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Abstract: The aim of this article is to encourage univerdégturers to utilize commercial process
simulation software in engineering courses. Thiklarprovides examples on four different simulatio
modules which are implemented in chemical and Btattengineering courses at Oslo and Akershus
University College. The students have given positivaluation on the learning through the simulation
exercises and considered the simulation tool easyse. Together with the exam results the student
feedback indicates enhanced learning outcome.

Keywords Commercial simulators, dynamic process simulatwacess response, controller tuning.

more sophisticated, providing more authentic exqrexés for
the engineering students. One possible way to aserghe
E_|abs’ inc'uding both virtual laboratories and meiy authenticity of virtual |ab0rat0rieS, is to use qu'|a."y
Operated |ab0rat0riesi are W|de|y used in engingeri relevant commercial simulation tools. Many commarci
education (Coble et al., 2010, Rutten et al., 2@@ter et Process simulators, based on high-fidelity nondideadels
al., 2011, Edgar, 2006). Continuous efforts are engénl Of unit operations and process instrumentation wifious
develop new e-labs, and to improve the quality ani@atures of process and instrument failures, peovehlistic
accessibility of these. The pan-European LibraryLabs replicas of the industrial processes and are relytinsed to
project (2013), co-funded by the European Commissiotrain operators and engineers in companies (Came@i?,
facilitates exchange of access to and experientearious Wankat, 2002).

virtual and remote laboratories with related didantaterials
between the participating institutions.

1. INTRODUCTION

In this paper the integration of a commercial pssce
simulator into chemical and electrical engineertogirses at
the Oslo and Akershus University College is presgnfhe
didactic framework of the four different simulatiomodules
are explained, and the student and teacher ewahgati
together with exam results are presented and diedus
Further examples on utilization of the simulatioftware for
operability and safety analysis, and process cbewarses
can be obtained from Komulainen et al. (2012).

Virtual laboratories are an important addition tbet
traditional engineering curriculum due to theirenglnce for
the industrial practice, positive learning effeetad time and
cost effectiveness (Coble et al., 2010, Martinalila, 2008,
Rasteiro, 2009). A review of the learning effect€@mputer
simulations by Rutten et al. (2012) indicates tteagether
with traditional teaching, the simulation exercidasilitate

students’ conceptual understanding of the theomprove the
ability to predict the experimental results, in@eathe
interest in the course and improve overall learmotgcomes.
Rutten et al (2012) give many examples on how ftiatl

teaching can be successfully enhanced by utilizmgputer
simulations.

2. MATERIALS AND METHODS

First, the common features of the four simulaticodoies are
explained, and then, the module specific featuxptaeed.

2.1 Framework: time, room, group size, softwamgp
Important aspects of the arrangement of the virtual teaching materials and teacher prerequisites
laboratories are instructional support prior andirdy the
exercises, and student-centred tasks that faeilitafime: All the simulation modules start with a twaun
collaborative and active participation (Rutten et 8012). |ectyre that includes presentation of the leargjoals and the
Also Corter et al (2011) underline the significarmethe  motivation for the simulation exercises, introdantito the
social and motivational factors, and the use obdVe gynamic process model, presentation of the sinaratasks

collaboration tools regardless of the laboratorgetySince
the virtual laboratories are only an approximatafrreality,
the limitations of the simulation models and teciusis
should be clarified to the students (Coble et24110).

According to Coble et al. (2010) and Corter ef(2011), the
virtual laboratories will continue to play an impamt role in
the engineer education, however the technologidk bei

and procedures, and a simulator demonstration. tiAdi
modules are based on four hours of simulation ésesqer
student. During this time frame all the students able to
finish the simulation tasks. The first two hours tife
simulation session are supervised by the teacher sfudents
start writing a preliminary simulation report duginthe
simulation session, and are to use approximatety haurs
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afterwards to finish the report before the workshbpthe
two-hour workshop, the students discuss the sinaulat
results in new groups of 4 students. At the endthaf
workshop the teacher facilitates the summarizatbrthe
simulation results and of overall experience orhitetoard.

