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Process Simulation -
A Valuable and Essential Tool for the Chemical Process Industries .... '

Joseph F. BOSTON, Dr.
(52). He received his
bachelor of science from
Whashington University
and his PhD. from Tulane
University. He is one of the
founders of Aspen Techno
logy, Inc., and was named
1984 President of the com
pany. Boston was associa
te project manager of the
ASPEN Project at the Mas
sachusetts Institute of
Technology and was res

ponsible for the thermodynamics and physical properties
system andfor advanced engineering software applications.

An expert on modeling and simulation of distillation
systems, Boston has more than 10 years e_\perience in the
development and marketing of engineering software in the
process industry. Among the organisations he has worked
for in thisfield are Union Carbide, Monsanto and Bechtel.

Kurt MART/N, Dipl.-Ing.
MBA (30). He graduated
as Wirtschaftsingenieur
Technische Chemie at the
Johannes Kepler Unil'er
sity Linz in 1985 and
received his MBA from
INSEAD in 1989. His is
current Area Sales Mana
ger at Aspen Tech Europe
B. V As assistent in the
department for Analytical
Chemistry, Linz 1983-85,
he worked on the develop
ment of a computer based GClFT/RS intelface. After wor
king for VOEST ALPINE Industrial Services in the area of
optimi:ation of waste energy use as Energy Consultant,
Martin joined McKinsey & Company, Munieh, where he
was focusing in the Innovation and Technology Manage
ment Practice on areas like evaluation of R&D projects in
the process industry or impact of computer added 100ls on
new produet introduction.

Process modeling and simulation has already proven to be an engineering tool which can help companies achieve
improved business results. Advances in the technology behind such systems have made them more accurate and
more applicable for a wider array of processes. At the same time, improvements in user interfaces have made simu
lators easier to use, making them accessible to a broader community of engineers.

Today, the process industries are
facing two major challenges: increa
sed competition and the need for grea
ter innovation. Competitive pressures
have intensified as the industry has
become completely global in scope.
Competitors will seek to exploit every
advantage, whether it is from a better
raw materials position, better techno
logy, or better access to markets. Also,
as the commodity products segment of
the business has faced severe price
competition, companies are racing to
bring out new products with a high
value in use. This leads to a need for
greater innovation.

Proces modeling plays an important
role in responding to both of these
challenges. By enabling engineers to
systematically study a wider range of
viable options quickly, simulation is
helping companies to achieve impro
ved economic results. Examples of
how companies are using process
modeling include:

• Saving Time in the Redesign of
Proces es
A fine chemicals company produ
cing large quantities of dye applied
single-stage reverse osmosis to
purify effluents. [n order to meet
new environmental regulations,
additional osmosis modules were
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required. Engineering needed to
reconfigure the production process
so that the module investment was
minimized while the effluent purifi
cation standards were attained
under various conditions.

To avoid the time and expense nee
ded to test in a pilot plant, a process
model was used to simulate the
candidate configurations and to
compare performance and econo
mics.

The optimum configuration was
decided on in two weeks, saving
five and a half months of engineer
ing resourees valued at $ 50.000,
and avoiding a loss in production
and customer shipment delays. And
no govemmental fines were levied,
as the environmental regulations
were met on schedule.

• Reverse Engineering a Competi
tor's Process
A competitor of a fine chemicals
company filed a patent wh ich clai
med a 20 % improvement in pro
duct efficiency, thereby reducing
both production eosts and waste
water pollution. The general mana
ger wanted to know if the claim
was justified, and if so, how his
eompany could match it without
violating the patent. The obstacle

was the difficulty in translating
patent data into a detailed under
standing of a competitor's proeess.

Research and development built a
model of the competitor's process
using simulation, and confirmed, in
theory, that the claim could be
aehieved. Using the model, the
company succeeded in identifying
the changes to their own proeess
which achieved close to a 20 %
improvement without violating the
patent.

The chemical company was able to
match their competitor's action.
Modeling enabled them to react
months sooner, saving significant
market share.

