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Foreword

In May of 1993, the EPA and DuPont com-
pleted a joint two-year project to identify
waste reduction options at the DuPont
Chambers Works chemical site in Deepwater,
New Jersey. This report describes the pro-
ceedings and results of that project. It has
been published in hope of providing useful
information about methodologies for waste
reduction programs in the process industries,
and about impiementing specific waste
reduction optdons on various chemical
processes.

The DuPont waste minimization methodol-
ogy, one of the methodologies examined in
this report, was established in support of the
company’s commimment to specific environ-
mental goals:

* to reduce hazardous waste by 35% from
1990 o 2000. The company has already
reduced hazardous waste by 35% from
1982 to 1990. |

* to reduce toxic emissions to the air (from
U.S. sites) by 60% from 1987 to 1993.

* to reduce emissions of the EPA's special
list of 17 hazardous chemicals by 50% from
1987 w0 1995. :

DuPont has also committed to goals for
reducing or eliminating CFC production,
energy consumption, carcinogenic air emis-
sions, and toxic discharges to landfiil. To
meet these commitments, the company is

attempting to incorporate waste reduction
into its everyday working culture. As DuPont
CEO Edgar Woolard has said, “we have o
put behind us the notdon that the inevitability
of some waste generation therefore makes
any waste acceptable.”

This report is divided into five sections.

Section 1: Fxecutive summary. An over-
view of the entire project.

Section 2: Project Methodology. A descrip-
don of the scope and goals of the project,
its partcipants, and the methodology used
o conduct waste minimization assessments
on 15 processes at the Chambers Works
site.

Section 3: Case Studies. Fifteen waste
minimization assessment reports.

Secrion 4: Methodology Critique. An
overview, comparison, and critique of the
EPA and DuPont methodologies for waste
reduction programs. Also discussed is the
Responsible Care® program of the Chemi-
cal Manufacturer's Association (CMA), an
important influence upon the DuPont
methodology.

Section §: Waste Reduction Opportunities
for Organic Chemical Processes. A sum-
mary of implementation options generated
by the 15 assessments and a post-assess-
ment search of the technical literature.
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SECTION

Executive Summary

This report describes the proceedings and
results of the EPA/DuPont Chambers Works
Waste Minimization Project. The report is
divided into five sections:

Section 1: Executive Swnmary. An overview
of the entire project.

Section 2: The EPA/DuPont Chambers
Works Wasre Minimizarion Project. A
descripton of the scope and goals of the
project, its participants, and the methodoi-
ogy used to conduct waste minimization

assessments for 1S processes at the Cham-
bers Works site.

Section 3: Case Studies. Fifteen waste
minimization assessment reports.

Section 4: Methodology Critique. An over-
view, comparison, and critique of the EPA
and DuPont methodologies for waste reduc-
tion programs. Also discussed is the
Responsible Care® program of the Chemical
Manufacturer's Association (CMA), an
important influence upon the DuPont
methodology.

Secrion 5: Technology Exchange. A sum-
mary of implementation options generated
by the 15 agsessments and a post-assessment
search of the technical literacure.

SECTION 1; Executive Summary
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Project Methodology
The joint waste minimization project of the
EPA and DuPont had three primary goals:

to identify methods for the actual reduction
or orevention of pollution for specific
chemical processes at the Chambers Works
site,

to generase useful technical information
about methodologies and technologies for
reducing pollution which may help the EPA
assist companies implementing pollution
preventdon/waste minimization programs,
and

to evaluate and idendfy potentially useful
refinements to the EPA and DuPont method-
ojogies for analyzing and reducing pollution
and/or waste generating activities.

Project Scope
The Chambers Works Waste Minimizadon

Category 2: Processes which have shown
little or no progress in waste minimization
or polludon prevendon.

Category 1: Processes which have shown
significant progress in waste minimization
or pollution prevention.

In choosing the 15 waste streams, it was the
intent of the EPA/DuPont project team to
develop a group of assessments that are
diverse in terms of process type, mode of
operation (i.e., batch or continuous), waste
tvpe, disposal media, and relative success ia
identfying good waste reduction options.

Assessment Methodology
The assessments typically involved the fol-
lowing steps:

* Assessmens team formation. The projsct
teamn worked with management to form
multdisciplinary assessment teams for the

Project involved about 150 people at the site 15 assessments.
who devoted more than 12,000 person-hours

10 the project. A brief history of the project is * Area prepararion. Each assessment began

with data collection and an inspection of the

provided below: process area.
* May 1991 Creadon of the EPA/DuPont « Option generarion. For seven of the 15
project team assessments, brainstorming sessions were

convened to generate waste reduction

« May 1991-June 1992: Selecton of |3 waste
options.

streams for inclusion in the project

« June 1992-August 1992: Area preparanon * Option screening. Thg assessment teams for
five assessments applied the weighted-sum

. .-\hu:s't:st 1992-November 1992: Assessment method to screen and prioritize options,

P  Feasibiliry evaluasion. Economic evalua-
Waste Stream Selection tions determined the net present values
Five processes each were selected from three (NPY) and intemnal rates of return (IRR) for
categories: ‘ waste reduction optons.

Assessment Results

To date, seven of the 15 processes have
implemented waste reduction options, Without
those implementatons, their wastes would

Category 3: Processes for which no recent
waste minimization and/or pollution preven-
don assessment analysis has been per-
formed.
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have totaled 4,004,000 lbs per year. They now
total 1,075,000 Ibs per year, a reduction of
73%. The total capital requirement for these
seven processes was $3,085,000.

The other eight processes are now in various
stages of implementing waste reduction
projects. Their combined waste streams total
4,934,000 1bs per year. The assessments
identified options that could reduce this
number by 34% to 3,250,000 lbs. Total capital
cost for implementing the waste reductions is
$§3,600,000. A brief follow-up note will be
provided to the EPA in one year to summarize
the implementation status for these eight
processes.

If the recommended optons for all 15 case
studies are implemeated, and if they achieve
the predicted waste reductions, then DuPcnt
will save $14,900,000 per year (using the
DuPont methodology for economic evalua-
tions). These savings are itemized below:

* 51,645,000 in waste disposal costs (treat-

ment, handling, packaging, wansportadon,
etc.)

+ $2,185,000 from improved product recovery
(reduced raw materials consumption, re-
duced udlities use, etc.)

* $11,070,000 from such process improve-
- ment benefits ag increased uptime, increased
capacity, improved quality, etc.

Case Studies

In choosing the 15 waste streams, it was the
intent of the EPA/DuPont project team to
develop a group of assessments that are
diverse in terms of process type, mode of
operaton (i.e., batch or continuous), waste
type, disposal media, and reladve success in
identifying good waste reduction options.

The 15 case studies (assessment reports)
describe waste streams, the processes that
generate them, the incentives for reducing the
wastes, the waste reduction options generated
by members of assessment teams, the techni-
cal and economic evaiuations of the best
options, and the key leamings for other waste
reduction efforts.

The 15 assessments are summarized below.

Category 3: '

Case STuDY |: SPECIALTY ALCOHOLS
A reductdon in product impurities permits
elimination of waste from a product wash
step.

CASE STUDY 2: ORGANIC SALT PrOCESS
A waste reduction effort extends its scope t0
an “upstream process” for possible source
reductions.

CASE STUDY 3: NITROAROMATICS
Improved flow control is the key to waste
reduction in this distillation process.

Cast STupy 4: Do ETiER Process
Balancing the potendal for waste reduction
with operational safety.

Case STupY §: CAP PURIFICATION

Viable waste reductions are difficult to
identify in old processes.

Category 2

CasE STuDY 6: POLYMER VESSEL WaASHOUT
High-pressure water cleaning eliminates the
use of a hazardous solvent.

Case Stuoy 7: Reusasis Tors Bos
Returnable product containers eliminate
55-gallon drums.

Casg STUDY 8: MoNOMER PRODUCTION
A reaction/distillation process achieves

waste reduction through better process
conrrol.

SECTION 1: Execitive Surmrrary
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Casg Stupy 9: CAP [SOMERS PrROCESS
Switching from batch to continuous feeding
of a chemical stabilizer reduces waste in a
distillation process.

Case Stupy 10: WrreD Fom EvAPORATOR

Existing technology for reducing waste
through increased product recovery.

Category 1

Case STUDY 11: SPECIALTY SURFACTANT
A parmership between customer and manu-
facturer leads to the elimination of CFC
from a surfactant product.

Case Stupy 12: CAC Process
Involving people from all disciplines in
waste reduction effort is a key factor in
eliminating a waste soream.

Case Stupy 13: SOLVENT EMISSIONS
Upgrading the filtration system for recover-
ing a metal catalyst has eliminared solvent
emissions.

Case Stupy 14: SAC Process
Improvements in raw material quality open
the door to subs:andal waste reductons.

CasEg STupY 15: DISTILLATION TRAN
Relaxing cross-contamination limits in a
multiproduct process helps reduce waste.

The accumulated experience of the 1§ assess-
ments yielded a number of key learnings for
waste reductions in the process industries:

+ It is important to consider all business
objectives when oying to minimize waste.
Waste reduction is often interrelated with

such other business objectives as quality
improvement, increased yield, increased
capacity, shorter cycle time, etc.

The effective elimination or reduction of a
waste stream can often proceed in a series of
small improvements, rather than in the
implementation of a single solution. Waste
reductions in one part of a process often
produce opportunities for further reductions
in other parts of the process.

There is sometimes a trade-off between the
safe operation of a process and polludon
prevention.

Recycling solutions still have their place,
but only after all practical source reductions
have been made.

Waste reductions will increasingly involve
collaboration between producers and
customers.

Waste minimization assessments need not
be confined to the process area. They can de
performed by the sales force to explore
opportunities offered by *“green” marketng.
Many waste reductions can be identfied and
implemented by line workers. Operators and

mechanics should be included on waste
assessment teams.

Equipment startups and shutdowns are a
major source of waste.

Quality need not be sacrificed to achieve
waste reductions.

* Improved process control can often result in

dramadc waste redugtions.

Oama 4
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Methodology Critique
Most waste reduction methodologies consist
of the same basic steps:

* Chartering

» “Vaste stream selection
* Assessment phase

¢ Implementation

* Auditing

What distinguishes a methodology in terms of
success or failure is the tools they provide for
assessment teams at the process level. Tools
are methods for accomplishing the tasks
prescrived by a methodology.

The recent publication of the EPA’s Facility
Pollution Prevention Guide represents a major
upgrade to the methodology. It places addi-
donal emphasis on the management of a
continuous waste reduction program.

An important strength of the new methodol-
ogy is its recognition that pollution prevention
requires the participation from all levels of the
organization. It contains well-articulated
prescriptions around management cormumt-
ment.

The Pollution Prevention Guide prescribes
flexibility in the choice of assessment tools o0
suit local circumstances. But the DuPont
mermbers of the Chambers Works project team
believe that the-wols featured by the Guide in
dedicated chapters and appendixes exhibit a
bias toward formal and rigorous tools. Such
featured methods as the total cost assessment,
life cycle analysis, and weighted-sum rarng
and ranking all have simpler counterparts. The
DuPont team members feel that the more
rigorous tools work best when applied to very

complex problems with many factors to
consider. But most problems addressed at the
process area level are amenable to quicker,
less formal methods.

An upgraded methodology might combine the
screngths of the EPA chartering tasks with the
flexibility at the process level of the DuPont
method. Documentation supporting such a
methodology could present a variety of tools,
describe how they are applied, provide clear
examples, and include helpful forms or check-
lists.

Waste Reduction Opportunities for

Organic Chemical Processes

The waste reduction options generated during
the 15 assessments of the Chambers Works
V/aste Minimization Project represent a body
of practical experience that can benefit others
throughout the chemical processing industries.
These opdons are compiled here and grouped
by four waste stream types.

1. Solvent Wash Waste

Cleaning of equipment is one of the most
common areas of waste generation. Three of
the 15 assessments focused on solvent waste
reduction.

2. Soivent Waste (other than wash waste)
Solvents are commonly used in the chemical
industry as carriers to dissolve and dilute
reactants or products, or as washing agents o
wash out impurities from products. Five of the
15 assessments focused on solvent waste

3. Waste from Reaction Byproducts

Most processes that involve chemical reac-
tions also involve side reactions which pro-
duce byproducts. The costs associated with the

RFCTION 1: Executive Summary
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byproducts consist not only of the increasing
disposal costs, but also the cost of raw materi-

als and product yield. Six of the 15 assessments

focused on reduction of byproducts.

4. Tar Waste

[n many distillation processes, tar wastes
accumulate in the bottoms of distillation col-
umns. The Chambers Works project encoun-
tered three major contributors to tar waste:

* Reaction byproducts or impurities in the
product crude.

* Thermal decomposition or polymerization
within the column reboiler.

* The presence of such additives as stabilizers
or inhibitors within the product crude.

Six of the 15 assessments focused on reduc-
tdon of rar wastes.

Page §
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SECTION

Project Methodology

This section describes the joint waste minimi-
zation project of the EPA and DuPont. The
project, which lasted from May 1991 0 May
1993, had three primary goals:

* To identify methods for the actual reduction
or prevention of pollution for specific chemn-
ical processes at the Chambers Works site.

+ To generate useful technical information
about methodologies and technologies for
reducing polludon which may help the EPA
assist companies implementing pollution
preventdon/waste minimizanon programs.

* To evaluate and identify potentially useful
refinements to the EPA and DuPont method-
ologies for analyzing and reducing pollution
and/or waste generating activities.

Under the leadership of an EPA/DuPont
project team, waste minimization assessments
were performed for 15.indlustrial processes at
the DuPont Chambers Works chemical site in
Deepwater, New Jersey. Individual assess-
ment teams from each process applied the
EPA and DuPont methodologies to identify
and evaluate ideas for reducing waste.

SECTION 2: Project Methoaology
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The Chambers Works Site

The Chambers Works site, one of the largest
in DuPont, employs nearly 3,000 people and
produces more than 600 different chemicals.
The site contains five operating areas and an
R&D group. Each of the operating areas
contain several production facilities which in
turn can contain several processes. Chambers
Works generates about 1,000 waste streams to
various media, including air; water, and land.

Chambers Works has an ongoing waste
reduction program. Berween 1990 and 1991,
this pmgram achieved a number of important
reductions in wastes generated by on-site
processes:

* Dissolved organics in wastewater reduced
by 9.5%

» Wastes sent to off-site reatment or disposal
facilides reduced by 35.3%

+ Wastes incinerated on-site reduced by 7.9%

« Wastes sent to secure landfill reduced by
45.6%

Most, but not all, of the wastes generated at
Chambers Works are oeated at one of three
on-site disposal facilities. These facilices are:

* A wastewater treatment plant. This facility
weats all Chambers Works wastewater
streams, as well as wastewater sogeams from
other companies,

* An incineration facility. The incinerator
disposes of the site’s liquid was:e that is
unsuitable for wastewater resmment. Excep-
dons include some streams that contain
valuable materials (e.g., precious memul
catalysts) which Chambers Works is not
equipped to recover. Those steams are sent
10 outside reclamaton facilities.

» A secure landfill. The landfill receives the
site’s solid hazardous waste.

Project Scope

The Chambers Works Waste Minimization
Project evolved from a consent order entered
in May, 1991. Project planning was prescribed
by the terms of the consent order. The project
involved about 150 people at the site who
devoted more than 12,000 person-hours o the
project. The 15 assessments identified 4.6
million pounds of waste reductions, three
million of which have already been imple-
mented. A brief history of the project is
provided below:

+ May 1991: Creation of the EPA/CuPont
project team

+ May 1991-June 1992: Selection of 15 was:ie
streams for inclusion in the project

* June 1992-August 1992: Area preparation
(information gathering, creation of assess-
ment teams)

 August 1992-November 1992: Assessment
phase (waste minimization assessments
perforned)

The EPA/DuPont Project Team

In May of 1951, an EPA/DuPont project team
was formed to implement the Chambers
Works project. The team consisted of EPA
personnel from Region 2 headquarters in New
York, from various EPA headquarters offices
in Washingron, DC, and from the Risk Reduc-
ton Engineering Laboratory in Cincinnaa.
The DuPont members were four chemical and
environmental eagineers from the R&D
organization at Chambers Works.,

Waste Stream Selection

In choosing the 13 waste streams, it was the
intent of the EPA/DuPont Project Team to
develop a group of assessments that are
diverse in terms of process type, mode of

Page 8
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operation (i.e., batch or condnuous), waste
type, disposal media, and relative success in
identifying good waste reduction options.

Waste stream selection began with the DuPont
project team members leading a plant-wide
effort to prioritize the waste streams generated
at Chambers Works. They began by collecting
waste information, including a list of waste
streams and their volumes in pounds. The
project team then organized five brainstorming
sessions with key people from each opera-
tional area. These meetings produced a first
cut of 168 waste steams. The project team
then reduced this list to thirty candidates based
on the following two sets of criteria: waste
stream classificadon and EPA selection
criteria.

From the preliminary list of 30, the EPA team
members selected the final 1§ waste sgeams.

Waste Stream Classification

One of the criteria for selecting processes for
this study is that five would have to be se-
lected from each of three categories:

Category 3: Processes for which no recent
waste minimizaton and/or polludon preven-
ton assessment analysis has been per-
formed.

Category 2: Processes which have shown
litle or no progress in waste minimizaton
or pollution prevention.

Category 1: Processes which have shown
significant progress in waste minimizarion
or pollution prevention.

The 15 waste streams eventually chosen for
this project satisfied the classification criteria
at the time of their inclusion on the candidate
list of 30. But before the assessment phase
began, the processes that generated three of
the Category 2 streams began or committed (o
implementadons that would eliminate or

greatly reduce the wastes. In essence, they
became Category 1 waste streams. This is not
surprising given the definition of Category 2
wastes; the facilities that generated them were
already at work to reduce them.

One of the processes generating Category 3
wastes also implemented a project which
climinated the waste entirely.

EPA Selection Criteria

Tae EPA specified a number of additional
criteria to guide DuPont in the selection of the
30 candidate processes. EPA provided these
criteria to easure a variety of candidate pro-
cesses from which to choose the 15. This in
turn would allow DuPont to assess a well-
rounded set of processes to provide as many
different examples to indusay as possible.

The EPA selection criteria were:

* Only ongoing processes at Chambers Works
could be considered.

* The process must produce either a high-
volume waste stream, Of & waste seam
containing high concentrations of hazardous
constituents.

» At least one process from each Chambers
Works operating area must be selected.

* A process could not be rejected because it is
unique or proprietary.

* The selected candidates would include both
batch and continuous processes.

+ Prioritizing waste streams to select pro-
cesses would proceed in accordance with the
process outlined by the EPA methodology.

In addition, the selected processes should meet
as many as possible of the following criteria:

» Candidate processes should either use or
release one of the chemicals on the EPA
“list of 177, or else meet all other project-
specific criteria.

SECTION 2: Project Methodology
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» The processes should have the potendal for
pollution prevention technology transfer to
the EPA or other companies.

« The selected processes should be of types
for which litle or no technical information
for pollution prevention is readily available.

» The selected candidates should include
processes that release waste to a variety of
media: air, land, and water,

These criteria may not necessarily lead other
plants to choose the best streams for waste
reduction opportunides. However, EPA
believes that they helped to identify 15 Cham-
bers Works processes which had both high
potental for waste reductions and for provid-
ing a good breadth of technical informadon
for technology transfer.

Final Selection

In February of 1992, EPA project team mem-
bers arrived at Chambers Works to inspect the
facilities that generated the 30 candidate waste
streams and to anend process overview ses-
sions. The information they received dunng
their visit guided their selecdon of the final

15 waste streams.

Assessment Methodology

The assessments were performed using the
EPA and DuPont methodologies for waste
reduction, and typicaily involved the follow-

ing steps:

+ Assessment team formation
* Area prepantion

+ Option generaton

» Option screening

* Feasibility evaluadon

For Category 1 assessments, option geners-
tion, screening, and evaluation were per-
formed retrospectively. The assessment teams
did not ry w generate new options, but tried
simply to compile the options that had been
considered and reconstruct whatever
prioritization of the options had been per-
formed.

Three Category 2 and one Category 3 pro-
cesses identified successful waste reductions
or eliminatinns before the start of the project’s
assessment phase. Therefore, like the Cat-
sgory | assessments, option geaeration,
screening, and evaluation were performed
retrospectively.

Two of the Category 2 processes and 2ll of the
Category 3 processes performed all of the
assessment steps as prescribed by the EPA
methodology.

Assessment Team Formation

The project team worked with management at
the five operating areas to form assessment
teams for the chosen facilities. Assessment
teams varied in size from four to 12 members.
They tended o be smaller at those facilides
which had already implemented successful
waste reductions. They tended to be largerin a
few cases where the scopes of the assessments
expanded to include other related processes ar
Chambers Works. '

A conscious effort was made 10 include muld-
disciplinary representation on the assessment
teams, Teams typically included an ares
supervisor, chemists, engineers, operators, and
technicians. All of the teams included at least
one, and 23 many as three, participants from
outside the process ares to provide objective
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input. A description of assessment team
dynamics is included in Section 4 of this
report. In general, the project team found that
multidisciplinary participation, and especially
the inclusion of line workers on the teams,
enhanced the number and quahty of the
options generated.

Area Preparation
All of the assessments began-with data collec-
ton and area inspection.

DATA COLLECTION

For each assessment, the project team col-
lected such process daca as operating proce-
dures, flow rates, raw material and product
specifications, records of process changes or
experimental trials, process costs, etc, Where
material balances were not available, the
project team created them using the collected
process data.

Informarion about the waste stream was also
collected. This included waste stream compo-
sition, amounts, disposal media, disposal
costs, and such special costs as ransportaton,
handling, and packaging.

Data collecton typically took one project
team member from four t eight hours, de-
pending on the availability of informaton and
the complexxty of the process.

AREA INSPECTION

Area inspections were performed for all 15
assessments. Thess usually began with a
meeting of project team members, outside
members of the assessment team, and people
from the process area. At these meetings, the
process operations and material balances were
reviewed. Then the participants toured the
area. The meeting and inspection together
typically took about two hours.

The site inspections were useful for giving
outsiders on the assessment team a good
understanding of the process in a short time.
It also provided an opportunity to talk with
process operators and other people who work
at the process area.

Option Generation

For the seven assessments in which the EPA
methodology was applied, brainstorming
sessions were convened (o generate waste
reduction options. At these meetings, the
assessment ‘eams proposed ideas for reducing
the target waste sweam. Team mewmbers weie
encouraged to suggest ideas regardless of
whether they seemed practical at the moment.
Scribes captured suggestions and recorded
them on cause-and-effect “fishbone” charts.
The fishbone charts enabled options to be
grouped into such categories as “chemistry”,
“equipment modification”, “new technology”,
etc. The brainstorming sessions lasted from

two to four hours, and generated about 10 o
20 options each.

For the eight retrospective assessments (i.e.,
assessments on processes which had already
begun or completed implementations), no
attempt was made to generate additional
options. Instead, the assessment teams at-
tempted merely to identify and evaluate the
options that had been considered.

Option Screening

The EPA methodology offers several tools for
screening options which vary in complexity
from simple voting by the assessment team o
the more rigorous weighted-sum ranking and
weighting. Of the seven assessments which
followed the full EPA methodology, five used
weighted-sum ranking and weighting t0 screen
the optons; the other two used simple vodng.

SECTION 2: Project Methodology
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Table 2-1. Selected Criteria with Relative Weights for Five Assessments

cr Orgeais SaR  Diphonei Bher  Menemer
Purifiestion  Nitrosromaties  Presses Pressss Produsties
Reduce Safety Hazards 10 1 10 10 10
Reduce Treatment/Disposal Costs 8 1 1€ - 1
Reduce Waste Quantity 10 1 10 10 s
Effect on Product Quaiity , $ 1 10 10 10
Chance of Success 10 1 10 10 s
Fit Corporate Goals 8 1 8 s -
Enhance Consumer Reistions 8 1 s [ 10
Enhance Community Relstions 8 1 s (] s
Reduce Hazardous Toxicity 3 1 4 - 4 ]
Reduce Raw Mar! Costs 8 1 10 10 8
Low Capital Costs 8 1 10 7 8
Low O&M Costs 3 1 8 7 8
Short impiementation Period 5 1 4 7 ]
Ease of implementation 8 1 8 ] 8
Success Within DuPort 9 1 2 - - ﬁ
Success Outside OuPont - 1 1 - -
Production Not Disrupted [ 1 a 3 10
Permit Requirements 8 1 ; 1 -
| Enhance Empioyes Relations 7 1 1 - s
Source Reduction- 10 1 - s s |
Sest Available Technology - 1 - 3 - }

In those assessments using the weighted-sum  options were combined into a single option, or
method, follow-up meetings were held after general options were divided into several

the brainstorming sessions. The meetings more specific options.

began with an open discussion of the optons.

Sometimes, a team concluded that an opdon After the team agreed on the final option Lst.
did not really reduce waste and removed it they generated a set of criteria against which
from the list. At other times, interdependent to evaluate the options. Generally, tne critera
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prescribed by the EPA methodology were
adopted as a starting point. Other criteria were
often added to reflect company-specific or
process-specific concerns. Table 21 shows
the criteria and relative weights for the five
waste streams that underwent formal ranking
and weightng.

After the criteria were adopted, cach one was
assigned a weight, usually bétween 0 and 10,
to signify its relative importance. [n some
cases, the teams felt that a criterion was not
important to a process, or was adequately
covered by another criterion. They therefore
assigned a value of “0", essentdially removing
the criterion from the list.

After the weights were established, each
option was rated according to how well it
fulfilled each criterion with a number from

0 to 10. Multplying the weight by the rating
provided a score for that criterion, and the sum
of all the scores of all the criteria yielded the
option’s overall score.

One assessment team, for the nitroaromatcs
process, adopted a simplified method in which
they assigned a weight of “1” to all critena.
They then assigned ratings of -1, 0, or «1
according to how well an option sadsfied ¢ach
criterion.

Each assessment team was allowed 1o assign
their own weights to the criteria. Not surpris-
ingly, the weights varied from assessment to
assessment. The project team did not suggest
common weights for all assessments becaus2
this would not have met process-specific
needs, For example, the criterion “short
implementation time” may be less important
where demand for a product is soft. One thing
that all teams seemed to have in common is
that the criteria “safety” and “probability of
success” were always more decisive than their
assigned weights. A low score for safety was
not the same as a similar score for another

criterion. If an option ranked high in all
criteria except safety or probability of success,
it stood no chance of being considered for
implementation. '

Feasibility Evaluation

Technical evaluations for the top options were
performed by the project team with input from
the assessment teams. No formal method was
used for performing most technical evalua-
tions. The project team found that the discus-
sions of each option during the ranking and
weighting sessions usually determined an
opton’s practicality, safety, and effectiveness
in reducing waste. Some of the top options
require plant or lab trials to determine their
technical feasibility.

The most difficult part of the feasibility
evaluation was the economic analysis. This
required estimates of equipment cost, installa-
tion cost, the amount of waste reduction, cost
savings to the process, and economic return.
For all options that had not already been
estimated by the individual facilites, the
project team performed the evaluations.

CALCULATING NPV AND RR

DuPont uses net present value (NPV) and
internal rate of return (IRR) as merrics for
comparing the relative values of waste reduc-
ton opdons. The NPV is the value o DuPont
of an option over time expressed in today’s
after-tax dollars. The value of future cash
flows are discounted to today's dollars using a
given discount rate. All NPV calculations in
this report use a discount rate of 12%. The
IRR is the discount rate at which the NPV of a
given option would equal zero.

The DuPont and EPA methodologies offer
similar tools for performing economic feasi-
bility evaluations. Both offer a simple pay-
back calculation for projects with low capital
costs. Both recommend a calculadon of NPV
which incorporates expanded ume horizons,
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long-term indicators, and allocation of costs
by area. The DuPont methodology offers a
short-cut formula to quickly calculate NPY
based on a set of assumptions. Otherwise,
NPV is usually calculated using computerized

spreadsheets,

One point on which the DuPont and EPA
methodologies differ is how to handle waste
disposal costs. DuPont calculates only the
direct cost of waste disposal. But there are
other costs associated with waste disposal
such ae indirect costs, liahility costs, and such
“soft” costs as community relations. Process
engineers make subjective decisions about
how these other costs add to or offset the
results of an NPV calculaton. But the EPA
recommends that dollar values be assigned to
these other costs and that they be included in
the NPV calculaton.

For the Chambers Works project, NPVs were
calculated in two ways to permit a comparison
of the two methodologies. The NPVs labeled
“DuPont Method” in the assessment reports
use only the direct cost of waste disposal in
the calculation. The NPVs labeled “EPA
Method” were calculated using dollar values
assigned for indirect costs, liability costs, and
soft costs. In both cases, the calculations of
NPV and IRR were based on a number of
assumptions, soms of which are listed below:

« 3 ame span of 10 years

» 1.S. tax and depreciaton rates

* 2 4% inflation rate for all cash flows
« startup costs at 10% of investment

» 40% of permanent investrnent spent in first
year, 60% spent in second year, and start-up
at the beginning of the third year

» achievement of 50% of the costs and rev-
enues in the first year of operation

* the only terminal value of a project is its
working capital liquidation

* calculation made at beginning of year zero

» end-of-year cash flows

When applying the EPA method to calculate
NPV, the project team constzructed a comput-
erized spreadsheet to estimate the value of
cach variable in the calculation. These in-
cluded costs associated with investment,
revenue, costs savings, working capital, and
one-time charges.

A short-cut method for calcuiating NPV for
quick evaluation of multiple options has been
developed by DuPont. This formula is math-
ematically equivalent to the EPA methodology
as long as the assumptions given above are
made.

NPV(12%) =
(=91)*L + (-33YHCR) + (<. S0)*WC + (. 54)°0TC

where: [ = Investment
C = Cost
R = Revenue
WC = Working capital
OTC = One-time charges

In this formula, the assumptions determine the
values of the coefficients (the numbers within
parentheses). Changing the assumpdions
would require a change in the coefficient
values.

Calculating the investment for an option
required an understanding of the impact the
opdon will have upon operating procedures
and equipment. At times, the project team
used computer modeling to determine this
impact. Estimates for equipment costs were
aided by the availability of an in-house data-
base of such costs, vendor information, and
rade books. These estimates also had to
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include costs associated with the installation
of equipment, such as piping, insTumentation,
contingency, escalaton, etc.

Estimating changes in operating costs required
data for the annual generarion of waste, waste
disposal media, disposal costs, and any appli-
cable special waste costs such as ransporta-
ton, handling, and packaging. Operating costs
include raw materials, utilities, and labor. The
economic evaluations in this-report also
considered cost savings which are triggered by
waste reduction options, but are not directly
related to waste reduction. These include
improved equipment uptime, increased pro-
ducdvity, faster product changeovers in
multiproduct facilites, improved quality, and
reduced working capital.

Many options claimed additional product
recovery as a benefit. Estimating the value of
the additional product depended on whether
the generating process was “sold out” (i.e.,
every pound of product had an immediate
buyer) or had slack demand. In slack-demand
processes, production can be reduced by an
amount equivalent to the amount of product
recovered. Thus, the value of additional
product recovery equals the variable cost of
producing the equivalent amount of new
product. In the sold-out processes, there would
be no production decrease since every avail-
able pound of preduct is quickly sold. Thus,
the value of the recovered product equals its
selling price less amy additional selling costs.

Many options require laboratory or plant mials
to demonstrate their technical feasibility. The
cost of these trials were handled as one-time
charges and include the cost of engineering,
chemists, lab dme, etc.

EPA METHOD vs. DUPONT METHOD

The DuPont method calculates only real
changes in cash flow resulting from a project.
The method recognizes that the economic
evaluation is not always the chief determinant
of whether a waste reduction option gets
approval for implementation. So-called “soft
costs” are also considered. But no attempt is
made to place a dollar value on these costs.

Examples of such costs are safety, occupa-
tional health, and community relations. Soft
COSts can cause an economically acceptable
option to be rejected, or an economically
marginal option t© be approved. In one of the
case studies included in this report, a waste
reduction option which had a negative NPV
was implemented because of the soft cost of
regulatory compliance. Another of the case
studies reports implementation of a negative-
NPYV option because the implementation
would enhance customer relations. Con-
versely, several assessments identified cost-
effective options that were rejected because of
negative soft costs, i.e., they would compro-
mise safety.

The EPA method suggests a “total cost assess-
ment”, which considers four elements:

* extended time horizon

* use of long-term indicators
* allocation of costs by ares
+ expanded cost inventory

All of these elements are accounted for in the

DuPont methodology except for the expanded
cost inventory. This element attempts to place
dollar values on what DuPont would regard as
soft costs. Such intangibles as enhanced public
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image are quandfied and included in the NPV
calculadon. For the 15§ assessments, NPVs and
[RRs that were calculated by the EPA method
include an allowance for future liability and
full disposal costs. But they don’t include the
intangible benefits as these were judged to be
too difficult to estimate.

Another difference between the EPA and
DuPont methods is in the way waste disposal
costs are estimated. Most of the waste sreams
in this report are disposed on-site at one of the
Chambers Works disposal facilides. The
accountng system at Chambers Works
charges a process the full fixed and variable
costs for the waste it generates. This is the
allocadon of cost by area recommended by the
EPA'’s total cost assessment. However, the
DuPont methodology for calculating disposal
cost savings uses only the acrual cost saved by
DuPont, i.e.,.the variable costs of waste
disposal. The fixed costs associated with the

- on-site treamment facilities do not significandy
decrease with smaller waste volume. These
costs-are redistributed among the remaining
users. In other words, the on-site Teament
cost used by a process in economic evalua-
dons is 1owcr than the cost actually p;ud by
the process ' ‘for waste treatment.

To Some extent; tHe existence of on-site
treatment facilides does tend to reducc the
incentve for waste reduction when economics
are calculated using the DuPont:methodology.
For marginal cases, an NPV using the tull cost
of disposal is often calculated in addition :o
the variabie cost-only NPV In these instances
-the-direct-cost NPV is the pnmary evaluadon
tool and the full-cost NPV i is considered-as a
soﬁ benefit. [n those cases where waste is-
dxsposed off site, the NPV calculated by the
DuPont and EPA mcthodolog:cs are the same.

-For most of the’15 assessments, the DuPont
and -EPA cconomics did not differ greaty.
Discounting of furure cash flows diminished

the differences between the two calcutations,
especially for economically attractive options.
In fact, disposal costs represented only a small
portion (about 11%) of the savings in most
cases. Savings from such process improve-
ments as sauiter « ycle dmes, yield increases,
reduced raw material costs, ¢tc. were usually
decisive. The value of these savings is exactly
the same whether one uses the EPA or the
DuPont method of calculating NPV.

Assegsment Results

To date, seven of the 15 processes have
implemented waste reduction options. Without
those implementations, their wastes would
have totaled 4,004,000 Ibs per year. They now
total 1,075,000 1bs per year, a reduction of
73%. The total capital requirement for these
seven processes was $3,085,000. The largest
capital project required $2,200,000, while
some projects required no capital money at all.
The total’NPV for the waste rediictions was
$15; 574 000 (using the DuPont met.hodology)
Théy all had positive economic returns; except
for one implementation that was regulatory
driven. Economic returns for the 1m§lér3ema-

‘tions tended to be very high because most of

thém provided benefits other than waste

- minimization, such as increased yield, produc-

dvity, reduced cycle dme, etc. All seven
implementations achieved source reductions,

‘although some combined source reductions

with recycling as well.

