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The objective for this thesis was to develop key performance indicators (KPIs) for an
automation system of paper mill’s unit operations. Theory of performance metrics and KPIs
were studied in the literature part of the thesis. Empirical part of thesis consists of actual
development of the KPIs for intended process sections, along with ensuring their
functionality in cooperation with experts relating to the processes.

The empirical part of the thesis was conducted through deciding the necessary variables and
calculating parameters for each KPI. Interviews and discussions with experts were held in
order to verify that the developed indicators are suitable and working. The company’s
strategy was taken into account when verifying that the developed KPIs were in line with
critical success factors of the paper mill.

Main driver for the project was process efficiency and cost savings to develop paper mills
competitive advantages. Earlier performance measurement systems in the paper mill were
mainly lagging, by showing only results of production that had taken place. By the
development of performance measurement system consisting of key performance indicators,
production will develop to a more proactive direction with a possibility to see defects and
performance decreases in time.

Key performance indicators were developed for paper mill’s unit operations for monitoring
financial, energy and raw material efficient performance. The developed performance
indicators enable better data utilization along with more possibilities to optimize processes.
Continuous development will be necessary for the KPIs and the major profits from them will
be achieved over time.
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Tamén diplomitydon tavoitteina oli kehittdd suorituskykymittarit paperitehtaan
automaatiojarjestelméén ennalta madrattyjen yksikkoprosessien tueksi. Tutkimuksen
teoreettinen osuus kohdistui suorituskyvyn mittaamisen perusteisiin ja esittelee
teollisuudelle  tyypillisia  mittareita. Empiirisessa osassa  kehitettiin ~ toimivat
suorituskykymittarit paperitehtaan automaatiojarjestelman kayttéon.

Kaytannon osassa pééatettiin olennaiset parametrit ja laskenta suorituskykymittareille.
Tutkimuksen toteutuksessa kaytettiin puolistrukturoituja teemahaastatteluja, joiden tuloksia
kaytettiin arvioitaessa kehitettyjen mittarien funktionaalisuutta. Asiantuntijoita ja
haastattelemalla saatiin vahvistettua mittareiden kéytannollisyys. Yrityksen strategia otettiin
huomioon mittareiden soveltuvuutta arvioidessa, jotta KPI:t olivat linjassa paperitehtaan
kriittisten menestystekijoiden kanssa.

Projektin tavoitteena oli kasvattaa tehokkuutta ja saada kustannusséést0ja edistdméén
paperitehtaan  Kilpailukykyd.  Aikaisemmat  suorituskyvyn  mittausjarjestelmat
paperitehtaassa olivat pddosin raportteja, jotka nayttivét jo tapahtuneen tuotannon tuloksia.
Suorituskykymittausjarjestelman kehittdmisen seurauksena  tuotanto kehittyy
proaktiivisemmaksi, sek& mahdollistaa tuotantohairiéiden huomaamisen ja suorituskyvyn
alentumisen ajoissa.

KPI:t kehitettiin paperitehtaan yksikkdoperaatioihin seuraamaan kustannusten, energian ja
raaka-aineiden tehokasta suorituskykya. Kehitetyt suorituskykymittarit mahdollistavat
paremman datankdyton, sekd enemman mahdollisuuksia optimoida prosesseja. Jatkuva
kehitys tulee tarpeeseen KPI-mittareiden osalta ja niiden pééasialliset hyddyt saavutetaan
ajan saatossa.
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SYMBOLS AND ABBREVIATIONS

Roman characters

Cp

CVq

AT

Pa

Consistency

Specific heat capacity

[%]

[ki/kg °C]

Calorific value of natural gas [MWh/Nm?]

energy
power

volumetric flow rate
mass flow rate
temperature difference
speed

basis weight of paper

width of paper machine

[MWh]
[W]

[I/s, Nm&/h]
[ka/s]

[°C]
[m/min]
[9/m?]

[m]



Abbreviations

CSF Critical Success Factor
DCS Distributed Control System
KPI Key Performance Indicator
KRI Key Result Indicator

PHD Process History Database
Pl Performance Indicator

RI Result Indicator

SSI Semi-structured Interview



Table of contents

Abstract
Acknowledgements

Symbols and abbreviations

THEORETICAL PART ...ttt sttt ettt ne e ene e 9
I 101 oo 18T 1 o] o USSR 9
IO S = 7= Tod 1o [ (o] o ST PSPRPRN 9
1.2 ODJECTIVES ...t bt 10
1.3 Research methodology ........cccveeiiiiieii e 11

2 Performance MEaSUIEIMENT .........ccueiieieiieieeie e stee e sree e ee e ste e reesreeeesneeseeeeeanes 13
2.1 Critical SUCCESS FACIOIS .....cveieieieiiesiisiesiee et 13
2.2 Key performance INAICALOIS ........cccoieiiiiiieieiesies s 16
2.3 KPIs in manufacturing iNAUSEIY .........coveeiieiiee e 20
2.3.1  QUANILY oo et 20
2.3.2  ENBIQY i e 21
2.3.3  Efficiency & ProdUCHIVITY .........ccooviiiiiiiiicicicee e 22
2.3.4  FINANCIAL..c.eiiiiiieci e 23

2.4 Performance metrics in paper INAUSEIY ......cocoiiiiiiiniierecee e 24

3 Summary of theoretical reSEarCN ...........ocveiveie e 25
APPLIED PART ..ottt e e s nbb e e e e nnbaee s 26
4 Case paper mill and related unit OPErations ...........coocevvreiiinieeieiese e, 26
O R - 1o 1= g 0 = Tod 1T SRS PPRRPRPRS 26
4.2 C0atiNg MACKINES ...cveeiiiieieeie ettt ste et e steeaesneesreeeeaneennes 27
4.3 Coating COloUr KITChEN ..o 27

