Agitator Design Principles for Biofuels
Who Should Attend

This is a course for people who must specify, purchase or optimize fluid agitation
equipment used for Biofuel applications. Such applications include, for example,
simple tanks containing solutions, broth and slurry tanks, compounding tanks and
fermenters/bioreactors. The application technology ranges from simple to
complex. A basic Introduction to general agitator design principles is given, but
the focus is specifically on applications found in the Biofuels Industries.

Having a working knowledge of the terminology and technology used by agitator
designers enables the attendee to assume a more active role in the purchase
and operation of such equipment, instead of leaving everything in the hands of
the vendors. The result can be a lower price paid by specifying clearly what is
needed, while avoiding undersized or poorly designed equipment that can cause
lost productivity. Principles of energy cost optimization are discussed. Senior
management can see how proper agitator design can impact overall production
and profit.

This course provided 1.2 CEUs or 12 PDH credits by Benz Technology
International, Inc.

Learning objectives

Upon completion of this course, you will (day one):

Be able to choose the right impellers for the job
Understand how power and pumping are calculated
Understand the basics of heat transfer

Gain a familiarity with biofuel sizing guidelines

(day two:)

Understand the principles and limitations of agitation scale-up
Understand basic non-Newtonian rheology

Learn how to use an agitator as a viscometer

Learn how cellulosic hydrolysis reactor agitators are designed.

See how CFD may be used to aid in process visualization

Learn the differences between top tier and lower tier agitator suppliers
See a few mistakes that have been made in agitator specification



Course Description

This course presents a rather intense introduction to the major principles of agitator
process design, as applied to liquid, solid-liquid and fibrous slurries as commonly found
in the Biofuel industries. A brief introduction is given to the basics of agitation theory as
applicable, but the emphasis is on practical application of theory, rather than as an
academic treatise. Specific guidelines are given for major industry applications.
Considerable time is spent on scale-up, non-Newtonian rheology and the special
characteristics of cellulose hydrolysis reactors and fermenters. Some practical time is
devoted to the issue of how to choose equipment suppliers.

Course Agenda

Day One: Major Agitator Design Principles and Biofuel
Applications

Agitator design basics

Nomenclature

Principal dimensionless numbers, correlations
Impeller classifications

Flow patterns

Agitated heat transfer

Design for liquid motion
Calculating pumping capacity
Characteristic velocity

Scale of Agitation

Why power, rpm both important
Sample problem

Use of commercial software
Comparing impeller performance

Starch-based ethanol application guide
Typical flow sheets covered

Slurry tanks

Liquefaction

Saccharification

Fermentation

Beerwell

Stillage

Other miscellaneous applications



Cellulosic ethanol application guide

e Pretreated biomass slurry tank

e Cellulose hydrolysis reactor basics

e Simultaneous saccharification and fermentation
e Other miscellaneous applications

Biodiesel application guide

e Esterification reactors

e Washing

e Storage

e Other miscellaneous applications

Day Two: Scale-up, Rheology, Cellulose Reactor
design, etc.

Agitation Scale-up

Goal of scale-up

Process versus physical scale-up

Single versus multiple scaling parameters
Impact of scaling method on equipment size

Basic rheology for agitator design

e Discussion of major rheology types

e Limitations of conventional viscometers for fibrous materials
e How to use an agitator as a viscometer

Cellulose hydrolysis reactor design

e Reactor schemes: fed batch, continuous flow

e How to do the job with a turbine agitator

e How to design experiments to cover scale-up needs
e Sample problem

Use of Computational Fluid Dynamics in agitator design
Flow around coils

Velocity profiles

Bubble size distribution

Gas holdup distribution

kia distribution

Blending simulation

Reaction simulation



e Future technology

Choosing an Agitator Supplier

e Concept of top tier versus lower tier suppliers

e Detailed differences between top tier and low tier
e Historical mistakes in agitator specifications

e Practical tips

Summary
e \What we have learned
e Future directions

Course Director

Gregory T. Benz is President of Benz Technology International, Inc., located at
2305 Clarksville Road, Clarksville, Ohio 45113. Phone 937-289-4504; fax 937-289-
3914; e-mail benztech@mindspring.com. A registered Professional Engineer in Ohio, he
has over 34 years experience (25 at Chemineer, Inc., a major manufacturer of fluid
agitators, and 9+ as an independent consultant) in the design of agitation systems,
specializing in fermentation and bioreactors. Currently his company does general
engineering, mixing and bioreactor design consultation, including design of pilot
programs, equipment specification and bid evaluation. Customers include Abengoa
BioEnergy, Advanced Bio LLC, A.E. Staley, AMG, Altra Biofuels, ADM, Cargill Dow
LLC, Cargill, Carlisle, Chemineer, Chr Hansen, Genomatica, ICM, Degussa, Magna-
Safe, Mixtech, Merck, NatureWorks, Philadelphia Mixers, Rebus Corp., Robbins &
Myers, Zibo Cargill and others. He has conducted fluid agitation seminars in the USA,
France, Canada, S. Korea and China. He is a member of AIChE, ISPE, SIM and the
American Chamber of Commerce in Shanghai. URL is
http://home.mindspring.com/~benztech/
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Patents

U.S. # 6883960, “Mixing arrangement for tanks.” A non-rotating, sealless method of
mechanically agitating tanks
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