive inventory
and assessment of water use and disposal, therefore, is a critical first step in any PPIWM effort.
Many inefficient water use practices, and opportunities for potential recycling can be identified
through these studies.

In its evaluation of this industrial sector, USEPA grouped PPIWM techniques in three
broad categories based on the source of the pollutant introduction: 1) impurities removal; 2) by­
product/degradation product control; and 3) dilute product from cleanouts, leaks and spills. The
following PPIWM techniques, organized by pollutant source, have been demonstrated
successfully by this industry:

Impurities Removal

In many applications, the barometric condensers can be replaced by surface condensers
that can reduce water use by several orders of magnitude and reduce the amount of organic
contamination by up to 80 percent.

Alternatively, the operation of barometric condensers can be modified for more efficient
operation. If water from the barometric condensers is recycled through fat skimmers, organic
material ordinarily discharged from these processes can be recovered and reclaimed. Reductions
in waste of raw materials can -be expected in the range of 75 percent. The removal efficiency
of the oil and grease removaf can, also be enhanced by the installation of chemically assisted
flocculation systems.

Glycerine removal can also be achieved by installation of surface condensers and vacuum
extraction equipment. While this the initial capital cost for this type of system is high, glycerine
recovery of up to 90 percent can be achieved. The pay back period for this system is reported
to be approximately 10 years.

By-product/degradation Product Control

Where batch kettle soap making is practiced, the waste nigre can be recovered and
reclaimed for products such as pet soap or industrial lubricants. The capital costs would include
construction of an accumulator tank for material storage and treatment for fat recovery. These
systems can achieve a reduction in raw waste load of 75 to 80 percent.
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The degradation of product in the sulfonation process can result in a large volume
wastestream. This problem occurs in all sulfonation processes; however, it is more serious in
smaller volume operations. Installation of a batch countercurrent process with enhanced
agitation for improved heat transfer and improved mixing can reduce waste generation. Costs
are reportedly minimal for these systems.

Dilute Product from Cleanouts. Leaks and Spills

In the manufacture of liquid detergents, large volumes of water are used to clean reaction
tanks and feedlines during product changeover and cleanup operations. Substituting "dry"
cleaning operations can significantly reduce water use and waste generation. For example, air
or steam can be used instead of water to empty feed lines. It may also be possible to
reconfigure plumbing to utilize relatively uncontaminated wastestreams.

Facilities that operate detergent spray towers can minimize water use by utilizing water
recycling practices. One possible arrangement involves the use of vent gas scrubber streams in
series. The more contaminated streams from the "first stage" scrubber can be recycled to the
crutcher and the less co'lltaminated second stage wastestream would be cooled and returned to
the first stage scrubber. Capital costs are reportedly moderate and raw wastes can be reduced
up to 65 percent.

Many additional PPIWM techniques have been reported in the literature for specific
chemical industry applications. A recent publication by Dorfman, et al., (1992) provides over
100 PPIWM techniques practiced by organic and inorganic chemicals manufacturers in the
United States. While not all of these examples will apply to this industrial sector, certain
technologies may provide ideas or inspiration for additional applications. Excerpts from this
document (reprinted by permission from the author), as well as case studies from several other
literature sources, are provided in Appendix B of this paper.

5.2 Effluent Control and Treatment Technologies

Treatment technologies for the chemical manufacturing industry vary widely depending
on the type of waste being treated. A complete review of the types of technologies used by the
industry is, therefore, beyond the scope of this paper. A brief overview of the general types of
technologies, however, is provided to identify commonly used processes. Processes utilized by
the industry consist of physical/chemical in-plant controls, and "end-of-pipe" physical/chemical
and/or biological treatment units (USEPA 1987, USEPA 1980). Treatment processes described
jn USEPA chemical industry studies are provided below.

Chemical manufacturing facilities often utilize physical/chemical "in-plant" control
technologies. These operations are designed to recover products or solvents, to reduce pollutant
loadings on subsequent biological treatment units and to remove pollutants that subsequent
treatment may be unable to adequately treat. In plant treatment can include:

5-3

, I
\, .v::;



• Process modifications
• Addition of control instrumentation
• Installation of solvent recovery units
• Water control and reuse technologies (See Section 5-1)

End of pipe treatment technologies include physical, chemical and or biological treatment
units. Treatment for the organic chemicals industry typically consists of a combination of
primary (neutralization and settling), secondary (biological high-rate aeration and clarification),
polishing, and/or tertiary (polishing ponds, fIltration, or carbon adsorption) operations. End of
pipe treatment for inorganic chemicals manufacturers is designed specifically to remove the
pollutants generated at a given facility. Treatment generally consists of physical and chemical
unit operations such as: primary settling and neutralization, chemical precipitation and
clarification, ion exchange, and fIltration. Depending on the products and raw materials used
at facility, other more chemical specific treatment units may be utilized on a site-specific basis.

The sulfur chemicals and soap and detergent manufacturing industry generally utilize well
established physical, chemical and biological treatment systems for pollutant control. As
described in Section 4 of this paper, the majority of the pollutants generated by this industrial
sector are not highly toxic and can be treated by relatively uncomplicated treatment technologies.
A list of the treatment processes commonly used for removal of various pollutants is provided
in Exhibit 5-1.

The treatment and removal of free and emulsified oils and greases is typically
accomplished by gravity separation, physical fJ.1tration and/or floatation. These treatment
processes may be used alone or in combination depending on the nature of the oils and greases
to be treated and the strength of the wastestream. Where oils are highly dispersed, or where
organic solvents are present, activated carbon fIlters may also be used. The removal efficiency
of these systems is provided in Exhibit 5-2.

Suspended solids may be removed through' coagulation and settling and/or mixed media
filtration. These types of treatment sy~tems ..are highly effective on the suspended solids
generated by the soap and detergeD:t manufacturing processes. Typical removals are provided
in Exhibit 5-2.

Suspended and dissolved biodegradable organics are effectively removed using biological
treatment systems such as aerated lagoons, activated sludge basins, contact stabilization and/or
trickling fJ.1ters. Since most organic contaminants generated by facilities in this category are
biodegradable, these types of systems are frequently utilized. Where organic contaminants are
not readily biodegradable, carbon adsorption systems may be utilized. These systems may use
activated carbon towers, or may add powdered carbon to the wastestream for subsequent
removal. The efficiency of these treatment units in treating wastes from this industry are
provided in Exhibit 5-2.
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P91lgt;ans· Treatment.

Free and emulsified 1. Gravity separation
oil. and grea••• 2. Coagulation and sedimentation

3. Carbon ad.orption
4. Mixed media filtration
5. Flota~ion

su.pended Solid. 1. Plain sedimentation
2. CoagUlation-sedimentation
3. Mixed media filtration

Di.per.ed organic. 1. Bioconversion
2. Carbon ad.orption

Dis.olved Solid, 1. Rever,e 0'1n08i8
(Inorganic) 2. Ion exchange

3. Sedimentation
Il. Evaporation

Unacceptable Acidity
or Alkalinity 1. Neutralization

Sludge ob1:ained from 1. Diqertion
or produced in 2. Incineration
proc... 3. Laqooning

4. Thickening
5. Cenuifuqing
6.• Wft oxidation
7. Vacuu. filtration

Exhibit 5-1 Treatment Methods Used by the Soap and Detergent Manufacturing Industry
(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)
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fOllU1:1Dt and tlt1;hod Efficiency (Percen1;.g. of Pollu~ R• .aved

oil ,nd Gre",
API 1;ype separ,1;ion Up to 90 percent of free oils ,nd gr••••••

vari,ble on emulsifi.d oil.

carbon adsorption Up 1;0 95 percent of both free and
emulsified oils.

Flotation Wi1;hout the addition of solid
phas., ,lum or iron, 10-80 percen1; of
both free and e.ulsified oil.
With 1ib. addition of cheMic.l.,
90 percent

Mixed Itedi, fil1;ration Up to 95 percent of free oils. Effi­
ciency in reaoving eMUlsified
011s unknown.

coaqul'tion-sedilllent.ation
vit:h iron, ,lull or solid
phase (bentoni1;., etc.»

Syspsoded soli~,

Mixed media filtrat.ion

COagul'tion-sedimentat.ion

Up to 95 percent of free oil. Up to
90 percent. of emulsified oil.

10-80 percent.

50-80 percen1;

Chemical augen DeMDd

-60-95 percen1; or more

Up to 90 percentcarbon adsorption

Residual susPended Solid,

Sand or Ilixed media filtration 50-95 percent

Bioconversions (vi1ib fin,l
clarifier)

Pissolved Solids

Ion exchange or reverse 081108is Up to 99 p4trcent

Exhibit 5-2 Relative Efficiency of Several Methods Used to Remove Pollutants
(From: USEPA. Development Document for Soap and Detergent Manufacturing. 1974)
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As indicated in the discussion of industry processes in Section 3, the sulfur chemicals and
soap and detergent manufacturing industry may operate several very different unit processes
using many raw materials to produce intermediates and fInal products. The treatment systems
for these facilities, therefore, must be tailored to the specifIc unit processes and the types of
wastes generated by each facility. In addition, the proximity of each of the unit processes to
each other may determine whether treatment processes can be centralized, treating a variety of
wastestreams, or whether each wastestream 'will require individual treatment. An example of
an integrated treatment flow sheet for the soap and detergent manufacturing industry is provided
in Exhibit 5-3. While this treatment scheme will not apply to all facilities, it provides a useful
schematic describing the placement and confIguration of the various treatment units.
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Appendix A

Selected PPIWM Fact Sheets for the Chemical Manufacturing Industry

Selected Fact Sheets:

1. "Eliminating Hexavalent Chromium from Cooling Towers." (Source: Board of Public
Works, City of Los Angeles, CA)

2. "Reducing Water Usage with Cooling Towers." (Source: Minnesota Technical
Assistance Program)

3. "Water and Chemicals Reduction for Cooling Towers." (Source: North Carolina
Department of Environment, Health, and Natural Resources)



FACT SHEET
H T 1\1

ofjice
EliminDting Hexavalent Chromium From Cooling Towers

Cooling towers are used by office buildings and manufacturing plants throughout the los Angeles
area to dissipate waste heat from air conditioning, industrial and power generation processes.
Recirculating water transfers thermal energy from the building or industrial process to the
atmosphere. Atmospheric air blown through the coonng tower carries away the heat.

Environmental problems arise when waterescapes from the system in the form of droplets. Such
water droplets carry with them various chemicals that are used in the system. Some of these
chemicals are environmentally harmful. Hexavalent chromium is the one that is of the most
concern and warrants immediate attention.

Hexavalent chromium-based (·chrome-) compounds are among the most efficient and cheapest
corrosion inhibitors available. The trouble Is. hexavalent chromium is a suspected carcinogen,
and is highly toxic. Chrome emissions from cooling towers in the South Coast Air Quality
Management District (SCAQMD) alone could cause as many as 700cancer cases overa70 year
exposure period.

SCAQMD has banned the use of hexavalent chromium water treatment chemicals in open water
circulating systems that are potentially capable of emitting respirable hexavalent chrome. This
prohibition is expected to reduce the risk of cancer cases due to cooling tower emissions to
virtually zero. AdditionallyI elimination of hexavalent chromium-based treatment chemicals will
eliminate the amount of hazardous and toxic wastes discharged through blowdown.

COOLING TOWER DESIGN

Most cooling towers are designed with recirculating water systems to conserve water resources
and reduce coati of purchasing water. Cooting towers generally use open recirculating systems.
although some employclosed systems. Inopen (wet) recirculating systems, warm water is brought
intocontact with air. Cooing take. placethrough evaporation. Asimplified flowdiagramofatypical
open recirculating oooOng towersystem is shown in Figure 1. In closed (dry) recirculating systems,
the warm water and air are separated by a soUd surface. usually steel. which conducts heat from
the warm water to the cooler air. Such systems require very large heat transfer areas. The cost
of constructing such closed recirculating systems is about ten times that of wet drect contact
systems (KirkandOthmer1979). They arethus notconstructed unlessthere is an extreme scarcity
of water. It is the more common open systems that are responsible for hazardous air emissions.

lEV
HAZARDOUS' nmcMATERIALS omcE·1OARO0' 'C&IC IQIKS
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Typical open r.circulating cooling Iystl

Source: Dr.w (1177). Princlpl•• of 'ndUltrl,1 WIt,r Tr'lt""nt

Cooling towers use either forced drafts or natural drafts to circulate water. The forced draft to'
uses fans to move air. The difference in buoyancy of the air column in a very tall stack provil
the driving force in a natural draft tower. Both towers employ a set of louvers and baffles ( cal
the -ralr) over which warm water passes. The internal grid work of the fill material is designee
enhance splashing and film formation in order to give a large water-air interface. Depending
the tower characteristics, air may flow across this cascading liquid or counter current to it. M
cooling towers are equipped with drift eliminators that prevent water bubbles and droplets fre
leaving the waterdistribution portion ofthe tower. several designs are in current use, most of whi
prevent water losses by redirecting the escaping bubbles and ~roplets back into the tower's ba:
(Drew 1977).

WATER LOSS AND COOLING TOWER EMISSIONS

Although water is recirculated in open coofing systems, losses are considerable. They occ
mainly through:

a) eyaporatlQn Intothe exhaust air stream. Evaporation provides for 80 percent of the coolinl
Evaporated water does not contain chemicals, and so Is not environmentally hazardOL
(SCAQMD 1989).

b) COOnn; water blowdgwn. CooIng water blowdown Is a purge stream. which is necessar
to prevent excessive build up of dissolved soUds In the circulating water Inventory. Th\
makeup waterto the cooIng towercontains dissolved solids. WIthout the blowdown, thest
solids would quickly build up to the levels resulting in excessive scaling of heat transfe
IUrfaces. Cooling water blowdown Is treated to remove chrome before being discharged

2
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c) d!i.t1.. Water droplets and bubbles that escape from cooling tower stacks are referred to as
drift. Drift is estimated to be in the range of 0.003%to 0.005% of circulating water (in gpm).
Drift emissions are made up of large and small water droplets and bubbles. Large drops
and bubbles are relatively heavy and may settle or condense in the vicinity of the cooling
towers. Small bubbles and droplets travel further and can find their way into the human
respiratory system. It is such respirable emissions that present adanger to human health
and the environmen1.

THE NEED FOR COOLING WATER TREATMENT

Circulating water chemical treatment is practiced to control sealing, erosion, corrosion and
biological growth within the cooling towers, heat transfer units and associated piping. These
phenomena are caused by dissolved and suspended solids and nutrients that promote the growth
of microorganisms in the circulating water.

scaling and fouling of heat exchange surfaces drastically reduce the heat transfer efficiency.
resulting in sharp rises in energy transfer costs. Deposition of seale in heat exchanger tubes, on
fill and in drift eliminator ports results in clogging. higher pressure drops and alteration of fluid flow
characteristics. This can lead to frequent shutdowns and increases in the generation of system.
cleaning wastes. maintenance and operating costs. Aeration of water in the cooling tower
generates a highly corrosive environment for the tower components and associated equipment in
contact with the water. Excessive corrosion causes adcfrtional maintenance and premature
replacements of capital equipment. These operational problems cannot be controlled unless
corrosion inhibitors. antiscalants. antifoulants. dispersants, surfactants, biocides and pH control
chemicals are added to the circulating water (Table 1).

Table 1

Water Quality Problem. and POI.U.le Chemical Treatment

Problema

Corrosion

Scaling

Fouling

BiOlogic.l
Growth

Chemical Addltlvel Employed To Solve The Problem

Chromate, Zinc, Molybdate, SIlicate, PoIyphoaphate,
• Aromatic azo1e, carboxylate.

POlypho.phate., Polyester, Phosphatl.,
Polyacrytate•.

Polye.ter, Pho.phat..,Polyacrytate., ftOfHOOdiZing
biocide•.
Non-oxidizing biocide., Chlorine, Bromine.

Chromate compounds are among the most efficient and cheapest corrosion inhibitors available.
However, they are highly toxic and suspected to cause cancer in human beings. Hence th,ey must
be replaced with non-chrornate-based chemicals. Some that have proved useful are pol­
yphosphates, organophosphates, zinc, molybdates and. aromatic azoles. Unlike chromate
inhibitors, these substitutes perform wen only underspecificconditions. Thisdsadvantage can be
overcome by employing blends of two or more Inhibitors that can take advantage of the strengths
of each. Table 2 compares the performance of some of the.. blends to that of a chromate-zinc
blend. Note that while the Chromate-zinc combination offers the best corrosion inhibition in most
cases, other blends are close. To obtain the best results, several blends must be tested (for a
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specific water quality) and the one that best satisfies all performance requirements she
chosen.

Table 2

~ of 8everallnhlbltor lie'" (lllOU 8ftd Soeder ,''')

Trntment chemical bIend8' COIl_ntrMlon UlCW'
(mgJI)

•.0 2.1
3.' 1.3
1.2 1.'

42.0 2.0
1.2 2.1
0.' 1.4

t mill Of mid ..... per,..,.
J MMd on ..OpIiM.-yClWm·CI' ....
I LDw IonIo ItrWIgIft COIrDlNa water.
, High ionic~ "OIIIMwater.
s High'ionIc 1II'engI\....WIIM.

USCW

.,..,
14
321.,
21
15
72

au
o.,..,

HIICW

".00.,.5
aoo
100
100
100

20
20

1110
4.,
'.4

HllAW

1.N.5
300
100
210
15
20

120
1100
+1.1

U

Non-chromat. chernlcall may hay. lOme adv.rse Impacts on the environment. For examp
while zinc basad chemicaIa .,. not particularty dang.rous to humans, they .... highly toxic
marine Ife. Slmllrly, phosphat_ discharged Into lakes and ponds may cause excessiv. a~
growth leading to IUtrOphIcation problems. But In comparison to the highly toxic chroml
Inhibitors, the lUbltltute chemlcall are Nlatlvely Innocuoul and do not present the Ian
environmental problemathat chromatel do. Neverthelea, thllmpact of IUbstitut. chemicals (
the environment must be carefully analyzed before actually using them.

It II .ncouraglng to note that before the Rule went Into effect, 85% ofthl cooing towe,. op8ratln
In the South Coast Nr QuaIty Management DIstrict had already changed to non-chromat
systems. The remaining 15%, however, hay. the potential to cause u many as 700 cancercas.
In the years ahead If they are not modfitd (SCAQMD).
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ECONOMIC CONSIDERATIONS

No major modifications to the cooling tower are required for changing from chrome to non-chrome
systems although new test kits for analyzing and sampling will have to be used. Non-chrome
chemicals, such u phosphates, react with metal surfaces and tend to remove existing chrome
coatings from metal parts. This can lead to severe localized pitting. Therefore existing chrome
coatings on cooling tower and downstream components must be completely removed before
chromate systemswithcooling capacities of500 and3000tons (T) are shown in Table 3. The costs
shown in Table 3 Include capital and maintenance costs, but do not include regulatory and
operating costs. The capital cost includes new equipment and shonened life of towers using non­
chromate chemicals. Non-chromate treatment costs can significantly vary depending upon the
type of treatment used. The treatment costs shown in the table are average values and can vary
asmuch as:50%. Presently, non-chromatechemical treatmentcostsare far more expensive than
chromate treatmentcosts. However, with the increasedconsumption of non-chromate chemicals.
the cost is bound to reduce significantly.

Tabl.3

Coat Eatimat•• •

Chromm. Non-chromm.

Tow.r 1ft in y••rs­
Cooling Lo.d In toni en
Tower COlt In S/yr
Tr.atment coat In S/yr
Malnt.nance colt In $/yr

Total annual coat

20
500

3500
1000
1SOO

1000

3000
18000
1000
8000

33000 11100

15
3000

22000
30000
13000

15000

:.Doll not Include down str.am piping and .quipment (Iuch u coolers).
Sourc.: SCAQMO 188;.