The other eight processes are now in various
‘stages of implementing waste reducton
‘projects. Their combined waste streams total

4,934,000 1bs per year. The assessments
identified options that could reduce this
number by 34% to 3,250,000 1bs.-Only one of
the eight processes idendfied an opdon that
would completely eliminate the waste stream.

The others identfied reductions ranging from
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21% to 50%. Total capital cost for implement-
ing the waste reductions is $3,600,000. All
eight of the processes identified options with
positive economic returns for a total NPV-of
$23,681,000 (using the DuPont methodology).
Most of the processes have begun implementa-
dons, but several have placed their implemen-
tations on hold pending commitment of re-
sources. A brief follow-up note will be pro-
vided to the EPA in one year to summarize the

implementation status for these eight processes.

If the recommended options for all 15 case
studies are implemented, and if they achieve
the predicted waste reductons, then DuPont
will save $14,900,000 per year (using the
DuPont methodology). These savings are
itemized below:

* $1,645,000 in waste disposal costs (treat-
ment, handling, packaging, ransportation,
etc.)

+ 52,185,000 from improved product recovery
(reduced raw materials consumpdon, reduced
utliges use, etc.).

+ $11,070,000 from such process improve-
ment benefits as increased uptime, increased
- capacity, improved quality, etc.

Not all waste minimization assessments
idendfy cost-effective waste reductions. The
high rate of retum for the assessments in this
project are probably due to the EPA methodol-
ogy criteria by which the waste streams were
selected. These criteria select waste streams in
part for their waste minimization potential,
weeding out the streams that are less likely to0
be reducible. The criteria also tend to select
large waste streams which offer more pounds
of waste reduction per dollar of capitai
spending.

When iarge streams coatain valuable products,
the value of recovering the product often
exceeds the cost of disposal. In fact, disposal
costs represented only a small fraction of the
savings for many of the assessments in this
project. Most of the savings come from other
process improvements that result from the
waste reduction option, such as improved
yield, quality, cycle ime, and productivity.

SECTION 2: Project Methodciogy
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SECTION

Case Studies

This section presents the assessment reports
for the 15 waste streams that comprised the
Chambers Works project. The reports describe
the wastes and the processes that produce
them, the incentives for reducing the wastes,
the waste reduction options that were gener-
ated by assessment teams, the technical and
economic evaluations of the best options, and

key learnings for other waste reduction efforts.

[n each report, only the best waste reduction
options are described in any detail. The full
list of generated options are presented in
tables, along with the pros and cons of each.
The economic evaluations of the best optuions
are also summarized in tables.

Before reading these reports, be sure to review
Section 2: Project Methodology for a descrip-
tion of the methods used for option generation
and screening, and for performing the techni-
¢cal and economic feasibility analyses.

Section 2 also describes the selection and
classification of the waste streams included in
the project, and the formation of assessment

teams and the tasks they performed.

The reports provide economic and waste
reduction totals for individual assessments.
The combined totals for all 15 assessments are
presented in Section 2,

SECTION 3: Case Studies
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CATEGORY 3

Case Study 1: Specialty Alcohols

A reduction in product impurities permits elimination of waste from a

product wash step

Abstract

This case study describes a successful effort to
eliminate a waste stream generated by wash-
ing a specialty alcohol product of impurites
and residual acidity. Improvements in the
purity of the crude product have enabled the
business to explore ways of neutralizing the
residual acidity and eliminating the wash step
entirely. This effort began not as 3 waste mini-
mization project, but as part of an overall
process improvement program. Acid neutral-
ization will replace washing because it artains

most of the goals of the program, of which
waste minimization is but one. This study
highlights the importance of considering all
business objectives when trying o minimize
waste. Waste minimization is often interre-
lated with such other business objectives as
quality improvements, increased capacity, and
reduced cycle times. This assessment also
demonstrates how improvements in one area
of a process can produce opportunities for
improvement in other areas.

batch of alcohol crude Specialty sicohal crude
A cntery the wash keale LALLM 22
and is mixed with wa- ator

I

%

i ter, chemical scavenging mmﬂmﬁ

! agents, and isopropyl alcohol

| (IPA). The mixture is agitated

| and then ailowed to settle. The

‘ speciaity alcohol product sepa-
rates from the wash and setties

10 the bottom of the keale. The

mixture is then drained from

the bouom of the kettle through

a sight giass monitored by an

operator. The seuled product

leaves the kenls botwom first

and is sent 10 an seewmnaiseor
-

Speciaity sicshal crude

ank. When the oparator sees
that the product- layer has
drained and the sgueons wash
has started 0 exit the kettie,
he/she diverts the low from
the accumulator ank o & sump
for disposal.

The product layer in the accumulator tank is then
returned to the wash kectle (or a second wash with water,
scavengers, and [PA. Again, the mixture is agitated and
. then allowed o settle. The kettle is drained, with the
specialty alcohol product going w0 the accumulator

AQueous wash
(waste sream)

Soecialty sicohol crude

(from wash #1/wash §2)
n.fd
| Finished
product
tank. Again, the operator diverts the aqueous wash ©
the wastewater sump for disposal. From the accumula-

tor tank, the specialty alcohol is filtered and drummed
for shipment as final product.

Figure 3-1. Speciairy Alcohols Wash Process
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CASE STUDY 1: Speciaity Alcohols

CATEGORY 3

Background

DuPont produces several specialty alcohols at
its Chambers Works site. When manufactured,
these alcohols contain residual acidity which
must be removed before the product can be
sold. Historically, the crude alcohol also
contained halogenated impurities. These
corrosive compounds shortened the service
life of process equipment and were respon-
sible for high maintenance costs. But over the
years, an ongoing process improvement
program has steadily reduced these impurities.
Today, the amount of impurities in the alcohol
crude is low enough that further processing is
not required except to remove the residual
acidity.

In the mid-1970s, the Chambers Works plant
implemented a process that washes residual
acidity and impurities out of the alcohol crude.
The process, illustrated in Figure 31, consists
of washing the crude twice in aqueous solu-
tions containing inorganic chemical “scaven-
gers”, which removed residual acidity and
‘mpurities. Isopropy! alcohol (IPA) is added to
the solutions to assist the separation of the
alcohol product from the wash water at the
end of each wash.

The used wash water is sent to the on-site
wastewater treatment plant for disposal. With
the exception of a small amount of alcohol
product that leaves the process as a yield loss,
IPA is the only organic component of this
waste stream.

The improved purity of the alcohol crude
presented a good opportunity for a dramatic
waste reduction. The only purpose now served
by the wash process is to remove residual
acidity from the crude. So-a method for
neutralizing the crude with a chernical agent
was developed. This neurralization option will

be implemented in early 1993, and will com-
pletely eliminate the wash process and its
attendant waste.

The improved purity of the alcohol crude and
the resuiting elimination of the wash process
originated not from a dedicated waste minirni-
zation effort, but from an ongoing process
improvement program that has waste minimi-
zation as just one of its goals. The other goals
are improved quality, shorter cycle times,
reduction of inventories, etc. Nevertheless, a
formal waste minimization assessment was
undertaken to generate additional options and
to compare them against acid neutralization.
At an informal review of these options, the
assessment team agreed that acid neutraliza-
tion was clearly the best and only option for
reducing wastes and satisfying other process
improvement goals.

The process improvement program imple-
mented acid neutralization for a variety of
reasons:

* Process simplification. Acid neutralization
frees the washing equipment for other uses.

It simplifies operating procedures and
enhances process flexibility.

* Reduction in raw mazerial cosss. This
includes the cost of IPA and the chemical
scavengers used in the wash process.

» Waste reducton. Acid neutralization re-
duces disposal costs by eliminating the need
for treatment at the wastewater treatment
plant,

* Improved product yield. The small amounts
of alcohol product that were lost in the
wash water are now ;aved.

+ Increased capacity. The elimination of the
wash process removes a significant bottle-
neck in the production of specialty alcohols.

SECTION 3: Case Studies
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CATEGORY 3

CASE STUDY 1: Speciaity Aicohois

Figure 3-2. Speciaity Alcohols Waste Minimizanon Opdons

Description of Waste Stream

A typical analysis of the waste stream result-
ing from the specialty alconol wash process
would reveal:

Water 93.6%
[PA 5.1%
Alcohol (product) 0.7%
Inorganic chemicals 0.6%

Excluding water, IPA accounts for 80% (by
weight) of the waste stream, and 94% of the
total organic content (TOC). At present. the
wash process produces 0.15 1bs.of waste TOC
for every pound of specialty alcohol produced.
This waste stream is sent to the on-site waste-

water reatment plant for disposal.

Costs associated with this waste stream in-
clude the replacement cost of the [PA and
chemical scavengers, the yield loss repre-
sented by the specialty alcobol component,
and the wastewater treatment cost. .

Previous Waste Minimization Efforts
A series of small process changes over the
course of 1§ years gradually reduced impun-
ties in the specialty alcohol crude. These
changes were driven by a desire to improve

product quality. The possibility that impurities
had been reduced enough to eliminate the
solvent wash was not explored during this
period because the wash step was still thought
to be necessary for good quality.

In 1991, a process improvement team ident-
fied elimination of the wash step as an option
for simplifying the process. A subsequent
laboratory study, completed in mid-1992,
determined that washes were not needed for
removing impurites, and that neutralizing the
residual acid in the alcohol was all that was
required.

Aside from continuous improvement in the
purity of specialty alcohol crude, there has
been no previous effort to reduce waste from
the specialty alcohols wash process.

Waste Minimization Options

The specialty alcohols assessment team met in
a brainstorming session and generated nine
possible options for reducing waste. They
recorded their ideas by constructing a cause-
and-effect “fishbone” chart, shown in

Figure 3--2. Given the clear superiority of the
acid neutralization option, the assessment
teamn did not perform formal weighting 1nd




CASE STUDY 1: Speciaity Alcohois CATEGORY 3

Table 3-1. Ranked Summary of Specialty Alcohols Waste Minimizaton Opdons

Option Pros Cons
1. Replace wash process with acid - Elimination of the waste stream
neutralization step. + Anainmenm of other process
improvement goals
2. Substitute a less toxic somm + Substitution of waste IPA with 3 + Atemative soivent is undefined
for IPA. less toxic substance « Akemative solvent would pose
disposal problems of its own
* No real reduction in the amount
of waste produced
3. Use salt solution instead of IPA, ¢ Reduction of TOC load in waste * Uncertain whether salt faciitates
and wash product once instead stream by about 34% separation as well as IPA
of twice. * Wouid not attain other process
improvement goals
4. Employ aitemative chemistry 1o+ Elimination of the waste stream « ARernative chemistry is undefined
eliminate acid residual in : + High research cost
product crude. + High capital cost
« Long implementation time
S. Wash product crude once + Reduction of the IPA componentof  « Would not attain other process
instead of twice. the waste stream by hait improvement goais
8. Recycle second wash o first + Reduction of the IPA componentof + Wouid not attain other process
wash of next baich. the wasts stream by hat improvement goals
7. Wash product crude at higher  » Elimination or reduction of IPA « Uncenasin chance of success
tempaeratures. component of waste stream * Would not attain other process
improvement goais
8. Vacuum-strip IPA fmm wash for + Eliminaton of IPA component of » Not 2 soures reduction
recycling. waste siream * High resesrch cost
o High capital cost
* Long implementation time
9. Replace washing with atema- + Elimination of waste stream * Uncertsin chance of success ;
tive separation technoiogy. « Migh ressarch cost
» High capital cost
B . + Long implementation time

ranking using the weighted-sum method. The  Technical and Economic Feasibility
acid neutralization option satisfied all of the .
process improvement program goals, includ- ~ Technical Evaluation

ing complete source reduction of organic The acid neutralization option had been

wa;te from the wash process. Table 3-1 chosen before this waste minimization assess-
summarizes the assessment team's informal ment. But th.2 assessment provided a method
evaluadon of each option. for testing the validity of this option against
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CASE STUDY 1: Specialty Aiconhols

Tabie 3-2. Economic Summary of Top Specialty Alcohols Wasie Minimization Opdon

Waste EPA Method OuPont Method implemen-
Option Reduction | Capital Cost NPV (12%) IRR | NPY(12%) IRA | ation Time
Replace wash
process with acid
neutralization stepi 100% $40,000 $725,000 | 182%| $272,000 | 93% | 1yewr
Comments: For an explanation of terms used in this analysis, see the discussion under “Feasiility
Evaluation® in Section 2: Project Methodology.

other options generated by the interdiscipli-
nary assessment team.

Because acid neutralization offered a complete
source reduction of waste with lirtie capital
cost, all options that prescribed variations on
the present washing method were quickly

climinated. Options that prescribed changes in .

reaction chemistry or separation technology
were poorly defined, and couid not be imple-
mented without significant research and
capital expenditures, and long development
times. This left acid neutralization as the only
option worthy of an economic evaluation. It
not only provided a complete source reducton
of waste, but also met all of the other process
improvement goals.

Economic Evaluation
The results of the economic analysis are
presented in Table 3—2. The analysis consid-
.ered such environmenml cost savings as yield
improvement, wastewater treatment costs, and
replacemnent costs for the wash solutions. Also
considered were cost savings from the attain-
ment of process improvement goals such as

shortened cycle ames and lower maintenance
costs.

The majority of the cost savings from imple-
menting acid neutralization resulted from
eliminating the waste saeam. But adding the
process improvement benefits significantly
enhanced the attractiveness of this option. It’s
conceivable that marginal waste reduction
options for other processes could become

justifiable if they were evaluated on the basis
of both weste minimization and process
improvement results,

Barriers to Impiementation

The Chambers Works site expects to imple-
ment the acid neutralization option in early
1993. There are no perceived barriers to
implemenaton. -

Opportunities for Others

This case study, like others in this series,
highlights the importance of considering ail
business objectives when trying to minimize
waste. There were many incentives for change
in addidon to waste minimization, and the
combinatior: of these incentives led to a suc-
cessful effort. Waste reductions are often
interrelated with other goals of a process im-
provement program, and solutions which
satisfy all of these goals are solutions that are
likely to be impiemented.

The specialty alcohols experience also demon-
strates how improvements made in one area of
the process can produce opportunities in other
areas. The elimination of the wash process
was made possible by improving product
purity over a period of years. Significantly,
some time had passed between the attainment
of virtually impurity-free production and the
realization that the wash process might no
longer be necessary. [t's important for process
improvement teams to periodically reevaluate
the entire manufacturing process as continu-
ous improvements are implemented.
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Case Study 2: Organic Salt Process

A waste reduction effort extends its scope to an upstream process for

possible source reductions

Abstract

This report describes a waste minimization
assessment performed for a process that
neutralizes and purifies an acidic crude to
recover an organic salt. The assessment
revealed opportunities for waste reduction not
only in the purification process itself, but also
in the upstream process that produces the
crude. Several options that combine source
reductions with recycling were adopted for
implenmientation. Some of these options have
broad application throughout the process
industries.

Background

The DuPont Chambers Works site produces .
an organic sait used in the textile industry. The
salt is produced in two separate processes
(ilustrated in Figure 3-3) at the site. The first
process makes an acidic crude (called “crude
acid’) through a series of reactions. A reactant
in one of the reactions is methanol, and excess
amounts of it are required o achieve a high-
yield crude acid.

In the second process, the crude acid is reu-
tralized with an aiféaline compound, and then
cooled to0 allow organic salt crystals to form.
These crystals are filtered out, and the remain-
ing process stream is sent o a distllation
column where the excess methanol is recov-
ered. The remaining waste from the
disallarion column is sent to the on-site
wastewater treatment plant for disposal.

This waste minimization assessment began as
an artempt to reduce waste from the process
for neurralizing and purifying the organic salt.

But the assessment team found opportunities
for waste reduction in the crude acid process

as well. The most promising waste minimiza-
tion candidates were found to be:

* a source reduction through the minimization
of a byproduct generated in the process that
makes the crude,

* a source reduction through improved recov-
ery of product in the purification process,

* and improved recycling of a process reactant
through elimination of wastes caused by
equipment startups and shutdowns.

Implementation of these optons would result
in an estimated waste reduction of 25%.

Description of Waste Stream
A typical analysis of the waste stream leaving
the methanol recovery column would reveal:

Water 88.0%
Reaction byproducts 8.3%
Organic salt (product)  2.2%
Alkaline compound 1.0%
Methanol 0.5%

The amount of waste from this process has
been constant for several years and equals
0.14 1bs of nonaqueous waste for every pound
of organic sait produced.

Costs associated with this waste stream in-
clude the yield loss represented by the
unrecovered organic salt, replacement cost of
unrecovered methanol, and the costs of treat-
ing the stream at the wastewater treatment
plant.

SECTION 3: Case Studies
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CASE STUDY 2: Organic Sait Process
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series of reactions produces the crude acid
.AwhichilMinnalubhorgamcde

| One of he reactants is methanol, and excess

. amounts of it ave required 10 forcs one of the reac-

;  ton3 lo compieton.

| The crude acid is then fed inso a neutralizer, where it
is mixed with an alkaline compound and heated. From
the neutralizer, the crude passes on 10 a crystailizer
which cools the mixure, causing organic sait crystals
to form. The crystal-bearing mixtuare then passes on o
a rotary vacuum filter. Here the organic salt crystals
collect in the outer part of the filter, forming a solid
“filter cake™. The remaining liquid, called the

“filtrate”, consists of methanol, byproducts, and
uncrysallized orgmic salt.

The acidic filtram exits the rotary filter and enters a
neutralizing tank. where it is mixed with an alkaling
compound to prowct the downstream process equip-
ment. From the neutrslizing tani, the Gltrass is sent 10
the methanol recovery column, Thers the fitrase is
heated, causing the methanal to boil off and exit the
process from the top of the columm. The dissilled
methanol is coliected and recycled back t0 the crude
acid process. The remaining liquid exits the column
bouom and is sent o the on-site wastswater weatment
plant for disposal.

Figure 3-3. Organic Salt Process
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CASE STUDY 2: Organic Sait Process

CATEGORY 3

Previous Waste Minimization Efforts

There are three waste minimization projects
now being implemented in the organic salt
process:

» Optimize the reactant ratio in the crude acid
process to reduce byproduct formation. The
reaction that produces the crude acid is the
source of the byproducts in the waste
stream.

o Recirculate the column bottoms stream back
1o the methanol recovery column during
startup. During startup of the methanol
recovery column, before the column has
reached its operating temperature for opti-
mum takeoff of methanol product, some
methanol leaves with the column bottoms
and is diverted to the wastewater treatment
plant. A project is now under way to
recirculate the column bottoms to a holding
tank until the column has reached its operat-
ing temperature. The material in the holding
tank would then be reintroduced to the

column for normal methanol recovery.
Successful implementation of this project
would reduce the amount of methanol in the
waste stream.

» Install chiller to reduce the temperatures
within the crystallizer. Lower crystallizer
temperatures will increase the amount of
organic salt that crystallizes out from the
crude acid. Successful implementation of
this project will reduce the organic salt
content of the waste stream.

These three projects were begun in an effort to

increase process productivity by improving

product yield and reducing waste.

Waste Minimization Options

The assessment team for the organic salt
process met in a brainstorming session and
generated 19 possible options for reducing
waste. They recorded their ideas by construct-
ing a cause-and-effect “fishbone™ chart, shown
in Figure 3-4. In subsequent meetings, the

0/0re geiagon 1o

Figure 34, Organic Salt Waste Minimuzagon Opdons
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‘maximum score = 1,210

CATEGORY 3 CASE STUDY 2: Organic Sait Process
Tabie 3-3. Ranked Summary of Organic Sait Waste Minimization Options
Option Proe Cons Comments Score*
. Optimize + Addresses a major This option wouid reduce the 948
reactant ratio in cause of waste amount of byproducts which
crude acid * Low capital and form in the crude acid
process. operating costs process.

2 Usenew * Vety high source + Very high capital This option would ensure 822
technology o reduction potential cost thas virtually all of the
make the crude reactants are consumed in
acid. the reaction that produces

the crude acid.

3. Add water t0 + High source + Moderate capital This option wouid prevent 792
combine with reduction potential cost eXCoes reactants in the
6XCH89 reac- » Lowoperating cost « Safety concems crude acid pmcees from
tants in the forming byproducts.
crude acid :
process.

4. Recirculate » Moderate recyciing -+ Moderate capital This option requires the 882
methanol potential cost installation of piping and |
column bottoms « Very good chance control squipment.
during startupe of success '
and shutdowns. |

5. \nstail chiller for ’
the crystailizer, + Moderate source » Moderate capitsl Lower temperatures wouid 838

reduction potential caost CRUSe MOre organic salt o ‘

* Very good chancs crystaiiize, improving the 1
of success product yield and reducing '
wWaste. !

6. Add agentto '
enhance the + Low source - Unknown chance A chemical agent that would 521
crystailization of reduction potertial af success snhance crystaiiization has
organic sait. not yet been identified ‘

7. improve fiter
cioths in rotary  + Low source + Low chance of At present, some 504
vacuum filter. reduction potential success salt is iost through the fiker

* Low capital and cloths. Previous attempts ©©
opersting costs identify better filter clothe
have faied.

8. Optimize
addition and + Presumptive + Low chance of The prevailing view 487
mixing of source reduction success assessment team members
akaline is that present method is
compound. siready eificient.

9. Optime .
column control  + Small recyciing » Lowchance of This option invoives finding a 488
point, potential uccess better location on the

' methanol recovery column
for placing temperature and
pressure controls.

Page 28
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CATEGORY 3

Table 3-3. Ranked Summary of Organic Salt Waste Minimization Options (comt' d)

Option Pros Cons Comments Score*

10. install larger Moderate source ¢ Very high capital Larger cooiing coils would 442
cooiing coils reduction potential cost C2USSe MOre organic salt to
within the Moderate chance crystalize, improving yieid
crysiaiiizer. of success and reducing waste.

11. Install auto- Moderate source Moderate capital This option wouid provide 438
Matic tempera- reduction potential cost better control of the rate of
ture controlier. e chance cocling within the crystal-

of succees lizer

12. Usa brine as Moderste source ¢ Highcaptalcost  Replacing water with brine a2
cooling medium reduction potential  + High operation wouid permit cooler tem-
within coils. Moderate chance and maintenance  peratures within the crystal-

of success costs lizer.

13. Decreases the Low capaal cost * Low waste Tne akaii protects process 402
amount of alkali minimization equipment from the acidic
added before potential crude. This option would
distillation step. + Low chance of reduce waste by the amount

success of the akali reduction, a very
amoum,

14. Use evapora- Moderate source  * Very high capital  This option would repiace 398
tive cooling reduction potential cost the present method of
technique to Moderate chance  * Very .:.gh opers-  crystakizing the product,
crystailize of success tion mainte-
product. nance costs ‘

15. Upgrade PH Presumptive + Lowchance of Assessment team achieved 382
controliers at source reduction success consensus that present piH
the neutralizer. - control is not a problem.

18. Isclate fiter + Low waste This option seeks to recover 332
wash stream minimz ation the smail amount of !
and recirculate potential salt that is lost in the filter .
tto the + Low chance of wash stream, [
neutraiizer. suCCess

17, + Low waste Water in the rotary fiker 296
Sool fiter wash imization washes impurities out of the |

potential fiker-cake. Inevitably, some !
+ Low chance of crystals disscive and wash :
success sway. This option would ;
reduce this (small) yield loss }

By caaling the m

18. rotary ¢+ Low waste This would recover more 288
vc:;‘um fiter miInimzation product, dut requires a
fitrate and potential ‘method for the
acrcusetio oot Tirae balore & ecicuiates

i ccoss )
the neutralizer. | succe 10 the i o

19. R + Low recycling This option hopes to achieve 252
m:?h.:m potential & more elficient distillation of
recovery o Very mgh capital the methanal from the waste
column, cost _ stream. .

!
‘7 ‘maximym score = 1.210
_
Page2s
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CASE STUDY 2: Organic Sait Process

teamn discussed the options and ranked them
using the weighted sum method described in
Section 2 of this document.

Table 3-3 summarizes these discussions, and
presents the opdons in rank order.

The 19 options generated during the brain-
storming session fall into three categories:

+ Source reduction of waste stream constitu-
ents (11 optons)

* Recovery and recycling of methanol or
organic salt (five opticns)

¢ Increased crude acid purity to reduce impu-
ritdes which end up in the waste stream
(three options)

Technical and Economic Feasibility
After considering the pros and cons of each
option listed in Table 3-3, the assessment
team chose five optons for technical and
economic feasibility analysis:

+ Optimize reactant ratio in crude acid process
» Use new technology to make the crude acid

* Add water 1o combine with excess reactants
in the crude acid process

» Recirculate methanol column contents
during startups and shutdowns

« Install chiller for the.crysallizer

Technical Analysis

The “optimize reactant ratio” and “add
water...in crude acid process” options both
involve changes to the present process for
making crude acid. The former option requires
no capital investment, while the latter requires
a moderate investnent. Both options have
high source reduction potentials. Both are
technically feasible, although only plant trials
can confirm their effeciveness.

The new technology for making crude acid
process has been successfully demonstrated in
other applications. Although the waste mini-
mization potential of this option is significant,
the cost of implementing this option cannot be
justified

Recirculating the methanol column bottoms
during startups and shutdowns is a recycling
option that is easy to implement for a small
capital investment. The installation of a chiller
for the crystallizer is also easy to implement,
although it does require a moderate capital
investment Neither option represents new
technology, and both are technically feasible.

Economic Analysis

The economic analysis of these five optons is
presented in Table 3—4. Results are provided
using both DuPont and EPA methodologies.
The DuPont methodology uses the variable
costs of wastewater treatment because the
company uses its own wastewater facility.
Thus, the DuPont methodology does not take
into account the fixed costs of wastewater
treatment, whereas the EPA methodology uses
both the fixed and the variable costs in eco-
nomic analyses.

The analysis reveals the most promising
options to be:

» Optimize reactant ratio in crude acid process

* Recirculate the column contents during
srartup/shutdown

+ Install chilier for the crysmllizer

The three options have short implementation
periods and high “internal rates of return”
(IRR) with little capital investment. Imple-
mentation of the three options would yield a
combined waste reduction of 25%.

Cama 1IN
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CASE STUDY 2: Organic Sait Process

CATEGORY 3

Barriers to Implementation

There are no anticipated barriers to implemen-
tation of any of the three options. Projects for
optimizing the reactant ratios and installing
the chiller are well under way. A project for
recirculating the contents of the methanol
column is still in the planning stage, and
completion is expected some time in 1993.

Opportunities for Others

The waste minimization options examined in
this case study have general application for
other processes. In most chemical processes,
there is an inverse reladonship between
product yield and waste. If reactant ratios are

not in balance, then an excess reactant is likely
to become involved in a side reaction that
produces byproducts. This lowers the product
yield on raw materials and increases waste.

Equipment startups and shutdowns are fre-
quent sourc:s cf waste. When process
equipment is started up, there usually is a
“line-out” period before the equipment
achieves its standard operating conditions.
Process streams that pass through the equip-
ment during line-out usually emerge off spec
and contain large amounts of waste. Methods
for reintroducing these streams to the equip-
ment after line-out can result in signiticant
waste reductions:

Table 3-4. Economic Summary of Top Organic Sait Waste Minimization Optons

Waste EPA Nethod DuPontMethod | implemen-
Option Reduction | Capital Cost NPV(12%)  IRR | NPV(12%) IRR | tation Nime
Opgmizo reactant
ratio in crude acid
process 5% $0 | $5.700,000] ©° | $5500000! oo |&monns
Add water...in |
the crude acid . '
process 19% $206.000 | $1,100,000 | 79% $400,000 | 42% | 1year '
Recir:ur:to ':
methanol column |
bottoms... 13% $25.000 | $700,000 | 211%  $200,000 | 103%| 1year |
Install chiller... % $190.000 | $9.700,000 | <09% $9,400,000 | 205%. 8 montns |
|
Use new technol ,
{0 make the .
grguydo acid 54% $5,230,000 | ($600.000){ 9% | ($2,700.000) | < 0% | 2years |
L
Comments: The economics for these options are given on a stand-alone basis, and do not consider
possible synergies from implementing more than one option. *
Parentheses dencte negative numbers.
For an explanation of terms used in this analysis, see the diacussion under “Feasbilty
Evaluation” in Section 2: Project Methodology.
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Case Study 3: Nitroaromatics
Improved flow control is the key to waste reduction in this distillation process

Abstract

A waste minimization assessment was per-
formed for a process that produces
nitroaromatic compounds. Continuous distilla-
tion separates the compounds into their
constituent isomers and removes reaction
byproducts. The chief impediment to reducing

waste was found to be difficulties in control-

ling the rate of flow from the detarring column
that discharges the wastes. The full benefit of
a source reduction in reaction byproducts will
not be realized unless the flow control prob-
lem is solved. Waste reduction for this process
will consist of a series of small improvements
rather than the implementation of a single
soludion.

Product
Aromatic
compound
DISTILLATION
l Crude STEP
REACTION CONTROLLER
STEP P —
="
| |
w.u’
n.o}v—i'm VALVE
PUMP
REBORER
romatic compounds and nitric acid enter these wasies continucusly. The flow from the ,
the reastos where they are mixed t0 creass reboiler must be carefully measured and congrolled |
nitrosromatic compounds and reaction 10 prevent a buildup of reaction byproducts w0
byproducts. The cruds leaving the reacicr pro- unsafe levels. This fiow conerol is accomplished
ceeds to the disillation step, where nitosromatic by means of 3 low meter and vaive. The flow nm
campounds are removed from the crude and is 30 low that s 1/8" fiow-tube is used to obwmin
purified. Among the distillation equipment is 2 accurass messurements. At exremely low flows
detarring column where nitroaromatic product the valve and ow meter become plugged, forcing
boils off, leaving the reaction byproducts, a process shutdown. To prevent this occurrence,
unrecovered product, and distillation wrs o the operation runs &t 3 higher-tham-optimal
accumulate within the reboiler. A pump removes flow rate.

Figure 3=8. Nitroaromatics Process
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CATEGORY 3

Background

The Chambers Works site produces several
nitroaromatic compounds which have a
variety of commercial uses. The continuous
process for producing these compounds,
illustrated in Figure 3-S5, consists of a reaction
step and a distillation step.

In the reacton step, aromatic feedstock is
combined with nitric acid within a reactor t0
produce a crude consisting of nitroaromatic
compounds and some reaction byproducts.
One of these byproducts, which has a higher
boiling point than the others, has low thermal
stability. This high-boiling byproduct could
pose a <ifety hazard during disdlladon if
allowed to concentrate above a certain thresh-
old within the crude as product is removed.
The formation of the high-boiling byproduct
can be minimized through careful control of
the ratio of feedstock to nitric acid within the
reactor. Nevertheless, a certain amount of the
high-boiling byproduct inevitably forms.

From the reactor, the crude undergoes a series
of distillations to remove the byproducts and
purify the nitroaromatic compounds to product
specifications. Distillation exploits differences
in the boiling points of each compound within
the nitroaromatic crude, separating com-
pounds with lower boiling points (low-boilers)
from those with higher boiling points (high-
boilers). The process stream enters a distilla-
don column where it is subjected to heat. The
low-boilers leave the top of the column as
vapor, while the high-boilers leave the column
reboiler as liquid. By controlling the tempera-
ture and pressure within the process equip-
ment, one can control the chemical composi-
tion of the vapors and liquids leaving the
column.

Included among the distillation equipment in
the nitroaromatics process is a distllation
column known as the “detarring column”. It
receives a continuous feed of crude, boiling
off nitroaromatic products and discharging a
viscous waste stream containing the reaction

|
! me%
belore separation and set ¢\ "y
3

Use oniine insrument
10 MANLor swengh of
g

%

{ii

Figure 3-4. Nitroaromaucs Wasie Minuruzasion Options (Reaction Step)
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CASE STUDY 3: Nitroaromatics

byproducts, unrecovered product, and a small
amount of tars which form during distllation.
The waste stream leaving the detarring col-
umn is incinerated.

The waste stream contains two major compo-
nents and arises from two sources. The first
component consists of the byproducts formed
during the reaction step. These are chemically
unstable and would pose a safety hazard if
allowed to concentrate within the waste
stream. The second component consists of
niroaromatic product purged as waste with
the reaction byproducts from the detarring
column reboiler. The source of this yield loss
is an inability to adequately conwol the rate at
which the wastes are purged. Waste leaves the
reboiler through a flow meter that has a diam-
eter of just 1/8". The flow meter controls a
valve which opens to achieve the desired flow
rate. When flow rates are extremely low, both
flow meter and valve clog up, causing flow to
stop completely and the process to shut down.
To avoid this development, the process runs at
higher flow rates. But at higher flows, larger
amounts of otherwise recoverable product are
removed with the waste.

The lower the purge rate, the more product is
recovered in the detarring column. But at very
low flows, reaction byproducts would accu-
mulate to an unsafe level within the reboiler.
Thus, process improvements aimed exclu-
sively at reducing the purge rate can achieve
only marginal waste reductions. Similarly,
reducing the formation of reaction byproducts
alone would not achieve much waste reduc-
ton because of the high purge rate at the
detarring column. However, implementing
both improvements together would greatly
reduce the waste from the nitroaromatics
process.

Description of Waste Stream
A typical analysis of the waste stream leaving
the nitroaromatics column is provided below.

Unrecovered product  76%
Byproducts 20%
Distillation tars 4%

The amount of waste from this process has
been constant for several years, and equals
0.014 lbs for every pound of nitroaromatic

4
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CASE STUDY 3: Nitroaromatics

CATEGORY 3

" Table 3-8. Ranked Summary of Nitroaromatics Waste Minimization Options (Reaction Step)

Option Pros Cone Comments Score*
. Use online + May achieve « Could be difficult The strength of the spent 18
instrument 10 source reduction to implement acid the reactor
monitor of reaction wouid controi the rate of feed
strength of acid byproducts acid =4de-n, Acid
lsaving reactor. couid be measured by a
variety of instruments,
inciuding pH or density
meters.
. improve reactor + May achieve « Uncenainchance  improved agi could 14
agitation. source reduction of success reduce the ation of
of reaction reaction byproducts.
byproducts
. Modily teed- + Would achisve *+ Reduced produc-  Decreasing nitric acid wouid 12
stocn ratics. source reduction tion capacay incraase the amount of
of reaction * increased cperat-  unreacted aromatic feed-
byproducts ing costs stock 10 be removed during
the distiliation step.
. Modify reactant  + Speculstive source ¢ Uncenain chance  Based on the assumption 1
mixing mecha- reduction of of success that improved mixing wouid
nism, reaction reduce byproduct formation.
byproducts
. Reduce reactor + May achieve « Reduced produc-  Reduced reactor feed rates 9
feed rates. source reduction lion capactty - would result in
of reaction + May require residence times within the
byproducts redesign of reactor reactor. Some studies
indicate that byproduct
formation may decrease
under these conditions.
. Find altemative + Hasthe potential  + Uncertain chance  High costs maka this option 7
way 10 synthe- for reducing of success unattractive at this time.
3iZe proguces. reaction necause altema-
byproducts ives are not well
undersood
+ Migh develcpment
cost ;
» High implementa-
lon cost I
. Redesign + Seversi possible + High cevelopment  High costs make this option 7
reactor, designs offer cost unastractive at this time, ,
promise for * Higi implementa- :
byproduct tion cost !
reduction |
t
. Remove . Vlnudumhm + Low concentra- The low cancentration of L] !
reaction a signif tions of byproduct  byproduct within the crude
byproduct component of : n crude Defore - and high capital costs make
before separa- waste 00878100 Make this option unattractive.
tionand seli it  « Reduces the major chance of success
componem of untikely
waste by permit- + Large captal cost
ting greater + Satety imnations
product recovery
,maximum score = &1
——
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CASE STUDY 3: Nitroaromatics

T'able 3-6. Ranked Summary of Nitroaromatics Waste Minimization Options (Disdllasion Step)

Option Pros Cons Comments Score”
1. Use computer Permits optimiza-  + Does not scive Capability of implementing 16
tracking system tion of waste flow control this option exists in present
0 monaor purge control problems and, process control squipment,
wastes. Easy implementa- therelore, doesn't
tion reduce wastes
2 Improve flow . Reduction in major + Uncentain chance  On-line instrumentation may 14
meter and component of of success allow iower flow rates
vaive &t waste through without compromising
detarring better product safety.
column and recovesry
add oniline « implementation
instrumenta- required to realize
tion, benefits from
source reduction
of reaction
byproduct
3. implement Reduction in major - May present a This option wouid allow 14
bateh purging component of more difficult wasls to accumulate in
of waste from waste through control probiem column reboiler 1 be purged
detarring better product than continuous pericdicailly in batches.
column, recovery purging Batch jng would create
additional safety conceme
that wouid have to be
addressed.
4. improve flow Reduction in major + Uncentain chance  Investigation required o 14
meter and component of of success (may determine if better equip~
vaive at waste through already be using ment is available. It's
detarring better product ‘he best available  possible that oniine instru-
column, recovery ‘echnology) mentation will also be
Impiemaentation + Safety concems required 10 enhance safety.
required o reaiize
benefits from
source reduction
of reaction
byproduct .
‘maximum score « 21

crude produced. At present, wastes from the
detarring column are incinerated.

