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Abstract

Global business transformation, increasechnological complexity and knowledge intensive work have increased the

importance of knowledge and competence as a competitive edge in paper industry.

The goal of the study was to develop a new concept for knowledge transfer and competenpendevealad to use th

e

new concept in industrial paper production unit start-up projects. The outcomes of the concept are evaluafed at the

personnel, strategic business unit and corporate leVhks.operational concept includes modelling of organizati
competences and production processes at different levelthesdbsequent development of the knowledge transfe
simulation tools. The development of the simulator wased on hybrid process modelling in a web-based J
environment. The development of knowledge and performance support systems was based on strategic ¢
management and a web-based XHTML environment. The theoretical framework of the concept was basg
knowledge management, organizational learning and strategic competence management in complex magn
environments.

Longitudinal multiple case studies carried out in the threestnidli business start-up projectvhere the concept has bd
constructed and used, are described, including planning, concept development and evaluation of the dutmyporate
level knowledge support and learning system called KnowPapaisa evaluated. The focimsthe evaluation was on th

bnal

r and

\VA
pmpetenc
d on the
ufacturi

en

e

assessment of the competences, evaluatigheoparticipant experiences collectedduestionnaires, and analysis of the

business benefits at the strategisibass unit and corporate levels.

The new concept was found to improve knowledge transfer and competence development during the start-up

paper production unit. It was possible to localize and transfer the knowledge and too#dlprilgiveloped in the European

business unit, to the Chinese production unit. The particigserteived the new concept and tools to be very u
compared to traditional methods. At the production unit leval world records were achievedbusiness start-ups, e.
in China just eight months after start-up. At the corporate level, the benefits were improved managemeviedfjdq
and systematic development of strategy-based new knowledge and competences. The concept and tiedofmelsird
this study, optimally, follow the life cycle of paper production units.
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Tiivistelma

Globaalin liiketoiminnan transfmaatio, teknologisen kompleksisuus jadrty tietointensiivisyys ovat kasvattane
osaamisen hallinnan ja kompetenssien kehittdmisen merkitysta paperiteollisuudessa.
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strategisen tuotantoyksikén seka konsernin ndkokulmista.afpesalisessa konseptissa mallinnetaan tuotantoprosq
sen vaatimat kriittiset kompetenssit eri tasoilla ja kehitetddn tietokonepohjaiset simulointitydkalut sel
tietotukijarjestelmat tdman pohjalta. Simulointitydkalujen kehitys pohjautuu prosessien hybridimallinta]
verkkopohjaisessa JAVA kehitysympéristossa. Kehitetyt tiidtotukijarjestelmat pohjautuvat kriittisen osaamiser]
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viitekehys pohjautuu informaation hallinnan ja tiedon §ohiseen, organisaation oppimiseen seka strated
kompetenssien kehittémiseen monimutkaisissa tuotantoymparistdissa.
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konsernitasolla.
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uusien tuotantolinjojen kaynnistyksen yhteydessd. Euroopassa kehitettyja parhaita toimintamalleja voitiin
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1 Introduction

1.1 Business transformation in the manufacturing in dustry

1.1.1 Globalization and changes in the business env  ironment

As a result of globalization, the business envirentmin multinational manufacturing
companies like those in the paper industry has gddndramatically. The business
environment is very demanding, because structwatcapacity and highly competitive
global markets are causing continuous erosion @ ghice levels of products. The
expectations of global customers are the same wald] thus the processes, competence
and capability of the personnel should be at timeskevel in every unit. The ownership
structure in companies is global and the requirgsnfar the return of capital employed
are the same for all companies. At the same tinee e$timated demand for paper
products is growing very fast in emerging markaishsas China, India, and Latin
America, where the fast growing forest plantationsre also located
(Siitonen 2003; Balter 2006; Lambeeg al. 2006; Young and Lan 1997). The focus of
business growth has shifted from the mature markegs in Western Europe and North
America, to the emerging markets in Asia, Latin Aicee and Eastern Europe. Paper
production capacity has started to be transfelwdtié emerging markets in line with the
trend in other manufacturing branches. Despite eatiens, not all the business start-ups
of multinational companies in China have been \a&rycessful. The fierce competition
with local companies is threatening the businesst-sps of the multinationals
(Williamson and Zeng 2004).

Starting up a new business based on complex produgrrocesses and the latest
technology, requires good timing, a good concept taols for transferring knowledge,

building competences and developing the local arggional capability. World-class
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start-up of new production plants requires effitieorganizational learning and
knowledge transfer processes. Starting up a newt @lad the production process is
especially challenging when the production procgsiynamic, and the employees do not
have any prior experience in working in such anvagtenvironment. It has been shown
that, although it is relatively easy to build a raod paper mill in a greenfield
environment, attaining and developing competensgerel is a challenging task even in
Europe (Laurila and Gyursanszky 1998) the tacitvkadge of expatriates being one of
key factors in knowledge transfer (Tsang 1999).

The importance of knowledge transfer and competeles@lopment has been recently
emphasized in the mature markets, e.g. in Europal@ US, where the retirement rate
of the current working generations is increasimgrgily. For example, in the US 25 % of
the working population will reach retirement age 2810, and this has been seen as a
serious threat to competitiveness. The current ingrigenerations have a long work
history and possess a considerable amount of alritoowledge, that needs to be
transferred to the newer employees. There is a tee¢ake on a large number of new
employees, and the transfer of tacit knowledge daseexperiences and organizational
learning is extremely important. Some leading camgxa have started to create formal
strategies and tools for knowledge retention, amctreate processes for knowledge

transfer and information distribution.

The importance of knowledge transfer in businesssfiormation is a critical factor, and
the major challenge in the mature markets is thieereent of the current generations and
the transfer of knowledge to the new generationsthe emerging markets and new
business start-ups, the challenge is to transfer diitical knowledge to local new

employees and to retain of the local employeeslagid expertise.

1.1.2 Knowledge, competence and learning as a compe titive edge

The importance of knowledge and learning as a goof@ competitive edge has become

a key critical success factor in the global contjmetiand represents a critical asset in
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companies (Davenport and Prusak 1998). Once a agmgains a knowledge-based
competitive edge, it becomes easier and easiet formaintain its lead and more and

more difficult for its competitors to catch up (Quiet al. 1996).

Based on real operational benchmarking assessnveimése the highest efficiency of a
production unit is indexed to 100%, the impact afmfan factors and performance on
production unit efficiency can be in the range 5%3(Wilson 2004). The efficiency
potential in competence, capability and performasheeclopment is shown in Figure 1,
where the technological asset quality of diffenerdduction units has been classified on
the basis of the efficiency of the unit.

The efficiency of a new paper production unit irsimess start-up is at a moderate level
but, as a result of competence and organizatioeaining, the efficiency starts to
increase. The direction and speed of the efficiedeyelopment depends on the
efficiency of knowledge transfer, learning, compet and capability of the local
organization. From the technological point of vietlve efficiencies of the individual
production lines at the same technological quahpuld be at the same level. When
comparing the efficiencies of the production linegy. at a 50% technological quality

level, the differences are considerable (up to %) 0as illustrated in Figure 1.
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Figure 1. The impact of human performance on theieficy of a paper production unit
based on benchmarking of the individual productiaits (Wilson 2004)

Knowledge transfer and the sharing of best pragtisea difficult part of organizational

development in firms at the national level, busieven more challenging when the scope
of operations expands into the new, emerging msykdtere the teams are multinational.
The life-cycle of knowledge in industrial projecan be very short, thus emphasizing the
efficiency of the concept and tools needed in mtsjeln complex production processes
like paper production the challenge is even greatging to the complexity of the

dynamic and integrated production process. The eqaginal knowledge needed is broad
and multidisciplinary. Knowledge transfer at theamizational, strategic business unit,
team and individual levels is becoming a criticattpof successful technology transfer

and investment projects in the emerging markets.

1.1.3 Technology development
In the paper industry, because the latest techgoisgglobally available for all

companies, technology itself can no longer guamrdecompetitive advantage. The

competence and capability to utilize the latesthmetogy efficiently is extremely
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important, and this is also emphasized in the emgngarkets (see also Figure 1). The
development of production and ICT technologies haweelerated the speed and impact
of technology development also in the paper ingugthe major changes in technology

in the paper industry can be summarized as:

(1) The integration and convergence of automatmoduction management and ICT
systems is proceeding rapidl2) The level of sensors, instrumentation, procesgrol,
automation and production management systems hesased in the paper mills. (3) In a
modern paper mill, the following systems are useaperate the process and quality:
distributed process control, condition monitoriggality management, web monitoring,
drives control, process analysis, electronic dianyll execution systems (MES) and
enterprise resource planning systems (ERP). (4) &meunt of real-time data and
information available for decision making has iras®ed considerably. (5) The nature of
process control and operation work has changed franual to knowledge work, in
which the decisions are based on real-time infaongprovided by different computer
systems. (6) Despite the increased number of tifereit systems, only 20-30 % of the
advanced features in these systems can be efficigilized, which emphasizes the new

competences required by the production teams (Badwur Saikkonen 2004).

The current trend in ICT and automation system ldgweent is the integration of

enterprise resource planning (EPR) systems, pramuntanagement systems (MES) and
process control systems (Figure 2). The automatiod MES systems which have
traditionally been integrated for production marragat at the business unit level have
been developed further to possess features of EREnss. The ERP systems used for
corporate level resource planning and managemernhgagrating new features that were

previously used in MES and automation systems.
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Figure 2. Hierarchy of ICT and production managensgatems in paper production
(adapted from ANSI/ISA — 95.00.01-2000)

During 1990 — 2004 the design speed of modernrpaqeluction machines producing
printing and writing papers has increased from Q,3®/min to 2000 m/min.
At the same time the design width of the machireayg reached 10 m. The increased
design speed and efficiency require more advanoattals and better preventive tools
for tracking the potential problems, as well agdasesponse times of the personnel in
disturbances and in troubleshooting situationds lextremely difficult to operate the
complex equipment with embedded automation witrammputer control systems. The
capital expenditure of the new production linesalso very high, emphasizing the
competence, skills and knowledge of the producpensonnel needed to operate and

maintain the machinery in the correct way.

Optimisation of the efficiency in the paper machim®cess is another trend in the
development of integrated processes with minimalk tasolumes and simplified

processes. The operability of a simplified proces$ransient conditions is enhanced,
because the dead-times, which currently cause gmoblfor process control, are

minimised. The tanks and silos are feed buffergHerpaper machine, but they also filter
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flow, consistency and pressure fluctuations. In #imaplified process, more precise

control of process dynamics is required in différgtuations.

The main major technological changes are: (1) naté@n of automation, production
management and information systems, (2) increaseduption capability and speed of
paper machines and (3) process integration. Asultref these changes, there has been
an increase in complexity in paper production drepgrocesses have become complex,

integrated dynamic system, in which the problentdisturbances are also integrated.

Because the latest automation and production téopypds globally available for all

companies, technology itself cannot guarantee gettive advantage. In the technology
transfer projects, the transfer of knowledge, campee and capabilities about how to
optimally operate the latest technology should fpleasized especially in the emerging
markets like China. On the other hand, the devetwypnof ICT technology enables
efficient transfer of the latest knowledge and besictices, together with the new

collaboration and knowledge support tools thate®ming available in the workplace.

1.2 Research problem, objectives, hypothesis and li  mitations
of the study

1.2.1 Research problem and objectives

The principal objective of the research is to depeh concept and tools for improving
knowledge transfer and competence development mplex paper manufacturing
processes. This involves the development of a #tieat framework, an operational
concept and operational tools which are verifiedindustrial case studies. The case
studies are two fine paper production unit starprgjects in Finland, and one fine paper

production unit start-up project in China.
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Improving knowledge transfer and competence devedoy during the start-up of a new
paper production unit will provide a competitivevadtage for the paper producing
company. The benefits can be achieved and eval@téte employee, production unit

and corporate levels.

Hybrid knowledge and performance support systemsedan modelling and simulation
can be used to improve knowledge transfer and ctenpe development in the start-up

of new paper production lines.

Modelling, such as user modelling, process modgland best practice modelling can
further improve the process of knowledge transfet eompetence development in the
start-up of new paper production lines. The devalept of hybrid knowledge and

performance support system is based on this madediproach.

1.2.2 Limitations of the study

The theoretical framework used in this study iseda®n the strategic industrial
management framework of a firm as an open systaoiuding knowledge transfer,
competence and capability development processeswlédge transfer, competence
development and learning are evaluated from tharozgtional perspective. Educational
and learning theories as well as competence deweopprocesses at the individual level

are excluded from the scope of this research.

The case studies are based on the results of te@ gajects in Finland, and one case
project in China. The regional, cultural and multiaral differences, e.g. those related to

organization, project or work cultures, are excthétem the study.

The focus of the present study as a part of tleeclfcle of a production unit is illustrated
in Figure 3. The study is focused on the capittdnsive part of the life cycle, including

the project time, business start-up and the one yedaod after start-up. Longer term
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follow-up and comparisons in the continuous develept of capability, learning and

profitability are excluded from this study.

‘ DECISION YEAR 1 YEAR 2

Procufement
Constfuction

Instalation

Commigsioning

Figure 3. The focus of the study is on the busiséms-up of a new paper production unit

1.3  Structure of the study

The dissertation consists of the following nineptiss:

Chapter 1 consists of an introduction and descrites present trends in business
transformation and the major technological changesthe paper industry. The

transformation is a result of globalization andidaghanges in the business environment,
the increased role of knowledge, the importancecaipetence and learning as a
competitive edge, and changes in technology dewetop. These changes are the

background and motivation for the study and fordaeelopment of a new concept.

In Chapter 2, the paper production process is dioiced as an example of a complex
industrial production environment. A model for gpa production process as a hybrid
dynamic system is described. The features of compled dynamic manufacturing
environments are reviewed, and a concept of worbcgss knowledge in these
environments is introduced. Finally, the changewank and workplace, including multi
skilled teams, global business processes and kdgelevork with ICT systems, are

reviewed.
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In Chapter 3, the theoretical framework for a resetbased view of a firm as an open
system is introduced. The theoretical frameworkkioowledge management processes,
competence-based strategic management and knowpedgesses is reviewed. Finally,

theories of organizational learning are reviewed.

In Chapter 4, the development of computer-basedviadge and performance support
technology, computer-based learning technology &nd]ly, simulation technology is

reviewed. The focus in the review is on applicatidn the paper industry. In the
technologically enhanced workplace of the fututese support technologies will be
integrated with the standard automation and preodinctnanagement systems in the

workplace.

In Chapter 5, a new concept for knowledge transfegrning and competence
development for complex papermaking processesesepted. The integrated theoretical
concept is first introduced. The competence anduvenige strategy processes steer the
goals of organizational competence development indvidual development, mental
models being the mechanism linking individual anglamizational level learning. Finally
the operational concept for knowledge transfer eochpetence development in paper

machine investment projects is proposed.

In Chapter 6, the new tools and technologies d@eelan this study for knowledge
transfer, competence development and performanpeosu are described. Dynamic
simulation, based on hybrid process modelling, esiewed. The development of
KnowPap a web based learning environment for paglmg and paper mill automation,
is summarized. The development of an integratedvledge and performance system is
introduced. Finally, the modelling and simulatiointiee operational best practices with

the operational training simulators and best pcadiolkits are introduced.

In Chapter 7, the results of four industrial cagelies where the new concept and tools

have been used are presented. The first study atealthe use of the dynamic process
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simulator in a paper machine investment projecFimland. The use of the KnowPap
learning environment in a global paper companywauated in the second study. In the
third study, the use of the concept for a majoe fpaper machine rebuilding project in
Finland is evaluated and, finally, in the fourtludst the use of the concept in a paper

production unit start-up in China is reviewed.

In Chapter 8, the major results are discussed enlitiht of previous research. The
theoretical empirical and managerial contributians reviewed. The validity, reliability

and limits of the study are also discussed.

In Chapter 9, the conclusions of the study are sammed. Further research on

knowledge mobilization and mobile knowledge supggdtems is proposed.

1.4 Contribution of the thesis and of the author

The theoretical contribution of the study includbée development of an integrated
framework and theoretical concept for competenapability and skills development in
complex papermaking production environments. Thpiecal importance of the study is
the development of operational concept utilizingugation and knowledge support
systems. The applicability of the constructed cph@nd tools is verified in industrial
case studies both in Finland and in China.

In more detail the contribution of the author iar@led in the following:

1. Development of the APMS dynamic process simulatioanvironment (1994 —
1997). The APMS-Advanced Paper mill simulator is basedtloa concept for
hybrid modelling and dynamic simulation of papercinae processes. The
dynamic simulators can be used throughout thechfele of a paper machine,
including also knowledge transfer and competeneeldpment. The contribution
of the author was the development of the wet edges simulation models for

the paper production line simulator, and being ohehe developers of the
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dynamic simulator used in case study 1.

. Development of KnowPap — a web based learning enwinment for
papermaking and paper machine automation (1997 — 20)

The development of a generic web-based learningg@ment and knowledge
support system for paper industry started in 198%n the author was one of the
initiators of the development work and a senioraesher in the development
team in 1997-1999. The development of the systeth the structure of the
environment are presented and discussed in th&sthelse of the KnowPap

system in a global paper company is analyzed icélse study 2.

. Development of a new concept for knowledge transfen investment projects
The development of a new concept for knogied transfer and
competence development continue in 2002paper machine start-up project in
Finland. The concept and tools were consttb@nd developed further based
on the experiences gained in the earlierjepts. The tools used in the
operational concept included a web-basedviedge and performance support
system, an operational training simulatod &est practice toolkits, which were
localized and customized to the new paperdyetion unit processes and
technology. The author was responsible lier development and utilization of

the concept in the project.

. Further development and use of the concept in knowtge transfer and

competence development in an investment project i€hina (2002 — 2006)

The research included analysis of the knowledgasfes needs and critical
competences in the paper production units and ¢kreldpment of the knowledge
support tools based on the needs. The concept lEadiobls including an
operational simulator, knowledge and performanc@pst systems were
developed further in investment project in Chinattstarted in 2002. The web-
based knowledge and performance support systemogeekin the study, was

integrated with a hybrid simulator.
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The results of this thesis provide an importantgimisinto business transformation in the
global paper manufacturing companies and highlighgsrole of knowledge transfer and
competence development in the start-ups of the mpaper production units in the

emerging markets. The case studies in this researcheal industrial paper production
unit start-up projects but the concept developethis study can be generalized in the
future to other complex manufacturing processesvever this would require further

research.
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2 The paper production process as a complex and

dynamic industrial production environment

The chapter starts with an introduction to the pgpeduction process as an example of a
complex industrial production environment. Secondlynodel of a papermaking process
as a hybrid dynamic system is introduced. Thirth features of complex and dynamic
manufacturing environments are reviewed and a g@inmework process knowledge in
these environments is introduced. The dynamic cexifyl in the papermaking process
system originates from the hybrid dynamics of amndus, discrete, discrete time and
static sub-processes in the paper production kiveally the major changes of the work
and workplace in paper production are reviewedunticg multi-skilled teams, global
business processes in local production units aoe@sed information and knowledge

intensity of the process control work.

2.1 Paper production as a complex and dynamic proce  ss

A modern paper production unit includes the follogvimajor sections: raw material
handling, stock preparation, paper machine appreasitem, paper machine process
including both wet and dry end processes and gapshing. The unit also includes very
important auxiliary systems like water preparatiater circulation and handling, steam

and condensate and chemical preparation systems.

In the stock preparation section the mechanicalaled and chemical pulps are treated
by refining the fibres into a form suitable for pamaking. The pulp components and
chemical additives are then proportioned before gpngito the short circulation. The
function of short circulation is to dilute the pugturry called furnish, for the paper
machine, to add the chemical additives needed penpaaking and to remove impurities

from the furnish. Centrifugal cleaning and scregrane used to remove heavy impurities
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and fibre bundles from the furnish. Finally, theaid gases are removed in the deculator
process, and from there the clean and uniform $trms pumped to the paper machine.
As the consistency in the wet end of the paper madk ~1 %, one major function of the
paper machine is water removal. Dewatering is edrdut in the wire section by using
gravity and a vacuum, in the press section by usieghanical pressure and, finally, in
the dryer section by evaporating off the rest @& water. The final moisture content of
paper is normally ~ 9%. The broke system is usedrtulate the edge trimmings and
off-spec quality paper to the stock preparatione White water system is used to
circulate removed water to the several water copgiam points in the paper machine
process. A simplified flow sheet of a modern paperchine process is illustrated in

Figure 4.

v v
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:
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ROKE SYSTEMF

Figure 4. A simplified flow sheet of a paper machine process

2.1.1 Complexity and process dynamics in paper prod  uction

The stock and white water system is a complex,idytmbination of combined/discrete
subsystems which interact with each other. It ciasof the following interconnected
sections: stock preparation and proportioning, &kiter system, broke system, short
circulation, fresh water preparation, and warm watgstem. The major design and
operational factors affecting the complexity of 8teck and water system dynamics are

listed in Table 1.
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Table 1.Design and operational factors affecting the precssmamics in the paper

machine (PM) process

Design and operational factors

Value examples in PM lines

Operational state of the paper machine

Normal operation

Operational grade changes
Web breaks

Transient operation situations
Process disturbances

Type of paper machine process

Low retention process
High retention process

Type of paper machine

Single grade paper machine
Multi grade paper machine

Paper grade Pulp components and chemicals
Low basis weight
High basis weight
Tuning of the controllers and| Loose tuning vs
automation tight tuning of the controllers
Operation of a mechanical pulp mill Normal operation
Transient operation situation
Shut down
Use and efficiency of the internal Use of membrane filtration or oth

purification system

internal purification systems

Operator actions

Operational procedures
Generation of disturbances
Web breaks

The correct operator actions have a very importafiect on the stability and

environmental impact of the stock and water systefine operators’ skills and their

conceptual understanding of stock and white waystesn operation prevent spillage,

process disturbances and fluctuations in the wetoéthe paper machine.
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In order to analyze the complex process dynami¢hettock and white water system at
a detailed level, the effects of the design andratpmal factors have to be taken into
account. There are also definition parameters at rttore detailed equipment level
(summarized in Table 2), which increase the complexf the process dynamics. The

following simplifications can be made in trainingdaknowledge transfer applications,

where the basic process dynamics is sufficient.

Table 2. Process and control design parameterstiatigorocess dynamics

Parameter

Effect on process dynamics

Simplification

Dimensions of process

Delays in the different parts of the

The tanks are the

equipment tanks, pumps,process depend on the dimensions| @inly dynamic
valves, pipes process equipment. In high fidelity | component in
models the relative height levels of| simulator
the equipment are also taken into
account.
Circulation of the flows | Integration of the flow network also Steady boundary

in the integrated proces

5 causes the disturbances to propag;i

hiftow in the model

Major control circuits
and selected parts of mi
automation e.g.
interlockings

The effect of controller tuning on

lldisturbances is very important. Oth
automation structures, interlockings
etc. are needed in training.

Ideal controllers,
eno other structures
5 included

Equipment parameters,
shut-off time of valves,
pump dynamics

Important effect on the flow

dynamics in the piping network. Th
device controllers and power suppl
can also be included in the simulat

Ideal process
cequipment
y
DI,

Control sequences e.g.
automatic grade change

Causes dynamic effects throughou
swhole process

[ No control
sequences include
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2.1.2 Development of process control and automation in paper machines

The process control circuits and other selectets pEr paper mill automation have an
important effect on the paper production processadycs. The major control circuits of
the base paper production process are illustratétgure 5. The most important control
circuits in the stock preparation area are consisteontrols, flow and level controls,
raw material proportioning, control of refining egg, and control of retention. For the
paper machine there are control loops for headtobomer, press and dryer sections. The
control targets for these loops, the controlled anashipulated variables, as well as some
typical problems, are summarized in Table 3. Goedews of process control and
automation development in the pulp and paper asemted by Dumont (1986), Kayihan
(1996) and Leiviska (ed) (1999).

Steam
pressures

wire speed,
vacuum levels

\.k ke
. Line pressures,
" steam box profiling
e ~Slice control
"2 Dilution HB control
‘v Jetiwire ratio

Consistency
and flow control

T Basis
Machine weight
chest control

Control of S
refining

Consistency
control

\\
B

Figure 5. The major controls of a paper machine process (&MAutomation 2007)
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Table 3.Process control issues of a paper machine

-

production rate.

Control targets Controlled Manipulated Problems
variables variables

Optimise the quality| Basis weight (BW). | Stock consistency. | Long deadtimes.
S properties of the Uniform BW. Chest levels. Dependence of ches
T paper. Physical, optical Furnish compo- level and flow is
g and chemical sition in non-linear.
o Keep the flow properties of the proportioning. Disturbances in
j changes between paper. Consistency and consistency control
= chests slow by flow control of and proportioning.
n managing the chest chemical additives.

levels.

Optimal strength Freeness. Disc gap. During a power

development, Consistenc change, the disc
) drainability and Electrical ez.er plates may contact o
2 | sheet formation. 9y refiner stop due to
% | Sheet density, Specific energy interlockings.
x porosity, opacity consumption.

and dim. stability

are also affected.
< Optimal formation | Pressure, slice lip. | Operating speed The position of the
= by constant stock | Stock consistency. | of the fan pump. dry line is difficult to
g consistency and Jet/Wire ratio. Slice lip actuators | predict.
£ | Jet/Wire ratio. Temperature. (MD and CD).

Formation.

Optimal formation | Formation. Wire speed, The position of dry
@ by drainage and Distribution of fines | vacuum. line is difficult to
€ | turbulence. and fillers. Levels of foils. predict.
L Foil angles.

Optimising the bulk | Bulk, surface Line pressure, Bulk is difficult to
@ 5| by adjusting the smoothness. sometimes in cross| predict in the grade
@ gl linear pressure. direction. Steam changes.
a3 box may be

included.

c Keeping the Moisture content of | Steam pressures of| Difficult to predict
-% moisture content the web in the drying cylinders. target values becaus
@ | within specification. | machine and cross | Air temperature. drying rate depends
5 Co-ordination of directions. n.o activated on many variables.
g machine speed and elements in air and| Delays cause

infrared dryers.

oscillation.

9]
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2.2 Features of complex and dynamic production

environments

According to (Norros 2004), complex and dynamic kv@environments have three
specific features: complexity (C), dynamism (D)damcertainty (U), as illustrated in
Figure 6. Process control and production manageientypical working domains for
chemical, pulp or paper processes that have therésaof CDU environments. The role
of process control work has changed from manuakwwhighly automated work, which
is carried out with different process control antbaation systems, the user interface for
process control being a computer screen. In mogieaiuction control environment there
are several systems starting from the process aomével systems, production
management and execution (MES) and ending at cagtevel ERP systems.

There are four characteristics in dynamic systemas affect its control (Norros 2004,
Brehmer and Allard 1991): the rate of dynamicshi@ process, the relationship between
the controlled process and control process, dynaelieys in the system, and the quality
of the feedback information. The features assatiat#h operating in this kind of
environment have been defined as (Norros 2004; Beetand Allard 1991; Hoet al.
1995):
» operators are asked for series of actions and nmesgperational situations it is
possible that operators are able to correct tlotiors,
» the decisions and the actions must be made atdirect point in time, which
usually implies that the operator must adopt arcguattory way of acting
e The decisions or actions that are made at diffdarem@s are interdependent
» The environment and the process change both autmmelynand as a function of

the operator's actions
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Collaboration

Dynamism How to share

actions?
Practices that enable construction
of acdtion in a sitgation
Skill Knowledge
How to act? What to do?

Figure 6. Process control of paper production is a complgrachic, and uncertain
(CDU) work environment (Norros 2004)

Brehmer and Allard (1991) suggest that operatore three alternative methods for
exercising control in dynamic situations: developnantal model of a task, develop
heuristic rules, or rely on feedback and modifmatof behaviour. The results of their
study indicated that difficulties were related telays in the feedback or understanding
the task well enough to fully utilize the availablkesources. Modelling and computer
simulations have been used in many complex prosessge in nuclear power plants for

learning the operation in different dynamic sitaas.

2.2.1  Work process knowledge — knowledge of complex processes

The term "work process knowledge" has emerged soriee and study knowledge in
increasingly complex work processes. Work processvedge is regarded as knowledge
which is useful for work, and ways of knowing tlaaie integral aspects of work activity
and essential to support skilled work in flexibledanformated workplaces. This is not,

however, considered to be "practical knowledgekgicup from unmediated experience,
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but it includes a dimension of theoretical underdiag (Boreham 2002). The
construction of work process knowledge often ariseg of efforts to resolve
contradictions between what theory predicts wilpen, and the reality that confronts

them.