OTHER OPTIONS

CUrr8ntly,.the best possible aoIutJon to the chromate problems appears to be replacement with
non-chromate chernicala. However, in view of the potential hazards of many of the allernate
chemicals, It may be wi.. to IUminale or reduce the .mlssion of any treatment chemicals into the
environment. ThII could be 8CCOmpDshed by :

.) Makeup water prttrlatmtnt. Pretreatment of makeup water to cooing towers reduces the
chemical treatment requirements for scale and corrosion control and can increase the
number of times cooing wat.r may be recycled before blowdown. Pretreatment reduces
dissolved solids In the makeup water thrOugh precipitation and ftocculation, softening and
Ion-exchange. Suspended IODds are removed by clarification and filtration. Pretreatment
may not be economical for ·comfort' cooIng towe,. (those used in office building air
concltioning systems) but is advantageous for large industrial cooIng towers.
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b) using jnert cQnstructjQn matenals, Polyethylene (PE) and stainless steel (55) are rela
nQn-reactive compared to carbQn steel. TherefQre PE and 55 tQwers would re
relatively lesser quantities of scale and corrosiQn inhibitors.

c) increasing tbe heat and mass transfer efficiency Qf cQQling tQwers, Efficiency ca
enhanced by improving the design of cooling towers. One example is to avoid de!
where sunlight can shine directly on the water; adding to the cooling load and prom(
biological growth. Increasing the efficiency will result in the usage of smaller towers
need less treatment chemicals.

d) increasing the efficiency Qf pQllutiQn contrQI devices, Cooling tower emissiQns mal
reduced by installing high efficiency drift (HED) eliminators (such as waveform
advanced interlaced monofilament eliminators) claim to reduce drift by 80%. Howe
even these eliminators are not capable of capturing most of the smaller respirable drQp
and bubbles, which are the main source of health concerns.

e) use Qf wet-dry forced draft coQling towers cwoen, In this type of tower, a dry coo
section is added to a conventional evaporative cooling tower. WDCT's combine
advantages of lowerconsumption of water and watertreatment chemicals, reduced fog,
problems in winter, and economical cooling during summer. WDCrs are larger in size c
cost about 25%to 100% more than wet forced draft cooling towers. The economics of us
such systems largely depends on the geographic location of the cooling tower, and may
be a viable alternative in the case of comfort cooling towers.

REGULATORY CONSIDERATIONS

The SCAQMD has declared Rule 1404 to be effective starting January 1st 1990. This n
prohibits the use of hexavalent chrome-containing water treatment chemicals in open circulati
waters of cooling towers. According to the rule. the concentration of hexavalent chrome in t
cooling tower water of non-wooden towers is not to exceed 0.15 mgJI. The rule also requir
biannual testing of the circulating water and accurate record keeping of test results.

Residual chromate chemicals may slowly desorb from wooden towers that were using chromiL
chemicals in the past. To account for this phenomenon. the law allows chrome concentratiol
up to 8 mgll in wooden tower circulating waters until July 1st 1990. Thereafter. wooden towe
must also comply with the 0.15 mgII chrome concentration limit. The chromium chemicals can t
desorbed quickJy from the wooden towers using high pressure water flushing in combination wii
alkali/acid treatment techniques. Cooling tower chemical treatment suppfiers cJajm that aft.
appropriate treatment, the chromium concentration in the replaced systems can be reduced t
less than 0.15 mgII in less than six months (Atwater. 1990).

In addition to SCAOMD, other regulatory agencies such as EPA, Bureau of Sanitation ani
Occupational Health and Safety Administration (OSHA) can regulate use of various consumE
and industrial hazardous chemicals. For example, cooling tower operators require Nationc
Pollution Discharge and Efimination System (N~DES) and Industrial Waste Waterpermits befon
discharging cooling tower blowdown.

•
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DISPOSAL OF HEXAVALENT CHROMIUM-BEARING WATERS

Hexavalent chromium bearing recirculating waters and cooling tower sludges must be disposed
of appropriately before changing to non-chromium based systems. Recirculating waters are
currently disposed of in the same way as blowdown, by mixing with other building sanitary sewer
waters. However, permission must be obtained from the local sanitation distrid before disposing
of recirculating waters in this way. While disposing the chromium bearing recirculating water into
the sanitary sewer, care must be taken not to exceed the hydraulic loading capacity of the existing
sewer system and the discharge chromium concentrations permitted by the local sanitation
distrid. Sludge that has collected in the cooling towerbasin while operating the chromium system
must be analyZed for chromium-concentrations. If the concentrations exceed State of Federal
toxicity criteria, the sludge must be disposed of appropriately as a hazardous waste.

CONCLUSION

Open recirculating cooling towers emit droplets of water into the air that carry chemicals used for
treating recirculating waters along with them. Treatment is performed to control scaling, erosion,
corrosion and biological growth within the cooling tower, heattransferunits and associated piping.
Hexavalent chromium based treatment chemicals have traditionally been used for this purpose
because they are the most efficient and cheapest among commercially available treatment
chemicals. But the problem is, hexavalent chromium is a suspected carcinogen. Chrome
emissions from cooling towers in the SCAQMD alone could cause as many as 700 cancer cases
over a 70 year exposure period.

In view of the environmentally harmful effeds, SCAQMD has banned the use of hexavalent
chromium based chemicals in open recirculating cooling towers. The ban is effective starting
January 1st 1990. Many other alternates to hexavalent chromium based chemicals are
commercially available. These produdS are currently comparatively expensive and somewhat
less effedive than chromium chemicals. With the increasedconsumption ofnon-chromate based
treatment chemicals, however, the cost of such treatment is bound to be reduced.
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ADOmONAL PUBLICATIONS

Slveral artlclu on vdMII aspects of cooling tower
chemical trutment hive bien published by the
Cooling Tower ......... Abl)llography and price
1st of an thlll pIpIII" available tom the
coqlng tower instil. PHONE: (713) 58$04087.

FURTHER INFORIIAT1ON

For more regulatory information on Rull 1404
contact :
South Coast AJr Quality llanlgernent DIstrict Board
(SCAQUD)
PHONE : (818) 572-6200
ClllfomJa D Resources Board (CARB)
PHONE: (11&) 322-8521.

City of Los Ang....
Board of Public Works
Hazardous and Toxic IIatIrIaII 0t0ce
200 N. Spring StrHt, Room S53
Los Angele'. CdfomIa 10012

IIli li8 ift

FURTHER INFORUATION

For further information and assistance or
quest additional pubUeatlons please com
HTM Offici at:

City of Los Angeles
Board of Public Works
Hazardous and Toxic Materials Office
200 N. Spring Street, Room 353
Los Angeles. carlfomia 90012
(213) 237-1209

.1'heBoardOf PublIcWorksHazardous and 1
'h,:Materiall Offici was established by the Los

gel..ely COUncIIn 1_. 'The purpose 01
•..•. program litopromOte the Natlonalpolicyof I

,-::,m1zing hIzIrdouI'Wllte generation and en,
;:.\iclywlde compIancI with hazardous mate
.tanctwast. rlCJ'hrneru.TechnIcaI assista
(:;':':.provicfIcItDClyllQlnciesand industrythro

'::'{::OIHIte ccnulltlon,'Wormation dlsseminat
,=:':::wWut............·



Heauclng Water Usage With Cooling Towers

• May reduce cooling water usage and wastewater discharge by as rTlJCh as 97% when
contrasted with flow-through systems.

Lim.ited water supplies and rinsing water costs have driven companies to look at water
conservation measures. Cooling towers replace the single use cooling system where water i:

used once to cool and then discharged. Using a cooling tower can have the following benelr.

You may benefit from using a cooling tower if you are using water for cooling in the foHewing Y

• Cooling heavy machines • Molding processes

• Quenching hot metals and other materials • Condensers

• Cooling computers

BENEFITS

• Air conditioning units

BY•~
MnlAP
Minnesota
Technical
Assistance
Program

Box 197 Mayo
UO Deaware St. S.E.
University of Minnesota
Mmneapohs, MN 55455

• May reduce scaling problems on heat transfer systems. particularly where cooling water is

considered hard.

INITIAL CONSIDERATIONS

Twin Ciues: (612) 625-49..9
!nMN: (8001247-0015

The items listed below are to assist you in determining whether you should further expiore th.
possibility of a cooling tower for your company. Keep in mind - - -

MoTAP is supponed with
a state grant to the School
of Public Health, DiVlSlon
of EnVU'Onmental and
Occupauonal Health, at
the Univenlty of
Minnesota.

• The water quality will require checking periodicalty. unless the system is totally
automated.

• Special handling procedures may be required since chemicals used may be toxic or
hazardous.

FACT
SHEET

• Routine maimenance of the system is required. Although automatic comrols add to the
cost of the system. they will reduce the amount of time required for maintenance.

• The payback period maybe as low as 6 months or greater than 5 years.

BACKGROUND

Cooling towers take advantage of the process of evaporation. When water evaporates. the
energy to vaporize the water comes from the water itse'. The energy required to vaporize
water is very high and so only a little water has to be vaporized to cool the water extensively.
Cooling towers take advantage of this natural process of evaporation and the cooling the
evaporation provides.

Towers are designed to expose the maximJm moving water surface to the maxirTlJm flow of ail
for the longest possible period of time. This then increases the tower's cooling ability. Some
towers may have a pressure-spray type water distrbJtlon system while others use mecnanica
devices to force air into contad with the water. Each has advantages and disadvanta~ whic
must be considered in meeting a specific cooling need. Units can be purchased when are
faetory-assermted. and easy to set up ~site. Larger towers may involve fabncallOn :~·slte.

Assistmg Minnesota Busmess m Waste Reducuon
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OPERATION

One of the consequences of water evaporation. is that the solids from the water evaporated are ther
concentrated in the water lett behind. In addition. during the evaporative phase. contaminants form the air
are also washed out into the water. The more eHective the cooling operation, the more effective is the
transter of air contamnarns to the water.

. Controlling the level ot dissolved solids becomes a very impol1ant requirement in operating a cooling
tower satisfactorily. This is done by discharging a percentage of the water continuously ("bloW down") and
replenishing this with relatively pure make-up water and by chemical treatment. "Slowdown" is often
expressed as a percentage of the total water volume of cooling tower or as gallons per minute (gpm). The
diScharge volume is affected by the quality of the incoming water. of the air with which the water comes in
contact, the evaporation rate and the effectiveness of the water treatment chemicals. "Slowdown" or
"bleed off" may also be used to eliminate or reduce water treatment requirements. Maintaining the proper
chemical composition is impol1ant for two reasons: the protection of the equipment itself and the efficient
operation of the system.

Along with the "blowdown: chemicals are added to control scale, corrosion and microbial growth.
Reducing dissolved solids is eHective both in reducing potential for scale build up and corrosion. If scale
builds up. as salts and solids increase and precipitate out on the heat exchange surfaces. the efficiency of
the unit is reduced. Mold, bacteria or fUngus growth can also effect the operating efficiency of the unit.

EaUIPMENT

Needed EQulpm.nt

• A tower, which includes packing material to increase heat transfer rates and a fan to force air past the
water. Metal tower components corrode faster than wood or plastic. Wood towers are more resistant
than metal towers to corrosion and microbial growth. but harsh chemicals may leach out the WOOd's
natural strengthening components. Plastic towers are resistant to acids, bases, salts. rust and
microbial attaCk. Metal towers have an operatiOn life of 12-15 years, while plastic or wood towers may
last 20 years. The prices are roughly comparable. When making price comparisons, make sure the

features and eXpeded life of the CO"1*ed towers are similar.

• A reservoir w~': be needed to prevent fkJctuations in the system and for storing the water at night. If

the system is only used in the summer then the reservoir may be Jocated beneath the tower rather
than inside the building. The water wiU freeze in the winter if it is not indoors. The reservoir size (in

gallons) is~ Itnt times the water rate (in gaVmin). Reservoirs can also be constructed from
wood. metal or pIIItIc.

• A pump will be required to foree the water throughout the s~em. The pressure required to distribute

the water through out the system should be known in order to size the PUrT'4'. Size and length of
piping, and the height that the water rTlJst be raised are also factors that need to be known. A good

distributor will be able to help you find the needed information.
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Optional Eqylpm,nt

• A control panel may be desired for ease of operation. It is usually used when several towers are

connected together and any number of them may be turned on or off depending upon the heating

load at the t'me. One advantage of a control panel is that it centralizes the controls and allows start up

and shut down of any of the towers.

• Automatic controllers that ITI<?nitor the concentration of dissolved solids, pH, and temperature. This

allows tor adjustments in rate of bleed off, or automatic addition of treatment chemicals. Automatic

monitoring and control can contribute to cost savings in chemical usage, and water usage along with

redUCed labOr associated with manual adjUstments and cleaning.

• Fire protection equipment may reduce insurance premiums.

SELECTING A COOUNG TOWER

primary consIderations

• Determine the heat load from the process. This is critical in making certain the cooling tower is

correctly sized. This should be available from the manufacturers of the equipment requiring cooling. If

n~t. it can be obtained by measuring the flow rate, the entrance and the exit te~rature of the

current cooling streams at maximum operation.

• Cooling water temperatures must not exceed teJT1)8rature limits for materials in the operation.

Systems can be designed where water which exits from the pIOCess has a temperature of 950 F or

greater than 1400 F. Will14()O F be too hot for your proceSS?

• Towers in Minnesota are designed to cool water to 850 during summer heat. A water chiller may be

needed to meet your cooling needS for this period of the year.

• Determine whether additional Structural support is required for mounting a tower on top of a building.

Water Treatmtnt Con.,dtr.tlon.

• High priority should be given to seleding Chemicals that will allOw the cooling water to be discharge

directly to the sanitary or storm sewer without further treatment. While this may raise costs for

treatment to the cooling water, overall it will reduce costs.

• Select chemicals that wiU work together effectively as one package by WOttUng with one supplier.

Make certain that the physical and chemical characteristics of your companys water have been taken

into consideration.
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• Consider using deionized water for make up as this will lower requirements for chemical treatment anI
may also reduce the rate of "blowdOwn.-

• Consider advantages 0' automatic additions of chemicals. For a small tower, manual addition may be

reasonable. ThiI might simply mean adding a bag 0' chemicals to the reservoir every 'ew months.
However, 'or larger systems, automation is preferred. This means monitoring would occur prior to
addition, thus likely resulting in chemiCal cost savings from unnecessary chemiCal addition.

Other Consld.r'tlon.

• Safety features rrust also be considered. The system should revert to a once through, non·recycling

system when any 0' these occur: blower, 'an or water pump break-down, electricity outage, high
water te"1)erature.

• The tower should be designed to prevent freezing in the winter.

• For a tower with a fan, make certain a mechanism exists to signal if the fan has becOme inbalanced
during operation. This could result in tower damage.

ASSOCIATED COSTS

• At a cost 0' $2.80/1 000 gallons (water and sewer cost in the MlnneapoUs-St. Paul area), reduCing
water usage by just 2 gallon per minute can save approximately $2500 per year.

• A cost estimate for a small tower (5-10 gpm capacitY) ranges frem $3300-$8000.

• A cost estimate for a large tower (over 200 gpm capacity) ranges trem $15,000-$42,000.

The 'ollowing resources are acknoWledged for much of the information included in the development 0'
this fact sheet. Should you want more information, either ot these resources are available trem our
office.

Cooling To« Ful'l1lrnema'l edited by John HenSley, The Marley Coonng Tower COrT1)any,
Mission, Kansas. ~. ..... ..: '__ •

Water and Chernjcal Bedyctjon 'orCOOUog Towers, Poliution'Prevention Pays Program. N.C. Dept.

ot Natural Resources and CornmJDity Development.
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POLLUTIONPREVENTION TIPS

WATER AND CHEMICALS REDUCTION FOR COOLING TOWERS

Are you pouring money down the drain? Are you operating a
cooling tower in the once-through mode or relying on manual
control of air-conditioner bleed-off rates? This may result in
undue expenses in the form of unnecessary chemical, energy,
labor, and water costs. A once-through system employs no
conservation practices and is the most expensive alternative in
most instances. The manual bleed/feed approach is at best a
calculated gamble, and it may lead to water pollution or
operational problems. Random manual bleeding of the system to
control the dissolved solids and manual addition of chemicals
does not take into account the variability of the loading on a
system from day to day. Instead the bleed/feed approach is
usually based on "average" conditions. When the loading exceeds
this average an insufficient volume is bled off and the solids
level becomes too high. The converse is true as welli below
average loading results in excessive bleed off of water.

An automated bleed/feed system can reduce water consumption by as
much as 60 percent. The cost savings can pay for the controls in
a very short period of time. As an example, with combined water
and sewer rates of $2/1000 gallons, reducing the water usage by
just 1 qpm can save $1000 annually. With a large system, the
savings can add up to thousands of dollars annually. When this
is added to the reduced operating costs (chemical and energy) the
savings are even greater.

The chemical composition of the cooling water must be maintained
at the proper level for the-system to operate efficiently. Proper
control is also necessary to protect the air conditioning
equipment. Maintaining cooling water composition is accomplished
by: (1) bleeding tower water from the system to overcome the
concentrating effects of evaporation and (2) pumping the
appropriate quantity of chemicals into the cooling water.
Excessive bleeding or chemical addition to the system will result
in the discharge of excess chemical conditioners and/or active
biocides thereby causing or contributing to water pollution or
toxicity problems. Using automatic bleed/feed controllers is a
practical approach to reducing the operating costs and minimizing
waste from a cooling tower. A diagram of an automated system is
shown in Figure 1.

Automatic controllers continuously monitor the concentration of
dissolved material in the cooling water. When the concentration

POLLUTION PREVENTION PROGRAM
NORTH CAROLINA OEPARTMENT OF ENVIRONMENT. HEALTH. ANO NATURAL RESOURCES
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exceeds a preset level, the controller opens the bleed valve an
activates the chemical feed pump. Thus the tower is kept at th
optimum concentration at all times and unintentional discharge
active cheaicals is eliminated. This results in a cost savings
in many ar.... Labor costs for cleaning and manually adjusting
chemical feed rates are reduced. Energy consumption is lowered
by minimizinq scale build up on the heat exchanger surfaces
(scale acts as an insulator, thereby reducinq the efficiency of
the unit). The consumption of both chemicals and water is
reduced by avoidinq excessive bleedinq durinq periods of lower
air conditioninq load.

FIGURE 1. AUTOMATIC FEED AND BLEED-oFF SYSTEM FOR COOLING TOWER
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capital and operational Costs

Automatic bleed/feed controllers and by-pass feeders are not
expensive to install or operate. The typical costs for these
controls are detailed below.

- Controller: A commercially available controller complete
with conductivity probe can be obtained for $325.
Installation for the controller will add and additional
$75. Several systems are available. The Pollution
Prevention Program can provide a list of vendors if
desired.

- Chemical Feed Pump: A chemical feed pump and associated
appurtenances can be obtained for about $150.

- By-Pass Feeder: A by-pass feeder for adding biological
control agents in the cooling system can be obtained for
about $150.

The total cost for installing an automatic bleed/feed system and
the equipment to introduce biological control agents into the
system would be about $1000.

There are no direct operational costs associated with the
automatic bleed/feed system. However, the units must be included
in the facility's routine inspection and maintenance programs.

Pay Back

The pay back period for installing automatic bleed/feed controls
will depend on several factors such as the quantity of water
saved, including both water and sewer costs; savings resulting
from reduced chemical costs; enerqy savings; and reduced labor
costs. As an example, the North Carolina Department of
Administration has installed automatic bleed/feed systems on
fifteen air conditioning systems in government office buildings
at a total investment of $15,OOO~The Department has reported a
payback period of five (5) weeds and total annual savings of
$149,000 as a result of "the automated system. The Department of
Administration is now recommending that all State owned cooling
towers and air conditioners by fitted with bleed/feed
controller••

Specific water, enerqy, chemical, and labor cost savings
experienced by·the Department of Administration are as follows:

- Chemicals The chemical costs have been cut from $17,300/yr
to $5,445/Yr. (Savings. $11,855).

