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CHAPTER 1
INTRODUCTION

11 Purpose of Manual

This manual provides an introduction to the apphication of pollution prevention techniques 1n

the chemical and petroleum processing imdustries Chemical and petroleum processing case
studies are provided 1n the appendices

This 1s the sixth manual 1n a series on the topic of pollution prevention The first manual,
"Pollution Prevention Concepts/Applications,” discusses the theory and practice of pollution
prevention techmques 1n general terms The reader should refer to this manual for general
pollution prevention methodologies and defimtions The second manual, "Pollution Prevention
in Metal Fimishing Industries,” provides a survey of the application of pollution prevention
techniques within the range of metal fimishing processes The third manual, "Pollution
Prevention 1n the Textile Industry," provides an introduction to the application of pollution
prevention techmiques 1n various textile preparation and fimshing processes The fourth and
fifth manuals, "Pollution Prevention for Dairy Industries," and “Pollution Prevention for Fish
and Shellfish Processing Industries,” outline pollution prevention strategies that are applicable
to the food processing industries In addition, there are plans to prepare pollution prevention
manuals for the pulp and paper, tanmng, mining, and printing industries

The user of thus chemical and petroleum processing manual should view 1t as a first source 1n
pursuing process and equipment changes n the industry The manual 1s intended to assist
professionals 1n determining 1) where there might be potential for improving process
efficiency and profitability 1n chemical and petroleum processing facilities, and 2) which
alternatives are worthy of consideration for implementation Users of this manual should not
rely on 1ts contents alone to carry out specific measures, but rather seek assistance from
experienced professionals 1n the field However, as a general rule of thumb, those process
improvement measures which can be implemented at no cost or low cost, or with minimal

effort should be considered first, while the more capntal and labor mtensive options will
require more extensive review

12  Background

Chemucal processing and petroleum refining industries generate sigmificant amounts of
pollution The chemical industry in the U S alone generated and managed over 3 trillion
kilograms (kg) of production-related chemical waste 1n 1993

The best way to reduce poliution 1s to prevent it 1n the first place Some compamnes 1n these
industries have creatively mmplemented pollution prevention techniques that have mmproved
efficiency and increased profits while at the same time mimimizing environmental impacts

1



This can be done 1n many ways such as reducing material 1nputs, re-engineering processes to
reuse by-products, improving management practices, and substituting beugn chemuicals for
tOXIC ones

It 1s critical to emphasize that pollution prevention 1n the chemical and petroleum industries 1s
process specific and oftentimes constramed by site-specific considerations  As such, 1t 1s
difficult to generalize about the relative merits of different pollution prevention strategies The
age, size, and purpose of the plant will influence the choice of the most effective pollution
prevention strategy Commodity chemical manufacturers redesign their processes infrequently
so that redesign of the reaction process or equipment 1s uniikely in the short term Here
operational changes are the most feasible response Specialty chemical manufacturers are
making a greater variety of chemicals and have more process and design flexibility
Incorporating changes at the earher research and development phases may be possible for

them

13  Waste Characteristics

The major pollutants and wastes associated with organic chemical processing are ammonia,
mitric acid, methanol, ethylene glycol, and acetone Those associated with morganic
processing are ammonia, hydrochloric acid, carbonyl sulfide, and manganese Petroleum
wastes include ammonia, toluene, xylene, methyl ethyl ketone, propylene, and benzene

Many of these pollutants are exceedingly toxic to the environment In addition, several
commonly used and manufactured chemicals are known contributors to cancerous conditions
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CHAPTER 2
ORGANIC CHEMICAL PROCESSING!

21 Introduction

The mdustrial organic chemical sector produces orgamc chemucals (those containing carbon)
used as either chemical intermediates or end-products For the purposes of this manual, the
category of organic chemicals includes gum and wood chemicals, cyclhic organic crudes and
mntermediates, organic dyes and pigments, and some forms of industrial organic chemicals
Plastics, drugs, soaps and detergents, agricultural chemicals or paints, and allied products

which are typical end-products manufactured from industrial orgamic chemicals, are not
addressed by this discussion

The 1ndustrial orgamic chemical market has two broadly defined categories, commodity and
specialty Commodity chemical manufacturers compete on price and produce large volumes of
small sets of chemicals using dedicated equipment with continuous and efficient processing
Specialty chemical manufacturers cater to custom markets, manufacture a diverse set of
chemucals, use two or three different reaction steps to produce a product, tend to use batch
processes, compete on technological expertise and have a greater value added to therr

products Commodity chemical manufacturers have lower labor requirements per volume and
require less professional labor per volume

22 Product Characterization

The industrial organic chemical industry uses feedstocks derived from petroleum and natural
gas and from recovered coal tar condensates generated by coke production The chemical
industry produces raw materials and intermediates, as well as a wide variety of finished
products for industry, business and individual consumers

Important gum and wood chemical products include '
> Hardwood and softwood distillation products,

> Wood and gum naval stores,
> Charcoal, and

! The information 1n this chapter 1s derived from the U S Environmental Protection

Agency's Office of Comphiance Sector Notebook Project, Profile of the Organic Chemical
Industry, September 1995 (document # EPA/310-R-95-012) Readers should refer to that
document for a comprehensive set of references and sources Contact your local EP3

Cleannghouse for a copy of the EPA document or for information on how to access it
electronically via the Internet
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Natural dyestuffs and tanming materials

Important cyclic organic chemical products include

>

vy v v v

Derivatives of benzene, toluene, naphthalene, anthracene, pyridene, carbazole, and
other cychic chemical products,

Synthetic orgamc dyes,

Synthetic organic pigments,

Cyclic (coal tar) crudes, such as hight o1ls and light o1l products,

Coal tar acids, and

Products of medium and heavy o1l such as creosote o1l, naphthalene, anthracene and
their high homologues

Important industrial organic chemical products include

4
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Non-cyclic orgamc chemicals such as acetic, chloroacetic, adipic, formic, oxalic acids
and their metallic salts, chloral, formaldehyde, and methylamine,

Solvents such as amyl, butyl and ethyl alcohols, methanol, amyl, butyl, and ethyl
acetates, ethyl ether, ethylene glycol ether and diethylene glycol ether, acetone, carbon
disulfide, and chlorinated solvents such as carbon tetrachloride, tetrachloroethene, and
trichloroethene,

Polyhydric alcohols such as ethylene glycol, sorbitol, pentaerythritol, and synthetic
glycerin,

Synthetic perfumes and flavoring materials such as coumarin, methyl salicylate,
saccharin, citral, citronellal, synthetic geramol, 1onone, terpineol, and synthetic
vanlhin,

Rubber processing chemicals such as accelerators and antioxidants, both cychc and
acyclic,

Plasticizers, both cyclic and acyclic, such as esters of phosphoric acid, phthalic
anhydride, adipic acid, lauric acid, oleic acid, sebacic acid, and stearic acid, ,
Synthetic tanning agents such as sulfonic acid condensates, and

Esters and amines of polyhydric alcohols and fatty and other acids

Industrial Process Description

This section describes the major industrial processes within the organic chemical industry,
including the materials and equipment used, and the processes employed This discussion also
provides a concise description of where wastes may be produced 1n the process and describes
the potential fate (via air, water, and soil pathways) of these waste products

231 Industrnal Processes in the Organic Chemical Industry

The ndustrial organic chemical sector includes thousands of chemicals and hundreds of

4
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processes In general, a set of building blocks (feedstocks) is combined 1n a series of reaction
steps to produce both intermediates and end-products Exhibit 2-1 shows the primary organic
chernical building blocks (generated principally from petroleum refining), a key subset of the
large volume secondary building blocks and a set of large volume tertiary building blocks
Exhibit 2-2 shows the reaction types used to manufacture a sample of organic chemicals, and
illustrates the large variety of processes used by the industry

Exhibit 2-1 High Volume Organic Chemical Building Blocks

Primary Building Block Secondary Bmlding Block Tertiary Building Block
Ethylene Ethylene dichloride Vinyl chioride
Ethylene oxide Ethylene glycol
Ethylbenzene Vinyl acetate
Propylene Propylene oxide
Acrylonitrile
Isopropy! alcohol Acetone
Benzene Ethylbenzene Styrene
Cumene Phenol
Acetone
Cyclohexane Adipic acid
Methanol Acetic acid Vinyl acetate
Formaldehyde
Methyl t-butyl ether
Toluene
Xylenes
p 1somer Terephthalic acid
Butadiene
Butylene

The typical chemical synthesis process mvolves combining multiple feedstocks 1n a series of
unit operations The first umt operation 1s a chemucal reaction Commodity chemicals tend to
be synthesized 1n a continuous reactor while specialty chemicals usually are produced 1n
batches Most reactions take place at high temperatures, mvolve metal catalysts, and include
one or two additional reaction components The yield of the reaction will partially determine
the kind and quantity of by-products and releases Many specialty chemicals require a series
of two or three reaction steps Once the reaction 1s complete, the desired product must be
separated from the by-products by a second umit operation A number of separation technmiques
such as settling, distillation or refrigeration may be used The final product may be further
processed, by spray drying or pelletizing for example, to produce the saleable item
Frequently, by-products are also sold and theiwr value may alter the process economics



Exhibit 2-2 Reaction/Process Types by Chemical Category for a Sampling of Organic

Chemcals
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Exhibit 2-2 Reaction/Process Types by Chermical Category for a Samphng of Organic Chemicals
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The separation technology employed depends on many factors including the phases of the
substances bemng separated, the number of components 1n the mixture, and whether recovery
of by-products 1s important Numerous techmques such as distillation, extraction, filtration,
and settling can be used singly or 1n combination to accomplish separations Distillation 1s the
process of separating the various constituents of a iquid mixture by partially vaporizing the
mixture and recovering the vapor and the residue separately Extraction 1s a process by which
constituents are separated and distributed from one medium nto another Filtration 1s the
separation of a fluid-solids mixture by passing most of the fluid through a porous barrier
which captures most of the solid particles while allowing the fluid to flow through the barrier
Setthing 15 the process by which heavier solid particles come to rest at the bottom of a
container while lighter particles remain above them

Relatively few orgamc chemical manufacturing facilities are single product/process plants
Additionally, many process units are designed so that production levels of related products can
be varied over wide ranges This flexibility 1s required to accommodate variations 1n

feedstock and product prices which can change the production rate and processes used, even
on a short-term (less than a year) basis

The type of reaction process used to manufacture chemicals depends on the intended product,
however, several types of reactions are common polymerization, oxidation, and addition
Polymerization 1s a chemical reaction usually carried out with a catalyst, heat or light (often
under high pressure) 1n which a large number of relatively simple molecules combine to form
a chain-hike macromolecule Oxidation, 1n the strict sense, means combining oxygen
chemically with another substance althougn this name 1s also applied to reactions where
electrons are transferred Addition covers a wide range of reactions where a double or triple
bond 1s broken and a component added to the structure Alkylation can be considered an
addition, as can some oxidation reactions

2 32 Four Specific Industrial Orgamic Chemicals

This profile examnes the reactions of four high-volume chemicals (ethylene, propylene,
benzene and vinyl chloride) chosen to illustrate the use of typical chemical feedstocks based on
several factors, mncluding the quantity of chemical produced, and the health and environmental
umpacts of the chemical Ethylene, propylene, and benzene are all primary building blocks

and their reaction products are used to produce still other chemicals Vinyl chloride 1s an
mmportant tertiary building block

The four chemicals described below 1llustrate several key points  First, primary building
blocks are typically used 1n more reactions than the building blocks further down the chain
Second, most feedstocks can participate 1n more than one reaction and third, there 1s typically

more than one reaction route to an end-product The end-products of all of these chemicals
can be used in numerous commercial applications



2321 Ethylene The major uses for ethylene are 1n the synthesis of polymers

(polyethylene) and i ethylene dichloride, a precursor to vinyl chloride Other important
products are ethylene oxide (a precursor to ethylene glycol) and ethylbenzene (a precursor to
styrene) While ethylene 1tself 1s not generally considered a health threat, several of 1ts
derivatives, such as ethylene oxide and vinyl chloride, have been shown to cause cancer The

manufacturing processes that use ethylene as a feedstock are summarized in Exhibit 2-3 along
with reaction conditions and components

Exhibit 2-3 Manufacturing Processes Using Ethylene

Process Target Process Conditions Reaction Other Characteristics
Product Components
ue Pressure Temp Catalyst po
(MPa) (°C)
Polymerization Low density 60 350 350 Oxygen or peroxide
polyethylene
(LDPE)
High density 0120 50 300 | Molybdenum
polyethylene Chromium oxide
Aluminum alkyls
Polyethylene Low Titanium oxide
Oxidation Ethylene oxide 1-2 250 300 | Silver 1 2 Dichloro ethane 60% 1s converted to
oxygen ethylene glycol using
an acid catalyst
Acetaldehyde 03 120-130 | Copper chloride/ Oxygen Vapor phase
palladium chlonide
Vinyl acetate 041 170 200 | Palladium Acetic acid
Addiuon
Halogenation/ Ethylene 60 Iron aluminum Chlorme Feedstock for vinyl
hydrohalogen dichloride copper or antimony chloride and
ation chlorides trichloroethylene and
tetrachloroethylene
Ethyi chloride 0305 Aluminum or i1ron HCI Precursor of styrene
chlorides
Alkylation Ethylbenzene Aluminum 1on and | Benzene
boron chlorides
Hydroformation Propionaldehyde 435 60 200 ]| Cobalt Synthesis gas (carbon
monoxide and
hydrogen)
9



2322 Propylene Propylene's primary products are polypropylene, acrylomtrile, propylene
oxide, and 1sopropy!l alcohol Acrylonitrile and propylene oxide have both been shown to

cause cancer, while propylene itself 1s not generally considered a health threat The important
propylene reactions are shown 1n Exhibit 2-4 The products of the reactions are the feedstocks

for numerous additional products

Exhibit 2-4 Manufacturing Processes Using Propylene

———— e
Polymerization Polypropylene

w
Aluminum alkyls/

Titanium oxide

Process Target Process Conditions Reaction Other
Product Components Characteristics
Pressure | Temp Catalyst
(MPa) °C)

Oxidation Acrylonitrile 400 Phosphomolybdate Ammona Commercially valuable
Oxygen by products are
acetonitrile and
hydrogen cyanide
Propylene oxide Oxygen Commercially valuable
Ethylbenzene by product 1s zert-butyi
alcohol
Chiorohydrinanon | Propelyene oxide 25 37 Tungsten Hypochlorous acid
Hydrolysis Isopropyl alcohol 267 Water
L
10



Exhibit 2-5 Manufacturing Processes Using Benzene

23 2.3 Benzene Benzene 1s an important intermediate in the manufacture of industrial
chemicals Exhibit 2-5 summarizes the primary benzene reactions The products are

frequently feedstocks in the synthesis of additional chemucals Benzene 1s classified as a
human carcinogen 1n the United States

l Process Target Process Conditions Reaction Other
Product Components Characteristics
Pressure Temp Catalyst
(MPa) (°C)
' Oxidation Phenol 06 90 100 Cumene oxygen Most important phenol
synthesis
' Maleic anhydride 0102 350-400 | Vanadwum oxide Butane oxygen
Styrene 01 580-590 | Iron oxide Ethylenebenzene
Addiyon
Alkylation Ethylbenzene 02-04 125-140 | Alummum chloride Benzene ethylene Precursor to styrene
Ethylbenzene 20 420-430 | Zeolute Benzene ethylene Precursor to styrene
' Cumene 0310 250-350 | Phosphoric Benzene propylene
acid/sihicate
l 2 6 Xylenol 0102 300-400 | Aluminum oxide Phenol methanol
Hydrogenation Cyclohexanone 01 140-170 | Palladium Phenol hydrogen
Cyclohexano! 1020 120-200 | Nickel/silicon oxide Phenol hydrogen
and aluminum oxide
Cyclohexane 2050 150 200 | Nickel Benzene hydrogen
' Aniline 018 270 Copper Nitrobenzene
hydrogen
Nitration Nitrobenzene 01 60 Benzene sulfuric
. acid nitric acid
Suifonation Surfactants 01 40 50 Alkylbenzene/sulfur
trioxide
' Polymerization Polyvinylchloride 50 Peroxides
Substitution at Vinyl acetates Palladium Alkyl hahides
the carbon alcholates vinyl
l chioride bond esters and vinyl
ethers
Addition Various halogen
l addition products
11




2324 Vinyl Chloride Vinyl chloride polymers are the primary end use of vinyl chloride

but various vinyl ethers, esters, and halogen products can also be made as shown in Exhibit 2-
6

Exhibit 2-6 Manufacturing Processes Using Vinyl Chloride

Process Target Process Conditions Reaction Other
Product Components Characteristics
Pressure Temp Catalyst
(MPa) (°C)
- ]}
Polymerization Polyvinylchlonde 50 Peroxides
Substitution at Vinyl acetates Paliadium Alky! halides
the carbon alcholates vinyl
chioride bond esters and vinyl
ethers
Addition Various halogen
addition products
— ——

2 33 Raw Matenal Inputs and Pollution Outputs 1n the Production Line

Industrial orgamc chemical manufacturers use and generate both large numbers and quantities
of chemicals The mdustry emits chemicals to all media including air (through both fugitive
and direct emussions), water (direct discharge and runoff) and land The types of pollutants a
single facility will release depend on the feedstocks, processes, equipment 1n use and
maintenance practices These can vary from hour to hour and can also vary with the part of
the process that 1s underway For example, for batch reactions 1n a closed vessel, the
chemicals are more likely to be emitted at the beginning and end of a reaction step (associated

with vessel loading and product transfer operations), than during the reaction The potennal
sources of pollutant outputs by media are shown m Exhib1t 2-7

12
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Exhibit 2-7 Potential Releases During Organic Chemical Manufacturing

—

Media Potential Sources of Emissions

Arr Point source emisstons  stack, vent (e g laboratory hood, disnltation unit, reactor storage tank

vent) matenal loading/unloading operations (including rail cars tank trucks and marnne vessels)

Fugitive emissions pumps vaives flanges, sample collection mechanical seals relief devices
tanks

Secondary emissions waste and wastewater treatment units cooling tower process discharge
system sump spill/leak areas

Liquid Wastes

Equipment wash solvent/water lab samples surplus chemicals product washes/purifications seal
{organic or agueous)

flushes scrubber blowdown cooling water steam jets vacuum pumps leaks spills spent/used
solvents housekeeping (pad washdown) waste oils/lubricants from maintenance

Solid Wastes Spent catalysts spent filters sludges wastewater treatment biological sludge contaminated sotl

old equpment/insulation packaging matenal reaction by-products spent carbon/resins drying
aids

Ground Water

Unlined ditches, process trenches sumps, pumps/valves/fitings wastewater treatment ponds
Contamination

product storage areas tanks and tank farms aboveground and underground piping
loading/unloading areas/racks manufacturing mamtenance facilities

24 Summary of Health and Toxicity Effects of Selected Organic Chemicals

241 Ammonia

Toxicity Anhydrous ammonmia 1s irritating to the skin, eyes, nose, throat, and upper respiratory
system

Ecologically, ammonia 1s a source of nitrogen (an essential element for aquatic plant growth), and
may therefore contribute to eutrophication of standing or slow-moving surface water, particularly in
nitrogen-limited waters  In addition, aqueous ammonia 1s moderately toxic to aquatic organisms

Carcinogenicity There 1s currently no evidence to suggest that this chemical 1s carcmoge;uc

Environmental Fate  Ammomnia combines with sulfate 1ons in the atmosphere and 1s washed out by
rainfall, resulting in rapid return of ammonia to the soil and surface waters

Ammoma 1s a central compound in the environmental cycling of nitrogen  Ammonia 1n lakes,
rivers, and streams 1s converted to nitrate

Physical Properties Ammomia 1s a corrosive and severely irritating gas with a pungent odor

242 Nitric Acd

Toxicity The toxicity of nitric acid 1s related to 1ts potent corrosivity as an acid, with ulceration of
all membranes and tissues with which 1t comes 1n contact Concentrated nitric acid causes
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immediate opacification and blindness of the cornea when 1t comes in contact with the eye
Inhalation of concentrated nitric acid causes severe, sometimes fatal, corrosion of the respiratory
tract Ingestion of nitric acid leads to gastric hemorrhagng, nausea, and vomiting  Circulatory
shock 1s often the immediate cause of death due to nitric acid exposure Damage to the respiratory
system may be delayed for months, and even years Populations at increased risk from nitric acid
exposure clude people with pre-existing skin, eye, or cardiopulmonary disorders

Ecologically, gaseous nitric acid 1s a component of acid rain - Acid ramn causes serious and
cumulative damage to surface waters and aquatic and terrestrial organisms by decreasing water and
soil pH levels Nitric acid 1n rainwater acts as a topical source of nitrogen, preventing “hardening
of " of evergreen foliage and increasing frost damage to perenmial plants in temperate regions
Nitric acid also acts as an available nitrogen source in surface water, stimulating plankton and
aquatic weed growth

Carcinogenicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate Nitric acid 1s manly transported mn the atmosphere as nitric acid vapors and 1n
water as dissociated nitrate and hydrogen 1ons In soil, nitric acid reacts with minerals such as
calcium and magnesium, becoming neutralized, and at the same time decreasing so1l "buffering
capacity" against changes in pH levels

Nitric acid leaches readily to groundwater, where 1t decreases the pH of the affected groundwater In
the winter, gaseous nitric acid 1s incorporated into snow, causing surges of acid during spring snow
melt Forested areas are strong sinks for nitric acid, incorporating the nitrate 1ons into plant tissues

243 Methanol

Toxicity Methanol 1s readily absorbed from the gastrointestinal tract and the respiratory tract, and 1s
toxic to humans in moderate to high doses In the body, methanol 1s converted into formaldehyde
and formic acid Methanol 1s excreted as formic acid Observed toxic effects at high dose levels
generally include central nervous system damage and blindness Long-term exposure to high levels
of methanol via inhalation cause liver and blood damage 1n animals

Ecologically, methanol 1s expected to have low toxicity to aquatic organisms Concentrations lethal
to half the organmisms of a test population are expected to exceed one milligram (mg) methanol per
hiter water Methanol 1s not likely to persist in water or to bioaccumulate 1n aquatic organisms

Carcmmogenmicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic
Environmental Fate Liquid methanol 1s likely to evaporate when left exposed Methanol reacts in
arr to produce formaldehyde which contributes to the formation of air pollutants In the atmosphere
1t can react with other atmospheric chemicals or be washed out by rain  Methanol 1s readily

degraded by microorganisms 1n sotls and surface waters

Physical Properties Methanol is highly flammable
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244 Ethylene Glycol

Sources Ethylene glycol 1s used as an anuifreeze, heat transfer agent and solvent in industrial
organic chemical facilities

Toxicity Long-term nhalation exposure to low levels of ethylene glycol may cause throat irritation,
muld headache and backache Exposure to higher concentrations may lead to unconsctousness
Liquid ethylene glycol 1s irritating to the eyes and skin

Toxic effects from ingestion of ethylene glycol include damage to the central nervous system and
kidneys, intoxication, conjunctivitis, nausea and vomiting, abdominal pain, weakness, low blood

oxygen, tremors, convulsions, respiratory failure, and coma Renal failure due to ethylene glycol
poisoning can lead to death

Environmental Fate Ethylene glycol readily biodegrades in water No data are available that report
its fate 1n soils, however, biodegradation 1s probably the dominant removal mechanism Should
ethylene glycol leach into the groundwater, biodegradation may occur

Ethylene glycol in water 1s not expected to bioconcentrate in aquatic organisms, adsorb to sediments
or volatilize Atmospheric ethylene glycol degrades rapidly in the presence of hydroxyl radicals

245 Acetone

Toxicity Acetone 1s 1rmitating to the eyes, nose, and throat Symptoms of exposure to large

quantities of acetone may include headache, unsteadiness, confusion, lassitude, drowsiness,
vomuting, and respiratory depression

Reactions of acetone (see environmental fate) in the lower atmosphere contribute to the formation of
ground-level ozone Ozone (a major component of urban smog) can affect the respiratory system,
especially 1n sensitive individuals such as asthmatics or allergy sufferers

Carcinogemcity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate If released into water, acetone will be degraded by microorganisms or will

evaporate into the atmosphere Degradation by microorganisms will be the primary removal
mechanism

Acetone 1s highly volatile, and once 1t reaches the troposphere (lower atmosphere), 1t will react with
other gases, contributing to the formation of ground-level ozone and other air pollutants

Physical Properties Acetone 1s a volatile and flammable organic chemical

15



25 Pollution Prevention Opportunities

This section provides both general and process-specific descriptions of some pollution prevention
advances that have been implemented within the organic chemical industry Whule the hist 1s not
exhaustive, 1t does provide core information that can be used as the starting point for facilities
interested in beginning their own pollution prevention projects

Thus section provides summary information from activities that may be, or are being implemented bv
this sector When possible, information 1s provided that gives the context in which the techmque can
be effectively used Please note that the activities described 1n this section do not necessarily apply
to all facilities that fall within this sector  Facility-specific conditions must be carefully considered
when pollution prevention options are evaluated, and the full impacts of the change must examine
how each option affects air, land, and water pollutant releases

Using pollution prevention techniques which prevent the release or generation of pollution in the

first place have several advantages over end-of-pipe waste treatment technologies The table below
lists the direct and indirect benefits that could result

Exhibit 2-8 Pollution Prevention Activities Can Reduce Costs

Direct Benefits
. Reduced waste treatment costs
Reduced capital and operating costs for waste treatment factlities
Reduced off site treatment and disposal costs
Reduced manufacturing costs due to improved yields
Income or savings from sale or reuse of wastes

Reduced environmental comphance costs (¢ g fines shutdowns)
Reduced or ehiminated inventories or spills

Reduced secondary emissions from waste treatment facilities
Retained sales (production threatened by poor environmental performance or sales)

Indirect Benefits
Reduced lhikelihood of future costs from
- Remediation
Legal liabilities
Complying with future regulations
Use of emussion offsets (internal and external)
Improved community relations
Increase environmental awareness by plant personnel and management
Reduced societal costs
. Improved public health

Pollution prevention can be carried out at any stage of the development of a process In general,
changes made at the research and development (R&D) stage will have the greatest impact, however,
changes 1n the process design and operating practices can also yield significant results
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In the R&D stage, all possible reaction pathways for producing the desired product can be examined
These can then be evaluated 1n hght of yield, undesirable by-products, and their health and
environmental impacts

Because of the large investment in current technology, and the lifetime of capital equipment,
pollution prevention at the earliest stages 1s unlikely unless a company undertakes the design of a
new production line or facility There are, however, more numerous pollution prevention
opportunities that can be realized by modifying current processes and equipment

251 Opportumties from Process/Product Modifications

This section can be used as a diagnostic tool for 1dentifying common pollution-creating problems
that organic chemical processing facilities may experience Suggested solutions to prevent or reduce
pollution loads, based on the latest data, follow each potential problem

2 511 By-products and Co-products

Quantity and Quality

Problem Process mefficiencies result in the generation of undesired by-products and co-products
Inefficiencies will require larger volumes of raw materials and result in additional secondary
products Inefficiencies can also increase fugitive emissions and wastes generated through material
handling

Solution Increase product yield to reduce by-product and co-product generation and raw material
requirements

Uses and Outlets

Problem By-products and co-products are not fully utihized, generating material or waste that must
be managed
Solution Identify uses and develop a sales outlet Collect information necessary to firm up a

purchase commitment such as minimum quality criteria, maximum impurity levels that can be
tolerated, and performance criteria

3

2512 Catalysts

Composition

Problem The presence of heavy metals 1n catalysts can result in contaminated process wastewater
from catalyst handling and separation These wastes may require special treatment and disposal
procedures or facilities Heavy metals can be inhibitory or toxic to biological wastewater treatment
units Sludge from wastewater treatment units may be classified as hazardous due to heavy metals

content Heavy metals generally exhibit low toxicity thresholds in aquatic environments and may
bioaccumulate

Solution Catalysts comprised of noble metals, because of their cost, are generally recycled by both
on-site and off-site reclaimers
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Preparation and Handling

Problem Emussions or effluents are generated with catalyst activation or regeneration
Solution Obtain catalyst in the active form  Provide 1n situ activation with appropriate
processing/activation facihities

Problem Catalyst attrition and carryover mto product requires de-ashing facilities which are a likely
source of wastewater and solid waste

Solution Develop a more robust catalyst or support

Problem Catalyst 1s spent and needs to be replaced

Solution In situ regeneration eliminates unloading/loading emissions and effluents versus off-site
regeneration or disposal

Problem Pyrophoric catalyst needs to be kept wet, resulting in liquid contaminated with metals