• Improving the Efficiency of
Distillation Column Operations
to Increase Production
A f1avor and fragrance chemicals
plant of a major fine chemicals
company needed to increase the
volume of one of the company's
flavorants. The higher volumes
were displacing the batch column
capacity of other products, and
created added incentive to improve
operations. The plant manager wan
ted to increase the flavorants' profit
margin through more efficient ope
ration of the distillation column.
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Figure I: Flow of infomlation in a simulation run

and product streams, the performance
of every unit in the process. and the
capital and operating costs of the
plant.
The key to building a reliable model
of a process is to mathematically
describe the chemical and physical
processes occurring in each step and
to calculate the material and energy
balances. These mathematical descrip
tions involve systems of nonlinear
algebraic equations and, in some
cases, such as a packed bed reactor,
nonlinear ordinary differential equati
ons. onlinear algebraic equations
are also derived from the mass and
energy balances around unit operation
models. Each component in each unit
is considered. In some cases momen
turn balance equations may be indu
ded to model pressure drops. Large
simulations can contain many thou
sand equations altogether, though the
system of equations is usually rather
sparse in form because the flow usual
Iy goes from one unit to another, or
because stages inside a unit usually
affect only their adjacent stages.

The degree of rigor, and hence accu
racy, of a simulation model is strongly
affected by the representation of the
thermophysical properties, such as
heat capacities, fugacities, densities,
and viscosities. Mathematical models
which express the dependence of these
properties on temperature, pressure
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What is Process Simulation?
Process simulati-
on is based upon
a »model« which
is a mathematical
representation of
a production pro-
cess. Input to the
model consists of
information nor-
mally contained
in the process
flowsheet: The
chemical compo-
nents, the feed
stream composi-
tions and flows,
unit operations
and operating
conditions, and
how the unit
operations
connect to each
other. The simu-
lation then pre-
dicts the perfor-
mance of the
plant by compu-
ting the flows
and properties of
all intermediate

plant to handle a range of feedstocks.
Simulation studies during process
de ign can help engineers identify
ways to avoid costly mistakes before
committing to plant hardware. Process
engineers can use a simulation model
to optimize the design of the process
by performing aseries of case studies
to ensure that the plant will work pro
perly under a wide range of operating
conditions.

For an existing plant, a simulation
model can serve as a powerful tool for
plant engineers to improve plant ope
rations, to improve yield and through
put, and to reduce energy use. The
model can be used to determine chan
ges in operating conditions needed to
accommodate changes in feedstocks,
changes in product requirements, and
changes in productivity. Finally, the
model can be used to study possible
plant modifications for »debott
lenecking« or for revamping the plant
to incorporate technology advances
such as an improved catalyst, a new
solvent, or a new process unit.

These all translate into big economic
savings from bringing new products to
market faster, from designing plants
that require less capital investment and
cost less to operate, and from reducing
manufacturing costs in existing facili
ties.

Why Das Computer Simulation
Become Standard Practice
In all phases of a typical process life
cyde, simulation reduces engineering
resource requirements and enables
engineers to find better solutions in
shorter times. For instance, in research
and development, simulation is used
to study alternate processing schemes,
to scale-up the process, and to inter
pret pilot plant data. For the design of
a new plant, models are used to opti
mize the design and reduce capital and
operating costs. For an existing plant,
simulation is used to improve the ope
ration, to reduce raw materials and
energy requirements and to debottlen
eck the process.

In design, once the decision has been
made to build a new plant or to
modernize an existing plant, a simula
tor can be used to study trade-offs, to
investigate off-design operation, and
to investigate the flexibility of the

The manager was uncertain how
changes in the operating conditions
would affect costs and quality.

Sy simulating the actual operating
steps involved in purifying the pro
duct using simulation, the manager
was able to evaluate alternative
operating strategies. An improve
ment in the profit margin worth
$ 600.000,- was achieved in the
first year.

Process Simulation is in use in many
of the leading process industry compa
nies worldwide. Companies in the
business of chemicals and petrochemi
cals, pharmaceuticals, petroleum refi
ning, synthetic fuels, power generati
on, metals and minerals, pulp and
paper, and food are prime users of
simulation. More and more practicing
chemical engineers in these companies
have studied and done research related
to modeling and simulation in their
undergraduate, graduate and doctorate
programs. These engineers belong to
professional organizations, such as the
CAST division of the American Insti
tute of Chemical Engineers and the
European Federation of Chemical
Engineers, where advances in process
modeling and simulation technology
are discussed and new applications are
introduced.
The latest developments in the area of
process simulation have been recently
discussed during the ComChem '90,
the European Symposium on Compu
ter Applications in Chemical
Engineering held in May this year in
The Hague.
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The most advanced simulators are
considered to be third generation. The
se simulators can characterize the
more difficult materials such as coal,
bauxite ore, corn starch, woodpulp and
others that have variable properties
depending upon certain characteristic
analyses. They have the ability to
carry, in a stream, infonnation about
different attributes of solids or other
components that can be used to deter
mine thennophysical properties and
for calculation of unit operations. The
infonnation may be variable in length
and of arbitrary structure. In addition,

Since these first programs were intro
duced, the industry has seen three
levels of simulators, in what is someti~ '
mes referred to as first, second, and
third generation, detennined by the
capabilities available.