Room and group size: Each module requires an audito
with a PC and a whiteboard for the introductiortuee and
the workshop, and 4 hours of PC classroom per sitioul
session. The maximum number of students per sifoulat =
session is limited to 8 students since only on @—«:Ez.ﬁ«:m
teacher/instructor is available, i.e. for a cla8® students )
four identical simulation sessions were arrangede PC . o
classroom should equipped with PCs for every studed Fi9- 2. The distillation model.
preferably also an instructor station and projecfor

additional simulation demos.

_Teaching materials: The user manual, prepared &y th
'teacher, is specific for the simulation model arfe t
simulation tasks. The user manual includes clestruntions

on typical simulation commands; how to load the efpstart
and pause the simulation, open the relevant variaiehds,
make different process changes, save the simuldtta and
how to interpret the results. In practice this éeses level of
confusion among the students and increases the ranadu
relevant questions as well as facilitates mutuahgarison of
The separation model, given in Fig. 1, represensnall- the results during the simulation session. A detbdolutions

scale oil and gas production facility that includes wells Manual is available for the teacher during the &fran
with choke valves, a manifold, a three phase sémara S€SSIONs a_nd during the workshop. The solutlons_ua1a||s
compressor, a heat exchanger, a pump, four coltogis, made gvaﬂable for the students after the gradihghe
and control and safety valves. The multiphase we#iams Simulation reports.

consist of water, oil and gas components at presetirs6
bars and temperature of 50°C. The initial stathhefmodel is
continuous normal production with well stream floates at
3600 kg/h.

Software tools: The simulation software, D-SPICE,
provided with floating licenses by Kongsberg Oil Gas
Technologies (2011). The software installation he PC
classroom is managed by the IT department of tlinetsity
college. The licence agreement does not allow tilgdesits to
download the software to their own laptops. Thedaad D-
SPICE simulation package includes some demo-mdtats
can be used for teaching purposes.

Teacher prerequisites: The teacher must have experiwith
dynamic simulation and the commercial process stion
software in order to be able to help the studeritis warious
process and software related questions. If thehtzais not
familiar with the process simulation software, dutd be
advisable to invite an instructor from the softwaesndor. It
is important to create a positive learning envirenithat
inspires the students to work together and to discilne
results during the simulation session.

1o
= SR 2.2. Teaching and learning methods, evaluation

Teaching methods: The teacher explains the bagidbeo
- simulation tasks and gives a simulation demonsinadit the

introduction lecture. During the simulation sessiothe

teacher has an instructor role, helping the stidenly if the
) ] o student group cannot find the solution themselasthe
Fig. 1. The small-scale oil and gas processindifigenodel.  \yorkshop the teacher is a facilitator, setting feanfor the
group discussions on the simulation results andliggithe
final plenary presentation of the results. The heacgives
feedback to the students during the simulationisessand
the workshop, and grades the simulation reports.

The distillation model, presented in Fig. 2, is figured at
the university college based on the laboratory, sizenfield
UOPS3CC distillation system. The distillation moaeinsists
of a feed tank, a pump, a column with 8 sieve-gla® Learning methods: The simulation tasks are to ergancial
reboiler, two heat exchangers, a heating coil, fwoduct interaction in small groups while the main focudds each
tanks, and various measurements, valves and cdowps. student to learn by doing the simulation tasks r@parting in
The initial state of the model is continuous ethamater their own pace. Discussions on the simulation tesate
distillation with feed flow rate of 16,7 mL/min. encouraged during the simulation sessions and glutie
workshop.