Solution Use a non-pyrophoric catalyst Minimize amount of water required to handle and store
safely

Problem Short catalyst life
Solution Study and i1dentify catalyst deactivitation mechanisms Avoid conditions which promote

thermal or chemical deactivation By extending catalyst life, emissions and effluents associated with
catalyst handling and regeneration can be reduced

Effectiveness

Problem Catalyzed reaction has by-product formation, incomplete conversion and less-than-perfect
yield

Solution Reduce catalyst consumption with a more active form A higher concentration of active
ingredient or increased surface area can reduce catalyst loadings Use a more selective catalyst

which will reduce the yield of undesired by-products Improve reactor mixing/contacting to increase
catalyst effectiveness

Problem Catalyzed reaction has by-product formation, incomplete conversion and less-than perfect
yield N

Solution Develop a thorough understanding of reaction to allow optimization of reactor design
Include 1n the optimization, catalyst consumption and by-product yield

2513 Intermediate Products

Quantity and Quality
Problem Intermediate reaction products or chemical species, including trace levels of toxic
constituents, may contribute to process waste under both normal and upset conditions

Solution Modify reaction sequence to reduce amount or change composition of intermediates

Problem Intermediates may contain toxic constituents or have characteristics that are harmful to the
environment
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Solution Modify reaction sequence to change intermediate properties Use equipment design and
process control to reduce releases

251 4 Process Conditions/Configuration
Temperature

Problem High heat exchange tube temperatures cause thermal cracking/decomposition of many
chemicals These lower molecular weight by-products are a source of “light ends” and fugitive
emissions High localized temperature gives rise to polymerization of reactive monomers, resulting
in “heavies” or “tars ” such materials can foul heat exchange equipment or plug fixed-bed reactors,
thereby requiring costly equipment cleaning and production outage

Solution Select operating temperatures at or near ambient temperature whenever possible Use
lower pressure steam to lower temperatures Use intermediate exchangers to avoid contact with
furnace tubes and walls Use staged heating to minimize product degradation and unwanted side
reactions Use superheat of high-pressure steam 1n place of furnace Monitor exchanger fouling to
correlate process conditions which increase fouling, avoid conditions which rapidly foul exchangers
Use online tube cleaning technologies to keep tube surfaces clean to increase heat transfer Use

scraped wall exchangers n viscous service Use falling film reboiler, pumped recirculation reboiler
or high-flux tubes

Problem Higher operating temperatures imply “heat input”™ usually via combustion which generates
emissions

Solution Explore heat integration opportunities (e g , use waste heat to preheat materials and reduce
the amount of combustion required )

Problem Heat sources such as furnaces and boilers are a source of combustion emissions
Solution Use thermocompressors to upgrade low-pressure steam to avoid the need for additional
boilers and furnaces If possible, cool materials before sending to storage

Problem Vapor pressure increases with increasing temperature Loading/unloading, tankage and
fugitive emussions generally increase with increasing vapor pressure

Solution Use hot process streams to reheat feeds Add vent condensers to recover vapors In storage
tanks or process Add closed dome loading with vapor recovery condensers

Problem Water solubility of most chemicals increases with increasing temperature
Solution Use lower temperature (vacuum processing)

Pressure

Problem Fugitive emissions from equipment

Solution Equipment operating 1n vacuum service 1s not a source of fugitives, however, leaks into
the process require control when system 1s degassed

Problem Seal leakage potential due to pressure differential
Solution Minimize operating pressure
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Problem Gas solubility increases with higher pressures
Solution Determine whether gases can be recovered, compressed, and reused or require controls

Corrosive Environment

Problem Material contamnation occurs from corrosion products Equipment failures result in
spills, leaks and increased maintenance costs

Solution Improve metallurgy or provide coating or hining  Neutralize corrosivity of matenals
contacting equipment Use corrosion mhibitors

Problem Increased waste generation due to addition of corrosion inhibitors or neutralization
Solution Improve metallurgy or provide coating or lining or operate in a less corrosive
environment

Batch vs Continuous Operations

Problem Vent gas lost during batch fill
lution Equalize reactor and storage tank vent lines Recover vapors through condenser, adsorber,
etc

Problem Waste generated by cleaning/purging of process equipment between production batches
Solution Use materials with low viscosity Minimize equipment roughness

Problem Process inefficiencies yield lower yield and increase emissions
Solution Optimize product manufacturing sequence to minimize washing operations and cross-
contamination of subsequent batches

Problem Continuous process fugitive emissions and waste increase over time due to equipment
failure through a lack of maintenance between turnarounds

Solution Sequence addition of reactants and reagents to optimize yields and lower emissions
Design facility to readily allow maintenance so as to avoid unexpected equipment failure and
resultant release

Process Operation/Design

Problem Numerous processing steps create wastes and opportunities for errors
Solution Keep 1t stmple Make sure all operations are necessary More operations and complexity
only tend to increase potential emission and waste sources

Problem Non-reactant materials (solvents, absorbants, etc ) create wastes Each chemical
(including water) employed within the process introduces additional potential waste sources, the
composition of generated wastes also tends to become more complex

Solution Evaluate umit operation or technologies (e g , separation) that do not require the addition
of solvents or other non-reactant chemicals

Problem High conversion with low yield results 1n wastes
Solution Recycle operations generally improve overall use of raw materials and chemicals, thereby
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both increasing the yield of desired products while at the same time reducing the generation of
wastes A case-1n-point is to operate at a lower conversion per reaction cycle by reducing catalyst
consumption, temperature, or residence time Many times, this can result i a higher selectivity to
desired products The net effect upon recycle of unreacted reagents 1s an increase in product yield
while at the same time reducing the quantities of spent catalyst and less desirable by-products

Problem Non-regenerative treatment systems result in increased waste versus regenerative systems
Solution Regenerative fixed bed treating or desiccant operation (e g , aluminum oxide, silica
activated carbon, molecular sieves, etc ) will generate less quantities of solid or liquid waste than
non-regenerative units (e g, calcium chloride or activated clay) With regenerative units though,
emissions during bed activation and regeneration can be significant Further, side reactions during
activation/regeneration can give rise to problematic pollutants

2515 Product

Process Chemistry

Problem Insufficient R&D of alternative reaction pathways may miss pollution opportunities such
as waste reduction or eliminating a hazardous constituent

Solution R&D during process conception and laboratory studies should thoroughly investigate
alternatives in process chemustry that affect pollution prevention

Product Formulation

Problem Product based on end-use performance may have undesirable environmental tmpacts or
use raw materials or components that generate excessive or hazardous wastes

Solution Reformulate products by substituting different material or using a mixture of individual
chemicals that meet end-use performance specifications

2516 Raw Matenals
Purnty

Problem Impurities may produce unwanted by-products and waste Toxic impurities, even 1n trace
amounts, can make a waste hazardous and therefore subject to strict and costly regulation

Solution Use higher purity materials Purify materials before use and reuse 1f practical Use
inhibitors to prevent side reactions

Problem Excessive impurities may require more processing and equipment to meet product
specifications, increasing costs and potential for fugitive emissions, leaks, and spills

Soluuion Achieve balance between feed purity, processing steps, product quality and waste
generatlon

Problem Specifying a purity greater than needed by the process increases costs and can result in
more waste generation by the supplier

Solution Specify a purity no greater than what the process needs
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Problem Impurities in clean air can increase inert purges
Solution Use pure oxygen

Problem Impurities may poison catalyst prematurely resulting in increased wastes due to yield loss
and more frequent catalyst replacement
Solution Install guard beds to protect catalysts

Vapor Pressure

Problem Higher vapor pressures increase fugitive emissions in material handling and storage
Solution Use material with lower vapor pressure

Problem High vapor pressure with low odor threshold materials can cause nutsance odors
Solution Use materials with lower vapor pressure and higher odor threshold

Water Solubility

Problem Toxic or non-biodegradable materials that are water soluble may affect wastewater
treatment operation, efficiency, and cost

Solutjon Use less toxic or more biodegradable materials

Problem Higher solubility may increase potential for surface and groundwater contamination and
may require more careful spill prevention, containment, and cleanup plans
Solution Use less soluble materials

Problem Higher solubility may increase potential for storm water contamination 1n open areas

Solution Use less soluble materials Prevent direct contact with storm water by diking or covering
areas

Problem Process wastewater associated with water washing or hydrocarbon/water phase separation

will be impacted by containment solubility in water Appropriate wastewater treatment will be
impacted

Solution Mmmmize water usage Reuse wash water Determine optimum process conditions for

phase separation Evaluate alternative separation technologies (coalescers, membranes, distillation,
etc )

Toxicity

Problem Community and worker safety and health concerns result from routine and non-routine

emissions Emuissions sources include vents, equipment leaks, wastewater emissions, emergency
pressure relief, etc

Solution Use less toxic materials Reduce exposure through equipment design and process control
Use systems which are passive for emergency containment of toxic releases

Problem Surges or higher than normal continuous levels of toxic materials can shock or miss

wastewater biological treatment systems resulting in possible fines and possible toxicity in the
receiving water
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Solution Use less toxic material Reduce spills, leaks and upset conditions through equipment and
process control Consider effect of chemicals on biological treatment, provide unit pretreatment or
diversion capacity to remove toxicity Install surge capacity for flow and concentration equalization

Form of Supply

Problem Small containers increase shipping frequency which increases chances of material releases
and waste residues from shipping containers (including wash waters)

Solution Use bulk supply, ship by pipeline, or use “jumbo” drums or sacks In some cases, product
may be shipped out in the same containers the material supply was shipped in without washing

Problem Nonreturnable containers may increase waste
Solution Use returnable shipping containers or drums

Handling and Storage

Problem Physical state (solid, iquid, gaseous) may raise unique environmental, safety, and health
1ssues with unloading operations and transfer to process equipment

Solution Use equipment and controls appropriate to the type of matenals to control releases

Problem Large inventories can lead to spills, inherent safety i1ssues and material expiration
Solution Minimize inventory by utilizing just-in-time delivery

2517 Waste Streams
Quantity and Quality

Problem Charactenistics and sources of waste streams are unknown

Solution Document sources and quantities of waste streams prior to pollution prevention
assessment

Problem Wastes are generated as part of the process
Solution Determine what changes 1n process conditions would lower waste generation of toxicity
Determine 1f wastes can be recycled back into the process

Composition

Problem Hazardous or toxic constituents are found in waste streams Examples are sulfides,
heavy metals, halogenated hydrocarbons, and polynuclear aromatics

Solution Evaluate whether different process conditions, routes, or reagent chemicals (e g , solvent
catalysts) can be substituted or changed to reduce or eliminate hazardous or toxic compounds

Properties

Problem Environmental fate and waste properties are not known or understood
Solution Evaluate waste characteristics using the following type properties corrosivity,
ignitability, reactivity, BTU content (energy recovery), biodegradability, aquatic toxicity, and
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bioaccumulation potential of the waste and of its degradable products, and whether 1t 1s a solid

hiquid, or gas

Disposal

Problem Ability to treat and manage hazardous and toxic waste unknown or hinited
Solution Consider and evaluate all on-site and off-site recycle, reuse, treatment, and disposal
options available Determine availability of facilities to treat or manage wastes generated

Exhibit 2-9 Pollution Preventing Equipment Modifications

Equipment Potential Posstble Approach
Environment Problem
Design Operational
Related Related
Compressors ® Shaft seal leaks # Seal-less designs ® Preventive maintenance

blowers fans

piston rod seal leaks and
vent streams

(diaphragmatic hermetic or
magnetics)

® Design for low emissions
(internal balancing doubie
let gland eductors)

® Shaft seal designs (carbon
rngs double mechamnical seals
buffered seals)

» Double seal with barrier fluid
vented to control device

program

Concrete pads
floors sumps

® ] eaks to groundwater

= Water stops

# Embedded metal plates

= Epoxy sealing

® Other impervious sealing

® Reduce unnecessary
purges transfers and

sampling
i

8 Use drip pans where
necessary
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process streams

® [ arge amounts of
contarmnated water
condensate from stream

stripping

Equipment Potential Possible Approach
Environment Problem
Design Operational
Related Related
B |
Controls » Shutdowns and start-ups » Improve on-line controls s Continuous versus batch
generate waste and releases
® On line mstrumentation ® Optimize on line run time
s Automatic start up and ® Optimize shutdown
shutdown mterlock inspection frequency
® On line vibration analysis # Idenufy safety and
environment critical
instruments and equipment
» Use consensus systems
(e g shutdown trip requires
two out of three affirmative
responses)
Distillation ® Impurities remain n

® Increase reflux ratio

= Add section to column

= Column intervals

® Change feed tray

= Insulate to prevent heat loss
# Preheat column feed

s Increase vapor line size to
lower pressure drop

= Use reboilers or mert gas
stripping agents

« Change column operating
conditions
reflux ratio
- feed tray
temperature
- pressure
etc

a Clean column to reduce
fouling

n Use higher temperature
steam
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Equipment Potential Possible Approach
En t Probl
vironment Problem Design Operational
Related Related
—
General s Contaminated rainwater » Provide roof over process s Return samples to process
manufacturing facilities

equipment areas

# Contaminated sprinkler and
fire water

» Leaks and emissions during
cleaning

® Segregate process discharge
system from storm dramnage
system (diking)

= Hard-pipe process streams to
process discharge system

» Seal floors

& Drain to sump
= Route to waste treatment

8 Design for cleaning

& Design for mmmum rinsing
® Design for mimmum sludge

= Provide vapor enclosure

® Drain to process

s Monttor storm water
discharge

& Use drip pans for
maintenance activities

» Rinse to sump

® Reuse cleaning solutions
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Equipment

Potential
Environment Problem

Possible Approach

Design
Related

Operational
Related

Heat exchangers

® Increased waste due to high
localized temperatures

= Contaminated materials
due to tubes leaking at tube
sheets

= Furnace emissions

» Use intermediate exchangers
to avord contact with furnace
tubes and walls

® Use staged heating to
minimize product degradation
and unwanted side reactions
(waste heat > > low pressure
steam > >high pressure steam)

® Use scraped wall exchangers
1N VISCOUS Service

s Using falling film reboiler
piped recirculation reboiler or
high-flux tubes

» Use lowest pressure steam

possible

# Use welded tubes or double
tube sheets with nert purge
Mount verticaliy

= Use super heat of high

pressure steam 1n place of a
furnace

» Select operating
temperatures at or near
ambient temperature when
ever possible These are
generally most desirable from
a pollution prevention
standpornt

& Use lower pressure steam
to lower temperatures

e Momitor exchanger fouling
to correlate process
conditions which increase
fouling avoid conditions
which rapidly foul
exchangers

« Use on lme tube cleaning
techniques to keep tube

surfaces clean

= Monitor for leaks
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Eqmpment Potential Possible Approach
Ei t Problem
Avironment Froble Design Operational
Related Related
Piping ® Leaks to groundwater/ = Design equipment layout so » Momtor for corrosion and
fugitive emissions as to mimmize pipe run length erosion

= Eliminate underground piping | ® Pamnt to prevent
or design for cathodic external corrosion
protection if necessary to install
piping underground

s Use welded fittings

8 Reduce number of flanges
and valves

® Use all welded pipe
» Use secondary contamment
® Use spiral-wound gaskets

® Use plugs and double valves
for open end hines

» Change metallurgy
# Use lined pipe

® Releases when cleaming or 8 Use pigs for cleaning & Flush to product storage
purging lines tank

i
= Slope to low point drain

# Use heat tracing and
insulation to prevent freezing

® Install equalizer lines
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Equipment Potential
Environment Problem
Pumps # Fugitive emissions from

shaft seal leaks

® Fugitive emussions from
shaft seal leaks

= Residual heel of iquid
during pump maintenance

= Injection of seal flush fluid
INto process stream

Possible Approach

Design
Related

Operational
Related

s Mechanical seal in heu of
packing

mert barrier fluid

= Double machined seal with
barrer fluid vented to control
device

magnetic drive)

= Vertical pump

® Use pressure transfer to
eliminate pump

s Low pont drain on pump
casing

® Use double mechamcal seal
with mert barrier fluid where

practical

= Double mechanmical seal with

® Seal-less pump (canned motor

& Seal installation practices

= Monmntor for leaks

® Flush casing to process
discharge system for
treatment

® Increase the mean time
between pump failures by
selecting proper seal
materal

ahgning well

reducing pipe mmduced
stress .
mamtainng seal lubrication
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Equipment Potential Possible Approach
i
Environment Problem Design Operational
Related Related
Reactors = Poor conversion or » Static mixing

performance due to
inadequate mixing

» Waste by product
formation

s Add baffles

» Change impellers

® Add horsepower

= Add distributor

& Provide separate reactor for

converting recycle streams to
usable products

® Add ngredients with
optimum sequence

& Allow proper head space n
reactor to enhance vortex
effect

# Optimize reaction
conditions (temperature
pressure etc }

Relief Valve

w [eaks

» Fugitive emissions

w Discharge to environment
from over pressure

= Frequent relief

& Provide upstream rupture disc

& Vent to control or recovery
device

s Pump discharges to suction of
pump

» Thermal relief to tanks
= Avoid discharge to roof areas
to prevent contamination of

rainwater

® Use pilot operated relef
valve

® Increase margin between

design and operating pressure

= Monitor for leaks and for
control efficiency

a Montor for leaks

3

= Reduce operating pressure

® Review system
performance
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working losses

s Leak to groundwater

= ] arge waste heel

» Cool materials before storage

» Insulate tanks

a Vent to control device (flare
condenser etc )

= Vapor balancing

= Floating roof

» Higher design pressure

s All aboveground (situated so
bottom can routinely be
checked for leads)

» Secondary containment

L Improve €Orrosion resistance

® Design for 100 % de
inventory

Equipment Potential Possible Approach
Environment Problem Design Operational
Related Related
Sampling » Waste generation due to  In line in situ analyzers » Reduce number and size of
sampling (disposal samples required
contamers leaks fugitives
etc ) ® System for return to process = Sample at the lowest
possible temperature
# Closed loop
& Drain to sump 8 Cool before sampling
Tanks # Tank breathing and

s Optimize storage conditions
to reduce losses

= Monttor for leaks and
corrosion

® Recycle to process 1If
practical

Vacuum Systems

® Waste discharge from jets

« Substitute mechanical vacuum
pump

» Evaluate using process fluid
for powering jet

» Monitor for air leaks

# Recycle condensate to

process
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Equpment Potential Possible Approach
Environment Problem
Design Operational
Related Related
Valves » Fugitive emissions from @ Bellow seals a Stringent adherence to
leaks packing procedures

# Reduce number where
practical

» Special packing sets

Vents ® Release to environment s Route to control or recovery | & Monitor performance
device

32

------_---%



CHAPTER 3
INORGANIC CHEMICAL PROCESSING?

31 Introduction

The 1norgamc chemical industry manufactures over 300 different types of chemucals For the
purposes of this manual, the category of morganic chemicals includes alkaltes and chlorime

industrial gases (e g , hydrogen, helium, oxygen, nitrogen, etc ), inorgamc pigments, and
some forms of industrial inorganic chemicals

32  Product Characterization

321 Inorgamic Chemicals Industry

The morganic chemical industry manufactures chemicals which are often of a mineral onigin,
but not of a basic carbon molecular structure Inorganic chemicals are used at some stage 1n
the manufacture of a great variety of other products The mdustry's products are used as basic
chemicals for industrial processes (1 e , acids, alkalies, salts, oxidizing agents, industrial
gases, and halogens), chemical products to be used in manufacturing products (1 € , pigments,
dry colors, and alkali metals), and fimished products for ultimate consumption (1 € , mineral
fertilizers, glass, and construction materials) The largest use of inorganic chernicals 1s as
processing aids 1n the manufacture of chemical and nonchemical products

322 Chlor-alkah Sector

The chlor-alkal industry produces mainly chlorine, caustic soda (sodium hydroxide), soda ash
(sodum carbonate), sodium bicarbonate, potassium hydroxide, and potassium carbonate

Chlorine 1s used in the manufacturing of organic chemicals including vinyl chloride
monomer, ethylene dichlonide, glycerine, glycols, chlorinated solvents, and chlorinated
methanes Vinyl chloride 1s used 1n the production of polyvinyl chloride (PVC) Other major
uses are disinfection treatment of water, and the production of hypochlorites .

The largest users of caustic soda are the organic chemicals industry and the inorganic
chemicals industry The primary uses of caustic soda are 1n industrial processes,
neutralization, and off-gas scrubbing, as a catalyst, and 1n the production of alumina,
propylene oxide, polycarbonate resin, epoxies, synthetic fibers, soaps, detergents, rayon, and
cellophane Caustic soda 1s also used 1n the production of soaps and cleaning products, and 1n

2 The information 1n this chapter 1s derived from the U S Environmental Protection

Agency’s Office of Compliance Sector Notebook Project, Profile of the Inorganic Chemical
Industry, September 1995 (document # EPA/310-R-95-012) Readers should refer to that
document for a comprehensive set of references and sources Contact your local EP3

Clearmghouse for a copy of the EPA document or for mformation on how to access 1t
electronically via the Internet
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the petroleum and natural gas extraction ndustry as a drilling fluid
33 Industrial Process Description

This section describes the major industrial processes within the morganic chemical industry,
including the materials and equipment used, and the processes employed This discussion also
provides a concise description of where wastes may be produced m the process and describes
the potential fate (via air, water, and soil pathways) of these waste products

331 Industrial Processes in the Inorganic Chemical Industry

Chlorine and caustic soda are co-products of electrolysis of saturated aqueous solutions of
sodium chloride, NaCl (salt water or brine) In addition, relatively small amounts (by weight)
of hydrogen gas are produced 1n the process The overall chemcal reaction 1s as follows

2 NaCl + 2 H,0 — 2 NaOH + Cl, + H,

Energy, 1n the form of direct current (d-c) electricity, 1s supplied to drive the reaction The
amount of electrical energy required depends on the design of the electrolytic cell, the voltage
used, and the concentration of brine used For each ton of chlorine produced, 1 1 tons of
sodium hydroxide and 28 kgs of hydrogen are produced

Three types of electrolysis processes are used for the manufacture of chlorine, caustic soda,
and hydrogen from brine

Mercury Cell Process
> Diaphragm Cell Process
> Membrane Cell Process

Each electrolytic cell consists of an anode and cathode 1n contact with the brine solution The
distinguishing feature of each cell type 1s the method employed to separate and prevent the
mixing of the chlorme gas and sodium hydroxide Consequently, each process produces a
different purity of chlorine gas and a different concentration of caustic soda The mnorganics
chemical industry in the U S 1s moving away from mercury and diaphragm cells and is
moving towards the use of membrane cells Membrane cells are a relatively recent
development which have fewer adverse effects on the environment and produce a higher
quality product at a lower cost than the other methods
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Exhibit 3-1 Main Characteristics of the Different Electrolysis Processes

Component

Mercury Cell

Diaphragm Cell

Membrane Cell

Cathode

Mercury flowing over steel

Steel or steel coated with activated
nickel

Steel or mickel with a nickel
based catalytic coating

Diaphragm/
Membrane

None

Asbestos or polymer modified
asbestos

Ion-exchange membrane

Anode

Titanium with Ru0O, or ThO,
coating (DSA anode)

Titanium with RuO, or ThO,
coating (DSA anode)

Tuanum with RuO or TiO
coating (DSA anode)

Cathode
Product

Sodium amalgam

10-12% NaOH with 15 17% NaCl
and H,

30 33% NaOH and H,

Decomposer/
Evaporator Product

50% NaOH and H, from
decomposer

50% NaOH with 1% NaCl and
solid salt from evaporator

50% NaOH with very Inttle
salt

Electricity
Consumption

3 300 kWh per ton Cl,

2 750 kWh per ton Cl,

2 100 2 450 kWh per ton
NaOH

3311 Mercury Cell The mercury cell process consists of shightly inclined steel troughs
through which a thin layer of mercury (about three mm) flows over the bottom The cells are
operated at 75 to 85°Centigrade (C) and atmospheric pressure The mercury layer serves as
the cathode for the process and the saturated brine solution (25 5 percent NaCl by weight)
flows through the troughs above the mercury The anodes are usually incorporated into the
cell covers and are suspended horizontally 1n the brine solution The height of the anodes

within the brine 1s adjusted to the optimal height either manually or through an automatic
computer controlled system

Electrolytic cell anodes were made of graphite untif the late 1960s when anodes of titanium
coated with ruthemium oxide (RuO,) and titamum oxide (T10,) were developed The RuO, and
T10, anodes, termed DSA (dimensionally stable) anodes, are more stable than the graphite
anodes (1 ¢ , they do not need to be replaced as frequently) and are more energy efficient

The chlorine gas 1s produced at the anodes where 1t moves upward through gas extraction shits
n the cell covers Sodium i0ns are absorbed by the mercury layer and the resulting sodium
and mercury mixture, called the amalgam, 1s processed in "decomposer" cells to generate
sodium hydroxide and reusable mercury The amalgam entering the decomposer cell has a
sodium concentration of approxmately 0 2 to 0 5 percent by weight The decomposer consists
of a short-circuited electrical cell where graphite serves as the anode and the amalgam serves
as the cathode The amalgam and water flowing through the cell come nto direct contact with
the graphite The hydrolysis of the water on the graphite 1 the presence of the amalgam
results 1n a strong exothermic reaction generating mercury to be reused in the electrolytic cell,
a 50 percent caustic soda solution, and hydrogen gas Mercury cells are operated to maintain
a 21 to 22 percent by weight NaCl concentration 1n the depleted brine leaving the cell The
dissolved chlorine 1s removed from the depleted brine solution, which 1s then re-saturated with
solid salt and purified for further use Some facilities purge small amounts of brine solution
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and use new brine as make-up n order to prevent the build up of sulfate impurities 1n the
brine

The mercury process has the advantage over diaphragm and membrane cells 1n that 1t produces
a pure chiorme gas with no oxygen, and a pure 50 percent caustic soda solution without
having to further concentrate a more dilute solution However, mercury cells operate at a
higher voltage than diaphragm and membrane cells and, therefore, use more energy The
process also requires a very pure brine solution with little or no metal contammants
Furthermore, elaborate precautions must be taken to avoid releases of mercury to the
environment

3312 Diaphragm Cell In the diaphragm cell process, multiple cells consisting of DSA
anode plates and cathodes are mounted vertically and parallel to each other Each cell consists
of one anode and cathode pair The cathodes are typically flat hollow steel mesh or perforated
steel structures covered with asbestos fibers, which serve as the diaphragm The asbestos
fiber structure of the diaphragm prevents the mixing of hydrogen and chlorine by allowing
hiquid to pass through to the cathode, but not fine bubbles of chlorine gas formed at the

anodes The diaphragm also hinders the back-diffusion to the anode of hydroxide (OH ) 1ons
formed at the cathode The cells are operated at 90 to 95°C and atmospheric pressure Brine
flows continuously into the anode chamber and, subsequently, through the diaphragm to the
cathode As in the mercury cell process, chlorine gas is formed at the anodes, however, 1n the
diaphragm process, caustic soda solution and hydrogen gas are formed directly at the cathode
The chlorine gas 1s drawn off from above the anodes for further processing The hydrogen
gas 1s drawn off separately from the cathode chambers

Two basic types of diaphragm cells are 1n use today The first, monopolar cells, have an
electrode arrangement 1n which the anodes and cathodes are arranged 1n parallel As a result
of this configuration, all cells have the same voltage of about three to four volts, up to 200
cells can be constructed 1n one circuit  The second basic type of diaphragm cell 1s the bipolar
cell, in which the anode of one cell 1s directly connected to the cathode of the next cell unit
This type of arrangement mimmuizes voltage loss between cells, however, since the total
voltage across the entire set of cells 1s the sum of the individual cell voltages, the number of
cells per umit 1s imited To compensate for the reduced anode and cathode surface area in the
bipolar configuration, bipolar umts tend to be much larger than monopolar units Production

of chlorine and caustic soda by the diaphragm process 1s split approximately equally between
monopolar and bipolar systems

Diaphragm cells are operated such that about 50 percent of the iput NaCl 1s decomposed
resulting 1n an effluent mixture of brine and caustic soda solution containing eight to 12
percent NaOH and 12 to 18 percent NaCl by weight This solution 1s evaporated to 50 percent
NaOH by weight at which pornt all of the salt, except a residual 1 0 to 1 5 percent by weight,
precipitates out The salt generated 1s very pure and 1s typically used to make more brine
Because the brine and caustic soda solution are mixed 1n a single effluent, a fresh brine
solution (no recycled brine) 1s constantly entering the system The diaphragm cell process

does not, therefore, require a brine purge to prevent sulfate build up, or treatment to remove
entramned chlorine gas, as 1n the mercury cell process