Costs associated with this waste stream
include the yield loss represented by unre-
covered product and the cost of incinerating
the waste sream. -

Previous Waste Minimization Efforts
In recent years, several anempts have been
made to reduce the waste stream from the
niTOAromanLcs process:

* A study was performed on the effect of

increasing the ratio of aromatic feedstock to
nitric acid within the reactor. The study
showed that changing the ratio could de-
crease byproducts. But these changes could
not achieve its full measure of waste reduc-
tion unless the flow rate problem at the
detarring column were solved.

A process control software program was
installed to track the amounts of waste
discharged from the detarring column. The
information provided by the program heiped
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CASE STUDY 3J: Nitroaromatics

CATEGORY 3

Table 3-6. Ranked Swrmary of Nitroaromatics Waste Minimization Oprions (Disdllation Step, cont d)

Option Pros Cons Comments Score”
§. Add a stabiliz- Wouid reduce the ¢+ Stabilizing agents  See “Case Study S: CAP 12
ing agent 10 tars formed in in distillation Purification” in this series for
crude 10 isomer separation columns greatly a description of the problems
pravent tar column compiicate waste  associated with using
formation management stabilizers in distiltation
during distilla- + Addresses avery columns.
tion. small component
of the waste
) stream
6. Optimize Lower tempera- + Uncertain chance 20Me tare do form 11
temperature tures and pres- of success during the distilation step,
and pressure sures could * Tars constitute byproducts are the
control during reduce distillation only a small part major source of waste from
distillanion step. tars of the waste this process.
siream
7. Redesign Would permit + High capital cost Seurce reductions in the 9
detarring operation at + Long development  reaction step would be more
column reboiler greater fiow rates and implementa- cost sifective.
to permit tion time
removal of
more wastes.,
8. Replace Reduces the + High capital cost Source reductions in the 8
distillation with major component  + Long deveiopment  reaction step wouid be more
a different of the waste by and implementa- cost effective.
technology. permitting greater tion time
product recovery
9. Seil wastes as Would eliminate + May be difficult to 8
a product. the waste stream find buyers
10. Run wastes + Reduces the + High capital cost Possible technoiogies 3
thraugh an major component ¢ Laong implementa.  include use of a wiped-film
additional of the waste by ‘ion time evaporator. Source reducs
product permitting greater tions in the reaction step
recovery step, product recovery shouid be considered first.
‘maximum score = 21

" 10 decrease wastes somewhat. More impor-
rantly, it heightened awareness about the
amount of waste produced and identified
flow control as a major impediment to waste

reduction.

cause-and-effect “fishbone” charts shown in
Figures 3-6 and 3-7. One chart contains
uptions which address reaction byproduct
formation, and the other contains options for

reducing wastes from the distillation step. In
subsequent meetings, the assessment team

Waste Minimization Options

The assessment team for the nitroaromatics
process met in a brainstorming session and
generated 18 options for reducing waste. They
recorded their ideas by constructing the two

discussed the options and ranked them using
the weighted-sum method described in Secton
2 of this document. Tables 3-5 and

3-6 summarize these discussions, and presents
the opdons in rank order.

SECTION 3: Case Studies
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CATEGORY 3 CASE STUDY 3: Nitroaromatics

Determining how options generated for one Technical and Economic Feasibility
process would affect conditions at the other After considering the pros and cons of each
process introduced a level of complexity not option listed in Tables 3-S5 and 36, the
encountered in other case histories in this assessment team chose four options for techni-
series. For this reason, the assessment team cal and economic feasibility analysis:

used the flexibility afforded by the DuPont . )
andEPAmetholeogiestosz:plifythe -meﬂowmandvalvendeomng
weighted-sum ranking method described in _
Section 2 of this document. The team assigned  * [mprove flow meter and valve at detarring

a weight of “1” to each criterion. They then column a.nd add online instrumentation
assigned a score of “+1”, “0”, or“~1" toeach  * Use online instrument to monitor strength of
opton according to how well it satisfied the acid leaving reactor

criterion. » Improve reactor agitation

Table 3-7. Economic Summary of Top Nitroaromatics Waste Minimization Options

Wasts EPA Method OuPont Method implemen-
Option Reduction | Capitai Cost NPV (12%) IRR NPV (12%) IRR | tation Time
Reaction STEP:
Use online instru-
ment 1o measure ,
strength of acid... |
& ‘
Improve reactor ?
agitation 17% $63.000 $398,000 | 87% $291,000 | 72% | 6 months
DisTLLATION STEP: |
Improve tiow
meter & valve 16% $37.000 $396,000 | 75% $243,000 | 57% | 8 months
improve liow '
meter & vaive...
onling instrumen- ‘
tation 23% $109,000 $484,000 | 54% $267,000 | 39% | 1year |
Comments: The economics for these options are given on & stand-alone basis, and do NOt consider E
7 possible syn«dos from implementing more than one option, .
The waste reduction percentages for the distillation step options are not fully additive ¢
both options are implemented.
implementing the reaction step option and one of the distillation step options would gve a
combined waste reduction of about 37%.

! For an expianation of terms used in this analysis, see the discussion under “Feasiiity
5 Evaluation” in Section 2: Project Methodology.

Page 38 SECTION 3: Case Stuces



CASE STUDY 3: Nitroaromatics

CATEGORY 3

The results of the analysis are presented in
Table 3-7.

These four options were chosen because taken
together, they seem to represent a coherent,
stepwise plan for waste reducton, rather ghan
a collection of disparate projects. The opdons
“new flow meter and valve” and “new flow
meter, valve, and online instrumentation™ are
designed to bring the detarring column flow
rate under control, a necessary precondition
for meaningful source reduction. The addition
of online inscumentation will not improve
waste reduction, but may be required to ensure
that the present margin of safety is main-
tained.

The last two options (improve reactor agita-
tion, continuous monitoring of acid sarength)
are designed to achieve source reductions in
byproduct formation. These two options were
combined for the economic evaluation be-
cause it may be necessary to implement both
to achieve the desired source reduction. [t's
worth repeating that these source reducuons
will not reduce waste untl the flow rate from
the detarring column is brought under contol.

Barriers to Impiementation

It seems likely that the waste reduction from
the detarring column purge stream can be
achieved by ihproving the flow conerol.
although there is some feeling among assess-
ment team members that the present fow
concaol mechaniems already represent the best

available technology.

Methods for achieving source reductions i
byproduct formation are more experimental.
The waste reduction figures given in

Table 3-7 are based on the assumption that
these options will work. But in fact, the causes
of byproduct formation require more study.
Previous tests have yielded mixed results. It’s
possible that the options identified here will
achieve less waste reduction than the figure
given in Table 3-7.

In a best case scenario, implementing waste
reduction options in both the reaction and
purificaton steps will yield a 37% reduction.
In the worst case, solving the flow rate prob-
lem should reduce waste by 16%. These steps
would also provide a better understanding of
the process, and prepare the nitroaromatics
area for a future waste minimization effort.

Opportunities for Others

The nitroaromatics process demonstrates how
waste minimization is sometimes an iterative
process in which progress is made in small
steps, and not in a single great leap.

This case history, like others in this series,
also demonstrates how 8 waste reduction
effort must often expand beyond its original
scope. The assessment team originally focused
only on the reaction step. But it soon became
apparent that significant reductions could be

achieved only by expanding the scope of the
assessment to include the distillation step
as well.

SECTION 3: Case Stucies
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CATEGORY 3

Case Study 4: Diphenol Ether Process
Balancing the potential for waste reduction with operational safety

Abstract

This case study focuses on a waste stream
from a batch process for making a substituted
diphenol ether. The process uses a solvent as a
reaction stabilizer. A recovery step recycles
some of the solvent for future reuse, but safety
concemns limit the amount of solvent recov-
ered. Unrecovered solvent consdtutes the

greatest part of the waste. The chosen waste
reduction option permits the recovery of more,
but not all, of the added solveat. This report
illustrates an increasingly frequent situation in
which process engineers must balance safety
considerations with the need to minimize
waste.
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solid organic sakt is

slurried with solvent

within the slhurry ank and
thent introduced 10 the reaction
vessel, There, the siurry is mixed
with chiorinated phenol, and the
mixture is heated. The resulting
reaction produces diphenol ether
and s small amount of byproducts.
When the reaction is compieted, a vacuum is
applied to the equipment 10 lower the boiling
point of the solvent. The solvent then boils up
the distillation column and collects in the
solvent receiving tank for eventual reuse.
About half of the solvent in the reaction vessel
nsquummnm.mﬂnwyﬂn
the receiving mnk.

After the solvent recovery stsp, the reaction
mass is dumped into a drowning tank full of
water. [t is then washed with a large, continu-
ous stream of waser. The diphenol ether serties
10 the boaom of the tank, while the remaining
solvent and reaction byproducts dissolve in the
aquecus wash. The waste-bearing water is
siphoned off contivously from the top of the
1ank and sent o the on-sise wastewaser
wreatment plant for disposal. After the wash
step, the free liquid is filtered off. The diphenol
ether is then sent 0 another facility on-site for
further processing.

SOLVENT
RECEIVING
TANK

Figure 3-8. Diphenol Ether Process
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CATEGORY 3

Background

The DuPont Chambers Works facility pro-
duces a substituted diphenol ether which, after
further processing at another facility on-site,
becomes a raw material for the manufacture of
various polymers. The process produces an
ajueous waste stream containing a solvent and
small amount of reaction byproducts.

The process for producing diphenol ether is
illustrated in Figure 3-8. A solid organic salt
is slurried with a solvent, introduced to a

reaction vessel, and mixed with a chlorinated -

phenol. The subsequent reaction produces the
diphenol ether and byproducts. When the
reaction is complete, about half &f the solvent
is recovered for reuse by means of a distilla-
tion column connected to the reacton vessel.
The reaction mass is then drowned and
washed with copious amounts of water to
remove the solvent and byproducts.

The solvent performs double duty in this
process. It serves as a transport medium,
carrying the organic salt to the reactor. Within
the reactor, the solvent performs an important
safety role. Both the raw material and reaction

byproducts are extremely volatile and can
explode when dry. The solvent prevens
drying of the volatile compounds. Thus, there
is a limit to how much solvent can be removed
from the reaction vessel before process safety
is compromised.

An additional recovery step for removing
solvent from the drowning tank wash water
cannot be seriously considered. The wash
water is so dilute that no known recovery
method can be made cost-effective. Reuse of
the wash water is not an option because the
byproduct it removes is at its sclubility !im:t.

Description of Waste Stream

Water comprises almost 99% of the waste
from the drowning tank. A typical analysis of
the waste (excluding water) would reveal:

Inorganic salt 50%
Solvent 36%
Unreacted raw material 11%
Reacton byproducts 3%

The amount of waste from this process has
been constant for several years and (excluding
water) equals 0.24 1bs for every pound of

Instal ‘arger soivent receiving n&a@’ l

% &
) Uograde solver distilation swp %‘ I
Use chemical exraction o remove &,
0/vent from reaction mase % Waste frem
Drowniag
Increase the amourt of chiorinaisd phensi In- Teakt

. _reacior 1 achieve more complew reaction Overflow
Deveiop more accurate st 'solate reaction mass aier drowning }
o e matery ' Use aiternative chemistry to |

NAOgEN o e reacior

Sparge
<38 aiferent soivert & inhibit formasion of resction byproduct

Figure 3=9. Diphenoi Eirer 4'aste Mimmazagon Options
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CASE STUDY 4: Oiphenol Ether Process

Table 3-8. Ranked Swmmary of Diphenol Ether Wasie Minimization Opdons

Option Pros Cons Comments Score”
1. Use less Less soivent in + Safety concems 900
soivent. waste
Lower raw material
costs
2. lnstal) larger Less solvent in + Moderate capital Pressnt tank size imposes a ars
solvent waste investment limit on how much solvent
receiving tank. Lower raw material - Safety concems can be recovered.
costs
3. Upgrade Less solvent in + Prohibitive capital  This option proposes the 800
solvent waste cost instaliation of a new and
distillation step. Less reaction + Based in part on larger distillation column as
byproduct in waste speculative well as a larger soivent
Lower raw material hypothes's of how  receiving tanik.
costs reaction byproduct
forms
+ Safety concerms
4. isolate reaction Less soivent in + High capital cost Would require installation of 874
mass after waste « Poor chance of a soivent purification system.
* drowning. Lower raw matenal success because
costs of safety concermns
5. Develop more Reducad reaction  + Very iow waste More precise knowisdge of 839
accuraie test byproducts in minimzation raw material purity wouild
for raw material waste potential help reduce unreactesd raw
purty. Low cost materials by permitting
High chance of optimization of reactant
success ratics. But reaction
Easy implementa- byproducts are a very small }
tion part of the waste stream. !
8. Use chemical Lower soivent . Increased raw 627 ;
extraction o costs material cost (for !
remove soivent Less soivent in chemical extractor) l
from reaction waste - - Produces a new |
mass. waste stream 'l
+ Moderate capital i
cost i
+ Safety concems :
‘maximum score e 1,170 !
diphenol ether product produced. The waste Previous Waste Minimization Efforts

stream is treated at the on-site wastewater
treatment facility. ‘

Major costs associated with this waste sream
are the costs of wastewater treatment and the

raw material costs represented by the

unrecovered solvent Yield losses from this

process are extremely low.,

Past efforts to reduce solvent waste have
consisted of incremental atempts to reduce
the amount of solvent left unrecovered within
the reactor. Each attempt is preceded by
testing to ensure that the new target amount
will sdll be sufficient to keep the reacton

mass stable. As a result of these attempts, the
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Tabie 3-8. Ranked Summary of Diphenol Ether Waste Minimization Options (cont' d)

Option Pros Cons Comments Score’
7. Increase the + Product yield More reaction 508
amaumnt of improvement byproduct in waste
chiorinated + Lower raw material
phenol in cost
reactor 1o + Less unreacted
achieve more raw material in
complete waste
rescton.
8. Use ditferent + Specuistive ARemative soivent 509
solvent, reduction in not specified (poor
soivert waste chance of suc-
coss)
9. Use altemative + Speculative Altemative Previous attempts o use & 501
chemisury 0 requction in waste chemustry not different process © manu-
manufacture specified (poor facture product have failed.
product. chance of suc-
cess)

10. Send reaction  + Improved safety High captaicost  The additional 432
mass o + Less soivent in + Introduces would stabilize the otherwise
cownstream waste ~ additional process  unstable compounds within
process ‘or + Lower raw material steps 10 down- the reaction mass.
tunther process- costs stream process
ing.

11, Sparge nitrogen  + Less byproductin  + High capital This high-cost option 47
into reactor o waste ‘nvestment for addresses a very small
inhibit formation omission abate-  component of the waste
of reaction ment system stream.
byproduct. + Couid produce a

waste stream of
s own
+ Air permit modifi-
caton needed
‘maximum score = 1,170

amount of unrecovered solvent has been
reduced by abous 40% over the past ten years.

Waste Minimization Options

The assessment team for the diphenol ether
process met in a brainstorming session and
generated 11 possible options for reducing
waste. They recorded their ideas by constuct-
ing a cause-and-effect “fishbone” chart, shown
in Figure 3-9. In subsequent meetings, the
team discussed the options and ranked them
using the weighted-sum method described in

Section 2 of this document. Table 3-8 summa-
rizes these discussions, and presents the
options in rank order.

The options with the highest waste minimiza-
tion potential are those which attempt to
reduce the amount of solvent in the waste.
Options which attempt to reduce the formation
of byproducts or improve the purity of the raw
materials have a very low potential for waste
reduction because the reaction in this process
is already very efficient, and the amount of
byproducts in the waste is very small.

SECTION 3: Case Studies
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CASE STUDY 4: Diphenol Ether Process

Tabie 3=9. Economic Summary of Top Diphenol Ether Waste Minimization Opdons

Waste EPA Method DuPont Method Implemen-
Option Reduction | Capital Cost NPV (12%) IRR | NPV (12%) IRR | tstion Time
Use iess solvent 58% $0 | $3.070,000 | oo $1,290000 | = | 1yesr
Install arger...
receiving tank 47% $128,000 | $2,100,000 | 153% $750,000 | 83% | 1 year
Upgrade solvent '
distillation step 47% . $376,000 | $2,100,000 | 78% $5850.000 | 38% | 1.5 years
Comments: For an explanation of termns used in this analysis, see the discussion under “Feasillty

Evaluation” in Section 2: Project Methodology.

Technical and Economic Feasibility

Technical Evaluation

After considering the pros and cons of each
option in Table 3-8, the assessment team
chose three for technical and economic feasi-
bility analysis:

* Use less solvent

* Install larger solvent receiving tank
+ Upgrade solvent distillation step

Opton 1 simply calls for using less solvent to
slurry the organic salt. This option scores well
in terms of ease of implementation and waste
minimization potential. But any attempt to
reduce solvent before the reaction step raises
serious safety issues because of the volarility
of the unreacted chlorinated phenoi.

"Option 2, “Install larger solvent receiving
tank”, is also relatively easy to implement.
This option calls for distilling off more solvent
after the reaction is complete and before the
reaction mass is sent to the drowning tank.
The extra distillarion is not possible at this
time because the solvent receiving tank is too
small to accept additional solvent. Installing a
larger tank would make implementation of
this opton possible.

Option 3, “Upgrade solvent distillation step”,
would require a significant capital invesunent
in that it calls for the installation of botha
larger distillation coluinn and a new receiving
tank. This option would reduce waste in two
ways. First, an upgraded column would permit
the removal of more solvent. (This is why the
larger receiving wnk is required.) Secondly,
the new column would improve the purity of
the solvent removed from the reactor. At
present, some unreacted raw material boils up
the column with the solvent, and this material
ultimately becornes waste.

Economic Evaluation

Table 3-9 summarizes the results of the
economic feasibility study for the three top-
rated options. Option | is the most economi-
cally attractive since it requires no capital
investnent, and its Net Present Value (NPV)
is higher than the other options. But safety
concems associated with this option offset its
economic attractiveness, and move it to the
bottom of the list of three as a candidate for
implementation. :

Option 2, “Install larger solvent receiving
tank”, was chosen as the best option. It has an
acceptable NPV, and is far safer than

Pace 44
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CASE STUDY 4: Diphenol Ether Process

CATEGORY 3

Option 1. The larger tanks enable additonal

solvent distillation after the volatile chlorinated

phenol has been consumed in the reaction.

Option 3, “Upgrade distillation step”, would
require significant capital expenditure for a
waste reduction that is approximately equal to
that of the less costly Option 2. For this reason,
it is not a candidate for implementation.

Barriers to Implementation

Safety concerns frustrate most attempts 10
reduce wastes from this process. Recently, the
process chemist and representadves frearthe
DuPoat central research organizadon met io
consider alternative chemistries for producing
diphenol ether. The group concluded that none
of the alternatives they identified resolved the
safety issues or produced less waste.

A project for installing a larger receiving tank
is currently in the planning stages. However,

neither the capital nor the human resources to
implement this option have yet been assigned.

Opportunities for Others

Several case studies in this series examine
processes where a stubilizing agent is added
for safety reasoas. In all of those studies, the
stabilizing agent either comprises the chief
component of the waste stream, or otherwise
frustrates attempts at waste reduction. All of
these processes were designed long before
waste reduction became a serious concern. As
a rule, the original process designers allowed

themselves large margins of safety by recom-
mending the use of far more stabilizing agent

| than necessary. In these processes, waste

reductions often can be achieved by simply
reevaluating the amount of stabilizing agent
required for safety so that the amount of
stabilizer can be reduced.

SECTION 3: Case Studies
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Case Study S: CAP Purification
Viable waste reductions are difficult to identify in old processes

Abstract

A waste minimization assessment was per-
formed for a process which uses a distillation
columa to purify a chiorosromatic compound
from a product crude. The addition of a solid
stabilizing agent to minimize tar formation
indirectly increases the process waste sueam
and frustrates artempts to reduce waste. Thus,
the inauguration cf a program to reduce the

amount of stabilizer used was chosen as the
best waste minimization option. This assess-
ment exposes a possible flaw in the methodol-
ogy for weighting and ranking waste reduction
options. By not giving enough weight 10 an
option's probability for success, several
unworkable options placed near the top of the
list,

Inmsrmedial out

he CAP crude and sabilizer

enser the still and are heaswed

while the column operses
Waser boils off, rises 10 the top of the
column, and exits the process. The
pressure within the column is then
reduced.
During the transition from stmo-
Mnm;mbw-
boilers continus w0 rise up the columa.
Al firse, the material consists largely
of wawer, low-boiling impurites, and
some CAP. This maerial, called the
“foreshot cut™, enters a receiving tank
10 be heid until the end of the product
campaign. At thas tms, & will bs used
to Sush the process equipment in
preparation for the next campaign.

Aseolmmmﬁmnm

. ties incressss. AL some point, this
“insrmediae cut” is diverwd w0
another receiving tank 1 be recycied
back inio the sill with the next basch
of the campaign. When the columa

* has a las achisved its operating
pressure, virtually pare CAP boils up
in & Anal “product cut”.

Figure 3-10. CAP Process
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~ Background

The DuPont Chambers Works site produces a
chiorinated aromatic product (CAP) in two
separate processes at the site. One process
makes CAP crude, and the other purifies the
crude to product specifications.

The process which purifies CAP crude is
among the oldest at the Chambers Works site.
The process equipment is not dedicated to
CAP purification, but is used to purify other
products as well. Each CAP product “cam-
paign” can purify a maximum of three batches
of CAP crude before the amount of waste
accumulating within the equipment precludes
further processing.

The CAP is essentially boiled off from the
crude by a heated stll which is connected toa
batch distllation column. This method exploits
differences in the temperatures at which each
constituent of the crude will boil. Lowering the

pressure within the process equipment has the
effect of lowering all boiling points. At the
right temperature and pressure, compounds
with lower boiling points (low-boilers) will
vaporize and rise to the top of the column.
There they condense, and either leave the
process or pass tc 3 ;cceiving tank to be held
for further processing. By controlling the
temperature of the crude and the pressure
within the process equipment, one can control
the chemical content of the vapor taken off the
top of the column.

Heating the CAP crude causes the formation of
oyproducts, some of which are heavy tars. To
minimize byproduct formation, a stabilizing
agent is added to the crude. If an insufficient
amount of stabilizer is present, byprodact
formation can be very rapid, causing damage
to the process equipment. Although the
stabilizer is a nonhazardous solid, its
accumulation during a product campaign

i increase ounty of raw
TRSNGS Used D
{ maxe CAP cruge

Sell cuas CAP crude
wihout ounining it

NSl an extemgl SaDNZer enium/

feif

0dLCO CONADNG Dresse /!

I3 eauament 1 remave /.S’
1EOKZEr oM wesw STeem
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[ 4

Figure 3=11. CAP Waste Muumitation Oprions
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CASE STUDY §: CAP Purification

Table 3-10. Ranked Swwmary of CAP Waste Minimization Options

‘Maximum score = 1,450

Option Pros Cons Comments Score
1. Reduce + Addresses a major + Would require ideas for reducing the 1,080
stabiizer by cause of waste implementation of  amount of stabiitzer include
50%. + Low-to-moderate ot least one and adding stabilizer only © the
capital and perhaps several flrst Daich W « cAMPaign, oF
operating costs other aptions to adding progressively smaller
assure that the amounts 1o each baich.
Process remains
stable
2. Use chemical * Wouid eliminate Virtuaily no chancs  The chief reason for purify- 1,010
“‘color scaven- the need for of success ing CAP crude is 10 sliminate
ger. distillation process color and produce & water-
white quid. But a seerch of
the chemical itersture failed
10 identlly a scavenger that
would sliminate color,
3. Instail equip- * Would reducs High captal cost 980
ment 10 remove waste Long implementa-
stabilizer from * Wouid permit tios time
the waste recycling of
stream. stabiizer
910
4. Sell CAP crude - Would eliminate Virtually no chance
without the need for of customer
puritying . distillation process acceptance
S. Implement + Wouid reduce the - Developing a Assumes that more precise 890
continuous amount of stabi- sutable measuring control would reduce
monitonng of lizer used device could be stabilizer while maintaining
stabilizer level. - adficuit an acceptable margin of
safety.
6. installpump o + Would reduce the A pump would ciraulate CAP 870
circuiste the amount of stabi- within the stil to keep the
stabilizer within lizer used stabilizer in suspension.
the still. * Low-to-moderste (Mechanical agitation is nat
capital cost an option because of still
geomeny.)
7. Reduce * Would permit May be difficult to 840
opersting distillation at lower mpiement
pressure, temperatures,
which would in
wum reduce tars
formed during
distillation and
allow a reduction
of stabilizer ysed
8. Install an * Would greatly Very high capital 830
extemnal increass CAP costs
stabiizer recovery by May be difficult to
column. keoping stabilizer implement
out of the stil techmcaily




CASE STUDY 5: CAP Puritication CATEGORAY 3
Tabdis 3-10. Ranked Summary of CAP Waste Minimization Options (cons’ d)
Option Pros Comments Score®
9. increass o Accum
rese, ., =
chargese per ::ﬂfm
campaign. Iwh
; present process
10. MCAP o Would sliminate + Prohibitive capital 780
the need for cont
dha‘qul. stabilizer
« May improve CAP
recovery
11. Replace * Wouid reduce * High capital cost ' 780
heating coils amount of stabi-
in still with lizer by improving
external heat circulation within
source. still
12. Use different + Presumed *+ Very low probsbi-  Previous attempts to find 780
stabilizer. increase in CAP ity of success alternative stabilizers have
) recovery + High ressarchcost  failed.
13. Incresse purity + Would merely shift 480
of raw materiaie some of the waste
used 10 make disposal problem
CAP crude. 10 another process
-mm-y.ao

indirectly contributes to waste by preventing
complete recovery of CAP product. Moreover,
the stabilizer is chiefly respoasible for the
gricty, extremely viscous consistency of the
waste stream. .

Figure 3--10 illustrates the CAP purificaton
process. The distllation process consists of
three phases:

* the “foreshot cus” . Water and low-boiling
impurities boil off first. This material is
stored in a holding tank t eventually flush

the still after the final basch of the campaign.

* the “intermediaze cur” . A wransition period
during which increasing amounts of CAP

boil up with the last of the low-boilers. This
material is stored for recycling into the sull
during the next baxch.

* the “product cur”. With the low-boilers
gonc.wmallymeAthhwdse
column.

After the third and final batch of the campaign,
a viscous “heel” of tar and stabilizer remains at
the bottom of the siill. The still is heated w©
maximum temperature and pregsure to recover
as much residual product from the heel as
possible. Then the tank that holds the foreshot
cut empties into the still to flush the beel. The
flugh is dewatered and incinerated.

SECTION 3: Case Studies
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Description of Waste Stream
A typical analysis of the waste stream leaving
the CAP still is provided below.

CAP (unrecovered product) 60%

Stabilizer 4%
Impurities 3%
High-boiling tars 3%

The consistency of the organic portion of the
waste stream is much like that of heavy motor
oil. However, the stabilizer thickens the waste
considerably, and limits the amount of CAP
that can be recovered from the crude.

The amount of waste from this process has
been constant for several years, and equals
0.12 1bs for every pound of CAP product
recovered. At present, wastes from CAP
purification are incinerated.

Costs associated with this waste sgeam in-
clude the yield loss represented by the
unrecovered CAP, replacement cost of the
stabilizer, and the costs of incinerating the
waste stream.

Previous Waste Minimization Ettorts
Over the years, several efforts were made to0
reduce wastes from the CAP purificaaon
process:

* The practice of myelin; the intermediate
cut was designed into the process (o increase
the amount of CAP recovered. This yield
improvement reduced the CAP component
of the waste.

* Successful introduction of the stabilizer to
the process minimized the formation of tars
dunn; distillation. These tars would other-
wise contribute to the organic component of
the waste.

» An effort 10 eliminate the stabilizer failed.
Had it succeeded, it would have removed a
major cause of waste generation. ‘

Waste Minimization Options

The assessment team for CAP purification met
in a brainstorming sessioa and generated 13
possible options for reducing waste. They
recorded their ideas by constructing a cause-
and-effect “fishbone” chart, shown in
Figure 3-1 1. In subsequent meetings, the team
discussed the options and ranked them using
the weighted-sum method described in
Section 2 of this document. Table 3-10 sum-
marizes these discussions, and presents the
options in rank order.

Most of the opdoans focus on the solid stabi-
lizer. One option that was not suggested
during brainstorming is changing the method
of stabilizer addition from batch o contdinu-
ous. This was among the most promising
options in Case Study 9: “CAP [somers
Process”. But that case study examined a
continuous distillation process. The CAP
purification process is a batch distillation;
adding stabilizer in continuous mode would
result in no waste reductions at all.

Technical and Economic Feasibility

After considering the pros and cons of each

option listed in Table 3--10, the assessment-

team chose six options for technical and

economic feasibility analysis:

+ Option 1: Reduce stabilizer by 50%

» Option 3: Install equipment to remove
stabilizer from the wasts stream

» Optioa §: Implement continuous monitoring
of saabilizer level
* Opdoa 6: Install pump to circulate the
stabilizer within the still

« Opton 7: Reduce operating pressure

« Option 8: Install an external stabilizer
column

R,
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CASE STUDY S: CAP Purification CATEGORY 3
Tabig 3-11. Economic Summary of Top CAP Waste Minimization Options
Waste EPA Method OuPont Method
Option Reduction| Capital Cost NPV (12%) IRR NPY (12%) IRR | ation Time
Reduice stabilizer
by 50% 4% $20,000 $68,000 | 59% $6,000 | 58% | 6 months
Install equipment
{0 remove stabi-
kzer... 59% | $331,000| ($156,000) | <0%| ($156,000) | <0%| 1yesr
Impiement contin- *
uous monitoring
of stabillzer level | 34% $57.000 $32,000 | 24% |  $32,000 | 24% | 6 months
Install pump to
circulate
stabilizer... 34% $48,000 $41,000 | 29% $41,000 | 29% | 6 months
Reduce operat-
ing pressure 34% $104,000 ($9.000) | 10% ($9.000) | 10% | 1yesr
Instail an exter-
nal stabilizer
column 59% $237.000 ($73.000) | 3% ($73,000) | 3% | 1year
Comments: The economics for these options are given on a stand-aione basis, and do not consider
possible synergies from implementing more than one option.
Waste recuction percemntages for thase options are not fully additive i more than one
option is implemented.
Parentheses dencte negative numbers.
For an explanation of terme used in this analysis, see the discussion under “Feasiility
Evaluation” in Section 2: Project Methodology.

The results of the economic analysis are
presented in Table 3-11. Option 1 is easy to0
implement, has a good chance of reducing
waste, and has a good economic rewm.
However, safety concerns will probably
prevent it from being implemented. Options 5,
6, and 7 achieve the same waste reduction as
Optiom 1, but provide additional process
controls that would maintain the present level
of safety.

Option 3 offers greater waste reductions and
would be fairly easy to impiement, but the
capital cost is prohibitive. Similarly, Option 8

would reduce wastes substantially but at a
high cost.

Of the options considered, Option 6, “Install
pump 00 circulate the stabilizer within the
still”, offers the best chance of success.

Barriers to Implementation
The addition of stabilizer is a safety practice
that prevents rapid byproduct and tar forma-
tion and consequent equipment damage. [t will
be difficult to arouse interest in reducing the
amount of stabilizer unless other changes are
made that will maintain the margin of safety at

SECTION 3: Case Studies
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current levels. Moreover, CAP purification is
a batch process which shares equipment with
several other products. Economics would
make changes that benefit just one product
difficuit to justify.

Opportunities for Others

This series of assessments examines six
processes in which the waste sueams exit
from distillation columns. The CAP process
features a unique combination of process-
specific considerations, i.e., the age of the
process, the particular stabilizer it requires,
ard its sharing of equipment with other pro-
cesses. Thus the ideas generated for reducing
the waste stream seem specifically relevant 1o
the CAP process. However, many of the
options generated for the other distillatdon
waste streams will surely be relevant for other
processes throughout industry.

Several case studies in this series examine
processes where a stabilizing agent is added
for safety reasons. In all of those studies, the
stabilizing agent either comprises the chief
component of the waste stream, or otherwise
frustrates attempts at waste reduction. As a
rule, the designers of such processes allowed
large margins of safety by recommending the
use of more stabilizing agent than necessary.
Thus, waste reductions often can be achieved
by simply reevaluating the amount of stabiliz-
ing agent required for safety so that the
amount of stabilizer can be reduced. However,
it is likely that such reductions will have to be
accompanied by such additional changes as
better process controls; different operating
conditions, cr equipment changes in order to
maintain the present margin of safety.

Page 52
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Case Study 6: Polymer Vessel Washout

High-pressure water cleaning eliminates the use of a hazardous solvent

Abstract

This report describes a successful effort to
achieve a2 98% source reduction in a waste
stream generated by the washing of a process
vessel with a lammable solvent. The solvent
wash has been replaced by & high-pressure
stream of water. The method used to identify
and evaluate alternatives to the solvent wash
contained some essential features of the EPA
waste minimization methodology. However,
this effort began not as a waste minimization
project, but as past of an overall process
improvement program. The new washout
system was implemented because it attained
most of the goals of the program, of which
waste minimization was but one. This assess-
ment highlights the importance of considering
all business objectives when rying to mini-
mize waste; waste reduction is often inter-
related with such gther business objectives as
quality improvement, increased capacity, and
reduced cycle times.

Background

The DuPont Chambers Works site produces
several grades of polymer. The process uses
"an agitated vessel which must be cleaned
periodically to maintain product quality.
During processing: polymer accumulates on
the vessel walls; agitator blades, and baffles.
Cleanup is complicased by the vessel’s con-
struction, which renders opening the vessel
to facilitate cleaning difficult and time-
consuming,

Until recently, the vessel was cleaned by
washing with a flammable solvent. The sol-
vent was pumped into the vessel, agitated, and
drained through a bottom flange. This process

was typically repeated six times per cleaning.
The solvent and dissolved polymer were
drummed for eventual incineration on site,

In December of 1991, the polymers process
arca implemented & waste minimization option
that has completely eliminated the solvent
componeant of the waste stream. Moreover, the
poteatial exists for eliminating the smail
amount of polymer waste as well. Solvent
washing of the vessel has been replaced by
cleaning with s high-pressure water jet. -

The alternative cleaning method originated not
from a dedicated waste minimization effort,.:
but from a process improvement program thag
had waste minimization as just one of its
goals. The other goals were improved quality,. -
shorter cycle times, reduction of inventories,
etc. This waste minimization effort did not
conform to the EPA methodology in that
responsibility for its implementation fell to a
single person in consultation with other area
persoanel. But the process contained some
basic features of the EPA methodology, i.e.,
option generation and economic/technical
feasibility analysis.