4
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- Energy

- Labor

- Water

The energy savings as a result of the automation
has been determined to be 13 percent. At
$0.05/KWH this translates into an annual savings
of $68,842.

All chillers require cleaning and rodding at
least annually. Assuming an hourly wage of
$8.00, the labor costs for cleaning and redding
were reduced by $2,400/yr due to less frequent
need for cleaning. Labor costs for daily manual
adjustments of the chemical feed and tower bleed
rates were $2,826. (Total savings - $5,226).

Since the installation of automatic bleed/feed
controllers cooling water is now used for 4.5
cycles as opposed to 1.5 cycles before. This
saves 34,900,000 gallons of water annually.
Based on a combined water and sewer rate of
$1.83/1000 gallons, the annual savings is
$63,900.

Additional Information

For additional information on automatic bleed/feed systems for
cooling towers, contact:

Pollution Prevention Program
N.C. Department of Environment, Health, and Natural Resources
P.O. Box 27687
Raleigh, North Carolina 27611-7687
Telephone: (919) 733-7015

Copyright: . May, 1987

Pollution Prevention Program
N.C. Department of ~vironment, Health, and Natural Resources

Reprint with Permission
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Appendix B

Selected PP/WM Case Studies for Chemical Manufacturing Industries

Selected Case Studies:

1. "E.! Du Pont De Nemours and Company - Chambers Works, Deepwater New Jersey."
(Excerpted from Mark H. Dorfman e al., Environmental Dividends: Cutting More
Chemical Wastes. New York, INFORM, 1992., pp 154-163. Reprinted by permission.)

2. "Exxon Chemicals Americas - Bayway Plant, Linden, New Jersey." (Excerpted from
Mark H. Dorfman e al., Environmental Dividends: Cutting More Chemical Wastes. New
York, INFORM, 1992., pp 164-170. Reprinted by permission.)

3. "International Flavors and Fragrances, Inc. - Fragrance Ingredients Plant, Union Beach,
New Jersey." (Excerpted from Mark H. Dorfman e al., Environmental Dividends:
Cutting More Chemical Wastes. New York, INFORM, 1992., pp 193-199. Reprinted
by permission.)

4. "Monsanto Company." (Excerpted from Mark H. Dorfman e al., Environmental
Dividends: Cutting More Chemical Wastes. New York, INFORM, 1992., pp 210-216.
Reprinted by permission.)

5. "Waste Reduction Activities and Options for a Manufacturer of Fine Chemicals Using
Batch Processes." (P. Eyraud and D.Watts., U.S. EPA Environmental Research Brief,
EPA/600/S-92/055, October 1992.)

6. "Waste Minimization Assessment for a Manufacturer of Chemicals." (G. Looby and P.
Miller., U.S. EPA El!"ironmental Research Brief, EPA/600/S-92/004, May 1992.)

7. "Reduction of Waste Oil is Achieved by Filtering and Recirculating Lubricating Oil."
(Environmental Resources Management, Inc., A Study of Hazardous Waste Reduction
and Recycling in Four Industrial Groups in New Jersey. April 1987.)

8. "DuPont Incorporates Pollution Prevention Measures." (G. HollOO and R. McCartney.
Waste Management in the Chemical Industry: Du Pont's Approach. Journal of the Air
Pollution Control Association. February 1988.)

9. "Source Reduction Alternatives were Investigated for those Wastes Shipped Off-site for
Treatment. " (Environmental Resources Management, Inc., A Study of Hazardous Waste
Reduction and Recycling in Four Industrial Groups in New Jersey. April 1987.)

\ \ \
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10. "Tank Cleanout Reuse Eliminates Generation of Corrosive Waste." (Environmenta
Resources Management, Inc., A Study of Hazardous Waste Reduction and Recycling il
Four Industrial Groups in New Jersey. April 1987.)

11. "Better Housekeeping Practices and Building Renovation Reduced the Volume 01
Wastewater Shipped Off-site for Treatment." (Environmental Resources Management,
Inc., A Study of Hazardous Waste Reduction and Recycling in Four Industrial Groups
in New Jersey. April 1987.)

12. "Sodium Phosphate Made from Phosphorus Sludge." (Compendium on Low and Non­
Waste Technology, United Nations Economic and Social Counsel, Monograph
ENVIWP.2/5/Add74)

13. "Production of Ammonium Nitrate with Continuous Control of the Reaction and
Degassing of the Resulting Water Vapors." (Compendium on Low and Non-Waste
Technology, United Nations Economic and Social Counsel, Monograph
ENVIWP .2/5/Add40)

...
14. "Production of Aluminum Fluoride with Utilization of Waste Silica. " (Compendium on

Low and Non-Waste Technology, United Nations Economic and Social Counsel,
Monograph ENV/WP.2/5/Add112)

15. "Manufacturing of Soda Chlorate by Electrolysis of Sodium Chloride with Graphite
Anodes." (Compendium on Low and Non-Waste Technology, United Nations Economic
and Social Counsel, Monograph ENV/wP.2/5/Add92)

16. "Use of Anhydrite Formed in the Hydrogen Fluoride Production Process." (Compendium
on Low and Non-Waste Technology, United Nations Economic and Social Counsel,
Monograph ENVfWP.2/5/AddI23)

17. "New Sodium ChloraJe Factory Triples Production and Employs Source Reduction
Techniques to Avoid Treatment Costs." (Secteur Chimie Enorganigue. Technologies
Propres. Production du Chlorate de Sodium. Gouvernement du Quebec, Ministere de
I,Environnement, Gestion et Assainissement des Eaux, Revised June 1988. Source
document is in French.)

Ud
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E. I. DU PONT DE NEMOURS AND COMPANY
Chambers Works
Deepwater, New Jersey

SIIlfIIJIIII)'

Du Pont's Chambels Works plant. built in 1917 and located in southern New Jersey, across the
river from WilmingtOll, Delaware, is one of the oldest and largest chemical plants in the United
Swes.Thereare 3,SOOemployeesand SOOCOllU'lClOl'l worltinsallhe silC which has45 buildings
housing five 10 six separalc business operalinl lIIIilS manufacturing close 10 TSO differenl
products and shippinS over I billion pounds of produa pet year.

DuPontestablishedan official companypolicy"minimizingwaslc 10 theeXlCntleChnolosi­
cally and economically feasibleNin 1980. A primary incenlive for !his policy It \hat lime was
that the on-sile wastewalcr treatment plant'scapacity had proven too small 10 treal all the waslc
generated when the Chambels Worts plant chanSed from producins solvent-based dyes lO
prodUcing WIler-based dyes. This policy has developed inlO a program which includes a
corporate Waslc Minimizalion and InlemaliZllion CommitlCe, oversednl!he corporalC data­
base, policies, and progress reports, as well as a "waste minimization coordinator" at !he
Chambers Works SilC, who is responsible for developing, coordinaling, and implemenling the
silC 's "waslC minimization plans.NAt Du Pont. "waslC minimizalion" Includes source reduction
and recycling; waste ueaunent is a sep8ra1C (and significant) operation at !he Chambels Works
plant.

Du Pont has a corporate-wide database on the generation of waslcwalcrs and solid wasle
dating from 1982.The database includes process waslcwalcrs and recycled malcrials in addition
to RCRA·regulated waste, butdoes not include airemissions. However, its lraCking system does
nOl allow monilOring of waslc at the process level.

The Chambels Works source reduclion program is overseen by a leam of planl personnel
from plant managemenl, research and developmenl, engineering management. and Environ­
mental Treatmenl Services. This leam reviews major wastesueams at the plant. performance of
the different operating areas, and employee awareness of source reduction opporwnities. Du
Pont has setgoals for every plant10 meet; theChambers Works planl reports progress in meeting
the: goals as the amount of waste reduced per pound of prodUCI. The current goals are 10 reduce
hazardous solid and liquid waste by 35 percent from 1990 102000 and reduce lOxic airemissions
50 percent from 198710 1993.

The company did notgrant an inlcrView for INFORM's 1985 study. However, for !his report,
Du Pont did grant an on-site inlcrView 10 INFORM and conducted a lOUr of its Chambers Works
facility. The plant reponed 13 source reduclion aclivities, mostly involving in-process recy­
cling. They reduce 39,290,000 pounds of waste and save the company S3,755.000 each year.

Product. MId O".",tlon.

Du Pont's Chambers Works plant in Deepwaler, New Jersey, one of the oldest and largest
chemical plants in the Uniled Swes, now occupies 619 acres. More than 1,200 products ­
including Teflon. Freon. neoprene, and Orion - have been invenlCd or developed at the
Chambers WorkssilC. Today, it is ahighly IeChnicalcomplex using 3.400 raw materials andover
1,000 intermediates 10 produce 750 products. There are 45 buildings, 3,500 employees, and
about SOO conlraClOrS at the plant. Over 75 percent of the 2,000 complex operations at !he
Chambers Works plant are balCh processes, malting up about 50 percent of the volume of
chemicals produced. Conlinuousoperations produce1CU8e!hyllead,Freon, and some nitrations.

Du Pont's Chambers Worts plant isorganized into separale production business units \hat
produce chemicals for leXliles. 8ucomobiles, agriculture, !he building industty. soaps and
detergents, and inlermediales. Over I billion pounds of produci are shipped per year from

,

Chambers Works' DeepwalCr port. in any!hing from small boxes 10 link cars and ships. Forty­
twOpercent ofits business is wi!h other Du Pontplants that use materials produced atChambers

Works in other processes.
The sile also has a research laboratorY which cunently concentrates on research Cor Du

Pont'sChemicalsand Pigments Deparunent.ln addition lOproduclS, iidevc:lops waslC trealment

and conllOllCCMologies.
The Chambers Works plant is a permitted RCRA tre8IJ1Ient. storage, and disposal (1'SD)

facility. More !han 600 customers in Delaware and New Jersey send 1waRlous wl!!le 10 !his
facility. which trealS over 85 percent of all hazardous aqueous maniCested WISlc (as I~gulated
under RCRA) handled in New Jersey in its on-silC wlSlC_ IreItmeIIl facililY· Facility
officials also provide assistance 10 !hese other waste genemon in reducinS lheir hazardous

wastes.

En v/fOIIlrJent./ Polley
Du Pont's policy of minimizing waste 10 !he eXlentleChnologically and economically feasible,
established in 1980, includes a hierarchy of oplions: source reduction, recycling and recovery
of by-products. and delOxification and desuuction (treaunent and incineration), wi!h contain­
ment(landfilling) asa IaslresorL In 1990, !hepolicy was rephrased as "we willnotmalte, handle,
use. sell, lraDspon or dispose of a prodUCI unless we can do so safely and in an environmentally

sound manner."
The first objective lisled in the Chambers Works' mission slllemePl is lO oper8le its

Cacilities emphasizing continued improvemePl in safety, health. and environmental perfor·
manceas!he highest priority. Techniques for improving yieldsand consequenlly reducing wasle
have been going on Cor many years at lhe Chambers Works planl according lO Du Pont. In
addition, ways to reduce waslcS were also being explored (juring !he 1970s as Du Pontchanged
Crom solvent-oriented lO water.based dye production and me capacity of Ihe site's waslewater

lrealmCnt plant proved 10 be 100 small.
Corporaleenvironmental policy is developed by the Environmental QualilyCommillCe Cor

!he Manufacturing CommillCe. The Manufacluring CommitlCe has a Wasle Minimization and
Inlernalizalion Subcommittee 10 help develop more specific policies !hat can \hen be imple­
mented by the various corporalC deparunents, including the Chambers Works plant.

Each planl sile has a "waste minimizalion coordinalOr" who is responsible for developing.
coordinating, and implemenling a wriuen multimedia "wasle minimization plan" for the sileo
The waste minimization coordinalOr also reports annually on progreSS made 10 !he corporate
database. Du Pont's "waste minimization program" emphasizes reduction, recycling, reclarna­
lion, reuse, and delOxiflC8lion. II does not include waslc treaUDent. which is a separate but
significant operalion at the: Chambers Works plant.

CorporalC policy also includes a "waste internalization program" \hat requires thai all
wastes be treated on-site or at oIher Du Pont SileS. This program was begun in 1982 in response
10 a problem of not being able to rely on commercial waste handlers lO properly dispose of Du
Pont wasu:s. Furlher. if!hecompany used a commercial facility !hat closed down suddenly.lhe
Du Pont plant mighl also have 10 close iC it could not handle its own wasleS.

Plant managers at Du Ponttypicaily come up !hrough lhe ranks and are moved around lO
gain a wide range of manufacwring experience. The plant managers' primary responsibility is
safety. heal!h, and environmental proleCtion. This includes Quality control as well as public
relations. The plant manager also works with a business manager at corporale headQuarlcr

S
in

WilminglOn. Delaware, whose primary responsibilily is sales, profits, and product selection.
The plant manager is also responsible for ensuring \hat hazard reviews are done Cor any

proposed new processes and may make suggestions. such as a diCferent process or safer raw
malerial. Aplant managercan also require source reduction measures even if !hereare resources

10 treat a wasle on-sileo
According lOa 1986Washington Post article, Du Ponlemphasizes both rising lrel\lIllenland
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disposal costs and favorable economics of source reduction as incentives flK source reduction.
An economic lIIld environmentally acceptable plan for waste management can make Du Pont
IlowoCost producer and hold the key 10 the success or faillll'e of many of its businesses.'

M.t_".,. O.t. CollflCtlon

Du Pont has I corporate-wide (except for Conoco and European operations) dalabase on wasle
generation which dates from 1982 lIIld cumndy iDcludes data on solid and liquid waste. Air
emissions IR qUllltified through en,ineerin. calculations baed on the number 01 vllves and
flanges, rather then on direcl measuremenL WilleS an: tabulated flK the folloWing categories:
RCRA wastes, on· and off·site disposal of solid wille, ocean disposal, deep-well injection 01
WIs&eS, process wasteWl1en (influent 10 thc on-sile _wiler treatment plant), waste fuels
(RCRA),lIIld recycled materials. Thus, whilemost01 thc wastes tabu1alcd in DuPont'sdatabase
IR RCRA wastes, it does include non·RCRA clle,aries such as process wastewalers and
recycled llIIlerials. Du Pontofflcialssllle that whileairemisslons IR nocpan thcdatabesc, plans
IR underwlY 10 include them,

The cOlpOralc database loOk 20 person·years and $5 million'lI) establish. Its primary
purpose is for thc generation ofreporu, boch cOl]lOrale and governmental, thatcan help ollicials
see where and how Wls&e management can be improved. It can, however, also be used 10 report
on source reduction and 10 identify potential areas for source redUction as data IR established
on standard measures for waste generation and on waste generation in different years. While
Wille generation data IR initially collected for each process within each business unit II the
Chambers Works plant. periodic measlll'ements are thcn made It a waste collection tank II each
of the business units, mther than II each process. The data are specific 10 W8SloeSlJ1:amS or 10
chemical calegonesand may refer10mixtures ofchemicals. Thus, the plantdoes IIOl do malerials
balances Ita process or chemical·speciflC level.

oth.r Sourc_ Reduction Pro6n1m F••ture.

In addition 10 having a formal source reduction policy and materials 8CCOIInting (but not
materials balance), Du Pont's Chambers Works plant hll five other source reduction program
features identified by INFORM: an environmental program, environmental goals, costlCCOunt.
ing, leadcnhip. and employee involvemenl

The formal source reduction and recycling program began atlhe Chambers Works plant in
1983 wilh thc formation ofI Waste Minimization lIIld Inlernalization Commillee, I year before
RCRA's 1984 requirements for I "Wille minimization program."Company officials said it was
seen II good business: ifsource reduction WII implemented, then Du Pont would be in I good
position when the governmental requirements were established while its CCKDpcUIOrs might not
be. The purpose 01 thc committee was 10 make a1llhc operating departments aware ofcosts and
opportunities for source reduction.

Today, thc Chambers Works plant's source reduction program is overseen by a Chambers
Works "environmenral leadership learn" whose membership includes plant management,
research and development management. engineering management, and Environmental Treat.
ment Services business managemenl A subcommittee, the Waste Minimization Task Force,
wilh members from Environmental Servicesand Environmental Affairs, helped thiscCKDmittee
develop I program for 1987-1988 which included: (I) concentration ofefforts on the 75 majlK
wastestrearns at the plant. (2) development of a "wasle minimization cultlll'e" for new and
updated processes, (3) performance reviews of the opcraling areas, and (4) efforts 10 increase
employee IWIRDCSS of source reduction opportunities. The IasIc force meets biweekly.

For lhc period 1982 10 1990, the Du Pont corpomtion focused on its solid and liquid
hazardous WISIe. It set goals 10 reduce thcse wastes 35 percent on a wet weight basis. or 20
percenton a dry weight basis per pound of produCl The goals refeno lhe Iotal volume or weight
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of the wasleStream malerials, which include both IOxic chemicals and inert constituents such as
waler and soil. In 1986, a goal of 5 percent per year reduction was added. In 1990, I new goal
wII set 10 reduce hazardous (RCRA.regulated) waste by aoothcc 35 percent by the year 2000.
It has been thc plant manager's responsibility to achieve the goals.

Air emissions were DOt originally included in thc above goals. Howevcc, in 1990. Du Pont
established a new goal of reducing air emissions ofchemicals 00 the Toxies Releasc InvenlOry
(YRI) list by 50 percent by the year 1993. using 1987 IS the base year. In addition, aspecific goal
WII set 10 reduce carcinogen emissions by 90 percent by thc year 2000, with the u1timlle goal
of IOtally eliminating these emissions.

The Chambers Wads plant reports progress Ioward thc goa1Ias the amount of WasleS
reduced per pound of product. From 1982 to 1986, thc plant reduced the stream going 10 the
Wlllewller treatment plant and thc volume of landfiUed solids by 16.9 percent. This overall
reduction included I 16.8 percent reduction in aqueous wlSlCS per pound of product. I 56.5
percent reduction in solids from the wastewater treatment plant per pound of product. and olhcr
reductions in othcr parts of thc planL These figures are on a wet weight basis and may include
some water conservllion efforts.

While Du Pontdocs provide anallocationofcapital funds for source reduction ~;hjects each
year, waSle lrcaU1lCntCOSIS are allocaled 10 each process on lhe basis of wasleS geoc.'i.led. These
costs include costs 01 w8Slewaler,landfillcd solids, and airemissions and are based on chemical
cllegories such IS total organic carbon (TOC). acids. or solvents per 100 pounds of product.
Wastes are estimated based on defined waste "standards"; that is, the amount of waste, such as
roc or solvents, generated for a certain producl/process per 100 pounds of product. This
"standard" amount of Wasle is used 10 assign costs 10 the product. At first, the standards may be
estimales of Wille generated but. as thc process is improved and mcaslll'ements refmed, !he
standards are redefined. Waste standards were first used in 1974 or 1975 II!heChambcrs Wa-Ics

plant.
Allocated costs include capital and operating costs as well as the costs of thc environmental

staff. Specific COSlS included are costs 01 lost raw matccials, operating expenses for the on-site
trc8ImCnt plants, lI1UIsportation costs, COSlS associated with accidents and Wasle c1ean·up. costs
for reguillory compliance, and COSlS for dealing with the public and customers regarding waste

issues.
The corpomtion's cost reduction program gives Quality Achievement Awards. including

monetary awards. 10 about 20 employees a month. These awards have included awards flK
source reduction projects. Howevcc, Du Poot offICials say they are establishing an award
program specifically for source reduction, since. in lhc long lerm. economics is a driving force
for source reduction. According to Du Pont. lhe company's less profitable plants, with high
wasle Ire8llllCnt and disposal costs, already have the grcBtest economic justifJC8lion for source
reduction. Corporale goals and award programs can provide incentives for plants opcIlIting at
higherprofitmargins where the economic incentives flK source reduction might not beas strong.

