waste minimization approach

A proposed design procedure for waste minimization
that promotes opportunistic recycling is described,
The article begins with a review of the established
Douglas’ hierarchical design procedure, This

is followed by a description of how the waste
minimization approach for process synthesis emerged
from the established Douglas hierarchical design
procedure, highlighting the proposed extension,
muodifications and the advantages of the waste
minimization approach over Douglas’ procedure.

he waste minimization hierarchy as outlined

by the United States Environmental Protection

Agency (USEPA) is a general guideline for
poltution reduction that consists of five levels,
arranged in order of preference as {a) source
eliminaticn, (b) source reduction, {c) recycling,
{d) treatment and (e) disposal. Each of the levels
represents various waste minimization options. They
are arranged in order of preference, from the most
preferred opticn at the top of the hierarchy to the
least preferred at the botiom. Figure 1 shows the
hierarchy of waste management practices '), Waste
minimization is concerned with the first, second and
third ievel of the hierarchy &,

The majority of research on waste minimization
has focused on levels (d) and (e) of the waste
minimization hierarchy, ie, the development of waste
treatment fechnologies, environmental assessment
and auditing methodologies. Refatively little work is
cencerned with the systematic elimination, reduction
and recycling of waste during the design stage,
Recycling has been widely accepted as a method to
controi the release of waste that has been created
or introduced in a process. The idez that recycling
can also prevent and reduce waste generation might
be unfamiliar to those already accustomed to think
about recycting at a level below scurce elimination
and source reduction. Attempts to strictly follow the
established hierarchical classifications may steer
designers away from using recycling as a viable
means of eliminating and reducing wastes during
design. It is thus useful to view recycling from a
broader perspective and 1o emphasize its key role

in eliminating and reducing waste in addition to its
fraditional role in controlting the release of waste.
This type of recycling is referred to in this article as
oppertunistic recycling.

This article describes a proposed design procedure
for waste minimization that promotes opportunistic
recycling. The article begins with a raview of the
established Douglas' hierarchical design procedure.
This is followed by a description of how the waste
minimization approach for procass synthesis emerged
from the established Douglas hierarchical design

Reduction at | The avoidance, reduction or elimination of waste, generally
source within the confines of the production unit, through changes in
industriai processes or procedures
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Figure 1: Hierarchy of waste management practices

procedure, highlighting the proposed extension,
madifications and the advantages of the waste
minimization approach over Douglas’ procedure in 3
'level-by-level’ comparison.

Douglas hierarchical design procedure

One of the most impertant considerations during the
design of cleaner processes is to generate alternatives
for pcllution prevention. In praventing waste
during process design, Douglas included poliution
consicerations in his hierarchical design procedurs
(shown in Table 1334, A design is developed
by proceeding through different leveis of design
abstractions while additional detaiis are added at sach
fevel.y, ,

To achieve the goal of waste minimization, the idea
is to identify potential poliution problems as design
is developed, and make decisions not to introduce
materials, chemistry, process conditions or techniques
that could cause adverse environmental impact at
each level of the design hierarchy. Douglas procedure,
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waste treatment

however, leaves the waste prevention alternatives

for designers to explore. The aim of bringing waste
minimization to the front end of the design process
and the emphasis on opportunistic recycling inspired
the development of the waste minimization (WM)
approach hereby presented, This approach is
essentially an extension and medification of Douglas
hierarchical design procedure.

input-cutput structure

Level 4.

Tabie I:
Douglas
hierarchical
decision
procedure

Separation system
{a} Vapour recovery system
(b} Liquid recovery system

The following sections describe the proposed
modifications and additions fo Douglas’ procedure.

The waste minimization approach to design

Note that the sequence of Levels I {Input information)
and 2 (Input-output structure) of the design hierarchy.
shown in Table 1 is logically fixed by the availability;
of information during ihe early stages of process of -
process synthesis. These levels needed fo be defin
before the structure of the recycle and separation:
systems are recycled and separation systems.;
tackled, but, a designer may proceed:either
specifying the recyc%e ot the separatzo

3 Recyc!e structure — Separ
{original Douglas approach)

—» Recycle structure (propose
approach, see Table 2).