The process improvement program focused on
vessel washout for several reasons:

* The solvent waste. The copious amounts
of solvent required for washout produced
a large waste stream that had 10 be
incinerated. ‘

» Safety concerns during washout. Solvent
fumes constitute an explosion hazard, and
special sifety precautions had to be ob-
served in the vicinity of the vessel during
washout.

OEMPIMUI A, Maae P s
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» Safety concerns associated with handling
and storing solvens-filled drums. Solvent
fumes released during loading and unload-
ing posed a safety hazard, as did the ergo-
nomics of drum handling.

+ Product quality considerations. The solvent
wash never really did a thorough job of
cleaning the vessel.

« The need to improve uptime. The amount of
time required for vessel washout frustrated
attempts to increase production.

Figure 3-12 illustrates the new cleaning
system. A special nozzle and lance assembly
is connected to & high-pressure water source
and inserted through the flange at the vessel
bottom. The flange itself has been enlarged o
accommodate the equipment and to enhance
draining of the wash water. A stream of water
at a pressure of 10,000 psi with a flow rate of
16 gpm blasts the residual polymer from the
interior surfaces. For safety reasons, the entire
system is operated remotely, and no high-

Vessel ——> 0

he high-pressure wamr

lance is atached 0 8

casriage, which is in tum
affixed o the bottom of the
vesssl. A chain-drive moves the
lance up and down the carriage as

L

Swivel
Joint

needed. A swivel joint at the base
of the lance permits free rotation.

shaped sprays of waser st 10,000
pei with a combined flow rass of

16 gpm,

Operation of the lance is con-
trolled from & panel well re-
moved from the vesssl. The
process is desigaed such that 5o
high-pressue spray lesves the
intarior of the vessel. Thess
precantions assure Operaior safery
during vesssl washout,

Figure 3-12. High-Pressure Waser Sysiem
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pressure spray escapes the vessel. The system
was designed with the help of an external
vendor. With the exception of the nozzle and
lance assembly, the system is operated using
leased equipment.

Description of Waste Stream

A rypical analysis of the waste stream result-
ing from the solvent washout of the polymer
vessel would reveal: '

Solvent 98%
Residual polymer 2%

Costs associated with this waste stream in-
cluded the replacement cost of the solvent, the
yield loss represented by the accumulation of
residual polymer, and the costs of incinerating
the waste stream.

Before the waste minimization effort, the
solvent washout produced 0.013 Ibs of hazard-
ous waste to be incinerated for every pound of
polymer product made. After implementation
of the high-pressure water system, waste
generation fell to 0.0001 Ibs of nonhazardous
waste for evey pound of polymer produced.

Table 3=12. Ranked Summary of Polymer Vessel Waste Minimization Options

{
( Option Pros Cons Comments
1. Replace scivent « Compiete souics Safety concems Ta preveat injuriss 10
washout with siimination of solvent Equipment modification  empioyees. spray squp-
cleaning by high- wash . (i.0., onlargement of ment must be operated
pressure wates jet. « Potential for applying flange at vessel bottom)  remctely, and spray must
residual polymer to as required be completely enciosed
yeot unexpiored uses within the vessel.
» Aftsinment of other
procass improvement The polymaer is insoluble in
goais waler and can easily be |
separated from the wash. |
it will be landtilled ynul ¢
uses for it are found. 1
2. Use astill o recover  + Wouid achieve 30% Wouid not achieve cther :
and recycie soivent. reuse of soivent process improvement ;
oals
equires significant !
capital cost and in- ‘
creased operation and
maintenancs costs
3. Use an antistiely + Would reduce the Wouid not eliminate
coating (such as number of soivent soivent washes because
glass) on veessd washes required some polymer wouid stilf X
walls. + Would attaun other stick 10 coated vessel
proceds improvement wails
goals Requires equipment
modil
Would significantly
increase maintenance
costs
4. Open process vessel + Compiete source Poor attainment of other A dirty and tedious oo 'o¢
and clean &t manually. niim:mion of soivent pm.c:u impravement WwhOMever must pertarm ¢
. was ge

.+ Potential for applying
1 reskdual polymaer to as
/ yet unexpiored uses

Would not enhance
smpioyee relatang
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This represents a source reduction of 98% in
the amount of waste generated.

The new cleaning system does produce a
small wastewater stream, which is sent to the
on-site wastewater treatment plant. Because
the residual polymer is virtually insolubie in
water, the wastewater contains no TOC or
other contaminants and adds only a small
hydraulic load on the wastewater treatment
plant.

Previous Waste Minimization Efforts

In 1989, a project was started for which waste
minimization was the chief goal. The project
would have used a still to separate the solvent -
from the dissoived polymer and recycle it for
future washes. Some of the process equipment
required for this project was actually procured,
but never installed. Work on the project
stopped once the high-pressure washout

process was demonstrated.

The solvent recycling project would have
eliminated about 90% of the waste sent o the
incinerator. However, this option was judged
to be less satisfactory than the water-jet opton
because:

* it represented a recycling of waste rather
than a source reduction, and

* it did not meet the other goals established
for the process improvement program.

Waste Minimization Options

In 1990, four options were considered for
achieving waste minimization, and these are
summarized in Table 3-12. Option 1, “Re-
place solvent washout with cleaning by high-
pressure water jet”, emerged as the clear best
choice. It satisfied all of the process improve-
ment goals, including compiete source reduc-
tion of solvent waste.

Technical and Economic Feasibility

Technical Evaluation

By April of 1991, a prototype nozzle had been
designed with the help of the vendor and was
ready for testing. The system operated at a
pressure of 10,000 psi and a flow rate of 16
gpm. The test was not a complete success in
that the nozzle failed to reach all of the re-
quired interior surfaces. Nevertheless, results
were judged good enough to warrant further
development.

Tabie 3-13. Economic Summary of Top Polymer Vessel Waste Minimizadion Opdons

Waste EPA Method OuPont Method implemen-
Option | Meduction| CapitaiCost | NPV(12%  IRR | NPV(12%) AR | tation Time
Repiace soivent...
with...high-pree-
sure water jet 8% $125,000 | $2.720,000 | 181%| $2,680,000 | 180%| 1 year
...recover and , '
recycie solvent 90% $500,000 ($358,000) [ < 0% ($393,000) | < 0% 2years

Comments: Parentheses denote negative numbers.

For an explanation of terms used in this analysis, see the discussion under “Feasibdlity
Evalation” in Section 2: Project Methodoiogy.
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Economic Evaluation

Only two options were subjected to an eco-
nomic analysis: Option 1 “Replace solvent
washout with cleaning by high-pressure water
jet”, and Option 2 “Use distllation column to0
recover and recycle solvent”. Results are
summarized in Table 3-13 using both DuPont
and EPA methodologies.

When evaluaring waste minimization projects,
it’s important to consider all factors that can
contribute to their cost effectiveness. Focusing
narrowly on waste minimization objectives
could cause a business to overlook cost-saving
options that have a better chance of implemen-
tation. The high-pressure water jet option had
a very atractive internal rate of rerurn (IRR)
when considered for its attainment of both
waste minimization and process improvement
goals. Had it been evaluated on the basis of
waste minimization alone, the IRR would
have been marginal, and its chances for
implementation would have been diminished.

The recovery of solvent option (Option 2)
began as a low capital project with a limited
scope. It had assumed the use of drums to
handle and store the recovered solvent, and
this helped keep the capital cost down. How-
ever, the handling of drums was later deemed
to be inconsistent with other process improve-
ment goals, and the scope of the project was
changed to eliminase the use of drums. This
required the uss of holding tanks and assoct-
ated equipment, which increased capital costs
prohibidvely.

Barriers to Implementation

Barriers w implementing the high-pressure
water opton included concerns over safery.
The same technology is employed in some
industries to cut rock!*A wayward jet stream

could easily disable a person. A way had to be
found to operate the system remotely, and to
completely enclose the water jet within the
polymer vessel. Moreover, a specialized
nozzle which could reach all interior surfaces
of this particular vessel had to be designed.

Evaluation of Performance

The experimental lance/nozzle assembly was
modified to achieve complete washing of the
vessel interior. The flange at the bottom of the
vessel was enlarged w0 accommodate the lance
and to improve drainage. The new system was
tested in December of 1991 and resulted in
flawless cleaning of the vessel Since then, the
system has met all of its process improvement
program goals. The solvent waste has been
compietely eliminated. The remainder of the
waste stream, i.e., a small amount of non-
hazardous polymer, is now being landfilled.
But process area management is already
considering ways in which this waste can be
sold for various applications.

This waste minimization success story is
being communicated throughout the DuPont
community in a number of ways, including a
description of the technology in an internal
technical bulletin distributed to engineers.
This waste minimization ¢ffort has won an
“Environmental Excellence Award”, a DuPont
award which recognizes people or teams that
have made significant contributions toward the
company's goal of global environmental
leadership.

Opportunities for Others

Many industrial processes depend upon
solvent washes for cleaning equipment. High-
pressure water cleaning now presents an
environmentally sound alternative. Nozzle

SECTION 3: Case Studies
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designs and ancillary equipment have ad-
vanced sufficiently to permit automated and
safe high-pressure water cleaning systems.
Even in those processes where water cannot
be introduced into the equipment, an alterna-
tive exists. Vessels can be cleaned with solid
carbon dioxide (dry ice) particles suspended in
a nitrogen gas carrier. The solid CO, cleans in
a manner similar t that of sandblasting, but
evaporates, leaving only the material removed
from the equipment.

This assessment highlights the importance of
considering all business objectives when
trying to minimize waste. Waste reduction is
often interrelated with such goals as quality
improvement, cycle time reduction, and lower
materials cost. Solutions which satisfy all of
these goals are those which are most likely to
be implemented. The lesson for option genera-
tion is to look at the big picture, and not
focus narrowly on a waste stream.

Dena 80
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Returnable product containers eliminate 55-gallon drums

Abstract

This report describes the successful imple-
mentation of an environmentally friendly
product packaging system to reduce the use of
single-use 55-gallon drums. This effort both
conserves landfill space and reduces a waste
stream consisting of the chemical residue
remaining within thousands of empty drums.
The new packaging system uses retumnable
metal tote bins which drain much more com-
pletely than drums, and provide better ergo-
nomics for users and handlers. Customers
view the new packaging as a value-adding part
of the product offering because it relicves
them of the burden of drum disposal. The
combination of product improvement with
waste minimization helped to ensure the
success of this effort.

Background

The Chambers Works site produces a line of
more than 500 specialty chemicals which are
sold in small-volume orders to customers in a
variety of industries. These chemicals, some
of which are custom-made for specific cus-
tomer applicadons, are collectively known as
“small-lot” chemicals. Until recently. all
customers of small-lot chemicals received
their products in single-use containers such as
55-gallon drums. When emptied, the drums
could contain about a pound of product resi-
due. Customers had to wash out the drums and
properly dispose of the wash and residue, and
then dispose of the empty drum, usually with-
in a landfill. Given the rising costs of waste
disposal, customers clearly had great value for
an alternative packaging method that would
relieve them of this waste disposal burden.

Recently, a DuPont assessment team of
business leaders and plant personnel com-
pleted an effort to identify and implement
alternative packaging for several customers of
small-lot chemicals. The team had established
several goals that the chosen altermnative would
have to meet:

» relieve customers of the waste disposal
burden

* provide better ergonomics and ease of use
than that afforded by drums

* have no adverse affect on product quality or
shelf life
The chosen alternative, illustrated in
Figure 3-13, is a returnable metal tote bin
with an optional base tank. Customers receive
a full tote bin and mount it atop the base tank
which dispenses the product. When the tote
bin is empty, the customer ships it to a third-
party cleaning vendor located near the Cham-
bers Works site. The cleaning vendor uses &
high-pressure water system to clean the tote
bins, and then sends the clean bins and the
washwater 1o Chambers Works. There, the
empty tote bins are refilled with whatever
small-lot chemical is ready for shipment. The
washwater goes to the on-site wastewater
treatment plant for disposal.

The returnable tote bins are purchased by
DuPont, which retains ownership of them
throughout their service life. The base tanks
are the property of the custorner. DuPont bears
the costs for the return shipment of the tote
bins and for their cleaning.

SECTION 3: Case Studies

Page <9



CATEGORY 2

CASE STUDY 7: Reusable Tote Bins

The totes bins are specially designed for
complete drainage. Any residue left behind in
an empty tote bin is an exuremely small frac-
tion of that left behind in the equivalent
number of empty drums. Moreover, the
elimination of the drums themselves is a waste
reduction which conserves landfill space. And
because the tote bins meet the goals estab-
lished for this effort, they have won accep-
tance by those customers who receive them.

Description of the Waste Stream
The waste stream from drum packaging
originates not from the Chambers Works
plant, but from the customer’s site. After the
product is consunuai, about one pound of
waste remains within each drum. Disposal of
this waste is the responsibility of the cus-
tomer. Costs to the customer include labor
cost for washing the drum, disposal cost for
the residue, disposal cost for the empty drum,

AETURNABLE ]
TOTEBIN — ™
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he returnable tote bin is a 345-gal, stainless

steel container. It meets all DOT specifications

for shipping the chemicals it conuains. The tote
bin has a stacking pad and leg positioners o permit
stacking. The container is designed to0 be assessible to
a fork tift from three sides. The inner bottom of the
container i3 sioped to0 allow material o drain quickly
and completely.
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The base tank holds aboat S00 gallons. The returmnable
tote bin is piaced on top of the bass tank and feeds its
contents to the tank. A vapor lins sttached between the
ote bin and bass ank prevents vapor from escaping W0
the atmosphere. The bass tank contains an instrument of
site wbe to indicate Suid level. The towe binvbase tank
assembly provides a steady supply of product, even
during towe bin changeovers.
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Figure 3-13. Reusable Tote 8in and Base Tank Assembly
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and yield loss represented by the residue.
These costs can easily total more than $25

per drum.

The use of returnable containers virtually
eliminates this cost for the customer. It also
gready reduces the total wastes represented by
product residue in empty drums. But a more
dramatic waste reduction is the number of
drums that will not occupy space in landfills.
One returnable tote bin holds as much product
as six drums. Over its expected service life,
the tote bin will package as much product as
360 drums.

Shifting the waste disposal burden from many
customers to DuPont helps to ensure that
wastes will be disposed of properly. It also
protects DuPont from liabilities resulting fron:
improper disposal of drums by customers.

Previous Waste Minimization Efforts
The small-lot chemicals business had previ-
ously studied the use of 275-gallon polyethyl-
ene totes. However, permeation of the poly-
ethylene by the solvent was observed, and it
was judged an unsuitable material of construc-
tion for this end use. Implementation of this

option would have required either costly
modification to the polyethylene or the adop-
tion of an alternative polymer with specific
resistance to the solvent. No such polymer is
known to be commercially available.

Waste Minimization Options

The assessment team examined four waste
minimization options, and these are summa-
rized in Table 3-14. Opdon 1, “Stainless steel,
returnable container”, emerged as the best
choice because it satisfies wo some degree all
of the goals established for this waste minimi-
zation effort.

Technical and Economic Feasibility
Only two options would result in waste elimi-
nation: Options 1 and 2, both of which use the
same container. Option 1 requires a cleanout
of the tote bins between uses, whereas Op-
ton 2 eliminates cleaning by dedicating tote
bins to single products.

Option 1 simplifies the packaging process.
Cleaning a tote makes it suitable for packag-
ing any product for shipmeat to any customer.
Given the great number and low volume of

Tadle 3-14. Ranked Summary of Tote Bin Waste Minimization Options

Option Pros Cons
1. Stainiess steel, returnsble « Eliminates disposal at customer + Does not completely eliminate
container. : stes waste
* Reduces total waste by 50% + High capital cost :
2. Dedicated retumable + Complete elimination of waste + Too many containers requred |
containers. stroam + Quality concems from potantial
contamination or decampostion of
product remaining in wte
3. Make on-demand deliveries + Eliminates drum disposal « impractical and costly because of |
{*mik run® option) using muiti- number of products and cu
companment tankers, * Would not sliminate waste !
because tanker trucks would have |
0 ba cleaned between runs
(4. Use plastic totes with vapor ¢« Much lower cost (han stainiess » Can be used only once. and woug
barrier. stoel tote bins not ameliorate disposal praciems
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Table 3-18. Economic Summary of Top Tote Bin Waste Minimization Options

Waste Capital Cost Change in Product Cost

Option Reduction | per Container NPV (12%) IRR for Accepiable IRR
Retumabie
containers, six
trips per year
with washout 50% $1,500 ($1,997) | <0% $0.07/® increase
Retumnable
containers, six
tnips per year
with no washout | 100% $1,500 $360 | 17% None required
Comments: Parentheses denote negative numbers.

For an explanation of terms used in this analysis, see the discussion und« ‘Feasbility

Evaluation® in Section 2: Project Methodology.

small-lot chemicals sold to individual custom-
ers, dedicating :otes to single products would
lengthen their turnaround time and require a
greater number of tote bins. Cleaning the totes
for reuse with any product available for
shipment shortens their turnaround time, and
helps to offset the cost of the bins.

Because Option 2 eliminates washout, the tote
bins would have to be modified with seals and
check vaives to prevent contamination from
the surrounding environment in which the
totes are used. But dedicating tote bins to
customers who bay a product in high volume
could make economic sense.

The economic feasibility of reusable tote bins
depends on such customer-specific factors as
distance from Chambers Works and tote bin
turnaround frequency. The evaluation pre-
sented in Table 3-15 assumes a shipping
distance of about 1000 miles, six round trips
per-tote per-year, and a tote bin service life of
10 years. It factors in cost savings o DuPont
from the elimination of drums, pallets, and
stretch wrapping. No customer cost savings
were assumed.

Offsetting these savings are costs associated
with washing the tote bins, shipping them
back to Chambers Works, and tracking them

throughout the product cycle. The greatest of
these costs is the washing, accounting for
about 60% of the total.

Table 3-15 pfesents evaluations for two cases:

» Case l: Six turnovers per year with wash-
out between uses. An acceptable internal
rate of return (IRR) for purchasing the totes
would require additional revenue equal to
about $0.07 per pound of product shipped.

» Case 2: Six turnovers per year using prod-
uct-dedicated totes and no washous. Not
only does this option provide a 100% reduc-
tion 1n waste, but it also provides sufficient
IRR to support purchase of the returnable
totes without any additional revenue.

The products within the small-lot chemicais
line generally are sold in such low volume that
dedicated tote bins are not likely to have six
turnovers per-tote per-year as Case 2 assumes.
But other product lines now packaged in
drums are sold in sufficient volume to benefit
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from a switch to dedicated, returnable totes.
Each product and customer has to be evalu-
ated on a case-by-case basis.

Such “soft” benefits as increased customer
satisfaction and maintenance of market posi-
tion will undoubtedly influence the decision of
whether 10 use drums or totes.

Evaluation of Performance

In the spring of 1991, 50 tote bins were or-
dered to demonstrate the validity of the return-
able container concept. There were some
inidal problems with the materials used for
sight glass tubes and gaskets, but these were
solved by fall 1991. The small-lot chemicals
business now uses the tote bins for many
products and expects to extend their use to
more products in the future. /

Opportunities for Others

This assessment demonstrates that good waste
reductions don’t always originate in the pro-
cess area. The replacement of drum packing
with reusable bins was suggested by the sales
force and driven by the business organization.

There are probably many products for which
switching from drum packing to returnable
containers would benefit both supplier and
customer. For the supplier, the cost of a
returnable tote over its service life could be
less than the cost or the noareturnable drums
that would otherwise be used. But the real
beneficiaries of returnable containers are
customers, happy at last to be rid of a disposal
headache. Switching to reusable containers
in businesses still dominated by drums can
confer upon a supplier a competitive
advantage.

The Chemical Manufacturer’s Association
(CMA) promuigates Product Stewardship
guidelines as part of its Responsible Care®
program. These guidelines are intended to
promote the safe handling of chemicals, from
initial manufacture to ultimate disposal, by
member organizatons, their distributors, and
customers. In many cases, returnable contain-
ers are a good way to advance the objectives
of the Product Stewardship guidelines.
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Case Study 8: Monomer Production

A reaction/distillation process achieves waste reduction through better

process control

Abstract

A process for making monomers uses a
reactor to create the product, and a disdllation
column to separate the product from the
reaction mass. Some of the reaction mass
polymerizes within the reaction vessel, form-
ing waste and enoapping a large quandry of
otherwise good product. To increase product
yield and reduce waste, the monomers process
will replace its ourmoded process control
system with 2 modem distributed conaol
system (DCS). This assessment demonstrates
the importance of process contol 1o waste
reduction. [t also demonstrates the interrela-
tonship between waste reduction and other
business objectives such as reduced cycle
ume, higher product yield, and greater process
productivity.

Background

A barch process at the DuPont Chambers
Works site produces several monomers used
to manufacture various polymers. One of the
raw materials used in the process, methyi
methacrylate (MMA), is itself a2 monomer.
During processing, MMA tends to polymenze
within the process equipment, forming a very
viscous tar and entrapping a large quanaty of
otherwise recoverable product. These wasies
are currently drummed and landfilled on site.

Figure 3-14 illustrates the process for produc-
ing monomers. MMA and long-chain alcohol
are reacted in the presence of a catalyst to
form the product monomer. Despite the
addidon of a polymenizaton inhibitor, some
MMA pclymenzes when heated to process

temperatures. When processing of a product
batch is complete, the polymer tar is drained
from the bottom of the reactor into SS-gal
drums, mixed with wax to enhance solidifica-
ton, and landfilled.

A waste minimization assessment was pes-
formed to generate options for reducing the tar
stream from the monomers process. The
assessment team determined that the best
opton for implementation would be the
complete replacement of the present pneu-
matic control system with an electronic dis-
ributed control system (DCS). This project
will require considerable capital.investment,
but is expected to cut the tar stream in half, In
addition to reducing waste, the DCS will also
improve product yield, shorten cycle time, and
improve quality. Indeed, it is for all of these
reasons that the DCS opdon was selected. It’s
questonable whether such a high-capital
project could have been justified based on -
reducing the waste staream alone.

Description of the Waste Stream
A rypical analysis of the tars leaving the
monomers reactor would reveal:

Unrecovered product monomer 50%
Polymer tars 45%
Decomposidon products 5%

The tars leave the hot reactor as a viscous
liquid, but form a solid mass upon cooling.
Some wax is added to help solidify the tars.
Decompositon products include inhibitors
and catalyst left over from the reaction.
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Water, Methanol, MMA Alcohol Product Monomer
FORESHOT MIDSHOT PRODUCT
RECEIVER RECEIVER RECEIVER
DISTILLATION
COLUMN
Product Monomar
iy
MMA, Water Alcohot
f
Alcohol, ‘
REACTOR MMA,
Catalyst,
Inhibitor
-

Waste stream

irgin MMA and aicohol, a recycie sueam of

MMA and) water, a recycle stream of dicohol,

and a polymerization inhibitor are placed n a
heated reacuor. Wasee boils off, rises as vapor 0 the
top of the colunaw, and exits the process. Then 2
catalyst is inrodoced w0 the reactor. The resulting
reaction produces the product monomer and methanol
byproduct. As the methanol forms, it boils up the
column and passes 0 the foreshot receiver, Laking
some MMA with it. The reaction continues until
methanol ceases 10 form. Then the pressure within the
reactor and column is reduced. This causes unreacted
alcohot 1o bou up the column and pass on © the

midshot receiver. The pressure within the process
equipment is reduced again, and the product monomer
boils up the disullation column to the product receiver.
Despite the addition of the inhibiwor, some MMA and
product monomer polymerizes upon exposure O hex
and (orms a viscous . At the end of each product
baich, the tar is drained from the bottom of the reactor
into drums and then landfilled.

Methanol is washed out of the fareshot receiver with
water. Same residual waser remaing behind with the
MMA. At the start of the next product batch, the
contents of the fareshot and midshot receivers are
reinroduced (o the reactor.

Figure 3-14. Monomers Process
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The amount of waste currently generated by
this process is 0.12 1bs of waste for every
pound of monomer produced. The wastes are
currently landfilled on site.

The major costs associated with this waste
stream are the costs of landfilling and the yield
loss represented by the unrecovered product.
Included in the landfilling costs are the costs
of purchasing and handling drums, and the
cost of the wax which is used to solidify the
w@ars.

Previous Waste Minimization Efforts
Over the years, several efforts have been made
to reduce wastes from the monomers pro<ess.

In 1970, the process began operating at lower
reactor and column pressure. This allowed the
reacton and disullation steps to run at lower
temperatures. Lower temperature retarded
polymerizadon of the reaction mass, resultng
in a waste reduction of about 25%. Unfortu-
nately, the lower temperature increased both
the reacton time and distillation ume, resuit-

ing in reduced production. So in 1978, the
pressure and temperature were raised back to
their previous levels.

In 19785, the amount of inhibitor added to the
reactor was doubled, which improved product
yield and reduced wastes by about 14%.
This measure is still in effect in the current
process.

In 1990, the monomers process tested an
alternative method for disposing of tars:
mixing the tars with solvent and ther inciner-
aring the mixture, This option was tesred
because of concern about off-site landfill
costs in the event that the Chambers Works
landfill became full. Also, adding solvent
would make the tars pumpable, eliminating
the ergonomic safety concerns associated
with drum handling. However, test results
showed that the cost of incineration and
solvent were greater than the cost of off-site
landfilling.

In 1992, an alternative inhibitor was tested for
its possible waste minimization value. Labo-

Add agdioney Caavyst D

Changs reacsen cremery\ DEFTIML Aunveng Srocees at
OWer WTOSR L/
Ues diflerare ety 8 \| -
e & M he crargs (longer aeoliasan
2 ¥ WTO) 19 reCOVer TOre orogduct

Figure 3-15. Moromers Process Waste Minumization Options
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ratory tests indicated that the new inhibitor
might decrease tar formation. However, a
plant trial revealed no decrease in tars. [tis
often difficult to reproduce laboratory results
in an actual process because the control of a
large scale process usually lacks the precision
of control in the laboratory. However, this
option may be reconsidered after the DCS is
installed.

Waste Minimization Options

An assessment teamn consisting of the area
chemist, area engineer, two operators, and
thres peopie from outside of the procecs area
generated 15 waste munimization opuons.
They recorded their ideas by constructing a
cause-and-effect “fishbone” chart, shown in
Figure 3—~15. In subsequent meetings, the team
discussed the options and ranked them using
the weighted-sum method described in Secton
2 of this document. Table 3-16 summanzes

these discussions, and presents the opaons in
rank order.

Both the MMA raw material and the product
monomer tend to polymerize when heated to
process temperatures, and this produces the tar
stream. For this reason, source reduction
opdons tended to address reactor temperature,
the polymerizaton inhibitor, or residence ame
of the reactants within the reactor. Because the
(ar stream containg & large percentage of
unrecovered product monomer, several
-recyling optons looked at ways to recover
addidonal product from the waste saeam.

Technical and Economic Feasibility
After considering the pros and cons of each
opton listed in Table 3-16, the assessment
team chose five opaons for technical and
economuic feasibility analysis:

- Opuon 1: Reduce reacwor pressure dunng
reacuor and punficauon

* Option 2: Add additional catalyst to permit
running process at lower temperatures

* Opton 4: Increase amount of inhibitor
added to the reactor

» Option 5: Improve piwiss congol, espe-
cially temperature control

+ Opdon 11: “Milk” the charge (longer disul-
lation time) to recover more product

The results of the economic analysis are
presented in Table 3-17.

Opdon S, “Improve process congol...”, is
currendy being implemented. The process
area is replacing their outmoded pneumatic
controls with a DCS. The more precise control
afforded by the DCS will permit shorter
residence dmes within the reactor. This in tum
will reduce waste by perhaps 50%.

The DCS project did not rank at the top of the
option list, and might not have been selected
for waste reductdon alone. But other benefits
from the DCS, such as increased production,
higher product yield, shorter cycie dme, and
higher product quality, all conaibuted the
additional cost savings required to justify this
project.

After the DCS has been installed, several
other options might be considered to achieve
further reductdons. The economic analysis for
these optons as well as for the DCS are
presented in Table 3-17.

Orndon 4, “Increase amount of inhibitor added
1o the reactor*’, could be implemented quickly
and with no capital cost. In the past, doubling
the amount of inhibitor reduced tar formadon.
It's possible that doubling it again, or chang-
ing the method or locadon of inhibitor addi-
don, could achieve further reductions. The
analysis in Table 317 assumes several
person-months of a chernist’s ame to evaluate
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Tabie 3-16. Rarked Swnmary of Top Monomers Process Wasie Minimization Opdons

Option Pros Cons Comments Score*
1. Reduce reactor  + May reduce + May require piant Modifications to the distilation 811
pressure dunng amount of tars 0 run at lower column packing may pemig
reaction and which form in production rates Operation at lower pressures
punfication. reactor + Longer residence without reducing production
+ Litle or no capital time in reactor rates.
cost could actually
INCrease (ar
formation
2. Add additional - Lower tempera- + Increased raw May require laboratory trials 0 787
catalyst © tures wouid material cost (cost  determine optimum amount of
permn running reduce tar of additional catalyst.
procsas at formation catalyst)
ower tempera-  © Lttie or no capilal  + May require plam
tures. cost 1o rur: at lcwer
production rates
3. Slurry tars in « Would eiminate + Much more This option would not reducs 7
water and send waste stream from expenswve than wasle, but & waid consarve
0 wastewater landfill landtilling landfill spacs.
reatment piant. « No waste reduc-
uon
4. Increase » Wouid reduce + Increased raw Experience has shown that 713
amount of amount of tars matenal cost (cost  increasing inhibitor does reduce
nhinor added which form in of aoditicnal tar formation. This option may
to the reactor. rSAcHr nhibitor) require laboratory triais ©
« Little or no captal determine optimum amount of
L cost inhibitor. ;
. 5. Improve - Belter procass . Hign capral cost Cost savings in aress other 711 |
i procass control could than waste minimization would ‘;
\ control, reduce residence be needed to heip justify this |
especially time in reactor, option.
l lemperature thus reducing tar
| control, formation
| 6. iImprove reactor + May reduce + Hgh capital cost The project team specuisted 877
' heat distnbu- amount of tars that - 'Uncerlying that reactor agitation may
’ ion or agitation form in reactor 1ssumption (that splash the reaction mass onto
| 10 prevent ocaized high exposed heating coils. Exposed \
{ ocaized 'eMpAraTUres coils are considerably hotter (
! overheating. cause tar forma- than coils that are continuaily
: “on| s uncentan  covered with reaction mass. }
7. Sell tary as « The tars couid be Low molecular &t may be possidie 10 add & 659 ‘
omduct. fnrmed imo weqntoftthe lars  catalyst 10 increase the molecy-
shapes and soki makes t uniiely lar weight of the tars.
'0 Nave many
Jses
| 8. Change o Totally new < Altemative Cost savings from other areas 653
| 9 ACHON chemstry couid chemistry could would be required to make this
| chemstry. reduce ‘ar compromise option economically fessible.
| formapon process safety f

‘maximum score = 1,170

+ Hgn caphal cost
Long deveicpmaent

ume

+ Urcerain chance

of success
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Table 3-16. Ranked Swrmary of Top Monomers Process Waste Minimization Opdons (cons’ d)

r— Option Pros Cons Commaents Score*
9. Use different  Tests show that + Plant triais with This option could be reconsid- 849
inhibitor 1© other inhibitors alternative ered after instalistion of the
retard tas can be used inhibitors showed  new DCS.
‘ormation. no reduction in tar
formation
10. Use a different » Fair chance of « Altemative An altemative process for 819
process. success process produces  producing a similar product
. a large waste- does exist on site.
water stream
11. "Mk’ the » Theyieid increase - Concentrated tars  Past experience shows that 812
chmnqu can reduce waste are difficut concentrated tars are extremely
distilation time) by about 50% remove from the difficult 10 remove from reactor.
] o recover more  * Good chance of reactor Perhaps high-pressure water
product. success (option » Option tends 0 cleaning with subsequent
has been demon- force tars up the firation of tars couid be used.
strated) column with
product, thus
affecting quality
» Option couid
cause tar forma-
tion in the column
12. Reduce water » Reduced raw + High capital cost The process currently uses & 577
entenng matenaie loss + Peguires installa- single-stage extractiorn: to
process by (cost savings) tion of a muiti- recCOver excess raw materials.
using muki- + Shorter batch stage extractor This extraction uses water,
stage extrac- cycle time which must be removed from
tion. ¢ Increased the process. Using additional
production extraction stagee reduces both
+ Reduced tar the amount of water in the
formation through process and the time that the |
shorter residence reactor is heid at elevated
time in reactor temperatures.
13. Add inhibitor » Couid reduce tar - Tar reduction is it remains to be determined 578
continuously to formation in kely 1o be smallif  whether tars are formed
distillation column rars are formed primarily in the reactor or the
coiumn, onmanly in the distillation column.
-9actor
. 14, Add additionsl » Possible waste « +gh capital cost One possible method is the use 484
equioment for reduction ot 50% - Long impiementa-  of a wiped-film evaporator.
recovenng on ume
more producs
from tars.
15. Use titration o0« Eliminates « Unacceptanle implementation of this option 463
separaie distillation quaiity detencora- Would require custlomers ©
product from * Increased yieid uon (some tars agree 10 lower product quaiity
decompostion + Reducss waste would remain in specifications.
products. Dy 50% product)
+ Shorter cycle time
+ Iincrease produc-
ton

!

!

Low caphal cost

‘maximum score e 1,170
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in a laboratory the optimum amount of inhibi-
tor and to conduct a trial on the actual process
equipment. The analysis also assumes an
additional 50% reduction in waste. Combined
with the waste reduction achieved by the
DCS, otal waste reduction would be about
75%.

Option 2, “Add additonal caralyst...”, could
also reduce tars if the caulyst caused a faster
reaction and at lower temperatures. Again, this
option would reguire no capital costs, but
would require several man-months of lab
evaluation and trials.

Option 11, “Milk the charge...”, i.e., prolong
the distillation step to recover more product)
has been shown to reduce waste by about
50%. However, the concentrated tars at the
bottom of the reactor become too thick o
remove easily. (These tars are actually molten
polymer.) This option could be implemented if
a way were found for easily removing the
waste from the reactor. A high-pressure water
system has been successfully adopued for
cleaning a process vessel at another process
area on site. (See Case Study 6: “Polymer
Vessel Washout™.) If this optdon were imple-

Tabie 3-E2. Economic Summary of Top Monomers Process Waste Minimiization Options

‘ Waste EPA Method OuPont Method | impiesnen- |
Option Reduction | Capital Cost NPY (12%) IRR NPV-(12%) IRR | tation Nime
Improve process [
control... 50% $1,200.000 $2,600,000 | 51%( $2.800,000 | 51% | 1.5years
The svaluation of the foliowing options assumes successiul implementation of
“Improve process control...”
Increase amount :
of inhibitor... 5% ¢ | $205,000 | 51% $185,000 | 45% | 6 months
Add additional
catalyst... 75%"° $0 $168,000 | 45% $126,000 | 39% | 6§ monihs
“Milk* the . T
charge... 75%° $150.000 | $120,000 | 28% $81,000| 23% | 1year
Reduce reactor ‘
pressure 75%° $100.000 f $109,000 | 25% $68.000 | 20% | 1 year
Comments: V/aste reductions given ‘or opticns with an asterisk (*) anumo an additional 53% waste
reduction after implementation of *Improve process controd..." This resuits in a total
reduction of 75%. The economics for asterisked options mt.m cOst savings resulting
only from the reduction of waste from S0% to 75%.
The economics for these options are given on a stand-alons basis, and do not consider
possible synergies from implementing more than one option.
For an expianation of terms used in this analysis, see the discussion under “Feasibiiity

Evawation® in Section 2. Project Methodoiogy.
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mented for the monomers process, it would
combine with the new DCS to achieve a waste
reducton of about 75%.