Monlhly meetings of all employees are held II Chambers Worts 10 publicize source
reduction ideas and emphasize that evcryemployee can make an impact. AWaste Minimization
CommitleC, composed of environmental coordinators from all business units. acts as an
information network and makes recommendations. It is used as a resource by lhe line
organizations and also conducts reviews. lI1ICking progress IOward meeting ihc sile's WISIC

minimization plan.
As pan of the company's ovcralltraining program, lhe Personal Effectiveness Process

(pEP) includes sending employees off·sile for twO weeks every year for problem solving and
communication training. Du Pont officials feel that this helps them l81ce advanl8ge of new
technologies and changes, including those in !he source reduction area.

Every new plant process must undergo a hazard analysis. which is oflCD a fault tree analysis
identifying potential problems and solutions. Other procedures for new process approval,
including trial manufacturing requests and test authorizations. are used as reviewing mecha·
nisms (or oroooseet 4';{)1Irt"~- "..111""1.",," ..-.._0-
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ChambeJs Works has a cenual safety/hcalth/environmenlal commitlee that has to approve any
chemical broughton·sile.ltopcralCS independently ofany business uniL Any OpcI'8tor can shut
down III operation ifhe feels there is I safety hazard. Set rules must be followed 10 resolve the
safety issue before the operation can be sWlCd up again. Further. lhere are employee safety
IWarmess meetings, quality conuol 1IIeISW"CS. and evaluation of existing as weU as new
processes.

The Chambers Works plant has I computerized quality management program. Ivailable
company-wide. that uaeks quality beginning with the raw malCrials. Insisting that suppliers
supply high-quaiity raw materials, plant officials ISSCIt, cootributes to soun:e reduction.
Manufacturingpersonnel with line responsibilitic:a witbinach business unit are responsible for
maintaining thisdatabase. rather than staff. since theyare theones whocan llIkcactions 10 solve
the problems.

The Du Pont corporation is conductin,1 "wa&e minimization survey" in aU its p1anlS to
live p1llltoperaIOrS 1i0oi for idcntifyin. soun:e ICdIIc:tion opporlW1itic:a. The survey. which is
over l00papsloag.liSlStheques&ionslllddllaneededtoclassifyJOlln:elolwlSleSlIIClidcntify
leChnoIosies to reduce them. It gives the operators a 1001 for walking through their facility and
identifying problems. It also n:qUCSlS information on source reduction pro~ts already done in
order to recognize achievements and INFORM others. .

Du Pont's policy on Wll$lc intemalizaUon also provides III incentive for source reduction.
To the extent that the ChambeJs Worts plant can reduce its own waslCS.oits ueatrncnt capacity
is available for sale to ochers. The Chambers Works plant charges odIet Du Pont plants nwtel
prices for treaaing their wastes.

Source Reduction Act,,,,t,••

Du Pont described 13 soun:e reduction activities to INFORM for this study; these an: summarized
in Table n-13 and detailed below. The company did not n:port any source reduction activities
10 INFORM for the 1985 n:port. CUlting Chemical Wastts.

The ftrst soun:e reduction activity. begun in 1983. and motivaled by a desire 10 improve
product quality Ind reduce waste generation. involves insisting that suppliers provide high­
quality raw materials.

Du Pont officials discussed eight in-process recovery/reuse source reduction initiatives at
Chambers Works with INFORM. In-process solvent rt:COvery has been I part of process design
at the Chambers Works plant for mon: than 20 years: In more recent years. according 10 plant
offICials. a major factor motivating maximum solvent recovery has been the incn:asing costS of
incineration. c:wrcntly S500 to SI.soo per drum. .

At theoxyamines building. in theearly 19601.10 million pounds per yearof I-butanOl wen:
being recovered in aCloseci-loopprocessand reused atl savingsofS2.75 miUion. Then. in 1980.
75.000 pounds per year of"SliIl bouoms." a solid waste that used 10 be landfilled. began 10 be
used IS a raw material for producing another product.

At the dimethylaniline building. belon: 1970.4 million pounds per yearofmethanol began
to be recovered at a savingsofS350.ooo. Most of the methanol is returned to the same process;
the rest is used as a raw material in another part of the plant.

At the speciality inlerDlediates building. in 1985. clean-out soIvenl recovery began 10 be
used 10 obtain 750.000pounds per year of ortho-dichlorobenzene for n:use in the same process.
It a savings of S260.000.

In 1985. as part of its program to reduce landfilled wastes and 10 obtain a cheaper soun:e
ofchlorine. Du Pontbegan to redistill still bottom purge stteams rrom ilS chloroaminesprocess.
Twenty-two million pounds per year £rom this sueam are now recycled back into the process
al Chambers Works.

Also in 1986. in order to reduce operating costs. an in-process iodine recovery unit costing
SI million was inslalledat theChambeJs Works planL Eighty toeighty-five percentofthe iodine.
or 200.000 pounds per year. an: now sold as product. Du Pont expects 10 recoup the capilal costS
of this project within 3 to 4 years.

~

Another in-process recovery/reuse errort was initiated il,l1985 because New Jersey banned
landfil1ing of material with para-chloroaniline. Du Pont began 10 n:inlIOduce any off·~ !lIlity
para-chloroaniline flakesback into the productionproceSS. using distillation. DuPont fOllud that
minor capital upenses. mainly equipmenllO unload drums. wen: needed; 65.000 pounds per
year wen: recycled back 10 the process. In 1990. this process was no longer in use ItChambers

Works.Since 1988.250.000pounds per year of waste methyl ethyl ketone have beenrccycledb8ck
into the process with overall savings ofSI20.000 a year. The process improvements were taken
to reduce the COSlS of raw materials and avoid the incn:asing costs 01 incineratina the waste.
Other process improvements at the hydrogen reduction building cut by SO percent the use of
methyl ethyl ketone (MEK) as I reactant and solvent and reduced MEK wasteS by 200.000

pounds per yeM.
In 1986. the Chambers Works plant reduced a source ofnonhazardous solid waste that was

1andfilled.The plant replaced the filter aid at the wll$lCwater treatmelll plantwithperlile, which
improved the filter operation. reducing the waste generaled by 50 pc:n:ent or 1 million pounds
a year. While the cost per pound of perlite is higher than the ronner filter aid. the improved
performance has reduced operating costs of the tn:alment plant as a whole.

ProceSS control improvements to reduce operating costs in the Monasual manufacturing
unit, implemenled rrom 1979 to 1982. resulled in savings in the use and disposal of
nitrochlorobenzene.The improvements havereduced wastepurged £rom the process by 750,000

pounds per yeM. or 65 percent.
In 1985. Du Pont began a vent abatement program to reduce process emissions. prevent

aceidenlal n:leases. and lower plant operating costs. The Freon plant operalOl' did some mass
balance calculations for the entin: plant's Freon production process and discovered significant
losses through evaporation of this gas rrom the lank truCks in which Fn:on was delivered to
CUSlOmerS. By inslalling compressors. the company reduced vapor emissions while saving its

CUSlOmers vapor lost from the trUCks.
A 1982 assessment of the plant site revealed that the wastewater collection system. then an

in-ground open ditch. was a possible source of soil and groundwaler conwnination and of
evaporative losses. All ditches wen: scheduled to beclosed by 1991 and a new collection system.
consisting ofan above-groundclosed pipe.was planned to replace theopen ditches andconrorm
toenvironmental regulations. Thecostofclosing the ditches wasoverSI0 million. With the new
collection sySlem in place. Du Pont expects rurther source n:duction projects 10 be identified
because. rorthe ftrsltime. itwill be possible to measure andconfirm wastewater generation from

specific plant areas.

Oth.r Wpt. MIIIIII6."..nt PrllCtic••

Inaddition10 its soun:ereduclion activities. Du PORl n:porled employing avariety ofother wasle
management procedures. Forexample. in the production of Freon. which is used in the silicone
indUslry. Du Pont recovers both Fn:on and hydroChloric acid rrom the wasteSlI'C8III for n:U5C.
Some70mi1lion pouncls(8Oto85 percent)ofhydroChloric acid are now rt:COvercdperyear. Half
is sold and the n:mainder is used in the ethyl chloride manufacturing process It the planL The
dollar savings an: estimaled at S6.5 million a year. In 1985. Du Pont spent about S2 million 10

improve the quality of the hydrochloric acid by-product, enabling the compeny 10 provide a
higher quality product 10 its customers. While this did not result in irICn:ased reuse or sale or
hydrochloric acid. the higher quality prodUCI was a key to staying competitive in the production

ofFn:on.Du Pontbuilta wastewater treatmentplant at theChambers Works sile in 1974.At the time.
Du Pont did not concentrate on ways 10 reduce the wastewater flow but developed a new
leChnology for tn:aling industrial wasteS called PACT (powden:d activated carbon treatment).
PACT n:moves more than 90 percent of the EPA's organic "priority pollutants" £or W&ltewater.
In 1979. when the dye business at this plant was closed down. Du Pont beglll to market its
wastewater tn:alment capacity (40 million aallons per day) to odIets. It now bllldles about 85
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percent of the manifested aqueous hazardous wastes sem 10 treaunenl, slOl1Ige. and disposal
(TSD) facilities in New Jersey. Up 10 SO percent of the lOW organic carbon (TOC) load at the
ueaunenl plant comes from outside. while 4 to 10 percent of the acid load does. The charge is
Sl.90pupoundofTOC.SO.34 per pound of IOtaI suspended solids (TSS). andSO.33 per pound
of acids.

The Chambers Works plant has an on-site landfill that is designated "secure." Its leachale
is coIlecled. There is also a decontamination furnace that delOxifies SCI1Ip metal for recycling.
The plant rinses chemical shipment drums and ICIIdI them 10 a commercial barrel recovery
facility.

Chambers Works recovers some chemicals and ships them for use at other 011 Pont plants.
whilcitbuyschemicalsfromothercompanyplanlS.A2J-didlloroanilincby-product(I,2SO.ooo
poundsperycar) is shippcdas aco-productto anochet 011 Ponl sile where it is used as a hcatand
chlorine source in the manufacture of titanium oxide. The company had to run a year of lests 10
obIain the government permits 10 use this material. . ,

Technic.' A..'.tllnce

In recent years. Du Pont has changed its practices with regard to the public. Company officials
cile community right-to-know laws as one important reason for this change. Since these laws
were cnacu:d. they say, visitors arc welcomed and more information is shared with the
community and plant workers.

Over 13.000 visitors come to Chambers Works each year. Some are 'local community
residents. but many are others who seek technical assislllnce on hazardous wasle management.
The Chambers Works plant's Environmenllli Products and Services CommitleC is set up to
provide technical expertise on source reduction and waste management to outsiders. in
panicular to customers in the aUlOmobile and plastics indusuies. but also. for example. to
municipal offICials seeting information on the slOl1lge and handling of hazardous wasleS. Also.
because this plant is the single available place for disposing of aqueous hazardous WUleS for
many facilities and communities in New Jersey and Delaware, Du Pont gives assistance and
advice on source reduction to these customers.

Du Pont's Chambers Works plant has a Tl1IOsportation and Emergency Response Team
with equipment to handlechemical transportation emergencies. The equipment includes a lnJCk
withan on-boardcompuler thatcan accessany MaterialsSafety Data Sheclas well as theSAFER
comPUler syslem that predicts the spread ofa chemical in the case of an accidenL This truck is
available to go to an emergcocy sile in the case of a chemical spill.

In 1986. the Du Ponl corporation sponsored a symposium on waste management for its
employees. Twenty-five outside vendors, including many advocating source reduction tech·
niques. presented their technologies. A similar symposium was held in November, 1988. Du
Ponldoes not usewlSlecxchanges withcompanics thaican use the waste asa raw material.citing
the difficully in having the type and qualily of chemicals needed available on a timely basis.

ComPIIIIY Comment. on St.te IUId Fede,., Re6u,.tlons

In 011 Pont's cxpcricoce. some regulations discourage source reduction. For cxample, one ofits
Toledo facilities found thai recovering solvents would require the planlto obtain a permit as a
trcalIIlcnl, storage, and disposal site under the new RCRA definition. so the project was nol
instiwted.

011 Pont has also found problems in the area ofair permitting. New permits are required for
each new source. for each replacemenlormodiflCation ofequipment. and for new processes thai
emil fewer air pollutants. Each individual s1lICk or venl needs a permil. Company officials
believe thai the time needed for approval of new air permits (6 months 10 over a year) is olien
too long to competitively introduce a new process. one thai may achieve source reduction. In
particular. Du Ponl has found the time illakes to obtain air permits 10 be a limiting factor for its
agricultural chemicals. since il mUSI reacl quickly to the markeL Du Pont officials view the Stale

.:..
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airprogram's rcsources as inadcquate. cspecially sincenew chemicals (hazardousair pollulants)
and new sources (ps stations) arc being added. requiring more staff to review permil
applications. but the funds needed for increased staff have nol been provided. Currently. the
Chambers Works plant has 13 air permil applications pending.

Future
Du Ponlplans ror acompUlerized waste moniloring sySlenl alllChcd toeighlholding tanks. each
ofwhich holdschemical wasle from five orsix buildingsandabout SOOdiffcrcnlproccsscs aday.
Basedon Du Ponl's experience with this type ofmetering rorencraY conservation, the company
believes thaI. even though this monilOring sySlenl wiU operate 011 an area-wide basis, rather than
traCking wastes to individual processes. the expertise of the operators combined with the
monilOring dalll will allow the company 10 find the wlSle sources.
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EXXON CHEMICAL AMERICAS
Bayway Plant
Unden, New Jersey

SIIlrtInIUy

ExxonChemical Americas,adivisionof!he ExxonChemicalCompeny(which is whoUyowned
by Exxon CorporatIon), is !he founh largesichcaliallc:allpllly ill !he Unilt.d SIIIeS.llopcraIeS
!he Bayway chemical planl on !he same sire a oaeofEnoa', pclI'Oleum refineries in Unden,
New Jeney. The plant makes olefms (used a law ....... for plaslics and olher chemicals),
additives for fuels and lubricllillg oils, and somespecialky cbemicaJs, and employs aboul SOO
people. One or!he oIdesi planlS ill !he induslry, ClpeIaliq since 1921, il is silUllt.d in a heavily
industrialifedara ofnorlhem New Jeney, widlia 10 miles orNew York City.

Exxon hu nofonnal wriuen policyonlOllrtereduction. TheCOl'pOIalC llIIIIqemcnl,Exxon
Chemical Americas, hu an environmcnlal arrairs otrlCe dill coonlinales ExllOll's response 10
fcderal regulations. The focus is on ueauncnl and conanl or wate II requi~.by fcdcrallaws,
and directives are developed SCpllately for air, WIler, and solid Wllte, also reflecting fcdclal
rules.

The Bayway planl has ilS own environmental dcpanmenl responsible for compliance with
!he Sllte and federal laws thai arrecl this plant. Wille IlIIIIqcmcnlal Exxon's Bayway planl is
also direcIt.d 5Cpll'llely for each environmental medium. Source reduction was incorporaacd
inlO !hemanagcmcnlofsolid WIlle in 1985 and 1986, bul!he issucofhow IObcstsctupan all­
encompassing source reduction program al Exxon is still under debate.

Exxon granIed an inlerVicw for INFORM's 1985 study and II thai time reporIt.d four source
reduction activities reducing 681,810 pounds or Wille and saving !he company $205,305 each
year. Exxon again granted an inlerView 10 INfORM for this report, with corporaie officials from
Exxon Chemical. For this study,!he planl reported five additional source reduction activities,
reducing 16,408,000 pounds of WIlle and saving the company $3,207,000 each year,none of
which WII implemenled after 1984.

Product. Md 0lMnlt/on.

Exxon Chemical Americas' Bayway planl is Iocaled nexi to a larger petroleum refaning
opmtion II !he same site. The chemical planlcUFremly has 500employccs, a decrease orabout
10 percent since 1984.

The planl manul'acuues duee major product lines: 0 0

• Olclins, including propylene and butylcncs, used II raw materials in the manufacture of
other indllSlrial chemicals and pilltics.

• Paramins additives, Exxon's trade name for its line of chemicals that, when added 10 fu­
els and lubricating oils, inhibil corrosion, improve flow propcnies, stabilize viscosity,
and Olhawise enhance their qualily. The Paramins operation manufactures dispersant
additives (wiu. Ule laW mllCrial maleic anhydride), deleraent inhibilOl' additives (with
!he laW matcriaJ pbcnol), and synthetic lubricating oils.

• Specialily chemicals, including such isobwylcne polymers II LM Vistancx, Exxon's
trade name for an ingredienl in chewing gum arid surgical adhesives.

Since 1988, the plant has discontinued the manufacture of organic solvents.

Enllironmental Policy

Exxon Chemical Americas has no writlen policy favoring source reduction. Its Solid Wasle
Management Plan addresses reduced generation of wasleS, recycling. treatment, and safe
disposal, but docs not put source reduction as its highesl priority. The company's corpolale

r-

environmental affairs office in Houston. Texas, SCIS broad COlJlOflI1C policy and goals and
rendcrsassistanee IOthc individual Exxon plants.ltalsocoordinaleS Exxon'sresponse 10 federal
environmental laws and regulations. Its wriuen directives include air, wata'. and solid WISIe
managemenL

The Exxon hcadqlWtCrs office developed the overall corporale Wille Management Plan
in 1982 and 1983. With prime auention 10 solid waste, il has three loaIs: to decrease land
disposal, to increase recyclilla. and 10ensure thai the disposal conlracllllS it usesare competent
and responsible. The Bayway planldocs not have on-sile landdisposal or incincrllion Ind is not
a trealIIIenl, SlOIage. and disposal (TSD) facility, so the reduction of solid waste and reliabilily
of its contractors are major considerations.

In gencral, Exxon's corporate SllUCture is dcccnlralifed. The Bayway plant has its own
environmental deJllllUllCllI, which is responsible for compliance Il die planL Because each
Slate'S lawsdiffer, individual plants mllSl respond tochangesinSlIte laws. NewJcncy slaIe laws
an: the controlling regulations for Bayway.

Wille managemelll II Bayway is direcled scpalately for the scparale media. Source
reduction WII overlaid onlO the corpoIation's managemenl of solid WISICS in 1985 Ind 1986.
The usc of Wllre Minimization CommilleCS, primarily concc:rnc:d with RCRA compliance, is
growing al Exxon planIS. The Bayway chemical pIaIll and its adjacent refancry used a WISIe
Minimization Committee to analyze and foUow up on joint problems and oppoltWlities during
1986 and 1981. Currently. the plant has an active Wasle Minimization CommilleC and a
management level person in charge or solid wlSle reduction at the planL

Nevertheless, Exxon docs not currcnuy have acompany-wide source reduction program.
Officials say they an: studying what the besl SllUCture may be. A multimedia approach is
definitely to be included but the company has nOl. derermined just how communication wilh
employees would be done, what Iype or database would be used, what kind or program top
management would be comfonable wilh. and exact definitions and Ierminology.

Mate"al. Data Collection

With solid wille and RCRA compliance as its main corporale concerns, Exxon has conducted
an annual survey of solid wasle since 1982. The survey is carried out at Bayway, on II all
company facilities, and is done for each waslestream. The survey gathers informatibn about
Wille gcnclation rates, disposal locations, and cOsts for each wastestream. and rcporIS Wlits of
wasle per unit of product.

The Exxon corporale headquarters uses its annual plant survey of wasle to highlight the 2D
largCSl wasteslrCllmS (in terms of cOsts and volume). The corporare environmental affairs
dcpanmenl then focuses its crforts on lhcsc wastes. None of Bayway's wllstCSlJ'elll\S wen:
among the Iargesl in the 1981 survey.

The Exxon Bayway p1anl initiated its own additional plant-wide "wlSle minimization and
compliancc review" in 1981, using internal reviewers. It invenlOried all wastesueams (solid,
wiler, and air) and reviewed govcmmclll regulations, especially New Jersey's, 10 monilor plant
compliancc.