The concept of a mental model or a related coneaptoften been used to describe the
work process knowledge which the workers use tdroband operate the process, or as
one worker states in Zuboff's (1989, p 86) studgou' have to have a mental picture of
what is going on behind the indicators.” The comcep a mental model is not
unambiguous however. It has been used in studiegook in complex processes (Doyle
and Ford 1998), but the vague use of the conce@ ofental model has also been
criticized (e.g. Norman 1983; Staggers and Norc893). It has been considered
important to separate the models used by peoplgangladifferent roles in the work
process. Especially the conceptual model of thgetasystem and the user's mental
model of the target system should be separatedomeeptual model is invented by
teachers, designers or scientists as an accumatsistent and complete representation of
the target system. Mental models are created bys e they interact with the target
systems and may, or may not, be equivalent to gduak models (Norman 1983;
Staggers & Norcio 1993; Vicente 1999). Neverthel@ssa complex process involving
not only one person, but also a group of peoplegpmration and communication of the
group requires accurate, and mutually acceptedepisdn order to be able to change
information in the critical phases of work processeg. during production disturbances
(Leppéanen 2001, see also Vicente 1999). Accurateeis and sufficient knowledge of
the work process are also prerequisites for legriiiom the process events, and for
sharing experiences and knowledge in the work conitiyyun order to improve the work
process further (Vicente 1999). A method for stadyihe conceptual mastery of a work
process is an example of a method for studyingge®&nowledge (Amaravadi and Lee
2005) at work, and has been used to study the wiokess knowledge of workers in
complex work domains (Leppadnen 2001; Nurmi 2001;rd 2004; Oedewald &
Reiman 2007).
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2.3  Work and workplace transformation in

paper manufacturing

2.3.1 New role and competence requirements for mult  iskilled production

teams

The role of operation teams in paper productiontsuhias changed from that of a
workforce into a group of multiskilled profit maleewho are optimizing the operation
and profitability of the production line based amokwledge and information in different

systems and processes. In a modern paper produghidnthe importance of the

operators’ skills, knowledge and degree of motosatwill make a difference in the

profitability of the production line (Lehtonen 2Q0&/ilson 2004). The recent changes in
manufacturing organizations, workplaces and woekleted in Table 4. These changes
have increased the importance of competence anavi&dge in modern complex

production environments (Norros 2004; Bullengral. 2004; Hammer and Champy
1993). The changes also emphasize the need fagharheducational level, multiskilled

expertise and efficient organizational learning production and maintenance teams
(Laukkanen 2001).
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Table 4.Major change in complex manufacturing organizatiand environments
(Norros 2004; Bullemeet al. 2004;Hammer and Champy 1993)

Changes in manufacturing organizations Changesin work environment

Organizational changes - from a hierar¢liylanagers' work changes - frdm
to flat, decision-making power on the shogupervisors to coaches

floor

Work unit changes - from functionaExecutive work changes — from scofe-

departments to process teams keepers to leaders
Values change - from protective [t@perators work changes - job will inclugle
productive many tasks currently handled by engineprs

The focus of performance andEducational requirements change | —

compensation changes — from activity| tgualification level of personnel has bgen

results raised

Advancement criteria changes — fromork changes - from simple tasks |to
performance to ability multi-dimensional and multiskilled work
The roles of people change - frardob preparation changes — from training to
controlled to empowered education and learning

2.3.2  Local production teams as a part of global bu  siness processes

The core business processes in manufacturing fitgmcally include product
development, and supply-chain management, custoomemitment, order fulfilment and
customer relationship management processes, whighatthe highest level in the
enterprise process hierarchy (Beckeral. 2003). The roles and responsibilities of the
people in these processes are defined in the lmssipecess models or in roles and
responsibility mapping (Beckeret. al. 2003). Enterprise resource planning (ERP)

systems are used for the real time managemenesétprocesses at the corporate level,
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while the targets are cascaded down to the locatlymtion unit level production

execution and automation system.

One of the major top-down changes in the local pctidn environment is that local
production teams now have important roles and resipoities in the global business
processes. The use of global processes and EREnsystas shifted some work
previously done by line managers to the produdiams. A practical example of this are
local warehouse operations, which are now an inapbpart of the global delivery and
warehouse capacity optimization process and a gfathe global supply chain. The
development of enterprise level business procdsaesemarkably changed the role and

the competence requirements of local productiomsgas illustrated in Figure 7.
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Figure 7. The process hierarchy of a modern paper produtiiermodelled as process
and competence models

2.3.3  From manual work to knowledge work in product ion control

The purpose of the production personnel is to assetapt and control the production

line manufacturing process and maintenance a@svitb meet the business production
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plan and product specification (Bullemet al. 2004). Production personnel will
continuously need to identify opportunities for moping process operations and the
work environment, to detect and remove any threatsstationary operations, to
compensate and correct abnormal situations anchsare that after disturbances the

production will be brought back to the normal opieralevel (Bullemeet al.2004).

In the modern paper production line, there can fpeouten different ICT systems for
production and quality management and therefore uber interface to control the
production is a computer screen. The amount of mlamark needed has been decreasing
dramatically along with the development of ICT, esenand other work support systems.
The decisions are made on the basis of the infooman these systems, which
emphasize the conceptual understanding and effiasa of these tools. The amount of
data, information and knowledge needed and proviiéide workplace via these systems
has increased dramatically. The work has changed fshysical work into information
processing and knowledge work, where the decisimstroubleshooting are performed

on the basis of the computer and ICT systems.

All of the previous findings and changes emphathezemajor changes taking place in the
workplace and the importance of conceptual maséey work process knowledge in
production teams, which now form an integrated pérthe global delivery chain. The
paper machine process is a very complex workingir@emwent, requiring a
multidisciplinary, broad conceptual understandinfy tbe whole production chain,

covering major processes at the different levelsllastrated in Figure 7.
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3 Conceptual framework for knowledge transfer,
competence and capability development in

complex industrial production environments

The aim of this chapter is to present a theorefreahework for understanding the nature
of knowledge transfer and competence developmerdegses and the interdependence
between these three areas in industrial produgtionesses. The chapter starts with the
strategic framework for the resource-based vieva éifm as an open system. Then the
theoretical frameworks for competence-based sti@taganagement, knowledge
management and knowledge processes are introduémdlly, the theories of
organizational learning, including individual andyanizational learning, in single and

double loop and a systemic model in building le@grorganizations are reviewed.

3.1 Aresource-based view of a firm as an open syst em

3.1.1 Organizational resources as the competitive e  dge of firms

Strategic management has traditionally been focusedinding sources to achieve
competitive advantage for a company. The theoleficanework used in strategic
management has been focused on the structuralssafybusiness environments and the
concept of value chain (Porter 1980; Porter 198&cording to Porter's models, the
competitive environment of a company can be modedied the competitive advantage
analyzed from these external perspectives. Porfiggsforces analysis, is a strategic
framework for industry and business analysis deeddoy Porter in 1980. Based on this
model, the competitive advantage, the ability twesets customers and to make a profit

of an industrial organization can be analyzed u§ivegforces.
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A change in any of these five forces requires apaomy to re-assess its strategic position
(Porter 1980):
1. the bargaining power of customers
the bargaining power of suppliers
the threat of new entrants

the threat of substitute products

o b~ 0D

the level of competition in an industry

After an analysis of the industry has been cardet] the competitive advantage of an
industrial company can be achieved by choosing filmee basic strategic approaches:
1. Cost leadership
2. Differentiation of products

3. Customer focus

Another important tool developed by Porter is vatbain analysis, which identifies the
critical phases in the value chain from the perspemf strategy. After analysing its
competitors, industry level strategies and the ssgation of different companies can
also be studied. The basis in the Porter's analydis analyze primary and secondary
activities in the companies, with the focus on tweernal and internal business
environment. The value chain analysis models caextended down to deeper levels in
an organization, by defining also the business ggses and functions as a part of the

model.

Despite the focus in value chain analysis beingpesiness processes and environment,
the results concerning the extended value chaio sdslude the competences and
knowledge needed in different phases of the vahagnc Porter also discussed the role of
collective (organizational) learning and organiaa#l culture as a part of competitive
advantage. The transfer of knowledge and skillseeigeographically or in the value

chain was also identified as one driver for contpetiadvantage (Porter 1985)
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Because the major focus in Porter's theory is @nathalysis of the external business
environment, Porter's model has been criticizedrr(®ga 1991; Nonaka and Takeuchi
1995). The main criticism is that Porter's analggies not consider the internal resources
and capabilities of the company as competitive athge. This new perspective has led
to the development of competence-based strategmagement and the model of a firm

as an open system.

3.1.2 Resources, competences and dynamic capabiliti  es of a firm

The theory underlying competence-based strateginoageanent has been Penrose's
theory concerning the growth of the firm as a adien of productive resources, which
can be available either as physical capital, huroapital or organizational capital
resources (Penrose 1959). These resources stintb&at@anagement to search for and
find opportunities for the firm's growth. The impamce of learning was also emphasized.
Barney has proposed that a firm's resources casobeces of sustained competitive
advantage when the resources are perfectly homageaiod mobile. These resources
enable the company to implement strategies thatawepefficiency and effectiveness
(Barney 1991). The strategically important resosirceare those which
1) are valuable exploit opportunities and/or ndizteathreats 2) are rare among current
and potential competition, 3) are imperfectly ihimand 4) there are not strategically
equivalent substitutes. In the development of tesource-based view of a firm, the
important dynamic dimension was then added thrdabglconcept of a firm's assets such
as stocks and flows, leading to the model of kndgéestocks and flows in companies
(Sveiby 1997; Bontiget al.2002 )

In the early 1990s, Prahalad and Hamel definedténen core competence as "the
collective learning in the organization, especidityw to coordinate diverse production
skills and integrate multiple streams and techrieklg Their article was a catalyst for
series of articles by Hamel (1994, 1996) and Haanel Prahalad (1990, 1994), in which
the "core competences", "collective learning of finm" and acquiring the skills and

capabilities create competitive advantage for conigsa Later, Hamel and Heene (1994)
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identified goals for a more integrative theory offiam, with the "concepts, tools,
techniques and models" which a firm uses in comlbiriis resources and capabilities to
build and leverage organizational competences.uBkeof the word "core" has also been
criticized, because it is an integrated combinatbseveral competencies (Sanchez and
Heene 1997). The concepts and definitions for ceemme management theory have
been created by Sanchez and Heene (1996) and Ra(k®@4), and they are good

references for a further review of strategic corape¢ based management research.

Hamel and Prahalad further developed the core ctampe framework and they showed
that in a modern competitive environment, contirmiguprovement is not enough and
radically new knowledge and innovations are neededsustain the competitive edge,
companies have to create new business segmentsnatids, the key issue is how to
build core competence (Hamel and Prahalad, 1994inéH defined the conditions in
which a skill cluster can be considered a “coreghpetence (Hamel 1994, pp. 11-15):
* a competence is a bundle of constituent skills erathnologies, rather than a
single, discrete skill or technology
* a core competence is not an inanimate thing, itams activity, a messy
accumulation of learning comprising both tacit @xglicit knowledge
* a core competence must make a disproportionaterilooindon to customer-
perceived value
* to qualify as a “core” competence a capability nhestompetitively unique

* acore competence should provide an entrée intonmankets.

The management of core competences includes foyr tkeks: selecting core
competences, building core competences, deployang competences, and protecting
core competences (Hamel 1994, p. 25). If the competence of a corporation has not
been identified, then the business growth potemtiay be lost because core resources
and competences are divided into different SBUsth# (core) competence is not
continuously developed it will decline, becauseah not be built or protected (Hamel

and Prahalad 1994). A key observation is that oleoto protect core competences, a
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company must be able to distinguish between a baohéss and the potentially valuable

competences buried within that business.

The most recent competence management researddemaied the following criteria
for identifying organizational competences (Sanck@@4):
1. The level within the organization at which competexists
The time horizon over which a competence is likelgpply
The knowledge base on which competence depends
The complexity of processes underlying the competen
The scope of applicability of the competence
The locus of key assets used

The nature of fit between a competence and envieotah demands

© N o 0~ Wb

The impact of competence on dynamic versus stHicency

3.1.3 Theoretical framework for strategic competenc e

management

The following terminology has been developed anedus competence-based strategic
management. The organizational capabilities cacabegorized on the basis of whether
they relate to the lower-order system elements®thigher-order system elements of the
firm as an open system (see Figure 8). The notidrigher-order and lower-order control

loops (or feedback flows) introduced by Sanchez ldadne (1996) can also be adapted
to the categorization of capabilities (Wallin 2008)gher-order control loops are used to
monitor and adjust stocks and flows in a firm'shieigorder system elements of strategic
logic, management processes, and intangible asget®&rning changes in a firm's

managerial cognitions. Lower-order system elemesfey to tangible assets, operations,

and products in the framework of Sanchez and HEEIRSH).
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Development of organizational capabilities can ledler to competence building and/or
competence leveraging: Competence building is anggss by which a firm achieves
qualitative changes in its stocks of assets andhshjes, including new abilities to co-
ordinate and deploy new or existing assets andbd#ps in ways that help the firm
achieve its goals (Sanchez al. 1996). Competence leveraging occurs when a firm
applies its existing competences to current or newket opportunities in ways that do

not require qualitative changes in the firm's assetcapabilities (Sanchet al. 1996).

Business modelling is the management process iohithe firm develops and decides its
future business models. Sanchez and Heene (19¢96)Vatlin (2000) have stressed the
importance of understanding the mechanisms thatl neebe created to achieve
coherence and a common mental model across ths finany decision makers. Business
modelling capabilities would then have to addresseast three parts relating to the
development, preparation and making of decisionsbasiness models: absorptive

capacity, conceptualizing, and timing (Wallin 2000)

Absorptive capacity refers to one of a firm’s fundantal learning processes: its ability to
identify, assimilate, and exploit knowledge frome tlenvironment and to add this
information to their own knowledge base (Cohen &mdinthal 1990). These three
processes encompass both the ability to imitaterdihms’ products or processes and
also the ability to exploit less commercially foedsknowledge, such as scientific
research. Developing and maintaining absorptivaci&pis critical to a firm’s long-term

survival and success, because absorptive capamtyeinforce, complement, or refocus
the firm's knowledge base. The capabilities andghsrelated to the processing of

external information are seen as key elements endfinition of absorptive capacity.

Another perspective to competence and capabilitytossee core capability as
organizational knowledge stocks, and knowledgesteanas organizational knowledge
flows (Bontiset al. 2002). There is a positive relationship betweenstocks of learning

and business performance, so knowledge stocksland $hould be strategically aligned

to core areas (Bontet al. 2002).
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Transformative capacity has been defined as thanargtional capability to transfer
technology over time by choosing the difficult-teeate knowledge, maintaining the
knowledge, and reactivating and synthesising kndgdeover the time (Garud and
Nayyar 2004).

Capabilities can be considered a core if they diffgate a firm strategically. A number
of researchers have classified them into distiect®ompetences, organizational
competences or firm specific competences (Hamel Rwradhalad 1990). On the other
hand, these organizational core capabilities cambiin the development of new
innovation and new knowledge, so core capability @so be core rigidity, as proposed
by Leonard-Barton (1992).

Teeceet al. (1997) define firms as generators of dynamic céipab that help "in
appropriately adapting, integrating and re-configgiinternal and external organizational
skills, resources and functional competences towarbanging environment”. The basis
for dynamic capability perspective is the assummptioat the performance of the firm
depends on combining its capabilities with its tefgec objectives. Metcalfe and James
(2001) emphasize that the productive opportunitiegsend on the connection between
capabilities and strategic intentions.

The resource-based view of a company argues tsgdisad competitive advantage can
be achieved through the excellent use of resour@es.achieve the competitive
advantage, firms cannot merely evaluate their ®mssirenvironment, opportunities and

threats.

The model of the firm as an open system has beeelaj®ed by Sanchez and Heene
(1996). Sanchez also defined the taxonomy andniivdes of organizational competence,
which are derived from the organization as an apgstem view. The different modes
and portfolio of strategic options which are illated in Figure 8 are classified in Table
5.
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Table 5. Five modes of competence results fromrozgéional flexibility (Sanzhez 2004)

Competence mode

Managerial abilities in the organization

Cognitive flexibility to imagine
alternative strategic logics

Collective corporate imagination of
managers in perceiving market

opportunities to create value, new produ¢

and services

Cognitive flexibility to imagine
alternative management processes

Ability to identify the kind of resources
(assets, knowledge, capabilities) require
carry out strategic logic and organization
design (allocation of tasks, decision mak
and information flows)

] to
hl

ng

Coordination flexibility to identify,
configure and deploy resources

Acquire or access, configure and deploy
chains of resources for leveraging produ
offers capable of creating value

Resource flexibility to be used in
alternative operations

Resource flexibility in which the availablg

resources of an organization can be used in

the various operations which firms may
undertake

Operating flexibility in applying skills anc
capabilities to available resources

Operating flexibility and robustness at thg

174

working level for using available resourcgs,

which is a result of collective capabilities
in human resources

The following definitions are connected to the abdogsource definition (Sanchet al.

1996): (1) Company resources are assets thatvaralale and useful in detecting and

responding to market opportunities or threats.R@3$ources include capabilities, as well

as other forms of useful and available assetsCég)abilities are repeatable patterns of

action in the use of assets to create, producédpaindfer products and services to a

market. (4) Competence is an ability to sustaincth@rdinated deployment of assets in a

way that helps a firm achieve its goals. (5) Algkila special form of capability, with the

connotation of a rather specific capability uséfuh specialized situation or related to the

use of a specialized asset.
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The Firm as an Open System

Competence Mode

Source of Competence Mode

Portfolios of Strategic Options

Created by Competence Modes
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Figure 8.Five modes of competence in a firm as an opensyEsanzhez 2004)
The model of the firm as an open system has betsmé@sd by Wallin (2000) by taking

the role of the customers and business procesdbe aentral role of the firm. The role

of value creation, constellation and capturing &istal larger role in Wallin's model.

49



3.2 Knowledge management in complex production

environments

3.2.1 Definitions and terminology

The traditional definition of knowledge, originallgefined by Greek and Western
philosophers is "knowledge is a justified true &Eli(Nonaka and Takeuchi 1995). The
role of knowledge as a competitive business adgentnd the future of knowledge
workers has received a considerable attention imagement and organizational theories
(e.g. Drucker 1994; Davenport and Prusak 1998komplex production environments
knowledge has also been defined e.g. as organifedmation applicable to problem
solving or decision making (Woolf 1990), and infatmon that has been organized and

analyzed to make it applicable to problem solvingecision making (Turban 1992).

The common hierarchy of knowledge, as a part ofaoiational information and
knowledge management, can be defined as followsa, daformation, knowledge,
expertise/intelligence and wisdom which are illattd in Figure 9. The value of data and
information increases when it is refined furthéoiknowledge and intelligence but at the

same time, it is also more context sensitive (Tudra99).
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Compassion - WISDOM

(accumulated and verified knowledge)
J + INTUITION + EXPERIENCE
Choice - EXPERTISE/INTELLIGENCE

(reasoning, problem solving knowledge)

Predictability - KNOWLEDGE
(rules, procedures, instincts, ideas)

Patterns - INFORMATION
(formatted, filtered, summarized data)

Unfiltered - DATA
(text, numbers, facts, figures, sounds)

+ EXPERIENCE + LEARNING

Yield

+ ACTION + APPLICATION

+ STRUCTURE + MEANING

T L T T

Yield = Learning / Experience
intellectual dividens per effort invested

Figure 9.Hierarchy of knowledge (adapted from Tuomi 1999%Bean 1999)

The value of a firm's intellect increases when mgvup the intellectual scale from
cognitive knowledge to creative intellect, as ithated in Figure 10. Most firms however,
reverse this priority in their training and systemevelopment activities, virtually
focusing their attention on basic skills developtand little or none on systems,
motivational or creative skills. The result is potdble mediocrity and loss of profit
(Quinnet al. 1996).
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VALUE TO TRAINING
THE FIRM EXPENDITURES

COGNITIVE SKILLS
(Know-What) Vs

ADVANCED SKILLS
(Know-How)

SYSTEM UNDERSTANDING
(Know-Why)

MOTIVATED CREATIVITY
(Care-Why)

Figure 10.Skills value vs. training expenditures (Quiginal. 1996)

The knowledge creation process in an organizataed place in ontological and
epistemological dimensions, as illustrated in Feglit (Nonaka, Takeuchi, 1995, p. 57).
The epistemological knowledge dimension has beassiled into tacit knowledge,

which is personal, context specific and hard to momicate, and into explicit

knowledge, which is transmittable in formal, sysatimlanguage and which can also be
integrated into ICT systems and tools (Polanyi 13%é&naka and Takeuchi 1995, p.59).
The ontological dimension includes individual, godieam, organization and inter-

organization levels (Nonaka and Takeuchi 1995,)p.59
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Epistemological

dimension
Explicit
knowledge
Tacit
knowledge
Ontological
dimension

Individual  Group  Organization Inter-organization
+— Knowledge level

Figurell. Two dimensions of the knowledge creation pre¢B®naka and Takeuchi
1995)

The knowledge creation process in organizatioranigterative, spiral process, in which
knowledge is first created at the individual leesld then crystallized as a part of the
organizational knowledge network, as illustratedFigure 11 (Nonaka and Takeuchi
1995, p. 59).

Organizational knowledge has also been definechénstrategic management field as
knowledge stocks and knowledge flows. The orgaimmat knowledge at a particular
point in time can be defined as the "knowledgelstedhich also represents intellectual
capital in organization and organizational learniiBontis et al. 2002). The
organizational learning and the change in knowlestgeks depend on knowledge flows
in the organization. These definitions integrateliactual capital, organizational learning

and knowledge management (Borgisal. 2002).

The strategy for knowledge transfer can be eitheowledge codification or

personalization. In codification the primary apmfoas to codify the organizational
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knowledge into different processes, systems andsigpies. In the knowledge
personalization approach, the primary mode for Kedge transfer is direct interaction
among people. In most organizations, both appr@aene normally needed, depending

on the case.

3.2.2 Knowledge processes in organizations

The major knowledge processes can generally beesepted as four sub-processes:
knowledge scanning/mapping, knowledge generationpwledge codification and
knowledge transfer/realization (Grover and Daveh@2®01). The knowledge scanning
and mapping process includes e.g. business anddiegly foresight, where potential
new areas are systematically scanned. The knowlgdgeration process includes the
processes of creation, capturing/acquisition andeldpment of knowledge. The
knowledge codification process covers the convarsi knowledge into accessible
format and the storing of knowledge. The knowledgensfer process includes the
sharing of knowledge from the point of generatiorcodification to the point of using
and applying it in an organization (Grover and Dea@t, 2001; Beckman 1999).

Nonaka and Takeuchi (1995) created a model of tlusvledge creation process, the so
called the SECI model presented in Figure 12. Thennidea is that continuous
interaction between tacit and explicit knowledgade to new knowledge, which is
developed by individuals; groups and organizatjplay a critical role in articulating and

amplifying that knowledge.
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Figure 12. SECI process for knowledge creationfima (Nonaka and Takeuchi 1995)

Socialization is a process of sharing experiencebs aeating tacit knowledge such as
mental models and technical skills. It enables tthesfer of tacit knowledge through
interaction between individuals. Tacit knowledgen & acquired through experience,
e.g. on-the-job training or apprentices who legrrobserving, imitation and practice, and

not only through language.

Externalization is a process of conversion andcadtion of tacit knowledge into
comprehensible, explicit forms that can be undedstby others. Examples include

concepts, models, group discussions, presentaimhsharing knowledge.
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Combination is a process of systemizing concepis & knowledge system, and the
transformation of explicit knowledge into more cdax sets of explicit knowledge.
Explicit knowledge can be collected and combinedhwither bodies of explicit
knowledge, leading to new knowledge that can besteared within the members of the

organization through media such as documents, ks-@nad phone conversations.

Internalization is a process takes place when éldicit knowledge is transferred to
organizational tacit knowledge. For example, innireg programs explicit knowledge
can be embodied in action and practice and themnalized into each individual's tacit
knowledge by action learning. Through socializatmmew round of the knowledge

creation process is again started.

3.2.3 Knowledge transfer processes and concepts

Nonaka (1994) defined the goal for knowledge trangf organizations as "tapping of
tacit, highly subjective insights or intentionsanf individual employee and making these
insights available for the whole company". Dixorfided common knowledge as the
knowledge that employees generate in the act afmaplishing an organization's tasks in
new and innovative ways (Dixon 2000). The know-hdeweloped by experience in
organizations differs from book knowledge, and tiespotential to provide competitive
edge also when compared to e.g. customer or cowmpdtitelligence, which is
knowledge that is also available for competitorsx@@ 2000, p.11). Another aspect in
common knowledge is that across an organizatiomyrpaople have very similar know-
how, e.g. like paper industry corporations havimgilar production plants. The transfer
processes for common knowledge have been classifiedserial, far, strategic and
expert transfer which are illustrated in the FigLiBe(Dixon 2000).

The serial transfer process involves transferrimg knowledge one team has gained in
carrying out its task in one setting to the nexintethat performs the task in a different

setting, the repeated action thus occurring irasé&ashion (Dixon 2000). Examples of the
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serial transfer process include the US Army's AARtdr Action Review) sessions,
which are used on battlefields for sharing keyrieag. AARs have also been used in the
process industry, e.g. by British Petroleum (BPinowledge sharing. Serial transfer can
be used in frequent and non-routine tasks andrbe/dedge can be either tacit or explicit
(Dixon 2000).

The near transfer process involves sharing thei@kghowledge one team has gained
from performing a frequent and repeated task todosed by other teams doing very
similar work. Examples of serial transfer procesdude the "Best Practice Replication”
developed by Ford, in which the best practices ldges in different vehicle operation
plants were shared over the Intranet. The neasfgamrocess can be used in frequent

and routine task, when the knowledge is explicik@d 2000).

The far transfer process involves sharing the tauwitwledge gained from carrying out a
non-routine task and making it available to otleams performing similar work in other
parts of the organization, but in different congexamples of the far transfer process in
the process industry include British PetroleumBeer assist process, in which business
units could call other business units in order hars the lessons learned (instead of
asking for help from the corporate level). In farisfer, the tacit knowledge delivered in
the process has to be customized either by thesdeam or by the receiving team. The
far transfer process is suitable for frequent amdroutine tasks when knowledge is tacit
(Dixon 2000).

The strategic transfer process is designed to feanke collective knowledge of the
organization in strategic tasks that occur infredlyebut which are critical for the whole
organization. The receiving team performs a tasi& imew context different from that of
the sourcing team, and this has an impact on thelevbrganization. Examples of
strategic transfer processes include BP's knowledgsets, where accumulated
organizational knowledge of very specific topice prepacked to be used e.g. in entering
new markets or refinery maintenance shutdowns. Kedge assets at British Petroleum

(BP) are managed by a central knowledge manageteant that collects important
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experiences from global operations. Strategic feans used in infrequent and non-

routine tasks and the type of knowledge can beettcit or explicit (Dixon 2000).

The Expert transfer process is designed to tramksiewledge in situations where a team
is facing a technical question which is beyondgbepe of its knowledge and they would
need to seek the expertise of other teams in tigan@ation. The receiving team
performs a different task than the source teamimuhe same context. Examples of
expert transfer include Chevron's best practiceue® maps, which were designed as
competence roadmaps for the Chevron organizatiomile® expertise locators are
frequently used by many other companies. Expertisteat is used in infrequent and

routine tasks when the knowledge transferred isi@xfDixon 2000).

Type of
knowledge
Tacit
knowledge FAR
TRANSFER
STRATEGIC
TRANSFER
SERIAL
TRANSFER
Explicit NEAR EXPERT
knowledge TRANSFER TRANSFER
| Nature
| | |
Frequent- Frequent- Infrequent - Infrequent - of task
routine nonroutine routine nonroutine

Figure 13 Organizational knowledge transfer processes (addpten Dixon 2000)
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Knowledge sharing in organizational memory systears also be classified on the basis
of topology for organizational knowledge re-usea&itons into shared work procedures,
shared work practitioners, expertise-seeking navie®d secondary knowledge miners,
each of the knowledge transfer situation havinded#ht requirements (Markus 2001).
The major roles in these processes are knowledguper, knowledge intermediary and
knowledge consumer/user. Markus has classifieptbeesses on the basis of the reuse
situation into (1) knowledge re-user and what & plurpose of re-use, (2) what re-users
need-to know, know and don't know and (3) challente re-users face in the different

phases of re-use.

In shared work producers, homogeneous or crossifunat teams are the producers of
the knowledge, which will be stored and re-usedrl&tg. for keeping track of status,
revisiting decisions or learning how to performtbein the next project. An example of
shared work producers is a Finnish paper mill, whbe workers use an electronic diary
to share operational knowledge of the productiatess which can be used to e.g. catch
up on what has happened during their periods avesy the mill (Kovalainen 2002).

