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"It's from the government —we'll have to file an
envirommental-impact statement before we can evolve,”




Traditional Process Design Steps

Economic
Objectives

Chemical
SUESEE —>
in Lab.

=

Raw Materials

____________

Environmental
Control

Process
Synthesis

l

Process
Simulation

/

———

Process
Integration
Options

>  Products

By-Products



Operability

Impacts

N\

/.

D/i/cove ry

Controllability GGreener
Risk, Reliability "
Siry by Design
—Performance |
Indices ] Man ent and
T Plannin
I rers OO e
P
rofitability
\ T / Simulation ) Products
| )
Material/ Plant/ Integration
Chemical > Network and

/

Selection Synthesis Clonie!



Synthesizing Optimal Waste Blend

%
F 2
8
| 4
E . Vitrify
Waste

1
i Add Frit Glass Formed
8
7 )
| 8 T
=1 ; Vitrify
Waste

|




Recursive Loops
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Important Properties of Sampling Technigues

* Independence / Randomness
e Uniformity

In most applications, the actual relationship between
successive points in a sample has no physical
significance, hence, randomness of the sample for
approximating a uniform distribution is not critical
(Knuth, 1973).

Once It is apparent that the uniformity properties are
critical to the design of sampling techniques,
constrained or stratified sampling becomes appealing
(Morgan and Henrion, 1990).
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New Sampling Technique

Hammersley Sequence Sampling (HSS)
based on a Quasi-random number
generator

HSS sampling Is at least 3 to 100 times
faster than LHS or MCS.

HSS is preferred sampling for stochastic
modeling and/or stochastic optimization.

HSS mmmp LHHS ——> HSS2
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Multi-objective Optimization under Uncertainty
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Weighting Method: Max.Y=w,*Z,+®,*Z,
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Comparison of the New MINSOOP Algorithm
with the Conventional Method
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Scale of Application

Conceptual Framework for Industrial Ecology
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"We're lucky. 1his stream could be next
to a paper mull instead of a brewery.”




The Mercury Cycle

Mercury Research Strategy (USEPA)

Consumption of mercury is highly dangerous to humans
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Algorithmic Framework
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Savannah River Basin Water Shed: Mercury Problems
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Industrial Symbiosis via Trading

Cumulative technology selections for complete TMDL range
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Controlling Ecological Impact
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Stochastic Model Comparison
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Lake Liming Results

far

b margwwwtgw .

b5

L

| | | | |
100 200 300

— - Target pH

— Uncontrolled system

— Controlled system - Stochastic contral
—— Contralled system - Deterministic contral

400 500
Time (weeks)

| |
BOO 700

|
800

|
800

1000




Sustainability

“Development that meets the needs of the
present without compromising the ability of
the future generations to meet their own
need”

-- The world commission on environment
and development



Sustainable Systems Hypothesis

- Sustainability is a multi-disciplinary concept

- Any type of data or model can be converted to some kind of
Information irrespective of their disciplinary origin

 Necessary condition: for the system dynamic regime
to be sustainable, the fisher information must be
constant

Reference: Fath and Cabezas, 2000



Mercury Biloaccumulation
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« Manipulation of food-chain regimes to affect the food intake
thereby affecting mercury bioaccumulation

» Use of control theory and information theory to derive regime
manipulation strategies



Optimal Control Problem: Results
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Summary

Decision making in process design and industrial
ecology Is a multi-objective problem with
uncertainties

A Multi-objective Framework

— provides trade-offs among objectives

— provides environmentally friendly and economical designs
Uncertainties can change decisions and decisions
significantly

Sustainabllity is a multi-disciplinary

Ecological systems involve time dependent
uncertainties and time dependent decision making

— Financial literature and optimal control theory provides a
systematic decision making
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