Enp t-output stristure
L . e

o Waste
Leve! 4. | Separation system ;rgglrr;?;i%mn
{a) Vapour recovery system ;
(b Liquid recovery system 0 process
design

in contrast, developing the recycle structure
based on detailed reaction and separation schemes
means that any solvent, inert and waste streams, both
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from the reaction and separation systems, may now
be considered as potential recycies, Simulfaneous
consideration of the reaction and separation
subsystems can promote opportunistic recycling and
help achieve our waste minimization goal.

Dougias dascribed how a recycle structure is
synthesized from the input-output information.
That is, what components to add, remove, replace
or recycle are decided at this stage before movmg
on to detailed separation sequence design. The:
foilowing exampies briefly {lustrate the typical de&ug;’i
decisions encountered when the recycle structureis. =~ v .
bemg fixed and highlight the advantages; of the waste:
minimization procedure in generatmgc aner”essgns Rl

Example 1 E“thylene productto

CH, < mm > [}2Hg
(ethane) (ethylene)

' "(-%i;'dragen)

replaced by a.dsfferen.t
fuelisupply or be recyc

2CH, + 30, :
(prnpyiene) oxygen) (ammuma}(acryinmtrlie} {water)

The reactor effiuent consists of inerts {mainly
nitrogen from air}, unreacted propylene, propane,
acrylonitrile, water and impurities. The notoricusly
difficult separation between propyiene and propane
is inevitable because propylene is used as & raw
material. Conventional distillation is uneconomic




waste treatment

due to the low relative volatility between the two model can still be revised and rewsorked. The modified
hydrocarbons and the fact that propylene (the more model is an adaptation to process synthesis for waste
volatile of the two) is five times more plentiful than minimization, that has been designed-to promote
propane. An indirect separation using acrylonitrile as a recycling. At best, it may prevent missed opportunities
solvent was proposed by WG Johnson to overcome the for recycling while guiding the design for better
separation problem. : operability. At worst, it may only avoid design rework.

The use of acrylonitrile as a solvent eliminates
the solvent recovery step and results is a simpler
. process (US Patent 2, 980 727 by WG Johnson). This

Concluding remarks

Oppertunistic recycling is commaonly employed
during retrofit 1o minimize waste. However, its
systematization is a subject that has received littie
attention during process design. In this article,

the Douglas hierarchical design procedure has

been moditied and extended to create a procedure

for process design that is conducive to waste
__minimization particularly through cpportunistic

- “recycling. Just as in Douglas’ approach, a design is
developed by proceeding through successive levels

of design abstraction while additional details are
added at each level. To achiave the goal of waste
minimization, the idea is to identify potential pollution
prablems as design is developed, and make decisions
not to infroduce materiais, chemistry, process
conditions or techniques that could cause adverse
enwronmental impact at each level of the design

s overall process context.
: kecycie and mixing scopes for
ed séparation and generation of cleaner
ternative separation structure using ternary
iagrams.

" References

1 USEPA (1981), European Community Council
' Resolution on Waste Policy, {91/156/eac) edition.
2 Crittenden, B and Kolaczkowski, S {1895), Waste
Minimization: A Practical Guide, Institution of
Chemical Enginsers, 1995,
3 Douglas, J M (1988), Conceptual Design of
Chemical Processes. McGraw-Hill, 1988.
4 Douglas, J M (1592), Process Synthesis for Waste
Migimization. Ind. Eng. Chem. Res., 31+238-
243, 1992, '

originally developed to be applicable for the general

design case regardless of the design ‘theme’ and is 5 Ruud, DF, Powers, G J and Siirola, J J (1973),
therefore not specifically directed towards recycling. Process Synthesis. Prentice-Hall, Englewood Cliffs,
Second, any recycle decisions made before fixing NJ, 1973,

i

the separation siructure via the Douglas synthesis

Chemical Technoiogy -
Jung 2006

5