In shared work practitioners, the knowledge resisme people who are performing
similar work in different locations, work units a@rganizations, and who are the
producers of knowledge. In this process the knogées produced and re-used in a
community of interest. Examples of shared work fitiacers include oil field

maintenance workers or consultants in a practiea,avho can acquire knowledge that

others have generated or obtain advice on howrtdlea challenging situation.

In expertise seeking novices, the expert knowledydransferred to people who
occasionally and rarely need expert knowledgete.golve ad hoc problems. Users can
gain access to expertise without needing to acqhe&esxpertise. Examples of the re-use
process are manufacturing workers using an expeters for organizational design
knowledge or customers accessing technical support.
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Secondary knowledge mining is knowledge re-useudinly data-mining, to find answers
to questions or to develop new knowledge throughahalysis of records collected by
others. Examples of the re-use process includeemaanalysts solving problems with

advanced analysis tools.

3.2.4 Major barriers to knowledge transfer organiza  tions

Knowledge management research has identified th@rviog major concerns related to
knowledge transfer processes: How to disseminatektiowledge (knowledge transfer
problem), how to locate knowledge holders (knowkedgordination problem) and how
to exploit existing knowledge (knowledge re-uselpem). Researchers have also found
that knowledge is often contextualized and not itgattansferable (Huber 2001;

Sambamurthy and Subramani, 2005).

Individual behaviours, organizational structured anganizational cultures can also be a
major barrier for knowledge transfer. Some barrigersknowledge transfer based on
APQC (American Productivity and Quality Center) blemarking have also been

documented by O'Dell and Grayson (1998). The niagoriers to knowledge transfer are
listed in Table 6
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Table 6. The major barriers to knowledge transdédapted from APQC 1996; O'Dell and
Grayson 1998)

Barrier to Key characteristics
knowledge transfer
Ignorance Those who have the knowledge don't ee#tie value of it

for others. Those who could benefit from knowletigasfer
have no idea that someone possesses the knowledge

No absorptive capacity | Even if employees were gibiant of the knowledge or
best practice, they lacked the money, time and gemant
resources to make it useful

Lack of pre-existing People absorb knowledge and practice from otheplpeo
relationship they know, trust and often like.
Lack of motivation People do not have a clear business reason fanipgrhe

transfer of knowledge and best practices

Silo Company Inc The structures of multinationaihpanies can clearly
promote silo thinking

Not-invented here Prevailing culture values of technical expertisd an
company knowledge creation over knowledge sharing

Babel Company Lacks a common vocabulary and hasrtheental dialects
Bolt-It-On Company It is expected that knowledgesfer and sharing

responsibilities can be added on the top of dadykw
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3.3 Organizational learning in complex production

environments

There has been increasing interest in the rolbeldarning organization as a systematic
model to obtain competitive advantage (Senge 19@5Geus 2002; Marquardt 1996)
and in organizational learning processes at thevichehl, team and organizational levels
needed in competence and capability developmentganizations (Argyris and Schon
1978). The goal of this learning is to improve arigational performance or to develop
the competence needed in an organization, leadingetter business results. In a fast
changing environment, "the rate at which individuand organizations learn may
become the only sustainable competitive advantapeatally in knowledge intensive
industries" (Stata 1989), "the only way to presetlie competitive edge on your
company is to make sure your company learns faséer competitors” (De Geus 2002)
and the " hallmark for tomorrows organizations Ww#i their capacity to learn" (Adler and
Cole 1993).

In their book "Organizational Learning: A Theory Attion Perspective”, Argyris and
Schon (1978, pp. 17, 29) launch the concepts @fiesilmop, double-loop and deutero-
learning to classify organizational learning. Aaling to their model, organizational
learning is a process mediated by the collaboratigeiry of individual members. The
success criterion in organizational single-looprieay is effectiveness. Individuals as
learning agents act in response to errors by miogjfgtrategies and inventing new ones.
And they must evaluate and generalize the restiltsear actions. The norms themselves
remain unchanged. For organizational learning tugadhe learning agents’ discoveries,
inventions and evaluations must be embedded in diganizational memory, in
individual images and shared maps of organizatitredry-in-use. If this encoding does

not occur, individuals will have learned but thgamization will not have done so.
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In some cases, however, the correction of incosstées requires an organizational
learning cycle in which organizational norms thelwse are modified. Argyris and
Schon (1978) call this sort of learning double-lo®pe implicit standards and values that
evolve in organizations are called norms (Schei®220Norms control the functions of
the organization. In double-loop learning thera double feedback loop, which connects
the detection of error not only to the more effeslly realizable strategies and
assumptions but also to the norms, by setting néavijees and weighting the norms, or
by restructuring the norms themselves together wadsociated strategies and
assumptions. Double-loop learning consists not ohlg change in organizational norms
but also of the particular sort of inquiry into ng, which is appropriately described as
learning (Argyris and Schon, 1978, pp. 20-26, 29).

Organizations need to learn how to restructure fedves, so as to take advantage of the
new strategies, technologies and processes gethdrateew research and development.
Or, in other words, organizations need to learn howarry out single and double-loop
learning. This sort of learning to learn called utkro-learning’, i.e. ‘second-order
learning’. Argyris and Schon (1978, p. 27) point that when an organization engages in
deutero-learning its members learn about the pexgetbntext for learning. They reflect
on and inquire into the previous episodes of ogtional learning, or of the failure to
learn. They discover what they did that facilitatednhibited learning, they invent new
strategies for learning, they produce these stiege@nd they evaluate and generalize
what they have produced. When an organization esgag deutero-learning, its
members learn about organizatinal learning an@écetin it in the organizational learning
practice (Argyris and Schon 1978, pp. 26—29; K&B4).

Organizational learning generates inertia and oeaily cause a crisis in the organization.
Thus the role of continuous organizational unleagnihas been emphasized in
dynamically changing and complex environments (Myst and Starbuck 2004).
Unlearning as a systematic process includes theifibation of weak signals, exploiting

opportunities and experimenting. The importance uoiearning in organizational
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development is well in line with the conclusions lafonard-Barton's studies on core
competence and core rigidity (Leonard-Barton 1992).

3.3.1 Theoretical framework for individual and orga  nizational

learning

Learning theories that have exerted the most inflaeover the past 50 years can be
grouped into four clusters (Schramm 2002). The bestlitions for workplace learning

are described in Table 7 and are summarized here:

(1) Learning as behaviour is a model that asséds any change in an individual’s
behaviour is the result of events, known as stipand the consequences of these events.
Experts and expertise are the sources of learning.

(2) Learning as understanding is based on cogni@aning theories (learning as
understanding) and view learning as a process dénstanding and internalizing the
principles, connections and facts about the wortiirad us. This conceptual know-how
Is also associated with the ability to apply andexplain the learning points to other
people. Content is in the centre of learning.

(3) Learning as knowledge construction is based¢anstructivist theories that view an
individual as an active agent in their own learngtgting that all knowledge is personal
and exists in people’s minds. The learner is threeof learning.

(4) Learning as a social practice is based on kturies that do not contradict other
theories, they simply statkat learning is more effective when it arises snapplied in a
social setting. Social patterns are a source ohieg e.g. problem solving within an
established work process.
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Table 7. Learning theories in work environmentsh(@mm 2002)

Learning Theory Learning for work Learning at work Learning  through
work
Approach | Priming Training Guiding
Examples | Courses, seminars, Coaching and tuition | Formal direction and
conferences and feedback
BEHAVIOR professional updates Induction
programmes, Supported practice
training courses,
computer based
training
Approach | Engaging Enriching Problem-solving
Examples | Books, journals, Case studies, Analytical framework
videos, CD-ROMs, lessons learned,
COGNITIVE WINW. exemplar projects, Knowledge bases
benchmarking
Performance support
Manuals, codes of
practice and internal
reports
Approach | Reflecting Enquiring Immersing
Examples | Personal and Mentoring, Special projects
professional logs diagnostic tools
KNOWLEDGE Job rotation and
COMSTRUCTION Records of Brainstorming, secondments
achievements workshops,
discussions with
Supported online colleagues/
learning customers/
suppliers
Approach | Networking Participating Team working
(in communities)
SOCIAL Examples | Professional bodies, Personal networks, Project, functional,
PRACTICE committees, interest communities of multidisciplinary and
groups and practise, internal virtual teams
associations committees and
management groups

Training and learning always start with a need arsituation. The training need defines
the depth of learning topics, i.e. the requirecelenf knowledge or skills. One way to
define targets for knowledge and competence leieelknown as Blooms taxonomy,

which is illustrated in Figure 14.
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Time / progress

Figure 14 Bloom's taxonomy for learning (Alamé&ki and Luukkarz002)

There are always expectations interlinked withresy, instance a hope for a wider use

of new knowledge or skills outside the learningteah Learning new things is always

based on prior learning, otherwise each new legraituation would start from scratch.

Our experiences from prior learning events may erage or alert us to leap into further

learning (Rauste-von Wright and von Wright 1994).

3.3.2 Transfer of learning

The transfer of learning is defined as applyingskiéls, knowledge, and/or attitudes that

were learned in one situation to another learningaBon. This speeds up the learning of

other similar things. The basic question is whadkof influence the learning of one skill
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has on the learning or performance of another. @Wiknowledge of paper technology
help a person to learn converting technology eamsietoes mastering one sport make it
easier to learn another similar event? The anssvenast likely yes. (Garavaglia 1993;
Rauste-von Wright & von Wright 1994, Clark 2004)

The interface between learning and the transfégarhing is not very clear. It is difficult
to define what the original learning situation ahd other learning situation are, what is
transferred knowledge and what is newly learnedwhedge. Often it is not even
meaningful to try to define and measure it acclyatbe result is more important than
how it was reached. We benefit (or suffer) from ptor experiences. People improve in
their ability to learn new skills more proficientbecause of prior practice on a series of
related tasks. This helps us to acquire new viewa topic by looking at the task from a
different approach, which strengthens our undedstagn of the topic. For example,
practicing to drive a variety of cars provides exgace with different stimulus situations
and makes new learning easier (Clark 2004). ThHedd&nowledge and skills can be the
main barrier for stagnant development in job penfmance, and the aim for improving
performance often leads to specific training pragres. To produce positive transfer of
learning, it is necessary to practice under a tsapéconditions (Clark 2004).

The benefit of multi-skilled training comes fromrsatile individuals, who are more

capable to adapt their learning into job perforneanic takes a longer time to learn
several skills than just one, but eventually tisathe way to become faster in adopting
new skills and using them in complex events sugbraklem solving. It also provides the
learners with the confidence and expertise requmedransferring their newly acquired

skills to the job. (Clark 2004)

Transfer of learning can de divided into positived anegative, near and far transfer:

(Clark 2004, Rauste-von Wright & von Wright 1994):

- Positive transfer of learning take place whengkiéls, knowledge, and/or attitudes that
were learned in one situation A assists learmranother situation B.

- Negative transfer of learning hinders the tranefdearned issues from A to B.
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- Near transfer of learning takes place when skiltgl knowledge are applied in the
same way every time the skills and knowledgeusel. Near transfer training usually
involves tasks that are procedural in natuee,tasks which are always repeated in the
same order. This type of training is easier aattgough and the transfer of learning is
usually a success, but the learner is unlikelybé able to adapt their skills and
knowledge to changes.

- Far transfer of learning involves tasks, in whibk skills and knowledge being applied
in changeable situations. Far transfer tasksiregnstruction in which the learners are
trained to adapt guidelines to changing situtior environments. Although this type
of training is more difficult to instruct andehamount of transfer of learning is less

likely, it does allow the learner to adapt thesmw skills to new situations.

According to Argoteet al. (1990) the conventional measure of learning,dugnulative

output, significantly overstates the persistencéeafning. The amount of knowledge or
skills transferred to a job and used persistenftgno remains fairly minor. Labour
turnover is usually not the main reason for thigataesion; it is usually more about
incapable organizations than incapable individu@its.gain long-term positive effects,

not only the training but also the circumstances workplace need to be supportive.

Transfer of training is based on the theory ofdfanof learning. It is the extent to which
the learned behaviour from the training programsied on the job (Phillips 1997). When
the transfer of training has been successful, Kits,sknowledge, and/or attitudes that
were learned in a learning event are effectiveld @ontinually applied to the job
environment. For someone who is sponsoring traipagicipants, it makes sense to be
interested in the results and the payback. To ketalshow good returns on investments
in training, it is necessary to find out whethed &0 what extent the skills and knowledge
taught in training get transferred over to the jBbt in other words, the extent to which a
training program increases job productivity is amfeghe basic questions to be set when

starting the training evaluation process. (Garaaaif)93).
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3.3.3 Evaluation of training and learning outcomes

Evaluation of the consequences of the various itrgimnterventions in work life is
becoming increasingly important (e.g. Phillips 199%arr et al. 1999), and the
evaluation should cover both the subjective reastiof the participants regarding the
training received, learning and job behaviour. T¢@nsequences on organizational
indicators, e.g. productivity, quality, and stafiriover, should also be measured.
Measurement of these organizational indicators hiswever, regarded as difficult,
because the organizational indicators are affetigdseveral factors that cannot be
controlled or measured (Wamt al. 1999). As a result, systematic evaluation of
organizational indicators “have hardly ever beeported” (Warret al. 1999). The
learning outcomes should be derived from the tngirobjectives based on the training
needs assessments, and measures should be takeanoextended period (Phillips
1997).

Training in business-related actions differs slighHtom general education. The basic
idea and needs for training evaluation come froendfficient use of resources. Business
decision making should be based on known factsse al training events. Training
evaluation should demonstrate improved on-the-jebdopmance and financial results.
There has been an important and steady trend dtinedast decades towards more
relevant training programmes, impact and resultetuth are monitored, evaluated and
reported. The ultimate objective of the trainingasinfluence job performance, to gain
on-the- job impact. That is the basic idea of itdsased human resource development
(HRD) and training evaluation (Phillips 1997; Gaagira 1993).

Evaluation should be made at the end of the trgimrorder to determine how much the
trainee has learned, immediately on-the-job to sssd&e initial improvement from
training, and at a later time (usually from six rtiento one year) to determine whether

what was learned is being persistently used.
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Donald L. Kirkpatrick presented his Ph.D. disséotata four-stage model of training
evaluation, nowadays known as Kirkpatrick's FouvdleModel. The Kirkpatrick Four-
Level approach is probably the most well-known dme classifying four-level-model
evaluation: reaction, learning, application andutss(Kirkpatrick 1996; Phillips 1997).
Jack J. Phillips developed Kirkpatrick's model et by including measurement of the
return on investment level in the evaluation. Hghély modified and added a fifth step
to Kirkpatrick's four levels, return on investmeas, seen in Table 8 The first four levels
in Phillips model are more or less the same asitikpldtrick's model, but the fifth, return
on investment (ROI) is an added measure. Even thoegel 4 can give results for
business, it does not totally answer the questibetier the assets spent in training really
have been worth it. By calculating the ROI it is@lpossible to evaluate the training
programme as a whole. The ROI is usually expreasea percentage of e.g., increased

profitability versus training costs (Phillips 1997)

Table 8.Training evaluation at different levels (Phillip8ay)

Level Brief description Recommended
targets *

Indicators This is the traditional approach to reporting training data. For instance: number of
employees trained, total training hours, cost per participant etc.

1 Reaction and Measures participants' reaction to the program, stakeholder satisfaction with the program 100%
satisfaction and the planned implementation. For instance: relevance of training to job, recommendation
of training to others, importance of information received, intention to use skills/knowledge
acquired.
2 Learning Measures skills, knowledge or attitude changes related to the program and implementation. 60%

For instance: understanding of the skills/knowledge acquired, ability to use skills’lknowledge
acquired, confidence in the use.

3 Application and Measures changes in behavior on the job and specific application and implementation of the 30%
implementation | Program. For instance: the importance of the skills/knowledge back on the job, the
frequency of use of the new skills/knowledge, the effectiveness of the skills/lknowledge

when applied on the job.

4 Business Measures business impact changes related to the program. Depending on the training 10%
impact programs' performance and business objectives, data may me gathered on the following:
productivity, quality, cost control, customer satisfaction etc.
5 Returnon Compares the monetary value of the business impact with the costs for the program. 5%
investment
Intangibles Intangible benefits are measures that are intentionally not converted to monetary values * 9% of programs
because of the conversion to monetary data would be too subjective. For instance: evaluated at that
increased job satisfaction, reduced conflicts, reduced stress, improved teamwork etc. level (Phillips)

Another approach to evaluationa is the model foalating knowledge and skills
proposed by Marshall and Schriver (1994) considtsfoomative and summative

evaluation. The methods most extensively usedglihering data are surveys and
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questionnaires, interviews, observation, and dffeikinds of productional curves, sales
amounts etc. One widely used method for level 2smuent is the use of competence
exams administrated at the end of training. Theylma organized in written (paper and
pen) or practical (hands on) form. They measure tvall knowledge and skills (partly)

are transferred in training.

3.4 Summary

Knowledge in organizations including what the oiigation knows, how it can utilize the

knowledge in business with its customers and hawifecan learn and know something
new, can offer a sustainable competitive edge fgamizations (Alavi and Leidner 2001;

Davenport and Prusak 1998). The strategic integtistieer the systematic knowledge
creation and knowledge management processes, wigeld to be integrated with

learning, competence and capability developmemheateam and individual levels. The
focus should be on strengthening the sustainablapettive advantage and core
competence of an organization (Nonaka and Takeli9b).

In a framework of a firm as an open system, knoggedransfer, competence and
capability development are critical organizatiopabcesses which take place at five
levels. These processes should be integrated witirey business and organizational
development processes, confirming the knowledgekstand flows in the different levels
of the organization. The top leaders should craeateenvironment and conditions that
enable and facilitate knowledge transfer and |egrnibreaking the silos and other
barriers to knowledge transfer found in multinaibnndustrial organizations. However,
the core capability can also become a core rigidlity inhibits the development of new

innovations and creation of new knowledge as pregdxy Leonard-Barton (1992).

At the individual level, competence development Batning are tools for strengthening
the competitive edge, where the targets should dseadled down from the strategic
targets of the organization. From the organizatipeaspective the learning is not enough

if it does not develop the organizational knowledgeapabilities. Individuals and teams
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are in the key role both in the creation of the newwledge and in the transfer of tacit
knowledge in an organization. The collective knalge of an organization consists of
people, networks and communities, organizationatg@sses and systems, management
systems, procedures, manuals, databases and 1@@msysOptimally, all the critical
knowledge should be integrated as a part of orgéioizal knowledge, and should be
available for the whole organization either througystems and processes or through

people networks and communities.

Despite the need for an integrated concept for kedge transfer, learning and strategic
competence management, the proposed frameworkieiditerature reviewed in this
study have been theoretical and tend to lack thesimial experiences (e.g. Davenport
and Prusak 1998; Sydanmaalakka 2002; Kim 2002;&8885). These frameworks have
also lacked a direct link with core organizatiopebcesses like strategy implementation
and performance evaluation. The research relatkddwledge, competence and learning
as a competitive edge has been carried out inrdiftedisciplines, including strategic
management, knowledge management, education andniniga performance
improvement, and organization learning, therefoagistng problems and confusions
because different terminology is used in differehsciplines. The concept of an
intelligent organization with agile dynamic compete and capability development
processes is so far the best example of an attenptegrate the processes of knowledge
management, strategic competence management amdntganto an organizational
framework (Sydanmaanlakka 2002).
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4 Technologies and tools for learning, knowledge

and performance support

The aim of this chapter is to review the developh@hknowledge and performance
support technology, computer-based learning tedgyoland finally simulation

technology, with the focus on applications in tlaer industry. In the technologically
enhanced workplace of the future these supporntdogies will be integrated with the

standard systems, tools and processes in the vewekpl

4.1 Knowledge and performance support systems

4.1.1  Definitions of electronic performance support systems

The development of computer-based, performancesstupgols started in the late 1980s
and early 1990s in the US (Gery 1991; Raybould 18@5enberg 2001). The concept of
the electronic performance support system was ifitsbduced by Gloria Gery (1991).
Her definition of EPSS was "an integrated elect@amvironment that is available to and
easily accessible by each employee and is struttarprovide immediate, individualized
on-line access to the full range of informatiorffware, guidance, advice and assistance,
data, images, tools, and assessment and moniteystgms to permit job performance
with minimal support and intervention by others."

Some of the benefits of EPSS listed by Gery (19®dluded:
1. reduction of the complexity or number of steps reguto perform a task
2. providing the performance information an employeeds to perform a task, or
3. providing a decision support system that enablesngployee to identify the

action that is appropriate for a particular setarfditions.
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The following terminology is used in the area ofrfpamance support systems.
Performance support (PS) and performance suppstersg (PSS) are any system, that
provides support for the users. If computer or camication technology is used to
deliver the support, then the corresponding ternes edectronic performance support
(EPS) and electronic performance support systeni3S8: Also terms information
support system (ISS) and knowledge support systamre wlefined by Kasvi (2003).
Broader, organizational level systems can be callg@nizational performance support
systems (OPSS) or organizational memory. In thegstesis the focus is on
organizational knowledge instead of individual earn knowledge. Also the terms web
based performance support system (WBPSS) or muian@erformance support system
(MPSS) have been used, when web or multimedia tdaby is used to manage and
deliver the support (Kasvi 2003; Dickelman 2003)

Electronic knowledge and performance support systeswe been an active research area
and as a source of good reference information ¢sge Raybould 2000; Kasvi 2003;
Dickelman 2003). In the latest research, Raybouliloduced performance support
mapping methodology, and Kasvi emphasized the ablenowledge support, adaptive
functionality of these systems in learning orgataes, and the collaborative features of
the systems (Kasvi 2003).

The rapid development and convergence of multimesvav and mobile technologies
have further increased the application possibditeéEPSS. PDAs and mobile computers
can be used for running www -based EPSS systembilé/losers can access support
systems via wireless networks. Some features ofvledge and performance support
systems have been directly integrated into processrol and automation systems. A
good reference for the latest EPSS applicatioB$SS Central (EPSS Central 2007).
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4.1.2 Summary and the future of knowledge and

performance support systems

The major applications of knowledge and performascgport systems in paper
production can be divided into the areas listedTable 9. The major workplace
applications in the workplace are information andwledge sharing. Critical knowledge
is available in the systems when needed. Informasind knowledge can be used for
orientation, training and competence developmenthefemployees in the workplace.
Business unit and corporate level applications uidel knowledge transfer between
different units and transfer of best practicestii@mrmore the multimedia material in these

systems can be used in meetings, presentationsoamthunication

Table 9. Applications for knowledge and performasgpport systems

Application area Description of applications

Knowledge support - information sharing betweeffedént control rooms
- knowledge support e.g. in troubleshooting situadi
- detailed knowledge and information about equipimen

Performance support - sharing of best practicega@lto infrequent tasks
-checklists and multimedia documentation of proceslu
- real-time support for operative decision making

Competence developmernt- customized materials and learning paths for imgiand
and learning development (e.g. apprenticeship or on-job-training

- multi-skilled workplace learning

Knowledge transfer - transfer of expert knowledygeriganizations
- transfer of critical production knowledge in onggation

- transfer of knowledge in business start-up ptsjec

Other applications - orientation of new employees
- multimedia presentation tool for visitor preseiuas

- databank for communication materials
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4.1.3 Review of information and knowledge managemen  t systems in

paper production

The focus in knowledge and information managemergaper production has been on
the computer and automation systems developed feline process control and
production management. These real-time systemdatiae warehouses for production
data and information, including efficient tools folata trending and analysis and
interfaces for operating the production line. le thtest versions of these systems the
suppliers have also integrated new features ants twy knowledge management,
including tools for collaboration and knowledge g in the workplace. The latest tools
for collaborative workplace include forums for thded discussions, tools for
documentation of recent changes, tools for int@gyaprocess control documentation,

and collaboration tools for the systems.

Traditionally, one of the major tools for sharingokvledge in production control has
been a diary. In modern mills, electronic diariessén been developed and used for
knowledge sharing (Kovalainen 2002). In these dgrihe users can document the
disturbances and share key learning points andnr&tion related to process operations.
A list of different tools and systems developed fkmowledge and information
management in the paper industry is summarizedbier10.
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Table 10Information and knowledge management tools uselddmpaper industry

KM Tool Application areas Devel oper/Refencences
Shaman/ Electronic diary for paper production units, | Kovalainen (2002)
Electronic | where users can share experiences and
Diary knowledge related to processes and
disturbances
ABB Information and knowledge management | ABB Industrial

Industrial'™ | systems for paper production units, includindttp://www.abb.com
APSweb knowledge management
applications. Also other optimization, SPC
and computational routines can be combinéd.

Metso DNA | Information management systems for paper Metso Automation
production units, including also knowledge | http://www.metsoautomati
management activity. Control engineering ¢ron. com
experience-based knowledge can be directly
integrated with the system. Metso DNA is
also having an electronic diary as an
extension.

Honeywell | Information management systems for paper Honeywell

Experion | production units, including a knowledge
PKS repository. The right information and
knowledge can be delivered to the right
persons at the right time. Additional
extensions include Operations Logbook,
Event and Log analysis tools
FlowMac | Steady-state and dynamic simulation of pulpPaperMac AB
and papermaking processes, focusing on TMRp://www.papermac.se
and RCF plants and paper mills. Mass and
energy balances, troubleshooting, wet end
chemical balances
KCL- KCL Wedge is an on-line process analysis | KCL
Wedge system used for process analysis and contfdbitp://www.Kkcl.fi
KCL Propose is a dynamic simulator based on
KCL Wedge and identified models
KCL- KCL Guru is a knowledge and event KCL
Guru management tool http://www.kcl fi
KnowPap | Learning environment and knowledge suppgafnowPap

system for papermaking and paper mill
automation knowledge. The content can bg
used but not customized.

http://www.prowledge.fi
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4.2 Computer-based learning technologies

4.2.1 Definitions for computer-based e-Learning tec  hnologies

Computer-based learning or e-Learning is a relbtipoung, and fast growing
development area of employing technology to delivaining. The development started
in the 1980s following the development of computarsl it has been speeded up by the
development of www, communication and informatioechnologies which have
permitted unprecedented access to information a&wburces. These technological
advances have dramatically changed the landscapaimfhg and development (Welsh

al. 2003).

e-Learning has been defined and is also called @&Wmputer-based training). e-
Learning is a general term that relates to alhtrey that is delivered with the assistance
of a computer. Delivery of e-Learning can be vi@alz/DVD, the Internet, or shared files
on a network. Generally, CBT and e-Learning areoeymous, but CBT is the older
term, dating from the 1980s. The term e-Learninghead from CBT along with the
maturation of the Internet, CDs, and DVDs. e-Leagnalso includes Internet-based
Learning, Web-based Learning, and Online LearnReglated terms include: distance
teaching, computer-assisted teaching, educatie@inblogy, compare internet-based
learning (IBL) or web-based learning (WBL)". (Wilegdia, 2007)

Rosenberg (2001) states that computer based waf@BT) or web-based training
(WBT) or Internet-based training (IBT) are too ltmg descriptions of e-Learning.
Rosenberg defines e-Learning as including any syskat 'generates and disseminated
information and is designed to improve performané&cording to Rosenberg, e-

Learning can be divided into synchronous e-Learnivigere all the learners sit in front of
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their computers at the same time, e.g in a virtledsroom session. e-Learning can also
be asynchronous, where the users can access thdemdbm any place at any time
(Rosenberg 2001). Rosenberg also defines threafanital criteria for e-Learning:

1. e-Learning is networked, which makes it capalé instant updating,
storage/retrieval, distribution and sharing ofiiastion or information.

2. Itis delivered to the end-user via a compugengistandard Internet technology.

3. It focuses on the broadest view of learning arrieng solutions that go beyond the
traditional paradigms of training

The content delivered via e-Learning is relateddp instructional goals, (b) specific
instructional methods, (c) selected media, andk(@wledge and skills for achieving
individual or organizational goals (Rosenberg 2001)

e-Learning has also been criticized as inefficiem, students having problems with
technology tend to give up the courses. The lateselopment trend is called blended
learning, where e-Learning and computer-based ilegrmools are combined with
traditional training and development methods, ideilg e.g. classroom and on-job-
training (Bielawski and Metcalf 2002).

4.2.2 Review of industrial training and development paradigms

The most important concepts for industrial trainfreye been on-job-training (OJT) and
classroom education. Some new concepts utilizingnpeder technology have been
developed: Blended learning is a concept in whimmguter based learning is combined
with traditional training and development e.g. stasm training, OJT and coaching
(Bielawski and Metcalf 2002). Another new paradiggnworkplace learning, in which

asynchronous and synchronous learning tools aegriaied into workplace giving any

time and any place flexibility for learners.