36




Diaphragms are constructed of asbestos because of 1ts chemical and physical stability and
because 1t 15 a relatively mexpensive and abundant material Diaphragm cells have the
advantage of operating at a lower voltage than mercury cells and, therefore, use less
electricity In addition, the brine entering a diaphragm cell can be less pure than that required
by mercury and membrane cells The chlorine gas produced by the diaphragm process,
however, 1s not pure and must be processed to remove oxygen, water, salt, and sodium
hydroxide Another disadvantage of the process 1s that the caustic soda produced contains
chlorides and requires evaporation to bring 1t to a usable concentration

3313 Membrane Cell In the membrane cell process, the anode and cathode are separated
by a water-impermeable 10n-conducting membrane Brine solution flows through the anode
compartment where chlormne gas 1s generated The sodum 10ons mugrate through the
membrane to the cathode compartment which contains flowing caustic soda solutton Water 1s
hydrolyzed at the cathode, releasing hydrogen gas and hydroxide (OH) 1ons The sodium and
hydroxide 10ns combine to produce caustic soda which 1s typically brought to a concentration
of 32 to 35 percent by recirculating the solution before 1t 1s discharged from the cell The
membrane prevents the migration of chloride 1ons from the anode compartment to the cathode
compartment, therefore, the caustic soda solution produced does not contain salt as i the

diaphragm cell process Depleted brine 1s discharged from the anode compartment and re-
saturated with salt

The cathode material used 1n membrane cells 1s either stainless steel or nickel The cathodes
are often coated with a catalyst that 1s more stable than the substrate and that increases surface
area and electrical conductivity Coating materials include Ni1-S, Ni1-Al, and Ni-N1O muxtures,
as well as mixtures of mckel and platinum group metals Anodes are typically of the DSA
type

The most critical components of the membrane cells are the membranes themselves The
membranes must remain stable while being exposed to chlorine on one side and a strong
caustic solution on the other Furthermore, the membranes must have low electrical
resistance, and allow the transport of sodium 10ns and not chloride 10ns and reinforcing fabric,
and a perfluorocarboxlate polymer all bonded together

Membrane cells can be configured either as monopolar or bipolar As 1n the case of the
diaphragm cell process, the bipolar cells have less voltage loss between the cells than the

monopolar cells, however, the number of cells connected together 1n the same circuit 1s
limted

Membrane cells have the advantages of producing a very pure caustic soda solution and of
using less electricity than the mercury and diaphragm processes In addition, the membrane
process does not use highly toxic materials such as mercury and asbestos Disadvantages of
the membrane process are that the chlorine gas produced must be processed to remove oxygen
and water vapor, and the caustic soda produced must be evaporated to increase the
concentration Furthermore, the brine entering a membrane cell must be of a very hugh purity,
which often requires costly additional purification steps prior to electrolysis
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332 Auxihary Processes

3321 Brine Purificahon Approximately 70 percent of the salt used in chlormne gas
production 1s extracted from natural salt deposits, the remainder 1s evaporated from seawater
Salt from natural deposits 1s either mined 1n solid form or 1s leached from the subsurface
Leaching 1nvolves the myection of freshwater mto subterranean salt deposits and pumping out
brine solution Brine production from seawater typically occurs by solar evaporation in a
series of ponds to concentrate the seawater, precipitate out impurities, and precipitate out sohd
sodium chloride Regardless of the method used to obtain the salt, it will contain impurities
that must be removed before being used 1n the electrolysis process Impurities primarily
consist of calcium, magnesium, barium, tron, aluminum, sulfates, and trace metals
Impurities can sigmificantly reduce the efficiency of the electrolytic cells, by precipitating out
and subsequently blocking a diaphragm or damaging a membrane depending on the process
used Certain trace metals, such as vanadium, reduce the efficiency of mercury cells and
cause the production of potentially dangerous amounts of hydrogen gas Removal of
impurities accounts for a significant portion of the overall costs of chlor-alkali production,
especially in the membrane process

In addition to the dissolved natural impurities, chlorine must be removed from the recycled
brine solutions used 1n mercury and membrane processes Dissolved chlorine gas entering the
anode chamber 1n the brine solution will react with hydroxide 1ons formed at the cathode to
form chlorate which reduces product yields In addition, chlorine gas 1n the brine solution
will cause corrosion of pipes, pumps, and containers during further processing of the brine

In a typical chlorine plant, HCI 1s added to the brine solution leaving the cells to liberate the
chlorine gas A vacuum 1s applied to the solution to collect the chlorine gas for further
treatment To further reduce the chlorine levels, sodium sulfite or another reducing agent 1s
added to remove the final traces of chlorine Dechlorinated brine 1s then re-saturated with
solid salt before further treating to remove mmpurities

Depending on the amount of impurities in the salt and the electrolysis process utilized,
different purification steps will be required Brine solution 1s typically heated before treatment
to improve reaction tumes and precipitation of impurities Calcium carbonate impurities are
precipitated out through treatment with sodium carbonate, magnesium, ron, and aluminum are
precipitated out through treatment with sodium hydroxide, and sulfates are precipitated out
through the addition of calcium chloride or barium carbonate Most trace metals are also
precipitated out through these processes Flocculants are sometimes added to the clarifying
equipment to umprove settling The sludges generated 1n this process are washed to recover
entraimned sodium chloride Following the clarification steps, the brine solution 1s typically
passed through sand filters followed by polishing filters The brine passing through these
steps will contain less than four parts per million (ppm) calcium and O 5 ppm magnesium
which 1s sufficient purification for the diaphragm and mercury cell processes For brine to be
used mn the membrane process, however, requires a combined calcium and magnesium content
of less than 20 parts per billion (ppb) Brine for the membrane process 1s, therefore, passed
through 10n exchange columns to further remove impurities

3 3 22 Chlormne Processing The chlorine gas produced by electrolytic processes 1s
saturated with water vapor Chlorine gas from the diaphragm process also contans hiquid
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droplets of sodium hydroxide and salt solution The first steps in processing the chlorme to a
usable product consists of cooling the chlorine to less than 10°C and then passing it through
demusters or electrostatic precipitators to remove water and solids Next the chlorine 1s passed
through packed towers with concentrated sulfuric acid flowing counter currently The water
vapor 1s absorbed by the sulfuric acid and the dry chlorine gas 1s then passed through
demusters to remove sulfuric acid mist If the chlorine 1s to be hquefied, liquid chlorine 1s
then added to the gas to further purify the chlorine and to prechill 1t prior to compression

Prechilling 1s primarily carried out to prevent the temperature from reaching the chlorine-steel
1gnition pomnt during compression

Chlorme gas 1s erther used 1n gaseous form within the facility, transferred to customers via
pipeline, or liquefied for storage or transport Liquid chlorine 1s of a hugher purity than

gaseous chlorine and 1s either used within the facility or 1s transferred via rail tank car, tank
truck, or tank barge

Chlorine hiquefaction processes typically liquefy only about 90-95 percent of the chlorine
This gas and the chlorine gas left inside tank truck tanks, rail car tanks, or barges after
removal of hquid chlorine 1s impure and must be recovered 1n a chlorine recovery umt The
gas 1s compressed and cooled using cold water followed by Freon The chilled gas 1s fed up
through a packed column 1n which carbon tetrachloride flows downward absorbing the
chlorine The chlonne-rich carbon tetrachloride 1s fed to a chlorine stripper in which the
chlorine and carbon tetrachloride separate as they are heated The chlorine gas 1s cooled and

scrubbed of carbon tetrachloride using hiquid chlorne and the resulting pure chlorine 1s sent to
the chlorine hiquefaction system

3 323 Caustic Soda Processing Caustic soda solution generated from chlor-alkal
processes 15 typically processed to remove impurities and to concentrate it to erther a 50
percent or 73 percent water-based solution or to anhydrous caustic soda The caustic soda
from the mercury and membrane processes 1s relatively pure Product from the mercury
process requires only filtration to remove mercury droplets The evaporators used to
concentrate the caustic soda solution 1n the diaphragm process are typically multi-stage forced
circulation evaporators The evaporators have salt settling systems to remove precipitated salt
Sodium borohydride 1s often added to reduce corrosion of the equipment Evaporators for the

membrane process are usually much simpler than those for the diaphragm process because the
salt concentration 1n the membrane cell caustic solution 1s very low

3 3 2 4 Hydrogen Processing The hydrogen produced n all of the electrolytic processes
contains small amounts of water vapor, sodium hydroxide, and salt which 1s removed through
cooling The hydrogen produced during the mercury cell process also contains small amounts

of mercury which must be removed by cooling the hydrogen gas to condense the mercury and
treating with activated carbon

3 33 Raw Matenal Inputs and Pollution Outputs in the Production Line
Inputs and pollutant outputs of the chlor-alkal industry are relatively small both 1n number and

volume 1n comparison to the chemical manufacturing industry as a whole The nputs are
primarily salt and water as feedstocks, acids and chemical precipitants used to remove
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impurities 1n the mput brine or output chlorine and caustic soda, and freon used for hiquefying
and purifying the chlorine gas produced The major pollutant outputs from all three
electrolytic processes are chlorine gas emissions (both fugitive and point source), spent acids,
freon (both fugitive and point source), impurities removed from the mput salt or brine, and
pollutants origmating from electrolytic cell matenals and other system parts

Inputs and pollutant outputs from the auxiliary processes such as brine purification, chlorine
processing, caustic soda processing, and hydrogen processing are described i Section 3 3 4

3331 Mercury Cell Wastewater streams from mercury cell facilities arise from the
chlorine drying process, brine purge, and muscellaneous sources Small amounts of mercury
are found 1n the brine purge and muscellaneous sources which mclude floor sumps and cell
wash water Before treatment, mercury concentrations (principally in the form of mercuric
chloride, HgCl.?) typically range from O to 20 ppm Prior to treatment, sodium hydrosulfide
15 used to precipitate mercuric sulfide The mercuric sulfide 1s removed through filtration
before the water 15 discharged

A1r emissions consist of mercury vapor and chlorine gas released 1n relatively small amounts
as fugitive emussions from the cells, and 1n the tail gases of the chlorine processing, caustic
soda processing, and hydrogen processing Process tail gases are wet scrubbed with caustic
soda or soda ash solutions to remove chlorine and mercury vapor Residual chlorine emissions
in tail gases after treatment are less than one kilogram (kg) per 1,000 kg of chlorne produced
and mercury emussions are neghigible The tail gas scrubber water 1s typically reused as brine
make-up water

Solid wastes containing mercury include solids generated during brine purification, spent
graphite from decomposer cells, spent caustic filtration cartridges from the filtration of caustic
soda solution, spilled mercury from facility sumps, and mercury cell "butters,” which are
sermsolid amalgams of mercury with barium or 1wron formed when an excess of barium 1s used
during salt purification

3332 Diaphragm Cell Wastewater streams from the diaphragm cell process originate
from the barometric condenser during caustic soda evaporation, chlorine drymng, and from
purification of salt recovered from the evaporators The use of lead and graphite anodes and
asbestos diaphragms generates lead, asbestos, and chlorinated hydrocarbons in the caustic soda
and chlorine processing waste streams Lead salts and chlorinated hydrocarbons are generated
from corrosion of the anodes, and asbestos particles are formed by the degradation of the
diaphragm with use Over the past twenty years, all but a few diaphragm cell facilities 1n the
U S have switched from the use of lead and graphite anodes with asbestos diaphragms to DSA
anodes and Modified Diaphragms which resist corrosion and degradation The lead, asbestos,
and chlorinated hydrocarbon contaminants are, therefore, no longer discharged in significant
amounts from most diaphragm cell chlor-alkali facilities Those facilities that discharged
caustic processing wastewater streams to on-site lagoons may, however, still have significant
levels of these contaminants on-site

Chlorne 1s released 1n relatively small amounts as fugitive emissions from the cells and 1n the
process tail gases Process tail gases are wet scrubbed with soda ash or caustic soda solutions
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to remove chlorine Residual chlorine emissions 1n tail gases after treatment are neghgible
The spent caustic solution 1s neutralized prior to discharge

Solid wastes generated 1n the diaphragm process consist primarily of solids generated during
brine purification and scrapped cell parts including, cell covers, piping and used diaphragms
Discarded cell parts are either land filled on-site, as 1s typically the case for spent diaphragms,
or shipped off-site for disposal Used cathodes and DSA anodes are typically shipped off-site
for recovery of therr titanium content

3 333 Membrane Cell Wastewater from the membrane cell process originates from the
barometric condenser during caustic soda evaporation, chlorine drying, and wash water from
the 10n exchange resin used to purify the brine solution The 10n exchange wash water
consists of dilute hydrochloric acid with small amounts of dissolved calcium, magnesium, and

aluminum chloride The wastewater 1s combined with the other process wastewaters and
treated by neutralization

Chlorne 1s released 1n relatively small amounts as fugitive emussions from the cells and i the
process tail gases Process tail gases are wet scrubbed with soda ash or caustic soda solutions
to remove chlorine Residual chlorine emussions 1n tail gases after treatment are neghigible
The spent caustic solution 1s neutrahized prior to discharge

Solid waste generated n the diaphragm process consists primarily of solids generated during
brine purification and used cell parts which include membranes, cathodes and DSA anodes
The used membranes are typically returned to the supplier and the used cathodes and DSA
anodes are shipped off-site for recovery of their titanium content

334 Auxihary Processes

3 341 Brimne Purification Brine solutions are typically treated with a number of chemicals
to remove mmpurities prior to mput to the electrolytic cells In the case of mercury and
membrane cell systems, the brine 1s first acidified with HCI to remove dissolved chlorine
Next, sodium hydroxide and sodium carbonate are added to precipitate calcium and
magnesium 1ons as calcium carbonate and magnesium hydroxide Barwum carbonate 1s then
added to remove sulfates which precipitate out as barium sulfate The precipitants are
removed from the brine solution by settling and filtration Pollutant outputs from this process
include fugitive chlorine emissions and brine muds

Brine muds are one of the largest waste streams of the chlor-alkali industry On average,
about 30 kg of brine mud are generated for every 1,000 kg of chlorine produced The volume
of mud will vary, however, depending on the purity of the salt used Some facilities use pre-
purified (1 e , chemical grade) evaporated salts which will produce only O 7 to 6 0 kg of brine
mud per 1,000 kg of chlorine produced Brine mud typically contains magnesium hydroxide,
calclum carbonate, and, 1n most cases, barium sulfate Mercury cell brine muds usually

contain mercury either 1n the elemental form or as the complex 1on, mercuric chloride
(HgCL?)

Brine muds are usually segregated from other process wastes and stored 1n lagoons on-site
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When the lagoons become filled, the brine mud 1s either dredged and land filled off-site, or
dramned and covered over Some plants that use brine solution ieached from subterranean
deposits mnject brine muds nto the salt cavities that are no longer being used

3342 Chlorme Processing The chiormne gas recovered from electrolytic cells 1s cooled to
remove water vapor The condensed water 1s usually recycled as brine make-up although
some facilities combine this waste stream with other waterborne waste streams prior to
treatment The remamnng water vapor 1s removed by scrubbing the chlorine gas with
concentrated sulfuric acid The chlorine gas 1s then compressed and cooled to form hiquid
chlorine Between six kg and 35 kg of 79 percent sulfuric acid wastewater 1s generated per
1,000 kg of chlorine produced The majorty of the spent sulfuric acid waste 1s shipped off-
site for refortification to concentrated sulfuric acid or for use in other processes The
remainder 1s used to control effluent pH and/or 1s discharged to water or land disposed

The process of purifying and hiquefying impure chlorine gas involves the absorption of the
chlorine 1n a stream of carbon tetrachloride The chlorme 1s subsequently removed 1n a

stripping process 1n which the carbon tetrachloride 1s either recovered and reused, or 1s vented
to the atmosphere

3343 Caustic Soda Processing Caustic soda solution generated from chior-alkali
processes 1s typically processed to remove impurities and, in the case of the diaphragm and
membrane processes, 1s concentrated to either a 50 percent or 73 percent water-based solution
or to anhydrous caustic soda About five tons of water must be evaporated per ton of 50
percent caustic soda solution produced The water vapor from the evaporators 1s condensed in
barometric condensers and, in the case of the diaphragm process, will primarily contain about
15 percent caustic soda solution and high concentrations of salt If sodium sulfate 1s not
removed during the brine purification process, salt recovered from the evaporators 1s often
recrystallized to avoid sulfate buildup 1n the brine If the salt 1s recrystallized, the wastewater
from sodium hydroxide processing will also contain sodium sulfates Signuficant levels of
copper may also be present 1n the wastewater due to corrosion of pipes and other equipment

Wastewater from the membrane process contains caustic soda solution and virtually no salt or
sodium sulfates

Caustic soda processing wastewater 1s typically neutralized with hydrochloric acid, lagooned,
and then discharged directly to a receiving water or land disposed The caustic soda generated

from the mercury process only requires filtration to remove mercury droplets which are
typically recovered for reuse

3 3 4 4 Hydrogen Processing The hydrogen produced 1n all of the electrolytic processes
contains small amounts of water vapor, sodium hydroxide, and salt which is removed through
cooling Condensed salt water and sodium hydroxide solution 1s either recycled as brine
make-up or treated with other waterborne waste streams The hydrogen produced during the
mercury cell process, however, also contains small amounts of mercury which must be
removed prior to hiquefaction Most of the entrained mercury 1s extracted by cooling the gas
The condensed mercury 1s then returned to the electrolytic cells Some facilities further purify
the hydrogen gas of mercury using activated carbon treatment Spent activated carbon 1s
typically shipped off-site as a hazardous waste
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34  Summary of Health and Toxicity Effects of Selected Inorgamc Chemicals
341 Hydrochloric Aad

Sources Hydrochloric acid 1s one of the highest volume chemicals produced by the inorgamic
chemical industry inthe US  Some of 1ts more common uses are as a pickling hiquor and
metal cleaner n the 1ron and steel industry, as an activator of petroleum wells, as a boiler
scale remover, and as a neutralizer of caustic waste streams

Toxiciry Hydrochloric acid 1s primarily a concern n its aerosol form Acid aerosols have
been implicated 1n causing and exacerbating a variety of respiratory ailments Dermal
exposure and ingestion of highly concentrated hydrochloric acid can result in corrosivity

Ecologically, accidental releases of solution forms of hydrochloric acid may adversely affect

aquatic Iife by including a transient lowering of the pH (1 e , increasing the acidity) of surface
waters

Carcinogeruciry There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate Releases of hydrochloric acid to surface waters and soils will be
neutralized to an extent due to the buffering capacities of both systems The extent of these
reactions will depend on the characteristics of the specific environment

Physical Properties Concentrated hydrochloric acid 1s highly corrosive

342 Chromum and Chromium Compounds

Sources Chrome pigments, chromates, chromic acid, chromium salts, and other morganic
chromium compounds are some of the larger volume products of the morgamc chemicals

industry Chrome 1s used as a plating element for metal and plastics to prevent corrosion, and
as a constituent of certain steels and 1norganic pigments

Toxicity Although the naturally-occurring form of chromium metal has very low toxicity,
chrommum from industrial emissions 1s highly toxic due to strong oxidation characteristics and
cell membrane permeability The majority of the effects detailed below are based on
Chromium VI (an 1somer that 1s more toxic than Cr III) Exposure to chromium metal and
msoluble chromium salts affects the respiratory system Inhalation exposure to chrommum and
chromium salts may cause severe uritation of the upper respiratory tract and scarring of lung

tissue Dermal exposure to chromium and chromium salts can also cause sensitive dermatitis
and skin ulcers

Ecologically, although chromium 1s present in small quantities 1n all soils and plants, 1t 1s toxic
to plants at higher soil concentrations (1 ¢ , 0 2 to 0 4 percent 1n so1l)

Carcinogenicity Different sources disagree on the carcinogenicity of chrommuum  Although an
increased mcidence n lung cancer among workers in the chromate-producing industry has
been reported, data are inadequate to confirm that chromium s a human carcinogen Other
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sources consider Chromium VI to be a known human carcinogen based on inhalation
exposure

Environmental Fate Chromium 1s a non-volatile metal with very low solubility in water If
applied to land, most chromium remains 1n the upper five centimeters of sol  Most chromum
1n surface waters 1s present in particulate form as sediment Aurborne chrommum particles are
relatively unreactive and are removed from the arr through wet and dry deposition The
precipitated chromium from the air enters surface water or soil Chromium bioaccumulates 1n
plants and aumals, with an observed bioaccumulation factor of 1,000,000 1n snails

343 Carbonyl Sulfide

Sources Carbonyl sulfide 1s primarily generated by facilities that hydrolyze ammonum or
potassium thiocyanate during the manufacturing of inorganic pigments and dyes

Toxicity Exposure to low to moderate concentrations of carbonyl sulfide causes eye and skin
wrritation and adverse central nervous system effects such as giddiness, headache, vertigo,
amnesia, confusion, and unconsciousness If ingested, gastromntestinal effects include profuse
salivation, nausea, vomiting and diarrhea Moderate carbonyl sulfide poisoning also causes
rapid breathing and heartbeat, sweating, weakness, and muscle cramps Exposure to very high
concentrations of carbonyl sulfide causes sudden collapse, unconsciousness, and death from
sudden respiratory paralysis Recovery from sublethal exposure 1s slow, but generally

complete Degradation products of carbonyl sulfide (especially hydrogen sulfide) can result in
toxic symptoms and death

Carcinogenicity There 18 currently no evidence to suggest that this chemuical 1s carcinogenic

Environmental Fate If released to soil or surface waters, carbonyl sulfide will rapidly
volatilize It 1s not expected to adsorb to so1l sediments or organic matter nor 1s 1t expected to
bioconcentrate 1n fish and aquatic orgamisms Carbonyl sulfide 1s hydrolyzed 1 water to
carbon dioxide and hydrogen sulfide Carbonyl sulfide 1s expected to have a long residence
time 1n the atmosphere Atmospheric removal of carbonyl sulfide may occur by slow reactions
with other gases, and may also occur through adsorption by plants and so1l microbes

3 44 Manganese and Manganese Compounds

Sources Manganese 1s both a product and chemical intermediate of the morganic chemical
industry Manganese 1s used as a purifying and scavenging agent in metal production, as an

intermediate mn aluminum production and as a constituent of non-ferrous alloys to improve
corrosion resistance and hardness

Toxicity There 1s currently no evidence that human exposure to manganese at levels
commonly observed in ambient atmosphere results tn adverse health effects

Chronic manganese poisomng bears some similarity to chromc lead poisomng  Occurring via

mhalation of manganese dust or fumes, 1t primarily involves the central nervous system Early
symptoms include languor, speech disturbances, sleepiness, and cramping and weakness 1n
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legs A stolid mask-like appearance of face, emotional disturbances such as absolute
detachment broken by uncontrollable laughter, euphoria, and a spastic gait with a tendency to
fall while walking are seen 1n more advanced cases Chronic manganese poisoning 1s
reversible 1f treated early and exposure stopped Populations at greatest risk of manganese
toxicity are the very young and those with 1ron deficiencies

Ecologically, although manganese 1s an essential nutrient for both plants and animals 1n
excessive concentrations manganese inhibits plant growth

Carcinogenicity There 1s currently no evidence to suggest that this chermical 1s carcinogenic

Environmental Fate Manganese 1s an essential nutrient for plants and ammals  As such,
manganese accumulates 1n the top layers of soil or surface water sediments and cycles between
the so1l and living orgamisms It occurs mainly as a solid under environmental conditions,
though may also be transported tn the atmosphere as a vapor or dust

345 Ammonma

Sources Ammonia 1s used 1n many chemical manufacturing processes and 1s the building
block for all synthetic mtrogen products Its prevalence and 1ts volatile and water soluble
characteristics allow 1t to be readily released to the air and water In the morganic chemical
manufacturing mndustry, ammoma can be either a feedstock or a by-product Some of the
more common 1norganic chemical industry processes using or producing ammonia include the
manufacturing of ammomum chloride, ammonum hydroxide, ammonium thiosulfate,
ammomum nitrate, hydrazine, and hydrogen cyamde

Toxicity Anhydrous ammonia 1s wrritating to the skin, eyes, nose, throat, and upper
respiratory system Ecologically, ammonua 1s a source of nitrogen (an essential element for
aquatic plant growth), and may therefore contribute to eutrophication of standing or slow-

moving surface water, particularly in nitrogen-imited waters In addition, aqueous ammorua 1s
moderately toxic to aquatic organsms

Carcinogemicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate Ammonia combines with sulfate 10ns in the atmosphere and 1s washed
out by rainfall, resulting 1n rapid return of ammoma to the so1l and surface waters Ammonia

1S a central compound 1n the environmental cycling of nitrogen Ammonma 1n lakes, rivers,
and streams 1s converted to nitrate

Physical Properties Ammoma 1s a corrosive and severely rritating gas with a pungent odor

35 Pollution Prevention Opportunities

This section provides both general and company-specific descriptions of some pollution
prevention advances that have been implemented within the morganic chemical manufacturing
industry Whuile the list 1s not exhaustive, it does provide core information that can be used as
the starting point for facilities mterested 1n beginning their own pollution prevention projects
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There have been numerous cases where the chemical industry has simultaneously reduced
pollutant outputs and operating costs through pollution prevention techmques In the morganic
chemicals manufacturing sector, however, economically viable pollution prevention
opportunities are not as easily identified as n other sectors The relatively small size and
limited resources of a typical morganic chemucal facility limuts the number of feasible pollution
prevention options The limited resources available to the mdustry eliminates many pollution
prevention options that require significant capital expenditures such as process modifications
and process redesign In addition, the morganic chemicals industry's products are primarily
commodity chemicals for which the manufacturing processes have been developed over many
years Commodity chemical manufacturers redesign their processes mnfrequently so that
redesign of the reaction process or equipment 1s unlikely mn the short term  In addition, the
industry's process equipment has been amortized over long periods of time making cost-
effective process equipment improvements scarce  As a result, pollution prevention m the
norganic chemicals 1ndustry 1s somewhat restricted to the less costly options, such as mimor
process modifications, operational changes, raw material substitutions, and recycling

351 Facihity-Wide Opportunities

Pollution prevention 1n the morganic chemical industry 1s process specific  As such 1t 1s
difficult to generalize about the relative merits of different pollution prevention strategies The
age and size of the facility, and the type and number of 1ts processes will determine the most
effective pollution prevention strategy Brief descriptions of some of the more widespread,
general pollution prevention techniques found to be effective at morganic chemicals facilities
are provided below It should be noted that many of the ideas 1dentified below as pollution
prevention opportunities, ammed at reducing wastes and reducing materials use, have been
carried out by the chemicals manufacturing industry in the U S for many years as the primary
means of improving process efficiencies and increasing profits

3511 Use Membrane Cell Process In chlor-alkali production, pollution prevention
options have been demonstrated for both the mercury cell and diaphragm cell processes,
however, the best opportunity to reduce pollutant outputs, conserve energy, and reduce costs
1n the chlor-alkali industry are 1n the conversion to the membrane cell process In terms of
energy consumption, the membrane cell process uses only about 77 percent of that of the
mercury cell process and about 90 percent of that of the diaphragm cell process The:

membrane cell process also generates significantly less airborne and waterborne pollutants and
sohid wastes

3 512 Substitute Raw Materials The substitution or ehmination of some of the raw
materials used n the manufacturing of mnorganic chemicals can result 1n substantial waste
reductions and cost savings Because mmpurities 1n the feed stream can be a major contributor
10 waste generation, one of the most common substitutions 1s to use a higher purity feedstock
This can be accomplished erther by working with suppliers to get a higher quality feed or by
mnstalling purification equipment Raw materials can also be substituted with less toxic and
less water soluble maternals to reduce water contamination, and with less volatile materials to
reduce fugitive emussions Sometimes certain raw materials can be ehminated all together
The need for raw materials that end up as wastes should be reexamined to determine 1f raw
materials can be elimiated by modifying the process and improving control
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3 513 Improve Reactor Efficiencies Since the chemical products are primarily created
inside the process reactor, it can be the primary source for waste (off-spec) materials One of
the most important parameters dictating the reactor efficiency 1s the quality of mixing A
number of techmques can be used to improve mixing, such as installing baffles in the reactor,
a higher rotations per minute (rpm) motor for the agitator, a different mixing blade design,
multiple impellers, and pump recirculation The method used to mtroduce feed to the reactor
can also have an effect on the quality of mixing A feed distributor can be added to equalize
residence time through the reactor, and feed streams can be added at a pomnt 1n time closer to

the 1deal reactant concentration This will avoid secondary reactions which form unwanted by-
products