Evaluation: The simulation modules 1, 2 and 3 asduated

by the students twice, after completed simulatiask$ and
after completed a laboratory experiment relatethéalules 2

and 3. A formal multiple-choice questionnaire i®disThe

learning outcome of the simulation modules is messu
using results of the formal final exam.

the rotating machinery. The environmental indicatare
based on pollution, which in this simple model iisfiaction
in the produced water, and flaring through the R@Wwe of
the separator.

Table 2. Simulation tasks, module 1.

o Task Change Consequence Response
2.3 Goals, contents and prerequisites 1.1 | Chokevalve| Production | Separator, pump
closure decreases. compressor,
The four different simulation modules were implereeh export valves.
based on 4 hours of simulation time per studentgrdhe [ 12 Oil level No large Separator, pump
first and fourth module utilize the small-scale dgymc oil setpoint changes
and gas separation process model whereas the saodritie adjustment
third simulation modules are pre-laboratory exegisnd [ 1 3 Oil export Export stops Separator, pump,
utilize the dynamic distillation system model. Arsmary of valve closure compressor,
the simulation modules are given in Table 1. Thehtr export valves
details on the didactic framework of the simulatimodules 74 Incorrect High pressure | Separator, PSV,
are given in the subsequent chapters. pressure in the separato pump,
_ _ setpoint Compressor,
Table 1. Simulation modules change export valves
Module | Process modd| Main learning goal 1.5 Gas export | Export stops Separator, PSV,
1 Separation Process response, normal and valve closure pump,
abnormal operation compressor,
2 Distillation Process response normal export valves
operation
3 Distillation Optimization of a distillation
Sequence 2.3.2 Modules 2 and 3
4 Separation Tuning and testing of
controllers, normal operatlonTI The distillation model is used for the second ahitdt
disturbances simulation modules, which in practice are obliggtqre-
laboratory exercises. The initial condition of thdel is a
steady state with continuous feed into the colurivm
231 Module 1 measurement noise is added to the model.

The first module is based on the separation mddwe.aim is
to get familiar with some normal and abnormal opiers of
a small-scale oil and gas process.

Prerequisites: The students participating the Bistulation
module are expected to understand the operatioiraiples
of a centrifugal pump, a compressor, a three pbaparator
and control loops based on the theory presenteléatores
and the traditional steady-state calculation esexi

Learning goals: After having completed the simuolati
module the students shall be able to predict anidsir the
dynamic responses in the small scale oil and gadugtion
facilty to normal operational changes and proce
disturbances. The students shall also be able ptaiexthe
main economic and environmental aspects of suchgasain
a small scale oil and gas production facility.

Tasks: The simulation tasks are related normalambrmal
operations of a small scale oil & gas productiocility. The
dynamic responses in the process equipment togettier
the economic and environmental indicators are to
collected and analysed. A short overview of th&das given
in Table 2. The economic indicators are calculdtaged on
the production of oil and gas, and consumptionrargy in

Prerequisites: The chemical engineering studertsakeady
familiar with the simulation software. Based on dhe
presented at the lectures and various steady cftelations
the students are assumed to be familiar with theraijon of
a binary distillation column sieve plates, the basiements
of the distillation system (reboiler, column, caplgalves)
and control loops (transmitter, controller and coht
element).

Learning goals module 2: The students shall be &bluse
the simulation software, make changes into the tinpu
variables (stimulus) and observe changes in theubut
variables (response). The students shall be ablexpain

éjsow changes in the manipulated variables of thalldifon

system affect the dynamic trends of temperatunspasition
and flow rate in the column. The students shalible to use
the simulation software to find how different chasgn the
distillation column affect the concentration andwfl rate of
distillate and bottoms product.

Learning goals module 3: The students shall be &blese
Qe simulation software to test different distiltet sequences
In order to maximize the ethanol production andid out
the consequences for the total production. Basedthen
simulations the students shall be able to choose bibst



distillation sequence and apply this for the labama
experiment.