In the traditional training and development paradighe instructor is the centre of the

knowledge and the classroom is the fixed locatmrkhowledge transfer taking place in
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a fixed time. In the new paradigm, the employeefdleais a knowledge seeker having
constantly changing learning needs and in diffetame frames. Asynchronous and
synchronous learning tools enable access both twlkdge resources, including
computer-based learning tools, and to human netvatkich gives more just-on-time

flexibility. The shift from training to blended lga@ng is illustrated in the Figure 15.

OLD PARADIGM NEW PARADIGM
Any time - Asyncronous learning tools

Fixed time and location
KnowPap tools Web lectures
—

On-Job-Training

CLASSROOM
~__INSTRUCTOR

N

|

Online messaging Web casting
MENTOR IN
CLURIET A LE Virtual classroom)  (Collaboration tool$

Any place - Syncronous learning tools

-

Figure 15. A shift from training to blended leamin

Alamaki & Luukkonen (2002) used a tedigital know-how development (DKD¥hich
integrates education and learning with the capgbiio use information and
communication technology, e.g. digital communicatior interactive multimedia. A
further aspect in DKD is the learning goals whidfige the requirements and content for
learning. While the traditional training paradignné€tions in a fixed time and place,
DKD is most suitable as a continuous learning psedategrated into working situations

and, in this way, supporting continuous learninta(aki and Luukkonen 2002).
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Workplace learning supports the knowledge and padnce needs of a learner in the
workplace, enabling opportunities for continuousmpetence development. In the
training programme- or course-based paradigm, ctenpe development and learning
are focused in classroom modules. As a resultetlseno marked development between
the modules, and learning retention can also beoblgm. In the workplace-learning
model, the development is optimally continuous Wwlas illustrated in Figure 16.

.‘-
—
Competency —
Knowledge — K
Management, -
Coaching and ot
Performance ol P
Support o
/ Third
vaee®’ S — Learning
o Event
o 4 Second AN /
oL Learning
S T Event
: Initial
~ Learning N~ .
g Event ~ Trial and Error,
— _..'/ Forgetting, etc.
Time >

Figure 16.Time against competency learning curve in tradédland blended learning
(Rosenberg 2005)

4.2.3 Benefits and challenges of computer-based lea  rning

Some of the major benefits of using e-Learning ediog to Rosenberg (2001) and
Welshet al. (2003) have been listed in Table 11:

81



Table 11. Major benefits of e-Learning (Rosenb&lg12 Welshet al. 2003)

Major benefits

Summary of benefits

Provide consistent

worldwide training

,Companies use e-Learning when there is a need liced
training to many people quickly. Learning is nastrested by
instructor or classroom capacity. The message entréining
is consistent and can be localized to differentioregy and

languages.

11%

Reduce delivery time

The delivery cycle is notited by classroom capacity

Increase learne
convenience

(learning is 365/24/7)

rLearners have access to asynchronous learningyatirae,
which is very convenient e.g. in shift work in pumtion units.
For a global company, time zones are a daily chg#ie The
"just in time — any time and anywhere" approach @saén
organization's learning operations truly global

reduce information By delivering some information asynchronously befpr

overload training, the information can be delivered oveomger periog
of time, reducing information overload and imprayin
retention

e-Learning lowers Despite rather high initial development costs, erbheng is

costs often the most cost-effective way to deliver tragito a largsg

number of people in a global environment. The casts be
reduced in travel expenses, travelling time and ireduced

need for classroom infrastructure and instructeoueces.

Content is more timel

and dependable.

The content can be easily and quickly updated, tuh
distributed immediately enabling up-to-date knowie
support in accelerating change. The content camereibe
uniform for all or customized to different learndyased or]

learning goals.

Improve tracking

Another advantage of e-Learningthe ability to track
learning activities and mastery of materials, ewjth

evaluations or follow-up tracking tools
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Some further benefits listed in Wikipedia (20078:dle-Learning is flexible, convenient
and allows you individually to proceed at your owace. It also enables you to
communicate with fellow learners from around theldjat can bring more variety in the
learning experience with the use of multimedia dahd non-verbal presentation of

teaching material, and it makes it easier to uplgeing content worldwide."

There are also disadvantages in e-Learning andessitd implementation requires
resources, significant planning and effort. Soméhefdisadvantages listed by Welsth
al. (2003) are the up-front development costs of @sjrsoftware and hardware, lack of
networking between the people in training, andaasimplistic mindset related to some e-
Reading applications. According to Wikipedia, soofiehe drawbacks of e-Learning are
a lack of face-to face interaction, a lack of dodeation with fellow-classmates, a feeling
of isolation, motivation problems, a need for equgmt and software, as well as the
computer-skills needed with different systems. Sahéhe users can feel a fear of the
new technology, and others drown in the flood dbrimation. There are also new
requirements for instructors, who are going to eidesarning. The development of high
quality, engaging, pedagogical e-Learning moduéeshe complex and time-consuming.
The latter disadvantages are related to challemgésthe technology and completion
rates. Studies suggest that the completions rdtesLearning courses are lower than
those of instructor-led classes. If the technoldggs not work well, e-Learning can be an
extremely frustrating experience (Welstal.2003).

Based on the learners’ learning orientation, theme= also different kinds of learners,;
eLearning is just a tool that needs to be adjustedese different orientations but there is
still a lot development needed. Today's youngeregdion is very familiar with

computers, mobile devices, multimedia and games beéore going to school. They are
very capable of searching for information rapidignh a variety of sources and using the
different asynchronous learning, synchronous |earind collaboration tools. Students
must learn how to be information producers, and oxdy consumers (Jonassenh al.

1999). On the other hand, the companies shouldrbpaped for these new kind of
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learners, who are native users of different e-Legrtools and who are also expecting

the companies to have the infrastructure and tiestl#ools already in place.

4.2.4 Summary and the future of computer-based lear  ning technologies

A shorter lifecycle of products, the increased spagfechange and implementation of new
technologies in workplaces, together with the iasheg instability of employment, all
lead to a need for continuous learning throughdirtworking lives. Continuous
development of professional knowledge and skills, tbe development of new
competences, is becoming more and more importdetrelis a need for supporting tools
for workplace learning and the border in knowledgek between working and learning
is blurred.

A successful organization has to recognize its corapetence and capabilities which are
the basis of its existence. The role of ICT netwoik to feed and support the

development of these processes as a distributianngh and media for new just-in-time

information and virtual interaction. Primarily, e&rning systems should focus on
supporting the maintenance and development of tre &now-how and, secondary,

concentrate on other educational issues. (AlamékiLaiukkonen 2002)

Computer-based learning is a relatively young fieldd the speed of developments is
very fast. As a result, the studies carried ouitaasily become outdated within just a
few years. The rising trend in e-Learning is thebw&0 concept, which is based on
convergence of the latest collaboration, learning aommunication technologies, as
illustrated in Figure 17. Good references and resief the future learning technologies
have been published by Hall (2007) and Adkins (2007

The major change of e-Learning in the future isebagn the development of two way
collaboration tools. As a recent example, therelde®n an enormous rise in the number

of "social network sites" that connect people tirencommunities of practice (CoP). In
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the communities it is possible to discuss with othshare information, ideas, opinions or
materials or to maintain a web diary (called a blagd there are knowledge management
technologies integrated into these community toBlsod examples of such services are
Wikipedia, LinkedIn, or Youtube. The transformatiamth Web 2.0 is considered not

only a technological, but also a social and culttegolution (Downes 2005).

Another development area is virtual workplaces amthial environments which have
been used in computer games but can be appliednelusiness simulations. Virtual
collaboration and communication technologies apecttly integrated with these on-line
virtual reality environments like Second Life. Taare also tools for teams, social and
virtual networking with experts. The convergencetloése technologies will provide

totally new opportunities for knowledge and perfamoe support in the workplace.

Virtual and augmented
reality technologies

- virtual working spaces

- augmented reality

- tele presence
-simulations and scenarios

- ubiquitious computing
- smart tags and labels

Communities of practice ﬁ ﬁ ﬁ Social and virtual
Communies of pracice | <= | NEW TECHNOLOGIES FOR | | "ERc FATOES
o s &= | COLLABORATION AND 2 s
- wikis and blogs =) with experts
. . P WORKPLACE LEARNING . .
- knowledge sharing sites =) - social networking
- . IN THE FUTURE .
- interest lists - group decision support
- social bookmarking ﬂ ﬂ ﬁ - collaborative filtering
- RSS web feeds - identity management

Collaboration and
communication technologies
- online and instant messaging
- electronic diaries and support
- project management Wikis
- advanced web conferencing
- voice and video over Internet

Figure 17. Convergence of learning and commurmnagchnologies
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4.3 Computer-based training simulators

Computer based educational and training simuladoesdeveloped primarily to nurture

specific learning goals with the support of humaraahes and facilitators (Aldrich,

2004). The first computer based simulators in pgedadustry were developed in the
1950s and 1960s with pneumatic and analogue comgppuome of the leading

companies in the development of process simulatothie chemical process industry
have been Shell, DuPont, Fluor and BASF. These aomp have been very active
developers and users of process simulators in gsodevelopment, process design,
control concept development, process optimizatiah @perator training (Braunschweig
and Gani 2003, Bausa and Dunnebier 2006, €@t 2006).

The use of process simulators in BASF in the dearaknt of new chemical production
processes follows optimally the life-cycle of th&armi. The development starts with
process development and engineering where a sttatdysimulator is used for process
flowsheeting, followed by process control enginegrand process optimization where
the dynamic simulator is used. Optimally, a resfiprocess and control engineering is a
dynamic simulator which can be customized and aé=ulfor operator training. Operator
training simulators require sufficient fidelity tdescribe accurately transients of a
process, reliability to cover the operating rangeduin process, and efficiency to run
under real-time. Simplifications and customizatisnoften needed in the high-fidelity

dynamic models to meet the criteria (Bausa and Bkien 2006).

DuPont company has used process simulators sirls@sI#hd the first dynamic process
simulator, Dyflo was developed by Franks in 197@ddy both commercial and in-house
dynamic simulators are used in DuPont. The go#b istegrate the dynamic simulators
both in chemical engineering and in training andoadion. The operations should first be
experienced with virtual process simulator, basedlynamic simulator and a real DCS
system. DuPont has in-house simulators and builtisition interfaces to five different

DCS systems, which makes development and commisgioaf operator training

simulators very inexpensive and efficient (Gebal. 2006).
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Operational training simulators in chemical procesdustry are often full-scope
simulators which are integrated with a simulatechticd room environment and a
distributed process control system. The basis Hesé training simulators is a detailed
dynamic plant model including also the major contimops and parts of process
automation. The control and automation can eitleea part of the simulator or optimally
a part of a real distributed process control systemere the major control loops and

automation system displays are defined and operated

The results from the chemical process industryciaug the benefits of training simulators
as decreased start-up time by efficient and réalishining, optimized operating
procedures and improved control concepts which mre-tuned with the simulator.
Training simulators in chemical industry have prb¥e be economically feasible and by
reusing the models the economic advantage canrtiefumproved. Number of reported
applications in the chemical process industry il reflatively small, usability and open
communication of the simulators should be develagpetimore standardization is needed
in the future so that the different simulation ®dtom different suppliers can be
integrated (Bausa and Dunnebier, 2006).

The benefits of simulator training have spread ftbe chemical process industry to the
pulp and paper industry. Modern paper mills arénlyigqutomated and, because a large
number of separate control systems are neededntootthe processes, computer based
or full-scope simulators can be very efficienthedsAs the frequency of emergency and
disturbance situations has been reduced, the operadwadays have fewer opportunities
to gain experience and prepare for potential prald&uations. These scenarios can be

learned by simulation.
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4.3.1 Definitions for process modelling and compute r based simulation

Process modelling and simulation are terms whiehireereasingly being used with different
meanings in different contexts. Under the term @sscsimulation model, over 10 different
methods can be found. In order to ensure consiggnbf the terminology in this thesis, the

terms are defined in the following.

Process modelling has been defined by Zeigler (1884'Modelling means the process
of organising knowledge about a given system”. sscsimulation was considered by
Korn and Wait (1978) as “performing experimentsaomodel so that knowledge about a
given process can be collected”. Steady-state psosinulation is the solution of mass
and energy balances for a given process operatiagstationary state. Mathematically, a
steady-state model is defined by a set of non-iegaations, where the calculated output
values depend only on the current input valuesnaodel parameters. In dynamic process
simulation, the conservation equation for massygnand/or momentum are solved as a
function of time. Mathematically, a dynamic procesisnulation model is usually
described as a set of ordinary or partial diffee#néquations. The values of the state
variables in the model depend on the initial andtloa historical state values. The
dynamic simulation model often also includes tinepehdent changes. A simulation
experiment was defined by Cellier (1991) as “Anexpental frame defining a limited
set of circumstances under which the model is toobserved or subjected to
experimentation”. The software tools, which supparbdel development, i.e. the
preceeding and succeeding phases of it, can bedcallsimulation environment. The
central part of a simulation environment is a setioh programme, which is used to
develop simulators. A process simulator is equipgmemit operation, process or a plant-
specific computational application in which the geations, equipment parameters and
behaviour of the model correspond to the real @m®cén deterministic simulation
models, all feed streams, model parameters andrlgsices are known precisely,

whereas in stochastic simulation models the fesshists and the disturbances include
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statistically random behaviour. The model fidelitgscribes how accurately the model
corresponds to reality. A hybrid simulation modebenerally a combination of different
simulation paradigms and, in the present work,aeBneéd as a combination of coupled
discrete and continuous system simulation modelt thteract with each other.
Traditionally, the term has also been used to dmsccombined analogue/digital
approaches in computation. A Hybrid phenomenon defined by Barton and Park
(1996) as a system that cannot be observed asedy pumtinuous system or a purely
discrete system. In a real time simulation moded, ttiming of execution in a simulation
is equal to or faster than the timing of the reateam’s operation. In operator training
simulators, the timing of the simulator must copa@sd with or be faster than the real
process operation; the functionality and operabit the simulator must correspond to
the operability of the real process. When the usEnrface, the use, functionality and
scope of the simulator are very close to the rg@ration room in a paper mill, the

simulator is called a full-scope training simulator

The use of simulation in training has also beenndef by Vartiainen (1985) and
Ruohoméki (2002) as "Simulation is a working repreation of reality based on an
abstracted, simplified or accelerated model of stesg, process or environment. It
includes the critical elements of a real-life spsteModels may be e.g. verbal
descriptions, diagrammatic representations or pstu physical, mathematical or
statistical by nature. The goal of training simigatis to develop and transfer an internal
mental model of system which can be done outsidentirmal work environment and

before doing the actual work"

4.3.2  Benefits and challenges of training simulatio  n

Winter (1992) reported that simulator-based oper&taining improves operations by
speeding up operator response to process upsétgimg the risk in emergencies and
cutting the start-up time for new and existing @sx units. Simulator-based training

improves the conceptual understanding and enhatheesapability to diagnose and
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control the process in different operational sitwa. Dynamic simulation and scenarios
are especially suitable for addressing issueseelit the operation of plants, because the

plant operators deal with, and recognise, dynagspanses.

The benefits of using computational simulatorsraining are often descriptive rather
than quantitative. Elgood (1997) reported the feilgy benefits:

* Economic efficiency, the costs of computer-basedulator training are much lower
than training with pilot or production scale proses. The training is more efficient,
because it can focus on the important trainingatitns. Operational faults can be
minimised.

» Clarity of the simulation experiments. The opematof complex systems can be
clarified with simulation, where the phenomena agdtems are easier to observe and
measure than in the real process.

* Repeatability. Difficult operational procedureadasituations can be rewound and
repeated many times. The control variables of tigtesn can be varied and the
consequences followed. Controlled analysis stualiepossible.

» Safety. Through the use of simulators, it is gdeso study the analysis of operational

situations which are dangerous, either to the apesa@r to the process equipment.

Some additional benefits from the educational pofntiew (Ranta 2002) are:
« Better control of the training event and learning
» Adaptable exercises based on previous experemtdénowledge

* Augmented reality - supportive tools and knowkedgn be integrated into a simulator

Elgood (1997) also classified the different usesiwiulators in training:

» Educational demonstrations; the illustration sgential situations increases conceptual
understanding

» To transfer of know-how; experiences and know-hang transferred between the
participants during simulator training.

» To stimulate the thinking/brainwork; the thougihtbcesses are stimulated by putting

applied questions to the participants, who do maivkthe exact answers; the perception
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of insufficient or faulty thinking and mental modeklctivates and motivates the
participants to improve their know-how.

» Performance evaluation; the level of performaimcdifficult operational situations can

be evaluated with simulation training.

e Skill training; in well-defined training situats, the decision-making, problem
formulation, goal-setting, and information analyskills can all be enhanced; the
comparison of alternatives can also be undertaken.

» To predict changing conditions; changes in openat procedures and the learning of
new practices can be done by using a dynamic storula

* Enhancement of group working skills; in simulatmaining, the participants become
acquainted with each other; in the common simulaoning, the experience of meeting
the goals and reaching new levels of results as@pgcan be experienced.

» The enhancement of communication, interaction@ndperation.

In the interactive simulation experiments, the @&y process and positive learning
experiences are emphasised. Improved communicati@h teamwork are the extra

benefits of training as we reported in the previswsly Laukkanen et al. (1997a).

The greatest challenges in training simulatorsral&ed to the resources needed in the
developing the simulators, keeping the simulatiardets up-to-date, and emulation of
the functionality of the systems. The transferezdrhing in simulation depends on how
realistic the environment and the user interfaceswhich requires resources both during
development but also after development. The lildecyf the detailed model can be very
short, because model development is typically basedas-designed engineering
information. Already during commissioning and si#pt there are typically many

changes made, which optimally should be updatédersimulator as well.

4.3.3 Past research on modelling and simulation in the paper industry

A paper production line is a very complicated pesctor modelling and simulation both
in terms of the raw materials, which include eigres and chemicals, and in terms of

complex processes and equipment like a paper nachhe interactions in the process
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are complex, and the final quality of the paperaiscomplicated and nonlinear
combination of raw material recipes, equipment pratess parameters, process control
settings and operator actions. There are subdtainti@ delays in the process, which is
integrated and thus makes real-time process cootrallenging. For process control
purposes there are not enough reliable on-line nneasents. Process control actions in
many sub-processes are still based on indirect une@ents and, in many cases, on the
skills and experience of the operators, insteaddvanced automatic control concepts.

This all increases the role played by the knowlealue skills of the operators.

All these factors are the reasons why the scopraafelling and simulation applications
is not as complete in the paper industry as in n@hgr process industries. A summary
of the major tools and applications for process @flody and simulation in the paper
industry is presented in Table 12. There are bt#hdy-state and dynamic simulation
programs used in the paper industry. More extenisitormation about the programmes
and applications can be found in references anthénfollowing reviews: "Use of
simulation during the life-cycle of a paper machowntext" by Laukkanen (2001), in
"Paper machine modelling and automation studiestfdiview" by Lappalainen (2003),
and recently also in the COST action 36 workgrabpst E36 workgroup 2005).
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Table 12. Modelling and simulation tools used ia paper industry

Simulator | Application areas Devel oper/Refencences
APROY Dynamic simulation of pulp and paper VTT / Technical Researc
APMS processes: automation engineering, Center of Finland,
disturbance dynamics, flow dynamics, Juslin K. (2005),
verification of process control concepts, Lappalainen J. (2004),
automation and control systems Laukkanen, I. (2001)
BALAS Steady-state material and energy balances|, VTT / Tech. Research
heat integration analysis, chemical and wate€Center of Finland
management studies. Simulation of tank
dynamics http://www.vtt.fi/ene/balas
CAPS Simulation programme developed for the
training of paper machine operations coverjng
wet-end and paper machine processes
DynaChem | Dynamic simulation programme for chemicaDLI Systems Inc
processes and water systems. Used mainly hittp://www.olisystems.
the chemical industry but also in the pulp apdom
paper industry
FlowMac | Steady-state and dynamic simulation of pulpPaperMac AB
and papermaking processes, focusing on | http://www.papermac.se
TMP, RCF plants and paper mills. Mass and
energy balances, troubleshooting, wet end
chemical balances
KCL- KCL Wedge is an on-line process analysis | Keskuslaboratorio
Propose system used for process analysis and -contrbttp://www.kcl.fi
KCL- Wedge | KCL Propose is a dynamic simulator based on
KCL-Wedge and identified models
| deas Dynamic simulation with the focus on kraft | Simons Technologies Ing
pulp processes, process control and
automation systems. Originally developed fonttp://www.simonstech.
design and engineering applications. com
Aspen Dynamic simulation program developed for| Aspen Technology Inc
Dynamics | chemical process simulation, but also having
applications in paper processes e.g. modellihgtp://www.aspentech.cof
of the wet end of paper machine
Wingems | Steady-state and dynamic simulation Metso Automation

programme of pulp and papermaking
processes which is widely in use. Wide mo
library and applications for different pulp an
paper processes.

Hattp://www.metso
cautomation.com
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4.3.4 Summary — the technologically enhanced collab  orative workplace

It is assumed that virtual reality will reshape tinerface between people and ICT
systems by offering new ways for the communicatma visualization of processes.
Virtual reality has already been used e.g. in gaietining (OSHA) in US, in aerospace
flight simulators, in medical training simulatioasd in oil platform training. In paper
process, the final goal in the development of satorl learning, knowledge and
performance support systems is a virtual paperngagmvironment for paper product and
process development. In the virtual environmerd,dkisting knowledge of papermaking
is formulated as hybrid simulation models and kremlgle support systems such that the
best characteristics of different modelling methads combined. Virtual reality paper
production unit models can simulate the physicaliggents and layouts, while
computational simulation models and learning tooés be directly linked in this
environment. This kind of environment would be ida@ad realistic for learning the new

processes before they are built, thus, bridging tbality and virtuality in paper

production unit development illustrated in the Figy8.

Figure 18. A virtual paper machine environmentasywlose to reality (Héynalanmaa
and Aminoff 2005)
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5 An integrated concept for knowledge transfer and
competence development in paper production

unit start-up projects

The aim of this chapter is to present a new, imtiegr concept for strategic knowledge
transfer, learning and competence development ah lbe organizational and
team/individual levels. Firstly, the integrated dhetical framework is introduced. The
strategy implementation process sets the targetsthi® organizational competence,
capability and knowledge development. These targeiscascaded down into team and
individual level development plans. The shared milenhodels are the transfer
mechanism between the individual and organizatiémadls, including both single and
double loop learning. Secondly, the operationategrated concept for knowledge
transfer and competence development in paper ptioduainit start-up projects is
introduced. The concept combines advanced knowletlgesfer tools, including
knowledge and performance support systems and tap®ah simulation tools with
traditional development methods like classroorntrey and structured on-job-training.

The planning, development and application of tledstan the projects are reviewed.

5.1 Theoretical framework for knowledge transfer,

competence development and learning

In chapter 3, the development of knowledge managémstrategic competence
development and learning processes were reviewedeparate research disciplines,
within the framework of a firm as an open systeimede disciplines are separate research
areas, each having its own terminology, perspeda processes. In real firms these
organizational development processes are integrated the existing strategic
management processes, creating an integrated frarkewhich is developed and

proposed in this chapter.
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5.1.1 Integration of knowledge transfer, competence development and

learning processes

The strategy implementation process is the keyristgeprocess also for learning,
competence, capability and knowledge developmenbriganizations. The strategic
targets of a business or of a project define the skecess criteria and, based on these
success factors, the needs for knowledge, competamt capability development should
be planned at the organizational, as well as thmtend individual levels. This planning
is a systematic process, which is integrated witiistelg processes, followed by

implementation of the planned process.

The integration of the strategy implementation, petence, capability and knowledge
development processes within the framework of ra i illustrated in Figure 19. These
processes create an organizational process managefm@mework both for

organizational level capability development andodlsr individual level competence
development levels. Optimally, all this developmeneates new knowledge that is

integrated as a part of organizational knowledggesys or social networks.

5.1.2 Continuous creation of new organizational kno  wledge via

individual and organizational learning

The plans for competence and capability developnagick knowledge creation in an
organization are drawn up on the basis of the egiattargets, and the focus in the
development of new capability, competence and kadgé are tailored to reach these
goals. These strategic plans are cascaded down tfrencorporate level to divisional,
business units, and finally to the team and indiaidlevels. The development of
organizational capability, knowledge and competerman either be based on
organizational development projects or on team amtlvidual level competence
development, as illustrated in Figure 19. In thgaoizational development projects, the
focus is on the development or re-engineering air@ss processes, on the development

of enterprise level systems to support these psesesnd, finally, on defining the
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necessary organizational structures, roles anconsdplities. The ultimate goal of this
development is improved organizational capabilig.a part of this development, new
organizational knowledge is created and sharecereifls codified knowledge in the

processes, systems and tools or as tacit knowlgtayed in the people networks.

The organizational development can also be baseth®rdevelopment of teams and
individuals, and the targets of these developméanspare cascaded down from the
strategic organizational level targets. Althougle tieam and individual development
takes place in development programmes, includifigrént training and development

events based e.g. on classroom training, coacmdga-job training, in the new concept
this also includes operational simulation and tharieg of knowledge with knowledge

and performance support systems. Depending on whelle knowledge is tacit or

explicit, these individual tools can be used fooktedge sharing. The new development
approach combines the best features of the diffémmis both for development of the

conceptual knowledge framework and for developnoétihe work process skills needed
to reach the strategic targets. The proposed usbkeoflifferent tools in the concept is

illustrated in Figure 20.

Learning in organizations takes place at the imlligl level in a learning cycle, based on
individual level active experimentation, and calieg the experience and reflecting and
observing the work community response. This is asted single loop learning at the
individual level in organizations. Even the implartaion of single loop learning can be
difficult in organizations. Based on the reflecsoand observations, individuals can
assess and re-design the individual actions addegging points. A team can be viewed
as collective individuals, and the operational@tgican also be based on team-work, as
illustrated in Figure 19.

At the individual level double loop learning, tidividual learning is systematically
transferred into the conceptual frameworks and wotkines used by individuals in the
teams. The shared mental models are the knowledgesfér mechanisms between

individuals. The individual level learning and coetgnce development optimally is seen
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as improved performance and the performance evatuptocess is used to confirm that
the strategic targets are met. The training aneldewment scorecard is a good follow-up
tool for both individual and team level competeexelopment. Also competence gap

analysis and competence evaluation is used inytersatic planning process.

The best work routines and conceptual frameworksthat individual level are
systematically integrated into organizational knesge as processes, routines or
conceptual frameworks. The shared mental modelthar&ransfer mechanisms between
individual/team and organizational levels. The upda processes, routines and
frameworks can then be codified into enterpriseelldZT systems and distributed via
computer networks in the global organizations. Arotway to transfer tacit knowledge
is to build social networks and communities of piccand to distribute the knowledge
via these networks. Also the formal HR and HRD ey, e.g. for safety orientation, can
be used for knowledge sharing. In organizationetllsingle loop learning (OSLL), the
individual actions are interpreted and respondedtggnization and work community,
which are then observed and reflected by indivislu&h organizational double loop
learning, the individual level learning is compamgith existing best practices, and the
new learning is integrated as a part of organinali&nowledge, as illustrated in Figure
19. Organizational responses are observed andsaslse$so in individual/team level
learning cycles, so that the operational actionsthe future are based on the

organizational learning cycle.

Part of the critical organizational knowledge slibible codified into knowledge and
performance support systems, which support the werformance of the individuals in
the workplace and which can also be used in trgireamd development events.
Operational simulators can also be used to cotiiéy dperational procedures and best
practices related to operations. These systemsatsm be used in individual level
learning and knowledge transfer, as illustratedrigure 19. The development of these
tools is, in its optimal form, an organizationaardeing process, in which the critical
competences and knowledge are defined, e.g. itiaelto a fine paper production unit

start-up. This knowledge is the created, stored| ewodified into systems, tools and
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networks. Finally, the knowledge is systematicatgnsferred and applied and, through

this, the use of the latest organizational knowdedgensured.

In complex production environments, the competdnceeams is more important than
individual competences and skills. The resultslbthee learning in an organization will
be seen in the improved capability and performamhath at the organizational and
individual levels. In the concept proposed in tiisdy, the organizational processes are
linked to individual and organizational level, degand double loop learning, as

illustrated in Figure 19.
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Figure 19. Integrated processes for learning, coemoe and capability development in
organizational and individual levels.

The teams and the individuals with their shared talemodels together form the key
transfer mechanism between individual and orgaiozal level learning. Efficient

knowledge sharing requires a common conceptual éwark for it to be successful,
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emphasizing the need for multi-skilled learningg@rizational learning, optimally, leads
to an organizational knowledge development androrgéional memory, which broadly
includes everything that is retrievable: expliamplicit and tacit or widely recognized
knowledge (Kim 2004). Through the latest collabioratand knowledge sharing tools,

the organizational knowledge is available for atiquction units, teams and individuals.