Option 1, “Reduce and column pressure...”
has been tried before, and is known to reduce
tar formacon. But it also reduces production
by requiring longer reaction and distillation
tmes. However, it may be possibie to redesign
the distillation column to speed up the distilla-
tion step. The column conuains “packing”,
specially shaped material that increases the
interior surface area of the column thereby
enhancing the distillation. A different kind of
packing called “structured” packing might
permit lower column pressures without de-
creasing the production rate.

It’s probably a good idea to defer implementa-
tion of any additional waste minimization
options until after the DCS startup. Past
experience with DCS conversions shows that
the wealth of data that a DCS can provide
leads to better understanding of the causes of
byproduct formation. It is possible that new
opdons for reducing waste will become
apparent after the process has begun operating
under DCS control.

Barriers to Implementation

The high capital cost of a DCS conversion is
an impediment to implementadon, but people
at the monomers process are confident that

they will secure the funding. Most of the
planning, installation, and system configura-
don will be done by process area personnel,
with the full participation of operators and
mechanics. They expect to have the DCS
installed and running by the end of 1993.

Opportunities for Others

This case study, like others in this series,
demonstrates the interrelationship between
process improvement goals and waste minimi-
zation. Cortrol system improvements can
reduce waste in many processes. But these
mprovements are often expensive, and can be
justfied economically only after considering
the returns expected from improved quality,
increased productvity, better product yields,
etc.

This assessment also dernonstrates how impor-
tant the assessment team composition is to the
success of a waste minimizaton effort. The
monomers assessment team included represen-
tadves from among those who actually run the
process: operators and mechanics. One of the
most promising waste minimization opgons,
that of increasing distilladon time to recover
more product, was suggested by an operator.
The hands-on experience that such people
have is an important complement to the theo-
retical understanding possessed by process
engineers and chemists.

SECTION 3: Case Studies
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Switching from batch to continuous feeding of a chemical stabilizer

reduces waste in a distillation process

Abstract

This case study examines a waste reduction
project for a distillation process that purifies
chloroaromatic isormers from a product crude.
The project will reduce the amount of a chemi-
cal stabilizer that is used to prevent dechlori-
nation of the crude. This stabilizer ultimately
forms a substantal part of the process waste
stream. The project will replace the current

method of batch feeding the stabilizer with
continuous feeding. Although this change will
significantly reduce wastes, a waste assess-
ment was nevertheless performed to identfy
additional waste reduction options. These
options could have general application to
other distllation processes.

Low-boding somer

heCAPcrudeis
T fed continu-
ously to ke iso-
where it is subjected o
heat at reduced pres-
sure. The low-boiling
isomer vaporizes, ex-
its the top of the col-
umn, and collects as 2 CAP crude-—y»
liquid in a product
cawch tank
Tolimitdechlarination
of the crude, a S0/50
mixmre of solid stabi-
lizerand carrier solvent
is added (0 the isomes
column in batches
_ through the isomercol-
umn pump. The pemp
impeilers ensure good
mixing of stabilizer snd
CAPcrude. Atpresent,
the stabilizer level in the isomer column is monitored by
drawing sampies from the column and sending them o a lab

COLUMM

for analyns. The turnaround tme from the drawang of

sampies and the communication of the [ab results is several
hours.

The crude passes from the isomer column reboiler w0 the
' detarmng column, where it is again subjected to heat at
reduced pressure. The high-boiling isomer vaponzes and
exits the process through the top of the column. The heavier

High-bauling isomar (product)

DEVARMNMG
COL UMM

Pecovered sorrers
(10 stant of procees)

VACUUM

CAP crude

Waste (W) sream |

material remaining st the colurmnn bottom then passes on
i vacuum still-pot. This material is again heated, and much
of the remaining isomers boil off to be recycled back o the
start of the process. The material which remains u he
botom of the sill-pot consists of tars, Stabilizer, ind
unrecovered isomers. This tar stregim is pumped (0 2 vase
collection tank where it is thinned with 3 stream of the low. '
boiling isomer. The thinned tar stream is then sent (0 the oo~
sile incineration piant for disposal.

Figure 3-16. CAP Isomers Process
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Background

A process area at the DuPont Chambers
Works site purifies chlorinated aromatic
products (CAP) from a feedstream of crude
produced elsewhere on site. The crude con-
tains rwo CAP isomers, both of which have
commercial value when separated. [somers are
structural vanations of the same chemical
formula. The molecules of a compound’s
isomers contain the same atoms, but differ-
ences in the way these atoms are arranged
impart different chemical propertes to each
isomer. The two CAP isomers have different
boiling points, and therefore are known as the
“low-boiling isomer” and the “high-boiling
isomer”.

Figure 3—16 illustrates the CAP isomer punifi-
cagon process. A series of disallanons re-
moves first the low-boiling isomer, then the
high-boiling isomer. A final distallation recov-
ers isomers wapped within the spent crude and
recycles it back to the start of the process. The
remaining tar stream is routed to a waste
collecton tank, where it is mixed with some
of the low-boiling isomer to thin it in prepara-
don for incineration on-site.

Exposing CAP to the high temperatures of
disdllation can cause a dechlorination reac-
tion. This reaction is exothermic (i.e., it
generates its own heat), and could become 2
safety hazard if it proceeds undetected and
uncontrolled. Moreover, dechlorination
reaction byproducts are corrosive and can
cause equipment damage. To prevent dechlo-
rination, a solid stabilizing agent is slurried
with an organic solvent and added to the crude
in batches. Stabilizer levels are monitored by
drawing samples of the in-process crude and
analyzing them in a laboratory. The turn-
around time between the drawing of samples
and the receipt of results is several hours. This
lag dme torces process operators to increase
their margin of safety by adding large amounts
of stabilizer.

The CAP isomers process has undertaken a
waste reduction project that will reduce waste
by 25%. The project will replace the present
method of batch feeding the stabilizer with
contnuous feeding. This will reduce waste in
two ways. First, it will permit a reduction in
the amount of stabilizer used. Second, it will

3,
mprove subszer N\

agitaton within he redoier

Recycie wasm steam 9’\%

back 1 the iSOmMer column

’% Reduce Waste
from CAP
Use a was® syeam from another Use oniline measurement [somers
process 10 tun he CAP wasw of stabuizer lovels A Purification
Acd acxd to the wase stream Repiace the vacuum stil-pot
0 Make it waldr scluble with & wiped-iim evaporamr
U““”"‘“‘"“""E Add stabdizer i solid form éé’
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Figure 3-17. CAP [somers Process Options

SECTION 3: Case Studies

Page 73



CATEGORY 2

CASE STUDY 9: CAP Isomers Process

Tabie 3-18. Ranked Summary of CAP Isomers Process Waste Minimization Optons

Option Pros Cons Comments
1. Use CAP 10 slurty the Source reduction Thhopdonmbm
stabitzer. through elimination of nate the organic soivent
the organic carrier used that is now used to siury
to siurry the stabiiizer the stabikzer.
Lom-vmdomo capital
2. Use oniine measure- Good source reduction Moderate capital cost This option would replace
ment of stabifizer potential through manual sampiing and lab
levels. reduction in the amount analysis with real-time
of stabilizer required for measurement of stabiiizer
safe column operation levela.
3. Add acid to the waste Elimination of the Uncertain chance of This option would change
stream to make ¢ incinersied waste success the waste disposal
Wl soluble. strsam Creation of a waste- medium from incineration
Source reduction by waler stream o wastewster treatment.
withholding the low- Moderate capital cost
boiling isomer from the
waste stream
Low capdal cost
4. Recycle waste Reduction in the amount Moderate capital cost This option would reuse
stream back to the of stabilizer required for the stabilizer that remaing
isomer column. safe column operation in the waste stream. £’
wouid have 1 be imple-
mented in couNCtion with
Option 2 ("Use oniine
measurement of stabilizer
lovela®) to ensure that sale
levels of stabillzer were
bei intained.
5. Add a high-boiling Yield improvement Small overall waste This option would use -
compound o the through increased reduction waste from another
wasts (o displace product recovery Increased operating cost  Chambers Works proceas
CAP. + Low capital cost to displace CAP from the
waste in the detarring
column. The dllbuly lise
i in finding a process that
emits a suitable waste

stream.
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Tabdle 3-18. Ranked Summary of CAP [somers Process Waste Minimization Options (cont' d)

Option Pros Cons Comments
6. Use a different + Presumptive source + Poor chance of success  Previous informal efforts 10
stabilizer. reduction through a dentify an altemative
reduction in the amount stabilizer have yieided
of stabiizer required for nothing.
sate column ocperation
* Low capital cost
7. Use a waste stream  * Increased product yield - Lowchance of success  This option would use
from ancther process of the low-boiling CAP liquid waste from another
to thin the CAP isomer Chambers Works process
waste. « Waste reduction by to thin the CAP waste in
withholding the low- the waste tank, replacing
boiling isomer from the the present method of
waste stream using the low-boiling

8. Add stabdizer in solid -

‘orm.

9. Repiace the vacuum .

still-pot with a wiped-
film evaporator.

10. Improve stabiizer .

agnation within the
reboser.

Low captal cost

Source reduction
through elimination of
the organic carner used
10 slurry the stabilizer

Source reduction
through increased
proguct recovery

Good source reduction
potential through
reduction :n the amount
of stabiizer required

+ High capital cost
- Ergonomic safety

concerns associated
wrth handling the solid
stakilizer

+ Low chance of success

+ Very high capital cost

« Moderate capital cost
+ Low chance of success

isomer as the thinner. The
difficulty lios in finding a
process that emits a
suitahle waste stream.

No technique for adding a
solid 10 aquipment undes
vacuum has been identi-
fied,

The wiped-film evaporator
would probably recover
more product than the
present stil-pot. For ‘
information about the !
operation of a wped-tim !
evaporator, see Case j
Study 10, “Wiped-Fiim ‘
Evaporator. |

Good mixing of stabilizes
means that more of 1 !
reacts with the process '
stream. But the present
method of adding the
stabilizer t10 the retoier
pump already provices
good mxing.

SECTION 3: Case Stugies
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CASE STUDY 9: CAP !somers Process

permit a reduction in the amount of the low-
boiling isomer required to thin the waste at the
end of the process.

A waste assessment team was recendy formed
to identfy other possible waste reduction
options. Their efforts are modvated by a
desire to both cut cost and reduce waste. At
present, the CAP isomer process produces the
largest stream of incinerated waste on the
Chambers Works site.

Description of the Waste Stream
A typical analysis of the waste stream leaving
the CAP isomer process is provided below.

Tars 33%
Low-boiling isomer 33%
Sabilizer and solvent  24%
High-boiling isomer 10%

‘The amount of waste from this process has
been constant for several years, and equals
0.12 pounds for every pound of CAP product
recovered. Wastes from CAP isomers punifica-
ton are incinerated.

Costs associated with wis waste stream (-
Clude the yield loss represented by the
unrecovered CAP (including the low-boiling
1somer used to thin the waste), replacement
cost of the stabilizer, waste handling and
storage costs, ang) the costs of incineraung the
waste stream.

Tabdie 3-19. Economic Summary of Top CAP [somers Process Waste Minimizadon Options

Previous Waste Minimization Efforts
Over the past decade, several options for
reducing waste have been considered. These
include:

s Use a different stabilizer. It was hoped that 3
different stabilizer, used in smailer amounts,
would maintain the current level of process
safety. But this idea was rejected after
preliminary studies failed w identify such
a stabilizer.

« Use less of the present stabilizer while
conrinuing to add it to the process in
batches. This idea 100 was rejected after a
preliminary study concluded that reductons
in the amount of stabilizer would corre-

spondingly reduce the margin of process
safety.

o Use less swabilizer by replacing barch
feeding with confinuous feeding. Studies
showed this idea to be workable and effec-
tive, and it is currendy being implemented.

Waste Minimization Options

The CAP isomers assessment team met in 2
brainstorming session and generated 10
opdons for achieving additional waste reduc-
tons. They recoried their ideas by construct-
ing a cause-and-effect “fishbone” chart, shown
in Figure 3—17. [n subsequent meetings. the
team discussed the opdons and subjectively

Waste EPA Method DuPont Method implemen-
Option Reduction | Capitsl Cost NPV (12%)  IRR | NPV (12%) IRR | tation Nne
Use CAP to surry | i
1he stabiizer 10% $100.000 \ 1,640,000 | 151%| $1.300,000 | 133% | & mores
Use oniine ‘
measurement.. 15% $40.000 | $1.640.000 | 257% | $1.180.000| 209%| 1 yea
Comments: For an explanation of terms used in this analysis, see the discussion under “FeasLudy

Evaluation® in Section 2: Project Methodology.

Bama T
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ranked them according to their practicality and
waste minimization potential. Table 3-18
summarizes these discussions, and presents
the options in approximate rank order.

Technical and Economic Feasibility
After considering the pros and cons of each
opton listed in Table 3-18, the assessment
team chose two options for technical and
economic feasibility analysis:

+ Option 1: Use CAP to slurry the stabilizer

* Opdon 2: Use online measurement of
stabilizer levels

Optdon 1 would sliminate the soivent compo-
nent of the waste stream. Option 2 would
reduce waste by permitting more precise
control of stabilizer levels, thus eliminating
the tendency to use excess stabilizer to ensure
a good margin of safety.

The results of the economic analysis are
presented in Table 3—19. Both options have
very high internal rates of retumn (IRR).

Barriers to Implementation

The addition of stabilizer is a safety pracace
that prevents an exothermic dechlorinanon
with its artendent risks to peopie and equip-

ment. Any attempt to alter the amount of
stabilizer or the manner in which it is intro-
duced to the process must take safety into
account.

Opportunites for Others

This series of assessments examines six
processes in which the waste streams exit
from disdllation columns. The CAP isomers
process is typical of many distillation pro-
cesses in use today throughout industry.
Therefore, many of the options generated for
the CAP isomers process may be more gener-
ally applicable. -

Several case studies in this series examine
processes where a stabilizing agent is added
for safety reasons. In all of those studies, the
stabilizing agent either comprises the chief
component of the waste stream, or otherwise
frustrates attempts at waste reducton. The
amount of stabilizer added to such processes is
dictated by worst-case scenarios and the need
for comfortable margins of safety. Therefore,
waste reducrions must usually be accompanied
by such addironal changes as better process
controls, different operating conditions, or
equipment changes.

SECTION 3: Case Studies
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Case Study 10: Wiped-Film Evaporator
Existing technology for reducing waste through increased product recovery

Abstract

This case study examines an artempt to reduce
waste through enhanced product recovery in a
process which produces chlorinated aromatics.
The process area will install a wiped-film
evaporator to recover residual product from a
distlladon tar sream. This effort is part of an
ongoing waste reduction program which has

also achieved s. ..c< reductions in the process
byproducts that create the tar stream. This
case study demonstrates that improved prod-
uct recavery is a way to continue reducing
waste even after all practical source reductions
have been made.

f

then recycled through a reboiler back into the
column. Part of this recycle saeam will pass
! through the wiped-film evaporator. The evapora-

Product
DISTILLATION
COLUMN
Wase
stream
- (recycim)
Product o
T
REBORLER
Catatyst
REACTOR WIPED FLM
EVAPORATOR
Wase steam
cactants ase mixed and heated in a reactor
R in the presence of a catalyst. The resulang NEUTRALIZER
reaction peoduces chlorinated aromatics TANK
and heavy reaction byproducts. The reaction NeATalze3 waste STeXn
mass then proceeds to the distillation step. (10 wasiewaier regynent)
In the reduced pressure of a distillation column, -~
the lighter chlorinated aromatics begin to boud off  tor will boil off most of the unrecovered product
as the remainder of the hot reaction mass falls 0 and reintroduce it back into the column. As is the
the boatom of the column. The reaction mass is current practice, the remaining waste will pass o

a neutralizaton tank o be mixed with caustic
and water before passing on o the wastewater
treagment plant

Figure 3-18. Chiorinated Aromaacs Process with Wiped-Film Evaporator
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Background

The DuPont Chambers Works site includes a
process, illustrated in Figure 3-18, that manu-
factures chlorinated aromatics. The continu-
ous process consists of a reaction step which
produces a product-crude, followed by a
disallaton step which purifies the product.
The reaction step produces heavy tar as a
byproduct. The tar entraps significant amounts
of otherwise saleable produet, and carries it
away from the disdllation step as waste.

The chlorinated aromartics process has long
pursued waste minimizatinn as a key strategy
for increasing producton. Over the years, the
process area reduced reaction byproducts to a
point where each additional pound of reduc-
tion has become very costly. So the process
area is now implementing a product recovery
project that will further reduce waste.

The project involves the design, testing, and
installation of a wiped-film evaporator. The
evaporator will receive the tar stream that
emerges from the distlladon step and recover
some of the chlorinated aromarics that are
trapped within the tar. The process area first
considered this project in the mid-1970s. and
rejected it as being too costly. But nising
waste disposal costs and the need for produc-
tion increases forced a subsequent reconsid-
eration. To date, the wiped-film evaporator
project has completed its design and tesang
phases. [nstallation is expected in 1994,

Figure 3-19 illustrates the principles of
operation of a wiped-film evaporator. In
general terms, a wiped-film evaporator ex-
poses a tar sweam to a heated surface upon
which the lighter compounds are boiled off
and recovered. In the chlorinated aromatics
process, the matenial recovered by the evapo-
rator will be recycled back to the disallaton
step for further purificagon.

Description of the Waste Stream

A typical analysis of the present waste stream
from the chlorinated aromatics process would
reveal:

Chlorinated aromatics 60%
Heavy byproduct 40%

These acidic wastes are neutralized with an
alkaline compound, dissolved in water, and
sent to the on-site wastewater treatment plant
for disposal.

Costs associated with this waste stream in-
clude the yield loss represented by the
unrecovered product, preparation costs associ-
ated with wastewater treatment, and the
wastewater treatment itself.

At present, the chlorinated aromatics process
produces 0.015 lbs of waste for every pound

of product. When operation of the wiped-film
evaporator begins, this total will fall o 0.007
Ibs of waste.

Previous Waste Minimization EHorts
The need to contnuously increase production
has ingrained waste minimization into the
working culture at the chlorinated aromarcs
process. Over the years, byproduct formation
in the reaction step has been substandally
reduced. The marginal cost of reducing
byproducts even more is now high. Therefore,
the process area has focused on recovering
more product per pound of crude. The wiped-
film evaporator wiil help to accomplish this.

Waste Minimization Options

Few records exist of past option generaton
activity. Suggestions for waste minimization
projects were made informally, and lictle effort
has been made to maintain recorded proceed-
ings. The area is condnuously evaluatng its
performance in decreasing wastes.

Nama N
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through the feed inlet. As
gravity draws the matenal
down, the rotor blades
spread the material over
the heated surface and
create effective film
nxbulence. Lighter
compounds evaporate. The
vapors nse up the evapora-
tor and pass through the
vapor outlet. The remam-
ing wastes are sent t0 2
neutralizanon tank o be
prepared for wastewaler
treatment.

Figure 3-19. Wiped-Film Evaporaor

Technical and Economic Feasibility
Not all waste streams are suitable for wiped-
film evaporation. By removing the recovenahle
product, the evaporator effectively concen-
trates the wastes. Several streams in this series
of reports consist of thermaily unstable com-
ponents which cannot safely be concentrated
above a certain threshold.

Although the waste produced by the chlori-
nated aromatics process is thermally stable, it
is highly corrosive. Off-the-shelf wiped-film
evaporators are generally constructed of
stainless steel, which will corrode if exposed
to the chlorinated aromatics waste. Therefore,
a specially designed evaporator constructed of
a carrosion-resistant alloy is required.

Inidal testing of the wiped-film evaporator at a
DuPont l2boratory yielded mixed results,
probably because of problems with material
flows and operating parameters. But a subse-
quent test at the vendor’s site in 1991 proved
successful. The test demonstrated a 50%
reduction in the waste stream, concentatng it
from 40% to 77% byproducts.

Table 3-20 summarizes the economic analysis
of the wiped-film evaporator.

T@Nc 3-28. Economuc Sumonary of Wiped-Film Evaporator Option

Waste EPA Method OuPont Meod | mplemen- |

Option Reducon | Capital Cost NPV (12%) IRA NPY (12%) RR | taton Nme |
Wiped-film ‘
evaporator 52% $1,450000 | $2.8369,000 | 45% $135500| 14% | 1year J
R

Commants:  For an explanation of terms used in this analysis, see the discussion under “Feasbity |
Evaluation® in Section 2: Project Methodoiogy. _ ,
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Barriers to Implementation
Over the years, the chief barrier to the imple-
mentation of the wiped-film evaporator option
has been its large capital cost. Three factors
offset this barrier:
+ the rising cost of waste disposal
» the need for production increases
« the cost of unrecovered product in the waste
Another barrier to impiementation has been
the corrosive nature of the waste, which has
important implications for the evaporator’s
materials of construction. This barrier was

- overcome by working closely with the vendor
to develop the evaporator, and by extensive
testing.

Opportunities for Others

The chlorinated aromatics process delayed
implementation of the wiped-film evaporator
option until after substantial source reductions
in generated waste were made. The process
area found tnat the source reductions were for
a time less costy than recycling or product-
recovery schemes. By waiting to install the
evaporator untl after the source reductions,
the process ares realized the maximum benefit
from both options. This case study demon-
strates that improved product recovery is a
way to coatinue reducing waste even after all
practical source reductions have been made.

SECTION 3: Case Studies
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Case Study 11: Specialty Surfactant

A partnership between customer and manufacturer leads to the elimination

of CFC from a surfactant product

Abstract

This case study describes a successful effort o
climinate the chlorofluorocarbon (CFC)
content of a speciaity surfactant product. The
CFC, which served as a solvent for dissolving
the surfactant, has been replaced by water.
This effort was undertaken in response to
customer demand for a non-CFC product
Customers played a crucial role in the success
of this effort by providing input in the devel-
opment of the new product formuladon. This
study illustrates the increasing value custom-
ers place on environmental friendliness. Many
future waste reduction efforts are likely w0
involve collaboradons between producers and
customers.

Background

The DuPont Chambers Works site produces a
surfactant which is sold to manufacturers of
cleaning products. In its pure state, the surfac-
tant is a waxy solid with the consistency of bar
soap. But customers require a liquid for their
manufacturing processes. Liquification 1s
achieved by dissolving the surfactant in a
mixture of solvents. This enables the surfac-
tant to be sold as a nearly transparent liquid
with the viscosity of a light oil.

An important quality consideration is that the
surfactant be well-dissolved within the sol-
vent. The appearance of sediment in the
product is evidence of undissolved surfactant.
Quality improvement efforts over time have
been directed at reducing the amount of high-
molecular weight compounds within the
surfactant, as these compounds are largely
responsible for sediment formanon.

Before waste mmmization, a combination of
three solvents had been used: water, isopropyl
alcohol (IPA), and Freon® 113. The Freon
113 had been particularly effective in dissolv-
ing high-molecular weight compounds, and
was thus considered crucial to maintaining
product quality and customer acceptance.
Unfortunately, Freon 113 is a CFC, and its use
is believed to contribute to the depletion of
ozone in the upper atmosphere.

In 1989, the Chambers Works site began a
program to eliminate Freon 113 from the
surfactant product. The impeuws for this
program was a growing desire among DuPont
and its customers to eliminate CFCs from their
processes. Eliminating Freon 113 required a
reformulation of the product. Customers
cooperated in the effort by agreeing to evaly-
ate the product reformuladon.

In 1991, a plant trial successfully produced a
surfactant in which the CFC had been replaced
with water. The new product has since re-
placed the old formulaton, thus achieving a
100% source reduction in CFC released to the
environment.

Description ot the Waste Stream
Wastes from production of the old surfactant
product consisted of airborne emissions of
CFC and [PA, both volatile organic com-
pounds (VOCS). These emissions occurred
primarily at the sites where the surfactant
product was consumed, with a very small
amount occurring as fugitive emissions from
the Chambers Works site.
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Table 3-21. Ranked Summary of Speciaity Surfactant Waste Minimization Options

Optlon Pros Cons
1. Repiace CFC with « Elimination of CFC from product + Risk of customer resistance 10 slightly
water. » Reduction of VOCs from product increased sediment in product
2. Replace CFC with a + Elimination of CFC from product + Little or no reduction in VOCs from
non-azone depieting product
allernative. « Non-ozone depieting aitemative is
movre costly than CFC
3. Eliminate both CFC » Blimination of CFC from product + High development cost (new manu-
and PA. + Elimination of VOCs from product fm)whandhgm
required
* Very poor chance of success
4. Manufacture and sell + E'imination of CFC from product + High development cost (new manu-
material a8 a solid. + Elimination of VOCe from product facturing and handiing srocesses
required)
* Very poor chance of success
« Merely shifts the burden of waste

5. Use basic or acidic + Elimination of CFC from product « Poor chance of succees

water to dissoive + Elimination 0! VOCs from product - Custcmer resistance
product.

8. Use other soiventa. + Elimination of CFC from product + Poor chance of finding combination of
soivents having less VOC emissions,
flammability, or toxicity than IPA and
water

7. Reduce IPA and - + Reduction of VOCs from product « Customer resistance to increased

replace with water. » Smail matenais cost savings sediment in product

8. F::pha CFC with » Efimination of CFC from product + No reduction of VOCs from product

IPA,

disposal 10 customers (customers will
have t0 add solvents to the product)

A typical analysis of the product leaving the
Chambers Works process before the reformu-

ladon would have revealed:
Water/surfacaant 67%
IPA 2%
CFC 11%

Virtually all of the organic solvents added to
the surfactant were inevitably released into the

atmosphere.
Costs associated with this waste stream in-
clude the cost of the solvents added 10 the

product, and the small amount of solvent lost
as fugidve emissions at Chambers Works.

More importandy, failure to remove CFC
from the product would have eventually
forced it off of the market.

Previous Waste Minimization Efforts
No previous attempts to eliminase CFC from
the surfactant products had been made. In
1986, a new product development effort
successfully reduced the amount of high-
molecular weight compounds in this surfac-
tant, and this in turn reduced the amount of
sediment in the product. Given that the pur-
pose of adding CFC was to dissolve such
compounds, this product development effort

SECTION 3: Case Studies

Page 8l



CATEGORY 1

CASE STUDY 11: Speciaity Surtactant

set the stage for CFC elimination. In 1989, the
business organization leamed that a product
with a small amount of sediment could gain
customer acceptance if it were CFC-free. This
customer acceptance made the CFC elimina-
ton possible.

Waste Minimization Options

In 1989, a team was formed 0 consider ways
in which CFC might be removed from the
surfactant product They generated eight
possible options, and these are surnmarized in
Table 3—-21. With the exception of Option 7,
“Manufacture and sell surfactant as a solid”,
the options invoive reformulations of the
solvent system used in ilie product. Responsi-
bility for evaluating these options and imple-
mentng the eliminadon of CFC fell to the

process chemist, who performed these tasks in-

consultation with surfactant customers.

Technical and Economic Feasibility

Technical Evaluation

A series of laboratory experiments were
performed to evaluate alternative solvent
systems. Replacing CFC with water was
determined to be the best option. It was the
only opdon which eliminated CFC and re-
duced VOC emissions without forcing major
changes to the process or to product qualirty.
Removing CFC did slightly increase the

amount of sediment in the product, but the
amount was still low enough to gain customer
acceptance. The new solvent system coatains
33% less VOCs than the old one, and elimi-
nates all CFC.

Economic Evaluation

Table 3-22 summarizes the economic evalua-
tion of the chosen option. Although CFC
elimination required modifications to the
procedures used to manufacture the surfactant,
equipment modifications or other capital
expenditures were not required. Cost savings
resulted from replacing CFC with water. The
evaluation did not assume an increase in sales
resulting from CFC elimination, nor did it
assume loss of sales resulting from the failure
to eliminate CFC.

Barriers to Implementation

The chief impediment to this waste minimiza-
tion effort was a possible lack of customer
acceptance for the new product formulation.
In the absence of CFC, a small amount of
sediment forms within the surfactant product.
Keeping the amount of this sediment low was
the key to achieving customer acceptance.

Evaluation of Performance
The chosen waste reduction option eliminated
100% of the CFC emissions and 33% of YOC

Table 3-22. Economic Sumumary of Top Specidity Surfactant Waste Minimization Opdon

Waste EPA Method DuPont Method mplemen-
Option Reduction| Capitsl Comt NPY (12%) IRA NPV (12%) [RR | tation Time
Replace CFC with ‘
water 100% CFC $0 $2,000 | 13% $2,000 | 13% | 1year
33% WOCs | |
Comments: For an explanation of terms used n thus analysis, see the discussion under *Feasiility
Evaluation” in Section 2: Project Methodoiogy. |
J
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affecting the quality of the finished product.
The new product has met with good customer
acceptance.

Opportunities for Others

This case study demonstrates the opportunity
that exists 10 eliminate CFCs from those
products that use them as solvents. More
importantly, this case study shows that a great
potential for waste minimization exists in
partnerships between producers and custom-

ers. Customers have traditionally represented
a major impediment to waste reduction.
Failure to place value on environmentally
friendly products provided producers with
little incentive to reduce wastes. But this
situation is likely to change as the growing
public demand for waste reductions affects
customers and producers alike. In the new
business climate, the development of eaviron-
mentally friendly products will increasingly
become a collaborative effort between produc-
ers and customers.

SECTION 3: Case Studies
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Case Study 12: CAC Process

Involving people from all disciplines in waste reduction effort is a
key factor in eliminating a waste stream

Abstract

This study describes a successful effort to
climinate a waste stream of solvent from a
multiproduct chemical processing area. The
solvent had been used to flush the process
equipment at the conclusion of each product
campaign. Elimination of the solvent wash
was accomplished by instaliing drainage
valves at low elevations on the process equip-
ment, and building a wheeled collection vessel
to collect the drainage at the coaclusion of a
product campaign. In addition to eliminating a
large waste soream, the new drainage system
has shortened product changeover ume and
increased product yield through recovery of
the product residue. This waste eliminaton
soludon was conceived and implemented by
line workers, highlighting the importance of
including representatives from all disciplines
on waste assessment teams.

Background

One process area at the DuPont Chambers
Works site makes two types of chlorinated
aromatic compounds (CAC), and from them
produces three products. The pure forms of
both ¢ known as CAC-1 and
CAC-2, account for two of the products; the
third is 2 mixture of the two compounds. The
process area uses many pieces of equipment to
produce these products, including reactors,
disallation columns, heat exchangers, and
storage tanks. The rwo compounds cycle
through the equipment in separate product
‘“‘campaigns”.

At the conclusion of each campaign, a large

amount of residual product remains within the
process equipment. This residue must be

removed before the start of the next campaign
to prevent it from contaminating the new
product. In the past, this was done by flushing
the process equipment with solvent. The
solvent wash has long been the focus of
remediation efforts for a variety of reasons.

* [t created a large waste stream for
incineraton.

+ It was a major contributor to long equipment
setup times between product campaigns.

» [t made reprocessing large amounts of
product necessary because the solvent
contaminated the initial product made in a
new campaign.

¢ The residual product washed away by the
solvent represented a significant yield loss.

In 1990, a waste minimization team 2t the
CAC process area conceived and subsequently
implementsd an equipment drainage system to
completely eliminate the solvent wash. Drain-
age valves were installed at strategic locanons
of low elevation on the process equipment. A
movable, insulated collection vessel was
designed and built by area persoanel. At the
conclusion of a product campaign, workers
drain the residue from each valve in tum. The
collected product residue is held in a srorage
tank for reintroduction to the process during
that product’s next campaign. Figure 3-20
illustrates the operation of the new drainage
system.

In deciding whether or not to implement the
system, the assessment team had to consider
its effect upon product quality. After the
process equipment is drained, only a fraczon
of the original residue remains. The team +as
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t the end of a product campaign, residual

product is drained from the process equip-

ment into a specially buik “mobile collecuon
vessel”. This vesssl is emptied into the product
drainage manks, where product residues accumulate
untl they are eventmally recycled back w0 the process
at the start of 2 fomsre campaign.

During changeovers from CAC-2 to CAC-1 produc-
on, the drainage procedure is suppiemented with a
washout of the process equipment. A reserve of
CAC-1 is held in a flush tank until it is released ©
fush away any remaining CAC-2. The amount of
CAC-2 within the flush tank is held constant by
penodically drawing down small quantities of the
fiush 1o euher recycle back t0 the process or 10 make
the muxed CAC product. This drawdown amount is
replaced with virgin CAC-1.

CATEGORY 1
E———CACJ Flush
FLUSH
TANK
PROCESS
EQUIPMENT CAC-1 Flust
DRAINAGE
VALVES
MOBILE
COLLECTION
VESSEL
Residual product
e |\
DRAINAGE
TANK
CAC-2
DRAINAGE
To beginning ot TANK
process for new
product campagn

The mobile collection vessel was designed and built
by CAC process operators and mechanics. [t consists
essentially of 8 55-gallon tank securely fasiened 0 a
wheeled carriage. The tank has been insulated w0
prevent solidification of the product residue upon
exposure (0 ambient lemperatures. A flexible hose is
used to connect the mobile vessel to the drainage
valves 0 permit drainage from the most hard-to-
reach drain points. The mobile vessel is designed ©
be operated by a single persoa.

The mobile collection vessel offers several advan-
tages over the use of drums for collecting the ;
drainings. It’s built low to the ground, allowing ‘
collection from low spots that drums could not
service. The mobile vessel provides better ergonom-

ics than drums, and avoids the disposal probiems that
occur with drum use.

Figure 3-20. CAC Process

SECTION 3: Case Studies
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unceruin if even this small amount would
have to be flushed to avoid unacceptable
contamination of the next product to be made.

In the case of CAC-2, the team found that
flushing was not required. However, the purity
specifications for CAC-1 are much stricter
and require flushing. But instead of using
solvent for this flush, the new system uses an
amount of CAC-1 product held in reserve for
this purpose. The CAC-1 flush is recovered
and stored for repeated reuse in future cam-
paigns. Over time, residual CAC-2 builds up
within the CAC-1 flush. When it exceeds an
acceptable level, the flush is reworked back
into the process or is used to make the mixed
CAC products.

Figure 3-21 depicts the CAC campaign
strategy and product purity requiremerts.

Description of the Waste Stream
A typical analysis of the waste saream result-
ing from the solvent wash would reveal:

* Unrecovered product residue 20%

80%

The costs associated with this waste soream
included the replacement cost of the solvent,

costs associated with the disposal of the
solvent wash, the yield loss represented by the

+ Solvent

unrecovered product residue, lost productivity
and capacity due to lengthy setup time be-
tween campaigns, and the cost of reprocessing
solvent-contaminated product.