Costaccounting at the Bayway plant includes solid and aqlJCOllS wastes and is directly tied
back 10 the production uniL Air emissions an: considered direct raw material or product losses.
Specific costs allOClled include matcriallosscs, disposal coSlS, costs of regulalory compliance,
insW1lllCC, clean-ups, and costs ofpublic/CuslOll\er relations dealing wilh wlSle issues. Thecost
accounting system encourages plant operators 10 focus on costs and 10 identify ways to reduce
the costs of wille management, including source reduction measures.

According to Exxon Chemical Americas, mass balance accounting is not typically usc4 at
!he Bayway plant for environmental conanl because the production volumes are so large thal.
even though the company's insuumentscan measure product flow to within 0.25 pcrcentc:rror,
that small cmlI' could still mean large variations in prediclt.d prodUCI flow and, hence, in
prediclt.d Wille volwnes, which an: very small in rclllionto overall prodUCI volume. Company
ofrlcials fllld it much more effective to direcllv mell$lIrP. nr ..~';mAI" "'••' ...._m.
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In 1984, Exxon Chemical Americas conducted a risk assessment of solid wasleS produced
at all its plants. As a result, a prime goal of the company's waSle managemcot plan is 10
signifICantly reduce untrealCd wastegoing 10 landfills. Sourcereduction, inlema1 recycling,and
incineration were reported as leading options for meeting this goal.

oth.r !Hun:. R.duct/on Pro6nun F••ture.

In addition to having materials accounting and cost IICcouoting (but not a formal source
reduction policy or materials balance), the Bayway plant bas three of the other four source
reduction program features identified by INFORM:~, an covironmental program, and
environmcotalgoa1s, but no employee involvemcnL

Prior to the 19805. source~tion at Bayway was considered a process design function
where optimization of processes was concemed with marcriaJ and prodUCt losses and the
economics of production. Process cogineers II Exxon did 110I generally see covironmental
operations as partof their role. Exxon's focus wason the Mend of the pipe,M with covironmental
specialists whoseduIiescovered trealing wasleS in anenvironmellla1ly sound wax. In the 19105,
afu:r the price of aude oil rose dramatically, concern increased regarding losses of raw
materials. But in the 19805.source reduction has beenencouraged in thesolid wasle areabecause
of skyrocketing disposal costs (up to a SOO perccot increase for some of Exxon's wastes).

Soun:. R.duct/on Actlvlt/••

The Exxon Bayway plant reported five source reduction activities (all affecting RCRA Wasle)

for this study, in addition 10 four other activities the plant had revealed to INFORM for the 1985
study.The five newly reported activities accomplished a IOtaI reduction in solid hazardous wasle
of 18.1 million pounds a year. They entailed an investment of S18.8 million and tiave produced
IMuaI savings ofS3.2 million. These activities are summarized in Table 1I-14andare discussed
in detail bekiw. All of the five newly reported activities were implemented in 1984 or earlier.

The first activity was a project to reduce acid coke, a residue from many processes at the
plant, in order to reduce poientiallong-term liability and disposal COStsof the residue. Acid coke
is a by-product of the manufacwre of butyl alcohol and is a carbonaceous solid sawrated with
sulfuric acid. Source reduction was achieved through optimization ofoperating conditions such
as lemperature and pressure. The study to optimize the prncess lOOk 5 years, from 1980 to 1984,
and was undenaken by the plantengineers. Wasle volume was reduced 90percent from 115 tons
in 1980 to 18 tons in 1986, and unitofwasle per unit of production dropped from 83 to 1. Prior
to 1984, the wasle was landlilled: currently, it is incinerared. This measure saved S340.000 per
year in incineration charges from 1984 to 1986.

The second source reduction activity cited by Exxon involves a spent catalyst-an organic
resin SIlurated with phenol and a hydrocarbon. The catalyst is used in a balch alkylation reactor
until its activity drops below an acceptable level. It is thco emptied from the reactor: prior 10
1985. it was disposed of in a landfill, but now it is incinerated. Exxon's goal was 10 reduce the
amount ofspentcatalyst in order to reduce thedowntime for catalystchangesas well as 10reduce
disposal costs and long-term liability. A sWdy undertaken in 198310 reduce the catalyst wasle
considered both substitution of other catalysts and process optimization. No replacement
cata1yst was found, but continuous process optimizalion of the alkylation reactor operating
conditions bas extended the useful lifespan of the catalyst by 200 percent and study of ways 10
funher improve the process iscontinuing. Nocapital expenditures were required forimplement­
ing this project. The wasle has been reduced by II tons per year, and disposal cost savings are
SI4,OOO per year. Currenacosts of disposing of this wasle are S9,OOO for 1 tonS of wasle. The
unit waste per unit of production has been reduced from 19 in 1983 10 6 in 1986, an
approximately 10 percent reduction.

The third source reduction activity involved waste oil containing phenols. Prior 10 1984.all
safety valve releascs from a manuCacturing unit thill contained phenol and an aliphatic
hydrocarbon were direcled to a blowdown un'" whclt Ille Idt.OUC Will brought inlO contact with

oil in order to capwre the vapor/liquid. When the oil became saturaled with phenol, it had 10 be
replaced; the wlSleoil was sent to fuel reclaimers.ln 1984, the unit section supervisor suggested
that instead ofusingoil as thecontacting medium in the blowdown tank, one oCthe hydroCarbon
raw materials could be used. When the phenOl concentration increased above a certain level in
the blowdown tank. the hydrocarbon and phenol mixwre could be recycled as feedstock 10 the
unit. By substiwting a raw malerial for oil as the absorbing marerial, the sysrem became closed
and the wastestrearn was completely e1iminaled. No capital investment for the change was
required and the wlSle elimination has saved S83,OOO per year in disposal costs, while lCducing
240 tons of wlSle oil. This project was undertaken 10 lCduce the amount of wlSle sent off-sile

Cor disposal and to save raw material costs.
The fourth example of source reduction at the Exxon Bayway p1anl is a long-lerm project

(flfStbegunin 1972andcontinuingtoday) to reduce filter cakeand proccsssolids generatedfrom
the production of lubricating oil additives. After the additive IICtivein~nlS are produ,cc:d in
reactors. they contain low levels of solids that must be removed. This had been aceoml·hhed
by filtration with diatomaceous earth filler aids. The filtration produced a filter cake w.s.c that
was 50 perccot solids and SO percent oil and oil additives. The large volumes of solid waste
mixed with product indicated 10 the plant operalOrs that there were opportunities 10 lCduce

product losses and disposal costs.
The project began with the replacement oC certain fillers with high.speed ccolriCuges that

could remove the solids from the lubricating oil additives withoutlhe addition of filter aid. The
sludge of solids removed by the cenlrifuges was then blended into wasre oils and used as an
alternBle liquid fuel in industrial furnaces orf-site. A series of full-size ccotrifuges has been
installed since 1972. In 1984, second-stage separation devices were installed to recover the oil
and active inglCdients that remained in the centrifuge sludge. The sludge Crom the second-stage
separation devices was akin 10 the original filler cake except that it contained no filler aid and
,was less than half DC the equivalcot volume DC filter cake. Study of possible process modiflCa·
tions. such as extraCtion, to eliminale or reduce the amount of solids generaled in the reaclOfS

continues.
According to plant officials. the project used equipmcot on the leading edge oC teChnology,

and assuring consislently high product quality was a concern. The product had 10 meet high
government specifications and there was concern about haze (decreased transparency or the
product) aflerlhe processchanges. Therefore. research on improving product quality and efforts
10 assure customer acceptance were necessary. As a result. there was a long period of
experimentation in which the separation process and mechanical reliability were optimiwl. The
possibilities oC recycling thecentrifugesludge 10 a raw material supplier are also beingexplored.

The cost of this project has been S18,100,OOO since 1972 and has realiwl a raw materials
savings of S1,300,000 per year and disposal cost savings oC S261,OOO per year. The remaining
waSleS continue to be Iandfilled, but the volume of wasle has been lCduced 10 one·third the
original level (Crom 5,514 tons in 1980 to 1,418 tons in 1986), for a reduction ofover 4.000 tons
per yearoCsolid waste. The unit waste per unit DC production has been reduced from 105 in 1980

10 34 in 1986, or by 68 percCOL
The final source reduction activity ciled by Exxon concerns the Bayway plant'S production

ofadditives used in lubricatingoils. Waste lubricating oil additivesare generated when linesand
tanks are flushed to avoid cross-contamination when oil leaks from valves and pump seals and
when a balch is off.spetiflCalion. Most of the waste lubricating oil additives are collected from
the plant's waslCwllercollection system.These wasleSwere reducedboth through a study 01 the
lubricating oil manufacwring process and through increased operalOr awareness resulting from
that study. Some of the source lCduction measures included better housekeeping and the
scheduling of longer campaigns: that is, producing a larger volume of an individual product at
one time so that fewer equipment washings are needed. The volume of this wasle has been
reduced by so percent from 198010 1986(frorn 1,510 tons 10 3,114 IOns) and hasannua1ly saved
S214.000 in disposal charges and SI,OOO.OOO in raw marerial purchases. PreviOUSly, the
lubricating oil additive waste had been disposed of through third-party waste fuel reclaimers.
Since 1985. the remaininl waste oil additives have been used as an altemltive fuel in cement
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kilns, insleadoCbeinasold 10 m;)'C1en or brc:lken. Ellondoes l1lis 10 reduce pocentiallong-tr.rm
liability, even rhough IIIe COSt is higher.

atM, Wat. M-e_t hectic••

Be.tidesIlleSOlRe~lionKtiyities,E..onalsodescribcdotherwaslem""l"menlpractices
c:ooceming a1tenWiyeSiO IanddisposaJ. EUOll'S Bayway plant has moved from land disposal
III incineratiOlllllld other IIealmeIll whete possible. This decisioo has incro<lS<d disposal COSts
in some cases. For example.1IIe decision III incincrale acid coke increased Baywly's disposal
COSIS by over 400 percClll from 1984 III 1986 (from $7.000 10 S39.000).

Technical Aaa/atMcs
WithinlllecorporateSU\lCwre.EJtlonhasoResean:handEngineeringDepanmelllthatp<OYides
rqu1alOfY advice lIIld enyironmenlal dcsi&n deyeiopment as internal COtISIIIWIIS 10 aU of IIIe
company's plattts.1t11soproyidcsassiS\3llCC IIlCllSlQl1leB lIIldsupplienwhenasked. EuonI1so
has I (OllUllClll( itIspCiCIion program that inspeclS CORu-aerors. SllCh as \he comlTlClCili disposII
facilities it uses for hazardous _ disposal. 10 ensute thai llley ~ in compliance with
tegulatioRs- Thecompany spotISOfS periodic COfllO'llIe-wide meetings 10 exchange: infonnaUon
aboutleChnial advances. cOllSidering this 10 be I1le beJI way 10 dispenc ideas on source
reduction IlllOllghout its planlS. Howeyer. Ellon's managemenl belieyes tbot IIlOSI UiChnOloIY
in lhe area otsource reduction isplanl.specilic.nd lhalothe,companiesorgoyemmentllencies

eli
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probably cannot supply Ihe necessary level of dewl or expertise.
Thecorporationhcld its flrSl waslCrcductionconfercncc, which addresscd sourccreduction

among olber WaslC managemenl SUllCgies, in Seplember, 1987. al Bayway. Plant managers
from duoughoullhc inlCnlalional corponuion auendcd to discuss lhcir problems and solutions.

Com"""y C_nb on State ""d FedemJ RelU'atlona

Exxon reponed Wllhc Toxics Release InvenlOry (nU) has been a great additional burden
because Ihc company had been uaelting wllSlCS by WUleIIram.1S required under RCRA, and
not by specifJe chemicals. Also. malCriaIs balancewua drIvi1ll forte for CIlIbIisIlinl TRI. and
Exxon believes Ihat a nwerials balance approICh is not efl'ec&ive when lhcre are small
wutesaams from large product Rows. If Ihc law were to chuge to requin: some sort of
matuials balance. ExllOll's view is &hat this would be a large waste of resowteS.

Resowccs for source reduction and n:qcling at ExllOII were sueu:hed to cover TRI
req~ts in 1987. but Ihc company hoped to be able 10 redirectIhcse~ Because
lhcre arealready massive illCCDuves for source reducuon. Exxon docs not believe that TRI will
be benefICial in Ibis rcspccL Also. it docs not expect to fllld any surpriseS from Ihc data. II sees
possible benefits IS beucr fcdcral policy and regulations once a beucr clitabasc is in place.

Exxon offICials identified Ihc COIIStIIll changes in relulations, incIudinl defUliuons of
waste. IS a serious problem. Each lime chanles oa:ur, resources that mighlotherwise be spent
studying waslCStl'amS must be divcned to rearrange governmenl /'CportS and continuily of
daJabases used in improving waste conuols is lolL

Exxon would like to do more recycling and waslC exchanges but believes wt RCRA
pcrmillinl rules are 100 onerous for most pocential recyclers.

One change Ellllon has made at Bayway and ilS olber chemical planlS is to ensure thai
lCChnical and communication specialists are on ilS environmental slalf so that, as lRl data
become publicly available. Exxon is able 10 answer questions posed by members of Ihc
community where Ihc planl is located.

Future

ExllOll reponed wllhc company is in a transition period during which emphasis on lrcatmcnl
lCChnology must give way 10 a broader, more integralCd approach 10 waste managcmcnL
OffICials believe that Ihis will be diffICult because SlICh a Iarle company has many specialislS
(for example, cogineers wliosc sole duty is 10 ensure compliance wilh air permilS) who know
about treatment ledlnology and Ihcir separale media problems but who are now being asked to
be hcallh and risk specialislS and cross-media cxpens. Control of chemical wlSlCS docs not
appear 10 Exxon to be a problem of lCChnology or numerical inc:cntives for source reduction.
Indeed,ExllOII reponed thatrequircmenlSsuchISagiven petCcolagereduction, whclhcrinternal
or legislated, would more likely redllCC Ihc oplions available. rather Ihan stimularc mon: soun:e
reduction. The company identiflCS Ihc problem IS a management one, involvinl combining
individual expcrliseand experience in process operations and WaslC handling in separate media
wilh an expanded view exlCllding beyond treatment and conll'Ol to Ihc full spccuum of
management options.

,
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Abstract
~ U.S. Environmental Protection Agency (EPA) funded a project
with the New Jersey Department of Environmental Protection and
Energy (NJDEPE) to assist in conducting waste minimization as­
sessments at 30 small- to medium-sized businesses in the state of
New Jersey. One of the s~es selected was a manufacturer of fine
chemicals using batch processes. A site visit was made in 1990
during which several opportunities for waste minimization were
identified. Options identified for waste reduction included initiation of
sollle~ recycli,ng or ~nditioning for reuse and modifying the
chemical reactIOn conditIOns to improve product quarlty and redU09
th~ amount of reprocessing which has been necessary. implemen­
tatIOn IX the identified waste minimization opportunities was noI part
of the ~rogram. Percent waste reduction, net annual savings, imple­
mentatIOn costs and paybad( periods were estimated.

This Researc~ Brief was developed bv the Principal Investigators
and EPA's Risk Red~~ Engineering Laboratory in Cincinnati,
OH, to anoounce key flndl/'lgS IX this completed assessment

Introduction
The .environmental issue~, facing industry today have expanded
C?nsiderably beyond traditIOnal concerns. Wastewater air emis­
s~ns, potential soil and groundwater contaminmion,~ waste
?lSpOSaI, and employee health and safety have become Increasingly
Important~~. The management and disposal of hazardous
substances. including both process-related wastes and residues
from waste treatment. receive signifICant attention because eX regu-
lation and economics. :

As environmental issues have become more complex, the strategies
for waste management and control have become more systematic

• New Jersey Institute 01 Technology. Newark. NJ 07102

and integrated. The positive role of waste minimization and pollution
prevention within industrial operations at each stage of product ie is
recognized throughout the wOOd. An ideal goal is to manufacture
products while generating the least amount of waste possi:lle.

The Hazardous Waste Advisemeri Program (HWAP) of the Divi­
sion of Hazardous Waste Managemert, NJDEPE. is pursuing the
goals of waste minimization awareness and program implemertalion
in the stale. HWAP. with the he~ of an EPA grant from the Risk
Reduction Engineering Laboratory. conducted an Assessment of
Reduction and Recycling Opportunities for Hazardous Waste (AR­
ROW) project. AAROW was designed to assess waste minimization
potential across a broad range of New Jersey industries. The
project targeted 30 sites to perform waste minimization assessments
following the approach outlined in EPA's Waste Minimization C9­
portunity Assessment Manual (EPN62517-88J003). Under comad
to NJDEPE, the Hazardous Substance Management Research
Center at the New Jersey Institute of Techoology (NJm assisted in
conduaing the assessments. This research brief presents an as­
sessment of the manufacturing of fine chemicals using balch pr0­
cesses (1 of the 30 assessments performed) and provides recom­
mendations for waste minimization options resulting from the as­
sessment

Methodology of Assessments
The assessment prooess was coordinated bv a team of technical
staff from NJrT with experience in process operations, basi: chem­
istry, and environmental concerns and needs. Because the EPA
waste minimization manual is designed to be primarily applied by
the inhouse staff of the faciflty, the degree of involvement IX the
NJrT team varied according to the ease with which the facility staff
could apply the manual. In some cases, NJlT's role was to provide
advice. In others, NJIT conducted essentially the entire evaluation.

--........... 118 lTD



The goal 01 the project was to encourage participation in the
assessment process by management and staff at the facility. To do
this. the participants were encouraged to proceed through the
organizational steps outlined in the manuaL These steps can be
summarized as follows:

o Obtaining corporate commitment to a waste minimization
initiative

o Organizing a task force or similar group to carry out the
assessment

o Developing a policy statement regarding waste minimiza­
tion for issuance by corporate management

o Establishing tentative waste reduction goals to be achieved
by the program

o Identifying waste-generating sites and processes
o Conducting a detailed site inspection
o Developing a list of options which may lead to the waste

reduction goal
o Formally analyzing the feasibility of the various options
o Measuring the effectiveness of the options and continuing

the assessment.

Not every facility was able to follow these steps as presented. In
each case, however, the identification of wast8ilenerating sites and
processes, detailed site inspections. and development 01 options
was carried out. Frequently, it was necessary for a high degree of
involvement by NJIT to accomplish these steps. Two common
reasons for needing outside participation were a shortage 01 techni­
cal staff within the company and a ne~ to develop an agenda for
technical action before corporate commitment and porley statements
could be obtained.

It was not a goal of the ARROW project to participate in the
feasibility analysis or implementation steps. However, NJIT offered
to provkle advice for feasibility analysis it requested.

In each case, the NJIT team made several site visits to the facility.
Initially. visits were made to explain the EPA manual and to encourage
the facility through the organizational stages. If delays and comprl­
cations developed, the team offered assistance in the technical
review, inspections. and option development

NQ sampling or laboratory analysis was undertaken as part of these
assessments.

Facility Background
The facility is an integrated chemical productiOn installation which is
part of the manufaduring capabmty of a large chemical production
company. The facility which participated In this study houses pilot
plant adivities for fine chemicals and for chemical intermediates
under investigation by the company. In adcfltlon, some manufadur­
ing of produds, particularly low volume products oc:c:urs at this
facility. The facility also hcsta f8S88ICh activities. padcaging operations,
and Quality Assurance IabcraDy activities. The site is approximately
50 years old, although most 01 the buildings are signifICantly newer.
The equipment in use varies from brand new to over 30 years in
age.

Manufacturing Processes
Although many independent operations take place at this installa­
tion, it was decided to focus this initial effort on one of the smaller
manufacturing operations. Such a focus was expected to provkle
the technical and operating management of the facirlty an illustration
of the assessment process and provkle the information necessary to
plan a larger scaJe assessment process for the entire facility. It was
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desirable. therefore. to select a discrete process which could
thoroughly analyzed and which held potential for measurable
significant pollution prevention opportunnies.