One factor limiting competence and capability depetent in organizations is the
knowledge capacity of an organization, which casoabe a limiting factor in

organizational transformations. Also the resistarioe change, especially between
corporate and unit levels, can hinder capabilityeltgpment. In global organizations the
organizational inertia and absorptive capacity e&so be problems. Also the major
barriers to knowledge transfer in organizationsewed in section 3.2.4 can be limiting

factors for knowledge transfer, and they need teliminated.

Competence and capability development processesnalpt is a systematically
integrated part of the strategy implementation @ssc The results of individual and
organizational learning can be seen in improvealb#ipy and performance, which is the

result of successful learning and competence dpuetat.
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5.2 Operational concept for knowledge transfer and
competence development in paper production unit sta rt-up

projects

5.2.1 New operational concept for knowledge transfe  r and competence

development

The new operational concept for knowledge transfel competence development is
based on both top-down strategic targets and betipwork process requirements, as
illustrated in Figure 19. The competence develogna¢rihe team and individual levels
can be divided into development of conceptual keolge or development of work
process knowledge and skills. Different methods t@ats are needed for these different

areas, as illustrated in Figure 20.

The training and competence development in indalspaper machine line start-up
projects has traditionally been based on classraomd on-job training (Laurila
Gyursanszky 1998; Nurmi 2001; Leppénen 2001). Bleaf on-job-training has been to
develop work process knowledge and skills, whiksstoom training has been used for

the development of conceptual knowledge and framiesvo

In the new concept the operational simulationsaacemplementary tool used to develop
work process knowledge and skills, as illustratadFigure 20. Part of the expert
knowledge can be codified and the operational pesttices can be modelled into these
tools, which can then be used for transferring libst practices and latest knowledge
within the organization via computer networks. Ttlevelopment of work process
knowledge and skills is based on structured on{@ing, combined with these

operational simulation and best practice toolssTduncept can be applied in problem-
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based learning, sharing of best practices andilgamew operational concepts, with or

without expert facilitation.

The development of conceptual mastery has beentioraally carried out through

classroom training. In the new concept, web lestutleowledge and performance
support systems and simulations are combined watthittonal classroom training. The
classroom training concept can be based, e.g. oblgm-based learning with the
different tools. The knowledge and performance supgystems can also be integrated
with the operational simulation tools, so that nmtdia support knowledge is available

when needed in simulator training.

All these new tools provide an opportunity and itbdity also for workplace learning,
knowledge and performance support, making the ilegrand knowledge sharing
continuous and by providing just on time suppong,. eelated to infrequent procedures
carried out in the workplace. The latest knowletgavailable at the workplace any time

when needed and anywhere in the global organization

The new, operational concept for competence dewsop and knowledge transfer in
paper production unit start-up projects is illudain Figure 20. The important part in
the development concept is competence and cagyahfgessments, which identify the
competence gaps to be used in the development plaohsvhich also can be used as
competence evaluation tools. The evaluation of eptual knowledge and work process
skills is an important part of the concept, whichAnclead to formal professional

qualifications.
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Figure 20. A new operational concept for knowledge transfetr emmpetence
development (Laukkanen 2005)

5.2.2 The life cycle of the knowledge and performan  ce support systems

in industrial production plants

The development of the knowledge transfer and ctemge development tools optimally

follows the life cycle of the production unit. THevelopment preferably starts during the

basic engineering phase of the paper productionstauit-up project, as illustrated in the

Figure 21. More information and knowledge aboutribes production unit are available

from e.g. process trials in the detailed engingephase, and this knowledge can be
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transferred into these systems. The major patt@khowledge transfer and competence
development in training programs is carried outadly before the commissioning of the
production unit. The commissioning and procesdstreae very critical phases in the
project for confirming the operation of the new igmoent and systems, but also for
gaining new experiment-based knowledge about th& peocess and equipment.
Efficient sharing of this knowledge is highly ccéil for organizational learning and
successful start-up, because the first equipmerifroations are made already in this
phase. The major part of the knowledge in the fobprgect training programme is based
on as designed knowledge of new processes andmeuipwhile in commissioning and
start-up the first modifications are already madel #he perspective to process and
equipment knowledge is as build and as modifiediriguthe commissioning and start-up
phases the knowledge sharing related to these imatiths should be done
systematically both via social networks and witiT I©ols, which can be supported by
operational simulations. Preparations for the stprtan also be done by simulating the
procedure first with the operational simulator, &nen confirming that all the teams and
individuals have the same mental model about thd-8p sequence, and the different

roles and responsibilities related to the sequane@inderstood in a similar way.

After the start-up, when the new production und aew organization is in operation, the
knowledge and performance support systems is updatethe basis of the lessons
learned during the commissioning and start-up peri®perational simulation tools are
also be updated and fine-tuned on the basis ofmealsurement data and on individual
and team based learning, in accordance with theeptras illustrated in Figure 21. At
this point it is also very important to define tkmowledge roles and responsibilities
concerning the knowledge updates into these tawssystems. It is also important to
create a systematic process for these updates canthd further use of the tools in

systematic competence development and multi-skidaching.
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Figure 21. Use of the operational concept in thvestment project (Laukkanen 2005)

One challenge during and after the start-up isttiexe are multiple organizations present
at the paper production unit site: start-up helparsl key project personnel from the
company and from the suppliers working togethehwiite new local organization. At
this phase, it is very important to confirm and m@xe the opportunities for knowledge
sharing between the local organizations and sugplas well as between the different
supplier organizations, thereby forming a virturisup organization at the mill site.
Another challenge for systematic knowledge shammgroduction unit start-ups is the
amount of new knowledge created in the commissgaimd start-up phases, which needs
to be transferred to the local organization. Timeetipressure is also high, and is often
further accentuated by the technical problems whiebd to be solved immediately. In
this kind of setting, interpersonal knowledge tfanss the most efficient way to share
systematic knowledge. In a multicultural projectriw@nvironment, the language or
cultural differences can also be barriers to kndgtetransfer between project and local

organizations.
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The continuous development of the production ufficiency depends strongly on
organizational knowledge sharing within the compang with the suppliers. The new
concept and tools can provide efficient support tlus sharing. The best practices
developed in different locations can be efficientithnsferred, using these tools, into other
global units.

5.2.3 The development of knowledge and performance support systems

in paper production unit start-up projects

The development of knowledge and performance stigystems is a systematic process
combining the knowledge management process, sitasgmpetence analysis and
individual learning, as illustrated in Figure 2ZheTdevelopment process is based on a
collaborative process of strategic competence niadewhich is carried out by subject
matter experts both from the project team and ftleenmajor suppliers. This competence
mapping defines the strategic competences and itisipabto be developed with the
concept. The development of the knowledge and pedoce support systems is based
on knowledge management process, starting with ledye scanning and mapping,
followed by knowledge creation, codification andrage, transfer and application, as
illustrated in Figure 22.

The existing knowledge and best practices from pihgject supplier network are
optimally integrated into these tools. Process riiodgeis one systematic way to codify
also parts of the tacit knowledge into operatisiatulators, which can then be used to
transfer the knowledge as troubleshooting or bemttigce exercises. The major roles in
the development are played by the development teahject matter experts and steering
group. The development of the tools themselves nisoayanizational development
process. These knowledge, performance support iamdasion tools are used together
with traditional training and competence developm&sols like structured on-job-
learning and classroom training, forming a blenddslelopment model, which is

illustrated in Figure 20. The major applicationaador the tools are knowledge transfer
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and competence development during the project tAfter the start-up the tools can be

used for knowledge and performance support and plack learning.

3. Individual and
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Figure 22. Proposed methodology for the developroktite knowledge transfer tools
(Laukkanen 2005)

Modelling the physical processes, teams, userswanll processes is in a very critical
position in the development of knowledge, perforoesupport and simulation tools.
The modelling project, optimally, follows the litgcle of the production plant, starting at
the engineering phase where the process and aubonesitgineering can be verified with
the use of the simulation tools (Laukkanen 200he Tife cycle follows the different
phases, including training and organizational dgwelent, commissioning, process start-
up and process development and optimization dfeistart-up. After start-up, the tools
are a part of the organizational memory and camtagrated as a part of the local and

global knowledge and performance support systems.
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The methodology proposed for user modelling is thase knowledge management
concepts for the tool specification and developm&he knowledge modelling process
can be divided into three phases: strategic competanalysis/definition, knowledge
creation, and content development and content ivatibn. The development team,
which consists of process experts, defines thetstrel of the system. The knowledge and
best practices are then systematically collectéal tihnis system, which is a part of the
organizational knowledge repository. The developmmocess facilitates collaboration

between experts and is also a learning procedhdorhole project organization.

The starting point for finding the operational bpsictices is benchmarking, i.e. finding
the best performers or the best performing teantkamrganization and in the supplier
network. The next phase includes systematic madeti the best practices and lessons
learned. In this development phase a team of theexerts is needed to collaborate and
model the process at the same time as the developedevelopment team is
implementing the user modelling process. The efficy of the development process can
be improved by using standard templates, whichrarasable, and using systematic
methods like re-usable learning objects in contesdtion.

The knowledge, performance support and simulatomistdeveloped with this process
can be integrated to organizational knowledge asedi durther in the areas of electronic
performance support and organizational learnings Pphovides a basis for a continuous
improvement and learning cycle, because the toatkih be further expanded in

organizational double loop learning.

The knowledge, performance support and simulatofstcan be classified into basic and
advanced level tools, which can be used for dewetpponceptual knowledge and work
process knowledge and skills, as illustrated inuFég23. The basic level tools include
web lectures and best practice toolkits, while dldeanced level tools are customized
knowledge and performance support systems and gheational simulation tools. All

these tools form the advanced toolbox for efficiemiwledge sharing.
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Figure 23.Basic and advanced level tools for competence dpusnt, knowledge and
best practice transfer (Laukkanen 2005)

5.2.4  Development of hybrid training simulators

The operational training simulation tools used he paper industry have traditionally
been based on simulation of the process and emwlatithe process control system. The
recent development of multimedia technology has atsde it possible to generate a
visual simulation of the work processes, based arkwprocess modelling. The

differences between these tools can be seen ime~ifu
The results of using a rigorous, scientific engiiree simulator in initial training

indicated that, for some users, the process dymamai@ complexity exceeded the

absorptive capacity of the personnel (see alsoiosed.1). In order to rectify the
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situation, this drawback was taken into accounthia development of the KnowPap
system, as well as the simulation models it costaly limiting the scope of the

simulators to the unit operation level and by deisig user-friendly interfaces.

The goal for the operational simulation models teagansfer the knowledge about how
paper quality can be optimized and about how taaipethe critical control parameters
(e.g. calendaring) in the unit processes. The esiphia the modelling was on the paper
quality properties, which were modelled using statal multivariable models. The
algorithm is based on piece-wise linear models. bheefit of these models is their
general applicability, numerical stability and easystomisation for new processes. Use
of the models is, however, limited to processesctvitio not include strong correlations
between the input variables. In the operationahitng simulation, the financial and

production efficiency are the other perspectived tan be learned with these tools.

‘ Web based user interface ‘ ‘ Instructor follow-up (warnings, alarms) ‘
‘ Exercises and best practice scenarios ‘
Quality model Financial model Production control

- major control variables | «—» - production costs and management
major quality properties - variations to normal > - major control loops
Q=F(X) C=F(X) E=F(X)
Inputs to
Outputs from Xli I X, XlI I %o XII I %n nex‘: phase
previous phase . . _—
—_— Process simulation models
—_—
Ao  dApu _ dx 1 d dp, | |—
_— = L= ; - = - —| K(X)—=
LR Y. = f(X) s g dy[ Lol —
_—
’ Stock ’ Paper ’ Paper ’
preparation machine finishing
B — R — B — B —

Figure 24. The structure of a hybrid training siatal for a paper machine process
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5.2.5 Evaluation of conceptual mastery of the work

The outcomes at the level of learning were evatudig measuring the conceptual
mastery or explicit knowledge of the work. Conceptmastery of work is regarded as an
important mediator in the transmission of work m@m®x knowledge in the work
community. Mastery of the basic concepts of thekwmmocess is the prerequisite for
participation in the creation of work process knesge. The increase in work process
knowledge can also be analyzed through the masiéripasic concepts and their
relationships in the work process (Leppanen 200hg conceptual mastery indicating
the progress of competence development and knowledgsfer at the individual level is
optimally measured twice in the concept. The fegaluation is carried out before the
project HRD programme in order to assess the campetlevels and to identify the
competence gaps before starting the training anclodement programme, and the

second assessment optimally is performed half geeane year after the start-up

In this study the assessment was used to measerreoticeptual mastery of work in
different change situations and start-ups of Eumap@aper production lines (see
Leppanen 2001; Nurmi 2002). The major areas covénedassessment were in the
production line, and included raw materials hargllinvet end processes, dry end
processes, finishing, customers, quality managenogetrations management, production
economics, maintenance and automation. Some exaraopkhe questions are shown in
Table 14.

The questions in the different areas were custainiaghe new production line process.
The questions dealt with the goals and raw matedgbivork, the functionally important
characteristics of the tools used, essential qupirameters and the factors affecting
them. The test included typically 100-150 questieech having 4-5 items, and a sum
score was used to assess the percentage of can®egers. The results were calculated
for each job position and for each area of conadphastery.
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Table 13. Examples of questions and items in diffecategories of conceptual mastery.

Purpose of the work

The purpose of the short @tmn is to ...?
- remove air and other impurities from the pulp
- proportiong and mix the chemicals
- adjust pulp recipe of the paper
- minimize consistency and pressure variations

Functionally important characteristics of t
paper machine

ndhe drying cylinders dry paper most effectively
-when there is a thin layer of condensation water
inside the cylinder
-there is no water in the cylinder
-the cylinder is full of water
-the web presses tightly against the surface of the
cylinder

Essential quality parameters and the factc
affecting them

piidow does the refining affect the quality paramete
of paper:
- the tear resistance decreases
- the tensile strength increases
- the opacity decreases
- the tensile strength decreases

[S

Factors affecting the production economy

Costapfgr rises when
-the chemical pulp layers become thicker
-the amount of talc increases
-the beating of mechanical pulp increases
-the dehydration ability of the press felts andmiyy
wires decreases

The functional relationships between e.g.
the functioning of the machine and certair
quality parameters.

Do the following factors affect fibre orientation
1 -speed of the wire

-pulp concentration

-edge showers

-pressure of the head box

Every sub question has three alternative answeigrele, | disagree, | don't know.

In addition to these assessments, operational atrons were used to assess the skills

and work process knowledge of the trainees relatnipe different procedures involved

in PM operation.
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6 New tools for knowledge transfer, competence

development and learning

The aim of this chapter is to describe the newst@wid technologies developed in this
stydy for knowledge transfer, competence developraed performance support. The
chapter starts with a development review of dynasimwulation, based on hybrid process
modelling. Secondly the development of KnowPap b &sed learning environment for
papermaking and paper mill automation is reviewEirdly the development of an

integrated knowledge and performance system isdated. Finally the modelling and

simulation of the operational best practices with bperational training simulators and

best practice toolkits is introduced.

6.1 Modelling and simulation of a paper production process as

a hybrid dynamic system

As an introductory of the basic principles of dymarsimulation first, the principles of
hybrid process modelling of the paper machine meege defined. Secondly a dynamic
simulation tool, called APMS is reviewed. Finalhetprinciples of the process simulation

of the paper machine wet end with the dynamic satoulare described.

Dynamic process simulation is a relatively new toothe paper industry. The design of
the paper machines has traditionally been basedteady-state simulation models.
Recently, however, the new challenges for the aperaf the paper machine process
have increased the use of dynamic simulation inpq@er industry. A driving force has

been the requirement for high-fidelity analysistloé complex, integrated processes. To
specify the combined response, both of the proegsgoment and the process control
system, does not have any alternative other tharardic simulation. To study the

operation of the process in transient situatidms,dynamic simulator is a good tool.

113



The use of the hybrid dynamic system simulation ef®dn the paper industry is also
motivated by the fundamentally hybrid nature of flrecess transients. The dynamic
behaviour of a paper machine exhibits significaiscigtte aspects in addition to the
normal continuous behaviour. The paper productioocgss is a complex, hybrid
combination of discrete and continuous system nsodslillustrated in Figure 25. There
are many transient situations in which discretenph@na are superimposed on the
continuous process behaviour and the dynamic betas more correctly viewed as a
network of the combined and interacting discretg @mtinuous subsystems rather than a
series of the continuous process models. Furtherntioe combination of the batch, semi-
batch or periodic processes in a continuous simomanodel can also be viewed as a
hybrid system. An example of such a combinatioa aper machine producing coated
grades, where the coating preparation operating aatch process is combined with
continuous coating and papermaking processes.

FLOW DYNAMICS SEQUENCES AND INTERLOCKINGS DIGITAL CONTROLLER QUALITY PROPERTIES OF PAPER
(Continous-time model) (Discrete-event model) (Discrete-time model) (Static quality model)
90 90 90 %20
80 80 80 80
70 70 70 70
60 60 60 60
0 1800 3600 0 1800 3600 0 1800 3600
Time Time Time Process state

<
r ﬂ STOCK PREPARATION

e

MACHINE -

: ~SHORT
o H;@j:’ e = CIRCULATION
i WHITE WATER SYSTEM

Figure25.The paper machine process as a hybrid dynamicrsyste
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6.1.1 Continuous time models

In a paper machine simulator, the continuity of enats, energy and concentrations in
piping networks are modelled using continuous timeaels e.g. flows in the stock and
white water systems. The characteristic of the inanus time models is that within a
finite time span, the state variables can changigesaan infinite number of times. These

models are defined as a set of ordinary or pattfédrential equations (ODEs or PDES).

6.1.2 Discrete event models

In discrete event models, within a finite time sparfinite number of the state variable
changes may occur. The discrete behaviour in ctempiocesses can be classified into

two categories: physicochemical discontinuitiegliscrete controls and disturbances.

Physicochemical discontinuities arise from the ptaisbehaviour of the real process
systems when the system behaviour is studied @vge lenough region of state-space.
Examples include phase changes, flow reversalskshand transitions, discontinuities in
equipment geometry, internal features of vessels @verflows of weirs), etc. Barton
and Park (1996) found out that the discrete beh&wocurs also as a consequence of the

process moving through operational state-space.

In a paper machine process simulation, discretats\aise e.g. from the control actions
of operators, operational sequences, interlockorgBCS, logic and automation system
operations. Some special situations such as waetk®ran be modelled in the simulators

as discrete events.

6.1.3 Discrete time models
In discrete time models the time axis is discretisgo finite steps and the models are
represented as a set of difference equations.dynamic paper process simulation, e.g.

digital controllers are modelled as discrete timedels. Discrete controls and/or
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disturbances are very common in the study of poperations. Examples of discrete
controls include the use of hybrid controllers ihighly non-linear continuous process,
the action of passive protective devices investigidty Barton and Park (1996), planned
transient operational changes such as start-upsi@lns, or the optimisation of grade
changes using dynamic optimisation methods stuthgdvalisuo et al. (1996) and

Lappalainen (2004).

6.1.4  Static quality property models

The modelling the paper quality properties can ¢weedby using statistical multivariable
models. It is possible to combine a statistical gpaguality models with a dynamic
simulator, so that the effects of the control awiacan be seen as a time-dependent

change in the paper quality.

6.2 APMS - simulation environment

APMS (Advanced Paper Mill Simulator) is a dynamimation environment for the
modelling and simulation of pulp and paper mill ggsses. It is based on the APROS
(Advanced PROcess Simulator) simulation environmesich has been developed for
the simulation of nuclear and power plant proce¢S@sennoinenet al, 1989; Juslin,
2005). The APROS simulation environment providesdeholibraries and solution
algorithms for modelling different kinds of flow,eht and mass transfer processes.
Although the main application area of APROS hasljgawer plants, there have been a
number of applications in the pulp and paper ingustg. simulation of recovery boiler
operations by Juslin and Tuuri (1992), simulatidndsplacement pulping process by
Juslin and Pollari (1994), simulation of black lajquevaporation plant by Juslin and
Niemenmaa (1994), simulation of rotary lime kiln Kgrhelaet al. (1998) and simulation

of paper machine grade changes by Lappalainen J2004

116



A hybrid paper machine simulator, developed with M} consists of three
interconnected sections: 1. stock and white waystesns, 2. paper machine and 3.
process control system as illustrated in Figure PbBese sections can be studied
separately, but to study the interactions in thecess all these parts have to be included
in the simulator.

(2) SIMULATION MODELS FOR PROCESS (3) SIMULATION MODELS FOR
CONTROL SYSTEM DYNAMICS PAPER MACHINE OPERATIONS

PROCESS CONTROL SYSTEM
1 ] v H i ]

MACHINE

PROCESS MODELS
FOR TANK VOLUME
DYNAMICS IN THE
STOCK & WHITE
WATER SYSTEM

-
(1) CONTINUOUS % STOCK PREPARATION

Figure 26. The structure of a paper machine sinwlahodel

In this first case study, a modern paper machine mwadelled using APMS environment
and the model was incorporated into the APMS mddwehries. The four major

components of APMS, which are illustrated in Fig@ik are a graphical user interface,
simulation model libraries, a calculation enginal an communication interface to the

external programs. The functions of these parts are

1. Simulation model libraries
The piping networks of the paper machine e.g. stk white water, steam, condensate
and vacuum systems are modelled usthgrmohydraulic flow modelswhich are

described in Section 6.2.1.
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The modelling of the paper web properties is basedhe moving element method,
which is combined with mechanistic grey-box mode$ed in the calculation of the
dewatering and drying operations. The simulationtteé paper machine models is

presented in Section 6.2.2.

The modules of theautomation system librarye.g. control circuits, measurements,
analogue and binary signals are used in the madelif the analogue and binary
automation used in the process control of the papachine. Both basic and higher

automation can be included in the simulation model.

2. Executive system

The executive system interprets the commands diyensers and, according to these
commands, manages the database, controls initiahsand execution of the simulation
runs and trend displays. The major part of theesgsis the calculation engine, which
includes solvers for sparse matrix, stiff ODE andHDsystems. Semi-implicit differential
equation solvers, with adaptive step size contna,used in APMS.

Real-time simulation database. The object-orientedl-time database of the simulator
includes both graphical and process module defimsti Before running the simulation,
the state variables and equipment parameters arevesl from the database and the
simulation experiment is initialised. During simtité, the state variables are updated.
After running the simulation experiment, the resalte stored in the database.

The physical property databank includes thermodyngroperty data for the chemical
components used in the simulations. Each poirttenstmulator refers to a user-specified
fluid section, which determines the chemical congmis and correlations used in the

simulation.
3. Graphical user interface

In model definition and analysis simulation€AD-type designer’s interfads used. In

operator trainingeither anemulated or real process control system can be. used
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5. Communication interface to external programs

The communication interface is used to define thta dransfer between the dynamic
simulator and external programs e.g. input datgppoeessing, process control systems,
in-house simulation modelsr post-processing programs. The following datadfer
standards are currently supported: OPC (OLE Focda®Control), DLL (Dynamic Link
Library), TCP/IP (Transmission Control DCOM
(Distributed Component) or CORBA (Common Object &g Broker Architecture).

Protocolémntet Protocol) or

At the calculation level the models are based on conservation of mass-, energy- and
momentum and on empirical correlations (e.g. for physical properties)

Dewatering and Prejsure_—, roW;, &i&:f;[s:zzr;tz,
drying models and equipmen
dynamics sequences
\ \ \
Paper and board Stock and white Paper mill
machine model water system automation and
library library control library
Object-oriented,
Simulation model libraries — rleal-nme
® simulation
Design, analysis § ! o database
(CAD -graphics) g' =)
= c
| = APMS SlMULATlON | | g Physical property
g I
Operator training . ENVIRONMENT '% databank
(Process control 2 3
system graphics) %" T— ‘ . 8 Solvers for matrix
o Communication interfaces to || and differential
external programs (OPC, DLL, equations
TCP/IP, DCOM and CORBA, )

Connections to In-house

Pre-processing

process control

simulation models

Post-processing

MPSFOEgrafTSD(‘ég-M systems (Valmet (e.g. Visual Basic trending
-Excel, ) Damatic, models, DLL) programs)
Honeywell)

(plotting and
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6.2.1  Thermohydraulic flow network models

Thermohydraulic flow network models are used twsdhe flow dynamics in the piping
networks of the paper machine. These models am insthe analysis of the stock and
white water system and the other piping networkthefpaper mill including:

» fresh water preparation

e warm water systems

e vacuum system

» steam and condensate systems.
The flow network consists of parallel thermohydraand fluid section networks, which
are illustrated in Figure 28. At the calculatiorvdk the networks consist of the

thermohydraulic points (nodes) and process modblasiches).

PROCESS COMPONENTS

® thermohydraulic point _0.0j
© composition module
© connection terminal
= thermohydraulic branch

FLOW NETWORK
Solution of
« flows in branches C.S v
* state properties
(p, T, V, dH) in points
COMPOSITION

NETWORK :
» Mass fractions are solved o »O »O

in composition modules

@<

EQUATIONS
a0 Ap . 0ApV

« Continuity of mass, ot Tz

momentum, energy and
components is used dApv L 0ApV:  Adp
in pressure-flow solution ot 0z 0z

dAph  0Apvh
= MASS at + az

= Seneroy

dApC  0ApvC _
= Swom at oz o

Figure 28. Structure of a thermohydraulic flow netkvmodel

120



Thermohydraulic points (nhodes) are volume elemeats a specified pressure,
temperature, enthalpy, composition and height Ié®eints are connector modules in the
network and a process component is always conndmédeen two points. A fluid
section is a parameter which defines the chemmalponents and the material properties
used in the composition calculations. The concéntra are solved at each point, react-
ions between fluid components can be defined awctosespecific physical property
correlations can be used. Properties, which areedoat thermohydraulic pointsre
pressures, temperatures, enthalpies, void fraciadssompositions.

Process equipment modules (branches) are equipmeshiles between two points. The
dead-times inside the flow network depend on tber flates, dimensions and operational
parameters of the equipment given by user.

Properties, which are solved in process componamsflows and equipment specific

data. Each simulation model has boundary nodesrenthe pressure, temperature and
compositions are fixed. For the rest of the netwdhle pressure-flow relationship is

calculated and updated as a function of time. Tdw @irection depends on the pressure
difference between the points. The solution teammigsed in the APMS allows also

flows in the reverse direction (negative flows)isTbharacteristic is very important in the

analysis transients including backflows.

The homogenous thermohydraulic flow model is usethis study and it is based on the
following assumptions: (1) all phases form a honmmys mixture and (2) flow

velocities, temperatures and directions for eacdsplare equal.

The dynamic behaviour of a thermohydraulic flowwmtk can be described with the
conservation equations for mass (Eq 1), momentum JEand energy (Eg 5). The
solution of the equations gives the pressures, ositipns, enthalpies and temperatures
at the points and flows in the branches. The swiutiechnique is based on the
discretisation of equations as a function of timed aspace (Eqs 2, 4 and 6).

Mathematically, the simulation model of a paper hae forms a sparse matrix, which is

121



solved numerically. APMS is an equation-orientechidation program in which the
whole simulation model is solved simultaneouslythaut the need to define tearing

streams. Conservation equations for mass before(Egnd after discretisation (Eq. 2)
can be written as:

0Ap 0Anu

+ = 11 (1)
ot 0z
V, (t-A1) +\/i 00 (o« k
Vilp - p G OF (pk-p)=- 2
plo A g Rt B R ) = - W @
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Conservation equations for momentum, before (E@n8)after discretisation (Eq. 4) are:
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Conservation equations of energy, before (Eq. B)adter discretisation (Eq. 6) are:
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The solution of the conservation equations aboveb#&sed on staggered grid
discretisation, which is used both in flow and eahconduction models. The principle of
discretisation is based on the following assumgstiof. State variables are in points, 2.
flows are calculated at the border of two pointaifiches) and 3. the upwind principle is
used in numerical solution. The number of stifffeliéntial and algebraic equations
depends on the scope of the simulator and the iegsaare solved simultaneously by

using the solvers of the simulation environmente Tiser defines the relevant process

122



variables and parameters like pressures, tempegatand concentrations and the

simulation platform solves the flows and composisidor the whole flow network.

6.2.2 Modelling and simulation of a paper machine a  nd paper web

Modelling of the paper machine process is based on the malamgent method, in
which one or more volume elements called web csestions are moving through the
paper machine, as the real paper web runs witbghed of the machine. The headbox is
a connector between the thermohydraulic flow nektwamd the paper machine. Each
element takes an initial amount of furnish depegdin the flowrate in the headbox and
each time an element passes a unit operation madglea press nip, mass and heat

transfer calculations are performed and the nete stiables are updated.

® Thermohydraulic point
Web point

. ~ Paper web

I 0 FORMER
(@} \ 4.