The second generation followed in the
late 1960s. In-house data banks were
usually employed to provide an exten
sive collection of physical properties,
and better numerical methods were
used for convergence of recycle stre
ams. Still, the systems were usually
limited to vapor and liquid phases,
fixed-array data structures, and fixed
list input data methods.

Second generation simulators are weil
used in the petrochemical, the chemi
cal or the petroleum industry.

The Roots of
Process Simula
tion
About thirty
years ago, the
first process
simulator was
developed. In
1958, the MW
Kellogg Com
pany announced
the introduction
in its company of
a program called
the Flexible F10
wsheet. The date
marks the begin
ning of the era of
computer mode
ling of integrated
processes.
Actually, the
concept had
sprung up inde
pendently in
many different
companies and in
different coun
tries at about the
same time. Figure 2: Use of simulalion 10 slUdy a single unit operation

Purchased equipment costs, which
depend prirnarily on simulation results
and materials of construction, can be
estimated from in-house correlations,
literature correlations, or, more accu
rately, detennined from actual vendor
catalog prices or fabrication schedules.
The latter method is incorporated in
the Price and Delivery Quoting Servi
ce (from PDQ $ of Gatesville, OH)
which is used in ASPEN PLUSTM.
PDQ $ costs are updated on a regular
basis to reflect price and labor and
material cost changes. Between upda
tes, costs are adjusted using standard
indexes such as the Chemical
Engineering Equipment Index.

evaluating process economics, from
design and development through plant
construction and economics. A com
prehensive simulation costing and
economic evaluation capability needs
two kinds of data to build the total
capital cost estimate - the purchased
cost of major equipment items and
factors that are applied to the equip
ment costs. One set of factors is u ed
to develop the installed equipment
cost estimates and then another set is
used to develop the total capital cost
estimate. Capital costs are then combi
ned with operating costs, product pri
ces, and raw material costs to estimate
the profitability of the project.

and composition usually contain high
Iy nonlinear tenns, and mayaiso occu
py the largest share of computing time
for simulation, a much a 75 - 90 %.

The flow of infonnation during the
modeling of a process is illustraded in
Figure I. The starting point for deve
loping a process model is the process
flowsheet. From this, the engineer pre
pares a block diagram of all unit ope
rations, feed streams, and waste stre
ams. For each unit block, the engineer
chooses the type of model required to
represent the corresponding unit ope
ration, e.g. out of the library of unit
operation models included in Aspen
Tech's commercial simulator ASPEN
PLUSTM. The next step is to specify
the process's chemical components,
the feed streams, and the method for
calculating physical properties, and
the data to be used in the simulation.
The last step is to specify specific
design requirements and operating
conditions for each unit-operation
block.

A input tool an engineer-oriented
input language can then be written to
provide the problem description as
input to the computer, and specify the
values of the operating parameters.
The most advanced process simulators
have a built-in user-friendly expert
system which guides engineers step
by-step through the creation and use
of such process models supported by
graphics, pull down menus and a mou
se (e.g. Model-Manager™).

After the problem is defined for the
simulator, it then produces areport
predicting process perfonnance, inclu
ding the composition and properties of
all streams and the size and perfor
mance of the individual process units.
Once a base has been prepared, the
simulator can then help perfonn »what
if« studies, sensibility analyses, and
automatic optimization.

The exampie in Figure 2 shows how
simulation can be used to model the
perfonnance of a single piece of
equipment and to analyse and interpret
this unit operation, e.g. interpret fer
mentation pilot plant data to make a
new antibiotic. In this example, the
engineer uses the model to estimate
values of kinetic parameters for cell
growth and product fonnation that
best match the data. Then the model is
used to study the effect of alternative
glucose feeding schedules on produc
tivity.

Process simulation can also provide a
fast. cost-effective method for e tima
ting capital and operating costs and
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the attributes of the stream can consist
of information such as particle size
distribution. In order to accommodate
the variable nature of certain solids,
the user is able to specify the structure
of all stream information. Unit opera
tion models for solids are also provi
ded, such as cyclone separators, crus
hers and grinders, screens, hydrocIo
nes, filters, and electrostatic precipita
tors.

Other important characteristics of
third generation simulators are listed
below:

- The ability to handle electrolytes as
readily as non-electrolyte liquids
throughout the flowsheet.

