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Motivation for Simultaneous Optimization

= |n process synthesis, subsystems are designed after process flowsheet in a sequential fashion!?]

= Simultaneous optimization can capture tradeoffs among raw material, investment cost and

operating cost

" |nterest of this work to develop a method to perform simultaneous optimization to account for

the feedbacks to the flowsheet from heat integration and water integration, and apply the

method to CO, capture utility allocation problem
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= Boiler feedwater

" Electricity required for FW

pump

= Requires steam in the

regenerator

= Requires cooling water

" Turbine generates electricity

and steam

= Requires cooling water in the

condenser

Compression

Water Network Synthesis Methods

Water
network

" Requires cooling water for
isothermal compression

= Requires electricity for
compression

= Generates wastewater from
condensation

Conventional water network in the process industry does not allow for reuse of water streams
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There are two general approaches to perform water network synthesis, this work uses the superstructure-
based approach for water integration
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= Linear fofmulation
= Valid only for single-

\_ contaminant system =/
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= Nonlinear formulation
= Guarantees global optimality!®!
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Simultaneous Process Flowsheet / HEN / WN Integration

Targeting approach is used to evaluate system performance without commitment to detailed design. It is

used to avoid solving a large nonconvex MINLP network models

Path 1: Very difficult to solve (MINLP)

Flowsheet ®
Heat-
exchange
network
Water
network
Aggregated Shortcut Rigorous
(LP) (MINLP) (MINLP)

The strategy is to first optimize flowsheet operating conditions and the target requirement, then in

the subsequent step determine the WN and HEN structures
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PROCESS FLOWSHEET WITH HEN AND WN
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Rethinking Water Network Architecture

» We cannot take it for granted that freshwater is of high purity

= Need to design the proper architecture of water network!!! such that it contains pretreatment

processes to generate freshwater of high purity (e.g. to satisfy demands in boilers)
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Water Targeting Method for Process Use
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Carbon Capture Simulation Initiative
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We have developed a water targeting formulation that relaxes the nonlinear water network formulation

into /linear formulation. The proposed LP model predicts the exact target for minimum freshwater

consumption of a set of water-using processes under some assumptions.
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Distillation HDS Cooling Tower
i oA F ij'::'ma Load F CPhimes  load F
(ppm) (ke/h) (ton/h) (50 (kg/h) (ton/h) (ppm) (kg/h) (ton/h)
HC 0.675 20 3.4 120 5.6
H,S 18 45 300 414.8 34 20 1.4 56
Salt 1.575 45 4.59 200 520.8
2.67 |
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Using the targeting approach, the freshwater consumption is
105.6 ton/hr, which is a significant saving over 135 ton/hr
required for conventional water network

Considerations for Process Units & Treatment Units

The goal is to select a subset of BAT technologies!®! and flowrates that best fit the treatment of the
receiving wastewater streams
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algebraic correlations
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