3 514 Improve Catalyst The catalyst plays a critical role in the effectiveness of chemical
conversion 1n the reactor Alternative chemical makeups and physical characteristics can lead
to substantial improvements 1n the effectiveness and life of a catalyst Different catalysts can
also eliminate by-product formation Noble metal catalysts can replace heavy metal catalysts
to eliminate wastewater contamnated with heavy metals The consumption of catalysts can be
reduced by using a more active form and emissions and effluents generated during catalyst
activation can be eliminated by obtaining the catalyst in the active form

3 515 Optimize Processes Process changes that optimize reactions and raw materials use
can reduce waste generation and releases Computer-controlled systems analyze the process
contmuously and respond more quickly and accurately than manual control systems These
systems are often capable of automatic startups, shutdowns, and product changeover which can
bring the process to stable conditions quickly, mmimizing the generation of off-spec wastes
Other process optimization techniques include equalizing the reactor and storage tank vent
lines during batch filling to mimimize vent gas losses, sequencing the addition of reactants and
reagents to optimize yields and lower emissions, and optimizing sequences to minimize
washing operations and cross-contamnation of subsequent batches

3 516 Reduce Heat Exchanger Wastes and Inefficiencies Heat exchangers are often the
source of sigmficant off-spec product wastes generated by overheating the product closest to
the tube walls The best way to reduce off-spec product from overheating 1s by reducing the
heat exchanger tube wall temperature This can be accomplished through a number of
techniques which do not reduce the overall heat transferred such as reducing the tuhe wall
temperature and icreasing the effective surface area of the heat exchanger, using staged
heating by first heating with waste heat, then low pressure steam, followed by superheated
high pressure steam, montoring and preventing fouling of the heat exchanger tubes so that

lower temperature heat sources can be used, and using noncorroding tubes which will foul less
quickly than tubes that corrode

3 517 Improve Wastewater Treatment and Recychng A large portion of the morganic
chermcal industry's pollutants leave the facilities as wastewater or wastewater treatment system
sludge Improved treatment and minimization of wastewater are effective pollution prevention
opportunities that often do not require sigmficant changes to the industrial processes Modern
wastewater treatment technologies such as 1on exchange, electrolytic cells, reverse osmosis,
and mproved distillation, evaporation, and de-watering can often be added to existing
treatment systems Wastewater streams contamning acids or metals can be concentrated enough
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to be sold commercially as a product by shghtly altering the manufacturing process, adding
processing steps, and segregating wastewater streams Furthermore, many wastewater streams
can be reused within the same or different processes, sigmficantly reducing discharges to the
wastewater treatment system An 1on exchange system 1nstalled in a mercury cell chlor-alkali
plant reduced mercury by 99 percent i the facility's effluent An inorganic chemicals plant
making photochermustry solution generated a wastewater contaimng silver  Electrolytic cells
were 1nstalled that recovered 98 percent of the silver and an evaporator was added that

concentrated the remaining Irqquid for disposal resulting 1n a 90 percent reduction 1n waste
volume

3518 Prevent Leaks and Spills The elimination of sources of leaks and spills can be a
very cost effective pollution prevention opportunity Leaks and spills can be prevented by
installing seamless pumps and other "leakless” components, maintaining a preventative
maintenance program, and maintaining a leak detection program

3519 Improve Inventory Management and Storage Good mventory management can
reduce the generation of wastes by preventing materials from exceeding their shelf life,
preventing materials from being left over or not needed, and reducing the likelithood of
accidental releases of stored material Designating a materials storage area, Iimiting traffic
through the area, and giving one person the responsibility to maintain and distribute materials
can reduce materials use, and the contamination and dispersal of materials

352 Opportunifies from Process/Product Modifications

This section can be used as a diagnostic tool for identifymg common pollution-creating
problems that inorganic chemical processing facilities may experience Suggested solutions to
prevent or reduce pollution loads, based on the latest data, follow each potential problem

3521 By-products and Co-products
Quantity and Quality

Problem Process inefficiencies result 1n the generation of undesired by-products and co-
products Inefficiencies will require larger volumes of raw materials and result i additional

secondary products Inefficiencies can also increase fugitive emissions and wastes generated
through material handling

Solution Increase product yield to reduce by-product and co-product generation and raw
material requirements

Uses and Outlets

Problem By-products and co-products are not fully utilized, generating material or waste that
must be managed

Solution Idenufy uses and develop a sales outlet Collect information necessary to firm up a

purchase commitment such as mimmum quality criteria, maximum mmpurity levels that can be
tolerated, and performance criteria
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3522 Catalysts

Composition

Problem The presence of heavy metals 1n catalysts can result in contaminated process
wastewater from catalyst handling and separation These wastes may require special treatment
and disposal procedures or faciliues Heavy metals can be inhibitory or toxic to biological
wastewater treatment units Sludge from wastewater treatment units may be classified as
hazardous due to heavy metals content Heavy metals generally exhubit low toxicity thresholds
1n aquatic environments and may bioaccumulate

Solution Catalysts comprised of noble metals, because of therr cost, can be recycled by both
on-site and off-site reclammers

Preparation and Handling

Problem Emussions or effluents are generated with catalyst activation or regeneration

Solutjon Obtain catalyst 1n the active form Provide 1n situ activation with appropriate
processing/activation facilities

Problemn Catalyst attrition and carry over mto product requires de-ashing facilities which are
a likely source of wastewater and solid waste

Solution Develop a more robust catalyst or support

Problem Catalyst 1s spent and needs to be replaced

Solution In situ regeneration eliminates unloading/loading emssions and effluents versus off-
site regeneration or disposal

Broblem Pyrophoric catalyst needs to be kept wet, resulting n liquid contaminated with
metals

Solution Use a non-pyrophoric catalyst Mimmize amount of water required to handle and
store safely

Problem Short catalyst life

Solution Study and identify catalyst deactivation mechanisms Avoid conditions which
promote thermal or chemical deactivation By extending catalyst life, emissions and effluents
associated with catalyst handling and regeneration can be reduced

Effectiveness

Problem Catalyzed reaction has by-product formation, incomplete conversion and less-than-
perfect yield

Solution Reduce catalyst consumption with a more active form A higher concentration of
active ingredient or increased surface area can reduce catalyst loadings Use a more selective
catalyst which will reduce the yield of undesired by-products Improve reactor
mixing/contacting to mcrease catalyst effectiveness Develop a thorough understanding of

reaction to allow optimization of reactor design Include 1n the optimization, catalyst
consumption and by-product yield
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3 5 2 3 Intermediate Products
Quantity and Quality

Problem Intermediate reaction products or chemical species, including trace levels of toxic
constituents, may contribute to process waste under both normal and upset conditions
Solution Modify reaction sequence to reduce amount or change composition of intermediates

Problem Intermediates may contain toxic constituents or have characteristics that are harmful
to the environment

Solution Modify reaction sequence to change intermediate properties Use equipment design
and process control to reduce releases

3 52 4 Process Conditions/Configuration

Temperature

Problem High heat exchange tube temperatures cause thermal cracking/decomposition of
many by-products These lower molecular weight by-products are a source of "light ends" and
fugitive emssions High localized temperature gives rise to polymerization of reactive
monomers, resulting 1n "heavies" or "tars " Such materials can foul heat exchange equipment
or plug fixed-bed reactors, thereby requiring costly equipment cleaming and production outage
Solution Select operating temperatures at or near ambient temperature whenever possible
Use lower pressure steam to lower temperatures Use mtermediate exchangers to avoid
contact with furnace tubes and walls Use staged heating to mimumize product degradation and
unwanted side reactions Use a super heat of high-pressure steam 1n place of furnace

Monitor exchanger fouling to correlate process conditions which increase fouling, avoid
conditions which rapidly foul exchangers Use on-line tube cleaning technologies to keep tube
surfaces clean to increase heat transfer Use scraped wall exchangers in viscous service Use
falling film reboiler, pumped recirculation reboiler or high-flux tubes

Problem Higher operating temperatures umply "heat mput" usually via combustion which
generates €miss1ons

Solution Explore heat integration opportumnties (e g , use waste heat to preheat materials and
reduce the amount of combustion required ) '

Problem Heat sources such as furnaces and boilers are a source of combustion emissions
Solutjon Use thermocompressor to upgrade low-pressure steam to avoid the need for
additional boilers and furnaces

Problem Vapor pressure increases with increasing temperature Loading/unloading, tankage
and fugitive emussions generally increase with increasing vapor pressure

Solution If possible, cool materials before sending to storage Use hot process streams to
reheat feeds Add vent condensers to recover vapors 1n storage tanks or process Add closed
dome loading with vapor recovery condensers

Problem Water solubility of most chemicals increases with increasing temperature
Solution Use lower temperature (vacuum processing)
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Pressure

Problem Fugitive emussions from equipment

Solution Equipment operating m vacuum service 1s not a source of fugitives, however, leaks
nto the process require control when system 1s degassed

Problem Seal leakage potential due to pressure differential
Solution Minimize operating pressure

Problem Gas solubility increases with higher pressures

Solution Determine whether gases can be recovered, compressed, and reused or require
controls

Corroswe Environment

Problem Material contamination occurs from corrosion products Equipment failures result
in spills, leaks, and increased maintenance costs

Solution Neutralize corrosivity of materials contacting equipment Use corrosion inhibitors

Improve metallurgy or provide coating or liming Improve metallurgy or provide coating or
liming or operate 1n a less corrosive environment

Problem Increased waste generation due to addition of corrosion inhibitors or neutralization
Solution Improve metallurgy or provide coating or liming Improve metallurgy or provide
coating or lining or operate 1n a less corrosive environment

Batch vs Continuous Operations

Problem Vent gas lost during batch fill

Solution Equalize reactor and storage tank vent lines Recover vapors through condenser,
adsorber, etc

Problem Waste generated by cleaning/purging of process equipment between production
batches

Solution Use materials with low viscosity Mimmize equipment roughness Optimize

product manufacturing sequence to mmmmize washing operations and cross-contamination of
subsequent batches :

Problem Process mefficiencies lower yield and increase emissions
Solution Sequence addition of reactants and reagents to optimize yields and lower emuissions

Problem Continuous process fugitive emssions and waste increase over tume due to
equipment faifure through a lack of maintenance between turnarounds
Solution Design facility to readily allow maintenance so as to avoid unexpected equipment

farlure and resultant release

Process Operation/Design

Problem Numerous processing steps create wastes and opportunities for errors
Solution Keep 1t simple Make sure all operations are necessary More operations and
complexity only tend to increase potential emission and waste sources

Problem Non-reactant materials (solvents, absorbents, etc ) create wastes Each chemical
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(including water) employed within the process introduces additional potential waste sources
the composition generated wastes also tends to become more complex

Solution Evaluate umit operation or technologies (e g , separation) that do not require the
addition of solvents or other non-reactant chemicals

Problem High conversion with low yield results in wastes

Solution Recycle operations generally improve overall use of raw materials and chemucals,
thereby increasing the yield of desired products while at the same time reducing the generation
of wastes A case-in-point 1s to operate at a lower conversion per reaction cycle by reducing
catalyst consumption, temperature, or residence time Many times, this can result 1n a higher
selectivity to desired products The net effect upon recycle of unreacted reagents 1s an
increase 1 product yield, while at the same time reducing the quantities of spent catalyst and
less desirable by-products

Problem Non-regenerative treatment systems result in increased waste versus regenerative
systems

Solution Regenerative fixed bed treating or desiccant operation (¢ g , alumnum oxide, silica,
activated carbon, molecular sieves, etc ) will generate less quantities of solid or liquid waste
than non-regenerative units (e g , calcium chioride or activated clay) With regenerative units
though, emussions during bed activation and regeneration can be significant Further, side
reactions during activation/regeneration can give rise to problematic pollutants

3525 Product

Process Chenustry

Problemm Insufficient R&D into alternative reaction pathways may muss pollution
opportunities such as reducing waste or elimnating a hazardous constituent
Solution R&D during process conception and laboratory studies should thoroughly
investigate alternatives 1n process chemustry that affect pollution prevention

Product Formulation

Problem Product based on end-use performance may have undesirable environmental impacts
or use raw materials or components that generate excessive or hazardous wastes .

Solution Reformulate products by substituting different material or using a mixture of
individual chemicals that meet end-use performance specifications

3526 Raw Materials

Puruy

Problem Impurities may produce unwanted by-products and waste Toxic mmpurities, even 1n
trace amounts, can make a waste hazardous and therefore subject to strict and costly
regulation

Solution Use higher purity matenials  Purify materials before use and reuse 1f practical Use
inhibitors to prevent side reactions

Problem Excessive impurities may require more processing and equipment to meet product
specifications, increasing costs and potential for fugitive emissions, leaks, and spills

Solution  Achieve balance between feed purity, processing steps, product quality, and waste
generation
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Problem Specifying a purity greater than needed by the process increases costs and can
generate more waste generation by the supplier

Solution Specify a purity no greater than what the process needs

Problem Impurities in clean air can increase Inert purges
Solution Use pure oxygen

Problem Impurities may poison catalyst prematurely resulting in icreased wastes due to
yield loss and more frequent catalyst replacement

Solution Install guard beds to protect catalysts

Vapor Pressure

Problem Higher vapor pressures increase fugitive emussions 1 material handling and storage
Solution Use materials with lower vapor pressure and higher odor threshold

Problem High vapor pressure with low odor threshold materials can cause nuisance odors
Solution Use material with lower vapor pressure

Water Solubility

Problem Toxic or non-biodegradable materials that are water soluble may affect wastewater
treatment operation, efficiency, and cost

Solution Use less toxic or more biodegradable materials

Problem Higher solubility may increase potential for surface and groundwater contamination

and may require more careful spill prevention, containment, and cleanup plans
Solution Use less soluble materials

Problem Higher solubility may increase potential for storm water contamination 1n open
areas

Solution Use less soluble materials Prevent direct contact with storm water by diking or
covering areas

L
Problem Process wastewater associated with water washing or hydrocarbon/water phase

separation will be impacted by contamnment solubility 1n water Appropriate wastewater
treatment will be impacted

Solution Use less toxic or more biodegradable materials Minimize water usage Reuse

wash water Determine optimum process conditions for phase separation Evaluate alternative
separation technologies (coalescers, membranes, distillation, etc )

Toxicity

Problem Commumnity and worker safety and health concerns result from routine and non-

routine emussions Emussions sources include vents, equipment leaks, wastewater emissions,
emergency pressure relief, etc

Solution Use less toxic materials Reduce exposure through equipment design and process
control Use systems which are passive for emergency containment of toxic releases

Problem Surges or higher than normal continuous levels of toxic materials can shock or miss
wastewater biological treatment systems resulting 1n possible fines and possible toxicity in the
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receiving water
Solution Use less toxic material Reduce spills, leaks, and upset conditions through
equipment and process control Consider effect of chemucals on biological treatment, provide

unut pretreatment or diversion capacity to remove toxicity Install surge capacity for flow and
concentration equalization

Form of Supply

Problemn Small containers increase shipping frequency which increases chances of matenal
releases and waste residues from shipping contamners (including wash waters)

Solution Use bulk supply, ship by pipeline, or use “jumbo” drums or sacks In some cases,
product may be shipped out mn the same contamers the material supply was shipped in without
washing

Problem Nonreturnable containers may increase waste
Solution Use returnable shipping containers or drums

Handling and Storage

Problem Physical state (solid, Iiquid, gaseous) may raise unique environmental, safety, and
health 1ssues with unloading operations and transfer to process equipment
Solution Use equipment and controls appropnate to the type of matenals to control releases

Problem Large mnventories can lead to spills, mherent safety 1ssues and material expiration
Solution Minimize inventory by utihizing just-in-time dehivery

3 527 Waste Streams
Quantity and Quality

Problem Characteristics and sources of waste streams are unknown

Solution Document sources and quantities of waste streams prior to pollution prevention
assessment

Problem Wastes are generated as part of the process .

Solutiopn Determine what changes 1 process conditions would lower waste generation of
toxicity Determune if wastes can be recycled back imto the process

Composition

Problem Hazardous or toxic constituents are found in waste streams Examples are
sulfides, heavy metals, halogenated hydrocarbons, and polynuclear aromatics
Solution Evaluate whether different process conditions, routes, or reagent chemicals (e g ,

solvent catalysts) can be substituted or changed to reduce or eliminate hazardous or toxic
compounds

Properties

Problem Environmental fate and waste properties are not known or understood

Solution Evaluate waste characteristics using the following type properties corrosivity,
igmtabuility, reactivity, BTU content (energy recovery), biodegradability, aquatic toxicity, and
bioaccumulation potential of the waste and of 1ts degradable products, and whether 1t 1s a
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solid, liquid, or gas

Disposal

Problem Ability to treat and manage hazardous and toxic waste unknown or Immuted
Solution Consider and evaluate all on-site and off-site recycle, reuse, treatment, and disposal
options available Determine availability of factlities to treat or manage wastes generated

Exhibit 3-2 Pollution Preventing Equipment Modifications

Equipment Potential

Possible Approach
Environment Problem
Design Operational
Related Related
Compressors » Shaft seal leaks = Seal less designs ® Preventive mamtenance
blowers fans piston rod seal leaks and (diaphragmatic hermetic or program
vent streams magnetics)

» Design for low emissions
(internal balancing double
miet gland eductors)

= Shaft seal designs (carbon
rings double mechanical seals
buffered seals)

# Double seal with barrier fluid
vented to control device

Concrete pads ® Leaks to groundwater 8 Water stops ® Reduce unnecessary
floors sumps purges transfers and
sampling
® Embedded metal plates
L
s Epoxy sealing ® Use drip pans where
necessary

& Other impervious sealing
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Equipment Potential Possible Approach
En t Probl
vironment Problem Design Operational
Related Related
Controls » Shutdowns and start-ups ® Improve on-hine controls = Continuous versus batch

generate waste and releases

s On-line mstrumentation

® Automatic start-up and
shutdown

® On hine vibration analysts

w Use consensus systems
(e g shutdown trip requires
two out of three affirmative
Iesponses)

s Optimize on line run time

® Optimize shutdown
interlock nspection frequency

® [dentify safety and
environment critical
mstruments and equipment

Distiliation

= Impurities remain 1n
process streams

s Large amounts of
contaminated water
condensate from stream
stripping

® fncrease reflux ratio

® Add section to column

s Column mtervals

« Change feed tray

® Insulate to prevent heat loss
= Preheat column feed

® Increase vapor line size to
lower pressure drop

® Use rebolers or nert gas
stripping agents

® Change column operating
conditions
- reflux ratio
- feed tray
- temperature
pressure
etc

® Clean column to reduce
fouling

8

= Use higher temperature
steam
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e

equipment areas

® Contaminated sprinkler and
fire water

® | eaks and emissions during
cleaning

s Segregate process discharge
system from storm drainage
system (diking)

» Hard-pipe process streams to
process discharge system

# Seal floors

® Drain to sump
» Route to waste treatment

@ Design for cleaning

® Design for mimimum rinsing
® Design for mimmum sludge
® Provide vapor enclosure

® Drain to process

Equipment Potential Posstble Approach
t Probl
Environment Problem Design Operational
Related Related
General » Contaminated rainwater ® Provide roof over process » Return samples to process
manufacturing facilities

= Monitor storm water
discharge

s Use drip pans for
maintenance activities

® Rinse to sump

® Reuse cleaning solutions
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Equipment

Potential
Environment Problem

Possible Approach

Design
Related

Operational
Related

Heat exchangers

® Increased waste due to high
localized temperatures

» Contaminated materials
due to tubes leaking at tube
sheets

» Furnace emssions

» Use intermediate exchangers
to avoid contact with furnace
tubes and walls

® Use staged heating to
mimmize product degradation
and unwanted side reactions
(waste heat > > low pressure

steam > >high pressure steam)

» Use scraped wall exchangers
1N VISCOUS Service

= Using falling film reboiier
piped recirculanon reboiler or
high-flux tubes

8 Use lowest pressure steam
possible

» Use welded tubes or double
tube sheets with mert purge
Mount vertically

= Use super heat of high
pressure steam 1n place of a
furnace

® Select operating
temperatures at or near
ambient temperature when
ever possibie These are
generally most destrable from
a pollution prevention
standpoint

a Use lower pressure steam
to lower temperatures

® Monitor exchanger fouling
to correlate process
conditions which increase
fouling avoid conditions
which rapidly foul
exchangers

# Use on-line tube cleaning
techmques to keep tube

surfaces clean

# Momitor for leaks

58



Equipment Potential Possible Approach
Environment Probiem
Design Operational
Related Related
Piping = Leaks to groundwater/ » Design equipment iayout so = Monitor for corrosion and

fugitive emissions

® Releases when cleaning or
purging lines

as 10 minimize pipe run length

or design for cathodic
protection 1f necessary to mstail
piping underground

= Use welded fittings

» Reduce number of flanges
and valves

u Use all welded pipe
= Use secondary containment
& Use spiral wound gaskets

» Use plugs and double valves
for open end lines

® Change metallurgy
& Use lined pipe

w Use pigs for cleaning

® Slope to low pont drain

» Use heat tracing and
msulation to prevent freezing

= Install equalizer lines

erosion

s Eliminate underground piping | ® Paint to prevent

external corrosion

= Flush to product storage
tank
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Equipment Potential Possible Approach
Environment Problem
Design Operational
Related Related
Pumps » Fugitive emissions from = Mechanical seal 1n lieu of = Seal installation practices

shaft seal leaks

= Fugitive emissions from
shaft seal leaks

» Residual heel of liquid
during pump maintenance

® Injection of seal flush fluid
INtO process stream

packing

® Double mechanical seal with
nert barrier fluid

» Double machined seal with

barrier fluid vented to control
device

 Seal less pump (canned motor
magnetic drive)

® Vertical pump

® {Jse pressure transfer to
eliminate pump

® Low pont drain on pump
casing

» Use doubie mechanical seal
with nert barner fluid where

practical

= Monitor for leaks

® Flush casing to process
discharge system for
treatment

= [ncrease the mean time
between pump failures by

selecting proper seal
matenal

ahigming well

reducing pipe induced
stress

maintaining seal lubrication

60




Equipment Potential Possible Approach
t
Environment Problem Design Operational
Related Related
Reactors = Poor conversion or ® Static mixing ® Add ingredients with
performance due to optimum sequence
madequate mixing » Add baffles
» Change impellers
= Add horsepower = Allow proper head space in
reactor to enhance vortex
effect
® Add distributor
= Waste by product s Provide separate reactor for = Optimize reaction
formation converting recycle streams to conditions (temperature
usable products pressure etc )
Relief Valve ® Leaks

= Fugitive emissions

= Discharge to environment
from over pressure

= Frequent relief

s Provide upstream rupture disc

= Vent 1o control or recovery
device

s Pump discharges to suction of
pump

» Thermal relief to tanks

& Avoid discharge to roof areas
to prevent contamination of
rainwater

s Use pilot operated relief
valve

® Increase margin between

design and operating pressure

# Monitor for leaks and for
control efficiency

® Monitor for leaks

w Reduce operating pressure

a Review system
performance
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Equipment Potential Possible Approach
Environment Problem
Design Operational
Related Related
Sampling = Waste generation due to ® [n line 1n situ analyzers @ Reduce number and size of
sampling (disposal samples required
containers leaks fugitives
etc ) = System for return to process = Sample at the lowest
possible temperature
= Closed loop
® Drain to sump s Cool before sampling
Tanks ® Tank breathing and ® Cool materials before storage | ® Opumze storage conditions

working losses

® Leak to groundwater

» Large waste hee]

» Insulate tanks

a Vent to control device (flare
condenser etc )

= Vapor balancing

s Floating roof

= Higher design pressure

® All aboveground (situated so
bottom can routinely be
checked for leads)

® Secondary containment

L lmprove COTTos1on resistance

® Design for 100 % de
mventory

to reduce losses

= Monuor for leaks and
corrosion

® Recycle to process if
practical

Vacuum Systems

» Waste discharge from jets

® Substitute mechanical vacuum
pump

® Evaluate using process fluid
for powering jet

= Monitor for air leaks

® Recycle condensate to
process
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Equipment Potential Possible Approach
Environment Problem
Design Operational
Related Related
Valves ® Fugiive emissions from s Bellow seals = Stringent adherence to
leaks packing procedures
® Reduce number where
practical
® Special packing sets
Vents ® Release to environment

» Route to control or recovery
device

® Monror performance
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CHAPTER 4
PETROLEUM REFINING’

41 Introduction

Petroleum refining 1s the physical, thermal and chemical separation of crude oil 1nato 1ts major
distillation fractions which are then further processed through a senes of separation and
conversion steps into finished petroleum products For the purposes of this manual petroleum
refining includes petroleum products produced through the distillation and fractionation of
crude oil, re-distillation of unfinished petroleum derivatives cracking, or other processes

42 Product Characterization

The primary products of the industry fall into three major categories fuels (motor gasoline
diesel and distillate fuel o1l, liquefied petroleum gas, jet fuel, residual fuel o1l kerosene and
coke), finished non-fuel products (solvents, lubricating oils, greases, petroleum wax, petroleum
jelly asphalt, and coke), and chemucal industry feedstocks (naphtha, ethane propane butane
ethylene, propylene, butylenes, butadiene, benzene, toluene, and xylene) These petroleum
products are used for energy and as primary mput to a vast number of products including
fertilizers, pesticides, paints, waxes thinners, solvents, cleaning fluids, detergents refrigerants

anti-freeze, resins, sealants, isulations, latex, rubber compounds, hard plastics plastic sheeting,
plastic foam and synthetic fibers

43  Industnal Process Description

Thus section describes the major industnal processes within the petroleum refining industry
including the materials and equipment used, and the processes employed This discussion also
provides a concise description of where wastes may be produced 1n the process and describes the
potential fate (via air, water, and soil pathways) of these waste products

431 Industrial Processes in the Petroleum Refining Industry

Crude o1l 1s 2 mixture of many different hydrocarbons and small amounts of impunties The
composttion of crude oil can vary significantly depending on 1ts source Petroleum refineres are
a complex system of multiple operations and the operations used at a given refinerv depend upon
the properties of the crude o1l to be refined and the desired products For these reasons, no two
refineries are alike Portions of the outputs from some processes are re-fed back into the same
process, fed to new processes, fed back to a previous process, or blended with other outputs to

3 The information 1n this chapter 1s derived from the U S Environmental Protection

Agency’s Office of Comphiance Sector Notebook Project, Profile of the Petroleum Refining
Industry, September 1995 (document # EPA/310-R-95-013) Readers should refer to that
document for a comprehensive set of references and sources Contact your local EP3

Clearinghouse for a copy of the EPA document or for information on how to access it
electromically via the Internet
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form fimished products The major umit operations typicallv involved at petroleum refinenes are
described briefly below

Refining crude o1l nto useful petroleum products can be separated into two phases and a number
of supporting operations The first phase 15 desalting of crude o1l and the subsequent distillation
1nto 1ts various components or "fractions " The second phase 1s made up of three different types
of "downstream" processes combining, breaking, and reshaping Downstream processes
convert some of the distillation fracuons into petroleum products (residual fuel o1l gasoline
kerosene, etc ) through any combination of different cracking, coking, reforming, and alkvlation
processes Supporting operations may include wastewater treatment, sulfur recovery additive
production, heat exchanger cleaning, blowdown systems, blending of products, and storage of
products

4311 Crude Onl Distillation and Desalting One of the most important operations 1n a
refinery 1s the initial distillation of the crude o1l nto 1ts various boiling point fractions
Distillation involves the heating, vaporization, fractionation, condensation, and cooling of
feedstocks This section discusses the atmospheric and vacuum distillation processes which
when used 1n sequence result 1n lower costs and higher efficiencies This section also discusses
the important first step of desalting the crude o1l prior to distillation

43111 Desaling Before separation into fractions, crude o1l usually must first be treated to
remove corrosive salts The desalting process also removes some of the metals and suspended
solids which cause catalyst deactrvation Desalting involves the mixing of heated crude o1l with
water (about three to 10 percent of the crude o1l volume) so that the salts are dissolved in the
water The water must then be separated from the crude o1l 1n a separating vessel by adding
demulsifier chemaicals to assist in breaking the emulsion and/or, more commonly, by applying a
high potential electric field across the settling vessel to coalesce the polar salt water droplets
The desalting process creates an oily desalter sludge and a high temperature salt water waste
stream which 1s typically added to other process wastewaters for treatment 1n the refinery

wastewater treatment facilittes The water used 1n crude desalting 1s often untreated or partially
treated water from other refining process water sources