PRESS SECTION

":o: ‘,,
0

HEADBOX

®

Figure 29.The structure of the paper machine simulator (wedta& machine)
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The paper machine simulator consists of the follganodules: (1) paper webs, (2) web
cross sections and elements (3) web points, (4)ewdtand (5) dry end unit operation
modules. The functions of the modules are:

* Webis the basic module for the modelling and simulatd the paper web in a paper
machine. Several interconnected webs can be ussintdate the layered or non-
homogenous structure of the web.

« Web cross sectionare volume elements and data structures carryiegptper
property data. After the element passes a unitabjper, the mass and heat transfer to
the surrounding flow network is calculated and pheperties updated respectively.
The cross sections are volume elements, which eatideretised both in cross and z-
directions by dividing them into finite number déments.

* Webs pointsneasure the properties of a paper web at a spe@éction of the paper
machine. When the cross section passes a web [floiwtand composition data is
updated from the element to the point. Unit operstimodules are always connected

between two web points.

Wet end unit operationsre used in modelling the dewatering of the wethewire and
press sections. Dewatering can be calculated usiagfollowing models, which are
incorporated into simulator: (1) A modified Darcyguation model is used to calculate
pressure-flow solution through porous and compbéssiibre network, (2) A semi-
empirical Kelvin element type of model or (3) anpncal splitter coefficient model.

The wet end models are connected to the surrounidergrohydraulic networks.

Dry end unit operationsiclude simulation models for drying section, ghress, coating
stations, IR and airfoil dryers. The evaporationhaf water and the drying of the web can
be modelled using either: (1) the enthalpy diffeeemethod , which can be used for thin
paper webs or (2) Stephan’s equation developedtHer higher basis weight e.g.
paperboards. Further details of the drying modet®rporated in the APMS program
were presented by Niemenmetaal. (1996).
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The distance between the subsequent web crossiseatithe machine direction is equal
and the sections are moving through the machintetspeed of the machine. Each
element also carries compositional data of theisrrromponents such as water, air,
fibres and fillers. Each paper web consists of X x Z web elements, where X,Y and Z
are the number of discrete elements in machinessemachine and web thickness

directions. The approach can be used for modetiotg uniform and layered paper webs.

6.2.3  Modelling of wet pressing — Kelvin element mo  del

The dewatering of wet paper web is based on modgelhie water flow through a porous
and compressible fibre mat. The fundamental aspddtse filtration models have been
discussed in numerous articles, most of them daagrihe flow through rigid materials.
When the fluid flows through compressible media thfficulty is in the mechanical
loads, which also deforms the media. The theoreticalels are based on a two-phase
flow through porous media, while the empirical misdare based on the modelling the

viscoelastic behaviour of the fibre mats undersstre

The mathematical models for wet pressing were vestkeby El-Hosseiny (1991) and he
divided the models into two categories: (1) web aiedin which the dewatering
resistance of the paper web is the limiting factod (2) felt models, in which the
webl/felt interface or the permeability of the fislthe limiting factor in the dewatering. In

this study, the focus is on web models which ateeb&r thin paper webs.

The following mathematical models which fulfil re@ahe requirement were used in this

study and incorporated in the APMS -simulation paogf

* The Kelvin element model, which is a semi-empirichéological model. This model

was applied to paper web dewatering by Caulfetldl. (1986).
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* A Modified Darcy’s law model, which is a theoreticaodel based on the modelling
of the water flow in the fibre network. This modehs developed from the Darcy’s
law by Jonsson (1983).

e The most importantorrelations for compressibility and permeabiligshich are used
in the Darcy’s equation model

A rigorous analysis model of wet pressing was dagwed by Katajeet al. (1992). This
kind of detailed model can not yet be incorporaiteih a paper machine simulator,
because of the execution speed requirements andetause some numerical difficulties
were reported in their study. The detailed modelyéver, can be used to calculate data
and parameters for a semi-empirical model.

The wet paper web can be considered as a viscioatastlium consisting of water, fibres
and, to lesser extent, air. Viscous elements ctexise the degree with which the
medium components move with time, whereas the ieladéments characterise the
structural integrity of the medium. The dewateritigie constant and the apparent
compressibility modulus describe the viscous arabtel characteristics of the web,
respectively.

The Kelvin body model is an empirical, rheologioabdel, which consists of a simple
presentation of a viscoelastic medium. The visaements of the medium are described
by a dashpot with the viscosity The elastic elements are symbolised by a spriitiy w
effective spring constar@. With the application of stress, the stress ig §ettween the
dashpot and the spring, so that the strain of ldmaents is equal.

The dewatering response of a paper web can wasopedkby Caulfieldet al. (1986)
and can be described as:

AMC _ P =
=—|1l-e’
MC, C'

where

(7)
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MC is the moisture content of the web

(MC/MGCy) is the fractional change in the moisture content
P is average press pressure

t is the nip residence time

C’ is web apparent compressible modulus

ris web dewatering constant.

The time constant and compressive modulus, whiehttse empirical parameters of the
Kelvin body model, can determined by off-line presp, whose line pressure and
residence time can be adjusted. Fractional moistu@age of the paper web can then be
evaluated from the measured dewatering responsasfasction of nip residence time

and pressure. Rewetting can not be considereckiketvin element model.

6.2.4  Modelling of wet pressing — permeability and compressibility

correlations

Theory of the laminar flow through a homogenousopser medium is based on an
experiment originally performed by Darcy in 1856arBy’s law describes how the
volume rate of flowQ through the bed of cross sectional afeeés dependant on the

frictional pressure drodP.

_ K, AAP

Q
HAL ®)

where
Kp is the specific permeability of the porous medium
s the fluid viscosity

AL is the thickness of the medium.

Darcy’s law is accurate only for rigid materialshel theory has been extended to

compressible materials by Jénsson (1983) by addmegquation which describes how
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porosity and the fluid flow are influenced by meaical or hydraulic pressure. The
material properties influencing the dewatering @mpressibility and permeability, both

of which are taken into account in this extendedieho

Permeability of fibre beds

Permeability is a measure of the ease with whiehfthid may traverse the medium
under the applied pressure. Permeability dependbeamorosity of medium, shape and
orientation of the particles, the surface exposdtlid and the pore size distribution. The
permeability correlations which have been usedfifoe beds are summarized in Table
15.

Table 14. Permeability correlations for fibre beds

Permeability correlation Expression

Kozeny- Carman correlation is developed (1_ CVS)3 £
for a medium in which the shape and the| K=—— 7T i a2
diameters of pores are non-uniform, but the K (cy)” KS(L-¢)

average surface area is constant

Carrol's correlation for the Kozeny K =5.0+d" 00 2ew)
coefficient k is valid when porosity of the
cellulose bed < 0.96

Davis’ model is valid for porosity< 0.60 | ~_ 1 g ?
S, a*(1+b* &)
k=29~ g -3-2*In ¢
Happel’s model for parallel cylinders - 282 % @

Happel's model for perpendicular c:ylindersk _ _(np+Q- &) (1+ @)
) 25, ¢

Compressibility is a measure of the volume chanfeaosystem subjected to a
compressive stress. The compressibjfitis defined as the rate of variation of volume

with pressurd®, at a constant temperature:

N
=) ®

1
Vv
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The compressible materials, such as fibre bedseptea problem when attempting to
relate the fluid flow and applied pressure. Thebjgm is due to the variation in the bed
porosity through the bed during filtration. For aev variety of materials, it has been
found that the correlation of the physical compi®bty to applied pressure, during the
first compression of the material, follows the éoling relationship found by Grace
(1953):

B = NP (10)

whereN andb are material-specific parameters. Jonsson andgsdind992b) found out
that the value oN varies widely for different materials, wherdasl for most materials
examined. Numerous efforts have been made to aterthe solids content in a fibre bed
under compressive pressure. Empirical relationskaipplicable to different pressure
regions have been derived. The compressibilityatations, which have been used in the

fibre beds, are presented in Table 16.

Table 15 Compressibility correlations for fibre bed

Compressibility Expression
correlation
Qviller's model C=M*pN
Gurnham’s model c=m-n*In(
Jonsson’s model 1 M. * PM
C=¢ + C !

=G * N
(Vi +V, +v'v*(§)_a) Koo Mm PRl

M, = 1p-
v
Han’s model M, =160*(168 10 ™
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6.2.5 Modelling of wet pressing - modified Darcy’s law for compressible
media

Darcy’s law, which is commonly used to describe gigsics of flow through rigid,
porous media, fails to predict the relationshipassn fluid flow and compressible stress.
This model has been further developed for comgéssnedia e.g. for wet paper webs
by Jonsson and Jonsson (1992a,b). The extendedl| nwodmsed on the following

assumptions:

* The volume flow is primarily controlled by the vaidtio in the compact layer, where
the water leaves the fibre medium

» Permeability and compressibility correlations avenbined in the model

The numerical calculations can be simplified byimafy the void ratioX as a ratio
between the void volumé&/() and volume of solid material and absorbed watgj:(

X =N (11)
Y,

sa

The permeability function in Darcy’s law can beidetl in the new coordinate system:

K(X)=1_KF—DX (vi] (12)

Static conditions

As a result of the simplifications and combination§ the compressibility and
permeability correlations, the Eq. 13 is deriveddtatic flowJsssthrough the porous fibre
bed:

Vg, P
‘]SSf WK(X)’:O) Ph (1+(7N 2Ph j 136

S max
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Dynamic conditions

In the dynamic model, the porous medium is divided a finite number of layers in the
z-direction. Jonsson (1983) made the following ag#ions in the model: volume of
solids and adsorbed water is regarded as inconmipieessd there is no mixing between

the layers.

The relation of the void ratio changX/dt i.e. compression of a media, can be expressed

as a function of the permeability of the media tdrepressure on the media as follows:

dXx 1 d dP
/= - — | K(X)—/—™ 1
dt LW S dy{ ( )dy} 4

where
K(X) is the permeability of the web
Pn is the mechanical pressure in the bed
S is the surface exposed to the fluid per unit nods®lids
W is the basis weight of the web
L is the viscosity of the fluid, and y is the depttaginary coordinate.
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6.3 KnowPap ® — a generic learning environment for

papermaking and paper machine automation

6.3.1 Development of the KnowPap system

The results of using the full-scope dynamic simaran training indicated that some
exercises were too difficult, because the modeltwasomplicated. The need for on-line
knowledge support material related to process oipess equipments, process control
and automation concepts was noticed (Laukkanen)2@1the basis of these results, a
web-based multimedia learning environment, calledwPap, was developed in a co-
operation with major forest cluster companies askarch partners listed in Figure 30.
The key firms in the development are in the innecle, while companies providing
expertise and/or materials to the project are diste outer circle. The project was
managed by Technical Research Centre of Finlandl'Mand Helsinki University of
Technology was another research partner in theegrofLaukkanenet al, 1999;
Hamaélaineret al. 1999, Hamalainewrt. al. 2001). KnowPap is a registred trademark of
Technical Research Center of Finland (VTT).
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Figure 30.The major Finnish forest cluster companies patitig to development of the
KnowPap system (KnowPap® 7.0)

6.3.2  Scope and structure of the KnowPap system

KnowPap system is an example of a modern, web Haseging and knowledge support
system, which can be accessed though the Intrgnesibg a standard web browser. The
goal was to develop a web-based system with tlestl&nowledge of papermaking and
paper machine automation collected as multimediaenmah and combined with
simulation models. The target users for KnowPapewgaper machine operators and
production teams. The scope of the system coverfdi@wving areas: raw materials,
paper technology, paper and board products withr fireperties, process control and
automation, environmental protection, economy aradetg, process control and
automation, operation and maintenance and simulatiodels. The main user interface
of KnowPap is illustrated in the Figure 31.
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Figure 31. The main user interface of the KnowRegpesn (KnowPap® 7.0,
2005 © Technical Research Ceoti@nland (VTT))

To manage the knowledge included in KnowPap, theect is divided hierarchically

into four levels: main user interface, subjectpliig and multimedia levels. The target

was to provide fast access to the material foudes e.g. in sequence main user interface

= subject level display level= multimedia material. In practice, however, thejeab

level consists of sublevels, causing browsing tontme complicated. The KnowPap

system is a separate part including the commonintefaces, style and font definitions,

icons and functions used throughout the system.sTitueture of the KnowPap learning

environment is presented in the Figure 32.
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Figure 32 The structure of the KnowPap learning environment

The multimedia material includes photographs, diaty, illustrations, digital videos,
animations and text. The simulation models were eligped by using JAVA
programming language and were combined with thep@uipe multimedia material
(Laukkaneret al. 1999; Honkio 1999).

The different user levels with their different neeglere taken into account in the design
of KnowPap. Forexpert usersfast access to information needed and the fleitdlre
key factors. A net-type crosslinking of the sulbgeptovides the possibility of switching
directly from a subject, e.g. stock preparationa t@lated display in automation or other
subject area as illustrated in the Figure B8 basic usersthe predefined functionality
and limited complexity are important. For them, thener can construct learning paths
by choosing just the displays which are needed,lakthg them into a specific order.
The paths can be implemented on different detedl$ee.g. for non-technical employees,

for operators or for experienced professional dpesa
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Figure 33. The KnowPap system tools for novice exykert users

6.3.3  KnowPap training simulation models

The results of using the full-scope dynamic simarla initial training indicated that, for
some users, it was too complex (Laukkanen 2001jhéndevelopment of KnowPap’s
simulation models, this drawback was taken intooant by limiting the scope of the
simulators on an unit operation level and by dasguser-friendly interfaces based on

sliders and graphs.

136



The goal for the models was to train how paperityuehn be controlled and how to run
unit processes. The emphasis in modelling was tdeinthie paper quality properties by
using statistical models. The algorithm is basegbiene-wise linear models. The benefit
of these models is general applicability, numerstability and easy customisation for
new processes. The use of the models is, howeawdted to processes which do not
include strong correlations between the input Vaes

The goal for the simulator is to train problem sofv The starting point is an operational
situation in which some of the critical quality pesties of the paper are not at the

required level. The task for the user is to continel process so that the quality variables
reach the desired level.

The user interface for the simulator is presente#figure 34 and consists of two parts:
(1) Control panel for operating the control variableghich in this case can be changed

by moving the sliders of the panel and @paphs for paper quality properties
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Figure 34 User interface of the supercalender simulator (KPap® 7.0,
2005 © Technical Research Ceati@nland (VTT))

6.4 KnowFine — tailored knowledge and performance s  upport

system for fine paper production

6.4.1 Development of the tailored knowledge support systems

KnowPap as a generic knowledge support system goaa tool for learning basic
information related paper mill operations, maintereaand automation. A problem from
industrial usage point of view is that the matergaltoo generic because some of the

materials are based on technical marketing docwsnevitich has been provided by
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equipment suppliers. Another problem with the genlanowledge is that people working
in a specific paper production unit do not find tledevant information, because the
knowledge support material does not necessarilgrcepecific production processes or
equipments related to their production unit. Theic® users do not necessarily even
know what knowledge is relevant to them, when tlaeg working in a specific

production unit. The materials in KnowPap are bribatlat very basic level.

Based on these results a customized knowledge enfiormance support system, called
KnowFine was developed. The principal structuréhefsystem was similar to KnowPap,
but all content and materials were customized &pecific fine paper production line,
having specific customers, products, raw-materigispduction processes and
technologies. In the development, the structucktha scope of the system was based on

the strategic competence analysis.

The system was first developed in a paper prodaatiot rebuild project in Finland and
the results of using the system in the projectdmscribed in Section 7.4. The developed
system was then customized and further develope fimvestment project in China,
where all contents and also the language was kachliThe localization of the system
was very important, because the users workingeastiop floor could not use the tools in

English. The main user interface for the systeitustrated in Figure 35.
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Figure 35. KnowFine as a customized knowledge aadopmance support system
developed for a Chinese paper production unit (kankn 2005)

6.5 Modelling and simulation of operational best pr actices

6.5.1 Operational training simulators - case superc  alendering

The results of using rigorous, full-scope enginggrsimulator in initial training has
indicated that, for some users, it has been tooptemethod. These challenges were
taken in the development of operational trainingwators by limiting the scope of the
simulators to unit operations, shifting from degdilprocess models into models based on
basic balances and by designing the user- intesfam@e into emulated process control
system interfaces.

The goals for the operational simulators were #@ntrproduct quality management,

product cost management and how to operate theprogesses in the whole production

line. The emphasis in the simulation was to moldelgaper quality properties by using
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statistical multivariable models and the algoritfarbased on piece-wise linear models.
The benefit of these models is general applicgbiliiumerical stability and easy
customisation for new processes. The use of theelmag, however, limited to processes
which do not have strong correlations between ripeti variables, which has to be taken
into account in the modelling. The calendering nhodas developed for a modern
supercalender. The basis for the model was measuatedata collected from the trial
runs of a real supercalender. The data was fuvidletated with the process experts. The
user interface is presented in the Figure 36 aacctimtrol of quality variables in Figure
37.
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Figure 36. The user interface of a supercalendeiimulator (Laukkanen 2005)
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Statistical Quality model
The quality property vectof is calculated as a product of process controbbsées A

and scaled coefficient matr@ (Eq. 15). The coefficients were identified frone tteal
measurement data. In the supercalendering uniepsogimulator, there are 5 control
variableg(A; ... A) for controlling the 9 quality properti€X; ... X) (Honkio 1999)

Cal,.\‘l CYuz,.\‘l C:J3,.Y1 CY:J4._.\‘1 CYUS._.\I
Cc.rl._.YZ C{a2,.\‘2 C:J3,.Y2 C:M,.r? C:JD_‘AE
C{JI,AE Cc.r" x3 Ca3,1 3 Cc.r4 x3 Caf} 13 A]
Cc.rl._.r4 CTu2 x4 C::3,.r4 CTu4 x4 CT:J*,JM AZ [
C C C C C > A _ XI XE X3 X4 (15)
al, x5 a2,x5 alx5 a4,x3 a3,x5 3|
Cive Cinve Cove Cuwe C 4| K XXX X
al.x6 al,x6 a3.x6 ad.x6 a5.x6 4
Cc.rl.,.r? CTuz,.r? C::B,.r? CTu4,.rT' CTuS,A"‘ _AS_
CﬂI,AB CGE,AB Ca3,18 Cc.r4,18 Caf},.‘fﬁ
_Cal__.rlJ CYuz,.rlJ CTu.?,.r‘J C:;:t,.r‘-) C::S,Aﬂ}_
where C coefficient matrix
A control variables,
X guality properties
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Figure 37. The control variables and paper progeiti the supercalender simulator
(Honkio 1999)

The operational simulator was implemented as a JAgplet and it can be operated on
an Internet browser. The model was validated agaes measurement data and also
with the process experts as illustrated in Fig@&sand 39. The result of validation is that

the hybrid model is sufficiently accurate for tiaig purposes.
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Figure 38.The effect of the calender load on paper glassas=measured,
sim.=simulated) (Honkio, 1999)
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Figure 39.The effect of the calender load on paper rough(raesas=measured,
sim.=simulated) (Honkio, 1999)

6.5.2  Operational best practice toolkits

Operational best practice toolkits can be develofmd critical job tasks or work
processes. The development of these toolkits carcdmeed out systematically by
following the principles of structural team basedjob-training (OJT) process.
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The development starts with systematic competenadysis, identification of best

practices via benchmarking, job task modellingjgubteam formation, project planning
and implementation of the best practice recordiegsi®n. The modelling of the work
process is critical part of the toolkit developmeiihere are different roles and
responsibilities needed in the modelling rangirgy #om subject matter experts, project
coordinators, video recording team and approvahtea

After work process and best practice is modellexirtbxt step is to carry out the work
process in realistic setting highlighting the besictice way of doing it. This session is
recorded with a digital video camera and the edr@zbrding is then a basis for best
practice toolkit.

The operational best practice toolkits can be dieethe documentation of the infrequent
tasks, sharing best practices related to complenteal procedures or sharing of best
practices related to safety critical tasks. Theceph can be used for the documentation of
the best practices created by different teamstioreaf documentation material e.g. for
old equipment, where there is no up-to-date doctatien available or for sharing the
tacit knowledge related to certain job tasks. Amregle of operational best practice
toolkit developed for knowledge transfer in papeaciine maintenance is presented in
Figure 40. The toolkit is a multimedia documentatiof the best practice procedure
providing visual information, which is very impontaespecially in the emerging market

countries like China where the language can beréeb#&or knowledge sharing.
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Figure 40 An example of the best practice toolkit for PM ntairance (Laukkanen 2005)

6.6 Summary

The tools and technologies reviewed in this chaptere developed for knowledge
transfer, competence development and performanpposuin complex papermaking
production environments. The applicability of theddferent tools for conceptual
knowledge-, work process knowledge- and operatiskidls development is proposed in
Figure 41.

Knowledge support systems are basic level tooledifor development and sharing of
critical knowledge related to processes and equipme&his knowledge should be
customized for different production processes. Bimbasic level tool for skills

development in operational best practice toolkihioh can be used for transferring

knowledge related to operational best practices.

146



_ _ Tailored operational
Best practice toolkits training simulators

WORK PROCESS
KNOWLDGE AND SKILLS

KNOWPAP TRAINING
SIMULATION MODELS

KnowFine - tailored Knowledge toolkits
(web lectures)

HRTUH A4

15y 004 e L

CONCEPTUAL
KNOWLEDGE
KNOWPAP MULTIMEDIA
LEARNING ENVIRONMENT

v

v

GENERIC — COMMON ADVANCED
INFORMATION KNOWLEDGE KNOWLEDGE

Figure 41 Basic and advanced level tools for competence dpuant and knowledge
transfer
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7 Assessment of the constructed concept

and tools

In this chapter the four industrial case studies analyzed both longitudinally and
latitudinally. The analysis describes the concepéedu for knowledge transfer and
competence development, with the focus on the pelg used and developed in the case
projects. Each description initially presents tloalg of the project and the process of
knowledge transfer and competence developmentdin&ethe project. The first study
evaluates the use of the dynamic process simulatpaper machine investment project
in Finland. In the second study, the use of thewdap learning environment in a paper
company is evaluated. In the third study the uséhefconcept for a major, fine paper
machine rebuild in Finland is evaluated and, fiaih the fourth study the use of the

concept in a paper production unit start-up in @hsreviewed.

7.1 Research methods, data collection and concept

implementation

7.1.1  Constructive research approach

A major goal of the research has been to constraeiw, integrated concept and tools for
knowledge transfer and competence development.rdogpto Kasaneet al (1993), the
constructive research approach means problem gottmough the construction of e.g.
models, diagrams, plans or organizations. Consteigesearch has been used in the
technical sciences, industrial management, mathesnahd operational analysis, and it
can be seen as a type of applied research. Isessalitable for studying the interaction
between personnel and industrial production pr@&sessm which the understanding

gradually increases while exploring and developgigted issues (Kasanehal. 1993).
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Kasanenet al. (1993) emphasize that the practical usability bé tmanagerial
construction should be demonstrated and validdtexligh "market tests". A successful,
strong market test indicates that the construdtas provided financial benefits, while a
weak market test is passed if the constructiom@ijuestion is being applied by someone
in practice. In this study, the new concept is tacted and evaluated in different case

studies in Finland and China.

The novel construction should have both a connedbagpractical applications and links
to the theoretical framework of Kasanenal. (1993). The new concept was developed
by utilizing state-of-the art academic research goctical, industrial project
experiences. The link to the theoretical framewak been introduced in the previous

chapters, while the usefulness is validated irctse study projects.

7.1.2  Multiple case study research approach

Case study research has been widely used in mapeiitative research in studying
complex organizational changes or development gease and case studies already have
a well established role in scientific study (e.gsedBhardt 1989; Yin 1993). Case studies
are primarily used for exploratory investigatiohstt attempt to understand and explore
new topics, provide descriptions, evaluate outcoares generate a new theory. A case
study is suited for studying complex processes,revhe is difficult to separate the
variables in the phenomenon from the context. Gaisdies are dependent on the real
context and naturalistic settings, which cannotcbetrolled in the same way as in

experimental research designs (Eisenhardt 19891993).

A case study typically combines several data claanethods and numerous levels of
analysis, and it can include single or multiplessaim the study. Case studies are complex
because they generally involve multiple sourceslath and produce large amounts of
data for analysis. The evidence can be qualitatigmntitative, or both. (Eisenhardt,
1989, Yin 1993, Stake, 1995).
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Researchers from many disciplines, e.g. industne@hagement and operational analysis,
use the case study method to produce a new thteochallenge a theory, and to explore
or to describe a phenomenon.

The advantages of the case study method are itea@ppty to real-life, contemporary,
human situations and its public accessibility tlglowvritten reports. Case study results
relate directly to the ordinary reader's everydgyeeience and facilitate an understanding
of complex real-life situations (Eisenhardt 198%,Y1993; Stake 1995).

This study includes four case studies where the oc@ucept and tools are developed,
explored and evaluated in the production manageieatpaper machine line context.
The multiple cases in this study are selected dwige maximum insight into the created
constructs in question, to ascertain the validitghe construct, and to make cross-case

comparison.

7.1.3 Advantages and drawbacks of case studies

According to Eisenhardt (1989), there are severgbmadvantages for theory building
based on case studies. The use of case studigeelg o mean that the resulting
theoretical contributions are innovative. The tlyeigralso likely to be empirically valid,
because the constructs and hypothesis have beied/euring the theory development
process. Case studies are frequently used in lmssprecesses for these reasons.

One possible risk proposed by Eisenhardt (1983hesformulation of too complex a
theory that lacks an overall perspective. This cacur if the volume of the empirical
data is very large, while the information contemtvery dense. There can also be the
opposite situation, in which the generality of theory is too low owing to the narrow
range of the data available.
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In this study the first risk is avoided by usinghstructive methodology, which ensures
the general applicability of the constructs. Theeiwal material in this study is derived
from one firm operating in a specific field of bogss, which limits the usability of the

results in different industrial contexts.

7.1.4 Methods of data collection and analysis

The most common methods of data collection in ctsgies are observation, interviews,
questionnaires and the use of documents and re{@atson 2002). All these methods
have been used in this research. In the preseiy #te major part of the data analysis is

performed using qualitative data.

In the analysis of qualitative data, the credipiltransferability and conformability of the
data must be considered. Credibility can be comtwhen the enquiry is carried out by
ensuring that the subjects of the enquiry are atelyr identified and described (Robson
2002). Transferability corresponds to the abilbygeneralize conventional quantitative
research (Robson 2002). In this research, crewjilaihd transferability are confirmed by
providing and linking the theoretical framework thve basis of a literature survey and by
carrying out conceptual analysis with the operaiononcept. The topics for the
empirical case studies are derived from this fraor&wand the general applicability of
the results is analyzed and discussed. Conformahaind validity are ensured by

providing comprehensive descriptions of the casesgmted.
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7.1.5 The research process — concept implementation in the case studies

The research process used in this study is basetdeoconstructive research approach.
The research concept is constructed in the cadeestand developed further on the basis
of the results and experiences gained in the studiee goal of the case studies is the
development and implementation of the concept m itidustrial case projects. The

elements and tools used in the case studies ast&rdted in Table 17.

Table 16 Concept development and elements usée idifferent case studies

Dynamic Knowledge | Operational | Best practic§ Competencs
Simulation Support training toolkits evaluation
System simulators tools
Case 1 X X
Case 2 X X
Case 3 X X X
Case 4 X X X X
7.2 Case 1: Development and use of the full-scope,  operator
training simulator in the paper machine investment project

in Finland

7.2.1  Project description

The starting point for the research study was a paper machine in the design phase.
The environmental regulations for the mill werewstrict. The environmental impact of

the new machine, as well as its fresh water ussigeuld be minimal. To meet these

requirements, a new water usage concept was desigrmduding ultrafiltration as a new
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unit process. As there were no industrial-scaleeagpces of the operability and
controllability of the process, this was a very ortant reason for the simulator

development.

There were three goals for the simulator developmerthis study: 1) to verify the
controllability of the new process, both in nornogleration and in transient disturbance
situations, 2) to train the operators responsibtednning the new paper machine, which
is the focus of this case study, and 3) to analyseperation of the new process in both
normal and transient situations. The simulator d@geloped on the basis of a hybrid,
discrete/continuous modelling method, and was pa@ted into the APMS simulation
programme. Optimally, the development of the sitauldollows the life cycle of the

plant, based on the model developed during engingeand design (Laukkanen 2001).

7.2.2  Critical role of environmental protection tec  hnology

The current trend in paper machine design is zésohdrge processes with minimal
environmental impact. The environmental goal ofimising paper mill effluents, leads
to the minimal use of fresh water in the proces® fleuse and circulation of white water
can cause chemical problems in the wet end pro€®ssipitation and paper chemistry
problems can also cause runnability problems. Fma consistency disturbances can
propagate through the integrated flow network aratgss stability can be difficult to

achieve.