The process investigated uses relatively uncomplicated chemi
requiring formation of a coordination-type complex between
organic amine and a volatile halogen-<::ontaining solvent. The ex
plexation is carried out in the presence of a small amount of
alcohol co-solvent. The individual components are synthesized en',
offsne or in an area separate from the complexation equipment al
process. The process involved is a relatively simple three componel
mixing and complexation reaction which allows for an in-<iepl
analysis of waste streams and consideration of alternatives.

Typical steps in the manufacturing process include the tollowirl
adivnies:

o A concentrated solution of the organic amine in an alcohc
solvent is slowly added to a large volume of vigorous
agitated halogen-containing solvent.

o As a result of the mixing, a portion of the resulting aminl
solvent complex precipitates.

• The product yield is increased by distilling off a portion I

the halogen-containing solvent in order to induce crystal
zation of the product complex.

o The product is recovered by filtration by vacuum.
o Recovered solvent is sent oHsite for recycling.

Existing Waste Management Activities
The company has already recognized the advantages and benet
of klenlifying and implementing waste redUdion and poUution PI
vention practices. The current procedure which utilizes oHsie recycli
for the waste streams from the investigated process illustrates tt
recognition and commitment.

Waste Minimization Opportunities
For this facility. the innial use of the manual was carried out by t
staff of the facility. The NJIT team participated in identification
some of the options for waste reduction. During the assessml
process. the following waste streams were identified:

o liqUid Solvent Stream
o Vapor Losses

The nqukl solvent waste stream results from distillation at solven!
raise the produd concentration to induce crystallization and from'
recovery of the prodUd by filtration. It has been generated at a r
of about 19.000 kglyr. The waste stream has been managed
offsne recycling at an annual cost of about $12.000.

The vapor loss stream results from atmospheric losses during
solvent transfer to a receiving vessel. A minor portion of the loss t
been estimated to result from leaking connections and esc<
during vessel openings. More of the vapor loss results from
vacuum filtration step which is used to recover the solid produd
portion 01 the volatile solvent is lost through the vacuum system c
is not easily recovered. It is estimated that about 1200 kg of
mixed solvents are lost annually through these routes. The fract
which is captured is sent offsite for recycling at an annual cost
about $500.

The continuing technical challenge is to reduce further the size of
two waste streams resulting from the process. rechnically, it may
easier to reduce the amount of vapor loss by tighter vapor handl
praetk::es. Because the volume 01 the Jiqukl solvent stream is great



there may be greater opportunKias there for high percentage reduc­
tion.

From the perspective of pollution prevention, the company may
desire to look for options which reduce emissions to the atmo­
sphere, reduce the total amount of chemical usage, encourage
onsite recyding or reuse of the materials. or allow use of less
hazardous substances in the manufacture ard processing of the
product. However, it was decided that the performance requirements
for the product preduded any changes in the chemistry of the
process until a detailed product characterization and performance
evaluation could be carried out. Therefore, any changes in the
actual substances used to manufacture the product could not be
considered to be a viable initial pollution prevention option. Rather,
both of the two waste streams were considered individually to
identify the reasons for the size of the streams and possible mod~i­

cation of practices which had potential for their reduction.

The liquid solvent stream presented the greatest challenge in terms
of volume. The relatively high cost of the solvents/reactants in the
process had previously led to consideration of alternative ratios of
materials in order to minimize solvent use. The existing process
used the minimum volumes required in order to achieve the neces­
sary performance for the product.

The solvent waste stream is sent offsite for recycling because the
combination of ak::ohol cx>-solvent with the halogen-mntaining solvent
presents some complications with the distillation process which
would normally be used for solvent pur~ication. The necessary
equipment to carry out this pur~icatior.'" does not exist at the site ard
the relatively small volume of this stream does not justify investment
in such equipment at this time. The required distillation equipment
does exist at another company-owned site, however, so one of the
options ident~ied is to move this process to another company
location in order to permit onsite recovery, recydin~ and reuse of the
solvent.

An alternative to this option was also ident~ied which would utilize a
two-step pur~ic:ation of the solvent system. The concept proposed
was to utilize an adsorbent for the alcohol component which. in a
packed bed medium, could selectively remove the ak:ohol leaving
the halogen-mntaining solvent in a more easily pur~ied state allow­
ing distillation with existing equipment at the sileo Alternatively, it may
be possible to reuse the halogen-mntaining solvent directly although
this would have to be verified by product quality and performance
testing. An appropriate choice of alcohol adsorbent could allow
regeneration with recovery and reuse of the alcohol. Such a prOce­
dure would be expected to reduce substantially the percentage of
this waste stream which needs to be sent for treatment.

Another alternative option addressed the issue of reduction of the
volume of raw materials used in the process itseW. Although, as
indieated previously, it would not be possible to implement a new
process using smaller quantities of the materials, examination of the
production records indicated that about 10% of the batch runs
represented reworking of batches which failed quality standards.
Stated another way, this means that a savings of 10% of the waste
stream could be realized by identifying and correcting the reasons
for the below standard qUality of these batches. It was determined
that the product complex which is formed is sensitive to the presence
of water. In fact, moisture can cause the decomposition of the
complex. The presence of high humidity during the complexation
process was determined to be the primary cause of the 10% failure
rate. It was proposed, therefore. to provide a more controlled tem­
peraturelhumidity environment for the manufacturing process to
eliminate the failures of these batches. An alternative suggestion was

'-I

to avoid scheduling production runs during times of the year when
ambient humidity YtOuld be eXpeded to be high.

The vapor loss waste stream presented some additional challenges.
As irdicated previously, two sign~icant sources for such losses were
identified-fugitive emissions ard the filtration step in the product
recovery phase of the process. These two sources lead to sugges­
tions of dffierent types of options for reduction of vapor loss.

Several applications of modified engineering practices were identified
for reduction of fugitive losses. These included improved control
over condenser temperature and reaction temperature. use of cou­
plings and connectors with low dead volume, regular inspection and
replacement when necessary of seals. valves, and pressure relief
devices. Modified practices such as gravity-induced introduction of
solvents rather than by pumping to reduce any pressure buildup in
the reaction vessel were also suggested.

While it may be d~icult to quant~y the pollution prevention impact of
options such as these. it is clear that they have the potential for
reducing fugitive emission.

Addressing the issue of vapor losses during the filtration process
required ident~ication of dffierent options. It was determined that the
losses occurred because the relatively low-boiling solvent vaporized
under the vacuum filtration oond~ions and was lost through the
vacuum system. The option ident~ied to reduce such losses was to
utilize existing equipment to carry out pressure filtrations instead of
vacuum filtration. The same pressure drop aaoss the filter could be
achieved, but because the absolute pressure in the system was
higher. volatilization could be reduced substantiaDy. Therefore, so~ent
loss YtOuld be reduced.

The type of waste currently generated by the facility. the source
the waste, the quantity of the waste and the annual treatment a~

disposal oasts are given in Table 1.

Table 2 shows the opportun~ies for waste minimization recom­
mended for the facility. The type of waste, the minimization opportunity,
the possible waste reduction and associated savings, and the
implementation cost along with the payback time are given in the
table. The quant~ies of waste currently generated at the facility and
possble waste reduction depend on the level of activity of the facility.

It should be noted that the economic savings of the minimization
opportunity. in most cases, results from the need for less raw
material ard from reduced present and future oasts associated with
waste treatment and disposal. It should also be noted that the
savings given for each opportunity reflect the savings achievable
when implementing each waste minimization opportunity irdepen­
dently and do not reflect savings that would result when the oppor­
tunities are implemented in a package.

RegUlatory Implications
An important regulatory implication in this study is that although ~;

majority of the waste stream from this process is recycled, it is SB~

offsite for purification and reuse. Therefore. the streams are dass
fied as waste. Even though the company has at a nearby site the
technical capability to purify the material and return it to the original
process, regulatory barriers prevent the ready implementation of this
practice. The regulatory issue is that because the two facil~ies are
considered separately from a regulatory point of view, the materia
would have to be sent from this facility under a hazardous was.
man~est. Then even after purification it would still be conside:f­
hazardous waste unless the company went through a process 1
have it delisted. Even then. the company YtOuld be seen as using
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Rl1ure 2. Abbreviated flow dagram for the dispersant process.

acid is recycled back into the reactors for use in further pro­
cessing. The low-acidic content propionic acid is pumped to
the wastewater treatment system where it is used to neutralize
caustic wastewater from other plant operations.

From the reactor. the product is pumped to a blend tank to
which other chemicals and emulsifiers are added; these sub­
stances reduce the viscosity of the product. Several wastes are
generated from the annual cleaning of the reactor and blend
tank including wastewater that is pumped to the wastewater
treatment system. herbicide residue. and herbicide articles
(contaminated employee clothing). From the blend tank. the
products are loaded onto railcars and shipped. An abbreviated
flow diagram for the herbicide/specialty chemical process is
shown in Figure 3. •

Pollution Abatement (PA) System
This plant uses a pollution abatement system to remove va­
pors from various areas of the plant including the monomer
storage area, tanks in the resin production area, and the
reactors and holding/premixing tanks in the emulsion produc­
tion line. This system was installed mainly to remove vapors
with persistent irritating odor from the plant.

A blower located down the line creates a pressure difference
and pulls fresh air over the tanks mentioned above. Vapors
collected from the monomer storage area and resin area tanks
are blown to separate liquid knock-out tanks. These tanks act
as condensers and use ambient air cooling to condense a
portion of the vapors. The resulting condensate from these
tanks is directed to the water treatment facility. From the
knock-out tanks. the vapors are ducted through separate lower
explosive limit (LEL) monitors that evaluate the flammability of
the vapors. From the monitors, the vapors are directed through

backfire preventers that act as safety valves and prevent va­
pors from being drawn back through the system.

Vapors from the reactors and feed tanks in the emulsion line
follow a similar route through the PA system; however, they
are first ducted through a caustic scrubber. Caustic solution is
added to this scrubber as well as 150 gaVmin of water to
remove particulates from the fumes. This solution is dumped to
the water treatment system every 11 days. The vapors are
then directed through a liquid knock-out tank (from which water
is pumped to water treatment), through a backfire preventer
and then through an LEL monitor.

From that monitor, the vapors pass through a blower, anothe
backfire preventer, and finally most of the vapors (99.97%
enter a natural gas-fired thermal oxidizer at 1400·F.

Wastewater Treatment System
Another onsite waste treatment facility this plant has installel
is its wastewater treatment system. Wastewater from the emul
sion line and the resin line, laboratory wastewater, and a
compressor and other cooling water are directed to this facili!
for treatment. All incoming water passes through a roto-strainE
that removes suspended solid particulates. The solid wast
falls into two hoppers and is eventually hauled oHsite to
landfill.

From the roto-strainer, the water enters a neutralization tan
where carbon dioxide and low acidic propionic acid from th
herbicide line are added for neutralization. The water the
enters a second neutralization tank where the water is agitate
to promote further neutralization. Next, the wastewater enter
three open-air mixing basins in which sludge is allowed ,
settle to the bottom. Sludge is removed quarterly to landlll
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Figur. 3. Abbreviated flow dagram for the herbicidBlspeciality chemical process.
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The effluent wastewater is released to the municipal sewer.
Total water discharged from the plant on an annual basis is
approximately 126 million gaVyr.

Existing Waste Management Practices
• A pollution abatement system removes noxious and odor­

ous vapors from the plant and incinerates them.

• Off-grade monomers and polymers are reuaed in an effort
to produce salable products.

• Diisobutylene wet solvent is bumed in an onsite boiler.

Haste Minimization Opportunities
rhe type of waste currently generated by the plant, the source
If the waste, the quantity of the waste, and the annual treat­
nant and disposal costs are given in Table 1.

'able 2 shows the opportunities for waste minimization that the
VMAC team recommended; for the plant. The type of waste,
he minimization opportunity, the possible waste reduction and

7../

associated savings, and the implementation cost along with the
payback time are given in the table. The quantities of waste
currently generated by the plant and possible waste reduction
depend on the prodUction level of the plant. All values should
be considered in that context.

It should be noted that, in most cases, the economic savings of
the minimization opportunities result from the need for less raw
material and from reduced present and future costs associated
with waste treatment and disposal. Other savings not quantifi­
able by this study include a wide variety of possible future
costs related to changing emissions standards, liability, and
employee health. It should also be noted that the savings given
for each opportunity reflect the savings achievable when imple­
menting each waste minimization opportunity independently
and do not reflect duplication of savings that would result when
the opportunities are implemented in a package.

This research brief summarizes a part of the work done under
Cooperative Agreement No. CR-814903 by the University City
Science Center under the sponsorship of the U.S. Environmen­
tal Protection Agency. The EPA Project Officer was Emma Lou
George.



TUie 1. SumfIlM)' of W... GWlel8tion

Annual Quantity Annual Waste
W.... Generated Source of W.... Generated Management Co.t ($

BurntUiM liqua Off-gradtl mixlule' and bad leaction. in the 15,400 Ib 77,110
lICf}'Iie emulsion and low molacular weight lem
production line•.

Composited absorbed monome,. Spillage and c1e8ll-up of leaeto,. in the 15,400 Ib 77,110
aCl)'lie emulsion and low molecular weight leM
production line•.

Off-graeJ. methylolactylamidel Off-graeJ. batcM. of plOduct in the eC1)'1ic 5,100 Ib 40,760
actyMmide amu1MJn and low molacular weight lem

production lina.

Used fits,. and trapped product Filtering ptOC8.. in the acrylic emul8ion 44,800 Ib 33,080
production line.

Unsalable low molecular Wflight Expired products and off-grad#l batches of products 2O,8801b 116,200
Ie.n. in the low molacular weight lesin production line.

DiisobutylWle (DIB) wet solvfllJt Spant soIv8nt from the dispersant pfDduction line. 316,220 Ib 24,500
DIB ..., soIvfllJt i. sent to 811 onw the",,1JI
OJddzer.

PlOdueVDIB interlaca ... Separation tank in the dispersant production line. 25,750 Ib 79,'60

Absorbed plDpionic acid Spillage in the herbicide/specialty chemical 6,OOOib 13,610
production line.

Contaminated employ.. clothing HarbicidelspacisJty chemical production line.

HerbicieJ. ,.aidw CIfIaning of the fNCtor and blfIIJd t8llk in the 1,000 " 24,150
herbicidalspacialty chemical pfDduction line.

Cold ilia gase. (noxiou., nrermlJi oJdclar and heat exchanger in the 394,200 ff' 0"
ocblDUl, ."d organic 'ItIpOt3 PoIution Abatement System.
dtaWn ftom monomer Rnga
aIN, tMIc. in ,..., lina, and IUin
leacto,. and t8ll1cs)

W.stewater sludge Onsite ....tewater treatmfllJt sYJtem. 3OO,OOOib 456,800

Wa.tewater Onsite ....tewater treatm",,! system. 126,000,000 gal 2,121,700

"Naw ....te; no data .vailable.
"The,. .,. no clrect cos,. ,.pon.d tor handing evaPcntive waste.

I
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r.bJ. 2. Summary of Waste Minimization Oppot1Uflities

Annual Waste Reduction Net Annual ImpletrHlntation Paybaclc
Waste Generated Minimization Opportunity Quantity Percent Savings ($) Cost ($) Years

Burnable liquids Upgrade the redundant 11,550 Ib 75
NII_ng and control

Composited absotbed dIwicfI. on the reactor 2,890 Ib 19 139,810 365,480 2.6
monomers raw mar-tiallines to

reduce the amount of off-
Off-grade specification product 3,4801b 71

methyloiacryiamicJe/ batches.
aery/amide

Unsalable product 3,130lb 15

Wastewater sludge Install a fllfturaJ 9"s-fired 244,030 Ib 81 92.730 70,320 0.8
dry-off oven in the waste·
water treatment system to
reduce the amount of
sludge removed to the
landfill.
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Document: CS379

**************************************************************************
***** DOCNO: 031-001-A-431*****

1.0 Headline: Reduction of waste oil is achieved by filtering
and recirculating lubricating oil

2.0 SIC/ISIC Codel 2819, industrial inorganic chemical,
hydrofluoric acid (SF)

3.0 Clean Technology Category

3.1 Technology Principlel Some reduction of waste
lubricating oil was achieved by filtering and
recirculating lubricating oil. Further reduction in
the volume of waste oil was investigated. However,
these reductions could only be achieved with major
process modifications. For example, if an improved
seal for bearings (braided graphite was used) would be
available, it would prevent SF from leaking,
contaminating the oil. Redesigning the feeder with
more corrosion resistance components would reduce the
frequency of oil replacement. These proce••
modification., however were not economically feasible
becau.e there are only two 55-gal of oil are replaced
every month.

3.2 Cross-Industry Application - Inorganic chemicals
manufacturing

4.0 Name & Location of COmpany: The name of this facility is
not provided. This plant is located in New Jersey.

5.0 Case Study Summary

5.1 Incentive.: NIA

5.2 Original Manufacturing Process and Previous
Waste/Emission Management Methodsl SF i. manufactured
by reacting calcium fluoride with .ulfuric acid in a;
rotory kiln. The reactant. are fed to the rotory kiln
by a special feeder. Lubricating oil, which. is used
for the feeder'. bearings, gradually become.
contaminated with SF. Thh oil i. replaced
periodically, filtered, and reused. The waste oil is
disposed off-site.

5.3
5.4

Scale of Operation: This facility has 43 employees.
Stage of Developmentl Fully implemented I

5.5 Level of commercialization: Filtration equipment for
waste oil is readily available

5.6 Results of Application: Reduced volume of waste oil

'WI" ,_ IVb



~isposed off-site

5.7 Bffect. on Product.: Thi. approach to .ource reduction
does not affect product quality

6.0 Economics

6.1 Investment cost: Not provided
6.2 Operational and Maintenance Costs: Not provided
6.3 Other costs: Not reported
6.4 Payback time: Not provided

7.0 Balances' Substitutions

7.1 Wastes generated - 110 gal/month (before)
7.2 Feedstocks - Quantities not provided
7.3 Water Use - Not provided
7.4 Energy Use - Not provided

8.0 Cleaner Production Benefits

8.1 Economic Benefits: Not provided
8.2 Improved public relationsJ This topic is not discussed
8.3 Liability reduction: Reduced liabilities by reducing

the quantity of hazardous waste generated
8.4 Regulatory compliance: Regulatory compliance is easier

with reduced quantity of hazardous waste generated.

9.0 Obstacle., problem. and/or Known Con.traint.

9.1 Technical Constraints: A more advanced design of seal
bearing. wa. not available

9.2 Problems encountered: Design of more corrosion
resistance component. of the feeder is not economically
feasible.

9.3 Regulatory barriers: None reported

10.0 Waste and/or Emission Description

10.1 Physical state: Liquid
10.2 composition: Lubricating'oil
10.3 Descripti~n: Waste oil

11.0 Dat. Case Study wa. Performed: April 1987 (document date)

12.0 Contacts and Citation

12.1 Type of Source Material: .urvey study
12.2 Abstractor and Addre•• : Manuela Erickson, SAlC, 8400

Westpark Drive, McLean, Virginia, 22102
12.3 Industry/Program Contact and Address: Richard J.

Gimello, Su.an B. Boyle, New Jersey azardous Waste
Facilities Siting Commission, 28 West State Street,
Trenton, N.J. 08608

12.4 Citation:
Author: Environmental Resources Management, Inc.
Title: A Study of Hazardous Waste Reduction and
Recycling in Four Industrial Groups in New Jersey.
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Title and Volume of Jcurnal: N/A
Title of Book: N/A
Date of Publication: April 1987
Publisher and Address: N/A

13.0 Keywords

13·.1 Industry Codes: 2819
13.2 Waste Type: Waste oil
13.3 Process Type: Lubrication
13.4 Waste Reduction Technique: Alternatives evaluation
13.5 Additional Keywords: filtration, recirculation,

process equipment modification, hydrofluoric acid

14.0 ordering Information

15.0 Case Study Evaluation

15.1 Are the technical aspects of the industrial process
adequately characterized (manufacturing process,
equipment to which option is applied; and waste
generation)?: Yes.