43112 Atmospheric Distillation The desalted crude o1l 1s then heated 1n a heat exchanger
and furnace to about 398°C and fed to a vertical, distillation column at atmospheric pressure
where most of the feed 1s vaporized and separated 1nto 1ts various fractions by condensing on 30
to 50 fractionation trays, each corresponding to a different condensation temperature The lighter
fractions condense and are collected towards the top of the column Heawvier fractions, which
may not vaporize 1n the column, are further separated later by vacuum distillation Within each
atmosphenc distillation tower, a number of side streams (at least four) of low-boiling point
components are removed from the tower from different trays These low-boiling point mixtures
are 1n equilibrium with heavier components which must be removed The side streams are each
sent to a different small stnpping tower containing four to 10 trays with steam 1njected under the
bottom tray The steam strips the light-end components from the heavier components and both
the steam and light-ends are fed back to the atmospheric distillation tower above the
corresponding side stream draw tray Fractions obtamed from atmospheric distillation include
naphtha, gasoline, kerosene, hight fuel o1l, diesel oils, gas o1l, lube distillate, and heavy bottoms
Most of these can be sold as fimshed products, or blended with products from downstream
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processes Another product produced mn atmospheric distillation as well as many other refinery
processes, 1s the light, non-condensable refinery fuel gas (mainly methane and ethane)

Typically this gas also contains hydrogen sulfide and ammonia gases The muxture of these
gases 1s known as “sour gas™ or “acid gas " The sour gas 1s sent to the refinery sour gas
treatment system which separates the fuel gas so that 1t can be used as fuel in the refinery heating
furnaces Atr emissions during atmospheric distillation arise from the combustion of fuels in the
furnaces to heat the crude o1l, process vents and fugitive emissions Oily sour water (condensed
steam containing hydrogen sulfate and ammorma) and o1l 1s also generated 1n the fractionators

43113 Vacuum Distillation Heavier fractions from the atmospheric distillation unit that
cannot be distilled without cracking under 1ts pressure and temperature conditions are vacuum
distilled Vacuum distillation 1s simply the distillation of petroleum fractions at a very low
pressure to increase volatilization and separation In most systems, the vacuum nside the
fractionator 1s maintained with steam ejectors and vacuum pumps, barometric condensers or
surface condensers The injection of superheated steamn at the base of the vacuum fractionator
column further reduces the partial pressure of the hydrocarbons n the tower, facilitating
vaporization and separation The heavier fractions from the vacuum distillation column are
processed downstream 1nto more valuable products through either cracking or coking operations

A potential source of emusstons from distillation of crude o1l are the combustion of fuels 1n the
furnace and some light gases leaving the top of the condensers on the vacuum distillation
column A certain amount of non-condensable hight hydrocarbons and hydrogen suifide pass
through the condenser to a hot well, and then are discharged to the refinery sour fuel system or
are vented to a process heater, flare or another control device to destroy hydrogen sulfide The
quantity of these emissions depends on the size of the unit, the type of feedstock, and the cooling
water temperature If barometric condensers are used 1n vacuum distillation, significant amounts
of o1lv wastewater can be generated Vacuum pumps and surface condensers have largely
replaced barometric condensers 1n many refineries to eliminate this o1ly wastewater stream Ouly
sour water 15 also generated 1n the fractionators

4312 Downstream Processing Certain fractions from the distillation of crude o1l are further
refined 1n thermal cracking (visbreaking), coking, catalytic cracking, catalytic hydrocracking,
hydrotreating, alkylation, 1somerization, polymerization, catalytic reforming, solvent extraction,
merox, de-waxing, propane de-asphalting and other operations These downstream processes
change the molecular structure of hydrocarbon molecules either by breaking them into smaller
molecules, joimng them to form larger molecules, or reshaping them 1nto higher quality
molecules For many of the operations discussed below, a number of different techniques are
used 1n the industry While the major techmiques used for each process are described, 1t 1s not
possible to discuss all of the different processes currently 1n use

43121 Thermal Cracking/Visbreaking Thermal cracking, or visbreaking, uses heat and
pressure to break large hydrocarbon molecules into smaller, lighter molecules The process has
been largely replaced by catalytic cracking and some refineries no longer employ thermal
cracking Both processes reduce the production of less valuable products such as heavy fuel o1l
and cutter stock and increase the feed stock to the catalytic cracker and gasoline yields In
thermal cracking, heavy gas oils and residue from the vacuum distillation process are typically
the feed stocks The feed stock 1s heated 1n a furnace or other thermal unit to up to 537°C and
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then fed to a pressurized reaction chamber Following the reactor step, the process stream 1s
mixed with a cooler recycle stream which stops the cracking reactions The product 1s then fed
to a flasher chamber, where pressure 1s reduced and lighter products vaporize and are drawn off
The hghter products are fed to a fractionating tower where the various fractions are separated
The "bottoms" consist of heavy residue, part of which 1s recycled to cool the process stream
leaving the reaction chamber, the remaining bottoms are usually blended nto residual fuel

Air emissions from thermal cracking include emissions from the combustion of fuels in the
process heater, vents, and fugitive emussions A sour water stream 1s generated 1n the
fractionator

43122 Coking Coking 1s a cracking process used primarily to reduce refinery production of
low-value residual fuel oils to transportation fuels, such as gasoline and diesel As part of the
upgrading process, coking also produces petroleum coke, which 1s essentially solid carbon with
varying amounts of impurities, and 1s used as a fuel for power plants 1f the sulfur content 1s low
enough Coke also has non-fuel applications as a raw material for many carbon and graphite
products including anodes for the production of aluminum, and furnace electrodes for the
production of elemental phosphorus, titamium dioxide, calcium carbide and silicon carbide A
number of different processes are used to produce coke, "delayed coking" 1s the most widely
used today, but “fluid coking” 1s expected to be an important process in the future Fluid coking
produces a higher grade of coke which 1s increasingly in demand In delayed coking operations
the same basic process as thermal cracking 1s used except feed streams are allowed to react
longer without being cooled The delayed coking feed stream of residual oils from various
upstream processes 1s first introduced to a fractionating tower where residual lighter matenals are
drawn off and the heavy ends are condensed The heavy ends are removed and heated 1n a
furnace to about 481°- 537°C and then fed to an insulated vessel called a coke drum where the
coke 1s formed When the coke drum 1s filled with product, the feed 1s switched to an empty
parallel drum Hot vapors from the coke drums, containing cracked lighter hydrocarbon
products, hydrogen sulfide, and ammonia, are fed back to the fractionator where they can be
treated 1n the sour gas treatment system or drawn off as intermediate products Steam 1s then
injected 1nto the full coke drum to remove hydrocarbon vapors, water 1s 1injected to cool the coke

and the coke 1s removed Typically, high pressure water jets are used to cut the coke from the
drum

L

Air emissions from coking operations include the process heater flue gas emissions, fugitive
emissions and emussions that may arise from the removal of the coke from the coke drum The
injected steam 1s condensed and the remaining vapors are typically flared Wastewater 1s
generated from the coke removal and cooling operations and from the steam injection In

addition, the removal of coke from the drum can release particulate emissions and any remaining
hydrocarbons to the atmosphere

43123 Catalytic Cracking Catalytic cracking uses heat, pressure and a catalyst to break
larger hydrocarbon molecules into smaller, lighter molecules Catalytic cracking has largely
replaced thermal cracking because 1t 1s able to produce more gasoline with a higher octane and
less heavy fuel o1ls and light gases Feed stocks are hight and heavy oils from the crude o1l
distillation unit which are processed primanly into gasoline as well as some fuel o1l and hight
gases Most catalysts used 1n catalytic cracking consist of mixtures of crystalline synthetic silica-
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alumina termed “zeolites,” and amorphous svnthetic silica-alumina The catalytic cracking
processes, as well as most other refinery catalvtic processes produce coke which collects on the
catalyst surface and dimiushes 1ts catalytic properties The catalyst, therefore, needs to be
regenerated continuously or periodically essentially by burning the coke off the catalvst at lugh
temperatures The method and frequency 1n which catalysts are regenerated are a major factor in
the design of catalytic cracking units A number of different catalytic cracking designs are
currently 1n use m the U S , including fixed-bed reactors, moving-bed reactors, fluidized-bed

reactors, and once-through umts The fluidized- and moving-bed reactors are bv far the most
prevalent

Fluidized-bed catalytic cracking units (FCCUs) are by far the most common catalytic craching
umits In the fluidized-bed process, o1l and o1l vapor pre-heated to 260 to 426°C 1s contacted
with hot catalyst at about 703 °C erther 1n the reactor itself or in the feed line (riser) to the reactor
The catalyst 1s 1n a fine, granular form which, when mixed with the vapor, has many of the
properties of a fluud  The fluidized catalyst and the reacted hydrocarbon vapor separate
mechanically 1n the reactor and any o1l remaining on the catalyst 1s removed by steam stripping
The cracked o1l vapors are then fed to a fractionation tower where the various desired fractions
are separated and collected The catalyst flows into a separate vessel(s) for either single- or two-
stage regeneration by burning off the coke deposits with air

In the moving-bed process, o1l 1s heated to up to 703 °C and 1s passed under pressure through the
reactor where 1t comes 1nto contact with a catalyst flow 1n the form of beads or pellets The
cracked products then flow to a fractionating tower where the various compounds are separated
and collected The catalyst 1s regenerated 1n a continuous process where deposits of coke on the
catalyst are burned off Some units also use steam to strip remaining hydrocarbons and oxygen
from the catalyst before being fed back to the o1l stream In recent years moving-bed reactors
have largely been replaced by fluidized-bed reactors

Catalytic cracking 1s one of the most significant sources of air pollutants at refineries Air
emissions from catalytic cracking operations include the process heater flue gas emissions,
fugitive emissions, and emissions generated during regeneration of the catalyst Relatively high
concentrations of carbon monoxide can be produced during regeneration of the catalyst which 1s
typically converted to carbon dioxide either in the regenerator or further downstream mn a carbon
monoxide waste heat boiler In addition, a sigmificant amount of fine catalyst dust 1s produced n
FCCU s as a result of the constant movement of the catalyst grains against each other Much of
this dust, consisting primanly of alumina and relatively small amounts of nickel, 1s carried with
the carbon monoxide stream to the carbon monoxide burner The catalyst dust 1s then separated
from the resulting carbon dioxide stream via cyclones and/or electrostatic precipitators and 1s
sent off-site for disposal or treatment Generated wastewater 1s typically sour water from the
fractionator containing some o1l and phenols Wastewater containing metal impurities from the
feed o1l can also be generated from the steam used to purge and regenerate catalysts

43124 Catalytic Hydrocracking Catalytic hydrocracking normally utilizes a fixed-bed
catalytic cracking reactor with cracking occurring under substantial pressure 1n the presence of
hydrogen Feedstocks to hydrocracking units are often those fractions that are the most difficult
to crack and cannot be cracked effectively 1n catalytic cracking units These include middle
distillates, cycle oils, residual fuel oils and reduced crudes The hydrogen suppresses the
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formation of heavy residual matenal and increases the yield of gasoline by reacting with the
cracked products However, this process also breaks the heavy, sulfur and nitrogen bearing
hydrocarbons and releases these impurities to where they could potentiallv foul the catalvst For
this reason, the feedstock 1s often first hydrotreated to remove impurties before being sent to the
catalytic hydrocracker Sometimes hydrotreating 1s accomplished by using the first reactor of the
hydrocracking process to remove impurities Water also has a detnimental effect on some
hydrocracking catalysts and must be removed before beng fed to the reactor The water 1s
removed by passing the feed stream through a silica gel or molecular sieve drver Depending on
the products desired and the size of the umt, catalytic hydrocracking 1s conducted 1n either single
stage or multi-stage reactor processes Most catalysts consist of a crvstalline muxture of silica-
alumina with small amounts of rare earth metals

Hydrocracking feedstocks are usually first hydrotreated to remove the hydrogen sulfide and
ammomnia that will poison the catalyst Sour gas and sour water streams are produced at the
fractionator, however, 1f the hydrocracking feedstocks are first hydrotreated to remove
impurtties, both streams will contain relatively low levels of hydrogen sulfide and ammoma
Hydrocracking catalysts are typically regenerated off-site after two to four years of operation
Therefore, little or no emissions are generated from the regeneration processes Air emissions
anse from the process heater, vents, and fugitive emissions

43125 Hydrotreating/Hydroprocessing Hydrotreating and hydroprocessing are similar
processes used to remove impurities such as sulfur, mtrogen, oxygen halides and trace metal
impunities that may deactivate process catalysts Hydrotreating also upgrades the quality of
fractions by converting olefins and diolefins to paraffins for the purpose of reducing gum
formation 1n fuels Hydroprocessing, which typically uses residuals from the crude distillation
units, also cracks these heavier molecules to lighter, more saleable products Both hydrotreating
and hydroprocessing units are usually placed upstream of those processes in which sulfur and
nitrogen could have adverse effects on the catalyst, such as catalytic reforming and
hydrocracking units The processes utilize catalysts in the presence of substantial amounts of
hydrogen under high pressure and temperature to react the feedstocks and impunties with
hydrogen The reactors are nearly all fixed-bed with catalyst replacement or regeneration done
after months or years of operation often at an off-site facility In addition to the treated products
the process produces a stream of hight fuel gases hydrogen sulfide and ammomia The treated
product and hydrogen-rich gas are cooled after they leave the reactor before being separated
The hydrogen 1s recycled to the reactor

The off-gas stream may be very rich 1n hydrogen sulfide and light fuel gas The fuel gas and
hydrogen sulfide are typically sent to the sour gas treatment unit and sulfur recovery unit
Catalysts are typrcally cobalt or molybdenum oxides on alumina, but can also contain nickel and

tungsten Air emussions from hydrotreating may arise from process heater flue gas, vents, and
fugitive emissions

43126 Alkylation Alkylation 1s used to produce a high octane gasoline blending stock from
the 1sobutane formed primanly during catalytic cracking and coking operations, but also from
catalytic reforming, crude distillation and natural gas processing Alkylation joins an olefin and
an 1soparaffin compound using either a sulfuric acid or hydrofluoric acid catalyst The products
are alkylates including propane and butane liguids When the concentration of acid becomes less
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than 88 percent, some of the acid must be removed and replaced with stronger acid In the
hydrofluoric acid process, the slip stream of acid 15 redistilled Dissolved polymenzation
products are removed from the acid as a thick dark o1l  The concentrated hvdrofluoric acid 1s
recycled and the net consumption 1s about 0 1 kilograms per barrel of alkylates produced
Hydrofluonc acid alkylatton units require special engineerng design, operator training and safety
equipment precautions to protect operators from accidental contact with hydrofluonc acid which
1s an extremely hazardous substance In the sulfuric acid process, the sulfuric acid removed must
be regenerated n a sulfuric acid plant which 1s generally not a part of the alkylation unit and mav
be located off-site  Spent sulfuric acid generation 1s substantial, typically n the range of 6 to 14

kilograms per barrel of alkylate Air emissions from the alkylation process may anse from
process vents and fugrtive emissions

43127 Isomerization Isomerization is used to alter the arrangement of a molecule without
adding or removing anything from the original molecule Typically, paraffins (butane or pentane
from the crude distillation unit) are converted to 1soparaffins having a much higher octane
Isomerization reactions take place at temperatures 1n the range of 93 to 204°C 1n the presence of
a catalyst that usually consists of platinum on a base material Two types of catalysts are
currently in use One requires the continuous addition of small amounts of organic chlondes
which are converted to hydrogen chlonde 1n the reactor In such a reactor, the feed must be free
of oxygen sources including water to avoid deactivation and corrosion problems The other type
of catalyst uses a molecular sieve base and does not require a dry and oxygen free feed Both
types of 1somenization catalysts require an atmosphere of hydrogen to mmimze coke deposits,
however, the consumption of hydrogen 1s neghgible Catalysts typically need to be replaced
about every two to three years or longer Platinum 1s then recovered from the used catalyst off-
site Light ends are stripped from the product stream leaving the reactor and are then sent to the
sour gas treatment unit Some 1somerization units utilize caustic treating of the Light fuel gas
stream to neutralize any entrained hydrochloric acid This will result tn a calcium chloride (or
other salts) waste stream Air emissions may arnse from the process heater, vents and fugitive
emissions Wastewater streams include caustic wash and sour water

43128 Polymerization Polymernization i1s occasionally used to convert propene and butene to
high octane gasoline blending components The process 1s similar to alkylation 1n 1ts feed and
products, but 1s often used as a less expensive alternative to alkylation The reactions typically
take place under high pressure 1n the presence of a phosphoric acid catalyst The feed must be
free of sulfur, which poisons the catalyst, basic materials, which neutralize the catalyst, and
oxygen, which affects the reactions The propene and butene feed 1s washed first with caustic to
remove mercaptans (molecules containing sulfur), then with an amine solution to remove
hydrogen sulfide, then with water to remove caustics and amines, and finally dried by passing
through a silica gel or molecular sieve dryer  Air emussions of sulfur dioxide may arise during
the caustic washing operation Spent catalyst, which typically 1s not regenerated, 1s occasionally

disposed as a sohd waste Wastewater streams will contain caustic wash and sour water with
amines and mercaptans

43129 Catalytic Reforming Catalytic reforming uses catalytic reactions to process
pnimanly low octane heavy straight run (from the crude distillation unit) gasolines and naphthas
into high octane aromatics (including benzene) There are four major types of reactions which
occur during reforming processes 1) dehydrogenation of naphthenes to aromatics, 2)
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dehydrocychzation of paraffins to aromatics, 3) 1somerization, and 4) hydrocracking The
dehydrogenation reactions are very endothermic, requinng that the hydrocarbon stream be heated
between each catalyst bed All but the hydrocracking reaction release hydrogen which can be
used 1n the hydrotreating or hydrocracking processes Fixed-bed or moving bed processes are
utilized 1n a series of three to six reactors Feedstocks to catalytic reforming processes are
usually hydrotreated first to remove sulfur, nitrogen and metallic contaminants In continuous
reforming processes, catalysts can be regenerated one reactor at a tume, once or twice per day,
without disrupting the operation of the unit In semi-regenerative unuts, regeneration of all
reactors can be carned out simultaneously after three to 24 months of operation by first shutting
down the process

Arr emissions from catalytic reforming arise from the process heater gas and fugitive emisstons
The catalysts used 1n catalytic reforming processes are usually very expensive and extra
precautions are taken to ensure that catalyst 1s not lost When the catalyst has lost its activity and
can no longer be regenerated, the catalyst 1s usually sent off-site for recovery of the metals
Subsequent air emissions from catalyst regeneration 1s, therefore, relatively low Relatively
small volumes of wastewater containing sulfides, ammonia, and mercaptans may be generated
from the stripping tower used to remove light ends from the reactor effluent

431210 Solvent Extraction Solvent extraction uses solvents to dissolve and remove
aromatics from lube o1l feed stocks, improving viscosity, oxidation resistance, color and gum
formation A number of different solvents are used with the two most common being furfural
and phenol Typically, feed lube stocks are contacted with the solvent 1n a packed tower or
rotating disc contactor Each solvent has a different solvent-to-o1l ratio and recycle ratio within
the tower Solvents are recovered from the o1l stream through distillation and steam stripping 1n
a fractionator The stream extracted from the solvent will likely contain high concentrations of
hydrogen sulfide, aromatics, naphthenes and other hydrocarbons, and 1s often fed to the

hydrocracking unit The water stream leaving the fractionator will likely contain some o1l and
solvents

431211 Chemical Treating In petroleum refining, chemical treating 1s used to remove or
change the undesirable properties associated with sulfur, mtrogen, or oxygen compound
contaminates 1n petroleum products Chemical treating 1s accomplished by either extraction or
oxidation (also known as sweetening), depending upon the product Extraction 1s used to remove
sulfur from the very light petroleum fractions, such as propane/propylene (PP) and

butane/butylene (BB) Sweetening, though, 1s more effective on gasoline and middle distillate
products

A typical extraction process 1s "Merox" extraction Merox extraction 1s used to remove
mercaptans (organic sulfur compounds) from PP and BB streams PP streams may undergo
amine treating before the Merox extraction to remove excess H,S which tends to fractionate with
PP and interferes with the Merox process A caustic prewash of the PP and BB removes any
remaining trace H,S prior to Merox extraction

The PP and BB streams are passed up through the trays of an extraction tower Caustic solution
flowing down the extraction tower absorbs mercaptan from the PP and BB streams The rich
caustic 1s then regenerated by oxidizing the mercaptans to disulfide 1n the presence of aqueous
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Merox catalyst and the lean caustic recirculated to the extraction tower The disulfide 1s
insoluble 1n the caustic and can be separated

Oxidation or "sweetening" 1s used on gasoline and distillate fractions A common oxidation
process 1s also a Merox process that uses a sohd catalyst bed Air and a mimmum amount of
alkaline caustic ("mini-alky" operation) 1s injected into the hydrocarbon stream  As the
hydrocarbon passes through the Merox catalyst bed, sulfur mercaptans are oxidized to disulfide
In the sweetening Merox process, the caustic 1s not regenerated The disulfide can remain with
the gasoline product, since 1t does not possess the objectionable odor properties of mercaptans
hence, the product has been "sweetened "

In the extraction process, a waste o1ly disulfide stream leaves the separator Air emisstons arise
from fugitive hydrocarbons and the process vents on the separator which may contamn disulfides

431212 De-waxing De-waxing of lubricating o1l base stocks 1s necessary to ensure that the
o1l will have the proper viscosity at lower ambient temperatures Two types of de-waxing
processes are used selective hydrocracking and solvent de-waxing In selective hydrocracking
one or two zeolite catalysts are used to selectively crack the wax paraffins Solvent de-waxing 1s
more prevalent In solvent de-waxing, the o1l feed 1s diluted with solvent to lower the viscosity,
chilled until the wax 1s crystallized, and then filtered to remove the wax Solvents used for the
process include propane and mixtures of methy] ethyl ketone (ME) with methyl 1sobutyl ketone
(MICK) or ME with toluene Solvent 1s recovered from the o1l and wax through heating, two-
stage flashing, followed by steam stripping The solvent recovery stage results in solvent
contaminated water which typically 1s sent to the wastewater treatment plant The wax 1s either

used as feed to the catalytic cracker or 1s de-oiled and sold as industrial wax Air emissions may
arise from fugitive emissions of the solvents

431213 Propane De-asphalting Propane de-asphalting produces lubricating o1l base stocks
by extracting asphaltenes and resins from the residuals of the vacuum distillation unit Propane
15 usually used to remove asphaltenes due to 1ts umque solvent properties At lower temperatures
(38°-60°C), paraffins are very soluble in propane and at higher temperatures (about 93°C) all
hydrocarbons are almost insoluble 1n propane The propane De-asphalting process 1s similar to
solvent extraction 1n that a packed or baffled extraction tower or rotating disc contactor 1s used to
mix the o1l feed stocks with the solvent In the tower method, four to eight volumes of propane
are fed to the bottom of the tower for every volume of feed flowing down from the top of the
tower The o1l, which 1s more soluble 1n the propane dissolves and flows to the top The
asphaltene and resins flow to the bottom of the tower where they are removed 1n a propane mix
Propane 1s recovered from the two streams through two-stage flash systems followed by steam
stripping 1n which propane 1s condensed and removed by cooling at high pressure 1n the first
stage and at low pressure 1n the second stage The asphalt recovered can be blended with other
asphalts or heavy fuels, or can be used as feed to the coker The propane recovery stage results
1n propane contaminated water which typically 1s sent to the wastewater treatment plant  Air
emissions may anse from fugitive propane emissions and process vents

4 31 3 Supporting Operations Many important refinery operations are not directly involved
m the production of hydrocarbon fuels but serve 1n a supporting role Some of the major
supporting processes are discussed below
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43131 Wastewater Treatment Relatively large volumes of water are used by the petroleum
refining industry Four types of wastewater are produced surface water runoff, cooling water,
process water, and sanitary wastewater Surface water runoff 1s intermittent and will contain
constituents from spills to the surface, leaks in equipment and any matenals that may have
collected 1n dramns Runoff surface water also includes water coming from crude and product
storage tank roof drains

A large portion of water used 1n petroleum refimng 1s used for cooling Cooling water typically
does not come nto direct contact with process o1l streams and therefore contains less
contaminants than process wastewater Most cooling water 1s recycled over and over with a
bleed or blowdown stream to the wastewater treatment umt to control the concentration of
contanminants and the solids content 1n the water Cooling towers within the recycle loop cool the
water using ambient air (see Storage Tanks and Cooling Towers) Some cooling water termed
“once through,” 1s passed through a process unit once and 1s then discharged directly without
treatment 1n the wastewater treatment plant The water used for cooling often contains chemical
additives such as chromates, phosphates, and anti-fouling biocides to prevent scaling of pipes
and biological growth (It should be noted, however, that many refinenes no longer use
chromates 1n cooling water as anti-fouling agents ) Although cooling water usually does not
come 1nto direct contact with o1l process streams, 1t also may contamn some o1l contamination due
to leaks 1n the process equipment

Water used 1n processing operations also accounts for a significant portion of the total
wastewater Process wastewater anses from desalting crude oil, steam stripping operations,
pump gland cooling, product fractionator reflux drum drains and boiler blowdown Because
process water often comes into direct contact with o1l, 1t 1s usually lmghly contaminated

Wastewater treatment plants are a significant source of refinery air emissions and solid wastes
Aur releases anise from fugitive emussions from the numerous tanks, ponds and discharge system
drains Solid wastes are generated in the form of sludges from a number of the treatment units

43132 Gas Treatment and Sulfur Recovery Process off-gas streams, or sour gas, from the
coker, catalytic cracking unit, hydrotreating units and hydroprocessing units can contain high
concentrations of hydrogen sulfide mixed with light refinery fuel gases Before elemental sulfur
can be recovered, the fuel gases (primarily methane and ethane) need to be separated from the
hydrogen sulfide Thus 1s typically accomplished by dissolving the hydrogen sulfide 1n a
chemical solvent Solvents most commonly used are amines, such as diethanolamine (DEA)
Dry adsorbents such as molecular sieves, activated carbon, 1ron sponge and zinc oxide are also
used In the amine solvent processes, DEA solution or another amine solvent 1s pumped to an
absorption tower where the gases are contacted and hydrogen sulfide 1s dissolved in the solution
The fuel gases are removed for use as fuel 1n process furnaces in other refinery operations The
amine-hydrogen sulfide solution 1s then heated and steam stripped to remove the hydrogen
sulfide gas

Current methods for removing sulfur from the hydrogen sulfide gas streams are typically a

combination of two processes the Claus Process followed by the Beaven Process, Scot Process,
or the Wellman-Land Process The Claus process consists of partial combustion of the hydrogen
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sulfide-rich gas stream (with one-third the stoichiometric quantity of air) and then reacting the
resulting sulfur dioxide and unburned hydrogen sulfide 1n the presence of a bauxite catalyst to
produce elemental sulfur

Since the Claus process by 1tself removes only about 90 percent of the hydrogen sulfide in the
gas stream, the Beaven, Scot, or Wellman-Lord processes are often used to further recover sulfur
In the Beaven process, the hydrogen sulfide 1n the relatively low concentration gas stream from
the Claus process can be almost completely removed by absorption 1n a quinone solution The
dissolved hydrogen sulfide 1s oxidized to form a mixture of elemental sulfur and hydro-quinone
The solution 1s injected with air or oxygen to oxidize the hydro-quinone back to quinone The
solution 1s then filtered or centrifuged to remove the sulfur and the quinone 1s then reused The
Beaven process 1s also effective 1n removing small amounts of sulfur dioxide, carbonyl sulfide,
and carbon disulfide that are not affected by the Claus process These compounds are first
converted to hydrogen sulfide at elevated temperatures 1n a cobalt molybdate catalyst prior to
being fed to the Beaven unit  Air emussions from sulfur recovery units will consist of hvdrogen
sulfide, SO, and NO, 1n the process tail gas as well as fugitive emissions and releases from vents

The Scot process 1s also widely used for removing sulfur from the Claus tail gas The sulphur
compounds i the Claus tail gas are converted to hydrogen sulfide by heating and passing 1t
through a cobalt-molybdenum catalyst with the addition of a reducing gas The gas 1s then cooled
and contacted with a solution of di-isopropanolamine (DIPA) which removes all but trace
amounts of hydrogen sulfide The sulfide-nich DIPA is sent to a stripper where hydrogen sulfide
gas 1s removed and sent to the Claus plant The DIPA 1s returned to the absorption column

43133 Additive Production A number of chemicals (mostly alcohols and ethers) are added
to motor fuels to improve performance

