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Why Conceptual Design?

* Determine optimal process configuration
» Given inputs and desired outputs

Inputs —— ? Outputs

= Answer strategic process investment
questions:

* What process configuration should we
select for the new facility or plant?

* |s this new process technology worth our
investment?

* How can we overcome process
bottlenecks?
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= Recent trends

Process Intensification

Modular Manufacturing
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Demands
Electricity: 500 MW
Mechanical Power No 15 MW
Mechanical Power No 2:15 MW
HP Heating: 5 MW
MP Heating: 20 MW
LP Heating: 50 MW

Pressure of Steam Headers

HP: 45 bar
MP: 20 bar
LP: 7 bar

Fuel
Natural gas
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Alternatives

3 HP turbines (7 modes)

2 MP turbines (3 modes)

5 Headers (HP, MP, LP, Cond\Vac)

1 Gas turbine (compressor, expander)
3 Boilers (HP, MP, HRSG)

4 Combustors (GT, Boilers)

5 Liquid pumps

2 Air blowers

1 Deaerator

62 process streams

Constraints

1 turbinel Max 1 demand (mechanicabr power)
Mechanical demand Either electricity or turbine
MP turbine cannotgeneratepower
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F=371.2

HP = 45 bar

] T=695.3K
F=655 F =294.9 T = 530.6K
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MP = 20 bar
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Minimum annualized cost = $307.2million/ yr
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Traditional Process Intensification Modular Manufacturing

Motivations for Conceptual Design

Competitive advantage
through cost-effective design

Increased production rate

Guide research and
development towards
maximum impact directions

IDAES

Intensification is “any
chemical engineering
development that leads to a
substantially smaller,
cleaner, and more energy-
efficient technology” [1]

Prominent examples:

+ Reactive distillation

* Dividing wall columns
« Rotating packed bed
« Microreactors

= Modular design involves
partition of the system into
multiple easily
interconnected, self-
contained units (skids)

“Numbering up” instead of
scaling up

Main benefits:

Reduced investment risk
Improved time to market
Increased flexibility
Improved safety

Reduced on-site construction

[1] Stankiewicz & Moulijn, 2000
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Need for Automated Computational Tools
4 decisions

Conceptual

Evaluating process alternatives Byproduct

Design

Feed 1 (chedp)
State of the art "D

b © B < 1,000 tons/day

Feed 2 (ekpemstvey high conv, high cost Q; ; o &
= pure

= Trial and error in simulators (e.g. Aspen)
_ | - |

Industry
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L =) 2* = 16 flowsheets

= Heuristic rules of fhumb (e.g. PROSYN) %_hﬁ:l Jﬁlﬁ:}l %““I::I “’m
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Implications for heat integration?
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Superstructure-based Conceptual Design

1. Define process alternatives 2. Symbolic-algebraic representation 3. Solve synthesis problem

* Postulate a superstructure = Formulate an mathematical = Solve mathematical program

that represents all practical model that captures the to obtain optimal flowsheet
alternatives design problem logic configuration and operating
 Existing, proposed, * Normally a mixed-integer conditions
and/or hypothetical nonlinear programming « Equipment selection
process technologies (MINLP) or generalized and interconnection
disjunctive programming - Flows, temperatures,
(GDP) problem pressures

= \arious commercial and

A C
_I:: ]_.. min Z = f(x,y) .
B D \ ! ! } st. h(x,y) =0 academic solver codes

9(6y) <0 available
x€X,ye{01}m
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