Before the waste olimination effort, the CAC
process generated 0.015 Ibs of waste for every
pound of product produced. This waste was
once treated at the on-site wastewater treat-
ment plant. In later years, the waste was
incinerated after a pretreatment that reduced
its chlorine coatent.

Implementation of the new drainage system
has eliminated this waste stream completely.

Previous Waste Minimization EHorts
Over the years, the CAC process area has
devoted considerable effort to address the
problems posed by the solvent wash. At first
these efforts focused on end-of-pipe waste
treatment. Later, a recycling scheme was
implemented to reduce the amount of waste.
Finally, the area began looking at source
reductions to reduce and then eliminate the
waste entirely.

In the original process, the solvent flush and
its load of residual product simply passed

through the process equipment and on to the
on-site wastewater treatmnent plant. In 1987,
the CAC area began incinerating the solvent

No Hush Fluah
CAC-1 required CAC-2 required CAC-1
CAMPAIGN CAMPAIGN ™1 camraiaN
0.1% CAC-2 1 0% CAC1 0.1% CAC—2
Permitted Permmed Permitted

Figure 3-21. CAC Product Campaigns
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Table 3-23. Ranked Summary of CAC Process Waste Minimization Options
Option Pros Cons Comments

1. Drain the process - Eliminates use and + Product purity concems  This option requires the
squipmaent and disposal of solvent instalistion of drainage
eliminate the soivent < Recovers saleable vaives on the process
wash. product squipment and a means ol

» Low capital cost collecting the product
» Shortens product residue. The assessment
changeaver time team judged the risk 10
» Eliminates soivent product purity to be a
storage and associsted prudent ane in view of the
working capital charges potential benefits of this
option.

2. Orain the process + Eliminates use and « Costs associated with This option requires the
equipment and flush disposal of solvent recovering and rupro- installation of drainage
with CAC product. + Recovers saleabie cessing the flush vaives on the process

product streams equipment and a means of
+ Low capital cost the product
» Shortens product residue. The potential
changeover time benefits are less than
+ Eliminates solvent those of Option 1, bt so
storage and associated are the risks o product
working capial charges quality.
+ No risk to product punty
3. Loosen product + Eliminates use and + Low chance for success  Discussions with customer
ions to disposal of soivent (customer resistance) reinforced the need o
sliminate the need + Recovers saleable maintain the present
for cleaning equip- product product specffications.
ment. + Low capital cost
+ Shortens product
changeover ime
« Eliminates sovent
storage and assocated
working capaal charges
4. Substitute soivent + Eliminates use and « No reduction in product  Athough this option is
flush with water. disposal of soiven changeover time known to be suitable for a
« Low capttal cost « Creation of 1 aquecous  least some of the process
+ Eiminates sovem waste stream squipment, i Clearly is less
NOrage and assocated  + No product yield desirable than Options 1
working captal charges increase and 2.
+ Risk to product quality
by conamination with
water

5. Use wasts soivent A reduction in total + Not a source reduction Clearly the least
from anothee salverts used on ste + Na reduction in product  desirable option.

process o flush changeover time
quIpMment. . ﬂo product yield
INCIOASE

SECTION 13: Casa Studias

Paace 89



CATEGORY 1

CASE STUDY 12: CAC Process

Tadig 3-24. Economic Suwwmary of Top CAC Process Wasie Minimizasion Optons

Waste EPA Method OuPont Method | mpiemen-
Option Reduction | CapkaiCost | NPY(12%) AR | NPV(12% AR |iztion Time
Eliminate the
solvent wash by
implementing
Options 1 & 2. 100% $10,000 | $2.212,000 | 671%| $2,212,000 | 671% | 8 monthe

Comments: Focanoxphmﬂondtmusodnﬂuammhmtmmuw«‘ﬂuuiy
Evaluation” in Section 2: Project Methodology.

wash on-site. The waste first had to be pre-
treated with a nitroaromatic compound to
reduce its chlorine content. Later, the area
arranged to have the waste incinerated at
another DuPont site where pretreatment was
not required.

The first waste reduction was achieved when
the CAC area developed a method for recover-
ing and recycling much of the solvent from
the spent wash. However, this still left a
considerable amount of residual product and
unrecovered solvent o be incinerated. In

1990, the area reduced the number of flushes
between campaigns. This measure alone
reduced waste by 33%, and represented the
area’s first successful source reduction.

Waste Minimization Options

In 1990, an interdisciplinary CAC assessment
tcam met in a brainstorming session and
generated five options for eliminating or
improving the soivent washout. These optons
are summarized in Table 3-23. Opdon 1,
“Drain the process equipment and eliminate
the solveat wash”, and Option 2 “Drain the
process equipment and flush with CAC
product”, were the only options seriously
considered.

Technical and Economic Feasibility

Technical Evaluation

Both Options 1 and 2 required the installation
of drainage valves on the process equipment,
and a way to collect and accumulate the
product residue. An-insulated 55-gal tank was
mounted securely onto a specially built hand-
cart. This mobile collection vessel would be
wheeled to each drainage point to collect
product residue. The contents of the mobile
vessel would then be emptied into a storage
tank for eventual recycling to a future cam-
paign. Because the CAC residual has a very
low volatility, air emissions were not a consid-
eration in the design of the cart.

Option 1 was implemented and tested in 1991,
The new drainage system removed about 75%
of the residual product from the process
equipment. This was good enough for starting
a CAC-2 campaign. Although some inital
product left the process contaminated with
residue, the amount was small enough o
permit easy reprocessing.

Unfortunately, the new system was not ad-
equate for starting a campaign of CAC-1,
which has much more demanding purity
specificadons than CAC-2. Contamination of

Pana AN

QEATINAM 2 Paca Sh e




CASE STUDY 12: CAC Process

CATEGORY 1

the CAC-1 continued well into the campaign,
producing a volume of off-spec material that

was simply too great to reprocess.

Option 2 was then tested for a CAC-1 cam-
paign, using a small reserve of CAC-1 to flush
the process equipment. This test proved
successful. When the campaign began, opera-
tors were able to bring the product within
specifications quickly. The amount of con-
taminated material was small enough to
permit reprocessing.

Economic Evaluation

Implementation of Options ! and 2 was
completed by plant personnel with only
minimal cost. The iow capital cost coupled
with the benefits realized by the waste reduc-
ton made these waste minimization options
very atracuve. The economics of implement-
ing both options are summarized together in
Table 3-24.

Barriers to Implementation

Concemn about product quality was the only
barrier to the implementation of these opdons.
Flushing the equipment with CAC-1 solved
this problem. Once it was demonstrated that
product quality could be maintained without
generating an additdonal waste stream, it was
possible to implement these optons.

Evaluation of Performance

The CAC area has successfully demonstrated
the complete elimination of washwaste be-
tween product campaigns, and has achieved
the cost savings identfied in Table 3-24. The
people involved with this waste elimination
effort have been recognized with a site
achievement award.

Opportunities for Others

This study illustrates the importance of includ-
ing representatives from all process disciplines
on the assessment team. The new drainage
system was conceived and implemented by a
process operator with help from two mechan-
ics. The mobile collection vessel they de-
signed avoided the ergonomic and disposal
problems associated with drums, and can
reach lower spots on the process equipment.
Their solution for eliminating the waste

stream was achieved with low capital cost and
short implementaton time, and demonstrates
that waste reduction need not require technical
solutions and elaborate equipment.

This study aiso shows that waste reducton is
often an iterative process. The CAC team
implemented a number of options over time
that gradually reduced the waste. Had they
stopped after a few inital successes, the waste
stream would not have been eliminated. In
hindsight, their solution for eliminating the
waste stream seems simple and obvious. In
reality, the team gained the confidence to
implement a somewhat risky solution through
their experience with incremental waste
reductions.

Finally, this assessment shows that taking
prudent risks can yield big waste reductions.
Conventional wisdom held that quality would
suffer unless the process equipment received
an overkill of solvent washing. But the assess-
ment team made the imaginative leap toa
breakthrough solution that eliminated the
waste and greatly reduced costs. And they did
it without compromising the quality of their
products.

QECTION 1 M aca S Aioe
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Case Study 13: Solvent Emissions

Upgrading the filtration system for recovering a metal catalyst has
eliminated solvent emissions to the atmosphere

Abstract

This case study describes a successful effort o
reduce air emissions of a volatle solvent by
99%. The emissions originate from an in-
process filtration system that recovers a
precious metal catalyst for shipment t0 a
reclamation facility. The emissions were
reduced by replacing a plate-and-frame filter
press with an alternadve filtranon system. The
waste reductoan effort was undertaken to
comply with stricter state regulation of air
emissions. Cost savings generated by the new
filoation system were not great enough to
offset capital investment. This study discusses
some aspects of waste reduction efforts that

are regulatory driven.

Background
A batch process at the DuPont Chambers
Works site produces a specialty aromadc
product. The process includes a reaction step
that produces a product crude, and a punfica-
tion step that separates the product from the
impurities in the crude. The reaction step uses
a precious metal catalyst. A volatile solvent is
. used to slurry the catalyst and one of the
reactants before the reaction step.

Before arriving at the purification step, the
product crude passes through a filtration
system to remove the metal catalyst. The
filtered catalyst, which is wet with solvent and
aromatic product, is drummed and shipped to
an off-site reclamation facility. There the
catalyst is recovered through an incineraton
process that burns off the combustble
impundes.

In the past, the Giuadon was performed by a
plate-and-frame filter press. This type of filter
consists of a series of perforated plates that are
covered with filter cloths and sandwiched
between two metal frames. As the crude
passed through the filter press, the catalyst
collected on the filter cloths, forming a wet
cake. After each filtration, the press had o be
opened manually to remove the cake.

The old filtration system released solvent
vapors to the atnosphsre in two ways:

+ Opening the filter press caused some of the
solvent in the cake to evaporate.

* When reassembling the press, it was impos-
sible to create a perfect seal due to wicking
of the filter cloths. The filter leaked during
operation, and this leakage was the source of
fugitve solvent emissions.

Reducing solvent emissions became a priority
because of stricter air emissions standards
imposed by the New Jersey Department of
Environmental Protection (NJDEP). In 1989,
the specialty aromatics process area began
looking for an alternative filtration system.

In 1991, the process area replaced the filter
press with the modern dual-filtration system
illustrated in Figure 3-22. The system uses a
“back-pulse” type primary filter and a “hori-
zontal-leaf™ secondary filter. This design
offers several advantages over the old press:

» The new filters do not have to be opened to
remove the filter cake. This virtually elimi-
nates leakages and fugidve emissions. Only
mace amounts of solvent are released w the
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FEED TANK

n the new fiitration syssem, a batch of product

crude passes from s feed tank through a back-

pulse filter. The filier concentrates the
catalyst, which collects in the filter botom along
with some solvent and product. This slurry s then
send 10 3 horizonsal-ieaf filter 1o remove addiuonal
solvent and pradect. The liquid from the hornzon-
1al-leaf filter is recycled back to the feed ank for
reprocessing with the next batch of crude. The
catalyst-bearing fileer caks is sent to an off-ate
reclamation facility.
The back-pulse fileer contains mbes covered with
filer clothe. The liquid portion of the crude passes
through these bes, while the fileer cake collects
on the outside of the filter cloths, The back-pulse
filser is s0 narned because periodic back-pulses of
nitrogen gas dislodge the wet cake from the filter
cloths, causing it 0 collect on the fiter boitom
along with' 2 “heel” of product and soivent.

Ory fer-cake
(v recovery
NGNS

The horizonwl-leaf filter containg an assembly of
filer leaves connected t0 a central shaft. The
camalyst-bearing -urry cascades over the leaves
from the top w the botom of the filter. The liquid
portion is recycled 10 the feed mnk, while the fileer
cake collects on the leaves. Hot solvent is thea
introduced o the filer 10 wash recoverable product
out of the cake. The soivent wash is pumped 10 the
feed tank. Then hot nizogen is blown inwo the
secondary filter to dry the caks. The nitrogen is
vented 10 the smosphere after firs being stripped
of solvent and product vapors by a coolee/con-
denser ensemble. At the end of the drying step, the
central shaft romases. The flter cake is spun off of
the leaves and (alls by gravity to the botsom of the
filter. The cake is then drummed and sent to the
reclamadon facility.

Figure 3-22. New Caiwalysi Filtration System
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atmosphere from solvent/product recovery
equipment. Solvent emissions have been
reduced by 99%.

» Most of the saleabie product that was previ-
ously lost in the filter cake is now recovered.

Description of the Waste Stream

The air emissions from this process consist of
100% volatile solvent. Costs associated with
these emissions consist of the replacement
cost of the solvent. Had the alternative filtra-
ton system not been implemented, regulatory
noncompliance would have forced a shutdown
of the process.

Before the emissions reduction, the catalyst
filtration produced 0.09 |bs of solvent emus-
sions for every pound of product produced.
After the reductions, this figure fell to 0.001
lbs of waste.

Previous Waste Minimization Efforts
Although the specialty aromatics process area
has reduced waste streams in other parts of the
process over the years, no known attempts

have previously been made to reduce solvent
emissions to the atnosphere from the filter-

press operation.

Waste Minimization Options

The dual-filtration system described in this
report was the only option seriously consid-
ered for reducing the solvent emissions. It
would have been possible to comply with the
NIDEP regulations by installing the back-
pulse filter alone. The reduction in air emis-
sions would have been as great with one filter
as with two. But the single-filter “option™
would have actually increased net waste. The
filter cake from the back-puise filter contains
more solvent than was previously lost to air
emissions. This solvent would have added o
the incinerable waste that is seat to the recla-
mation facility. Dual-filoration provides a net
waste reduction by producing a dryer filter
cake and recycling most of the liquid filoate. .

An upgrade to the new filtration system
currently under investigation would reduce the
solvent in the filter cake even more. The hot
nigogen that is used to dry the filter cake

Tablg 3-23. Economuc Summary of Air Emissions Minimization Opdons

wiste EPA Method Dufont Method mpienen-
Option Reduction| Caphal Cost NPV (12%) IRR NPV (129%) [RR | tation Nime
Instail dual
fitration system 99% $2,200.000 | ($1.880,000) | < 0% ($1,880,000) | < 0% | 8 months
ar emesions
I Install dual
| fitration system
& steam drying 9% $2,200.000 | ($1,390,000) | < 0% ($1.390,000) | < 0% | 6 monthg
¢ umesions .
82%
reciamation
Commants: Parentheses denote negative numbers,
For an expianation of terms used in this analysis, see the discussion under “Feasibilty
Evaluation” in Section 2: Project Methodoogy. :
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would be replaced with steam. The steam
would promote better drying by displacing the
solvent in the cake. Most of the displaced
solvent would then be recycled back into the
process. -

Although not seriously considered, another
option for reducing the solvent emissions
would have been to shut the process down. As
the economic analysis reveals, replacing the
filration system required a large capital
invesunent with little offsetting return. If the
product were one that was considered mar-
ginal, shurting the process down would have
received more serious consideration as a waste
reduction option.

Technical and Economic Evaluation

Technical Analysis

In designing the new filtration system, the
specialty aromatics project team first consid-
ered a primary filter that used sintered (perme-
able) metal elements as the filter medium.
Although this type of filter works well in other
applications, lab testng proved it to be unsuit-
able for the specialty aromatics process. The
catalyst tended to clog the element pores,
forcing frequent replacement of the filter
clements.

After further investigation and testing, the
project team selected a primary filter that uses
disposable filtercloths. The new filtraton
system was installed in 1991, and has mstits
waste reduction goals.

Economic Analysis

Table 3-25 summarizes the economic analysis
of the dual-filtration system, both with and
without the steam-drying upgrade. Although
the filoration system resulted in an economic
loss, a substandal part of the operating cost
can be reduced by using steam instead of hot

nitrogen to dry the filter cake. Neither option
yields an internal rate of return (IRR), and
both have a negative net present value (NPV).
Implementation of the new filtration system
has resulted in a financial loss to DuPont,
which often happens in cases of regulatory
driven waste reductions.

Barriers to Implementation

The chief barrier to implementation of the new
filmadon system was the identification of an
appropriate filtration technology. Precious
metal recovery requires very efficient filtra-
ton, and the choice of a filter medium must be
made carefully. The specialty aromatics
process considered and tested a filtration
technology (sintered metal) that proved
unsuitable before adoptng the chosen design.

Opportunities for Others

If a process area is going to make a substantial
capital investment for new equipment, it's
better to install equipment that will actuaily
reduce waste rather than merely shift the
waste to another medium. It would have been
casy for the specialty aromatics process to
comply with tougher emissions regulatons
while creating a new waste stream. Insalling
the primary filter alone would have brought
the process into compliance for air emissions,
but would also have generated additional
liquid waste.

In an existing process, the additional amounts
of solvent and product recovered by a new
filtration system may not be enough to offset
the capital costs of the implementation. Had
this waste assessment not been regulatory
driven, it is unlikely that the new system
would have been installed.

Regulatory driven waste reductions have the
potendal of «illing off existing processes. The
specialty aromatics business described here

QEATION 2 Maca Stiidiae
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was judged by the corporation to be soong
enough to absord the cost of the capital invest-
ment in the new filtration system. This is not
wue of all businesses. There are always two
other optioas that don’t appear on option
generation tables. One is to do nothing, 2
credible option if all others have negative
NPVs with no “soft” benefits, and if the waste

is handled in an environmentally sound man-
ner. But if regulatory waste reduction is
imposed upon a business, then doing nothing
is not an option. Under these circumstances,
if the value of a business does not justify the
cost of regulatory compliance, then shutting
down could well become the chosen “waste
reduction” option.

Page 56
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Improvements in raw material quality open the door to substantial

waste reductions

Abstract

This case study examines ongoing waste
reduction efforts for a process that manufac-
tures aromatic compounds. The process
produces a waste stream of heavy tars which
are incinerated. Extreme variability in the
quality of one of the incoming raw materials
had previously frustrated waste reduction
efforts by creating uncertainty about the
causes of waste generaton. But recent im-
provements in the quality of the raw materials
have made waste reduction possible. The
waste reductions described in this study result
from improvements in process control,
changes in reacton condidons, and improved
waste handling.

Background
A continuous process at the DuPont Chambers
Works site uses reaction and distlilagon o

produce specialty aromatic compounds (SAC).

The process, illustrated in Figure 3-23. pro-
duces a waste stream containing heavy tars
which form during the reaction step and exit
the process from the distllaton step. These
viscous tars entrap significant amounts of
SAC product and carry it away from the
process as wasss. In fact, saleable SAC prod-
uct constitutes the greatest proportion of the
waste stream. The yield loss represented by
the entrapped SAC provided a suong incen-
tve for tar reduction from the SAC process.

The SAC reaction step produces two types of
tar. So-called “thermal” tars are an inevitable
consequence of the high-temperature reacton.
“Acid” tars, on the other hand, form when one

of the raw mate=2!c snters the process with
excessively low pH, i.e., it is acidic. The
presence of acids during the reaction step
triggers a side reaction which produces the tar.

The ratio of thermal tar to acid tar in the SAC
waste is unknown because there is no practical
way to distinguish between them in waste
str=am samples. This fact used to discourage
waste reduction efforts at the SAC process.
Poor pH control at the on-site process that
makes the raw material caused substantial and
unpredictable fluctuations in acidic ccntent.
This in turn caused the level of tar formaton
to fluctuate, and made it impossible to mea-
sure the impact of a waste reduction effort.

Not only did acidic raw material directly
produce tar, it increased waste in an indirect
way as well. In time, unceruinty over the acid
content of the raw material prompted the SAC
process area to add a neutralizing agent to the
reaction step. This neutralizing agent itself
became part of the waste stream.,

In 1990, the raw materials process installed
online inscumenmation to provide rapid and
continuous readouts of pH levels. Operators
could now control their process more effec-
dvely and keep acidity low. This resulted in an
immediate wr reduction at the SAC process
area. Moreover, reliable knowledge of raw
material pH enabled the SAC area to imple-
ment successful waste reduction options of
their own. These include running the SAC
reacton at lower emperatures, and reducing
the amount of a neutralizing agent added to
the reacdon.

SECTION 3: Case Studies
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RAW MATLNIALS

he process for making SAC raw material

includes a neutralizaton step in which an

alkaline compound is added 1 reduce acidity.
The amount of alkali is controtled by operators
according © pH-level readouts from a recendy
installed online pH meter.

The raw material enters the SAC process through a

feed tank, from which it is fed continuously intw the
reaction step. There it is mixed with another reactant
and a camlyst. Hiswonically, a neutralizing agent has

been added 0 the reaction step o easure aganst

excess acidity in the aw material. The neutralizing
agent is sill added, but in much reduced amounts
since the improvement in pH control back at the nw
materials process.

The SAC crude which leaves the reaction siep
contains several saleable compounds, each of whach
must be separated out from the crude. This is accom-
plished through 3 complex series of distillations. The
resulting waste stream is sent (0 the on-site inciners-
von facility for disposal.

Figure 3-23. SAC Process

A waste minimization team was formed to
find ways of improving product yield and
reducing wastes from the SAC process. Their
effomtodac.uo'uherw\ththecontrol
improvement in the raw materials process,
have reduced waste by almost 60%.

Description ot Waste Stream

Before the waste reductions, a typical analysis
of the SAC process waste stream would have
revealed:

SAC product 93.5%
Tars 5.8%
Neutralizing agent  0.7%

Costs associated with this waste stream in-
cluded the yield loss represented by the

unrecovered product, the cost of incineration,
waste handling and storage costs, and the
replacement cost of the neutralizing agent.

Before the waste reductons, the SAC process
produced 0.07 lbs of incinerated waste for
every pound of product recovered. After
implementation of the waste reductions, this
figure fell to 0.03 lbs. This represents a source
reduction of 58.5%.

Previous Waste Minimization Efforts
Uncertainty over the pH of the incoming raw
material had long discouraged the SAC pro-
cess area from investiganing tar reductions.
Instead, atenton was directed at ways to
upgrade the disullation step to recover more

Pace 38

SECTION 3: Case Studies




CASE STUDY 14: SAC Process

CATEGORY 1

product from the SAC crude. Changes in such
distllation variables as temperature, pressure,
and flow rate were considered but never
implemented. Such measures would certainly
not have matched the waste reductions
achieved by the tar reductions described in
this case study.

Waste Minimization Options

The implementation of four waste reduction
options accounts for the waste reductions so
far at the SAC process:

Instwall online pH meter at the raw materials
process. The raw materials process controls
pH by adding an alkaline compound to the
raw material. In the past, pH had been
measured by sampling and iaboratory
analysis, with a turnaround time of several
hours between sample collection and the
receipt of lab results. This made it difficult
to know how much alkali to add. Undetected
changes in acidity occurred, and this caused
concurrent fluctuatons in tar formaton at
the downstream SAC process.

The new instrumentation now provides
operators with rapid and continuous feed-
back of process conditions. This enables
them w0 more effectively control the acidity
of the outgoing material.

Improving the pH coasistency of the raw
material made subsequent waste reducaons
possible by permitting the accurate evalua-
tion of proposed options.

Improved pH coatrol has resulted in a direct
waste reduction of 7.1%.

Run SAC reaction step at lower tempera-
rure. This option targets the formaton of
thermal tars. Lower temperature reduces tar
formaton, but it also slows the reaction. The
resulting productivity decrease would have
prevented the implementation of this opton.

But people at the SAC process area were
able to adjust other process parameters
permit operation at lower temperature with
no reduction in productiviry.

Reducing reaction temperature has resulted
in a waste reduction of 42.9%.

Reduce the amount of newtralizing agens in
the reaction step. The use of this agent was
made necessary by uncertainty about the pH
of the incoming raw material. But now that
better pH control in the raw materials pro-
cess has eliminated the uncertainty and has
reduced acidity, the amount of neutralizing
agent added to the reaction step has been
reduced. Further reductions are now under
consideraton.

[mplementation of this opton has reduced
waste from the SAC process by 1.4%.

* [mprove waste handling. Tars are pumped
from the process equipment into a tank truck
for ransportation to the on-site incinerator.
In the past, trucks were dispatched to the
incinerator only when full. But it takes
several days to fill a ruck. During that ame,
the SAC waste can solidify into an
unflowable sludge and become difficult to
handle at the incinerator. So hot SAC prod-
uct was routinely added to the waste to thin
it and make it flowable.

Today, the trucks are dispatched from the
SAC process to the incinerator daily while
the waste is still partially fluid. This mini-
mizes the need for the SAC-product thinner.
This waste handling improvement has
contributed 7.1% to the overall waste reduc-
ton effort with no capital costs or reductoas
in productivity.
The impetus for these waste reduction efforts
has been the need to0 improve yield by reduc-
ing tars, and the need to reduce the cost of
waste disposal.
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Table 3-26. Economic Summary of Top SAC Waste Minimization Opdons

Waste EPA Method Oufont Method | mplemen-
Option Reducsion | Capital Cost NPY (12%) IRR NPV (12%) IRR | tation Time
install oniine pH
meter 7.1% $50,000 $990,000 | 195% $3<5,000 | 189% | 8 monthg
Lower reaction
temperature Q2.9% $0 | $8,180,000 | oo $5,810,000 | °° |3 monthg
Reduce .
neutralizing agent | 1.4% $0 $30,000 | oo $10,000| ©° | 1 month
Improve waste 7.1% $0 | $1,030,000 | oo $970,000 | ©° | 1 month

(
Comments: For an explanation of terms used in this analysis, see the discussion under “Feasibility

l Evaluation” in Section 2: Project Methodology.

With the exception of the improved pH con-
trol, the waste minimization team generated
these options at informal, undocumented
brainstorming sessions. The idea for reducing
reaction temperature emerged after extensive
research into reacton kinetics by the engineer
who led the team. Sources for the research
included site records and technical literature in
the public domain.

The SAC area continues to pursue additonal
waste reductions. Changes in distillation
strategies to recover more product from the
waste are now under consideration. [n 1992,
people from the SAC area and expents from
other DuPont organizations convened a
technical symposium to examine ways w0
achieve greater process improvement and
waste reduction. The symposium produced
two long-term options that are worthy of
investigaton: develop entirely new reaction
chemistry, or keep the current reaction but
install state-of-the art reaction equipment.
Either of these long range solutions could
virtually eliminate tar formaton from the
reacton step.

Technical and Economic Feasibility

Studies conducted before implementation of
the four waste reduction options had shown
them ail to be technically feasible and effec-
tve. Economic evaluadon of the opdons,
summarized in Table 3-26, had shown them
all o be cost effecdve.

Barriers to Implementation

For years, the variable pH of the incoming raw
material discouraged tar reductions at the SAC
process. Uncertainty of the amount of acid tars
forming in the reaction step made it impos-
sible to measure the success of any tar reduc-
don efforts. This barrier was removed when
the maw materials process area improved its
pH conaol.

Improved pH control removed the only barrier
to reducing the amount of neutralizing agent
in the reaction step.

The proposal to lower reaction temperature
met with some organizational resistance
because of its possible effect upon process
productivity. This resistance was overcome by
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CASE STUDY 14: SAC Process

CATEGORY 1

demonstrating that productivity could be
maintained by adjusting other process
conditions.

There were no barriers to the waste handling
improvement described in this report

Opportunities for Others

This case study demoanstrates how problems in
one manufacturing process can exacerbate
waste generation at subsequent “downstream”
processes. The failure to control pH at the raw
materials process was a direct cause of waste
generation at the SAC process, and inade it
extemely difficult to pursue any significant
waste reductions. Variability in acid tar
formation would have hidden any waste
reduction successes in the SAC process. But
once raw material pH was brought under

control, it became possible for the SAC
process area to test improvements for their
effectiveness in reducing tars.

Like other studies in this series, this study
demonstrates the importance of good process
control to any wa..c ieduction effort. There is
usually hesimancy about upgrading the control
systems of older processes because of the
capital investment that’s usually required. But
several processes at the Chambers Works site
have been able to reduce the cost of upgrades
by relying heavily upon site personnel, instead
of outside resources, to implemeant the contol
upgrades. These processes typically realize
greater than anticipated process improvements
from upgraded control, and find the capital
invesanent well justified.

SECTION 3: Case Studies
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Case Study 15: Distillation Train

Relaxing cross-contamination limits in a multiproduct process helps reduce waste

Abstract

This case study describes an effort to reduce
incinerated wastes from the washing of distil-
lation equipment during product changeovers.
A waste reduction of nearly 30% was
achieved through several steps requiring little
capital investment. The effort was prompted
by rising incineration costs and the need to
increase product yields. A key to the reduction
was the finding that product cross-contamina-
ton limits could be relaxed with no negative
impact upon final product quality.-This finding
could be of general interest to the chemical
processing indusay.

Background

The Chambers Works “distllation rain” is a

collection of separation equipment that oper-

ates continuously to purify products from two
crude streams produced at another process on-
site. The product crudes cycle through the
equipment in separate “‘campaigns”. At the
conclusion of each campaign, a portion of the
product crude from the next campaign is used
to wash out the equipment to prevent contami-
nation of the new product with residue from

the old. This washout crude becomes o

‘contaminated with residue to recycle back into

the process. It thevefore leaves the distillatdon

train as waste for incineration.

Three types of equipment in the distillaton

train are relevant to this study:

e Distillasion columns. The distillation train
includes a series of distillation columns, the
largest of which contains packing to enhance
separagon. The amount of residue left on the
packing is sufficient to cause unacceptable
cross-contamination. Cleaning the packing
actually begins after the new campaign has

started. The initial material distilled by the
column carries away the old product residue
and becomes part of the washout waste,

* Piping and storage tanks. Pipe interiors and
tank bottoms are flushed between campaigns
to remove residue.

¢ Decant tank. The distillation train includes 3
decant tank that separates liquids of different
deasities. Historically, large amounts of new
product crude have been used to flush the
decant tank between campaigns.

In 1990, a project tearr was formed to identify
ways to reduce waste from equipment wash-
out. Their goals included a reduction in incin-
eration costs and improvement in product
yields. As a result of the team’s activities, four
options for reducing waste have been imple-
mented. These have reduced the washout
waste by about 78%. The four options are:

* Reduction in t/ie amouns of material used to
flush the decans tank. The waste reduction
team performed an evaluation of how much
material is actually required to do an ad-
equate cleaning job. They found that just
one-tenth the amount that had been used was
sufficient. Reducing the material used for
cleaning the decant tank contributed 27.4%
to the overail waste reduction effor.

* Installation of a dedicated pipeline. Previ-
ously, a single pipeline had been used to
transport both of the product crudes from the
process that made them to the distillation
train. In 1990, another pipeline was insulled
to provide dedicated pipelines for both
crudes. This eliminated the need for flushing
between campaigns and contributed 20.6%
to the overall reduction effort.

Bama ¢ANH
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CASE STUDY 15: Distillation Train

CATEGORY 1

s Implememnzation of a column drain and
pump-out procedure. In the new procedure,
the large distillation column is placed under
slight positive pressure for a period of 24 to
48 hours. During this time, operators peri-
odically pump out the column as residue
blows off of the packing. The pumped
residue is sent to a storage tank to be re-
cycled back to the process during a future
campaign. The new procedure permits a
reduction in the amount of contaminated
product taken as waste from the column at
the start of a campaign, and accounts for
17.1% of the overall waste reduction.

* Relaxarion of cross-contaminarion limits.
The waste reduction team found that a
greater amount of old product residue could
be tolerated without compromising the
purity specifications for the new product.
This finding enabled waste reduction in wo
ways. First, the amount of material used to
clean the piping and tanks was simply
reduced. Secondly, the amount of material
taken as waste from the large column at the
start of a new campaign was further reduced.
Some cross-contaminated product from the
column is allowed to enter the product
collection tank where it mixes with the purer
product that arrives later. The overall
amount of product contamination is kept

. within producs purity specifications. Relax-

. ation of cross-contamination limits has
contributed 13.1% to the overall waste
reducdon.

Description ot the Waste Stream

The waste stream from this process consists
entirely of product crude. Thus the cost of this
waste stream, in addidon to the costs of
incineration, includes the yield loss repre-
sented by unrecovered product.

Before implementation of the four opdons
described above, the distillation train washout
produced 0.032 lbs of waste per pound of
product produced. After implementation, this
figure dropped to 0.007 lbs.

At present, the replacement of product crude
with waste material for flushing the decant
tank is under consideration. If implemented,
this option would reduce the washout waste to
0.006 pounds per pound of product.

Previous Waste Minimization Efforts
Over the years, reductions in other waste
streams from the distillation train have been
achieved. However, no known attempts (o
reduce washout waste were made before
formation of the waste reduction team in
1990.

Waste Minimization Options

The waste reduction team generated a number
of washout waste reduction options in addidon
to the four that were implemented. These
include:

o Use waste material to flush the decant tank.
The option would use the high-boiler waste
from one of the distillation columns to clean
the decant tank instead of good product
crude. Implementation of this option is
seriously being considered.

o Flush the column packing with water. This
option involves pouring water over the
large-column packing to wash out the
residue. This option is not being seriously
considered because of concerns about
equipment corrosion.

o Simply reduce further the amount of mase-
rial used for equipment washows. The wasie
reduction team determined that no such
reduction can now be made without compro-
mising product quality.

SECTION 3: Case Studies
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CASE STUDY 18: Distiltation Train

Tabis 3-37. Economic Sumwnary of Top Distillation Train Waste Minimization Opdons

Waste EPA Method OuPont Method | mplemen-
Option Moduction| CaphaiCost | NPV(12% IRR | NPV(129%9 MR |tasion Tme
install dedicated
pipeiine 20.6% $700,000 | $3.280,000 | 79% | $3.080,000 | 76% |8 monthe
Reiax cross-

T088-
kmits 13.1% $0 $400,000 | oo $270,000 | ©© |6 monthe
Reduce flush in
decant tank 27.4% $0 $840,000 | oo $570,000 | °° |3 months
Column drain &
pump-out
procedure 17.1% $0 3530,000 | ©°° $360,000 | °° |3 months
Use waste :
material as flush | 3.4% $0 $110.000 | ©° $70,000 | °° | 1 month
Comments: For an expianation of terms used in this analysis, see the discussion under “Feasbillty

Evaiuation® in Section 2: Project Methodology.

Technical and Economic Evaluation

No technical problems were encountered in
implementing the waste reduction options.
Table 3-27 summarizes the economic evalua-
tion of the four implemented options, as well
as the option, “Use waste material to flush the
equipment set”, which is now under consider-
ation. The option, “Install dedicated pipeline”,
is the only oae that required capital invest-
ment. This option nevertheless had a favorable
internal rate of rewurn (IRR) and net present
value (NPV).

Barriers to Implementation

Concern about product quality was the only
barrier to relaxing the cross-coatamination
lirmits. Once it was demonstrated that product
quality could be maintained, it was possible to
implement that option.. ‘

Capial investment was a barrier to implemen-
tation of the dedicated pipeline opdon. This
barrier was removed when the optdon was
shown 10 have favorable IRR and NPV.

There were no barriers to implementing the
reduction in decant tank washout material and
the new procedure for cleaning the packing
inside the large disdllation column.

Opportunities for Others

This case study, like others in this series,
demonstrates that equipment washouts pro-
vide a good opportunity for significant waste
reductions with little capital cost. The experi-
ence of the distillation train team shows that
waste reductions can be achieved through a
series of small, inexpensive steps rather than
by a great leap of investment in new
equipment.