15.2 Are the technical aspects of the cleaner production
option adequately characterized (new equipment;
equipment modifications; materials substitution,
recovery and reuse)?: Yes.

15.3 Are the economic aspects of the cleaner production
option adequately characterized (costs incurred, costs
reduced, payback time)?: No.

15.4 Are the cleaner production benefits quantitatively
described?: No.

KEYWORDS: SIC-2819, WASTB OIL, LUBRICANTS, FILTRATION, RECIRCULATION,
EQUIPMENT MODIFICATION, HYDROFLUORIC ACID

**************************************************************************
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**********************************************.~~.*************************

Doc No.: 83S-001-A-000

1.0 Headline: Du Pont Incorporates Pollution Prevention Measures

2.0 SIC Code: Chemicals and Allied products/SIC 28

3.0 Name & Location of Company: E.I. du Pont de Nemours & Co.,
Inc., Wilmington, DE.

4.0 Clean Technology Category: waste tracking, training
programs, material substitution, recovery/reuse, and
recycling

5.0 Case study Summary

5.1 Process and Waste Information: Du Pont is a well-known
manufacturer of chemical products.

Du Pont defines its "Tabulated Waste" to include RCRA­
defined waste, solid waste treated or disposed of on­
or off-site, waste-derived fuels, some recycled
materials, deepwell injection wastes and waste water
effluents.

Among the pollution prevention techniques incorporated
by Du Pont:

*

*

*

*

*

*

*

targeting, tracking and reporting of tabulated
wastes;

choosing an environmental coordinator for each
waste-generating site;

establishment of training programs;

material substitution in the production of nylon
(butadiene for coal)1

recycle of pump-out solution wastes (polymer and
acid) from polyarymide fiber production;

conversion of wastes generated during nylon
production to a useful, marketable product;

reducing waste stream volumes through the use of
belt filters;

5.2 Scale of Operation: Information not available.

5.3 State of Development: The clean technology is fully
implemented.

5.4 Level of commercialization: Information not available.
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5.5 Balance. and ~ubstitutions

Quantity Quantity
Material category Before After

Waste Generation: 501 M lb/yr 464 M
lb/yr

Feedstock Use: Information not available.

Water Use: Information not available.

Energy Use: Information not available.

6.0 Economics

6.1 Investment Costs: Information not available.

6.2 Operational and Kaintenance Costs: Information not
available.

6.3 Payback Time: Information not available.

7.0 Cleaner Production Benefit.:

The pollution prevention Techniques listed above reduce the
volume of several waste streams, while saving the company
disposal, treatment and handling costs.

1.0 Obstacles, Problems and/or Xnown constraints: None

1.0 Date Case Study Was Performed: Journal article was published
in February 1988.

0.0 Contacts and Citation

10.1 Type of Source Material: Journal Article

10.2 Citation: Holled, G.J. and Hc Cartney, R.P. Waste
Reduction in the Chemical Industry: Du Pont's Approach.
Journal of the Air Pollution control Association.
February 1988.

10.3 Level of Detail of the Source Katerial: Additional
information is available in the report.

10.4 Industry/Program COntact and Address: Not available.

L• 0 Keywords
11.1 Waste Type: industrial inorganic chemical, industrial

( ,,)
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organic chemicals, acidic ~~stewaters, solvent

11.2 Process Type/Waste Source: industrial inorganic
chemical, industrial organic chemicals, organic fibers,
paints and allied products, cellulosic man-made fiber

11.3 Waste Reduction Technique:source reduction, material
'sub.titution, recovery/reus., process modification,
education

11.4 other Keywords: disposal cost avoided, treatment cost
avoided, increased productivity, waste management costs

12.0 Assumption.: Information not available.

13.0 Peer review: Unknown

KEYWORDS: industrial inorganic chemical, industrial organic chemicals, acidic wastewaters,
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Document: CS377

**************************************************************************
***** DOCNO: 03l-00l-A-429*****

1.0 Headline: Source reduction alternatives were investigated
for those wastes shipped off-site for treatment.

2.0 SIC/ISIC Code: 2819, industrial inorganic chemical, sodium
sulfide

3.0 Clean Technology category

3.1 Technology Principle: Several alternatives were
.investigated in an attempt to reduce the volume of
reactive sodium sulfide with impurities shipped off­
site for treatment. Process modifications, such as
changes in the purification process or changes of raw
materials were not cost effective. Other alternatives,
such as segragation of this waste from other wastes,
on-site oxidation, and off-site reuse are still under
consideration.

3.2 Cross-Industry Application - Inorganic chemicals
manufacturing

4.0 Name & Location of Company: The name of this facility is
not provided. This plant is located in New Jersey.

5.0 Case Study Summary

5.1 Incentives: N/A

5.2 Original Manufacturing Process and Previous
Waste/Emission Management Methods: Sodium sulfide
crystals of reagent grade are recr~stallized from an
aqueous solution of ,odium sulfide flakes after several
intermediate purificatio~ steps. The residual solution
of sodium sulfide with impurities is periodically
removed from the crystallizer. Three batches produce
5,000 lb of sodium sulfide crystals and 50 gal of waste
solution. This waste is mixed with other aqueous waste
streams prior to off-site disposal.

5.3 Scale of Operation: This facility has 9 employees, and
annual revenues of 1.5-2.0 million dollars.

5.4 Stage of Development: Under investigation

5.5 Level of Commercialization: N/A

5.6 Results of Application: This information is not
available

5.7 Effects on Products: This approach to source reduction

T
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do•• not affect product quality.

6.0 Economic.

6.1 Inv.stment cost: Not provided
6.2 Operational and Maintenance Costs: Not provided
6.3 other costs: Not reported
6.4 Payback time: Not provided

7.0 Balances. Substitutions

7.1 Wastes generated - 50 galj3-batches (before)
7.2 Feedstocks - Quantiti.s not provided
7.3 Water Use - Not provided
7.4 Energy Use - Not provided

8.0 Cleaner Production Benefits

8.1 Economic Benefits: Not reported
8.2 Improved public relations: This topic is not discussed
8.3 Liability reduction: Reduced liabilities by reducing

the quantity of hazardous waste generated
8.4 Regulatory compliance: Regulatory compliance is easier

with reduced quantity of hazardous waste generated •
...

9.0 Obstacles, Problems and/or Known Constraints

9.1 Technical Constraints: Process modifications too
costly

9.2 Problems encountered: Cost of packaging and shipping
the sulfide for reuse in a POTW was much more expensive
than sending the waste off-site for treatment.

9.3 Regulatory barriers: Required permits to store and
treat hazardous waste on site.

10.0 Waste and/or Emission Description

10.1 Physical state: Liquid
10.2 Composition: Sodium ~ulfide

10.3 Description: Reactive waste with metal impurities

11.0 Date Case Study was Performed: April 1987 (document date)

12.0 Contacts and Citation

12.1 Type of Source Material: survey study
12.2 Abstractor and Address: Manuela Erickson, SAIC, 8400

westpark Drive, McLean, Virginia, 22102
12.3 Industry/Program Contact and Address: Richard J.

Cimello, Susan B. Boyle, New Jersey azardous Waste
Facilities Siting commission, 28 West State street,
Trenton, N.J. 08608

12.4 Citation:
Author: Environmental Resources Management, Inc.
Title: A study of Hazardous Waste Reduction and
Recycling in Four Industrial Groups in New Jer.ey.
Title and volUme of Journal: N/A
Title of Book: N/A
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Date of Publication: April 1987
Publisher and Address: NIA

13.0 Keywords

13.1 Industry COde.: 2819
13.2 Waste Type: Aqueous waste with dissolved sulfides
13.3 Process Type: Recrystallization
13.4 Waste Reduction Technique: Alternatives evaluation
13.5 Additional Keywords: oxidation, crystallization,

sodium .ulfide

14.0 Ordering Information

15.0 Case Study Bvaluation

15.1 Are the technical aspect. of the industrial process
adequately characterized (manufacturing proces.,
equipment to which option is applied; and waste
generation)?: Yes.

15.2 Are the technical aspects of the cleaner production
option adequately characterized (new equipment;
equipment modifications; materials substitution,
recovery and reu.e)?: No.

15.3 Are the economic aspects of the cleaner production
option adequately characterized (costs incurred, costs
reduced, payback time)?: No.

15.4 Are the cleaner production benefit. quantitatively
described?: No.

KEYWORDS: SIC-2819, AQUEOUS WASTB, SULFIDBS, RECRYSTALLIZATION, OXIDATION,
CRYSTALLIZATION, SODIUM SULFIDE
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Document: CS378

**************************************************************************
***** DOCNO: 031-001-A-430*****

1.0 Headline: Tank cleanout reuse eliminate generation of
corrosive waste.

2.0 SIC/ISIC Code: 2819, industrial inorganic chemical,
hydrofluosilicic acid (HPS)

3.0 Clean Technology category

3.1 Technology Principle: Unreacted sand (tank cleanouts)
from HPS manufacturing had been disposed of as
corrosive waste. This waste is reused by mixing it
with fresh sand in the reactors. The generation of
unreacted sand has been eliminated. Adequate capacity
was available to store tank cleanouts. The bulk of the
cost incurred was for the design time of the modified
manufacturing procedure.

3.2 Cross-Industry Application - Inorganic chemicals
manufacturing

4.0 Name & Location of Company: The name of this facility is
not provided. This plant is located in New Jersey.

5.0 Case study Summary

5.1 Incentives: Elimination of hazardous waste generation
at a minimal cost.

5.2 Original Manufacturing Process and Previous
Waste/Emission Management Methods: HPS is manufactured
by reacting hydrofluoric acid (HP) .. with aand in the
reactor.

5.3 Scale of OPeration: This facility has 43 employeea.

5.4 stage of Development: Fully implemented

5.5 Level of Commercialization: Manufacturing of HPS
eliminated the generation of a waste by-product from HP
manufacturing. The raw material for HP production
containes sand as impurity, which can be reused to make
HPS.

5.6 Results of Application: Elimination of corrosive waste
generation.

5.7 Effects on Products: This information is not available

6.0 Economics

{\
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6.1 Inve.tment co.t: Not provided
6.2 Operational and Maintenance Costs: Not provided
6.3 other costs: Not reported
6.4 Payback time: Not provided

7.0 Balances & Substitutions

7.1 Wastes generated - Stons/yr (before)
7.2 Feed.tock. - Quantitie. not provided
7.3 Water U.e - Not provided
7.4 Energy Use - Not provided

8.0 Cleaner Production Benefit.

8.1 Economic Benefit.: $2,000 annual saving. from wa.te
treatment co.t.

8.2 Improved public relations: This topic is not discussed
8.3 Liability reduction: Reduced liabilitie. by reducing

the quantity of hazardous wa.te generated
8.4 Regulatory compliance: Regulatory compliance i. ea.ier

with reduced quantity of hazardous wa.te generated.

9.0 Obstacle., Problem. and/or Known Constraints

none reported
none reported

none reported

9.1
9.2
9.3

Technical Constraints:
Problems encountered:
Regulatory barrier.:

10.0 Wa.te and/or Emi••ion De.cription

10.1 Physical state: Solid
10.2 Compo.ition: Sand
10.3 Description: Corrosive waste (tank cleanout)

11.0 Date Case Study was Performed: April 1987 (document date)

12.0 Contacts and Citation

12.1 Type of Source Mater~al: survey .~udy

12.2 Abstractor and Addre•• : Manuela Erickson, SAIC, 8400
We.tpark Drive, McLean, Virginia, 22102

12.3 Indu.try/Program COntact and Addre•• : Richard J.
Gimello, Susan B. Boyle, New Jersey azardous Waste
Facilitie. Siting commi••ion, 28 We.t State :Street,
Trenton, H.J. 08608

12.4 Citation:
Author: Environmental Re.ource. Management, Inc.
Title: A Study of Hazardous Waste Reduction and
Recycling in Four Industrial Groups in New Jersey.
Title and Volume of Journal: N/A
Title of Book: N/A
Date of Publication: April 1987
Publi.her and Address: N/A

13.0 Keywords

13.1 Industry Codes: 2819
13.2 Waste Type: Inorganic solids
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13.3 Process Type: Tank cleaning
13.4 Waste Reduction Technique: Recycle and reu.e on .ite
13.5 Additional Keywords: annual cost savings, treatment
costs avoided, sand

14.0 Ordering Information

15.0 C~se Study Evaluation

15.1 Are the technical aspects of the industrial process
adequately characterized (manufacturing process,
equipment to which option is applied; and waste
generation)?: Yes.

15.2 Are the technical aspects of the cleaner production
option adequately characterized (new equipment;
equipment modifications; materials substitution,
recovery and reuse)?: Yes.

15.3 Are the economic a.pect. of the cleaner production
option adequately characterized (costs incurred, costs
reduced, payback time)?: No.

15.4 Are the cleaner production benefits quantitatively
described?: Yes.

KEYWORDS: SIC-2819, INORGANIC SOLIDS, TANKS, RECYCLE, REUSE, SAND
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Document: CS376

**************************************************************************
***** DOCNO: 031-001-A-428*****

1.0 Headline: Better housekeeping practices and building
renovation reduced the volume of wastewater shipped off-site
for treatment.

2.0 SIC/ISIC Code: 2819, industrial inorganic chemical,
miscellaneous salts (iodides, bromides, sulfides, etc.)

3.0 Clean Technology Category

3.1 Technology Principle: The volume of wastewater shipped
off-site for treatment was reduced by preventing
contamination of water not related with manufacturing
processes, such as rainfall and storm water run-on.
Implementation of good housekeeping practices and
building renovation prevented rainfall accumulation.

3.2 Cross-Industry Application - N/A

4.0 Name & Location of Company: The name of this facility is
not provided. This plant is located in New Jersey.

5.0 Case Study Summary

5.1 Incentives: Economic incentives

5.2 Original Manufacturing Process and Previous
waste/Emission Management Methods: This plant carries
out batch processes on a campaign basis to manufacture
miscellaneous inorganic salts. Rainfall and stormwater
run-on to manufacturing areas was contained due to
contamination. The contaminated water was. then mixed
with process wastewater and shipped off-site for
treatment.

5.3 Scale of Operation: This facility has 9 employees, and
annual revenues of 1.5-2.0 million dollars.

5.4 Stage of Developaent: Fully implemented

5.5 Level of Commercialization: N/A

5.6 Results of Application: 50' reduction in wastewater
shipped off-site for treatment.

5.7 Effects on Products: This approach to source reduction
does not affect product quality.

6.0 Economics

6.1 Investment cost: $40,000 (1985)

43 /\\
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6.2 Operational and Maintenance Costz. Not provided
6.3 other costs: Not reported
6.4 Payback time: Estimated 2-4 years

7.0 Balances & Substitutions

7.1 Wastes generated - Quantitie. not provided
7.2 Feedstocks ~ Quantities not provided
7.3 Water Use - Hot provided
7.4 Energy Use - Not provided

8.0 Cleaner Production Benefits

8.1 Economic Benefits: Estimated savings of $10,000-20,000
per year in off-site treatment costs.

8.2 Improved public relations: This topic is not discussed
8.3 Liability reduction: Reduced liabilities by reducing

the quantity of hazardous waste generated
8.4 Regulatory compliance: Regulatory compliance is easier

with improved housekeeping practices.

9.0 Obstacles, Problems and/or Known Constraints

none reported
none reported

none

9.1
9.2
9.3

Technical Constraints:
Problems encountered:
Regulatory barriers:

10.0 Waste and/or Emission Description

10.1 Physical state: Liquid
10.2 Composition: Water
10.3 Description: Contaminated stormwater run-on

11.0 Date Case Study was Performed: April 1987 (document date)

12.0 Contacts and Citation

12.1 Type of Source Haterial: survey study
12.2 Abstractor and Addre•• : Manuela Erickson, SAIC, 8400

westpark Drive, HcLea~, Virginia, 22102
12.3 Industry/Program Contact and Address: Richard J.

Gimello, Susan B. Boyle, Hew Jersey azardou. Waste
Facilitie. Siting Commission, 28 West State Street,
Trenton, N.J. 08608

12.4 Citation:
Author. Environmental Resources Hanagement, Inc.
Title. A Study of Hazardous Waste Reduction and
Recycling in Four Industrial Groups in Hew Jersey.
Title and Volume of Journal: H/A
Title of Book. H/A
Date of Publication: April 1987
Publisher and Address: H/A

13.0 Keywords

13.1 Industry Codes: 2819
13.2 Waste Type: Wastewater
13.3 Process Type: Storm water run-on
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13.4 Waste Reduction Technique: Better housekeeping
13.5 Additional Keywords: annual cost savings

14.0 Ordering Information

15.0 Case Study Evaluation

15~1 Are the technical aspects of the industrial process
adequately characterized (manufacturing process,
equipment to which option is applied; and waste
generation)?: No.

15.2 Are the technical aspects of the cleaner production
option adequately characterized (new equipment;
equipment modifications; materials substitution,
recovery and reuse)?: Yes.

15.3 Are the economic aspects of the cleaner production
option adequately characterized (costs incurred, costs
reduced, payback time)?: Yes.

15.4 Are the cleaner production benefits quantitatively
described?: Yes.

KEYWORDS: SIC-2819, WASTEWATER, STORK WATER, HOUSEKEEPING

**************************************************************************
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Inorganic Chemical Manuf'acturiD,

.-DOCNO: 400-074-A-248 .--
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I
I
I
I
I
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INDUSTRY/SIC CODE:

TECHNOLOGY DESCRIPTION:

FEEDSTOCKS:

WASTES:

MEDIUM:

COST:
CAPITAL COST:

OPERAnONIMAlNTENANCE:

MONTHS TO RECOVER:

SAVINGS:
DISPOSAL & FEEDSTOCK:
FEEDSTOCX REDUcnON:
WASTE PRODUcnON:

IMPAcr:

CITAnONIPAGE:

KEYWORDS:

-----~----,-----

Industrial Chemical MaDufacturiDllISIC 3511

Pbo8pboroua coat.liDed ill the by-product audp from pboIpboroua
productioIl is coavenecl to lOdium phoIpbiute via ,lbJine c1i,.ai0ll ill aD

a,itator reactor. Tbe dipItiaD I"'IpfWi<Ia product coatllina COIItamjun~

from the audIO ad is. tberefon, filtered prior to further proc_liq.
SubIequeat proc..... iIIcludei~ eYIpOnItiOIl. ClyltamratjOll.
c:emrifuptiOll. ad cbyiq. 11IiJ yieIdI die IOdium phoIpbjmtte fiaal
product, aIoq with lOIII8 CaHPO. Tbe liquid ,.wtiDa from the
c:eatrifuptiOll is recycled to the J'I'CMWIo PboIpbiIle ad hydropa off-,...
from the I'IICtiOIl are 1IIiIi2Ied ill the produc:tioD of phoIphoric ICid
(combuItiOll to H,PO•• milt abmrptiOIl ill circaladn, phoIphoric 1Cid).

Pbo8pboroua audIO. 1Cet)'1eae-lime hydrate. lOdium hydroxide.
hydrochloric acid, Ditropa. steam, electric power, water.

With the low poUutiaa tedmique tben is a cIiIdwp of 340 q PH,
(intermediate product). 77 q NaC1. 2 q lOdium-pbolpbiute dust aad 5 q
filter cab.

Water. air, IOIid

Low. relative to coaveatioaal teebDolOl)'. due to tbe UIe of COIiuDoa lIteeI
over 1taiDl.. lIteeI.
SO" reductiOll ill eaeqy CQIIIUmprilJll over coaveatioaal teeImoIOI)'.
ElimjMrioa of heavy COII'OIiOll COllI.
Inst,llatioa CaD be amortiad over lea tbIID three yeua.

Not reported
PboIpbiIle ... emitted from reactor is uti1iDcl ill pboIpboroua acid plut.
Not reported

Curreatly. 30" of the qplied pboIpboroua is emitted iIlto wute water ill
aD eJemrJltal)' form. 10" is emitted iDto waste water ill the form of Pop,.
Low-wute tee:hDoIOI)' rec:oven DeIIIy aU the -Wlied pboIpboroua. yieidiD,
lOClium pbocpbiMte for 1111 ill electrolytic 1lic:keliDa. aad a _-toxic filter
cake.