The most common ethers being used as additives are methy! tertiary butyl ether (MTBE), and
tertiary amyl methyl ether (TAME) Many of the larger refineries manufacture their own
supplies of MTBE and TAME by reacting 1sobutylene and/or 1soamylene with methanol

Smaller refinenies usually buy their supplies from chemical manufacturers or the larger refineries
Isobutylene 1s obtained from a number of refinery sources including the light naphtha from the
FCCU and coking units, the by-product from steam cracking of naphtha or light hydrocarbons
during the production of ethylene and propylene, catalytic dehydrogenation of 1sobutane, and
conversion of tertiary butyl alcohol recovered as a by-product in the manufacture of propylene
oxides Several different processes are currently 1n use to produce MTBE and TAME from
isobutylene and methanol Most processes use a two-stage acidic 10n exchange resin catalyst
The reaction 1s exothermic and cooling to the proper reaction temperature 1s critical 1n obtaining
the optimal conversion efficiency The process usually produces an MTBE or TAME stream and
a relatively small stream of unreacted hydrocarbons and methanol The methanol 1s extracted 1n

a water wash and the resulting methanol-water mixture 1s distilled to recover the methanol for
recycling

4 313 4 Heat Exchanger Cleaming Heat exchangers are used throughout petroleum refineries
to heat or cool petroleum process streams The heat exchangers consist of bundles of pipes,
tubes, plate coils, or steam coils enclosing heating or cooling water, steam, or o1l to transfer heat
indirectly to or from the o1l process stream The bundles are cleaned periodically to remove
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accumulations of scales, sludge and any oily residues Because chromium has almost been
eliminated as a cooling water additive, wastes generated from the cleaning of heat exchanger
bundles no longer account for a significant portion of the hazardous wastes generated at refining
facilities The sludge generated may contain lead or chromium, although some refinenes which
do not produce leaded gasoline and which use non-chrome corrosion inhibitors typically do not
generate sludge that contams these constituents Oily wastewater 1s also generated during heat
exchanger cleaning

43135 Blowdown System Most refinery process units and equipment are manifolded 1nto a
collection umt, called the blowdown system Blowdown systems provide for the safe handling
and disposal of hquid and gases that are erther automatically vented from the process units
through pressure relief valves, or that are manually drawn from units Recirculated process
streams and cooling water streams are often manually purged to prevent the continued build up
of contaminants 1n the stream Part or all of the contents of equipment can also be purged to the
blowdown system prior to shutdown before normal or emergency shutdowns Blowdown
systems utilize a series of flash drums and condensers to separate the blowdown 1nto 1ts vapor
and hquid components The hiquid 1s typically composed of mixtures of water and hydrocarbons
contamning sulfides, ammonia, and other contaminants, which are sent to the wastewater
treatment plant The gaseous component typically contams hydrocarbons, hydrogen sulfide,
ammonia, mercaptans, solvents, and other constituents, and 1s either discharged directly to the
atmosphere or ts combusted 1n a flare  The major air emussions from blowdown systems are
hydrocarbons 1n the case of direct discharge to the atmosphere and sulfur oxides when flared

43136 Blending Blending 1s the final operation 1n petroleum refining It consists of mixing
the products 1n various proportions to meet specifications such as vapor pressure, specific
gravity, sulfur content, viscosity, octane number, cetane index, initial boiling point, and pour
pomnt Blending can be carnied out in-line or 1n batch blending tanks Air emussions from

blending are fugitive volatile organic compounds (VOCs) from blending tanks, valves, pumps
and mixing operations

43137 Storage Tanks Storage tanks are used throughout the refining process to store crude
o1l and intermediate process feeds for cooling and further processing Finished petroleum
products are also kept 1n storage tanks before transport off site  Storage tank bottoms are
muxtures of 1ron rust from corrosion, sand, water, and emulsified o1l and wax, which accumulate
at the bottom of tanks Liquid tank bottoms (primanly water and o1l emulsions) are peniodically
drawn off to prevent their continued build up

Even 1f equipped with floating tops, storage tanks account for considerable VOC emuissions at
petroleum refinenies A study of petroleum refinery emissions found that the majority of tank
losses occurred through tank seals on gasoline storage tanks

43138 Cooling Towers Cooling towers cool heated water by circulating the water through a
tower with a predetermined flow of ambient air pushed with large fans A certain amount of
water exits the system through evaporation, must droplets and as bleed or blowdown to the

wastewater treatment system Therefore, make-up water in the range of about five percent of the
circulation rate 1s required
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432 Raw Material Inputs and Pollution Outputs in the Production Line

Raw material nput to petroleum refineres is primarily crude oil, however, petroleum refineries
use and generate an enormous number of chemicals, many of which leave the facilities as
discharges of air emussions, wastewater, or solid waste Pollutants generated typically include
VOCs, carbon monoxide (CO), sulfur oxides (SO,), nitrogen oxides (NO,), particulates,
ammoma (NH,), hydrogen sulfide (H,S), metals, spent acids, and numerous toxic organic
compounds Exhibit 4-1 summanzes the main pollutant outputs for each major refinerv process

When discussing material outputs of the petroleum refining industry, 1t 1s important to note the
relationship between the outputs of the industry itself and the outputs resulting from the use of
refinery products The pollutant outputs from the refining facilities are modest tn comparison to
the pollutant outputs realized from the consumption of petroleum products by the transportation
sector, electric utilities, chemical manufacturers and other industrial and commercial users

4321 Air Emissions Air emissions from refineries include fugitive emissions of the volatile
constituents 1n crude o1l and 1ts fractions, emissions from the burning of fuels 1n process heaters
and emussions from the various refinery processes themselves Fugitive emissions occur
throughout refinenes and arise from the thousands of potential fugitive emission sources such as
valves, pumps, tanks, pressure relief valves, flanges, etc  While individual leaks are typically
small, the sum of all fugitive leaks at a refinery can be one of 1ts largest emission sources
Fugitive emissions can be reduced through a number of techmques, including improved leak
resistant equipment, reducing the number of tanks and other potential sources and, perhaps the
most effective method, an ongoing leak detection and repair program

The numerous process heaters used 1n refineries to heat process streams or to generate steam
(boilers) for heating or steam stripping .an be potential sources of SO,, NO,, CO, particulates
and hydrocarbons emissions When operating properly and when burning cleaner fuels such as
refinery fuel gas, fuel o1l or natural gas, these emussions are relatively low If, however,

combustion 1s not complete, or heaters are fired with refinery fuel pitch or residuals, emissions
can be sigmficant

The majonty of gas streams exiting each refinery process contain varying amounts of refinery
fuel gas, hydrogen sulfide and ammoma These streams are collected and sent to the gas
treatment and sulfur recovery units to recover the refinery fuel gas and sulfur Emuissions from
the sulfur recovery umt typically contains some H,S, SO, and NO, Other emissions sources
from refinery processes arise from periodic regeneration of catalysts These processes generate
streams that may contain relatively high levels of carbon monoxide, particulates and VOCs
Before being discharged to the atmosphere, such off-gas streams may be treated first through a
carbon monoxide boiler to burn carbon monoxide and any VOCs, and then through an
electrostatic precipitator or cyclone separator to remove particulates

4322 Wastewater Wastewaters consist of cooling water, process water, sanitary sewage
water, and storm water

Many refinenes unintentionally release, or have unintentionally released 1n the past, iquid
hydrocarbons to ground water and surface waters At some refinernies, contaminated ground
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water has migrated off-site and resulted 1n continuous “seeps” to surface waters There 1s the
potential to contaminate large volumes of ground water and surface water possibly posing a
substantial risk to human health and the environment

Other Wastes Other hazardous and non-hazardous wastes are generated from many of the
refining processes, petroleum handling operations, as well as wastewater treatment Residual
refinery wastes are typically in the form of sludges, spent process catalysts, filter clay, and
incinerator ash Treatment of these wastes includes incineration, land treating off-site, land
filling on-site, land filling off-site, chemical fixation, neutralization, and other treatment
methods

A significant portion of the non-petroleum product outputs of refinenes 1s typically transported
off-site and sold as byproducts These outputs include sulfur, acetic acid, phosphoric acid, and
recovered metals Metals from catalysts and from the crude o1l that have deposited on the
catalyst during the production often are recovered by third party recovery facilities
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Exhibit 4-1 Typical Material Outputs from Selected Petrolenm Refining Processes

Process

Air Emissions

Process Waste Water

Residual Wastes Generated

Crude o1l desaliing

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)
fugitive ermussions (hydrocarbons)

Flow=2 1 Gal/Bbl

01l H,S NH; phenol
high levels of suspended
solids dissolved solids
high BOD high

Crude o1/desalter sludge (1ron
rust, clay sand water
emuisified otl and wax
metals)

Vacuum distiliation

vents and fugitive emissions
{hvdrocarbons)

Steam ejector emissions
(hvdrocarbons) heater stack gas
(CO SO, NO, hydrocarbons and
particulates) vents and fugitive
emusstons (hvdrocarbons)

suspended solids
chlorides mercaptans
phenol elevated pH

temperature
Atmospheric Heater stack gas (CO SO, NO, Flow=26 0 Gal/Bbl Typically little or no residual
distillation hydrocarbons and particulates) Oi1l H,S NH, waste generated

Thermal cracking/
visbreaking

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)
vents and fugitive emissions
(hydrocarbons)

Flow=2 0 Gal/Bbl

O1l H,S NH; phenol
suspended sohds high pH
BOD, COD

Typically lhittle or no residual
waste generated

Coking

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)
vents and fugitive emisstons
(hydrocarbons) and decoking
emissions (hydrocarbons and
_particulates)

Flow=1 0 Gal/Bbl
High pH H,S NH,
suspended solids COD

Coke dust (carbon particles
and hydrocarbons)

Catalytic cracking

Heater stack gas (CO SO NO,
hydrocarbons and particulates)
fugitive emissions (hydrocarbons)
and catalyst regeneration (CO

Flow=15 0 Gal/Bbl

High levels of o1l
suspended solids phenols
cyamdes H,S NH, high

Spent catalysts (metals from
crude o1l and hydrocarbons)
spent catalyst fines from
electrostatic precipitators

fugitive emissions (hydrocarbons)
and catalyst regeneration (CO

NO, SO, and catalyst dust)

High COD suspended
sohds H,S relatively low
levels of BOD

NO, SO and particulates) pH BOD COD (aluminum silicate and metals)
Catalytic hydro Heater stack gas (CO SO NO Flow=2 0 Gal/Bbl Spent catalysts fines (metals
cracking hydrocarbons and particulates)

from crude o1l and
hydrocarbons)
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Process

Air Emissions

Process Waste Water

Residual Wastes Generated

Hvdrotreating/
hydroprocessing

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)
vents and fugitive emissions
(hydrocarbons) and catalyst
regeneration (CO NO SO,)

Flow=1 0 Gal/Bbl

H,S NH, High pH
phenols suspended solids
BOD COD

Spent catalyst fines
(aluminum silicate and metals)

Alkylation

Heater stack gas (CO SO NO
hydrocarbons and particulates)
vents and fugitive emissions

(hvdrocarbons)

Low pH suspended
solids dissolved solids
COD H,S spent sulfuric

acid

Neutralized alkylation sludge
(sulfuric acid or calcium
fluonde hydrocarbons)

Isomerization

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)
HCI (potentiallv 1n light ends)
vents and fugitive emissions
(hydrocarbons)

Low pH chlonde salts
caustic wash relatively
low H,S and NH,

Calcium chloride siudge from
neutralized HCl gas

Polymerization

H,S from caustic washing

H,S NH; caustic wash
mercaptans and ammonia,
high pH

Spent catalyst containing
phosphornic acid

Catalytic reforming

Heater stack gas (CO SO, NO,
hydrocarbons and particulates)

fugitive emissions (hydrocarbons)

and catalyst regeneration (CO
NO 80,

Flow=6 0 Gal/Bbl

High levels o1l suspended
solids COD Relatively
low H,S

Spent catalyst fines from
electrostatic precipitators
(alumina silicate and metais)

Solvent extraction

Fugiuve solvents

Oil and solvents

Little or no residual wastes
generated

Dewaxing Fugitive solvents, heaters 01l and solvents Little or no residual wastes
generated

Propane Heater stack gas (CO SO, NO, Oul and propane Little or no restdual wastes

deasphalting hydrocarbons and particulates) generated

fugitive propane

Merox treating

Vents and fugitive emissions
(hydrocarbons and disulfides)

Little or no wastewater
generated

Spent Merox caustic solution
waste o1l disulfide mixture

Wastewater
treatment

Fugitive emissions (H,S NH; and

hydrocarbons)

Not applicable

API separator sludge (phenols
metals and o1]) chemical
precipitation sludge (chemcal
coagulants o1l) DAF floats
biological sludges (metals o1l
suspended solids) spent hme

Gas treatment and
sulfur recovery

SO, NO, and H,S from vent and
tail gas emissions

H,S NH; amines
Stretford solution

Spent catalyst
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Process Aw Emussions Process Waste Water Residual Wastes Generated

Blending Fugitive enussions (hydrocarbons) | Little or no wastewater Little or no residual waste
generated generated

Heat exchanger Penodic fugitive emissions Oily wastewater generated | Heat exchanger studge (o1l

cleaning (hydrocarbons) metals and suspended solids)

Storage tanks Fugitive emissions (hydrocarbons) Water dramned from tanks Tank bottom sludge (tron rust,
contaminated with tank clay sand water emulsified
product oil and wax metals)

Blowdown and Combustion products (CO SO, Little or no wastewater Lattle or no residual waste

flare NO, and hydrocarbons) from generated generated

44  Summary of Health and Toxicity Effects of Selected Chemicals Associated with
Petroleum Refining

441 Ammonia

Sources Ammonia 1s formed from the nitrogen bearing components of crude o1l and can be
found throughout petroleum refinenes in both the gaseous and aqueous forms Gaseous
ammonmnia often leaves distillation, cracking and treating processes mixed with the sour gas or
acid gas along with refinery fuel gases and hydrogen sulfide Aqueous ammonia 1s present n the
sour water generated 1n the vacuum distillation unit and steam strippers or fractionators Some

release sources include, fugitive emissions, sour gas stripper, sulfur umt and wastewater
discharges

Toxicity Anhydrous ammonia 1s irmitating to the skin, eyes, nose, throat, and upper respiratory
system

Ecologically, ammonia 15 a source of nitrogen (an essential element for aquatic plant growth),
and may therefore contribute to eutrophication of standing or slow-moving surface water,

particularly 1n mitrogen-hmuted waters In addition, aqueous ammonia 1s moderately toxic to
aguatic organisms

Carcinogenicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate  Ammonia combines with sulfate 10ns 1n the atmosphere and 1s washed out
by rainfall, resulting 1n rapid return of ammonia to the so1l and surface waters Ammoma 1s a

central compound 1n the environmental cychng of mtrogen Ammoma in lakes, nivers, and
streams 1s converted to mitrate

Physical Properties Ammomia 1s a corrostve and severely irritating gas with a pungent odor

442 Toluene
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Sources Toluene 1s a component of crude o1l and 1s therefore present in many refining
operations Toluene 1s also produced during catalytic reforming and 1s sold as one of the large
volume aromatics used as feedstocks 1n chemical manufacturing Its volatile nature makes
fugitive emussions 1ts largest release source Point air sources may anise dunng the process of
separating toluene from other aromatics and from solvent de-waxing operations where toluene 1s
often used as the solvent

Toxicity Inhalation or ingestion of toluene can cause headaches, confusion, weakness and
memory loss Toluene may also affect the way the kidneys and hiver function

Reactions of toluene (see environmental fate) 1n the atmosphere contribute to the formation of
ozone 1n the lower atmosphere Ozone can affect the respiratory system, especially in sensitive
individuals such as asthma or allergy sufferers

Some studies have shown that unborn amimals were harmed when high levels of toluene were
nhaled by their mothers, although the same effects were not seen when the mothers were fed
large quantities of toluene Note that these results may reflect similar difficulties in humans

Carcinogenicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate A portion of releases of toluene to land and water will evaporate Toluene
mav also be degraded by microorgamisms Once volatilized, toluene 1n the lower atmosphere
will react with other atmospheric components contributing to the formation of ground-level
ozone and other air pollutants

Physical Properties Toluene 1s a volatile organic chemical

443 Xylenes (Mixed Isomers)

Sources Xylene 1somers are a component of crude o1l and are therefore present in many refining
operations Xylenes are also produced during catalytic reforming and are sold as one of the large
volume aromatics used as feedstocks in chemical manufacturing Xylene’s volatile nature make
fugitive emissions the largest release source Point air sources may arise during the process of
separating xylene from other aromatics

3
Toxicity Xylenes are rapidly absorbed 1nto the body after inhalation, ingestion, or skin contact
Short-term exposure of humans to high levels of xylene can cause irritation of the skin, eyes,
nose, and throat, difficulty in breathing, impaired lung function, impaired memory, and possible
changes 1n the liver and kidneys Both short- and long-term exposure to high concentrations can
cause effects such as headaches, dizziness, confusion, and lack of muscle coordination
Reactions of xylene (see environmental fate) in the atmosphere contribute to the formation of
ozone 1n the lower atmosphere Ozone can affect the respiratory system, especially 1n sensitive
individuals such as asthma or allergy sufferers

Carcinogemicity There 1s currently no evidence to suggest that this chemical 1s carcinogenic

Environmental Fate A portion of releases to land and water will quickly evaporate, although
some degradation by microorgamisms will occur
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Xylenes are moderately mobile 1n soils and may leach into groundwater, where they may persist
for several years

Xylenes are volatile organic chemicals As such, xylene 1n the lower atmosphere will react with

other atmospheric components, contnibuting to the formation of ground-level ozone and other air
pollutants

444 Methyl Ethyl Ketone

Sources Methyl ethyl ketone (ME or MEK) 1s used 1n some refineries as a solvent 1n lube o1l

de-waxing Its extremely volatile characteristic makes fugitive emissions 1ts primary source of
releases to the environment

Toxiciry Breathing moderate amounts of methyl ethyl ketone (ME) for short periods of time can
cause adverse effects on the nervous system ranging from headaches, dizziness, nausea, and
numbness in the fingers and toes to unconsciousness Its vapors are irrtating to the skin, eyes,

nose, and throat and can damage the eyes Repeated exposure to moderate to high amounts may
cause lhiver and kidney effects

Carcinogenicity No agreement exists over the carcinogenicity of ME  One source believes ME
1s a possible carcinogen in humans based on hmited amimal evidence Other sources believe that
there 1s 1nsufficient evidence to make any statements about possible carcinogenicity

Environmental Fate Most of the ME released to the environment will end up n the atmosphere

ME can contribute to the formation of air pollutants 1n the lower atmosphere It can be degraded
by microorganusms living 1n water and so1l

Physical Properties Methyl ethyl ketone 1s a flammable hquid

445 Propylene

Sources Propylene (propene) 1s one of the hight ends formed during catalytic and thermal
cracking and coking operations It 1s usually collected and used as a feedstock to the alkylation
unit Propylene 1s volatile and soluble 1n water making releases to both air and water significant

Toxicity At low concentrations, inhalation of propylene causes mild intoxication, a tingling
sensation, and an nabulity to concentrate At higher concentrations, unconsciousness, vomiting,

severe vertigo, reduced blood pressure, and disordered heart thythms may occur Skin or eye
contact with propylene causes freezing burns

Reaction of propylene (see environmental fate) 1n the atmosphere contributes to the formation of

ozone 1n the lower atmosphere Ozone can affect the respiratory system, especially 1n sensitive
ind1viduals such as asthma or allergy sufferers

Ecologically, similar to ethylene, propylene has a sumulating effect on plant growth at low
concentrations, but inhibits plant growth at high levels
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Carcinogenicity There 1s currently no evidence to suggest that this chemucal 1s carcinogenic

Environmental Fate Propylene 1s degraded principally by hydroxyl 1ons in the atmosphere
Propylene released to soil and water 1s removed primarily through volatihization Hyvdrolysis,
bioconcentration, and soil adsorption are not expected to be significant fate processes of
propylene 1n so1l or aquatic ecosystems Propvlene 1s readily biodegraded by microorgamisms in
surface water

Physical Properties Propylene 1s a volatile organic chemical

446 Benzene

Sources Benzene 1s a component of crude o1l and 1s therefore present in many refining
operations Benzene 1s also produced during catalytic reforming and 1s sold as one of the large
volume aromatics used as feedstocks in chemical manufacturing Benzene’s volatile nature
makes fugitive emussions the largest release source Point air sources may anse during the
process of separating benzene from other aromatics

Toxicity Short-term 1nhalation of benzene primanly affects the central nervous system and
resprratory system Chronic exposure to benzene causes bone marrow toxicity in ammals and
humans, causing suppression of the immune system and development of leukemia Ingestion of
benzene 1s rare

Reactions of benzene (see environmental fate) in the atmosphere contributes to the formation of
ozone 1n the lower atmosphere (troposphere) Ozone can affect the respiratory system, especially
1n sensitive individuals such as asthma or allergy sufferers

Carcinogenicity Benzene 1s a known human carcinogen, based on both oral and inhalation
exposures

Environmental Fate A portion of benzene releases to soi1l and surface waters evaporate rapidly
Benzene 1s highly mobile 1n the soil and may leach to groundwater Once 1n groundwater, 1t 1s
likely biodegraded by microorganisms only 1n the presence of oxygen L

Benzene 1s not expected to significantly adsorb to sediments, bioconcentrate 1n aquatic
orgamsms, or break down 1n water Atmospheric benzene 1s broken down through reacting with
chemical 1o0ns 1n the air, this process 1s greatly accelerated 1n the presence of other air pollutants
such as mitrogen oxides or sulfur dioxide Benzene 1s fairly soluble 1n water and 1s removed from
the atmosphere 1n rain

As a volatile chemical, benzene 1n the lower atmosphere will react with other atmospheric
components, contributing to the formation of ground-level ozone and other air poliutants, which
can contribute to respiratory illnesses 1n both the general and highly susceptible populations,
such as asthmatics and allergy-sufferers
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45  Pollution Prevention Opportunities

Thus section provides both general and company-specific descriptions of some pollution
prevention advances that have been implemented within the petroleum refiming industrv Whle
the list 1s not exhaustive, 1t does provide core information that can be used as the starting point
for facilities interested 1n beginming their own pollution prevention projects Please note that the
activities described 1n this section do not necessanly apply to all facilities that fall within this
sector Facility-specific conditions must be carefully considered when pollution prevention

options are evaluated, and the full impacts of the change must examine how each option affects
air, land, and water pollutant releases

It should be emphasized that source reduction 1s the best pollution prevention measure 1n every
case When source reduction opportunities have been exhausted, recycling, treatment, and
disposal measures should be considered (in that order) Although this section presents viable
product recycling options, implementers of pollution prevention measures should be aware that
recycling, treatment, and disposal options will typically be more expensive 1n the long term

451 Opportumties from Process/Equipment Modifications

4511 Place Secondary Seals on Storage Tanks One of the largest sources of fugitive
emissions from refineries 1s storage tanks contaiming gasoline and other volatile products These
losses can be significantly reduced by 1nstalling secondary seals on storage tanks

4512 Estabhish Leak Detection and Repair Program Fugitive emissions are one of the
largest sources of refinery hydrocarbon emissions A leak detection and repair program consists
of using a portable VOC detecting instrument to detect leaks during regularly scheduled
inspections of valves, flanges, and pump seals Leaks are then repaired immediately or are
scheduled for repair as quickly as possible A leak detection and repair program could reduce
fugitive emissions 40 to 64 percent, depending on the frequency of inspections

4 513 Regenerate or Eiminate Filtration Clay Clay from refinery filters must periodically
be replaced Spent clay often contains significant amounts of entrained hydrocarbons and,
therefore, must be designated as hazardous waste Back washing spent clay with water or steam
can reduce the hydrocarbon content to levels so that 1t can be reused or handled as a
nonhazardous waste Another method used to regenerate clay 1s to wash the clay with naphtha,
dry 1t by steam heating and then feed 1t to a burning kiln for regeneration In some cases clay
filtration can be replaced entirely with hydrotreating

4514 Reduce the Generation of Tank Bottoms Tank bottoms from crude o1l storage tanks
constitute a large percentage of refinery solid waste and pose a particularly difficult disposal
problem due to the presence of heavy metals Tank bottoms are comprised of heavy
hydrocarbons, solids, water, rust and scale Minimization of tank bottoms 1s carmnied out most
cost effectively through careful separation of the o1l and water remaining 1n the tank bottom
Filters and centrifuges can also be used to recover the o1l for recycling

4515 Minimize Solids Leaving the Desalter Solids entering the crude distillation unit are
likely to eventually attract more o1l and produce additional emulsions and sludges The amount
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of solids removed from the desalting unit should, therefore, be maximized A number of
techmques can be used such as using low shear mixing devices to mix desalter wash water and
crude o1l, using lower pressure water 1n the desalter to avoid turbulence, and replacing the water
jets used 1n some refinenes with mud rakes which add less turbulence when removing settled
solids

4516 Mimmmze Cooling Tower Blowdown The dissolved solids concentration 1n the
recirculating cooling water 1s controlled by purging or blowing down a portion of the cooling
water stream to the wastewater treatment system Solids in the blowdown eventually create
additional sludge 1n the wastewater treatment plant However, the amount of cooling tower
blowdown can be lowered by mimimizing the dissolved solids content of the cooling water A
significant portion of the total dissolved solids in the cooling water can oniginate in the cooling
water makeup stream 1n the form of naturally occurning calcium carbonates Such solids can be
controlled either by selecting a source of cooling tower makeup water with less dissolved solids
or by removing the dissolved solids from the makeup water stream Common treatment methods
include cold lime softening, reverse osmosis, or electrodialysis

4517 Install Vapor Recovery for Barge Loading Although barge loading 1s not a factor for
all refinertes, 1t 1s an 1mportant emissions source for many facilities It 1s estimated that these
emussions could be reduced 98 percent by installing a marine vapor loss control system Such
systems could consist of vapor recovery or VOC destruction 1n a flare

4518 Mimmimze FCCU Decant Oil Sludge Decant o1l sludge from the flmdized bed catalytic
cracking unit (FCCU) can contain significant concentrations of catalyst fines These fines often
prevent the use of decant o1l as a feedstock or require treatment which generates an oily catalyst
sludge Catalysts 1n the decant o1l can be mimmized by using a decant o1l catalyst removal
system One system incorporates high voltage electric fields to polarize and capture catalyst
particles in the o1l The amount of catalyst fines reaching the decant o1l can be mimimized by
installing high efficiency cyclones 1n the reactor to shift catalyst fines losses from the decant o1l
to the regenerator where they can be collected 1n the electrostatic precipitator

4519 Control of Heat Exchanger Cleaning Solids In many refineries, using high pressure
water to clean heat exchanger bundles generates and releases water and entrained solids to the
refinery wastewater treatment system Exchanger solids may then attract o1l as they move
through the discharge system and may also produce finer solids and stabilized emulsions that are
more difficult to remove Solids can be removed at the heat exchanger cleaning pad by 1nstalling
concrete overflow weirs around the surface drains or by covering drains with a screen Other
ways to reduce solids generation are by using anti-foulants on the heat exchanger bundles to

prevent scaling and by cleaning with reusable cleaning chemicals that also allow for the easy
removal of o1l

45110 Control of Surfactants in Wastewater Surfactants entering the refinery wastewater
streams will increase the amount of emulsions and sludges generated Surfactants can enter the
system from a number of sources including washing unit pads with detergents, treating
gasolines with an end point over 204°C thereby producing spent caustics, cleamng tank truck
tank 1nteriors, and using soaps and cleaners for miscellaneous tasks In addition, the overuse and
mixing of the organic polymers used to separate oil, water and solids in the wastewater treatment
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plant can actually stabilize emulsions The use of surfactants should be mimimized by educating
operators, routing surfactant sources to a pownt downstream of the DAF umt and by using dry
cleaning, high pressure water or steam to clean o1l surfaces of o1l and dirt

451 11 Thermal Treatment of Apphcable Sludges The toxicity and volume of some de-
oiled and de-watered sludges can be further reduced through thermal treatment Thermal sludge
treatment units use heat to vaporize the water and volatile components 1n the feed and leave
behind a dry solid residue The vapors are condensed for separation into the hydrocarbon and

water components Non-condensable vapors are either flared or sent to the refinery amine unit
for treatment and use as refinery fuel gas

45112 Ehmmate Use of Open Ponds Open ponds used to cool, settle out solids and store
process water can be a significant source of VOC emussions Wastewater from coke cooling and
coke VOC removal 1s occasionally cooled 1n open ponds where VOCs easily escape to the
atmosphere In many cases, open ponds can be replaced with closed storage tanks