Tasks module2: The aim of the tasks in module @ itest
the dynamic responses in the temperature and ctsatens
in the distillation column, and the concentratiow dlow rate
of the distillate towards four different changeseoat the
time, as given in Table 3. All the simulation scéos are
started from the same initial condition. The resudtre
compared to each other in order determine the eftesttive
actions for the maximization of the ethanol proédrct

tuning parameters can be based on any suitableochéind
in the literature. The second task is to apply ¢batroller
parameters to the simulation model and to tesfahsibility
of the tuning in four different scenarios givenTiable 4. All
the simulation scenarios are to be started from dhme
initial condition. The tuning methods are to be pamed
using the calculated overshoot and the time fdvil&tation
for all the control loops. Based on the testingultss the
controllers can be re-tuned.

Table 4. Simulation tasks, module 4.

Table 3. Simulation tasks, module 2. Task Change Disturbance
— 4.1 Level setpoint -10% None
Module Change Response Response distillate [~ 5 Level setpoint +10% Long sampling interval
column 4.3 Pressure setpoint +10% Transmitter noise
21 Inl:aatltllow 4.4 Production increase Long sampling interyal
2.2 Heater
power 3. RESULTS
2.3 Inlet The exam results and students’ evaluation of madle2
temperatu_re and 3 are based on the “Introduction to chemical
2.4 Reflux ratio engineering” course (15 ECTS, fall 2011-spring20Ithe

Tasks module3: Module 3 builds on module 2, th& tago
design and test two different distillation sequesdmth with
minimum two changes in the operational parametedstatal
simulation time of two hours. The best distillatisaquence
giving maximum ethanol production is to be usedthe
laboratory experiment afterwards. The students htnee
possibility to run multiple sequences. In the wbis every
group presents one sequence with either successful
unsuccessful results.

2.3.3 Module 4

The fourth module consists of controller tuning aesting of
PID-controllers on a small scale oil and gas prtidac
facility under normal operational disturbances. rEhare
three controllers relevant to this exercise, twovele
controllers and one pressure controller, all relate the
operation of a three phase separator. The initGatition of
the simulation model assumes perfect measurements,
there is no measurement noise. The controllersetren auto
and the controllers parameters are in non-optinfattory
settings”.

Prerequisites: The electrical engineering studeai®
assumed to be familiar with the principles of pssceontrol
and simple PID-controller tuning methods. No presgio
knowledge of the simulation software or the sepamat
process is required.

Learning goals: The students shall be able to ume t
simulation software to tune PID controller paramet@nd to
evaluate the controller tuning performance unddfertint
kind of process disturbances and equipment failures

Tasks: The first task is to prepare simulated datathe
tuning the three PID controllers. Calculation o ttontroller

teacher evaluation is based on both the chemigaheering
course and the “Cybernetics” course (10 ECTS, g2012).

3.1 Students’ evaluation results

The second year chemistry students have evaludied t
simulation modules using two subsequent multipleia
qguestionnaires including a total of 62 statementhe
background of the second year chemistry studentglésor
some user experience with mathematical softward s
Matlab or Mathematica (85%), and little or no knedge on
process simulation tools (90%).

A summary of the effect simulation exercises hawve o
learning is given in Fig. 3. The majority of theudénts
agreed that simulation exercises are useful famleg and
make learning more interesting. Over 90% statedt tha
simulation exercises enhanced their knowledge imgjlénd

¥, reported increased learning outcome.

Simulation & Learning

Increased my learning cutcome
Fnhanced my knowlecge huilding
Is useful for learning

Makes learning more interesting

0%

20%

40 % 60 %

m Positive Neutral+ & Meutral W Negative

Fig. 3. The effect of the simulation exercises&arhing.

Simulation modules 2 and 3 were completed befolatag
distillation laboratory exercise. The students’ laation of
the simulator utilization is presented in Fig. 4mast 80% of



the students agreed that simulation exercises ®etbe
distillation laboratory experiment was a good ided that
they gained practical and useful knowledge of ligitbn
through the simulation exercises and the
experiment. Over 90% of the students planned to thee
simulation results to choose the distillation seupge
parameters based on the simulation module 3 reg\trsost
90% of the students used the simulation resultsthim
laboratory.