Compeadium OIl Low aDd Noa-wute TecJmoJoay. Uaited NatiODI
Ecoaomic aDd Social CouIIIeI. ·SodiumPboephateMadeFromPbolpboroua
Sludp·. Mooopaph ENVIWP:U51Add74.

PboIpboroua. Sludp, ISIC 3511

"" '
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..... DOCNO: 400-040-A-229 .....

INDUSTRYISIC CODE: ChemicalladUltry mel MmufKturiD, ofCIemical ProductI, Petroleam aad
Coal Del'ival:iv. mel Rubber' mel Plutic ProductIIISIC 3512

NAME/CONTACT: MiD.iItere del'~t It du Cadre de Vie
Directiaa de Ia~ del PoOWGIII
14, BauIeYud du GtIIenl Leclerc .
92521 Neuilly-sar-SeiDo Ceda, FI'lIDCO

TECHNOLOGY DESClUP'IlON: Tbe COIIIIlGY produceIIIIIIIICWIj1llD Ditrate with dinlct verificatioa of the
r-=tiaD mel debubhliq of the water YIpOI' atnIcted. Ia the low polIutaa
tecbDiqne, tbo vermc.ac. of the I'IIdicxl of the two haic ......
(~ Dillie ICid ad _ill) is carried oat duoup the pH
.uym of the I'IIidual water collected It the - of the JtIOC*L ThiI
water ... oriJiMlIy caltaiDflll ill the Ditric ICid mel wu ohta- by
evaponIioD of the 'lIIIIICWIium Ditrate lOIutio1l followed by MDdeptjOlL

Ia the low poIl1dima techDique, the ,I!II!ICWIjam Ditrlte 1adal water vapor
..- duauP • debubbler before canct.Mtjm wbida limita tbo Ditnle
bubbIeI carried by the YIpOI'.

FEEDSTOCKS:

WASTES:

MEDIUM:

COST:
CAPITAL COST:
OPERATIONIMAINTENANCE:
MONTHS TO RECOVER:

SAVINGS:
DIRECT COST:
FEEDSTOCK REDUCTION:
WASTE PRODUCTION:

IMPACT:

ClTATIONIPAGE:

JCEYWORDS:

W......mntainjn, ,I!II!ICWIj1llD, Diuo,., ad Ditric ICid

F 300,000
Not reported
M

Not reported

Ammaaium Ditrlte WIIIte reduced by 93".

M8teriaI~ is reduced ill tbo low poIl__ teeImique by jUlt
uadIr 2 per ceaL EDeqy MIII"~' ,...ny low, isllllR 01' lela the
11III8 ill bolla &edmiqu& 1lIiI techDique I1IowI cber verificalioD of ..
dIemic:al r-=tiaII dill tab pllce cIuriq producIiml aad thuI Jivea • better
ma&erial yield mel ...polluac.. 1lIiIprinciple IbouId be steaded to otber
procedureI ill the cbemical leCtOr.

Compeadiuaa .. Low ad Noa-wute TecbaololY. UDited NItioaI
EcODDIIIic mel Social CouaIeI. -ProcIuct:ima of A"''''1Ijpm Nitrite with
CmatiDuou Caatrol of the R.eacIiaa mel Dep-. of the~tiq W.,.
Vapors-. Moaopapla ENVIWP.215/JuJ4.40.

AJlUllCWium Nitrate, Reacdoa Verific:ati... DebubbIiq, ISIC 3512
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--- DOCNO: 400-112-A-271-

INDUSTRY/SIC CODE: Manufacture of Basic IDduItrial Cbemicab Except FatiIizler/SIC 21

TECHNOLOGY DESCRIPTION: The low waste tecImo101)' iJ for the productiOll of aluminum fluoride \
utiliDboa of wute silica. Tbere are DO lipific:at cbIapI ill
productioo of the aluminum fluoride. The 1IIe of wute silica permits
IDIDUfiIcNre of • IllUbabIe product to be ued u • filler ill nabl
COmpO"""', The ItepI of the .-oc- iDclude:

Compeadium 011 Low aDd NOIl-WUte TecbDOIOl)'. Uaited Nil
Ecoaomic aDd Social Coua_. ?roduc:UOIl of Aluminum Fluoride wit!
UtiliDtiOll ofWute Silica- MOIlOJraph ENVIWP.21SIAdd112.

Silica. PrecipitatiOll. Solid Wute RecoveIy, Fillen, Aluminum Fluo
SIC 28

(Rub" per metric toil)
9.500 ..........,. rubIeI
330 rublll/metric toll
Not reported

- DillOlutiOll of the wute iDactive Iilica by treUiDI it with an .1IIIIICJIli,
fluoride IOlutioa.

- SepuaIiOIl of 8!!I!!IOIIjum cryolite by filtntiOD. to be ued ill .lIIIIICJIlil
fluoride procIuc:tiOIl.

• PrecipitaliOll of active Iilica by a.aa, the ·lIIIIICJIlium fluolilic
lO1utiOll with ."""Gaia (pi) or .1!II!IC'4Iia water.

• SepuatiOll ad wubiq of active Iilica 011 the prell filter.
• EvapontiOll of .lIIIIICJIlium fluoride IOlutiOD.
- Dryiq aDd J*bIiDI of ICtive Iilica.

Silic:oa (iDlctive) from al""DUm fluoride productiOll (23" Si~ - 4.:
q/metric toil output; ~iP. (100 ") - 269 q; NHJ • 327 q; proc
,.. • 2.330 q; iDduIbill water - ISO rr.

Resjch·l .- (SO rr/tOll) from the caJcinetMm of ldive Iilica. c:oaWm
Iell tbiD 10 ma/rr F. are wubed aDd pueed iDto the MIDl:lIpbete. Proc
W8len ad waite water from equipwtIlI wubiaI are ncycled to die proc
for waabiqldive Iilica cab.

aa.oua, liquid

EJiminatiOll of silica di.-J ill • 1aDdfi1llite or ItOnp poad, by era
• profitable UIe for tbiJ waite by-product.

120 rublll/metric toll an- profit 0Il1Ctive Iilica filler.
Not reported
Five perccat saviDp rro. depnciIDoa clIupI OIl pollutiOll COl

~ attributed to die' e1iJDjNtial of the wute silica di.-J
additiOll to di.-J COllI.

MEDIUM:

...FEEDSTOCXS:

WASTES:

COST:
CAPITAL COST:
OPERAll0NIMAINTENANCE:
MONlHS TO RECOVER:

SAVINGS:
DISPOSAL It FEEDSTOCK:
FEEDSTOCIC REDUcnON:
WASTE PRODUcnON:

CITAll0NIPAGE:

IMPACT:

KEYWORDS:
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Noae

Not applicable

Manufacture of Basic 1DduItrial Chemicals Except Ferti1izIernSIC 3511

Sodium chloride, electrical eaetJY, titaDium IIlOdes

I
I
I
I
I
I
I
I
I
I
I
I
I
1
j

I
1

t

I- (\4;

Electrolytic Recovery, Chlorate, ISIC 3511

9,000,000 fnDca (1978)
601 fraacsltoIl of product (1980)
Not reported

Liquon contaiDiq IOda cbIorate IDd aodium cbIoride are injected into
electrolyzen which tnIIIform cbIoride into chlorate with titanium modea.
Tbe I'IlIU1tiqliquon U'Il thea IIIlt to. crystaJ1iziai poad wbere put of the
cbIonte it recovered. Tbe nnwia;"1 put it returDed to the electrolyzen
after additiaa of mum cbIoride.

191 ~toD ill electrical....,., which it offlet by iDcreued COlt of 100
fnDcIJtoIl for titaDium aodeI. .
Reduced eaeqy requireaIeDtI.
CoavcDtioaal teebDoloIYa- papbite modes which requireI recovery aDd
rejectiaa of anPbite powder l1udp

Tbe IbIDdud teebDique iDvolv. filtratiOll of the liquors prior to
cryJta11izatica becaI_ die ppbite modea are pduaIIy COD'IIIIIed (at. rate
of 6 q/toll). ~y,wute dispoIal of ppbite l1udp it required.
Additioaally, eDeI'IY C'ftIIUnpaa it reduced with the lowwute teebDoloaY.
TitaDium aodeImay be ued wherever .Ibliae c:bIon!eI ue produced via
electrolysil.

Compeadium OIl 1.Dw ad NOIl·waste TeclmoIOl)', UDited NaaiOlll
EcoDomic ad Social CouDIel, -Maaufacturiq of Soda Cblorlte by
E1ectrolysil of Sodium CbIoride with Gtapbite ADodeI-, MOIIOIJaph
ENVIWP.2151Add.92.

COST:
CAPITAL COST:
OPERATIONIMAINTENANCE:
MONTHS TO RECOVER:

INDUSTRYISIC CODE:

MEDIUM:

WASTES:

POLLUTION PREVENTION
omONS SUMMARY:

FEEDSTOCKS:

--- DOCNO: 400-092·A-31S..........

FEEDSTOCK REDUCTION:
WASTE PRODUCTION:

SAVINGS:
DISPOSAL" FEEDSTOCK:

IMPACT:

CITATIONIPAGE:

KEYWORDS:

----~,-~----
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--- DOCNO: ~123-A-330··'"

HEADLINE:

INDUSTRY/SIC CODE:

POlLUTION PREVENTION
OPTIONS SUMMAllY:

FEEDSTOCKS:

WASTES:

MEDIUM:

COSTS:
CAPITAL COST:
OPERATJNGIMAINTENANCE:
MON1llS TO RECOVER:

SAVINGS:
DISPOSAL" FEEDSTOCK:

FEEDSTOCK REDUCTION:
WASTE PRODUCTION:

IMPACf:

CITATIONIPAGE:

KEYWORDS:

Low waste tec:JmolOl)' procell u.l in produciDa hydropa fluoride •
reduceI volume of I)'Ilthetic aahydrite produced by as ~.

MIDu&dure of Buic IDdUItrial Chemical. Except FertilizenIISIC 35II

Synthetic lDhydriao (ca1cium IUlpbate). produced from the productioa
hydropa fluoride 1Cid. ia prepued to fonD • -..dudizIld lIIIhydriao biad
for 1110 ill floor CODItnICtioa ill buiJdiDp. Put of the lDhydrite product
ia 1pp1ied ill the cemmt iDduItry u • .aiq replator. CoaveatiOll
method ia to ctiIpoIe of the lIIIhydrite. The low wute teeImolOlY proce
iIlvolvei ID Ulitioaal Itop of IIIill.iq to reduce the paiD size. requiriJ
Ulitioaal clulifien. milla, ad .."., appaUII.

eaOH - 50 q/.aahydrite. yentil·ted~ -=b - 6.25 k,. activator- :
q. electricity - 97.2 MJ. compr .. air (0.3 MPa) - 220 rr
ADhydrite wuto

Solid

4.000,000 Mub
8O~ of cqital iJlvectlNillt
Notnported

lJawwtmrGt COllI an iDcre:a-.I by 1.700.000 Marb. openIiD, com •
reduced by 20~. SaviIlp lie realized throuJh reduced eli'" COllI •
__ of lIIIhydrito.
Noaa
To-dUe, 60~ of the aahydriao hal beeD produced u lIIIhydrite biDder. 25
u IeUiDJ repIaIor. ad IS~ was dilpOl"d ofu. wute (6 til. per 10 k
HF). .

The volume of IOlid wuto requiriDJ di.-J from produetioa of HF
reduced by as ~. 0pentiIlJ COllI lie reduced by 20~ due
tnDIpOrtatioa ad elilpOlll COllI. ad • profitmle product ia produced tI
offen advImtaJe- ill the c:outruetioa of floon over other biDdiD, •
lIIed for the .... J'UIPC*.

Compeadium 011 Low aDd NOD-WUte Tec:hDo1oaY. United Natic
Ecooomic aDd Social Couue.I. MOiIOj'apb -U. of ADhydrite Formed
the Hydro,. Fluoride ProductiaIl~· ENVIWP.21S/Add.I23.

Solid Waite R«overy, Hydrofluoric Acid, ADhydrite, ISIC 3511
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- DOCNO: 4S().(JII-A-OOI....•

1.0 HeadliDe: New Sodium Chlorate Factory Triples ProducbOD and Employ. Source ReductiOD Tec:Jmiquea
to Avoid T.-tmeGt Costs

2.0 SIC: 2812

3.0 Name aDd LocatiOD of Company

4.0 Clea. TecbDolOl)' e.ate,ory

S.O Cue Scudy Summary

S.l Procell aDd Waste IDformatiOD: QueDord is the 1arJat manuflcturer of lOdium chlorate in the
world. 1bei.r product i. priDcipUJy used in the fabricatioo of chloriDe for De in the pulp aDd p.per
industry. In 1985, QueDord built a DeW fIctory that tripled ita productiOllIDd beetnle of reductioa
techDiqu., ita eftlueot wu reduced to a1moIt phia,. The c:ompay decided the IIIOIt effective
modificatioaa could be IDIde reprcliq the refripntioo waters which cool the liquor before tbeir
retum to electrolytic c:e11I. They used a cIa.d circuit aDd • opea circuit to recover calorific
eDeI'IY (about 22 mepwUtI), to reduce the I.IIIOUIIt ofwater used u much u poaible, aad to avoid
coatamjnab", the wasen to eliminate the oeed for treltmeDL

The c:omp8Ily also used otber prevemative ...... to reduce the UIIOUDt of poUutaDtI they
,....ae. To reduce the volume of l1udp to be cliJIx-d, they used table.It aad a fil. prell.

To eliminate the sepuatioo of their ailtin, aocSe., they used IIIdIllic aocSe.. To elimiNte the
coagm jN bOl1 of condeaPboa waters, the c:ompay used a IUI1iIce c:oodca.. rather tbaa a
bU'ometric~. The c:omp8Ily used a claailtiD, device that allowed oondenpte to be
recycled. To limit a- of primIry material aad fiDiabed producta, a •• of pits aad pumpI

retumed the material to productioo aDd .y duIt paerated wu sprayed to wet iL To c.pture nmolf
or eccidaItal rei... ofprimary maaeriaIs, the cumpaay used ."edburien IDd draiDqe dmmeI.
arouad the .-voir IDd also used JOOd inluJatioll arouad the buiJdiDp IDd equipmmt. To
elimiNte bot purJe waa.a, the c:ompIIIy employed ... electric beIIiq IJIfeID. To reduce the riIt
of dIromium reltUe to the eaviroIuDimt, the c:oaqay produced chlonte cryIta1I that were .u.dy
wubed IDd dried.

By UIiq IOUrCe reductioa, the c:ompay saved the $600,000 COlt of iJlpallinla treatment I)'Item.
They were able to completely recycle refripntioo waters tbroup clOIed circuit inae.d of treabn,
tbem, they were able to recover eDeIJY that DOI'DII1Iy would have beea lOll by usial • opal

circ:aiL 1hia IMUUI'e .Yed the c:ompay $5OO,OOO/year in productioa cOllI. Usin, metallic
1DOdeI, OJinrinabn' paphite l1udp and iDc:reuinI the output of electricity at a more efficient rate
a1JowI the COlDfOCiY to save $2,OOO,OOO/y...

S.2 Scale of Operatioo: The compmy~ approximately 9S,OOO fOal of lOdium chlorate/year.

S.3 Stqe of Deve1opIneDt: 1hia tec:1molOJY wu fully implemeated at the time of the cue study.

S.4 Level of Commercializatioll: This tecbDolOJY 'WU COIIIIDerCialJy avai1able at the time of this cue
study.
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It ia amUDOd &bat colli were reported ill Canadian dollan.

1.0
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3000

30

5.5-9.5

SStp4e,.

715

0.05

5.5

4.0

0.01

6.0

200-351

26

Efflucpt

ToII1 Flow [m'/d]

Free ChloriDe [JIm']

NaCl0(3) [,1111']

[ka/d]

ToII1 Qrome [JIm']

-5.S. [JIm']

S.D. lI/m'j

DCa lilaa']

pH· 7-8.5

\
l

6.1 IJnwtLl'Nt Com: The CDIIIpIIIy IpCDt $900,000 toeal. U. of tile teelmiquea saved $600,000 il
tile COlt of a tIN...t I)'IteIII.

DIle c.. Study Wu Performed: The poUutioa preveatiOll IMIIIII'8 were initiated ill 1985.

6.2 OperaIioaaJ ad~ CollI: 0penticmI aDd nwinteaaace COIta of tile pmpam were Del

pnMded. HoMver, SSOO.OOO/yeu-were lIVed illprocIucUaIlCOlllIDd S2.000,OOOIyearwere savel
ill ...,. COllI.

Cl__ Productiaa BeDefiIl: Iu a .....t of .... IOUI'CI recIuctiaI~ abe colllpllly virtuall:
eJimiDNed all ......acept for· abe rei.. ofdiainfectioD walen from abe refripratioa procell. The:
perioclic:ally lOll c:ona-.·te· from Ibeir Cl)""lIintioa .,... aDd Ibey I8Ye S6OO.000/yeer ill treaIIDm
~. SSOO.OOOIyeu- ill producUOIl COllI. IDd S2,OOO.OOOI)Wt ill ...,. COllI.

Obac", ProbleIDI DJlor JCnowD CoaIIn.intI: Not AvaiJUIe

10.2 Cilatioa: Sectcur Ojmje Ipgmpjque. I!ISjImoJocj. PrpprR. ProcIyctjOll du QalOlI!e de Sodium
GouvwDemIDt cIu Quebec. MiniJtere de l'EnvircJaDement, GeltiOll et A_iniaement del Eaa
1teYiIed lune 1988. Source doannrnt ia ill FreadI.

10.1 Type of Source MIterial: Report

10.3 Level of DeWl of tile Source Material: AdditiOllll detail ia available repntiD, the KtuI

refripntioD procell aDd the opea ad doeed circuit&. ar.ter aplanatioa ia a1Io liveD reprdinl
oCber pIWIIltative .......
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10.4 1DduItJylProJfllll CoDtaet -ad Addreu: Rqioaal offices, Ioddr-.. ad pboDe numben are pvea
011 die beck of the report.

10.5 AbItrIdor Name -ad Addrea: Blair M. Raber, Scimce Applic:atiou IDtematiODll CorponIioa,
7600-A leeIburJ Pike, Fa11I O1urdl, VA, 22043.

11.0 Keywords

11.1 Walle Type: Wutewater, refrilelllioa waters.

11.2 ~ TypelWaIIe Source: Buic Wueewaten, CdoriDe, 1DduIIriaI IDorpDic Chemical,
IDorpDic ChemicalI, RempnDt, Sodium Cl1onIe.

11.3 Walle Reduc:tioa Todmique: Source ReductiClIl. CryPalljDtiml, EDeqy Recovery, Equipmi.a
Modific:atioa. TaPaI-boa.,~ Redraip, Re&ipnQOIl ad H.aaa Equipmeat, Volume
R.eduCDoa, Wutewaaer RedacUOIl.

11.4 Other JCeyworda: enede, Dut,~ Productivity, IDcnued Efficieacy.

(*) DilClaiaaer: Ecmaomic data will.vary clue to ecoDOIDic climate, varyiq JOYeI1IIDeDW replatiou nd other
fiIcton.

JCeyworda: W......, Re&ipntioa Wataa, Buic Wutewaten, QloriDe. 1Ddu1ari111DorpDic Cbemical.
1DorpDic Chemic:.II, RempnDt, Sodium QloraIe, Source Reductioa, CzyPalJiptioa, Eaav Recovwy,
Equipmeat Modificatioa. ""'IRica.~ Redraip. Rempntioa aDd HeatiDa EquipmeDl, VoIUIIIIS R.eduCDoa,
Wutewarer R.eductioa. Cnede, Dust, IDcrI..d Productivity, IDcreued~
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