As an example, one Finnish paper mill, which is ¢hee process of the study, installed
CR filtration units for treating white water. Theermeate filtrate is used in showers,
sealing and makeup to replace fresh water. Thessxpeoduction from the filter is

returned to the filtrate tank. The system is fudlytomated and is run 24 h/d from a
control room. Elias and Van Cleef (1998) analydes ggerformance of the new process
and found that the installed ultrafiltration unstsowed good performance in white water

purification. The principal flow diagram of thisqaess is presented in Figure 42.
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Figure 42. Water system of a closed-cycle paper ftilias and Van Cleef 1998)

Careful analysis of the process requirements isewe closing the white water system.

The operability of the membrane units at a spetiMater usage level can be analysed, or

the effects of process disturbances on the operafithe filters can be used as examples

of complex and dynamic operational situations.

7.2.3

Development of the concept and tools

A modelling project started during the design & trew paper machine. The parameters

used in the mechanistic models were based on theegs design documents, such as

flow, Pl and layout diagrams and equipment pararsefEhe most important control
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loops of the base paper production process andp#re mill automation were included
in the simulation model. Operability specificatiomsre used to combine the process and
control structures in a dynamic simulator. The APM&ulation environment was used
to model the base paper production process. Validatechanistic simulation models,
which are based on the dimensions and operatiarahpeters of the equipment, do not

necessarily require measurement data.

The simulator includes the following sections of firocess:

* Mechanical pulp mill (as a water consumer)

* Chemical pulp disintegrators (as a water consumer)
» Stock preparation section

* White water system

» Broke handling system

* Pulper system

* Fresh water preparation and warm water systems
» Short circulation

» Paper machine including shower water system

« Former and press sections

« Dryer section

¢ 57 control circuits of the mill

The modelling project was carried out in co-operatvith a Finnish paper mill. The time
spent on developing the model was 6 man-monthsnesdcarried out during 3 calendar
months. The calculation speed of the simulationehal1.5 - 3 times faster than the real
time in an HP 9000 series UNIX workstation. Theeaxtof the model in terms of flow

network components and process equipment is pexs@nirable 18.
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Table 17. The scope of the dynamic simulation madedrms of process equipment

Process component Number of componer
in the simulation mode

Thermohydraulic point 245

Tank or silo 41

Pump 37

Pipe 133

Control valve 93

Pl-controller 57

Analogue signal 918

Binary signal 214

7.2.4  Results of the modelling project

The controllability of the paper machine process werified as a part of the modelling.
An important subsidiary result of the modelling what two incorrectly designed control
circuits were identified. The redesign and finehtignof these loops could be carried out
before the start-up of the mill. It was estimatedttthe redesign in this phase saved 2 — 6
hours in start-up and troubleshooting time. A dyitasimulator, based on the hybrid
models, proved to be a good tool for verificatidrttee operation of the process during

both normal and transient situations.

The mechanistic building blocks for the models usedthe APMS simulator for
modelling flow, heat and mass transfer processevalidated in several transient tests.
The paper machine library models of the simulatorehalso been validated against real
measurement data in a paper mill simulator prdjeappalainen 2004). The validation
tests have been carried out both for paper madungonents and for the flow network
models.

The validation of the model developed in this studg based on the following test runs:
1. Normal operation of the plant
2. The effect of web break on water usage

3. The effect of a grade change
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The results from these tests were analysed by theeps experts and experienced

operators. The simulation experiments for the almas® show good performance for the

applications in which the simulator is used.

7.2.5 Life cycle of the concept and tools

The life cycle of the simulator started in 1996 whke design of the new paper machine

was almost complete. The model was developed ioi&ims and the total time needed in

simulator development and training simulator areangnts was 6 man-months.

The simulator was used during the project:

1.

To analyse the controllability of the new paper hiae in different situations.
Possible problems in a new design typically ocouspecial situations, so in normal
operation it is often impossible to discover theolpems. A detailed dynamic
simulator, including both process and control dtites of the machine, is often the
only tool able to verify the controllability.

To train the operators of the new millhe operator actions are of major importance,
having a direct effect on the environmental impafcthe paper machine. Incorrect
actions can cause an extra environmental loadae.gpillage. Simulator training was
an important part of the training programme for pleesonnel responsible for running
the machine.

To improve the transfer of know-how between opesatbhe backgrounds of the
operators were very different; some were skilledfgssionals, while others were
inexperienced. The simulator training was carriedl @ production team training,
which was an efficient way to transfer know-how.

To broaden the operability scope of the mill persginso that the operators working
in the dry end of the paper machine would also tstded the operations undertaken
in other parts of the mill, e.g. in the stock prepi@n section.

To analyse the process dynamics, with the focushenwater usage of the paper
machine during operational transients.
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7.2.6  Use of the simulator in the training and know  ledge transfer

Operator training with a full-scope simulator was iaportant part of the training
programme and the secoagdplication for the hybrid simulator developed histstudy.
The reasons why simulator training was needed vegrerted by Laukkaneet al. (1997)

as:

1. The differences in the professional backgroundsf the operators
Some operators were experienced professionals, thete were also some
inexperienced “freshmen”. To transfer know-how a@adequalise the differences in
working skills, the simulator training was carriedt on a team basis, meaning that the
more experienced operators could instruct theis legperienced colleagues. A

photograph of a typical training session is presgntin Appendix 1.

2. The strict environmental limits of the mill
The environmental impact of the machine should bRinvthe strict limits set for the
operation of the mill. To achieve this goal, thél sthould be operated flawlessly in all
situations in order to avoid leaks, spillage antleotextra environmental loads.
Another goal was to instruct the operators about toominimise fresh water usage by

operating the closed-cycle process in an optimainmaa

3. To deepen and broaden the conceptual understamdj of the operators
The simulator was used in training to create a alanbdel of how a modern paper
mill process operates, how the process equipmehthancontrol system interact, and
what are the interactions in the different partshef mill. Regardless of the position or
the responsibilities of an operator, it is impottém understand and have a holistic

view of these interactions.
4. To improve operator skills and increase confidere

Prior to operating a real paper machine, simul&ataining provides flexibility for

operating the process in different situations, udelg normal operation, grade
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changes, web breaks and process disturbancesepsrprg the operators to handle all

these conditions in a simulator, both their slaltel their confidence can be increased.

5. To train operators for the first start-up
Simulator exercises included operability studiesiag at the first start-up of the paper

machine.

The key operators responsible for running the papechine were chosen for simulator
training. The major goals of training were to te#loh process operations of the new mill,
to teach the dynamic behaviour of the new proegsecially water usage aspects, and to
broaden the operability scope of the personnel. flilescope training simulator was
implemented on the basis of the dynamic simulaswetbped during the design stage.

The following adjustment steps were needed fontbdel:

» Justification of the model fidelity for real-timgeration
* Planning of realistic training situations (bothtmstor led and self-study)
» Design of instructor and trainee user-interfaces

+ Definition of the data communication between thmwdator and the DCS

The goal for the simulator training and the envinemt was to make both the
functionality and operability of the system as istal as possible. (Laukkanest al,

1997a). The simulator should give a realistic “rend feeling” of paper machine
operation. Because some operators were skilled egsafnals, the fidelity
requirements of the simulator were high, as was¢heirement for realistic training
situations. The motivation for training will sufférthe model’s behaviour differs from
the dynamic behaviour of the real process. Thegair@ments were met by using
detailed, hybrid simulation models in the simulatand by using a real distributed

control system (DCS) as a user interface to opénatsimulator.

7.2.7 The scope and structure of the training simul  ator environment

The training environment consists of three parthjctv are illustrated in Figure 43:
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1. dynamic simulation of a paper machine proces&<s2ructor station, and 3. training
stations. The UNIX workstation (HP 9000 series) wsead for running both the simulator
and the instructor stations. A distributed proossstrol system (Valmet Damatic XD),

including two process stations and four displaysswised as a training station.

INSTRUCTOR STATION

OPERATOR STATION Paper Mill Simulator
(Valmet Damatic XD)

(UNIX Workstation)

_I_ ETHERNET I

[ o | CONTROL ACTIONS AND ’

OPERATIONS TRANSFERRED
TO THE SIMULATOR

< SIMULATED MEASUREMENT DATA

Figure 43. The structure of the full scope training simulaarironment

The simulated measurement data were transferredtfie simulator to the DCS through

an Ethernet network. Simultaneously, the contrtibas of the operator were transferred
from the DCS to the simulator, as illustrated igu¥e 43. The instructor station was used
to create realistic training situations, such asfunations (e.g. web breaks) or process
disturbances (e.g. consistency fluctuation). Therafors’ actions and the most important

measurements were followed from the trend curvélannstructor station.

The operator user interface consists of 15 operaktibCS displays to control the paper
machine process. In addition to learning the precdgmamics, the operators also become
familiar with the new DCS system before the fitsirsup. Both the functionality and the
picture hierarchy were learnt. The operators asont how to operate the process using
the displays of the DCS. After training, the sam@3system was installed the paper

machine.
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7.2.8  Training situations

The training situations can be classified under fmiegories: (1) normal operation of the
plant, (2) operation of the plant during a gradande, (3) operation of the plant during a
malfunction or a disturbance, and (4) studies endynamic behaviour of the plant. The
training sessions consist of realistic problem-sg\exercises, so that the operators have
to provide answers to the problems by using theulsitor. Some typical scenarios are

presented in Table 19.

Table 18. Examples of problem-based scenarios for the simutedining

Simulation exercise 1 How much excess white water is circulated fromfire section to
(normal operation, easy)| the short and long circulations (kg water/kg st@ck)

Simulation exercise 2 How long does it take to change a grade from bhasight G1 to
(grade change, moderatg¢pasis weight G1? (should this be G2? (G1=Grade2Geade 2)

Simulation exercise 3 | What kind of effects do you see in the process wherfresh water
(disturbance situation, | intake is decreased by 30% from the normal level® hou can
advanced) you compensate for the situation using the ultrafion units?

7.2.9 Results — competence development and knowledg e transfer

The results of the simulator training were testedhie final examination, one part of
which included questions from the simulator tragnsessions. These questions tested
how well the operators have learnt from the hamisessions. The average result from a
guestion testing how the paper machine uses fresérwn different situations was 72%
correct. The average results of the other questionserning the operation of the stock
and white water system were 70 — 80% correct. # fwand that, as a result of simulator
training, even relatively minor details could beaked, which indicates good motivation

and efficient learning.
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Systematic feedback from training was collectechaseasure of training satisfaction.
There were two kinds of feedback from the simul&taining. Some operators considered
that the training problems were too difficult andres not very motivated. To understand,
e.g. the interactions of the stock and white watgstems, the operator should have
experience in mill operation and a good mental rhaddehe paper machine process.
Some operators complained that the paper qualibypegrties should be the goal in
simulator training, rather than process operatidds. the other hand, most of the
operators were satisfied, and some of the expexteaperators were even very interested
in the simulator training. They were also capalileralerstanding and handling even the
most challenging scenarios. The experienced opsratere also capable of, and

interested in, planning some new training situaion

7.2.10 Results - business results

The overall experiences from simulator training@vgood. Simulator training turned out
to be an efficient way of teaching the dynamic ata of the basic paper production
process, and to teach how the process should ratededuring normal and transient
situations. The training greatly facilitated thé@ént start-up of the plant.
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7.3 Case 2: Use of the KnowPap learning environment  ina

global paper company during 2001-2006

7.3.1 Project description

The starting point for the development of the KnawRearning environment was the
results obtained in case 1. The scientific dynasimuulator proved to be too difficult for

some users, and the full scope simulator systemalgasvery complex and extensive. At
the same time the development of www technology gunagbhical user interfaces made

the web- and server-based simulation tools possible

The KnowPap learning environment was developed dsaming environment and
knowledge support system for paper technology apepmill automation. The goal in
the project was to develop a system, which couldisedl both for self-studies and as a
training tool. The scope of the system was defitoefiilfil the multi-skilled competence
requirements needed in the paper mills. On therdtaed, the system was also designed
to be used in the universities as a tool for ligkthe theory to the practice. The major
target users were companies whose goal was tethanch professional training of
personnel. The current users of the system aesllist Table 20.
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Table 19 Different companies and universities usingwPap system 2006 (Prowledge
2006)

COMPANIES AND TRAINING POLYTECHNIC UNIVERSITIES
ORGANIZATIONS

AEL South-Carelia Polytechnic
Ahlstrom EVTEK Polytechnic
Andritz Hame Polytechnic
Honeywell Jyvaskyla Polytechnic
Jaakko Poyry Group Kymenlaakso Polytechnic
M-real Savonia Polytechnic

Metso Tampere Polytechnic
Myllykoski UNIVERSITIES

Educational ministry of Finland| Lappeenranta Urnsitgrof Technology

Sulzer Pumps University of Oulu
UPM-Kymmene Group Tampere University of Technology
VTT Helsinki University of Technology

The first version of the KnowPap system was takem uise in a global paper company in
1998. The system was installed first in the locatdnet, because there was no global
Intranet network available at the time. In manytleé units where the system was
demonstrated, there were not even local Intrangtorks available. At the same time,

the Intranet systems were developed for the compadythe system was taken into use,
site-by-site.

The system was launched for global use in 2000, aandry important part of getting
KnowPap system into use was the extensive commtuonicand training campaigns in
the individual units. There were special trainingl antroduction sessions arranged for
local employees in the different units, who codidrt train the local employees in how to

use the system.
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7.3.2 Results - use of the KnowPap system in a glob  al paper corporation
during 2001-2006

The use of the KnowPap knowledge support systeanglobal paper company has been
analysed during the period 2001-2006. As the aimalyas been based on server log
analysis, the mobile people who have their own li@gstems are not included. The
system has been accessible through the corporatnén and therefore most of the
employees have access to it.

The average number of user sessions annually da@iag-2006 was 4446. The number
of session varied between 2695 and 6217, as dliestrin Figure 44. The average number
of unique users was 1483 annually, and the averages between 1032 and 1751, as
illustrated in Figure 45. The reason for the desedanumber of sessions and number of
users is the development of tailored knowledge artbrmance support systems for the
different paper production units, which took plaiging 2001-2006. The first tailored

system was developed in 2001 for the Finnish papédly and in 2006 there were

altogether 17 tailored systems developed for tH&idual paper production units.
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Figure 44.The average number of KnowPap user sessions.

Figure 45The average number of unique users during 2001-2006



The average session length varied between 10 msirfuteeconds and 10 minutes 49
seconds, as illustrated in Figure 46. The actiletyels of visitor sessions for different

hours of the day is illustrated in Figures 47.
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Figure 46.The average length of KnowPap usage session da@ig-2006.
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Figure 47 The activity level of the KnowPap system usageublohours of the day

7.3.3  Results - usability of the KnowPap system

The usability of the KnowPap system for operataming was tested in the study. Ten
subjects volunteered for the usability test, whigs carried out as a questionnaire study.
All of the volunteers were students of an industviacational school who, within one
year, would be working as paper machine operatorghis study, the KnowPap system
was used as the primary tool for teaching papemmgaland it was used throughout the
course for problem-solving exercises and self-stdithe results of testing the usability of

the KnowPap system are illustrated in Figure 48.
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1. KnowPap was easy to use 2. The information was easy to find

1=no/not good 6 = yes/good 1 = no/not good 6 =yesgood

3. The information was suitable for my needs 4. | liked to learn with KnowPap
(compared to traditional methods)

]
5
]
3
F
1
]

1 -] 3 4 ] & 1 2 3 4 5 &

1=no/not good 6 = yes/good 1=no/not good 6 = yes/good

Figure 48 Results from the questions 1-4 testing the usglmfithe system

Generally, the students found the KnowPap systebeta good tool for studying paper
technology. Although the information was at a sléalevel for them, sometimes the
information needed was not easy to find. Most efgtudents liked to use KnowPap and
found that it was easy to use for self-study. Tdwmults testing the motivation of users and

interactivity of the tool are illustrated in Figu48.
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5. KnowPap was a motivating and important 6. There were enough interactive
tool for learning paper technology elements in the KnowPap
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Figure 49. Results from the questions 5-6 testiegusability of the system

The results indicate a significant trend, which wadependent of the user group. The
subjects were asked “What multimedia elements dg tonsider to be the most useful in
training?” The hybrid simulation models, e.g. tlaeadering model, were ranked as the
most useful multimedia in the system. The feeddemk question 6 indicates that more
simulation models are needed. In the free feedsackon, the users were asked, “How
can the learning system be further improved?” Irstnad the answers it was suggested
that a greater number of interactive simulation et®dhould be developed. A general
negative feedback concerning the usability was ttherte is too much text material. Text
was found to be the least useful multimedia mdteniathe system. This result is in

agreement with the previous findings of usabilitydses: the reading speed from a
computer screen is 20% lower than that from papdrthat the computer screen is not

yet the optimal medium for reading.

7.3.4  Results of learning testing

Some questions in the questionnaire tested theitepexperiences of the operators. The
subjects were satisfied with the material they Fathd in the system. This was also

found to support the way the operators like to wti®me operators, however, wanted
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more detailed material and some other support mbter training. The results of the

learning experience testing are illustrated in Fega0.

1. My learning needs were satisfied 2. KnowPap supports the way | like
to study
] L
* 4
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1= nomot good 6 = yes/good 1 = na/not good 6 = yes'good

3. With KnowPap | can you study
the way | want (speed/detail level)

]

L]

1 2

3

1 = no/not good

Figure 50. Results from the questions 1-4 testiegéarning experiences

& = yes/zgood

4. |s is easy to study without
any support material

L m

o

1 = no/maot good

& = yes/zood

One very clear result from this study is that welsdal systems offer optimal support for

traditional classroom training. Trainers are stédleded, but their role will change to that

of coaches or facilitators for the students. Imggshese systems, the students must accept

more responsibility for learning than in traditibnrdassroom training. These results

indicate that web-based training will be a very arpnt tool in the future. Compared to

traditional trainer-led training, it was found te b very good method. As the sample size

of this study was relatively small and these prilary results are indicative rather than

statistically significant, further research isIstieeded in this area. The results of the

learning preference testing are illustrated in Fegbil.
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5. Can you study by yourself without 6. How do you compare KnowPap with
any trainer? traditional training material?

e S = S —

1 2 3 & 1 F 3 ]

1 = ne/not good & = yes/good 1 = no/net good 6 = yes/good

Figure 51 Results from the questions 5-6 testing the learning

7.3.5 Results - use of the KnowPap system as atrai ner's tool

The usability of the KnowPap system as a trainéosl was also evaluated by
interviewing trainers and developers working in tilebal company who had used
KnowPap system as a trainer’s tool. (T1 = TrainefA = Trainer 2; T3 = Trainer 3; D1

= Developer 1; D2 = Developer 2). The summary efahswers is presented in Table 21.
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Table 20. Results of trainer/developer interviefasing KnowPap as a trainer tool

QUESTION

ANSWERS

Does KnowPap provide
practical tool for succes
sful self-studying of pape
machine technology?

aRequires a teacher's guidance and support in usel G)
-Learning evaluation is needed (T1,T2)
rLearning paths, including pre-test and feedback
important (T1, T2, T3)
It can be difficult to find essential things fronhet
extensive amount of information (T3)
There is a need to emphasize the core informatiathne
mass of material (D1, D2)
One successful concept has been problem-based
studying. The students are given a question lisgh@fmost
important areas and they are asked to find the enssto
the questions (T1 and T2)

are

self-

What is essential whe
customizing the learnin

paths?

nTo have the possibility to simulate how things kvEr1)
Incentives, rewards (humour for example) (T1)

IClear goal/ aim, instructions (T1,T2)
Situation related feedback (T1,T2,D2)
Clarifying why this kind of learning path exists)T
Materials, chemicals, economically optimal procest,
these should be within the same learning paths (T3)
Presentation advancing from general knowledge toef
detailed (T3)

The pre-test, post-test and other assessment atant
(B1)

Nno

What kind of training con
cepts have proved to |

efficient with KnowPap?

+ We have set some questions and the students heded

find the answers from the KnowPap. The resultsdifeek
as been given to the students as well. (T1)

The assessment is necessary and the students dées

told there will be tests in this area (T1)

The teacher goes through the material by him/Heage

sets some questions from the area. The studertstHay

answers to the questions. By doing this, the teache

confirm that the focus is at the right level. Ire tkearning

paths the idea is probably the same. (T2)

Questions beforehand to the students and the tetbieq

area (T3)

Feedback is important in the studying process.

programme should make some checking questionseg

area and provide some feedback and give linkg

The
f th
to

incorrectly answered areas.
The essential points have to be raised by the ¢e

because the system is so extensive (T2, D1)

Tch
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The trainers have noticed that problem-based dadés are a good studying method for
using KnowPap in the classroom. The clear goalsdmnectives for learning are very
important, as well as the need for new learninchgafA task, which is set in an
appropriate and interesting way, also has a matigaaspect. Tasks which are closely
related to job functions are motivating, and transhus takes place. Multimedia-based
learning objectives should also include an appatgramount of interactions and ‘force'
the user to utilize the material in multiple wapssessments and feedback are elements,
which many of the trainers and developers menticagedbeing development needs. In
some cases, too, the extensive amount of informatidcKknowPap makes it difficult to

find the essential information, which is not always logical location.
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7.4 Case 3 — Competence development and knowledge

transfer in rebuilding a paper production unit in F inland

7.4.1 Project description

The starting point for the case study was a fingepg@roduction unit rebuild project in

Finland. The rebuild covered raw material prepargtibase paper production and
finishing processes. The target for the upgradeduymtion line was a totally new type of
paper with a unique quality combination of lightiglg and brightness. There was no
corresponding process in existence at the produdaale and this was an important
reason for developing both a training simulator andnowledge and performance
support system tailored for the new production Iprecess. On the other hand, the
experiences gained in previous projects had shdvat & high-fidelity operational

training simulator is, as such, not enough for cetapce development and knowledge

transfer.

The goals of this case study were: (1) to devehgpskills and competences of the key
production personnel in operating the new productioe, (2) to transfer the latest
knowledge related to new production line processl ) to confirm that the quality
targets for the new paper grade and capabilityetarfpr the new production line are met

by skilled and motivated employees.

The operational training simulator was developedtlan basis of a hybrid, modelling
concept. The simulator was customized for the mgjoduction unit processes and for
selected, most important paper grades producekiproduction line. For the simulator
exercises, there were three focus areas: (1) howeptonize the quality of selected

products, (2) how to minimize the production costsd (3) how to carry out grade
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changes.

An extensive workforce development programme wasmd and implemented as a part
of the project. The use of the knowledge and peréorce support tools formed an

important part of the programme. All the tools wdeveloped in co-operation with the

major suppliers of the project, and all the materaand knowledge were customized for
the new production line process. The focus in thewkedge and performance system
was to collect critical process, equipment and maton knowledge related to the new
production line into a single system, where it vdoble accessible for all employees.
After the project the knowledge and performancepsupsystem was available on the

local Intranet.

7.4.2 Development concept and tools

A new, operational concept for competence developnad knowledge transfer,
including a training simulator and knowledge supmystem, was developed and used
for the first time in this project. The basis fdretdevelopment was competence and
capability targets defined by the project targetsd the development plans for the
different groups were defined on the basis of thesgets. The development of the
knowledge transfer and competence development folidsvs, optimally, the life cycle

of the project. The existing knowledge and bestctiras from the project supplier
network is integrated into these tools. These towdse used together with traditional
training and development tools, like structuredamearning and classroom training, to

form a blended development model.

7.4.3  Training and development interventions for co mpetence

development
The major training interventions carried out in thevelopment program are listed in

Table 22. All the 73 employees followed in thisdstuwere selected for operations and
maintenance positions in the new PM line. They hadre extensive training
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programmes, including structured OJT, operatiomalukator training and the use of
knowledge and best practice toolkits. Also assessrtamls were used to follow the

learning curve and competence development of theoymes.

The goal of the programme was to develop high leegiceptual mastery for the key
positions, as well as equal level for the wholedpiction line Another goal of the project
was to develop the conceptual mastery of the nepla@mes to a level similar to that of

experienced employees. This would be a good sgapoint for further development.

Table 21. Training interventions, their participatiranges and the theoretical and real

sumscales of participation in each area of intergan

Type of Specific intervention/ part Number | Range | Average
intervention/ variable of parti- of partici-
sum variable cipants | partici- | pation

pation (days)
(days)
1) Formal - customers and end-uses 73 29 — 53 44
classroom - raw materials
training - maintenance systems

- production planning
- processes and equipment
- automation and IT systems

2) Struct. on-| - stock preparation area 73 16 - 40 35
job-training | - PM area
- finishing area

3) Simulator | - operational exercises 73 2-3 3
training
4) Web - some classroom trainings 73 - 2
lectures sessions converted into

streaming media and web

lectures
5) - customers and end-uses 73 5-90 10
Knowledge | - raw materials
and best - maintenance systems
practice - production planning
toolkits - processes and equipment

- automation and IT systems

177



7.4.4 Results — competence development and knowledg e transfer

The biggest challenge in this case study was tin tight project schedule for concept
development. The decision on concept developmerd made during the detailed
engineering phase of the project. The new produas avvery advanced combination of
quality properties, and there were no similar satiagh models available. The knowledge
related to the new production line was scatterest thwe network of key people employed

in the investment project and key suppliers.

The development of a knowledge support system aperational simulator was

performed within four months in collaboration witle key suppliers.

7.4.5 Results — business results

The business targets, technical capability anddsplegelopment for the production line
were exceeded during the first 12 months. The pribolu line broke the world speed
record for fine paper machines in 2005, which iathe the excellent competence and

capability of the production personnel (Metso Pape02).

7.4.6  Results - usability of the knowledge and perf  ormance support tools

The usability of the tools was tested with a questaire and the scale was from 1=not
good to 6=excellent. The results indicate that n@svsonnel found the KnowFine

knowledge and performance support system (4,18)vaetd lectures (4,35) easy to use
and user friendly. The operational training simotas a more complex and advanced
tool, which is reflected in the usability result3,35). As such, all the tools support
knowledge transfer but they do not replace expamérs. In the operational simulator,

the expert trainer plays a very important role aing through the best practices for these

new personnel (3,32)
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Compared to traditional classroom training, thersi$eund the use of KnowFine system

(3,91) operational simulator (3,94) and web lectu(d,03) as a better and more

motivating way of learning. They found the tooldemesting and motivating learning
tools (4,09/4,12/4,09), but a more extensive cdntould be available. From the

practical performance support and troubleshootioigtpof view, the most useful tools

were the KnowFine system (3,98) and the operatisinallator (3,81).

The participants found it important to have thdd@vailable after start-up. The tools can

be used for further training in regular simulatoaining sessions (4,21) and to have

KnowFine (4,03) and web lectures (4,15) installatb ithe local Intranet network as

knowledge and performance support tools. The reauét summarized in Table 23.

Table 22. Usability of the knowledge and perfornesgpport tools used in the project
(scale from 1= not good to 6= excellent)

USABILITY KnowFine system (KM) |Oper. simulator (SIM)  |Web Lectures (WL)
Statement Average + StDev Average + StDev Average + StDev

It was easy to use KM/SIM/WL 4,18 0,80 3,35+1,25 4,35+0,77

It was easy to find the information | needed 3,82 +£0,83 - 3,82+0,90

It was easy to use without support/instructor 3,76 £0,85 3,32+147 -
LEARNING KnowFine system (KM) |Oper. simulator (SIM)  |Web Lectures (WL)
Statement Average + StDev Average + StDev Average + StDev
Use of tool compared to classroom training 3,91+0,79 3,94 £ 0,95 4,03+0,94
Motivating and interesting learning tool 4,09+0,71 4,12 £0,91 4,09 +0,87
There was enough content in the system 3,82+0,76 - 3,76 £0,92
Tool was useful from practical point of view 3,98 £0,88 3,81+1,01 3,68 +0,88
FUTURE USE/PERFORMANCE SUPPORT KnowFine system (KM) |Oper. simulator (SIM)  [Web Lectures (WL)
Statement Average + StDev Average + StDev Average + StDev
How important to have tool available in future 4,18 0,87 421091 4,18+0,87
Installation of tool as org. performance support 4,03+0,76 - 4,15+0,86
Arrangement of regular simulator training - 4,21+0,88 -
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7.5 Case 4 - Knowledge transfer and competence deve lopment
in the fine paper mill project in China

7.5.1 Project description

In 2002-2005 a new paper mill project was launcime@hina. The major goals of the
project were: 1) to build a world leader, fine pap®chine in efficiency with a 450 000
tons annual production capacity, 2) to rebuild apdrade the existing paper machine to
produce a new generation product for the China etasi) to keep its leading position in
environmental protection, and 4) to recruit andedey skilled and motivated workforce

which will enable the other goals Kinnunen, (2006).