451 13 Remove Unnecessary Storage Tanks from Service Since storage tanks are one of
the largest sources of VOC emussions, a reduction 1n the number of these tanks can have a
sigmficant impact The need for certain tanks can often be eliminated through improved
production planning and more continuous operations By mimimizing the number of storage
tanks, tank bottom solids and decanted wastewater may also be reduced

451 14 Replace Old Boilers Older refinery boilers can be a significant source of SO,, NO,

and particulate emissions It 1s possible to replace a large number of old boilers with a single
new co-generation plant with emissions controls

45115 Modify the FCCU to Allow the Use of Catalyst Fines Some FCCUs can be
modified to recycle some of the catalyst fines generated

45116 Reduce the Use of 55-gallon Drums Replacing 55-gallon drums with bulk storage
can minimize the chances of leaks and spills

45117 Install Rupture Discs and Plugs Rupture discs on pressure reheve valves and plugs
in open ended valves can reduce fugitive emissions

4 51 18 Install High Pressure Power Washer Chlornnated solvent vapor degreasers can be

replaced with high pressure power washers which do not generate spent solvent hazardous
wastes

45119 Refurbish or Eiminate Underground Pipmng Underground piping can be a source
of undetected releases to the so1l and groundwater Inspecting, repairing or replacing
underground piping with surface piping can reduce or eliminate these potential sources

452 Opportunities from Materal Substitution

4521 Use Non-hazardous Degreasers Spent conventional degreaser solvents can be reduced
or ehiminated through substitution with less toxic and/or biodegradable products

87



4 522 Ehmmate Chromates as an Anti-corrosive Chromate containing wastes can be
reduced or eliminated 1n cooling tower and heat exchanger sludges by replacing chromates with
less toxic alternatives such as phosphates

4523 Use High Quality Catalysts By using catalysts of a higher quality, process efficiencies
can be increased while the required frequency of catalyst replacement can be reduced

452 4 Replace Ceramic Catalyst Support with Activated Alumma Supports Activated
alumina supports can be recycled with spent alumina catalyst

453 Opportumties from Recychng

4531 Recycle and Regenerate Spent Causties Caustics used to absorb and remove
hydrogen sulfide and phenol contaminants from intermediate and final product streams can often
be recycled Spent caustics may be saleable to chemucal recovery compames 1if concentrations of
phenol or hydrogen sulfide are high enough Process changes in the refinery may be needed to
raise the concentration of phenols in the caustic to make recovery of the contaminants
economical Caustics containing phenols can also be recycled on-site by reducing the pH of the
caustic until the phenols become insoluble thereby allowing physical separation The caustic can
then be treated in the refinery wastewater system

4532 Use Oily Sludges as Feedstock Many o1ly sludges can be sent to a coking unit or the
crude distillation unit where 1t becomes part of the refinery products Sludge sent to the coker
can be njected 1nto the coke drum with the quench water, injected directly into the delayed
coker, or injected mnto the coker blowdown contactor used in separating the quenching products
Use of sludge as a feedstock has increased significantly 1n recent years and 1s currently carried
out by most refineries The quantity of sludge that can be sent to the coker 1s restricted by coke
quality specifications which may limit the amount of sludge solids in the coke Coking
operations can be upgraded, however, to increase the amount of sludge that they can handle

4533 Control and Reuse FCCU and Coke Fines Significant quantities of catalyst fines are
often present around the FCCU catalyst hoppers and reactor and regeneration vessels Coke fines
are often present around the coker unit and coke storage areas The fines can be collected and
recycled before being washed to the discharge system or migrating off-site via the wind
Collection techmques include dry sweeping the catalyst and coke fines and sending the solids to
be recycled or disposed of as non-hazardous waste Coke fines can also be recycled for fuel use
Another collection technique involves the use of vacuum ducts in dusty areas (and vacuum hoses
for manual collection) which run to a small baghouse for collection

4534 Recycle Lab Samples Lab samples can be recycled to the o1l recovery system

454 Opportunities from Waste Segregation and Separation

Waste segregation and separation activities are not technically considered pollution prevention
(since the waste has been generated as opposed to prevented) However, the advantage of

separating haghly toxic wastes from less toxic ones 1s that the possibility that all of the waste will
pose serious health and environmental consequences is substantially minimized
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4541 Segregate Process Waste Streams A significant portion of refinery waste anises from
oily sludges found 1n combined process/storm drainage systems Segregation of the relatively
clean ramnwater runoff from the process streams can reduce the quantity of oily sludges
generated Furthermore, there 1s a much higher potential for recovery of o1l from smaller, more
concentrated process streams

4542 Control Sohds Discharge Systems Solids released to the wastewater discharge system
can account for a large portion of a refinery's oily sludges Solids entering the discharge svstem
(primarily so1l particles) become coated with o1l and are deposited as oily sludges in the o1l/water
separator Because a typical sludge has a solids content of five to 30 percent by weight,
preventing one pound of solids from entering the discharge system can eliminate one to 9
kilograms of oily sludge Methods used to control solids include using a street sweeper on
paved areas, paving unpaved areas, planting ground cover on unpaved areas, re-lining discharge
systems, cleaning solids from ditches and catch basins, and reducing heat exchanger bundle
cleaning solids by using anti-foulants in cooling water

4543 Improve Recovery of Oils from Oily Sludges Because oily sludges make up a large
portion of refinery solid wastes, any improvement in the recovery of o1l from the sludges can
significantly reduce the volume of waste There are a number of technologies currently 1n use to
mechanically separate o1l, water and solids, including belt filter presses, recessed chamber

pressure filters, rotary vacuum filters, scroll centrifuges, disc centrifuges, shakers, thermal driers
and centrifuge-drier combinations

4 5 4 4 1dentify Benzene Sources and Install Upstream Water Treatment Benzene in
wastewater can often be treated more easily and effectively at the pont 1t 1s generated rather than
at the wastewater treatment plant after 1t 1s mixed with other wastewater

455 Drnivers and Barriers to Pollution Prevention n the Petroleum Refining Industry

For the petroleum refining industry, pollution prevention will primarily be realized through
improved operating procedures, increased recycling, and process modifications

Although numerous cases have been documented where petroleum refineries have .
simultaneously reduced pollution outputs and operating costs through pollution prevention
techmques, there are often barriers to their implementation The primary barrier to most
pollution prevention projects 1s cost Many pollution prevention options simply do not pay for
themselves Corporate investments typically must earn an adequate return on 1nvested capital for
the shareholders and some pollution prevention options at some facilities may not meet the
requirements set by the companies In addition, the equipment used in the petroleum refining
industry are very capital mtensive and have very long lifetimes This reduces the incentive to
make process modifications to (expensive) installed equipment that 1s still useful It should be
noted that pollution prevention techniques are, nevertheless, often more cost-effective than
pollution reduction through end-of-pipe treatment
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CHEMICAL POLLUTION PREVENTION CASE STUDIES
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desired plastic, "isetactic”
pelyprepylens, and reduced total
hazardeus waste.
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These reductions represent a 47-percent decrease in total hazardous waste generated at the
t . i. . .
Houston C{rpmuinl Complex, a statistic that stands vut.




POLLUTION

PREVENTION

346,000 peunds of waste toluens
wars generated annually.

A iistillililn. recess was added te
purify the talusne so it could be
recycled, reducing waste genara-

tien by 70 percent.
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The pmjc"ttf was suceessfully implemented by 1993, Waste toluene was reduced from 346,000 pounds in 1992
to 96,000 pounds in 1993. OxyChem expects further veductions in 1994 — to 5,000 pounds a year
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POLLUTION  Mare than five millien pounds/year
«f aceten, used &s & selvent to pra-
duce vinyl resins, were smitted to

the air,
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PREVENTION Equipment and process changes,

cembined with werkforce training,

reduced smissisns hy twe millien
)

peunds in the first year.
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Once the smrees of acetone leahs were identified, the team tackled the leakage problems through a

combination of equipment and process changes, coupled with worliforce training.
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SUMMARY

1.1 Projact Goals

In late 1989, Amoco Corporation (Amoco) and the United States
Environmental Protection Agency (EPA) began a voluntary, joint
project to study pollution prevention opportunities at an
industraial facility. The Amoco/EPA workgroup (Workgroup),
composed of EPA, Amoco, and Commonwealth of Virginia staff,
agreed to use Amoco 011 Company’s refinery at Yorktown, Virginia
(the Refinery), to conduct a multi-media assessment of releases
to the environment, then to develop and evaluate options to
reduce these releases. The Workgroup identified five tasks for
this study:

1 Inventory refinery releases to the environment tc define
their chemical type, quantity, source, and medium of
release

2 Develop options to reduce selected releases identified.

3 Rank and praioritize the options using a variety of
criteria and perspectives.

4 Identify and evaluate factors such as technical,
legaislative, regulatory, institutional, permitting, and
economic, that impede or invite pollution prevention

5 Enhance participants’ knowledge of refinery and
regulatory systems.

Figure 3.1 shows a schematic diagram of the Refinery, potential
release sources, and a number of pollution prevention options
1dentified i1n this Project. Table 3.2 describes specific options
to reduce releases. At the time this Project began, pollution
prevention was a concept predicated on reducing or eliminating
releases of materials into the environment rather than managing
the releases later. The Workgroup adopted this general concept
and agreed to consider all opportunities--source reduction,
recycling, treatment, and environmentally sound disposal--as
potential choices in pollution management. Since then, Congress,
in the Pollution Prevention Act of 1990, and other organizataions,
have put greater emphasis on source reduction as the primary, if
not the exclusive, means to accomplish peollution prevention.

A central goal of thas Project was to identify craiteria and
develop a ranking system for prioritizing environmental
management opportunities that recognized a variety of factors
including release reduction, technical feasibility, cost,
environmental impact, human health risk, and risk reduction
potential. Due to the inherent uncertainties in risk
assessments, the Project focused on relative changes in risk
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compared to current levels, rather than establishing absolute
risk levels. Because of difficulties in quantifying changes 1in
ecological 1impact from airborne emissions, changes 1n relative
risk were based primarily on human health effects indicated by
changes 1in exposure to benzene. The risk assessment did not
include a quantitative analysis of VOCs due to limited
information on their health effects.

This project focused on pollution and potential risks posed by
normal operation of the Refinery and chronic exposure to 1its
releases i1nto the environment. Minimizing emergency and upset
events 1s a top priority of Amoco’s facility managers. Such
events can have catastrophic results. However, they were not
studied 1n this project because: (a) prevention and control of
such events involves significantly different skills, technical
resources, and analyses than controlling releases from day-to-day
operations (AIChE, 1985), (b) the number, type, and frequency of
incidents at Yorktown 1is very low, and (¢) data regarding the
type of release, and relevant meteorology during the release are
not available for analysis. Appendix D describes potential
emergency and upset events that might occur at a petroleunm
refinery and the general preventative measures used to minimize
their severity and the likelihood of their occurrence.

1.2 Project Organization, Statfing and Budget

Project Content. The Pollution Prevention Project has many
components. Each component defines and addresses an 1issue
associated with pollution prevention and facility management
choices These 1include pollutant source identification,
sampling, exposure modeling, risk assessment, etc. Table 1.1
provides a complete list of the components in this Project The
Project workplan outlined the purpose and content for most of
these components (Amoco/EPA, 1990).

Exclusions/Lamrtations: A number of areas specifically excluded
or limited 1n this Project are described in Appendix B. Some are
listed below.

L Limited sampling time and data provided a “"snapshot" of
releases rather than measured annual values.

] Very few generally accepted methodologies exist for the
sampling used to obtain a site~wide release inventory,
particularly for measuring air emissions. Both EPA and Amoco
concerns about specific sampling issues are highlighted in
Appendix B and discussed 1n more detail in Air Quality Data,
Volume II (Amoco/EPA, 1992 b).

L The Project considered available technologies rather than
exploring innovative technigques for reducing releases.
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] Chemical changes of airborne pollutants were not evaluated. l

L] Data and analysis focused on the Yorktown Refinery. Saite-
specific features of this facility and i1ts emissions may not
apply to other refineries. Broader regional concerns were
not evaluated.

e The forthcoming human health risk assessment focuses on
potential cancer risks associated with benzene exposure
outside the facility fenceline. ~

Peer Review: At the Workgroup’s request, Resources for the
Future organized a group of outside scientific and technical
experts. This Peer Review Group provided evaluation and advice
on the Project workplan, sampling, analytical results, and
conclusions. Members of this group were paid a small honoraraia
for their participation and reimbursed for travel expenses to
Washington by EPA. A report summarizing their comments is
included as part of the documentation for this Project Appendix
C lists all Project documentation.

Workgroup: Monthly Workgroup meetings provided Project
oversight, a forum for presentations on different Project
components, and an opportunity for informal discussion of
differing viewpoints about environmental management. Although
attendance varied, each meeting included representatives from _
various EPA offices, the Commonwealth of Virginia, and Amoco

Workshop: A special Workshop, held duraing March 24-27, 1991, in
Williamsburg, Virginia, reviewed sampling data and identified
reduction coptions and ranking criteria. More than 120 people
from diverse backgrounds--EPA, Amoco, Virginia, academia and
public interest groups--attended the Workshop. The Workshop
sessions resulted 1in suggestions that further refined and
directed Project activities (Amoco/EPA, 1991a).

Participants: More than 200 people, 35 organizations, and many
disciplines have been involved in this Project. Table 1.2 lasts
the various participating organizations.
Cost. Total cost for this Project was approxamately $2.3
million. Amoco 01l Company provided 70 percent of the funding
and EPA the remainder.
1.3 Lessons and Results

1.3.1 Refinery Relesase Inventory
A. Existing estimates of environmental releases were not

adequate for making a chemical-specific, multi-media,
facility-wide assessnment.
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The Yorktown Refinery had good information about the quantity of
material released to the York River from NPDES Permit monitoring
requirements, and for sclid wastes as a result of internal
programs and participation in recent American Petroleum Institute
surveys (API, 1991b). These releases, however, made up only 11
percent of the total releases from the facility Available data
did not include adequate chemical-specific characterization of
the water discharge or solid waste streams,

The Refinery (and other refineries as well) could not easily
1dent1fy specific airborne hydrocarbon compounds released or the
quantity released because-*

(a) Refineries typically do not manufacture products with
specific chemical compositions, and therefore do not
routinely measure chemical compositions of their
products or emissions. Rather, refinery products
have specific properties such as octane, freeze
point, and sulfur content Crude o01l, the raw
material used to make these products, contains
thousands of distinct chemicals that are never fully
separated during the manufacturing processes.
Airborne releases from this kind of facility are
similarly complex.

(b) Most hydrocarbons are released through a large number
of widely distributed sources (valves, flanges, pump
seals and tank vents). Even a small refinery may
have more than 10,000 potentially different sources
Direct measurement of each of these sources 1s not
practical.

(c) The quantities released through any single source are
extremely small--on the order of pounds per
year--dilute and difficult to measure. In additaion,
some large sources that emit pollutants in the amount
of tons per year are difficult to measure and
quantify. Total hydrocarbons released from Yorktown
Refinery from all sources were approximately 0.3
weight percent of the total crude o1l processed.
Therefore, they would not be detected through normal
mass balances and materials accounting (NRC, 1990).

Thus, collecting detailed, chemical specific release information
used to characterize the Refinery was expensive and time
consuming. This Project developed a sampling and monitoraing
program that included about 1,000 samples (see Figure 2.2). Each
sample was analyzed for 15-20 chemicals. The samplaing progran
toock about 12 months to complete at a cost of about $1 million.
Even with thais time and dollar commitment, only selected sources
were sampled The final release inventory was assembled using a
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combination of sampling, measurements, dispersion modeling, and
estimates based on emission factors.

Because this sampling program was a first of its kind effort, 1its
scope was 1intentionally broad. Subseguent analysis showed that
not all of the information obtained was necessary to identify
significant sources and potential reduction options. For the
Yorktown Refinery (and the petroleum refining industry overall),
more general information, such as source specific VOC emissions,
1s adequate to identify many of the pollution prevention projects
developed in this study. Total VOC emissions are a good
indicator of overall emissions and can be used for tracking

emissions reduction progress.

B. A substantial portion of pollution generated at this refinery
18 not released to the environment.

The release inventory process allowed a comparison of pollutant
generation, on-site management and ultimate releases to the
environment. The Refinery generates about 27,500 tons/year of
pollutants. As a result of site hydrogeology, on-site wastewater
treatment, and scolid waste recycling practices, about 12,000 tons
are recovered, treated or recycled and do not leave the Refinery
site Of the remaining 15,500 tons about 90 percent are released
tc the aar.

Figure 2.4 1llustrates the transfers which take place between
generation and ultimate release. Figure 2.5 characterizes
pellutants released from the Refinery. This site-wide analysis of
pollutant generation and release characteristics allowed the
Workgroup to focus much of the remaining Project resources on the
largest releases--airborne emissions.

Modeling studies indicated relatively little naturally occurring
transfer of hydrocarbon emissions from air into other media
(Cohen and Allen, 1991). Most hydrocarbons are not very water
soluble, and so are not easily removed from the air by rainfall
Section 2 0 includes a more detailed discussion of the potential
for transfer to other media. Although the fate of criteria
airborne pollutants (like NOX and S02) was not studied in thas
Project, they are known to be scavenged by rainfall and can
contribute to nitrogen loads and pH changes in lakes and soil
(See Appendix B) Measurements and modeling results showed small
transfers from some surface water ponds to groundwater.
Groundwater also enters the wastewater treatment system through
the underground sewers, resulting in a net groundwater inflow.

Transfers of pollutants between media do occur, particularly as a
result of pollution management activities. Over 370 tons/year of
hydrocarbons 1nitially present in wastewater streams are

volatilized into air from the water collection system. More than
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2,000 tons/year of biosolids are produced by treating wastewater
in the Refinery’s activated sludge system.

C. The TRI database dces not adequately characterize releases
from thais Refainery.

Title III of SARA, Emergency Planning and Community Right-to-Know
Act, created the Toxic Release Inventory (TRI) 1in 1986. Title
III requires regulated facilities in SIC Code 20-39 to submit
annual release data on more than 300 chemicals manufactured,
produced or otherwlse used in quantities exceeding certain
threshold values Releases to all media must be reported The
TRI 1s one way of focusing corporate attention on release
reduction opportunities.

TRI reports are based on elther emission estimates, direct
measurements or a combination of both methods. Each facilaty 1s
responsible for the accuracy of the data reported. Industrial
facilities frequently file amendments to TRI reports to reflect
improvements 1n the accuracy of the estimation and measurement
techniques.

The TRI database has become the de facto national release
inventory. The guality and utility of data reported can vary
widely. At a plant that uses a single solvent to wash
manufactured parts, and that purchases extra solvent every year
to make up for evaporative losses, the quantity of solvent
emissions 1s well known and tracked through monthly purchasing
records A TRI report which included this solvent and plant
should be quite accurate. However, at the Refinery, the TRI does
not report total facility emissions because:

] The TRI 1s based on estimates rather than measurements.
Estimating accuracy varies widely. During the measurement
portion of this Project, several new sources were i1dentafied
whose significance had been previously underestimated One
source was identified which had been overestimated. Figqure
2 7 summarizes the results of this analysais.

° The measurement phase of this Project revealed substantially
higher TRI reportable emissions from the blowdown stacks than
had been estimated previously On the other hand,
measurements revealed that emissions from wastewater sources
had been overestimated. Amoco has filed an amendment to 1its
past TRI reports for Yorktown to reflect new data. Figure
2.7 compares the starting TRI data with results obtained from
the Project.

. The TRI focuses on specific chemicals which account for only
a portion of the total emissions In the Refinery’s case,
the TRI report covers only 9 percent of the total
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hydrocarbons released, and only 2.4 percent of the total
releases to all media. Criteria pollutants--CO, NOX, S02,
and PM-10~-are not reportable in the TRI.

) Some activities and emissions are excluded by EPA from record
Keeping requirements, such as emissions from barge loading.
At this facility, barge loading operations account for about
20 percent of the total benzene emissions (See Figure 3 4).

Fainally, TRI provides an approximate inventory of selected
materials released to the environment. TRI data by itself does
not allow for meaningful risk evaluation or comparisons on a
facility basis, because it does not define the facility’s
relationship to nearby populations and ecosystenms.

D. 8ite specific features determined during the facility-waide
assessment, affect releases and release management options.

National programs, by design, address overall problems 1n
specific media. But these programs seldom consider site-specific
differences 1n developing standards. Other refineries, and
indeed other industrial facilities, can use the general sampling
approach developed here to obtain the facility-wide release
inventory. However, each site will exhibit unique geophysical
and process characteristics. Each assessment plan must include
these site-specific characteristics in 1ts desaign and focus. As
an example, the Yorktown Refinery does not have a hydrofluoric
acid (HF) alkylation unit and HF was not measured HF can pose a
significant health risk if managed improperly, and may need to be
tracked at facilities that use 1it.

Groundwater: As a result of a clay soil layer, unigque
hydrogeology, the placement of the underground drainage system
relative to the water table, and local climate, groundwater
movement at this site 1s minimal. In fact, the underground
drainage system 1s acting as a groundwater collection unit,
sending groundwater to the Refinery’s wastewater treatment plant.
Thus, groundwater at this site 1s not leaving the property
Furthermore, sampling showed surprisingly low levels of
groundwater contamination, compared to other refineries (LA
Times, 1988).

Marine Loading Emissions Yorktown Refinery uses marine

transportation for receiving all crude o1l and shipping more than
80 percent of i1ts products. Estimated releases from product
loading operations are 784 tons/year of VOCs. Computer modeling
analysis showed this source had the greatest impact on exposure
of nearby residences to Refinery hydrocarbon emissions

Therefore, 1t would be useful to include marine loading emissions
in this facility’s environmental management plans. Many other
refineries rely more on pipeline, rail and truck shipments to
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‘andle crude and products, and would thus not expect to find the
same potential impact from marine operations.

Ajrshed Status: As discussed in Appendix A, the Refinery 1is
located in an airshed classified as an attainment area for all
criteria pollutants including ozone. Therefore, relatively few
hydrocarbon emission controls have been required or installed at
this facility. The sampling program and release reduction
options focused on hydrocarbon releases. Many other refineraies
in ozone non-attainment areas have already installed extensive
hydrocarbon emission controls. Consequently, other facilities
may have a significantly lower percentage of hydrocarbon
emissions Similarly, NOX, CO, PM-10 and SO2 emissions have been
more tightly controlled in some other airsheds (such as the Los
Angeles basin) which do not meet NAAQS for these pollutants.

1.3.2 Release Reduction Options

A. A workshop appreach, drawing on a daverse group representing
government, industry, academic, environmental and publaic
interests developed a wide range of release reduction options
in a nultai-media context more quickly than EPA or industry
alone would do.

The release inventory described in 1.3.1 above, served as the
basis for identifying ways to reduce releases. A 3-day
prainstorming Workshop, held in Williamsburg, Virginia generated
more than 50 potential release reduction options for the
Refinery. These ranged from producing a single grade of gasoline
to specific technical options for particular equipment or
processes Table 3.1 lists all options 1dentified.

The Workgroup subsequently narrowed this list to 12 options for
more careful, gquantitative analysis. Thils winnowlng process
considered only those options that were technically feasible now,
offered potentially large release reductions, addressed different
environmental media, and posed no process or worker safety
problems. Projects designed to comply with several current or
anticipated regulations were also included. Table 3.2 lists
engineering projects included for further analysais

The Workshop also addressed screening criteria to help prioritize
the options, potential barriers and incentives for
implementation, and permitting concerns. The diverse viewpoints
brought to all these discussions helped guide subsequent Project
activities These views reinforced the Workgroup’s desire to
consider broader 1ssues such as multi-media release management
consequences, future liability impacts, etc. The Workshop was
able to consider these 1ssues more comprehensively than either
government or industry alone would normally do.
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B. Release management freguently involves the transfer or
conversion of pollutants from cne form or medium to another.

It 1s not at all unusual for pollutants to be converted and
transferred from one form or media to another as part of a
pollution control practice. For example, scrubbers used to
remove acidic pollutants from many electric utility stacks
generate large volumes of calcium sulfate sludge (EPRI, 1983)
which must also be managed. For options developed at the
Yorktown Refinery

e Modifications of the underground drainage system and process
water treatment plant (required under the Benzene Waste
Operations NESHAP; Federal Register, 1990) will improve
process water treatment and reduce air emissions, but produce
more solid waste such as biosolids and fully spent activated
carbon

L] The Refinery has limited sludge processing capacity. Keeping
solls out of sewers would reduce the amount of sludge in the
API Separator and thus allow for more on-site management of
other solid wastes, reducing offsite disposal.

. Installing an electrostatic precipitator would reduce FCU
particulate (PM-10) emissions (catalyst fines), but transfer
the additional collected particulates to land disposal.

° Burning hydrocarbons that cannot be economically recovered
generates other criteria pollutants which may also need to be
managed

None of these transfers or transformations are bad, in and of
themselves. The Project simply pointed out the need to
recognize, plan, and manage these changes at an early stage of
the release management cycle.

C. B8ource reduction options were more cost-effective than most
treatment and disposal alternatives. Nevertheless, source
reduction alone was not adequate to achieve all the desired
or legally required release reductions.

The Workgroup agreed to consider the waste management
hierarchy-~source reduction, recycling, treatment, and safe
disposal--~as the basis for developing release reduction options
Technologies i1dentified and analyzed fit into this hierarchy.
Time and budget constraints limited technology choices to
conventional, proven solutions rather than exploring innovative
alternatives.

However, less than half the options i1dentified qualified as
"source reduction."”™ Had the options been limited to only source
reduction, the scope of potential opportunities for reducing

0w
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releases and improving environmental guality would have been
unnecessarxly restricted.

If all source reduction options i1dentified i1n this Project were
implemented, benzene and total hydrocarbon emissions would be
reduced by about 25 percent and 16 percent, respectively. The
Workgroup concluded that a cost-effective strategy for the
Refinery would have to include a mix of source reduction,
recycling, treatment and disposal options

Of the source reduction options considered, most appear to be
significantly lower cost than recycling, treatment, and disposal
Source reduction options considered have had an average cost of
$650/ton of pollutant recovered. The remaining seven options
analyzed had an average cost of $3,200/ton, nearly 5 times

higher The cost-effectiveness of individual options varied form
a low of $190/ton for secondary seals on gasoline storage tanks
to a high of $128,000/ton for the treatment plant upgrade.

D. FWhile release reductions do not always pay for themselves,
some environmental aimprovements can be made at a net cost
savings to the Refinery.

The Refinery 1s relatively efficient in managing materials. An
ongoing weight-loss management program to capture lost material
has been in place at all Amoco refineries for a number of years
Approximately 99 7 percent of the incoming crude 1s converted to
useful products and refinery fuel The hydrocarbon release
reduction options identified in this Project dealt with the
remaining 0 3 percent.

Despite the relative efficiency of the Refinery, two source
reduction options--seals on gasoline tanks and a leak detection
and repalr program--have net cost savings and a positive rate of
return Amoco did not know this before this Project. On the
other hand, some of the source reduction options and all .
treatment options were not economic investments for the Refinery
For example, fitting all fixed roof storage tanks with secondary
seals would result in much higher cost for relatively little
additional reduction in hydrocarbon emissions compared to fitting
only gascline storage tanks. Treatment options generally require
significant capaital outlays with no return in the form of
recaptured or improved product. Technology options with positive
rates of return are shown in Figure 3.9. Options that have
negative return are not shown.

1.3.3 Choosing Alternatives

A. Ranking the options showed that better envaironmental results
can be obtained more cost-effectaively.

-10-
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Compliance with current and anticipated regulations requires
controls for eight sources types, reducing airborne hydrocarbon
releases by 7,300 tons/year at an average cost of $2,400/ton.

The Refinery could reduce about 7,100 tons of airborne
hydrocarbons each year (or about 97 percent) by controlling six
sources at about 25 percent of the cost. This cost-effectiveness
comparison does not account for possible benefits to other media.

If allowed to address both hydrocarbons and listed hazardous
waste, the Refinery could reduce about 7,500 tons per year at an
average cost of about $500/ton using its choice of sources and
techniques. Table 1.3 provides a more detailed comparison of
different Release Management Strategies, results and costs

These results are all the more significant because the options
evaluated were neither selected nor developed ahead of time with
a target reduction goal in mind Nor did the selection process
have a goal of meeting regulatory requirements in some
alternative fashion. This suggests that even more impressive
results might be achieved, 1f that were the focal point at the
beginning.

B. All particaipants agreed on which options were the most
effective and which were least, regardless of their ranking
criteria or instaitutional viewpoints.