Simulator utilization

\ |

-
=

| learned about destillation through HH“

the sim & lab exercises |
@I
| —

0%

I used the sim results in the lab

| intended to use sim results in the lab

Simulation before the lab was a good
idea |

N% 20% 40% 60% 100 %

M Positive Neutral+ N Neutral- Il Negative

Fig. 4. Utilization of the simulation results foistillation
laboratory experiment.

The same simulation tool was used for all the meslih the
same PC class room. The students’ evaluation on
usability of the simulation tool is given in Fig. ©ver 60%
the students stated that it was relatively easkedon to use
the simulation tool, whereas about 40% of the siteldad
some minor problems. No one reported of major ois|
with the simulator. About 90% of the students eatid that
they could become skilful users of the simulatioal tgiven
more time and practical exercises. All the studexgeeed
that the simulation tool is a suitable tool for tbleemical
engineering course.

The students also suggested using more
demonstrations on the first introductory lectured do use
more time with the simulation exercises in ordeincrease
the learning outcome.

The simulation tool

Is suitable tool for the course

| can become skilful simulator user with
more time and practice

It was easy to learn to use the tool
I

40%

0% 20% 60 %

80%

100 %

M Positive Neufral+ S Neufral- il Negative

Fig. 5. Evaluation of the simulation tool.

practiGigulation module 4,

3.2 Exam results

The multiple-choice final exam on the introductido

laboratoghemical engineering course is divided into threetiens,

theory (6/20), simulation (4/20) and calculatiors0/@0)
including 20 questions with four alternative anssvexer
guestion. The exam results for the simulation secthverage
grade 47%, were better than these for the theorgrége
grade 43%) and for the calculations (average geiths).
Also in the re-examination the results for the datian part
were better than these for the theory section amdthe
calculations (65% as compared to 27% and 47%
respectively).

3.3 Teacher's evaluation

The simulation modules 1, 2 and 3 are given forseond
time in the chemical engineering course and theulsition
module 4 for the first time in the cybernetics amurThe
teacher is alone responsible for the instruction tioé
simulation modules. She has a couple of years pérance
on course instruction using the simulation tool.

The teacher reports a very positive learning emvirent and
enthusiasm in both engineering courses. Even theests
with little knowledge on mathematical software wqteck to
learn the simulation procedures and the studentskaso
tﬁféfectively in the small groups. Group size up @students
was manageable in the simulation sessions. Theerstsid
were eager to share their experiences in the wogkahd the
discussions gave an impression of new knowledgeséitid
acquired through the simulation modules.

The positive effect of the simulation was noticdésban the
chemical engineering laboratory and, for the sedand, the
most successful groups were the ones that hadted/eslot
of effort on the simulation exercises.

The electrical engineering students participatedrnty the

and therefore lacked process
knowledge, and insight on the normal and abnormal
operation of the oil & gas separation system (med)l This
caused longer than expected time consumption on the
controller parameter tuning task, and the contraiésting
(towards measurement noise, set-point changes amgs
disturbances) had to be omitted. However, the stisdeere
eager to complete the tuning tasks and to learre mbout

the simulation models.

4. DISCUSSION

The students were very positive towards the sinmnat
exercises and wished for more time and even mozecises
on the simulator. More time spent on various siftioie
exercises is likely to increase the learning outeand give
positive learning experience for most of the stuslen

The challenge in the chemical engineering course isnd
the right balance between the different topics eathand
mass transfer operations, as well as the balanteebr
theoretical and practical exercises. Through thmeukition



exercises students learn how the unit operatioascinemical REFERENCES
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Further efforts will be made to upgrade the sofevtr a
newer version, to modify the existing modules amgrepare
new modules in collaboration with the simulator denand
other academic institutions.