One of the primary business goals for the projeas$ W attain a skilled and motivated
personnel, so a very important part of the proj@ets a local Human Resources
Development (HRD) programme for 252 new employedsy were recruited for the

different departments and functions of the new fplanaddition to the development of
these new employees, a major part of the existiligemployees were trained for new

positions, resulting from the upgrades in diffeneatts of the mill.

The following major questions and challenges reldtecompetence development were
identified (Laukkanen, 2007):

1) How to confirm the knowledge and skills transfer all 252 new employees?
The first goal was to develop the professionalskieeded to operate the new equipment
and complex processes of the paper machine lireluetion efficiency and speed were
set as business targets for the first year. Althaggyeral other factors affect to this goal,
the competence and capability development of tlieop@el were core elements in the

productivity and efficiency of the new mill.
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2) How to follow-up the competence development@fi@dividuals during the 3 year
project? The second goal was to develop a concept and tmotompetence assessment
to be used throughout the life cycle of the glgiralect, i.e. 2002-2005.

3) How to confirm the knowledge transfer in thebgloinvestment project with a
multicultural project team, with 60 supplier compesfrom different countries and more
than 150 trainers?The third goal was to develop and to evaluate a nemcept for
knowledge transfer in the global investment prgjectwhich there were more than 60
major suppliers for equipment and raw materialse phoject team was multicultural, as
was the case for the organization developed forndgwe production plant. In order to
confirm the knowledge transfer, a concept baseditdization of the latest personnel
development tools, including performance suppastesys, best practice toolkits, process
training simulator and competence assessment, waslaped. The feasibility of the
localization and utilization of these tools waslgp@d. The experiences of localizing and
using these tools in China were also an important pf the project. The goal was to
develop a concept, and to mobilize the knowledge last practices related in this case
to papermaking operations.

4) How to prepare new employees to be competeopéoate the most modern, fine
paper PM, which is a complex and dynamic proeeske fourth goal was related to
production efficiency. The target was set for teevrmachine to be the world leader in
production efficiency in the selected fine papeadgr. This would require a very high
level ofcompetence and professional skills forwhmle production personnel in order to

achieve the business goals.

7.5.2 Development concept and tools

The investment project of this case study was eadrout during 2002-2005. The major
phases of the project were: engineering, procurémeanstruction, installation,

commissioning and, finally, start-up of the newrp)as illustrated in Figure 52. A new,
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operational concept for competence development laralvledge transfer was also
adopted in this project. The development of thevkedge transfer and competence
development tools follows optimally the life cyad¢ the project. These tools were used
together with traditional training and developméntls, like structured on-job-learning
and classroom training, to form a blended develogm®odel. The development of the
knowledge and best practice tools was synchromweigd the major milestones in the

project, so that the tools were ready to use wherldcal HR development programme

started.
‘ 2003 2004 2005 2006
T
PROJECT SCHEDULE |
BASIC ENGINEERING DETAILED ENGINEERING l
PROCUREMENT l
v CONSTRUCTION _ * |
T INSTALLATION |
COMMISSIONING |
| START-UP | OPERATION
DEVELOPMENT I
OF TOOLS FOR KNOWLEDGE AND PERF. SUPPORT SYSTEM l
KNOWLEDGE TRAINING SIMULATOR l
TRANSFER AND WEB LECTURES |
COMP. DEV. BEST PRACITICE TOOLKITS
COMPETENCE CUASSROOM TRAINING  COMMISSIONING [
AND CAPABILITY STRUCTURED QJT l
DEVELOPMENT |
SIMULATOR TRAINING |
WEB LECTURES™AND BEST PRALTICE TOOLHITS
PREPARATION|FOR smm.bp
COMPETE% ASSESSMENT 1 [ COMPETENC’B%‘SSESSMENT 2
) | v

Figure 52.The use of the concept and tools synchronized théhmajor phases in the
project (Laukkanen and Leppanen 2007).

7.5.3 Training and development interventions for co mpetence

development

The major training interventions carried out in thevelopment program are listed in

Table 24. All of the 118 employees followed in tkisidy were selected for operations
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and maintenance positions in the new PM line. Thag more extensive training
programmes, including structured OJT, operatiomalukator training and use of the
knowledge and best practice toolkits. Assessmeuit twvere also used to follow the

learning curve and competence development of theoymes.

The goal of the programme was to develop high leegiceptual mastery for the key
positions, as mwell as an equal level for the whteduction line Another goal of the
project was to develop the conceptual mastery®héw employees to a similar level as

that of the old employees. This would be a goodistapoint for further development.
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Table 23. Training interventions, their participatiranges, and the theoretical and real
sum scales of participation in each area of inteiea (Laukkanen and Leppanen 2007).

Type of Specific intervention/ part Number | Range | Average
intervention/| variable of parti- of participa
sum cipants participa| tion
variable tion (days)
(days)

1) Formal | - customers and end-uses 118 1-90 45
classroom | - raw materials
training - maintenance systems

- production planning

- processes and equipment

- automation and IT systems
2) Struct. - stock preparation area 118 0-90 60
on-job- - PM area
training - finishing area
3) Simulator| - raw materials 118 5 5
training - operational exercises
4) Web - classroom trainings were 118 - 5
lectures converted into streaming media
5) - customers and end-uses 118 5-90 10
Knowledge | - raw materials
and best - maintenance systems
practice - production planning
toolkits - processes and equipment

- automation and IT systems
6) 1st different competence areas 118 0.5 0.5
Compe- are assessed
tence
assesment
7) 2nd different competence areas 54 0.5 0.5
Compe- are assessed
tence
assesment

In the training interventions 68 % of the employeese new, and were recruited during
the project, while 32 % were existing employees wiere retrained to take up new
positions. Of the new employees, 21 (12 %) weredwates from paper technology
universities and they did not have any productioit work experience. The average age

of the new recruits was 20.5 years. Of all partioig in the HRD programme, 88% were
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men, while 12% were women. The participants oftthaing intervention were the key
operations and maintenance personnel of the newluption line. Altogether 118

employees participated in the study, which wasi@drmout as a part of the project HRD
programme. In the HRD programme, 39 % worked inepgpoduction, 12% in paper
converting and 18 % in maintenance. The others wer&ing as general staff and in the
support functions. The 118 employees who partieighat this study were responsible for

production and maintenance operations of the neduation line.

7.5.4  Results — competence development and knowledg e transfer

The level of conceptual mastery of the local PMdpiciion process personnel increased
by about 18 % and 22 % between the first and tbersbmeasurement both in the group
working on paper production and in the group waogkin paper finishing operations,
respectively (Table 25). The level of conceptualstaey of work was highest in the
professional group of team leaders, but improveal rttost among those working on

winder operators.

Table 24. The results of conceptual mastery impty@er production line in China
(Laukkanen and Leppéanen 2007)

Assessment 1 Assessment 2
AREAS average std. dev n average std. dev n t-test
Production 61,9 9,1 41 79,7 6,2 24 8,4***
Finishing 47,4 9,9 77 69,3 9,4 30 10,3***
JOBS
Team leaders 76,8 3,1 5 85 4,3 5 3,1**
PM operators 71,6 4,5 15 81,2 6,4 12 4,4**
Winder 38,7 18,3 43 70,5 8,3 30 8,8%**
Assessment 1 = Assessment carried out before start-up training *p < 0,05, *p < 0,01, ***p < 0,001

Assessment 2 = Assessment carried out 8 months after start-up

The conceptual mastery in three major jobs, teatdes, machine operators and winder
operators, was evaluated and the results are peesenTable 25. The results indicate a
clear 8% and 10% improvement in the conceptual kedge in the team leader and PM

tender positions, where the selected candidateadiirhad a good work experience and
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basic knowledge before the HRD programme. The gstatevelopment in these jobs
occurred in winder operators, which is often a kafdentry position in the production

line and many of the employees in this categoryevmaw.

Table 25. Results from the conceptual mastery etialus compared with the results
from three Finnish paper production units (Lauld@and Leppanen 2007)

Assessment 2, China B (FIN) C (FIN) D (FIN)
averagsstdev | n [averagsstdev| n | ttest [averagistdev | n | ttest |averagestdev] 0 | ttest

AREAS

Production 797+62 41 69345 | 20 | 6% | 795:70 [20 [ 01(ns) | 83560 29 2,2

Finishing 69,3+94 30 | 571+£158 [ 58 | 38 | 623+135 |46 | 24* 795+89 79 5,24

JOBS

Team leaders 85,0£4,3 5 79,816,1 10 10,8(ns.)

PM operators 81,2164 12 69,3+45 | 20 | 60 | 850473 [ 5 | 10(ns) | 835160 20 10(ns)

Winder 705+83 43 | 523+171| 30 | 52% | 780+61 [30 | 20% 782+88 30 2,6

#<0,05, *p < 0,01, **p < 0,001

Before the start-up of the new production line tdwm leaders mastered almost 77 % of
the conceptual knowledge in the production proc&hs. results improved to a level of
85% when the assessment was made after the stafhappeople working in the other
key jobs essentially improved their conceptual egsturing the follow-up period, as
illustrated in Table 25.

The results of the conceptual mastery that wasuated eight months after the start-up
have been compared with the results of three Fanpi®duction lines representing
different training concepts. The level of conceptuzastery on the Chinese paper
machine was comparable with the results of the nemest Finnish production lines, as
summarized in Table 26. The results of the wholasliing area of the Chinese
production unit fall between the two newest Finngsbduction units, but the results of
the winder operators are slightly lower in Chinarthn the two new production lines in
Finland. The conceptual mastery of the team leadletise Chinese production line was
higher than that on the only Finnish productiore limhere the team leaders' conceptual
mastery was assessed Table 26. The statisticafisagice of the results was tested with
the t-test.
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The results of the evaluation were compared with rsults of a similar competence
evaluation study carried out in Finland in a simi&@tuation (Nurmi, 2002) or in a
comparable machine line (Leppanen 1996). When cangpahe results with the
previous findings, the following differences weredent. The conceptual mastery in the
new production plant in China was at a lower les@hpared to the results of the latest
mill project in Finland where the extensive HRD gmamme was carried out. In other
respects the levels reached in China are higher tihase of the two high performing
paper production lines in Finland.

7.5.5 Results — business results

The major business goals for the project were ¢levelop skilled and motivated
people, and (2) to reach a good capability anddspegelopment in the new production
line very quickly after the start-up. In the secandnth the actual production capability
was 2.4 % greater than the planned level. In tive ffroduction month the production
capability was 12 % lower than the target. Durihg 6th and 12th months the world
record target was not reached, the gap being 15:1@0l& %, respectively. The world
record start-up curve in production capability, efhiwas set for the production line,

proved to be very challenging.

Despite the fact that the target value was nothe@cthe production line reached and
improved on two occasions the world record speegdper production lines, indicating

how high the targets originally were. The first Wospeed record was broken 8 moths
after start-up and the second speed record wasnptished 11 months after the start-up
(Metso, 2006). Based on the interviews, the cormoeteand the skills of the operating

personnel played an important role in this worlcore start-up.
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7.6 Summary of the results

The major results including both the outcomes &edchallenges of the individual case

studies are summarized in Tables 27, 28 and 29.

Table 26. Summary of the results from the caseystud

Outcomes Challenges

CASE 1| - The simulator was a good tool | - For some operators the dynamic
PM Project| for the verification of control de- | scientific simulator was too complgx
in Finland | sign both in normal and trouble- | to use

shooting situations - All functionality in DCS system

- Two incorrectly designed contralused for user interface was not
circuits were identified during activated and there were some
modelling (2-6 h saving in complaints

troubleshooting was estimated) | - The complexity of the process in
- The simulator was also used in| some exercises was too difficult
the HRD programme to learn howespecially for novice users

to operate the new process -The full-scope simulator system

- Some very good feedback aboutwas very extensive and technically
active ways of learning, instead afcomplex

passive classroom training - The simulation models were loca)
- Overall experience good and | and could not be used via www

start-up of the plant was easy
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Table 27. Summary of the results from the caseystud

Outcomes

Challenges

CASE 2
Use of
KnowPap
in global

company

- KnowPap was found to be an
easy to use tool for studying pap
technology and related multi-
skilled competence areas

- KnowPap was a good tool for
self-study, and the information
was at the right level

- Interactive simulations were
found to be the most useful part
the system

- The student takes more

responsibility in learning when

they are using the systems, e.g. [ntoo extensive

troubleshooting
- The trainers found the system t
be good especially, for problem-

based learning

cextensive and complicated. All the

pperformance support in industrial

bmissing

- For some users, KnowPap was t

information was not in logical

places

- There was too much text materia

which was complicated to read
- The information in KnowPap wag

too generic for knowledge and

applications

- The trainers found that the systen

was sometimes too complicated a

- Competence assessment tools W

hd

ere
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Table 28. Summary of the results from the casdetigland 4

Outcomes

Challenges

CASE 3
PM project

in Finland

- Competence development at th
individual level was very positive
- The results of using the concep
were good. People preferred the
active learning in groups with the
tools compared

- The usability of the concept ang
tools was good

- Start-up of the plant was easy,

the efficiency goals were excee-

ded, and the paper machine line

broke the world record in speed

- The tools were updated and taken

into active use after the project

e- In the project, there was too mug
traditional classroom training

I instead of more active learning

- The training simulator was too
difficult as a self-study tool for
some participants (without an exp4
trainer)

- No systematic individual level

hitompetence evaluation was made

bt

CASE 4
PM project
in China

- Competence levels of individua
and teams are comparable to go
Finnish paper mills, despite that

68 % of the people were new

- Citical knowledge developed in
Finnish paper mill, was transferre
and localized very efficiently
- The concept and tools is a good
basis for continuous training of
new people in China site

- Paper machine made a world

speed record 8 months after star

up

s More focus should be on acti
btkarning with the tools, facilitated

experts

- In emerging markets, knowledge
&ransfer and competence develop-
Fnent should have a larger role in {

future
|

[

y
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8 Discussion

The aim of this chapter is to assess the contohudif this thesis both in terms of its
theoretical contribution to scientific research asdpractical contribution to the field of
application, based on the results presented icdke studies. The reliability, validity and

limitations of the study are also discussed.

8.1 Main conclusions and implications of the study

The major findings gained in the different casesligd are diverse. Therefore the main
conclusions and recommendations concerning theepbrace presented before going into
the individual findings in more depth.

The development of a systematic concept for knogdedransfer and competence
development has been based on the business negqugpeén production unit start-up
projects. The projects studied in this researclrevearried out in Finland and in China.
The future business needs of the paper industryiratbe emerging markets, which
increases the practical importance of the concepgliobal corporations. On the other
hand, the personnel retirements in the mature papekets requires efficient knowledge
transfer for new employees. This leads to the ¥alg recommendations:

* In the technology transfer projects in emergingkets, greater emphasis should
be placed on knowledge transfer and competencdagewuent of local personnel.
The impact of human performance on production affitiency can be >10%,
which means considerable savings.

* The life cycle of the concept should optimally &l the life cycle of the new
production unit, starting when the decision for geject is made and following
through the start-up and production phases.

» Development and use of the concept and tools shaetibe a separate project,

but should be closely integrated with the productiait start-up project and with
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the planned work system. The collaboration betwienproject team and the
individual suppliers should be very close.

The project documentation, including process artdraation engineering, should
be integrated with knowledge and performance sugystems.

Use of the concept in the project itself is an argational learning and
development effort

In the future, virtual mill models could be used toaining and competence
development before the start-up of the productiwib u

The development of the simulator should also ogdtnfallow the life cycle of
the project and should be developed during theeptpgtarting with process and
automation engineering. The models should be siieglin order to facilitate
their utilization in knowledge transfer and in cagtgnce development.

After the start-up, the concept and tools shoullibo the life cycle of the
production unit. The practical experiences gaimeg¢ammissioning and start-up
should be integrated with the systems. Optimaltg, $ystems should be linked
with the existing tools in the workplace.

The future knowledge and performance support systshould support work
tasks, and also include integrated communicatiot ewllaboration tools for

global knowledge sharing and workplace learning.

The focus in the following conclusions is on theject carried out in China, where the

latest concept and all the elements constructéusrstudy were used.

Outcomes at individual and team levels

The team leaders and new operations personnekahtst challenging part of the paper

production line mastered 80 % of the work processceptually after the start up.

Workers in the finishing part of the production gees mastered 70 % of the concepts.

The levels of the conceptual mastery of the wokkcess were very similar in both the

Finnish and Chinese production lines after the-starof a machine line (Leppénenal.
1996; Nurmi, 2001).
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The level of conceptual mastery improved about 2€cgnt units during the first 8
months of production. This indicates that work @sx knowledge increases while
working, as is to be expected (Boreham 2002). lauand Gyursanszky (1998)
previously concluded that the different levels a@fmpetence among employees in
different parts of a new paper mill were due tdedténces in their training in the field.
The possibility to actually operate a running psscéiad increased their competence.
These results indicate that the training programstesild be continued in greenfield
mills after the start up of a production line irder to enhance learning by supporting the
dialogue between theory and practice. The focuthénprogrammes should be shifted

from before the start-up to after the start-up.

The level of conceptual mastery of the work proaasshe Chinese production line were
comparable with those of the Finnish productioedimon which comprehensive training
programs have been executed during the buildingofup new production line. The
objects of the learning were conceptual masteryvamidk process knowledge related to
work. The content and method of learning were otasa training, on-job learning and
the use of simulation tools, knowledge and besttme toolkits for conceptualization of

the work process.

Simulation has proved to be an efficient tool fansferring the latest knowledge and
best practices. Simulation and games have alsoreganded as a future way of learning
for the new generations (Aldrich 2004). The tramakso positively assessed the training
methods used after the training programme. Thectaarinciples applied in this
development programme in this study have been tesadrequently increasingly extent
in schools and at universities, but are rare onstingp floor. The application of these
principles would support organizational effortdearn from everyday work and to share
such knowledge. The fact that 50 % of the employes® novices before the start of the

development programme, highlights the results enwere.
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8.1.2  Outcomes of organization capability developme  nt

Reports and results of the outcomes of developmpegrammes at the organizational
level are rare. One of the major business targetthe new production line was a world
record, start-up curve in the production line caltgbwhich is a measure of production

efficiency. This target value was reached for fin&t two months after start-up but, after
that, the gap in the production line capability u@aser than the target. Despite this, the
production line broke the world speed record jush@nths after the start-up, and the
speed record was then again exceeded a secondliinmeonths after start-up. These
results indicate a very good organizational cajtgihroughout the whole production

line, and also confirms that the original targetsdapability were too stringent.

In investment projects the major focus has tradéily been on the engineering and
technology. We argue that, in investment projest®Iving the application of complex

manufacturing technology in the emerging marketscimmore focus should be directed
at competence and capability development, becadusegteatest challenges are most

probably people related.

Currently, the greatest challenge in China to cwdus organizational capability
development is the high turnover of the employedsch can annually be as high as 20-
30 percent. In order to ensure continuous orgaoizalt development, it should be
focused on efficient induction and orientation geges and on codification of the best
practices. This is a major challenge in complexdpotion processes, because the time
needed for development is high compared to thatha traditional manufacturing
industry. The knowledge and best practice toolligseloped in this project will also
provide a tool for modelling and transferring thesb practices for future use in an

organization.
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8.1.3  More attention to the process of knowledge tr  ansfer

Although the results at both the level of individleampetence and of organizational
capability are very positive, both the Chinese Bimhish experts experienced problems
in the communication, information exchange, andthe transference of knowledge
between the Chinese and the Finns. Similar probleame been reported in other studies
(Laurila and Gyursanszky 1998; Tsang 1999; Marcanie Niosi 2000). Experts working
in projects abroad should be trained and supp@i®al in the issues of communication
and knowledge transfer. The creation of work precksowledge in complex work
domains continues after the formal training haslied. The fact that the knowledge and
experience of different experts are very valualolethe learning of novices, and that
sharing the knowledge is as important as adjustneénthe technology, should be
understood thoroughly.

The diagnostic tests of conceptual mastery of vewektailored for each production line.
However, when the results for questions that arangon for several production lines,
and the results for questions unique to the praoludine, are compared, the proportion
of correct answers to both sets of questions vamg from 1 — 8% (Leppéneet al.
1996). On new production lines, the difference leetvthe common and the unique
questions is 1%. These results indicate that thel lef conceptual mastery of both the
general principles of paper making and of conteegesthdent aspects are at the same level
on the same production line, therefore allowinggtowcomparisons of the results of

knowledge in different production lines.

8.1.4 The major benefits of the concept at unit and corporate levels

From the corporate point of view, the major benefitthe concept was a successful
business start-up and the development of a practigatem for mobilizing and
transferring common knowledge within a corporatidhe business start-ups in China

have not always been successful. In this studylsition and modelling tools proved to
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be very beneficial in the business start-up projeetting. Knowledge transfer in
corporations is not easy, and many times lacksdtineof practical system which people
like to develop and use. Based on the resultseot#ise studies, the concept developed in
this study proved to be very useful and the feekllzan the experiences in using these

tools were also very good.

The modelling of processes at different levels ts organizational learning, new
knowledge and best practices, and this can beieddiito the tools. From this point of
view, the process is one tool for organizationglatality development. In the area of
simulation and modelling the focus has traditiondleen on technical processes and
equipment. In this study, the modelling of compee=nand the work processes was
integrated with these technical models. In the rijtuhis kind of approach could be

generalized to cover other business areas as well.
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8.2 Summary of results and key findings

8.2.1 Theoretical contribution: an integrated frame  work for knowledge
transfer, competence development and learning

The essential theoretical value and contributiothisf dissertation are related to the effort
to develop an integrated concept for knowledgestean competence development and
organizational learning in industrial firm setting§his is recognized as a relevant
theoretical topic (Sydanmaalakka 2002; Kim 2004% am important challenge for
strategic competence based management (Sanchez 200dis study, the scientific
bases of knowledge management, strategic compebassel management and learning
at both the individual and organizational levelsvéhgorovided the foundation for
developing the new, integrated concept. The intedgraoncept is also an enhancement to

the existing theories of corporate knowledge tr@nahd competence development.

The central contribution of the study was the comatof a theoretical concept for

strategic knowledge transfer and competence denedopas an integrated concept. The
new concept integrates the essential factors ditegfic competence management
(Sanzhez Heene 1996, Sanzhez Heene 1997, Sanzb4y, ROowledge management
(Nonaka 1994; Nonaka Takeuchi 1995; Davenport Rrd888; O'Dell Creyson 1998;

Dixon 2000; Alavi Laidner 2001) and organizatiomehrning (Leonard-Barton 1992;

Senge 1995; Kim 2004).

The theoretical concept developed in this dissertahas some similarities with the
concept of linking individual and organizationahtring, developed by Kim (2004), in
terms of integrating organizational and individualel learning. There are also

similarities with the concept of intelligent orgaations developed by Sydanmaanlakka
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(2002). The new concept developed in this dissertaintegrates the organizational
strategy implementation process as a steering mesrhanto capability and competence
development and the creation of new knowledge.mpoirtant part of the process is also
performance evaluation, which states that orgaioizak competence and capability
development should be reflected in improved peréorce at both the organizational and
individual levels. According to Wilson (2004), tefect of human and team performance

on production unit efficiency can be > 10 %.

The major challenges in knowledge transfer carelaead to either the organizational or
individual level, and they have been reviewed m study. An important part of the new
concept is modelling of e.g. the papermaking precegrk processes and strategic
competences. The work requirements can be modé&led a bottom-up perspective
starting with the requirements of the physical vpteike and process, as well as top-down

starting from the strategic targets and competeneeded to reach the targets.

Using the theories of strategic competence-basedagement and of knowledge
management, it was shown that both theory backgi®partly contribute to explaining
the organizational knowledge transfer in complesdpiction processes. Special attention

should be paid in the future to integrated knowéettgnsfer and mobilization.

8.2.2  Practical contribution: development and use o f the concept and

new knowledge transfer tools in a paper machine sta  rt-up project

The central criterion used to assess the resulttheofcase studies was the practical
usefulness of the concept and the tools develaphis study. The case study approach
therefore emphasises the practical relevance amdidmality (Kasanert al. 1993; Yin
1993).

The practical contribution of the research wasdé&eelopment and use of the operational
concept in real industrial case studies. The deweént and use of the new knowledge

and performance support systems and operationalation tools in knowledge transfer
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was an important practical contribution of the the$he operational concept and tools
were used in three industrial case studies in tmtext of the start-up of complex paper
production units. The results have been evaluatéteandividual, strategic business unit
and corporate levels. The overall results weretpesiAt the individual level, the users

found this new concept and the new tools to beepable compared to traditional

development approaches. The business targets isétefgprojects were met and new
organization knowledge was created as a resulsioiguthe concept. The concept was
also a tool for transferring knowledge developedone location to another location,

which is well in line with the common knowledge easch framework (Davenport Prusak
1998; Dixon, 2002).

An important part of the concept development was $iystemic process based on
modelling and simulation of both technical and warocesses, which represents an
enhancement compared to the traditional simulaiod modelling approach in which
these two areas are treated separately. The @hctiportance of this kind of concept
will be highlighted in the future when businessed aroduction facilities are started up
in new emerging areas with no previous experiefiamplex processes. In these kinds
of project, the mobility of knowledge and expertig# play a critical role in achieving
successful business start-ups.

8.3 Evaluation of the approach and methods

8.3.1 Validity of the study

Validity refers to the degree to which a study aately reflects or assesses the specific
concept that the researcher is attempting to megdin 1993). In case study research,
the validity of the research can be divided intostouct validity, external validity and

internal validity. Construct validity means thaetlkonstructs made solve the research

problems. External validity means that the restdis be generalized, and internal validity
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measures causal relationships, i.e. does the ofs@aeasure what it was intended to
measure (Yin 1993).

The constructs presented in this research, i.enélne concept and the tools, have been
designed to answer the research hypothesis andeprebAs novel constructs, they are
valuable for future research.

In this research, the cases are applied and foausembmpanies in the paper industry,
which might limit the extent to which the resulsncbe generalized. The companies in
the case studies represent modern and successfhatianal, industrial corporations.
However, the cases should be evaluated againgreliff lines of business in order to
obtain more external validity. Further developmeinthe concept for other industries will
take time and effort.

Concerning the internal validity of the researdhe @advantage has been working for the
projects during the case studies. Understandingmbik practices and businesses has
helped in formulating the right research questiansl understanding the comments
related to the different cases. This has also delpéhe analysis phase of the research.

8.3.2 Reliability

Reliability refers to how the operations of a studn be repeated to achieve the same
results, and stability and equivalence are two pemtsves of reliability (Yin 1993).
Research is stable if the same researcher can trépedth the same elements.

Equivalence deals with the impact of different pessor samples of items on error.

The stability of the research has been verified gifferent case project that was carried
out parallel to this thesis research. Is would &lsaelatively easy to repeat the research
in another organization using the same conceptloleeé in this study. The method is,

however, very much dependent on the managemehegirbjects and on the activity of
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the companies and persons participating in theeptoJrhe impact of the research team
was found to be important, and the efficiency ahgshe concept improved continuously
in the different project settings.

8.3.3 Limitations of the study

Being a case study, the limitations of this rededie in generalization. In addition, no
systematic follow-up has been carried out afterpitogects have been implemented. This
research represents the situation in 2007, andutdibe interesting to perform a follow-
up study of the continuous development. Furthermtirese cases do not necessarily
represent the situation in the whole paper industgause there are major differences
between the different companies.
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9 Conclusions

The complexity of modern papermaking has incre@asedinuously and it includes most
of the features of a complex manufacturing systBme. traditional object of the work, i.e.
operation of the process, has changed from physicak into knowledge intensive,
information processing and knowledge work, which performed using different
computer-based automation and process controlmgst®lodern work requires multi-
skilled conceptual mastery and work process knogdedbecause the operation teams

also nowadays carry out simple maintenance anaveton tasks.

Another change in the global companies is the advieenterprise level processes, which
are integrated to the local production level woyktems. In practice, this means that the
actions carried out in the mill can have a dirdt#at on a global process. Although the
work in operations management is very demanding, tilaining and competence
development programmes have still varied considerdine methods used in this study
proved to be effective from the viewpoint of bothdividual competence and
organizational capability development. However, pinecess of transferring knowledge
from the members of expatriate organizations tontieenbers of a greenfield mill must
still be improved.

In the near future, the major part of the futuresibess growth in the manufacturing
industries will take place in emerging markets likeChina, India and Russia. The latest
technology and engineering will be available for @mpanies. An increase in the
profitability of businesses can and will be achtbviey developing a world class
organizational capability based on high competeteeels and use of the latest
knowledge. The mobility and transfer of the knovgednd skills can give a competitive
advantage to the manufacturing companies. Morarelsen the future should be focused
on the efficient processes and tools for knowledgebilization and transfer in
multinational and global companies. Also more ensghshould be paid to the challenges
in knowledge transfer in multicultural projects e where the differences in cultural
background can be a barrier to knowledge transfer.
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