The Project used a multi-dimensional prioraitizing process (the
Analytical Hierarchy Process, AHP) in which weights were
developed for all criteria used to rank alternatives. These
criteria included cost, release reduction, timeliness and changes
in benzene exposure, among others. The process allowed the
Workgroup to assess the significance of and interactions between
criteria--how changes in one criterion affect other criteria and
total rankings

All options were considered legally acceptable, and no specific
regulatory redquirements were imposed on the decision making
process. Although different organizations brought different
perspectives to the discussions, each organization reached the
same conclusions about which options would be most effective and
which were least. The draiving forces in this prioritization were
cost and relative risk reduction, as measured by benzene
exposure. A variety of sensitivity studies confirmed thas
initial set of preferences.

Amoco ranked control of marine loading losses as the most
effective-~though not the lowest cost--option. A second tier of
options included installing secondary seals on tanks, instituting
a leak detection and repair program, and upgrading blowdown
stacks All four were also viewed as reasonably effective
pollution prevention projects. In total these four projects
would prevent or capture almost 6,900 tons of releases annually

-11-
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at a cost of about $510/ton. EPA and Virginia selected the same
five options, in this hypothetical case with no specific
regulatory requirements. See Items 4 and 5 1n Table 1.3

1.3.4 Obstacles and Incentives to Implementaing Pollution
Prevention

After i1dentifying several alternative environmental management
options, 1t 1s reasonable to ask why these options are not being
implemented. What can be done to encourage their use® The
following discussion summarizes the general findings based on an
assessment of potential obstacles and incentives for implementing
five highly ranked options For more details, see Section 5.0

A. EPA does not have an explicit policy goal and may not have
the statutory authoraty to samply set a release reduction
“target" without prescribing how this target should or could
be met. When the target involves releases in multiple medaia,
current administrative procedures discourage a coordinated
approach, includang evaluating risks, costs and benefits of
managaing residual pollutants in different med:ia.

Requirements under many statutes and regulations prescribe how
release reductions should be achieved, sometimes in terms of
which technology should be used, often in terms of whach specific
sources should be controlled. For example, the Benzene Waste
Operations NESHAP focuses on a specific emissions source to a
single medium--benzene emissions from wastewater. The rule
requires control of benzene emissions from this single source.

Data from this refinery indicated that wastewater 1s a small
contributor to total benzene releases Amoco and EPA disagree
about some of the specific measurements and results. These are
discussed 1in detail in Air Quality Data, Volume II (Amoco/EPA
1992b)

A number of pollution prevention approaches developed in this
Project are more effective in controlling benzene emissions, and
less costly to implement than the benzene NESHAP. Other
refineries might find other sources that present more cost-
effective control opportunities. Focusing on individual sources,
rather than on desired overall "performance," limits the ability
to achieve the most cost-effective control

RCRA requires application of the Best Demonstrated Available
Technology (BDAT) to a hazardous waste before 1t can be disposed.
BDAT standards are typically based on a destruction techneology
rather than on methods at the higher end of the pollution
prevention hierarchy.

One proposal now before Congress (S. 1081) to reauthorize the
Clean Water Act would amend 304 (b) of the Act and require EPAX to

-12-
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promulgate effluent guidelines which reflect the application of
best available control technology (BAT) for all categories of
pollutants. This Congressional proposal, which does not reflect
the Administration’s position, could limit the Agency’s ability
to set environmental protection priorities.

B. Legaislative and regulatory programs do not provide
iamplementation schedules compatible with design, engineering,
and construction timeframes.

Most regulatory and statutory programs require compliance within
s1x months to at most three years after promulgation of a final
rule. In some cases, compliance requirements do not consider
normal maintenance schedules and economic penalties associated
with facility-wide shutdowns. Consequently, short-term "fixes"
which can meet legal deadlines, are used at the expense of more
cost- and envaironmentally effective, long-term solutions.

A typical refinery project for processing oil using establashed
technology and design procedures, normally takes 2-3 years from
initial design to startup, assuming there i1is agreement on what to
build, no unusual equipment delivery problems, no additional
safety considerations, and no prolonged startup difficulties.
Many projects take longer when regulatory applicability, scope or
design criteria are unclear, or new technologies are involved

For example, the benzene NESHAP rule discussed above was
promulgated 1n March 1990 (under the 1977 Clean Air Act
Amendments). Statutory language required compliance with the
regulations within two years. In this case, significant
differences in interpretation between EPA and the regulated
comnmunity took more than one year to resolve and to clarify the
regulatory requirements. An acceptable understanding i1s a
prereguisite to engineering and construction. It was physically
impossible to design, engineer, procure, construct, and start up
the required control wathin the remaining one year compliance
time frame.

C. Congress, EPA and much of industry have become used to
command-and-control, end-of-pipe treatment approaches based
on twenty years of experience. These well established

. problem solving approaches are difficult to change.

In the 1570’s, environmental regulations successfully helped

reduce point source emissions to air and water. End of pape

treatment was successful partly because many industrial firms and
permitting authorities had little experience dealing with these
problems, and found the specification of technical solutions
offered a "road-map" for how to proceed along an uncharted
course. These requirements also provided a relatively "level
playing field" for US industry. Many of today’s problems are

13-



sufficiently different than those of the early 13570’s that they
can benefit from alternative approaches.

D. The short time taken by the Virgania Air Pollution Control
Board to issue or modify air permits i1s not a deterrent to
anstalling technologies to reduce airborne emission at thas
site.

Most of the technical options would reduce air releases at the
Refinery. However, obtaining permits to install most of these
technologies would probably not be a problem since the Virginia
Alr Pollution Control Board 1s estimated to take about six months
to 1ssue a permit (Virginia 1s a delegated state for 1issuing air
permits).

However, information generated through a facility-wide multi-
media assessment 1s a necessary first step to not only developing
a strategy to reduce these releases, but also to exploring such
1mplementation options as i1ntegrated permits.

E. Inadequate accounting for both the benefits and costs of
environmental regulataons is an obstacle to developing a more
efficient environmental management system. Responsibilaty
for pollutant generation and accountability for environmental
protection are difficult te quantify.

At many industrial plants, such as Amoco’s, waste management
costs are frequently charged to a central environmental
management division rather than to the operating unit that
generates the waste. Remediation costs for clean-up of
contaminated soil, for example, are fregquently charged against
another cost center, rather than to the generator of the
contamination This separation between release generation and
costs 1s a disincentive to manage releases more effectively

Few EPA accounting systems measure direct benefits of the.
Agency’s activities, such as improved ecological health,
biodiversity, reduced risk to human populations, etc. Rather,
accomplishments are usually measured 1n terms of activities such
as permits written, amount of fines collected, or number of
enforcement actions pursued. (GAO, 1991) The lack of direct
connection between Agency activities and environmental results
reduces accountability for program costs and benefits. Without
adequate measurement systems, 1t 1s difficult to tell when
environmental management practices actually improve the
environment.

1.3.5. Education/Communications/Working Relationships

This Project enhanced knowledges of both government and andustry,
and generated information that EPA and Amoco can use.

-14-
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The study provided an opportunity to educate individuals withan
EPA and Amoco. Based on plant vasits and information exchanges,
EPA personnel better understand how a refinery works, the
complexities of the refining processes, and the difficulties 1in
obtaining reliable environmental release data. This improved
understanding will be useful as the Agency considers future data
needs for regulatory development and permits.

Similarly, Amoco personnel better understand how EPA develops
regulations, the type of information needed, and the Agency’s
cperating constraints. This will be useful for Amoco in
interacting with EPA and other government agencies.

The detailed release information developed in this Project could
be useful to all three media offices: air, water, and solad
waste.

] The Office of Air and Radiation may be able to use air
monlitoring and modeling ainformation for developing MACT
standards and improving emlssion factors

° The Office of Solid Waste should be able to use sampling and
monitoring information for characterizing RCRA Subtitle D
wastes and management practices.

] The Office of Water should be able to use wastewater samplaing
information to evaluate Petroleum Refining effluent
guidelines, and the biomarkers research results in evaluating
aquatic health measurement tools.

The working relationships between various EPA offices, State and
Amoco personnel were quite fragile when the Project began
Individuals brought their institutional viewpoints to i1nitial
discussions. By agreeing at the beginning of the Project that we
may not necessarily agree with all findings and conclusaions,
people showed a willingness to discuss 1ssues and focus on data
and factual information Many of the perceived and real
differences 1n views were more easily dealt with i1n a factual
setting

1.4 Recommendations

1.4.1 Explore Opportunities to Produce Better
Envaronmental Results More Cost-effectively.

Data from this study show that the Refinery can meet a release
reduction goal more cost-effectively than by meeting reductions
prescribed by current regulatory or legislative requirements.

For example, the ranking analysis shows that given the
opportunity the Refinery could remove about 97 percent of tons of
airborne hydrocarbons at about 25 percent of the cost of reducing
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them under current and anticipated regulations. The cost-
effectiveness of the flexible option i1s about $600/ton compared
with the cost-effectiveness of $2,400/ton for regulatery

requirements.

EPA might evaluate options for setting a goal or target for
reducing multi-media releases from a facility, and then allow the
facility to develop an alternatjive com ance strate to meet
the goal. This alternative strategy would allow the facility to
meet the goal at a lower cost, include interim milestones, and be
enforceable. This strategy would also make appropriate
information available to ensure that the reduction targets will
be nmet.

Thas strategy might also include commitments to other
environmental improvements such as cogeneration, additional
reductions 1n releases, wetlands restoration, wildlife habitat
enhancement, creation of new wetlands, controls on nonpoint
sources of pollution, improved environmental data collection and
research The cost savings realized from meeting requirements
under a more flexible approach make 1t possible to realize
addational environmental benefits which are presently foregone
because of the high costs of many regulatory programs.

1.4.2 Improve Envaironmental Release Data Collection,
Analysis and Management.

Data from this study show that an emissions inventory could be
improved by measuring releases and developing new emission
factors For example, the emissions inventory at the beginning
of the project did not account for all potential releases to the
environment. Some releases were excluded because the Agency has
excluded them from reporting (e.g., barge loading operations);
some releases were not included because the sources and the
amount were thought by Amoco to be ainsignificant (e g , blowdown
stacks), some emissions were overestimated (e.g., API Separator) ;
and some releases were underestimated (e.g., coker pond)

Jointly established sampling and analysis protoccls could help
improve data quality, so that reported values more accurately
portray facility releases.

Data currently collected in response to regulatory or permitting
requirements could be evaluated to determine how i1ts utility and
guality might be improved. For example, TRI data quality and
utility could be improved by:

. Providing more inclusive estimates of facility-wide releases
to all media. The Project found the exclusion of marine
loading operations from TRI reporting requirements conveyed
an i1naccurate picture of total facility releases.

-16-
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. Reporting groups of chemicals, rather than individual
species, especially 1f these chemicals have similar
structural, physical and toxicological properties.

Requiring reporting of all VOCs for refineries, rather than
specific compounds like Xylene (and 1ts individual isomers),
would provide a meaningful measure of refinery releases.
That 1s because xylene poses approximately the same risks
and has physical characteristics similar to the hundred of
undifferentiated VOC compounds not covered in TRI. For a
refinery, where a complex mixture of chemicals are released
from most sources, tracking many separate chemicals does not
make good use of technical, laboratory, and environmental

management resources.

. Reporting other selected chemicals of concern for
demonstrated human health or ecological impact separately.
At a refinery, chemicals such as butadiene, benzene, and
nickel may be good 1indicators of risk/release potential and
management practices. Other iridustrial sectors would need
to track different specific chemicals.

. Improving emission factors for estimating releases based
upon information developed in this project, and additional
work by EPA/industry task groups that could focus on the
different data collection needs of discrete industry
sectors.

The Project had great difficulty collecting and verifying
environmental release data from the site Emissions from these
sources are complex and measurement techniques are rudimentary.
Many emission measurements varied with time For example, the
Coker pond emissions varied by a factor of three within a few
hours Better sampling and analysis methods and statistical
tools are needed to analyze variability. Research 1s also needed
to develop methods that can verify release inventories withan
reasonable confidence limits, accounting for specific differences
1in emissions factors.

1.4.3 Provide Incentives for Conducting Facility-wide
Assessments, and Developing multi-media Release
eduction Strategies. 8Such Strategies sShould
Consider Multi-Media Consequences of Environmental
Management Decisjions.

This Project demonstrates that more cost-effective environmental
protection programs can be designed by allowing companies to
consider site specific factors and focus on results.

A detailed facility-wide, multi-media assessment i1dentified the
most significant medium (air) and releases sources, both in terms
of quantity and impact on the surrounding area. Specific

-17-
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techneology options were then developed to deal with these
sources The significance of sources i1dentified in this Project
were not 1i1nitially known or apparent to the participants
Proposed solutions could not have been developed in the absence
of data which i1dentified their importance

For example, hydrocarbon emissions from barge locading operations
(784 tons annually) and blowdown stacks (5,200 tons annually) are
significant. However, the Refinery did not know this prior to
thais Project, nor did the existing regulations require the
collection of this data. Thus, 1t did not develop control
options to reduce these emissions.

Several technologies considered for reducing releases, transfer
pollutants from one medium to another or convert pollutants to
different forms. Since human health and environmental
consequences vary from one medium to another, viewing a release
problem in the context of net environmental effects 1s essential
to developing more sound solutions. -

The current institutional framework and procedures for developing
regulations do not include multi-media assessments and analysis.
Current practices should be reviewed to determine how they could
be modified to use information from such assessments. An
integrated pollution prevention and management strategy would
facilitate development of release management options that produce
better environmental results (EPA/SAB, 1990a; EPA/SAB, 1990b,
OMB, 1991)

At present, industry has little incentive to conduct such
assessments because 1t does not have an opportunity to implement
their findings

1.4.4 Encourage Additional Public/Praivate Partnerships
on_Environmental Management .

The Yorktown experience demonstrates the opportunities and
pitfalls that can occur when government and industry work
together The opportunities are significant. The pitfalls are
worth overcoming. All organizations--EPA, Virginia and Amoco--
sought to develop and test innovative environmental management
approaches that, unlike most traditional "command and control"
approaches, consider risk reduction, address multi-media
concerns, maximize environmental benefits, encourage efficient
use of resources, and promote facility-specific implementation
choices. While i1t will take time and patience to overcome
decades of distrust, such joint government/industry efforts can
result i1n more cost-effective environmental protection by
providing the opportunity to share different viewpoints and
skills

-18~-
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In this study, for example, EPA brought expertise on the type of
information needed to develop regulations, and thear operating
constraints, while Amoco brought an understanding of refinery
operations and economics. By helping to educate each other and
develop a mutual understanding of 1ssues and technology, Amoco,
EPA and the Commonwealth of Virginia together agreed on the most
significant emissions from the Refinery and the most promising
approaches to reducing then.

Public/Praivate partnerships could also be used to leverage Agency
resources for providing improved data needed to develop
requlations. This Project 1llustrates a possible approach to
collecting data, assessing technologies and characterizing a
facility within an industry that took less time and Agency
resources but relied more on private support.

1.4.5 Conduct Research on the Potential Health and
Ecological Effects of VOCs.

The Refinery 1s a major source of the area’s VOC emissions.
However, information on the potential adverse health effects of
VOC emissions 1s rather limited (Graham, 1991). Research 1s
needed to better characterize health and ecological effects of
VOCs that can be used in conducting risk assessments. This study
could also build on efforts currently underway at the American
Petroleum Institute, and the Chemical Industry Institute of
Toxicology (CIIT) and others.

EPA should also undertake research to develop indicators that
measure 1mpacts on the ecosystem of multi-media releases from
industrial facilities. This Project looked at several biomarkers
that show promise as indicators in aquatic environments Limited
information and methods for assessing ecological risk limits the
ability to conduct comprehensive risk assessments, and measure
changes in environmental guality.

-19=
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Table 3.2
Belected Pollution Prevention Engineering Projects

The following projects were identified for further study as a
result of the Pollution Prevention Workshop in Williamsburg and

subsequent Workshop meetings

1 Reroute Desalter Effluent. Hot desalter effluent water
currently flows into the process water drainage system at
Combination unit This project would install a new line and
route this stream directly to the API Separator. This reduces
volatile losses from the sewer system by reducing process
sewer temperature and oil content. Volatile losses at the API

Separator increase slightly.

2 Improve Desalter System: Evaluate installation of adjunct
technology (e g , centrifuge, air flotation, or other
technology) on desalter water stream prior to discharge into
the underground process drailnage system. This reduces oil and
solids waste loads 1in the sewer system, affecting the waste
water treatment plant and volatile losses from the drainage
system.

3. Reduce FCU catalyst Fines Evaluate possible performance of
more attrition resistant FCU catalyst to reduce fines
productaon (Subsequent review with catalyst vendors
indicated the Refinery was already using the most attrition
resistant catalyst available.) Two other fines reduction
options were considered.

3a Replace FCU Cyclones Assess potential for reducing
emissions of catalyst fines (PM10) by adding new cyclones 1in

the regenerator.

3b. Install Electrostatic Precipitator at FCU+ Assess potential

of electrostatic precipitator in reducing catalyst fines
(PM10) emissions.

4., Eliminate Coker Blowdown Pond: Change operating procedures

for coke drum quench and cocoldown so that an open pond 1s no
longer needed This reduces volatile losses from the hot
blowdown water.

5 Install Seals on Storage Tanks: Double seals or secondary

seals wi1ll reduce fugitive vapor losses. Recovery efficiency
varies from tank to tank, depending on the hydrocarbon stored
and construction details. Table 3.3 provides additional
information.

Sa Secondary Seals on Gasoline Tanks: Secondary rim mounted
seals on tanks containing gasoline.
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5b

5c.

5d

S5e.

6

7A

7B.

7C

8

Seconda Seals on Gaso a s a anks: Secondary
rim mounted seals on tanks containing gasoline and
distillate materaal.

Seconga Seals on A Floatin oof Tanks. Secondary rim
mounted seals on all floating roof tanks.

Option 5¢ + terna oat n ed Roo anks*
Secondary rim mounted seals on floating roof tanks and the
installation of a floating roof with a praimary seal on all
fixed roof tanks

Option 54 _+ Secondary Seals on Fixed Roof Tanks: Secondary
rim mounted seal on all floating roof tanks and the

installation of a floating roof with a primary and secondary
seal on all fixed roof tanks.

Keep Soi1ls out of Sewers: Use road sweeper to remove dirt

from roadways and concrete areas which would otherwise blow or
be washed into the drainage system. Develop and install new
sewer boxes designed to reduce soil movement into sewer
system, particularly from Tankfarm area. Estimate cost for
installation on a Refinery wide basis. Both items reduce so:il
anfiltration, in turn reducing hazardous solid waste
generation.

The Benzene Waste Operations NESHAP requires control of
benzene emissions from refinery wastewater sources. Three
separate projects (7A, 7B, and 7C) were identified to meet
these requirements Specific design and construction features
of these projects will aid with meeting anticipated
requirements of some future regulations, such as storm water
permitting, RCRA corrective action, the Primary Sludge rule
and land disposal restrictions.

Drainage System Upgrade: Install above-grade, pressurized
sewers, segregating storm water and process water systems.

Upgrade Process Water Treatment Plant: Replace the API
Separator with a covered gravity separator and air

floatation systenm Capture hydrocarbon vapors from both
units

Convert Blowdown Stacks. Replace existing atmospheric
blowdown stacks with flares. This reduces untreated

hydrocarbon losses to the atmosphere, but creates criteria
pollutants.

Change Sampling Systems. Install flow-through sampling

stations (speed loops) where required on a refinery-wide
basais These replace existing sampling stations and would
reduce o1l load i1n the sewer or drained to the deck.
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9 Reduce Barge loading Emissions: Estimate cost to install a

marine vapor loss control system. Consider both vapor
recovery and destruction in a flare.

10

11

lla

11b

llc

Sour Water System Improvements: Sour water is the most

likely source of Refinery odor problems. Followup on
projects previously i1dentified by Linnhoff-March engineering
to reduce sour water production, improve sour water

stripping
Institute ILDAR Progqram: Institute a leak detection and
repair program for fugitive emissions from process equipment

(valves, flanges, pump seals, etc ) and consider costs and
benefits

Annual LDAR Program with a 10,000 PPM hydrocarbon leak level

Quarterly LDAR Program with a 10,000 PPM hydrocarbon leak
level B

Quarterly LDAR Program with a 500 PPM hydrocarbon leak level
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Figure 31

Yorktown refinery
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OxyChem's simple filtration system has had both environmental and economic benefits. Hazardous waste

1
was reducedby ... 108,000 pounds per year. The company has saved $125.000 amually ...
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Management support can help overcome a number of cultural and organizational

_ barrers that can hinder a pollution prevention program The following are elements
which historically have been used successfully to demonstrate management support
to address such barriers

Support by management at all levels, made evident to the orgamzation

& A clearlv stated policy of top management support for pollution prevention includ
1ng the expectation that all levels of management will seek appropriate pollution
prevention opportunities 1n their operations

&8 An elevated internal appreciation of environmental 1ssues 1n general and pollu
tion prevention in particular, by including these 1ssues in the assessment of goals
and the performance of operating organizations

® An emplovee recognition program to promote and reward new and innovative
1deas that lead to pollution prevention

Candor 1n dealing with internal and external perceptions and expectations
regarding industry’s environmental performance.

B Recognition that actions of the government and the public are guided by a belief
that industry should do much more to protect and improve the environment

B Recogmition that more environmental regulations and restrictions may be
tempered by voluntary actions on the part of industry

Management Support

Recogmition that concerns may arise over changing from the famihar
approach of comphance with command-and-control requirements to an
approach which emphasizes pollution prevention, however, this change can
also offer opportunities.

® Acknowledgement that command and control requirements can provide certainty,
but require specific performance which can also stifle creative and cost effective
solutions Voluntary pollution prevention offers greater opportunity for flexibihity
creativity and optimization of solutions

B Recognition that a pollution prevention approach provides the greater opportunity
to ident1fy and exploit competitive advantages which may not be available under
a command and control approach

Internal practices requiring that cost-effectiveness evaluations be performed
for potential pollution prevention actions, including appropriate consideration
of long-term benefits and otherwise historically hidden costs.

B Gudelines to assist in identifying and quantifying to the extent possible the long
term benefits of potential pollution prevention actions, such as reduced liability,
improved community relations, and improved employee attitudes, etc.

8 Requirements to perform cost effectiveness evaluations which recognize long term
benefits as well as short term costs and benefits including a full accounting of
potential ‘ hidden costs ({costs billed to other cost centers, ete.) for all pollution
prevention activities
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Operating Practices

A number of practices 1n operating organizations have been used to successfully
ident1fy evaluate, plan, and implement pollution prevention activities Building on
management support, these practices form the nucleus of the program Specific
practices which have been found to be effective include

Orgamzing to carry out the program

@ Establishing a steering commuttee including knowledgeable representatives from
operating functions and appropriate administrative areas, to develop and coor
dinate the overall companv program

8 Establishing implementation teams or quality teams (or circles) in the operating
organization to identify evaluate, plan, and guide the implementation of pollution
prevention actrvities in their areas

Implementing the program 1n each operating function on a facility-specific
basis. i

& Developing an 1nventory of releases to all media Concentrate efforts 1mitially on
the most significant releases, including 1nformation about where and how each
release originates any intermediate handling or processing, and 1its ultimate dis
position

® Evaluating each inventoried waote stream and emission 1n order to develop plans

for reductions Evaluation criteria might include quantity, toxicity, safety or

health risk potential Liability, level of public 1nterest, technological feasibility
and anticipated cost of reduction and availability of the resources necessary to
accomplish the reduction Opportunities should be identified to move up the
waste management hierarchy (from treatment and disposal to recycling o1 reuse
to source reduction) when feasible and justified

B Setting realistic reduction goals both short term and long term (e g, one and five
vears), using the evaluations of inventoried releases to identify and prioritize the
reduction steps which will attain the goals Combining the goals and the individual
reduction steps can form an overall pollution prevention plan for the facility B

B Accomplishing reductions 1ncluding those i1dentified in the plan and momtorfng
and reporting progress The plan should be flexible and therefore, should be updated
periodically to reflect new information or changing situations

Communicating plans and results of faciity pollution prevention programs.

N Establishing networks for sharing information among all company facilities
about plans, successful (and unsuccessful) reduction techniques and progress

® Reporting to the company steering committee regularly for consolidation of plans
and results for communication to management and others

@ Providing feedback to employees on successful pollution prevention activities

————

- -

[P S



Administrative, accounting, and communication practices can be established or
modified to facilitate the adoption and :mplementation of a pollution prevention
program Such practices can serve to reinforce management’s commitment and to
provide tools which support the program Actions which can be taken in these areas

include

-

Establishing admimistrative processes to encourage the :dentification of

pollution prevention opportunities.

0 Instituting practices to identify and evaluate pollution prevention opportunities in
research activities, designs for new or modified facilities, maintenance turnarounds,

and reviews of proposed projects

N Broadening environmental comphance audit programs fo include assessments of
the extent to which pollution prevention opportunities are being identified, evalu

ated, and pursued when appropriate

Administrative, Accounting, &

Communication Practices

Fully utilizing cost acecounting and stewardship systems to support pollution

prevention

B Within a plant's cost accounting system, fully 1dentifying costs for controlling
emissions and treating/disposing of wastes and allocating them to the operating
units which generate the emissions and wastes

8  Including accountability for the above costs, along with pollution prevention activities

and progress 1n stewardship reports and reviews by all levels of management

Undertaking communication activities to increase poliution prevention
awareness on the part of employees and others.

B Emphasizing the importance of pollution prevention 1n applicable training
programs and 1n various forms of communications with employees
® Establishing employee incentive programs encouraging the generation of pollu

tion pretvention ideas

For more information consuilt the

following

m STEP Strategies For Today s Environ
mental Partnership To change how our
industry 1s perceived we must demon
strate that we are serious about protect
ing the environment American
Petroleum Institute Publication Order

\o 877 69050 For copies call 202 682 8375

8 APl Recommended Practice 9000

Management Practices, Self Assessment

Processes and Resource Materials
American Petroleum Institute Publica

tion Order No 878 90000 For copies call

202 682 8375

4 Pollution Prevention Act of 1990 Enacted
bv Public Law 101 508 Nou 5 1990 104

Stat 1388 42 USC 13101 et seq

@ US Environmental Protection Agency

Facility Pollution Prevention Guide
Office of Research and Development
EPA/600/R 92/088 May 1992 For Copies
Call 513 569 7562

Total Quality Management A Frame
work For Pollution Prevention Presi
dent s Commission on Environmental
Quality January 1993 For copies call
202 395 5750

Environmental Dividends Cutting
More Chemical Wastes M H Dorfman
WR Muir CG Mller INFORM Inc
{1992) For copies call 212 6891040
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The API Pollution Prevention Tash Force has been actively involved 1n promoting pollution
prevention within the industry since 1990 During that period the members of the Tash
Force have accumulated a comprehensive body of knowledge on the subject of pollution
prevention along with an appreciation of many of the key elements that make pollution
prevention programs successful The following resource document 1s a work product of
the Tash Force aimed at capturing their experience and knowledge and passing 1t along
to API member companies It 1s intended only as a summary of elements that have

proven to be successful for others

Benefit Overview

8 Pollution prevention can be a cost
effective means of reducing releases
(air water and waste)

8 Pollution prevention can reduce the
cost of operating and maintaining
existing release control equipment
as well as costs associated with the
rerunning of off test and slop
materials

® Pollution prevention programs inte
grate well with new or existing
“Quality Management Programs”

® A pollution prevention program can
be an efficient means to consohidate
and extend release reduction
activities already underway

A Pollution prevention can provide a
less costly alternative to the trads
tional government command and
control approach

A Successful industry pollution preven
tion programs could act as models
for such programs that may be devel
oped by states and the federal
government

Element Ove-view

Elements Historically Found in Successful
Pollution Prevention Programs

VMlanagement commutmen. and
suppott to help overcore cultur 2l
and organizationil bairiers

Supportive policies, reinforced by
actions

Realistic handling of environmental
performance perceptions and expec
tations

Emphasis on potential benefits of
pollution prevention vs traditional
waste management methods
Insistence on complete evaluations of
cost effectiveness

Operating practices to identify
evaluate plan ind implement the
program

Organizational steps to carry out the
program (establishing teams em
powering team members setting
aside resources etc)

Procedures to implement the pro
gram on a facility specific basis
Information sharing among affected
parts of the company

Adnunistiative accounting and
communication practices to tacilitate
the program

Processes to encourage 1dentification
of pollution prevention opportunities
Cost accounting and stewardship
systems

Communication with employees and
other interested parties

al