Reevaluation of product specifications and
cross-contamination limits presents more
waste reduction opportunites. There are
probably many older processes that have
overly strict purity standards that were estab-
lished at a time when waste generation was
less of an issue. Today, these “purity cush-
ions” seem unnecessary in view of the increas-
ing importance of waste reduction.
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SECTION

Methodology Critique

[n recent years, a number of waste reducaon
methodologies have been developed in
government, industry, and academe. Ther
purpose is to prawide manufacturers with a
systematic appeoseh to identifying and
reducing wasss figem their processes.
Caaloging thess msthodologies is beyond
the scope of this report, but extensive
literature exists about programs promulgated
by various levels of govermment, industry
organizatons, and individual companies.'-

This section examines the EPA and DuPont
methodologies in light of the experience of
the Chambers Works Waste Minimizadon
Project. As a participadr.g member of the
Chemical Manufacturers Associaton

(CMA), DuPont has committed to
implementng UMA's Responsible Care®
Codes. Any discussion of the DuPont
methodology must also include a description
of the codes.

In applying the EPA methodology, the
Chambers Works project team performed
those tasks defined in this critique as “waste
stream selection” and “assessment”. In
general, the team did not perform tasks
defined herein as “chartering”, “implementa-
ton”, or “auditing”, and the discussions of
those tasks in this critique are based on the
experience that DuPont and the Chambers
Works site have accumulated in the course
of their own waste reduction efforts.

SECTION 4: Methodology Critique
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Figure 4-1. Comparison of EPA and DuPont Methodologies
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Methodology Overview

Figure 4-1 provides a side-by-side compari-
son of the basic steps prescribed by the EPA
and DuPont methodologies. The EPA method-
ology shown is taken from the newly pub-
lished Facility Pollution Prevention Guide’.
Both methods can be said to contain the
following elements:

* Chartering—in which the highest organiza-
tonal levels commit to a waste reduction
program, policies are articulated and com-
municated, goals are set, and participants are
idenbfied.

+ Waste stream selection—in which informa-
ton about wasies are collected and waste
streams are prioritized for reduction.

* Assessment phase—in which optons for
reducing the arget waste stream are gener-
ated, prioritized, evaluated, and selected for
implementation.

* Implementation—-in which acton is taken to
reduce the target waste stream.

* Auditing—an ongoing process in which
wastes are monitored and reductons ire
measured.

One difference between the two methodolo-
gies is that “waste stream selection” is acrually
a part of the EPA method’s chartering acuvi-
es. [t consttutes a separate process in the
DuPont methodology.

Responsible Care

The CMA has recendy published its Respon-
sible Care Codes®, w which all member
organizations, including DuPont, have com-
mitted. The codes aim to improve the chemu-
cal industry’s management of chemicals,
safety, health, and environmental perfor-

mance. They prescribe specific management
practices in six areas: community relations,
poilution prevention, chemicals distribution,
process safety, employee health and safety,
and product stewardship.

Figure 4-2 preseats the Responsible Care
Codes for pollution prevention. The codes do
not constitute a methodology in that they do
not prescribe how an organization implements
them. Rather, they describe hallmarks that
successful pollution programs share. The
codes also provide a series of checkpoints for
an organization to incorporate into its own
methodology.

The EPA Methodology

At the start of the Chambers Works project,
the EPA’s methodology was embodied in its
Waste Minimization Opportunity Assessment
Manual. As its name implies, it placed great
emphasis on the assessment phase of a waste
reduction program, and offered tools for
conducting a waste assessment. The Manual
placed less emphasis on the establishment and
management of an ongoing waste reduction

program.

The recent publication of the EPA Facility
Pollution Prevention Guide’ represents a
major upgrade 1 the methodology. It places
additional emphasis on the management of a
continuous waste reduction program. For
example, the single chartering step prescribed
in the old manual has expanded to four itera-
tve steps in the new guide. And whereas
auditing had been a constituent task of imple-
mentation in the manual, the guide presents it
as a discrete, ongoing step. The guide’s
inclusion of “maintain pollution prevention
program” as part of the methodology is

also new.

SECTION 4: Mechorninew Crtine
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Code 1

water, and land.
Code 2

Code 3

Code 4

Code 5

A clear commitment by senior management through policy, communications, and re-
sources !0 ongoing reductions at each of the company’s facilities in releases to air,

A quantitative inventory at each facility of wastes generated and released to the air,
watar, and land measured or estimated at the point of generation or release.

Evaluation, sufficient to assist in establishing reduction priorities, of the pdtenﬂal impact
of releases on the environment, and the heaith and safety of employees and the public.

Education of, and dialog with, employees an3 members of the public about the inven-
tory, impact evaluation, and risks to the community.

Establishmant of priorities, goals, and plans for waste and reiease reduction, taking into
acceunt both community concemns, and the potentiai safety, heaith, and environmental
impacts as determined under Codes ? and 4.

Coce 6
Ongoing reduction of wastes and reieases, giving preference first to source reduction,
second to recycie/reuse, and third to reatment.

Code 7

Measure progress at each facility in reducing the generation of wastes and in reducing
releases to the air, water, and land, by updating the quantitative inventory at least annu-
ally.

Code 8

Ongoing dialog with employees and members of the public regarding waste and release
information, progress in achieving reductions, and future plans. This dialog shouid be at
a personal, face-to-face level, where possible, and should amphasize listening to others
and discussing their concerms and ceas.

Flgure 4-2. Responsibie Care Codes for Pollution Prevention

The methodology described in the guide is a
major step forward. The old manual correcty
assumed that assessments are at the heartof a
waste reduction program. But the new meth-
odology increases the likelihood that assess-
ments will actually be performed because it
prescribes waste reducton roles for people at
ail levels of the organizadon.

The DuPont Methodology

The DuPont methodology, like that of the
EPA, has also evoived over the years. It began
in 1988 as a set of tools for racking waste. [n
fact, “‘waste stream selection” is stll the
methodology’s most explicitly artculated
step. The DuPont methodology provides more
detailed prescriptions for chartering and waste
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Code 9

Inclusion of waste and release prevention objectives in research and in the design of
new or modified facilities, processas, or products.

Code 10

An ongoing program for promotion and support of waste and release reduction by
others.

Code 11

Periodic evaluation of waste management practices associated with operations and
equipment at each member company facility, taking into account community concems
and heaith, safety, and environmental impacts, and implement ongoing improvements.

Code 12

Impiamentation of a process for selecting, retaining, and reviewing contractors and toll
manufacturers, that takes into account sound waste management practices that protect
the environment, and the heaith and safety of employees and the public.

Code 13
Implementation of engineering and operating controls at each member company facility

to improve prevention of and earty detection of releases that may contaminate ground-
water.

Code 14

implementation of an ongoing program for addressing past operating and waste man-
agement practices, and for working with others to resoive identified problems at each
active or inactive facility owned by a member company taking into account community
concemns, and heaith, safety, and environmental impacts.

Figure =2, Responsible Care Codes for Pollution Prevention (cons'd)

stream selection than for the assessment phase.

The company views the commitment of all
organizational levels as crucial o the success
of the program. Given the number and diver-
sity of the DuPont manufacturing facilites, it
is felt that how-w prescriptions for conducting
assessments are best left to the site.

The development of the present methodology
has been gready influenced by the CMA’s
Respoasible Care Codes. Many of the activi-
des prescribed for each step came directly
from the codes. Today, the DuPont methodol-
ogy can best be viewed as a plan for imple-
mendng the Responsible Care Codes.

Application to ths Chambers Works Project
At the start of the Chambers Works project,
the old EPA methodology was current. An
original goal of the project was to apply the
Chambers Works experience t0 a critique of
the EPA’s assessment methodology. Bzcause
the assessments were of primary interest, the
project’s chartering and waste stream selecgon
activities were governed less by adherence 0
a methodology, and more by project-specific
requirements. (See Section 2: Project Method-
ology.) However, the project team did apply
tools provided by the EPA methodology 1na
preliminary selection of waste streams.

SECTION 4: Methodology Criicue
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The assessment phase of the project included
seven assessments involving waste streams
that had not yet been eliminated or greatly
reduced. These applied the EPA’s tols for
conducting assessments. The remaining eight
assessments featured waste streams that had
already been eliminated or reduced. The
purpose of including them was to share suc-
cessful experiences with others in the process-
ing industies. They applied the EPA's
assessment tools retrospectively. (The full
assessment reports are contained in Secton 3:
Case S:udies.)

Methodology Comparison.

Most methodologies consist of the same basic
steps of chartering, waste stream selecton,
assessment, implementation, and auditing.
What distinguishes them in terms of success
or failure is the tools they provide for assess-
ment teams at the process level. Tools are
methods for accomplishing the tasks pre-
sctibed by a methodology. Ideally, publica-
tions which support methodologies contain
descriptions of these tools, describe how they
are applied, provide clear examples, and
perhaps include helpful forms or checksheets.

The EPA Pollusion Prevention Guide provides
a variety of tools for performing waste quni-
mization assessments. The 15 assessment
teams that participased in the Chambers
Works project used many of these toois. The
discussions which follow, particularly diose
concerning the assessment phase, focuses on
the assessment tearmns’ experiences with the
tools they chose.

Chartering Activities

The five tasks that the EPA prescribes under
““Establish the pollution prevention program”
and *“Organize program"” are essentally the

same as the tasks included in the DuPont steps
called “Start with commitment and aware-
ness” and “Organize to facilimte waste mini-
mizaton”.

In the DuPont methodology, chartering occurs
not just at the cxecudve level, but is repeated
at each organizational level. The replication of
commitment from the highest levels down
the line organizations is intended to integrate
waste minimizztion into the way that people
work everyday. It’s the key to the success of
the waste minimization program.

At the executive level, the commitment to a
waste reduction program began with DuPoat
CEO Edgar Woolard, who has declared, “1
want to create a corporate culture in which
there is no such thing as industrial waste™. A
policy statement has been written and commu-
nicated throughout the corporation which
states: “It is DuPont policy to minimize the
generation of waste to the extent that it is
technically and economically feasible, and 1o
handle all waste in an environmentaily sound
manner. Treatment or disposal will be on-site
whenever pracucable, or at other DuPont sites
with suitable waste management facilides as a
first choice if it becomes necessary 10 send.-
waste ofY-site.”

At the corporate level, waste reduction goals
have been articulated. These are:

* reduction of hazardous waste by 35% from
1990 tw 2000.

+ reduction of toxic emissions to the air (from
U.S. sites) by 60% from 1987 to 1993,

« reduction of emissions of the EPA’s special
list of 17 hazardous chemicals by 50% trom
1988 o 199S.
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DuPont has also committed to goals for
reducing or eliminating CFC production,
energy consumption, Carcinogenic air emis-
sions, and toxic discharges to landfill.

DuPont has established a corporate level core
competency group to provide vision and
determine goals for waste reduction. The
Environmental Stewardship Core Competency
of the Safety, Health, and Environmental
Excellence Center (SHEEC) is directy ac-
countable to the Vice President of Safety,
Health, and Environmental Affairs. Among
SHEEC's responsibilities are:

* establishing guidelines for waste reduction
goals

* tracking wastes and waste reductions
+ implemendng the Responsible Car= Codes

+ administering environmental excellence
awards and compensations

* auditing sites for compliance with regula-
tons and company policy

* maining for waste reduction

At Chambers Works, the site staff has repli-
cated Mr. Woolard’s commitment, and has
adopted similar waste reduction goals for the
site. The staff has established a task team to
develop the site commitment, achieve consen-
sus among all operating areas of the piant,
organize the program at the site level, and
implement the Responsible Care codes. The
team consists of plant staff members, environ-
mental professionals, supervisors, R&D
people, and line workers. It has developed and
maintains a six-month action plan for imple-
mentng long-term waste reductions. The plan,
which is updated frequendy, is also concerned
with eliminating unplanned releases.

The site commitment has been replicated in
cach of the five operating areas and has
worked its way down to the line organizadons.

Some line organizations have adopted ongoing
waste reduction efforts, and some have been
pursuing them for years. Some of these facili-
ties are featured in the project assessments.
What they have in common are a willingness
to abandon old ways of thinking about waste
and the ongoing participaton of cross-func-
tional groups of people in waste reduction
activities.

The experience at Chambers Works so far
reveals that driving the commitment down-
ward gets harder the closer one gets to the line
organizations. The ongoing demands of
production, maintenance, safety, and so on
seem to compete with waste reduction. The
successful racilities are those that have made
the paradigm shift that views all of these
demands as complementary, and not compet-
ing, activides.

Waste Stream Selection

The EPA includes waste stream selection in its
chartering phase under “Do preliminary
assessment”, whereas DuPont devotes three
discrete steps to waste sream selection. In
both methodologies, waste steam selection
involves data collection and prioritization of
the waste streams. Both methods suggest
collecting the minimum amount of informa-
tion needed to prioritize the swreams.

The primary tool offered by the EPA for
prioritizing waste streams is s formal ranking
and weighting procedure. In practice, the
amount of data to be collected is proportional
to the number of criteria used to prioritize the
waste streams. For example, collecting data
about waste costs requires information about
the cost of eating the waste, the cost of
product lost to waste, handling costs, and
transportation costs. For large sites with many
waste sreams, formal ranking and weighdng
can be too time: consuming to be practical.
Moreover, much of this effort will be dupli-
cated during the assessment phase.

SECTION 4: Methodology Crtique
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An alternative tool for prioritizing wastes is
offered by the DuPoat methodology, and is
known internally as “Know Your Waste™"?,
The method requires a production area or site
to identify all wastes streams and to collect
sufficient information about them to permit
prioritization. It suggests the creation of flow
diagrams or material balances to help quantfy
previously unaccounted for losses and emis-
sions. .

Once the major streams have been idendfied,
they are prioritized into “do now” and “do
later”” streams by cross-site, cross-disciplinary
teams without formal ranking and weightng.
This ool is similar to.one offered by the EPA
for screening waste reduction options.

Of course, the group which identifies the
waste streams o work on should also be
empowered to allocate resources for waste
assessments upon those streams. An important
criteria for selection of “do now” streams is
waste minimization potential. This was true
for the brainstorming teams that chose the
candidates for the 15 assessments. This is
probably why most of the assessments in the
Chambers Works project identified optons
that would significantly reduce waste while
producing high economic renmns. The Re-
spoasibie Care Codes take “Know Your
Waste” a step further by including input from
<cmpioyees and the community during waste
stream prioritization.

Other tools for prioritizing waste streams can
be considered. For example, Pareto diagrams
are a simple way to rank waste streams by
volume. Smaller waste streams could be given
high priority if they are particularly toxic or
for anticipated regulatory imperatives. A
Pareto analysis for a typical chemical plant is
likely to show that the top 20% of the waste
streams account for more than 80% of the
total waste volume. Of the 1§ assessments

included in the Chambers Works project, 13
addressed waste streams that were among the
top 20% for cach operating area, and among
the top 20% for each disposal medium.

Assessment Phase

DuPont actually combines its assessment and
implementation phases, whereas the EPA
methodology expands the assessment phase
into four discrete steps. In the assessment
phase of the Chambers Works project, the
project team performed the tasks listed under
“Do detailed assessment”, “Define pollution
prevention options”, and “Do fessibility
analysis” of the EPA methodology.

Some general observations from the assess-
ment phase of the Chambers Works project
are summarized bejow:

* Assessments should be quick, uncom-
plicated, and structured to suit local
conditions. Otherwise, they're viewed as
annoyances intruding upon the day-w-day
concerns of running a production process.

» Assessment teams should be kept small,
about six to eight people, to encourage open
discussion during opton generation.

* Including at least one line-worker on an
assessment team provides insight into how
the process really operates.

* Including at least one person from outside
the process on an assessment team provides
a fresh perspective.

* Area inspections and brainstorming meet-
ings are valuable tools during the assessment
phase. '

« It’s important to determine the source of a
waste stream, as opposed to identfying the
equipment that emits it, before the opdon
generation step.
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+ Overly structured methods for screening
options do not overcome group biases and
are regarded as time-wasters by most teams.

What follows is a task-by-task analysis of the
assessment phase of the Chambers Works

project.

ASSESSMENT TEAMS

The formation of interdisciplinary assessment
teams at the process area level was coasidered
a good approach and is probably the reason
why all of the project assessments identified at
least some good waste minimizaton options.
The teams numbered from six to ten people,
and typically included supervisors, producton
people, engineers, chemists, and operators.
The operators provided valuable input in most
of the assessments. They see things that are
not part of written procedures, and know
better than anyone else what happens during
day-to-day process operaton.

Particularly helpful was the inclusion of
people from outside of the process on each
assessment team. Outsiders provide an objec-
tve view. Their presence promotes creagve
thinking because they don’t know the process
well enough to be bound by local conventions.
Appointing outsiders as assessment team
leaders could be a way of capitalizing on the
fresh perspectives they provide.

In the Chambers Works project, project team
members led the assessment teams. This
provided two advantages. First, doing assess-
ments became easier as project team members
gained experience. Second, project team
members were able to share ideas generated in
earlier assessments with participants in the
later assessments. The accumulated leamnings
of the project team are the basis for the infor-
mation in Section 5: Waste Reduction Oppor-
tunities for Organic Chemical Processes.

DATA COLLECTION

For each assessment, some combination of the
following kinds of information proved useful
during the assessment phase:

* Operating procedures

* Flow rates

« Batch sizes

* Waste concentrations within streams

* Raw material and finished product specs

» Documentation on process changes

* Information about lab experiments or plant
trials

The project team feels it is important to obtain
or generate a material balance before the area
inspection. The material balance proved to be
the most useful single piece of documentadon.
In most cases, having sufficient data to com-
pile a material balance was neariy all the daa
that was required for an assessment.

Energy balances were not considered to be
useful because of a bias in the waste sweam
selection. Energy consumption was rated low
as a criterion for selecting the streams, and
few of the options generated during the assess-
ments had a significant impact upon energy
consumption. However, energy costs were
included in calculations for economic feasibil-
ity. Similarly, water balances were not consid-
ered useful, but water costs were included in
the caiculations for economic feasibility.

AREA INSPECTION

All 15 of the project assessments included an
area inspection by members of the assessment
teams. These proved to be a useful team-
building exercise, and provided everyone with
a common grounding in the process. Outside
participants would probably have had trouble
understanding the discussions during the
subsequent brainstorming meeting without
these inspectons.
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Raw materials Unrecovered product
1% 46%
Waste from
Distillation
Column
Reaction byproducts Tars formed during distillation
50% 3%

Figure 4-3. Sources of Waste

The experience that outsiders bring to the site
inspections can sometimes result in a break-
through. On one inspection, an outsider
noticed a waste stream similar in composiaon
to the raw material used by another Chambers
Works process. She is now conducting an
independent assessment on this waste soeam
to determine if it can indeed be used as a feed
stock for the other process.

OPTION GENERATION

Optioas were generated at brainstorming
meetings of the assessment teams. The project
team concluded that the best formar for these
meetings is to fresly collect ideas, and w0
avoid discussion of them beyond what is
necessary to understand them.

It is important to determine the true source of
the waste stream before the option generation
part of the assessment phase. Impurides from
an upstream process, poor process control, and
many other factors may ail combine to con-
mibute to waste. Unless these sources are
identfied and their relative imporntance estab-
lished, optuon generadon can focus on the
piece of equipment that emits the waste soream

and which may in fact produce only a small
part of the waste. As Figure 43 shows, one of
the project assessments examined a waste
stream that had four sources. Two of these
sources were responsible for about 97% of the
waste. But because these sources were not
identified beforehand, roughly equal numbers
of options addressed all four sources. Fort-
nately, the causes of the waste came to be weil
understood before the assessment was com.
pleted. But knowing the major sources of the
waste beforehand would have saved time by
allowing team members 10 concentrate on
them.

Several tools might be provided to help
idendfy the actual source of the waste. A
material balance provides a good starting
point. A cause-and-effect “fishbone” diagram
such as that in Figure 4-3 can help identify the
sources of waste and indicate where 10 look
for reductions. Sampling to identify compo-
nents of the waste stream can provide clues 1o
their sources. Control charts, histograms, and
scarter diagrams can depict fluctuadons in
waste stream components and thus provide
more clues.
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The value of brainstorming meetings was
demonstrated Ly at least one of the “rerospec-
tve” project assessments. A group was devel-
oping an option that would have reduced
waste, and had actually begun to procure the
required equipment. Later, another opdon that
eliminated the waste swream entirely was
idendfied and implemented. The wasteful
procurement might have been avoided if a
good cross-section of people from the process
had been brought together for brainstorming.

OPTION SCREENING

The EPA methodology offers several tools for
option screening. These include such simple
methods as categorizing and simple voting, as
well as the more rigorous weighted-sum raring
and ranking method. Five of the assessments
performed rating and ranking of options using
the weighted-sum method described in Section
2. These exercises were very time-consuming,
and four of the five assessment teams did not
find them useful. For those assessments, it
would have been betuter 10 apply one of the
simpler wols. The one team that did find the
weighted-sum method helpful had a very
complicated process with many optons.

The assessment teams uncovered some pos-
sible pitfalls with the weighted-sum method.
The method is designed to provide an objec-
tive measure of an option’s worthiness. [n
practice, some tassns incorporated local biases
into the weights assigned to the criteria or the
rankings they gawe %0 an option. Thus, optdons
which outside observers subjectively consid-
ered o be innovative and promising some-
umes didn’t fare well when ranked against
more conventional, *popular” optons.

On several occasions, an option ranked at or
near the top of the list because it scored high
in every criteria except probability of success
or safety. But an unsadsfactory score in either
of these two criteria is enough © reject an
opaon, no marter what its other merits are.

The high scores achieved by some impractical
optons probably indicates that the assessment
teams used too many weighted criteria.

Another problem with the ranking and weight-
ing is that many options could not be evalu-
ated on the fly. Some options had to be better
defined or required laboratory analysis. This
made it difficult to rank them at a meeting.

Often, the options that were worth pursuing
were obvious to many team members before
the ranking exercise began. These people
tended to view the subsequent exercise as a
waste of ime.

The weighting and ranking meetings were not
entirely fruitiess. Often the discussions about
cach option provided a good basis for deter-
mining its technical and environmental feasi-
bility.

One of the simpler tools offered by the EPA is
to classify options into three categories:
implement immediately, marginal or impract-
cal, and more study required. This is similar to
a DuPoat tool designed to quickly identify the
best options for further evaluation. It pre-
scribes placing all of the generated options .
into four categories:

* Do now

+ Do later

+ Insufficient knowledge

* (Apparently) impractical

The terms “do now™ and “do later” do not
refer to timing but to the waste reduction
value of an option. A do-now option is one
with high waste minimization potential or
high chance of success. The do-later optons
have lower waste reduction potential and
perhaps longer implementation times. The do-
later optons saould be reconsidered after the
do-now opdons have been implemented. The
“insufficient knowledge’ opdons require
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additional study before they can move into
one of the other categories. The “impractical”
optous, while not dismissed outright, have
very low waste reduction value or chance of
success.

Many other tools can be used to quickly

screen options. These include cost/benefits

analysu, simple votng, andhsnng opton
“pros” and “cons”.

FEASIBILITY ANALYSIS

The economic analysis portion of the assess-
ment is the most difficult and tme-consuring
part of the assessment. The use of long-term
economic indicators as prescribed by both the
EPA'’s total cost assessment and the DuPont
methndology, while necessary, is a source of
potenual problems. Estimating investment,
cost savings, and revenue changes is within
the competence of the people who will actu-
ally be doing the analysis at the area level.
The difficulties arise when dealing with the
other factors required for calculating net
present value (NPVY). These include multiyear
estimates of inflation, taxes, tax depreciadon,
fixed costs, selling expenses, working caputal,
etc. Most chemists and engineers do not
perform enough NPV calculations to become
expert in the method. Computers have helped
to simplify the calculation of NPV, but not the
determination of the factors cited here.

Section 2 contxins a description of how the
project team determined the economic feasi-
bility of selected options. That descripton
includes a “short-cut™ method which standard-
izes the assumptions about the factors needed
to calculate NPV, and simplifies the caicula-
don to terms familiar to the people who
perform assessments. The short-cut method
provides good resuits for a minimum of effort.
Frequendy, the project team had to evaluate

an option with only a rough idea of its waste
reduction potential. Determining the precise
waste reduction through lab testing or plant
trials is expensive and Gme-consuming. To
select the best options during the assessment
phase, the project team had to make quick
estimates of waste reduction potendal. The
short-cut method was a great help in these
situations.

In calculating NPV, DuPont uses only actual
costs and then considers the impact of such
"soft costs” as safety or regulatory compli-
ance. The EPA method encourages the assign-
ment of dollar values to these soft costs to
improve the astractiveness of waste reduction
opdons. But determining actual valuss for
future liability and intangibles is difficult at
the organizational level where most assess-
ments are done. Most assessment teams can
identify the “soft" costs and benefits associ-
ated with an option, and these can be factored
into the final decision to implement or not
implement. [n practice, using the DuPont or
EPA methods made no real difference in
determining option feasibility in the 15 assess-
ments. However, it is conceivable that the
choice of method might make a difference for
marginal optons.
The economic feasibility part of the assess-
ments uncovered several possible pitfalls
associated with either methodology:
« failure to consider non-waste minimizanon
improvement options

. ovmmnnnn; sales, savings, or waste
minimizations

* underestimating additional operating costs
« underestimating required capital invesunent

» taking credit for cost savings that merely
shift the costs to other areas of the plant
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WRITE ASSESSMENT REPORT

Writing the assessment reports in Section 3
was difficult for those processes that had
committed to waste reduction before the start
of the project’s assessment phase. This is
because the typical waste assessment is done
informally. No report is written at the end of
assessments, and only the most promising
opdons are investigated in depth. Documenta-
tion about past reduction efforts is, of course,
available. But lost are the waste reduction
options that were suggested and rejected.
Because waste reducton is an iterative pro-
cess, it would be useful to capture those
opdons for reconsideration in a future
assessment.

For this reason, the project team feels that
assessment reports are a useful part of the
assessment process. However, writing reports
such as those in Section 3 is ime-consuming.
A list of the generated opdons, a summary of
the pros and cons of each, and the feasibility
results may be all that is necessary.

Implementation

Several assessment reports in Section 3 de-
scribe a variety of waste reduction implemen-
tations. Some of these coasisted of stepwise
changes to the process, each incrementally
reducing the amount of waste. Such changes
can often be made without large capital
expenditures, and can be accomplished
quickly. This is a common approach to waste
reduction. Becanse expenditures are smail,
facilities are willing t0 make the changes
without extensive study and testing. Several
iterations of incremental improvement are
often sufficient (0 virtually eliminate the waste
stream. Other implementations require large
capital expenditures and do require laboratory
testng, pilodng, allocating resources, and
capital, installation, and testing.

Many of the waste reductions described in the
Chambers Works project assessments were
performed as part of ongoing process im-
provements, and were classified as such. For
example, a major upgrade to a process control
system might be ~onsidered by people at the
ares to be a “process improvement”, even
though it resulted in a significant waste
reduction. [t's important for an organization to
take full waste reduction credit for such
improvements.

It is felt that implementations should be
performed at the lowest organizational level
possible. Several project assessments describe
implementations in which operators and
mechanics piayed a major role in reducing
large waste streams. Many smaller waste
streams can escape the notice of the site team.
But at the area level, they can be reduced as
part of ongoing process improvement pro-
grams.

Product Life Cycle

An important feature of the DuPont methodol-
ogy is that it considers the environmental
impact of products from the design phase,
through manufacture and use, to final disposal.
The DuPont methodology step called “Orga-
nize to Facilitaze Waste Minimization” covers
the design of new products and processes, as
do the Responsibie Care Codes. DuPont has
developed a method for designing more
environmentally friendly processes, and has
shared it with the process industries’2, Cham-
bers Works has developed guidelines for
reducing product and process waste by build-
ing pollution preventon into the research and
development of new products. Wastes gener-
ated during manufacturing are addressed by
the DuPont waste reduction program, well-
described in this report. The final disposal of
DuPont products and packaging is addressed
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by the Responsible Care Codes for Product
Stewardship. [n short, DuPont attempts
build pollution prevendon into each stage of a
product’s life cycle.

The EPA prescribes a more holistic approach
to product life cycle issues. Although not
specified as a step in the EPA methodology,
the Facility Pollution Prevention Guide
recommends the use of life cycle analysis
(LCA). The guide does not provide much
information about how to perform a life cycle
assessment, but the subject has been covered
in the open literature, -1 The vinue of LCA is
that it considers the complete environmental
impact of a product during the earliest stages
of design and development. In practice, LCA
is perceived as being difficult, time-consum-
ing, and expensive. Moreover, LCA is not
always free from bias given the specuiative
nature of the many assumptions it requires as
assessment inputs.

The point is that more tools should be offered
for addressing product life cycle issues. LCA
seems best suited for the design of new prod-
ucts. For established products, the approach
taken by DuPont may be more appropnate.

Conclusions
The EPA methodology has already evolved
_from a how-to for conducting assessments o a
comprehensive pollution prevention program.
It will no doubt evolve again as experience
with its applicaton grows. Joint projects
between EPA and industry, such as the Cham-
bers Works project, provide a wealth of real
world input to future iterations. The increasing
volume of technical literature on the subject of
methodologies will also be influendal. The
EPA scems well-placed to develop what will
be recognized as an indusay standard for
pollution prevention methodologies.

An important strength of the current method-
ology is its recognition that poilution preven-
ton requires the participation from all levels
of the organization. It contains well-articu-
lated prescriptions around management com-
mitment.

In prescribing the expanded cost inventory,
the EPA is asking the right question, i.e., how
does one accurately value the benefits of
pollution prevention? Unfortunately, the
expanded cost inventory is full of ambiguides
and is difficult to apply. Economic feasibility
evaluations are often performed at the process
area level, and by people who are unable to
place a value upon future liability or intan-
gible benefits. As this report has noted, such
evaluations are already difficult. Having
people attempt to estimate dollar values for
such intangibies as “improved public image”™
seems too much to ask Other methods are
casier. These include the subjective consider-
ation of soft costs/benefits during option
evaluation.

The EPA Pollution Prevension Guide rightly
prescribes flexibility in the choice of
assesment tools to suit local circumstances.
However, the DuPont members of the project
Team believe that the tools featured by the .
guide in dedicated chapters and appendixes
exhibit a bias toward the more formal and
rigorous assessment tools. Such featured
methods as the total cost assessment, life cycle
analysis, and weighted-sum rating and ranking
all have simpler counterparts. The DuPont
team members feel that the more rigorous
tools work best when applied © very complex
probiems with many factors to consider. But
most problems addressed at the process area
level are amenable to quicker, less formal
methods. Application of the formal methods w
the typical process-level assessment does not
ensure eliminadon of group biases, and tends
to dampen the enthusiasm of the busy peopie
who partcipate in such assessments.



The Chambers Works project uncovered
several key leamnings that may be helpful to
other pollution prevention efforts:

* A successful waste reduction program
requires the commitment of the entire
organization. An important strength of the
DuPont methodology is its “cascading
commitment” approach in which the com-
mitment to pollution prevendon is made by
the top management and then replicated at
all levels of the organization. Over time, this
approach integrates pollution prevention into
the corporate culture, and empowers indi-
vidual facilities to implement waste reduc-
tons. Today, pollution prevendon is taking
hold and growing roots at facilities across
Chambers Works.

* Vision is important for successful waste
reduction. During the Chambers Works
project, the project team observed that what
the successful facilities have in common is a
vision of a process that becomes ever better
in terms of productivity, quality, and waste
reduction. At those facilides where wastes
were eliminated, people already knew that
they wanted to reduce waste and had general
ideas about how to do it.

* Success breeds success. A waste reduction
methodology should provide for quick, early
results to provide examples and encourage-
ment to0 others. This can be accomplished by
keeping the asssssment phase simple and
flexible.

Methodology Refinement

Process Improvement Programs
and Pollution Prevention

Many businesses in DuPont have adopted
formal process improvement programs to
achieve such goals as greater capacity, shorter
cycle umes, and higher quality. Indeed, many
of the polludon preventon success stories
occurred at facilides which were really pursu-

ing these goals. One of the strengths of the
DuPont process improvement methodology is
that it recognizes ‘‘visioning” as a discrete and
ongoing activity that underlies the entire
effort. At a high level, business teams create a
vision of a nimble, flexible organization able
to quickly meet new competitive challenges.
At the facility level, people create a vision of a
world-class process that is appropriate for
their circumstances and their role within the
high-level vision. :

The ideal nollution prevention program would
combine the commitment enjoyed by the
DuPont waste minimizadon methodology with
the visioning that is a part of the process im-
provement methodology. And it wouid be
simple to allow facilities to achieve quick
successes. The key determinants of success for
any pollution prevention program is organiza-
tion-wide commitment, vision, and visible
success. If these ingredients are present, it
almost doesn’t matter which prescriptive
methodology an organization adopts.

Methodology Upgrade

An upgraded methodology would begin by
identifying the building blocks upon which a
successful pollution prevention program might
be based. These are depicted in Figure 4-5. At
the base of the pyramid are the four “stake-
holders” in pollution prevention: community,
employees, stockholders, and customers. All
have a role to play in the methodology.

The commitment to polluton prevention, in
which policies and goals are articulated. is
built upon interactions with the four entties at
the base of the pyramid.

With the commitment in place, a vision can be
created to provide a road map for meeting the
goals. A vision depicts a future-state process or
organizarion that meets the pollution preven-
don goals, and is accompanied by a general,
¢voludonary pian for achieving the vision.
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NO
WASTE

IMPLEMENTATION
Feedback to stakshoiders
" ASSESSMENT
Options for achieving the vision
VISION
Guides the pciiutic prevention effort

COMMITMENT \

"Cascading" commitment throughout organization

STAKEHOLDERS
Community, Employaes, Stockholders, Customers

Figure 4-8. Building Blocks of a Successful Pollution Prevension Program

With the vision in place, an analysis of the
organization or facility can be performed. The
vision influences :he option generaton acuv-
ity, and helps t resolve ambiguities about the
relative merits of waste reduction opaons. The
extent to which an option advances the facility
toward the future state becomes a criterion by
which the option is evaluated.

The results of implementations cycle back to
the interaction with the stakeholders. Through
this interaction, the goals and the vision are
upgraded  achieve additional waste reduc-
dons. Contnual iterations of the methodology
advance an orgamizaton toward the state of

“no waste” at the top of the pyramid.

A suggested methodology is presented in
Figure 4—6. One unique feature is that it
requires all of the steps to be performed at all

organizational levels. This concept is illus-
wrated in Figure 4-7. Most methodologies
consist of a series of steps, the first few of
which are performed at the highest levels of
the organization, and the last of which are
performed at the line organization. But the
new methodology could prescribe that each
step of the plan be performed at each level of
the organization.

The actvities recommended for each step
would consider the limited time and resources
available for pollution prevention. Instead of
prescribing “how-tos”, the methodology
would provide a variety of tools from which
local sites can choose. The hope is that waste
reduction opportunities will be identified
quickly, leaving more dme for people to
perform the implementations that actually
reduce waste.
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Figure 4-6. Upgraded Methodology

A Commoa Plan for All

An upgraded methodology could have people
at all levels of the organization working to the
same plan. At the corporate level, a company
commits (o a pollution prevention program
and creates a vision to depict a future-state
corporation tha: meets the pollution preven-
don goals. During the analysis phase, optons
to advance the company toward the vision are
generated. Such options might include tools
that help sites establish their pollution preven-
tion goals, recognition programs for environ-
mental excellence, provisicns for pollution
preventon training, etc.

The facility level is where wastes are gener-
ated and where waste reductions will occur.
Chartering at this level involves, among other
things, forming an interdisciplinary pollution
prevention team. In those facilities that have
established a formal process improvement
program, that program’s core team can double
as the pollution prevention team provided they
are given appropriate training. The facility
team then cCreates a vision of a future-state
process that makes high-quality prodicts with
a minimum of waste. The optons generated
during the assessment phase are evaluated in
part for the exten: to which it advances the
facility toward the vision.

