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Motivation

Total energy production and consumption
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http://www.eia.doe.gov/oiaf/aeo/production.html http://www.eia.doe.gov/emeu/aer/consump.html

* Must consume less energy to reduce dependence on foreign sources

« Could start by decreasing amount of energy in industry (33%)
— chemical industry (24%)

— petroleum refining industry (10%)

Separations is a large part of the energy expense of these industries (60%)
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Why Distillation?

95% of separations energy used for distillation

More than 6% of total U.S. energy consumption
used for distillation

Total consumption by U.S.
94.27 quadrillion Btu

Consumption by distillation
6.03 quadrillion Btu

If process improved 0.1%, we could save
— 6.03 x 102 Btu

— Over 1 million barrels of crude oil

— $ 7 0 m | | | | on Iye ar http:/news.bbc.co.uk/1/hi/sci/tech/4669260.stm
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How to Improve the Process of Distillation

Steady state process behavior is well-known; less is known about
performance of dynamic systems

Study the dynamic process to see how uncertainty affects

— performance
— cost

— energy required
Show effects of uncertainty with integrated design and control

Considering control is necessary to perform a realistic uncertainty
analysis

More energy efficient columns in real life situations by considering

the effects of dynamics and uncertainty in the design stage
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Distillation Column
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Tray Balance
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Case Study — Dynamic Column Model

Components
— hexane
C) Condenser
)
— p-xylene ‘@’ “ > Distillate
Reflux
Inputs
— Temperature - 70°F Feed
— Pressure — 1 atm (1.01325 bar)
— Feed rate basis — 5 kmol/hr
— Feed compositions Boilup
» z, =04 — )
» z,=0.6
‘ Reboiler
Aim: Using Matlab, study how different , Bottoms
sources of uncertainty affect the Product

operation and cost of a dynamic column
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Sensitivity Studies of Design and Uncertainty

Effects on Cost

Changing design affects mainly capital cost
— More trays, higher capital cost

Uncertain process parameters affect operating cost

— Feed composition
» Lower z., higher operating cost

— Relative volatility
» Lower a, higher operating cost

Uncertainty in both z. and a leads to significantly higher costs
— Avg. operating cost variation - $3,700
— 40,000 columns
— Over $135 million total

This cost could be diminished if these sources of uncertainty were
considered while designing columns
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Conclusions/Future Directions

More energy efficient columns can be obtained by considering the

effects of dynamics and uncertainty in the design stage

Design & uncertainty greatly affect costs
— More trays - higher capital cost
— Feed less concentrated in light component - higher operating cost
— Lower relative volatility — higher operating cost
Many types of uncertainty should be studied simultaneously

— With both lower z. and «, millions of dollars are lost to uncertainty

Improve operating cost model
— better correlation of cost to energy requirements

Develop systematic design methodology

— predict column performance, cost, & energy requirements
when many variables are uncertain

Study other parameter variations
— heat quality

— tray efficiency

http://www.eia.doe.gov/kids/energyfacts/
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