Preliminary sizing, costing and eco
nomic evaluation calculations, inte
grated with the heat and material
balance calculations, so that the
engineer can perform analyses in
terms of economic results as weil as
process results. This greatly facili
tates trade-off studies and optimiza
tion.

- A library of chemical reactor
models to enable a wide range of
reactor types to be modeled rigo
rously.

- The ability to handle multi phase
equilibrium simultaneously with
chemical reactions.

The ability to perform multistage,
multicomponent separation calcula
tions (distillation, absorption,
extraction, etc.) for all types of
mixtures and all types of columns,
including columns with two liquid
phases or with equilibrium- or kine
tics-controlled chemical reactions.

Large thermophysical property
model libraries, including both sta
te-of-the-art equations of state and
activity coefficient models.

- Large thermophysical property data
banks containing basic data for
upwards of 1500 compounds.

- ln-line FORTRAN and user-model
interfaces, to enable a user to
accomplish simulation tasks that
are unusual or unique to the user's
company.

Sophisticated mathematical me
thods to promoteconvergence of
iterative calculations, both within
individual models and for the over
all flowsheet.

A generalized optimization capabi
lity that enables a process to be
optimized as easily - or nearly as
easily - as it can be simulated.

How to Choose a Process Simulation
System

Most companies find it most cost
effective to purchase a generalized
commercial simulator and customize it
to their individual production proces
ses through a high level input langua
ge. Simulation software is currently
available in a variety of hardware plat
forms - from mainframe computers to
PCs.

Before choosing a simulator, one will
need to decide which processes need
to be simulated and what special capa
bilities they will require. Many pro
grams available can solve the easy
problems. But the real test of a simula
tor is whether it has the capabilities to
handle those cases that may be
uncommon - yet very important - or
that may have the more difficult-to
handle characteristics of importance to
the company, such as electrolytes,
solids or distillation with two liquid
phases or with chemical reaction.
These cases should play a big role in
your selection.

The computational power of the simu
lator will determine what types of pro
blems can be modeled. One should
ascertain that the simulator can handle
specialized needs such as complex
chemical reactors, non ideal physical
properties, multiphase equilibrium,
solids, non ideal azeotropic systems,
systems with electrolytes, preliminary
equipment design, costing and econo
mic analysis.

Once one has decided the types of pro
blems to be solved, other factors will
come into play such as ease of use,
adaptability, expandability, ongoing
system development and performance.
As mentioned previously, higher level
simulators offer easy-to-use expert
system user interfaces. With such an
interface, process engineer can create
error-free process models at a fraction
of the time that was once needed to
become proficient in u ing a simula
tor. This plays an important role in
increasing the usage of a imulator
within the company, ultimately increa
sing the benefits.

Also important to increasing benefits
is the adaptability of the program.
Some simulators have the ability to
interface to other software programs
such as engineering databases, compu-

ter-aided design packages, and costing
packages. It has become possible to
integrate the entire engineering pro
cess - from conceptual design through
con truction - by linking process
design and plant design tools, and cal
ling on specialized databases.

As the user's experience in simulation
grows, the simulator chosen mu t be
able to grow with the user. For exam
pIe, one should be able to add new
unit operation and thermophysical
property models as needed.

As one evaluates the simulator, also
the supplier should be evaluated. An
idea of the level of ongoing system
development can be determined by the
number and qualifications of the
engineers committed to development
within the organization. 11 should be
evaluate what training and support
programs are available. The range of
problems that have been solved by the
supplier should be analyzed. Referen
ces should be asked to find out the
experience of other, preferably similar,
companies with the simulator and the
supplier.

While analyzing the capabilities of the
simulator, also the cost-effectiveness
of the package should be looked at.
More is involved than just the cost of
the simulator: The cost of engineers'
time, computing and training. The
supplier should be able to estimate the
total cost of using the system and
demonstrate that the economic payb
ack for typical applications will justify
it.

ASPEN Technology, Inc.

AspenTech was formed in 1981
as a spin-off of research at the
Massachusetts Institute of
Technology (MIT). The com
pany has grown in staff from
eight initial founders to around
100 employees today. F01' the
past six years, sales have gro
wn by more than 35 percent
annualy.

AspenTech is headquartered in
Cambridge, Massachusetts,
with branch offices in Tol..ryo,
The Hague, and Hong Kong.

AspenTech products and servi
ces are used by over 150 com
panies and 100 universities in
more than 25 countries.

F01' more information please
contact the European office 
Tel: 003/-70-3541051.
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