The facility level implementations provide the
feedback that the rest of the organization
needs to develop new goals and update their
visions. Thus, pollution prevention becomes a
perpetual effort to achieve ever greater levels
of environmental excellence.
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Conventional Methodology

Upgraded Methodology
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Figure 4~7. Comparison of Conventional and Upgraded Methodologies
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SECTION

Waste Reduction Opportunities
for Organic Chemical Processes

The Chambers Works Waste Minimization
Project examined 15 waste saeams from the
DuPont site in Deepwater, New Jersey. Scores
of people with diverse skills and experiences
generated well more than a hundred optons
for reducing these streams. Some of the
options were duplicates of each other, gener-
ated by assessmges teams working on scparate
but similar prossases. Some were “blue sky”,
futuristic suggesions thrown out at brain-
storming meetings as much o stimulate
thought as to idensify immediate reducuons.
But nearly all of them were generated by
people who actually work the processes cvery
day. Taken together, these options represent a
body of practical experience that can benefit
others throughout the chemical processing
industries.

This section compiles those optons that are of
general interest to industry, and augments

them with options gleaned from a post-assess-
ment search of the technical literature. They
are grouped by four waste stream types:

1. Solvent Wash Waste

2. Solvent Waste (other than solvent wash
waste)

3. Waste Incurred from Reaction Byproducts
4. Tar Waste

The informatios in this section is offered o
stimulate thought during the assessment phase
of a waste reduction effort. It is not an exhaus-
tve compilation of possibilities, and its
inclusion here cannot be regarded as an
endorsement of an option’s viability in any
particular siruadon. Your organization should
independently evaluate the suitability of these
or any other options for its own needs and
circumstances.
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Soivent Wash Waste

Cleaning of equipment is one of the most
commoa areas of waste generaton. Much
literature exists on the reduction of solvent
wash waste from metal cleaning and
degreasing applications as well as from vari-
ous applications in the paint industy. This
section focuses oa the chemical industry’s
reduction of solvent wash waste (i.e., vessels
and associated piping requiring clean-out).
However some of the waste minimization
techniques presented in this section can be
applied to other industries (and, in fact, were
derived from literature on other industries’
wash waste reductdon techniques).

Three of the fifteen case studies presented in
Section 3 of this report focus on solvent waste
reduction. These are:

+ Case Study 6: Polymer Vessel Wasnout
» Case Study 12: CAC Process
*» Case Swudy 15: Distillaton Train

Waste minimization options from the three
case studies were combined with information
from the technical literature. Figure 5-1
preseats a fishbone chart of some alternatives
for reducing solvent wash waste. The options
are neither all-inclusive nor applicable to all
situations.

Discussion of Options

The first 10 opdons are grouped under the
Operating Procedures category. For the most
part, they can be implemented quickly and at
little or no cost.

B Clean equipment manually. Manual
cleaning could reduce the amount of
solvent used because:

¢ the manual washing may be more
efficient than an automated wash system

* personnel can vary the amount of
solvent needed from wash-to-wash
depending on the condition of the
equipment (cleanliness)

i
Cionn equioment manualy \ !
Omwmw\ 1
Flush equsoment wih oroduct and recycie B Hrocses
R Fiush with WSl 10/Vent rom anoter
Looesn frvahed Mrvmze amount of 0ivent Used B wash
produdct 1eaicalens
Reduce
Solvess
<O Wash
) Waste
USS arvi-gick Coming on eRuipmant wale
Use deBiagien or o0 s Wane-,
oy © recover et
Use dechamted squapment 1
TS DrOGUCH
el DN drewng
oquOment

Figure 5-1. Solvent Wash Waste Reduction Opaons
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A variation of this option could involve
personnel entering the equipment and
wiping the product residue off the equip-
ment interior walls with hand held wipers
or spatulas! which would minimize or
eliminate the necessity of a subsequent
solvent wash. The safety aspects of this
option, particularly the nature and extent
of persoanel exposure, should be thor-
oughly reviewed before implementation.

Drain equipment between campaigns.
Better draining would lessen the product
residue on the equipment walls and
thereby minimize or eliminate the solvent
used in a subsequent wash. This could be
accomplished by simply increasing the
time between the end of a production
batch or cycle and the start of the washout
procedure. This option was adopted in
Case Studies 12 and 15. In Case Study 15,
to facilitate draining of a packed distilla-
tion column, a slight positive pressure is
maintained (with nitrogen) on the column
for 24 to 48 hours. The residual product is
thereby “swept” off the packing, and
accumulates in the bottom of the column.

B Prewash equipment with a detergens/waser

solution. This option has to do with per-
forming a prewash on the contaminated
equipment using a soap and water solu-
tion?. This sssp would minimize or elimi-
nate the solvent needed in a subsequent
wash step.

Flush equipmens with product and recycle
to process. This option applies to situa-
tions where two or more different products
are produced in the same equipment. A
small reserve of the néxt product to be
campaigned can be withheld from a
previous similar campaign and then be
used as a flush for the equipment. The
contaminated product (which had been
used as flush) can then be reworked or

reprocessed to make it acceptable for use.
This option was adopted in Case Study 12.

Flush with waste solvent from another
process. Instead of using a fresh solvent, a
waste solvent from another process on the
plant can be used for the equipment flush.
This procedure would reduce the plant’s
total waste load.

Minimize amount of solvent used to wash
equipment. This option was adopted in
Case Study 15. Many times, a process will
be started up and a procedure writien
calling for a certain volume of solvent
flush o clean out the equipment set be-
tween batches or cycles. The procedure
often times goes unchallenged. Often, the
amount of solvent used for the flush can be
minimized' with no change in the resulting
cleanliness of the equipment.

Increase campaign lengths'. By careful
scheduling and planning, product cam-
paign lengths can be increased thereby
reducing the number of equipment wash-
outs needed.

B Optimize order of product changeovers'.

Many times, specifications for products
produced in the same equipment are
different. One set of specifications may be
more stingent than another. Through
careful planning and inventory control,
product changeovers can be made from
products with tighter specs to those with
looser specs.

Wash vessels immediately 1o avoid solidifi-
cation!. Often times, product residue will
dry and thicken or harden in the equipment
between solvent washouts. By immedi-
ately washing out vessels between cam-
paigns, the residue is more easily removed
when it does not have the opportunity to
set on equipment interior walls.
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B Replace solvent with non-hazardous wash.
Solvent wash can be replaced by a less
hazardous or non-hazardous (i.e., water)
flush material. Another variation of this
option would be to replace the solvent
with a less volatile solvent thus reducing
fugitive emissions. The solvent could then
be recovered and recycled.

The next group of options belong to the
Unique Technology category. These usually
involve capital investment. The costs incurred
during waste reduction associated with the
new technology must result in a sizabie retun
on investunent to justfy the capital cost.

B High-pressure water jet. This option was
adopted in Case Study 6. The new clcan-
ing system involves a special nozzle and
lance assembly which is connected to a
high-pressure water source and inserted
through a flange at the vessel bottom. All
solvent waste is eliminated. Product
removed from the equipment walls can be
separated from the water and recovered for
further waste reduction. Even in those
processes where water cannot be inoo-
duced into the equipment, an alternatve
exists. Vessels can be cleaned with solid
carbon dioxide (dry ice) particles sus-
pended in a nirogen gas carrier. The solid
CO, cleans in a manner similar to that of
sand blasting, but evaporates, leaving only
the material removed from the equipment.

W Rouwring spray head®. A roating spray
head can be used o clean vessel inreriors.
This system would minimize solvent use
by allowing solvent to contact all contami-
nated surfaces in an efficient manner.

B Pipe-cleaning “pigs”. These are pipe
cleaning mechanisms made of any number
of materials. They are actuated by high-
pressure water, product, or air. Pigs re-
move residual buildup on pipe walls

thereby minimizing or eliminating subse-
quent washing.

B Wiping or brushing system. A system of
wipers or brushes that would clean off
residual product. (Perhaps analogous o a
car wasa cawpt on interior vessel walls as
opposed to the outside of a car.) This
system would be appropriate for situations
where the product hardens on the vessel
walls. The wipers or brushes would then
dislodge the material which would subse-
quently fall to the vessel bottom. This
wouid not be appropriate for viscous
material that would adhere to the brushes
or wipers then have to0 be washed ofF; this
could create as much, if not more waste,
than the original situation.

Any options falling under the Product Specifi-

caton category would usually not involve

capital expenditures. Investigation, perhaps
including R&D efforts, would probably have
to take place before any product spec changes

could be incorporated so that finished product
quality would not be adversely affected.

B Loosen finished product specifications.
Loosening finished product specs would
allow higher levels of impurities or cross-
contamination of products which would
allow reduction or elimination of solvent
wash. This option was adopted for Case
Study 18.

The final five options fall under the Equip-
ment/Process Modification category. Options
in this category usually involve significant
capital costs. Options for implementation are
chosen such that the resulting waste reduc-
tons are large enough to support the large
capital expenditures.

B Use anii-stick coating on equipmens walls.
Application of an ant-stck agent, such as
Teflon?, to equipment interior walls would
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enable easy removal of leftover residue.
The subsequent flush could then be ac-
complished with less solvent resulting in
less waste.

Use distillation or other technology to
recover solvens'*. Recycle and reuse of
solvent can reduce waste significantly.
Depending on the situation, there are
several processes that can be considered
for recovery. A non-inclusive list includes
crystallization, filration, membrane
separation, distllation, and wiped-film
evaporadon. Ultrasonics, which invoives
an extremely high level of mixing, should
also be considered. For small volumes,
sending the solvent to a commercial
recovery operation may be considered.
The purchase or rental of 2 mobile soivent
recovery process® may also be cost-
effective.

Inidally, Case Study 6 selected the use of
distillation to recover solvent wash waste.
But as source reduction option was subse-
quenty investigated, and proved to be a
better alternative.

@ Use dedicated equipment to make prod-

ucts. This option eliminates the necessity
of having to wash out equipment between
production campaigns thus eliminating the
flush solvent waste stream. Case Study 15
adopted uus opdon, installing second
pipeline for dedicated transfer of raw
material to the distillation process.

Install berter draining equipmens. During
the design of a new process, flush solvent
waste can be significantly minimized by
designing equipment tw facilitate betrer
draining. This would include vessels tha:
contin sloping interior bottoms and
piping arrangements with valved low
points or valves that drain back into the
main vessels. In Case Study 12, drainage
valves were installed at strategic “low
point” locations on the process equipment.
A movable, insulated collection vessel was
designed and built by facility personnel.
After a product campaign, the residue is
drained from each equipment section into
the collection vessel. The collected mate-
rial is then reintroduced into the process
during the product’s next campaign.
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Solvent Waste (other than solvent wash)
Solvents are commoaly used in the chemical
industry as carriers to dissolve and dilute
reactants or products, or as washing agents to
wash out impurides from products. Often, it is
necessary to isolate the finished product from
the solvent at the end of a production cycle or
after a washing cycle. A major source of waste
exists in the use and isolation of the solvent.
Other times, product is sold in solution with a
solvent. Many customers are requiring manu-
facturers to look into ways of replacing or
eliminanng the solvents used in this manner.

Five of the case studies examined in Section 3
of this report focused on solvent waste (other
than solvent flush) minimization. These are
listed below:

* Case Study 1: Specialty Alcohols

+ Case Study 2: Organic Salt Process

» Case Study 4: Diphenol Ether Process
+ Case Study 9: CAP Isomers Process

+ Case Study 11: Specialty Surfactant

Waste minimization options from the five case
studies were combined with information from
the technical literature. Figure 5-2 presents a
fishbone chart of some alternadves for reduc-
ing solvent waste. The options are neither all-
inclusive not appiivac.. to all simations.

Discussion of Options

The first category of waste minimization
opdons is chemistry. Any options falling into
this category usually involve significant
technical research before being adopted. Such
areas as safety and product quality have o be
investigated prior to any change.

B Replace solvent with a less hazardous
material. This option was adopted in Case
Study 1 1. In this study, the chlorofluoro-
carbon, which served as a solvent for
dissolving the surfactant product, has been
replaced with water.

B Develop new chemistry that minimizes or
eliminates solvens. Waste reductions can

fil

Figure $-2. Solvens Waste Reducaon Options
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result from the development of new
chemistry that eliminates the necessity of
using solvent as a carrier for solids, or
climinates the need for a solvent wash.
This type of “breakthrough™ option should
always be sought and considered in 2
waste minimization program.

@ Use different solvens. Use of a less hazard-
ous or non-hazardous solvent or use of a
similarly hazardous solvent that would
require less volume would ail be waste
minimizing options. A typical example
wouid be the use of a high boiling solvent.
YOC would be reduced and the company
would save on solvent costs.

8 Use product as solvens. This option is
currently under investigation for Case
Study 9. In that process a stabilizer used to
prevent dechlorination is slurried in a
solvent and then added to the distillation
column reboiler. The solvent finally leaves
the process as a significant portion of a tar
waste stream. The waste minimization
strategy is to use the product as the carrier
component of the stabilizer. The product
would then be removed from the product
stream during the distillaton. This opdon
would eliminate the solvent.

The next three options fall under the Operat-
ing Procedures casegory. These options usu-
ally do not require any capital invesunent and
can be implemented quickly.

B Use less solvent. Many times processes are
started up and run unchallenged under a
certain set of operating procedures. The
procedures may have been developed in a
laboratory and sized up for production
scale. Investigation may reveal that lessen-
ing the amount of solvent used in the
process may not affect the process or

product. Such a reduction would probably
result in a corresponding waste reduction.
In Case Study 4 this option was explored
but not adopted due to safety concerns.

B mprove maintenance procedures to detect
and reduce fugitive emissions. Fugitive
emissions (emissions from valves, gaskets,
pump seals, fittings, etc., in a process) can
be significant if gone undetected. Routine
testing for fugitives coupled with an acton
plan for reduction or elimination of the
cmission can reduce the air emission waste
stream from these sources significantly.

B Establish leak testing program. This
option refers to equipment and piping
leaks. Establishment of a routine leak
detection program coupled with an action
plan for reduction or elimination of the
leak would result in significant waste
reductions.

Optons from the Product Specificaton cat-
egory would usually not involve capital
expenditures. They do require investigation o
ensure that product quality is not adversely
affected. This category contains one option.

8 Eliminate solvens. Elimination of solvent,
cither the solvent wash or the solvent
added to the product (whatever is appli-
cable), would completely eliminate the
associated wastes. Case Study | adopted
this waste minimization option. This study
featured a process that included a solvent
wash for removing impurities, but continu-
ous improvements in the as-made purity of
the product eliminated the need for the
solvent wash,

Opdons from the Unique Technology category
usually involve capital investment, and require
a sizable retumn on investment to justify the
cost. This category contains two optons.
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B Develop technology that minimizes or
eliminates solvent use or losses. Wastes
can be minimized or eliminated with the
development of new technology.

B Use new technology to remove and recycle
solvens to minimize losses. Some new
technologies to explore might include
extraction, wiped-film evaporation, and
membrane separation.

The final three options fall under the Equip-

ment/Process Modificaton category. Optons

in this category typically involve significant
capital expenditures. Opuons for impiementa-
ton are chosen such that the resulting waste
reductions are iarge enough to support the
large capital expenditures.

B Upgrade equipment to minimize or elimi-
nate leaks and emissions. Upgrading could
require significant replacement of old
equipment or merely repair of existing
equipment.

For example, steam jets for dropping
pressure in disdllation columns could be
replaced with mechanical vacuum sys-
tems, such as liquid-ring vacuum pumps.
Another example would be the repair of
leaky or faulty equipment, pipes, and
valves. '

B /mprove recycle loop. This option refers o

processes that already employ a solvent
recovery/recycling system. Improvement
could include installing larger or higher
tech equipment or simply making the
current ¢o:=m more reliable or more
efficient. In Case Study 2, this option was
adopted. Startup solvent wastes are gener-
ated from a solvent recovery distillarion
column during startup before the column
reaches its operating temperature and
pressure. These wastes will be reduced by
channeling the startup wasies w0 a dolding
tank until the column has reached its
operating temperature and pressure. The
startup wastes will then be reinroduced to
the system after the column has attained
steady-state conditions.

Recover solvent and recycle to process.
This option calls for waste reduction by
the installation of a recovery/recycling
process such as distillation, separation,
filration, crysullization. For a small
operation that cannot justify the costs of
installing such a process, a mobile solvent
recovery process’ may be a viable option.
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Waste from Reaction Byproducts
Most processes that involve chemical reac-
tions also involve side reactions which pro-
duce byproducts. The byproducts end up as
waste downstream. The costs associated with
the byproducts consist not oaly of the increas-
ing disposal costs, but also the cost of raw
materials and product yield. Many times,
inexpensive changes can be made to decrease
byproduct formation. However, when these
are exhausted some more detailed, expensive
changes can be implemented with high
returns,

Six of the case studies in Section 3 of this
report dealt with reduction of byproducts.
These are listed below:

* Case Study 1: Specialty Alcohols
* Case Study 2: Organic Salt Process
¢ Case Study 3: Nitroaromatics

* Case Study 4: Diphenol Ether Process
* Case Study 8: Monomer Production
¢ Case Study 14: SAC Process

Fligure $-). Reaction Byproducts Waste Reduction Opeons
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Waste minimization options from the six case
studies were combined with information from
technical literanure. Figure 5-3 presents a
fishbone chart of some alternatives for reduc-
ing byproduct formation. The options are
neither all-inclusive, nor applicable to all
situations. _ '

Discussion of Options _

The first category, of options is Operating
Procedures. Any option falling under this
category usually does not require any signifi-
cant capital expenditure. The options can often
be implemented quickly.

B Oprimize reactant ratio. Optimizadon of
the reactant ratio can reduce the excess
constituents that may be involved in side,
byproduct forming reactions. This option
will also increase production yield. This
technique was adopted in Case Study 2.

B Provide more accurate measuremens of
raw material purity. This can be accom-
plished by either providing an upgraded
measurement device, or by changing the
measurement technique. By knowing the
accurate raw material purity, the reactants
can be added in the appropriate amounts
thus reducing excesses and under-addi-
tons. This in txrn reduces constituents
available for sids reactions and byproduct
formation. This option will also increase
production yisid. Although explored in
Case Study 4, this opton was not adopted
because in this particular situaton,
byproducts coanstituted a very small por-
ton of the waste stream.

B Optmize operanng parameters. Many
times, processes are operated within a
range of operating conditions. Narrowing
this range, or even changing the range
altogether, may help to reduce the
byproducts.

W@ Documens operating and maintenance
procedures. Documentation of good work
nance, will ensure that they are performed
correctly. This could include modified or
narrower operating ranges, calibration
methods and cycles, and maintenance
procedures.

B Optimize residence time. A common cause
of byproduct formation is a reaction time
that is either too short or too long. In such
Cases, increasing or decreasing reactor
residence time may reduce byproducts.
Among the options examined in Case
Study 3 is one that would reduce feed rates
to increase residence time.

@ Opcimize reaction kinetics. Opimizing
reaction kinetics, (temperature and pres-
sure) can reduce byproduct formation.
This option was demonstrated in Case
Study 14,

W Upgrade or introduce prevenasive main-
tenance (PM) schedule. Preventative
maintenance can identify and correct
problem areas that cause waste formation.
This includes process parameter measure-
ment and control equipment and nw
material feed systems, as well as reactor
functionality (agitators, baffle integrity,
etc.).

B /mprove operator awareness. Making
operators aware of the need to reduce
waste can, in fact, result in waste reduc-
tions. Education as to how waste can be
controlled, (i.e., through better control of
process parameters, good housekeeping
practices, etc.) can lead to significant
waste reductions.

The next three options fall under the Process

Control category. These options are ones
related to the measurement and control of




process parameters, aw material feed rates, or
reaction coanversion rates. Byproduct forma-
tion, often times, can be minimized by good
process control.

@ Provide online analysis. Online analysis
and control of process parameters, raw
material feed rates, or reactioa conversion
rates can significantly reduce byproduct
formation and waste. If online analysis and
control is too costly, more frequent opera-
tor checks or manual sampling and control
will also serve 10 enhance control of the
process and thus reduce waste. Online
analysis was examined in Case Study 3. [n
this situation, the reaction mass exiting the
reactor was to be measured for acidity in
order to control raw material feed rate. It
was theorized that this control scheme
would minimize reaction byproduct
formation.

B /mplement routine calibration. Routine
calibration of process measurement and
control equipment can minimize inaccu-
rate parameter sct-pomu and faulty
control.

@ Upgrade process controls. Upgrades of
process parameter measurement and
controi equipment to ensure more accurate
coatrol within perhaps a narrower range,
can help to reduce process conditions that
contribute ta byproduct formation. This
option was sglected for Case Study 8. In
this case, ths wpgraded coatrol system will
be costdy, but is expected to reduce waste
generation significantly as well as increase
product yield. These combined factors
justfy the high capiwal cost.

The next category of options is chemistry.

Opdons falling into this category generally

involve a certain amount of R&D work not

only to come up with the change, but also 10

ensure safety and product qualiry.

B mprove quality of raw materials. Provid-
ing high-quality raw materials with mini-
mum impurites can reduce waste. This
option could entail working with vendors
to provide higher quality materials or
providing some online means of ensuring
optimal raw material properties. For
example, in Case Study 14, an online pH
meter was installed o ensure that the pH
of the incoming raw material is at an
optimal level. Process adjustments are
made to correspond to any deviations.

8 Add or oprimize catalyst. The additioa of a
caralyst, or optimizartion of the amount or
type of catalyst, may minimize side reac-
tions and improve reaction conversion.
Changes in the chemical makeup of a
canalyst, the method by which it is pre-
pared, or its physical characteristics (size;
shape, porosity, etc.) can substantially
improve catalyst life and effectiveness.®

The following four options fall under the
Equipment category. Options under this
category usually involve significant capital
expenditures. Options for implementation are
usually chosen so that the resulting waste
reductions are large enough to support the
large capital expenditures.

8 Redesign reactor. Reactor design plays an
important role in whether or not byproduct
formatioa is a problem. Reactors should be
designed so that “dead spots” are avoided,
there is good heat transfer to the reaction
mass, and there is adequate residence time.
Reactor size and shape, agitation device,
baffles, a plug-flow versus continuous
stirred reactor, etc., all have an effect on
the efficiency of the reaction and, thereby,
the formation of byproducts. This option
was considered in Case Study 3 but was
deemed to be too costly.
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B Optmize agization. Increasing agitation or
changing agitatioa mechanisms many times

results in better contact of the reactants,
resuiting in a more efficient reaction with
less byproduct formation. Such modifica-
tions to the reactor as adding or improving
baffles, instlling a higher-r.p.m. motor on
the agitator(s), or using a different mixer
blade or multiple impellers can unpmve
mixing. Some examples of various rmxmg
mechanisms include impellers, jet mixers,
and mixing pipe tees, as well as the utiliza-
ton of the impeller of a pump to mix.
Improvement of reactor agitation was
chosen as a top option in Case Study 3.

Change reactans addition mechanisrn.
Improving the way in which reactants are
added in a reaction process is another way
in which byproduct formation can be
inhibited. This usually means adding the
reactant or reactants in a way that promotes
better contact of all the reaction compo-
nents. Tradidonal feed methods can be
replaced with spargers or other distribution
systcms.Addmgacompmmdtoapump
impeller conwining the other reaction
compounds or adding a reactant into a pipe
mixing tee should also be considered 1o
promote better distribution.

Modify reactor cooling/heating mecha-
nism. Modification of the mechanism for
cooling or hesting a reactor can also limit
formation and increase product
yield. Avoidance of hot or cold spots in the
reactor should be considered in making the
choice of mechanisms. Heat-up and/or cool
down times should also be coasidered.

Convert w continuous process. The
startups and shutdowns associated with
batch processes are a common source of
wastes and byproduct formation. Convent-
ing a process from batch to continuous
mode would reduce these wastes. This
optdon may require modifications to piping
and equipment.

Optons in the Product Specification caregory
do not require capital expenditure, although
development and marketing efforts are usually
necessary. Both of the following options
appear in several of the case studies in
Section 3.

@ Sell byproducts. It’s worth considering
whether a market can be identified for a
byproduct.

W Sell product as is. Loosening product
specifications, if accepted by the customer,
could allow the product to be sold without
the prior removal of byproducts thus
eliminating the associated waste. Some-
times, however, this could simply move
the waste problem from one area to an-
other. The eatire process and product loop
requires examination prior to adopton of
this option.

Waste minimization alternatives in the Unique

Technology category are long-term projects

that require capital investment. The savings

associated with the resulting waste reduction

would, of course, have o be large enough o

Jjustify the capital cost.

B Implement new chemiswry. An exisung
process may involve chemistry that can be
significantly upgraded or changed due w0
newer findings and technology. The new
chemistry could result in significant waste
reductions and should be considered.

B /mplement new process. An existing
process that was installed before waste
minimization was considered could be
replaced with a newer, environmentally
friendly process. One such example is the
use of ultrasound techniques that enable a
reaction t proceed at lower temperarures,
thus reducing tar and/or byproduct forma-
ton. Another example is a laser system
that enables reactions to proceed ar lower
temperatures because selection of the
proper frequency enables activation of e
specific chemical bond of interest’
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Tar Waste

Many distillation processes build up tar waste

in the column bottoms. The distillation pro-

cess is used to purify components in & crude
product stream which was produced in an
upstream reaction process. Typical analyses of
tar streams vary drastically from process to
process. A starting point for investigating
waste minimization options should be deter-
mining the major components and causes of
the tar waste stream. There are three major
coatributions to tar:

1. If byproducts or impurities are present in
the crude product stream from the up-
sgeam reaction process, they may signifi-
cantly contribute to the tar waste load.

2. Another major component of the tar may
bethamaﬂydecgmposedorwlymeﬁzed

product or raw material. The thermal
decomposition or polymerization may
have occurred in the distillation column’s
reboiler because of high-temperatures.
3. Additives such as stabilizers and inhibitors
that have been auded t the distillation
process or 1o the upstream process may
also significantly coatribute to the waste
load.
After the cormposition of the waste stream has
been determined, the direction of the option
generation session is more clearly defined:
The previous section, “Reduce Byproduct
Formation” deals with all the optons related
to byproduct and impurity reduction. The
options preseated below focus mainly on
reduction of tars formed as a result of thermal
decomposition and polymerization as well as
reduction of additives.

Convert 1o continuous rocees’\
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Figure $—4. Tar Waste Reduction Opdons
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Six of the case studies in Section 3 of this
report dealt with reduction of tars. These are
listed below:

* Case Swudy 3: Nitroaromatics

+ Case Study $: CAP Purification

+ Case Study 8: Monomer Production
» Case Study 9: CAP Isomers Process

» Case Study 10: Wiped-Film Evaporator
+ Case Study 14: SAC Process

Waste minimization options from the six case
studies mentoned above were combined with
information from the technical literature to
come up with the waste minimization alterna-
uves shown in Figure 5—4. The options are
neither ail-inclusive nor applicable to all
situations.

Discussion of Options

The first category of optdons is Equipment/
Process Modification. Options under this
category usually involve significant capital
expenditures. Options for implementation are
usually chosen because the resulting waste
reductions are large enough to support the
large capital investment.

B Convert to continuous process. The
startups and shutdowns associated with
batch processes are a common source of
wastes and byproduct formation. Convert-
ing a process from batch to continuous
mode wouid reduce these wastes. This
option may require modifications to piping
and equipment.

B /mprove tar purge rate. Continuous
disdllation processes require a means of
removing tar waste from column bottoms.
Optimizing the rate at which tars are
purged may reduce waste. An automatic
purge that controls at the lowest possible
purge rate is probably best. If an automauc

purge is not possible, then there are other
ways to improve a manually contolled or
batch-operated tar purge. If a bawch purge
is used, more frequent purges of smaller
quantities may reduce overall waste,

Some processes that purge continuously
may purge at excessively high rates o
prevent valve-plugging. More frequent
cleaning, or installing & new purge system
(perhaps with anti-stick interior surfaces)
would permit lower purge rates. This
option was chosen as on= of the top alter-
natives in Case Study 3. The
nitroaromatics process has difficuity
maintaining low purge rates because at
low flows, the valve and flow-meter
become plugged with tar. To avoid plug-
ging, the process runs at higher flow rates.
Area personnel are now exploring a new
flow-meter and valve that would be sensi-
tive enough to permit lower flow rates
without plugging.

Upgrade swabilizer addirion. Many disulla-
tion processes use stabilizers which reduce
the formation of tars as well as minimize
unfavorable side reactions. The stabilizers
not only wind up as large components of
the tar waste staeam but also typically
make the waste soream more viscous. The
more viscous the waste stream, the more
saleable product the waste stream carries
with it. Upgrade of the stabilizer additon
system would allow for less stabilizer o
be added in the process. Upgrades may
include continuous versus batch addidcn
of stabilizer (adopted in Case Study 9) or
continuous or more frequent analysis of
the presence of the stabilizer coupled with
automatic addition or enhanced manual
addition of the stabilizer.

Optimization of the point of addition,
column versus reboiler, is another area to
be explored along with method of addi-
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tion. One inventive option generated at the
Case Study S brainstorming session was o
put the stabilizer in & packed column,
sepanate from the process distillation
column. Process material would then be
circulated through the packed column
containing the stabilizer.

Stabilizer typically coasists of a solid
material slurried in a solvent used as a
carrier. Options for waste reduction also
focus on selective reduction of one of the
two components. Addition of the stabilizer
in powder form eliminates the solvent. Use
of product as the carrier component was
selected as one of the best options in Case
Saudy 9.

Redesign column. Many of the case studies
evaluated this option in some fashion. A

better design may include changes in size -

or packing. The focus is on making the
column more efficient for the particular
process.

Redesign reboiler. Depending on the
process, a better design may include use of
a different heat source in the reboiler to
limit thermal degradation of materials, a
better agitation system to allow more
efficient use of the stabilizer, or a different
reboiler design altogether (i.e., smaller,
larger, different shape). Case Study S
looked at two opdoas focusing on redesign
of the reboiler: 1) installation of spargers
in the still s circulate the stabilizer, and 2)
installation of an external heat source 10
replace the current heating coils.

Improve feed distribution. The effective-
ness of feed distributors (particularly in
packed columns) needs to be analyzed to
be sure that distribution anomalies are not
lowering overall column efficiency.®

8@ /nsulate column and/or reboiler. Good
insulation is necessary to prevent heat
losses. Poor insulation requires higher
reboiler temperatures and also allows
column conditions to fluctuate with
weather conditions®.

B Preheas column feed. Preheating the feed
should improve column efficiency. Sup-
plying heat in the feed requires lower
temperatures than supplying the same heat
to the reboiler, and it reduces reboiler load.
Often, the feed is preheated by cross-
exchange with other process sireams®.

B Increase size of vapor line. In low pressure
or vacuum columns, pressure drop is
especially critical; installing a large vapor
line reduces pressure drop and decreases
the reboiler emperature®.

B Reduce reboiler temperature. Several
techniques could be used to reduce
reboiler temperature such as de-superheat-
ing steam, using lower pressure steam, and
using an intermediate heat transfer fluid.

B Awomate Column Control. For a given
distillation process, there is one set of
operating conditions that is “optimum” at
any given time. Automated coatrol sys-
tems are capable of responding to process
fluctuations and product changes swiftly
and smoothly, minimizing waste prodoc-
tion.

The next category of options is Operating
Procedures. Typically the options in this
category can be done in a relatively short
amount of tirne for litde or no capital cost.

8 Reduce pressure in column. Reduction of
the pressure in a column allows the disal-
lation to be run at a lower temperature.
This option was evaluated in Case
Study 3.
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B Increase disdllagion time. This option
- would be considered for a batch process
where extending the disdllation time
would allow more product to be extracted
from the tar waste. This option was ex-
plored in Case Study 8. It was not chosen
because the more concentrated tars at the
bouom of the reactor would become too
thick 10 remove easily. A way of easily
removing the thick tars would have to be
implemented along with this option.

W /ncrease charge size or campaign size. Tar
waste streams usually carry with them a
cernain amount of product. Increase in
charge size (batch size) could possibly
reduce the tar waste stream if the tars are
removed from the still bottom after every
charge. Also, in the case of a campaign

where the tars are removed at theend of a -

campaign, increasing the charges per
campaign can lessen the number of tar
clean-outs per year thus resulting in less
tar waste. This option was expiored in
Case Stdy §. -

@ /ncrease operator awareness. Making
operators aware of the need to reduce
waste can, in fact, result in waste reduc-
tions. Education on how waste can be
coantrolled can lead to significant waste
reductions. g

B Document operating and mainsenance
procedures®. Documentation of good
operating practices, both operational and
maintenance, will ensure that they are
performed correctly. This could include
modified or narrower operating ranges,
maintenance procedures.

The next two options fall under Unique

Technology. Options in this category usually

involve a significant amount of capital invest-

ment and R&D effort. Most of the case studies
examined in this report looked at some sort of
new technology for minimizing the wasie.

B Use differens technology for detarring.
Some other means of purification of a
crude product stream may reduce the tar
formation. The types of technology may
include crysullization, membrane separa-
tion, extraction, filtration, or the use of 2
wiped-film evaporator.

B Treas the column bottoms (0 further
concentraie rars. Treating the tar stream
from the bottom of & distillation for further
removal of product may be a viabie op-
tion. In Case Study 10, a wiped-film
evaporator will be installed to further
concentrate the tar waste stream. Other
methods shouid also be investigated such

as exmraction and crysullization.

One option falls under the Chemistry cat-
egory. Options in this category require signifi-
cant R&D research by chemists and engineers
to ensure adequate product quality as well as
process safety.

® Add, change, or eliminate stabilizer. This
option focuses on increasing or optimizing
the addition of smbilizer. This could also
mean using 8 different stabilizer thas
requires smaller quantities to provide the
same stabilizing effect. Since the stabilizer
represents such a large portioa of the
waste stream, emphasis in this area should
be given. Case Studies 3, 9, and 3 focused
on this ares.

Any options falling under the Product Specifi-
cation category would usually not involve
capital expenditures. Investigation, perhaps
including R&D efforts, would probably have
to take place before any product spec changes
could be incorporated so that finished product
quality would not be adversely affected.
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Sell wars as product. Selling tars to be
made into a useful product is a way of
eliminating the stream as a waste. This
option may be difficult to implement,
especially if the tars contain a hazardous
component.

The Tars Handling category contains one
option.

@ Optimize handling of tar waste stream. In

several of the processes used in the case
studies, the tars from the bottoms of the
distillation column had to be thinned with
a solvent to make them pumpable. Often
times this solvent is product from the
process. The added solveat adds to the
volume of the waste stream. In Case Study
14, tars were pumped from the process
equipment into a tank truck for transporta-
ton to the on-site incinerator. In the past,
rucks were dispatched to the incinerator

only when full. During the several days it
took to fill the truck, the tar waste solidi-
fied which would make it difficult to
handle at the incinerator. Hot product was
therefore added just prior to the discharge
of the truck to thin the waste. To rectify
this situation. the area is now discharging
the trucks on a daily basis. The material in
the trucks stays warm enough to enable
adequate handling at the incinerator.

In Case Study 9, low boiler product was
added t0 a tar waste collection tank as a
solvent to thin the tars. Two options were
explored to minimize the need for additon
of this solvent: 1) Use of an already
existing waste stream from another pro-
cess to thin the tars. 2) The addition of
acid to the tar waste stream (o make it
water soluble. The stream could then be
mixed with water and disposed of at the
wastewater treatment plant.
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