5  Development OF KPIS .....coiiiiieee e 28
ST ENEIGY KPIS oot 30
I O TU - 1113V S o SRS 33
521  Flaws and Profiles ... s 34

5.3 RAW MALEIIAIS . oo 34



5.4 BIOKE FALE ...oveiiiieieeeeie ettt bbbttt bbbt 38
5.5  Efficiency and produCTIVITY .........ccooiriiiiieieieiesic e 41
5.6 Water CONSUMPLION .....eiuiiiiieiieie sttt a et sre e e seesreenaeennennes 42
5.7 Overall fINanCial KPI .......c.oooiiiiiii e 43
5.8 Basis fOr CalCUIALIONS ......ccoeiviiieiiee e 44

6 Implementation Of KPIS ........oooiiiii s 46
6.1 Interviews for KPI developmEeNt .........ccovoieiiiiiee s 46
6.2  Launching of performance measurement SYyStemM..........cccocvvevieerieiiieesie e 47
6.3 Upkeeping OF INAICALOIS .......coviiiiiiiiieiciieeeee e 47

7 RESUILS @Nd AISCUSSIONS .....eveivieiierieieiiesie sttt sttt sttt eneeneenens 49
7.1 FINAINGS OF SSH...iiiiiiee e 49
7.2 Results of KP1 development............coviiiiiiiicie e 50
7.2.1  System launching and continuous development..........cccoeieiininiinininiennn. 51

7.3 Managerial IMPHCALIONS ........ccoiiiiiiiicie e 51

ST O 04 1] o] 1TSS 53
RETEIBINCES . ...ttt bbbttt b e bbb nes 54

APPENDICES ... oo 57



THEORETICAL PART

1 Introduction

This introduction chapter includes preview to the thesis topic and provides background for

the project. Research objectives and scope are defined in chapter 1.2.

1.1 Background

Measuring efficiency is crucial for a manufacturing company. It promotes cost awareness
and running production in a more optimal way. Paper mill’s automation system hasn’t had a
key performance indicator (KPI) display based on overall production key measures such as
quality, costs, and energy, in the past. Performance measurement with key performance
indicators could bring reduction to reaction times in terms of intervening process
interferences that cause inefficiency. A change from reactive to proactive approach in
production control can be obtained when proper information is available through
performance measurement system. Early-time observation and anticipation of abnormalities

in the process are in a key position when developing production control systems.

Key performance indicators are supposed to present essential process data in an
understandable form that contributes better situation awareness. The indicators should be
able to bring process operators’ focus into abnormalities and guide them in solving them. In
addition, it is important not to have too many performance indicators to maintain focus to

what’s essential.

According to previous studies, performance measurement systems require continuous
development and are evolved through experimental testing. It is also suggested that real
process data would be used in performance indicators from the start, for it being more
motivating towards end users to see. (Lohman 2004) These findings support the plans for
this project also being monitored and developed after first implementation to ensure

introduction of a valid measurement system. KPIs will also have real process data with actual
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units from the beginning and display of costs denominated in euros. This is expected to work
as well as a motivating aspect in the indicators. Many earlier studies regarding the subject
offer suggestions for KPI and performance measurement system development, but don’t
include actual implementation of suggestions, nor the results of development. This thesis
includes the formation of KPIs and also brings them to use, without forgetting the start of
necessary continuous development. Thus, the functionality of presented ideas can be seen in
operation. A new perspective for the particular paper mill’s automation system is the
introduction of financial performance measurement that allows process personnel to view
the economic impact of the process in real time. The whole project is done to the need of the

employing company as a part of automation system renewal.

Another novelty adding theme in this thesis for the performance measurement systems is the
pursuit of introducing indicators that aim to guide the actions of process operators to operate
processes as efficiently as possible. Developing key performance measures that resemble
realistic process conditions with also the aspect of guiding activities is complicated and
requires continuous development to resolve if the indicators actually drive the desired

outcomes.

1.2 Obijectives

The main objective of this thesis is to develop key performance indicators for predefined
areas in the principal paper mill, that are paper machine area and two coating machines
including coating kitchen. A major part of the work in making practical indicators is
developing suitable target values for them and deciding how they will be calculated.
Determining which, and how the factors for each KPI will be chosen is also a central theme
of the experiential part of this thesis. Choosing the suitable KPIs is done by defining
company’s critical success factors which link performance measures to company strategy
(Parmenter 2010). After defining the desired KPIs to go on with, development process is

carried out through a framework suggested by Bourne et al. (2000).

This thesis is formatted in a following structure: Chapter 2 concerns ideology of performance
measurement, paper industry related performance metrics and showcases typical KPIs.

Chapter 3 describes the areas of intended KPI application. In chapter 5, empirical research
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and KPI development is discussed. Chapter 6 deals with implementation and further
development of built KPIs including conclusions from organizational discussions. To end

up with, chapter 7 presents overall findings and conclusions.

The scope of this thesis is developing key performance indicators for process areas
prescribed above. The KPlIs are introduced to L1 and L2 levels of the automation system,
which are also further explained in chapter 5.1. These limitations act as the scope of the

assignment and determine the main content for the tasks.

1.3 Research methodology

This thesis uses methodologies that are summarized in Figure 1. The research onion consists
of layers that describe processes and plans of executing the research, the model for the
‘onion’ is from Saunders et al. (2009). The top layer of the research onion deals with the
approach for this research, which in this case is deductive. The other possibility could be
inductive approach. Deductive perspective for research enables usage of existing theories

that can be combined to qualitative research and data analysis (Saunders et al. 2009).

Next layer of the onion describes research strategies that are used in the thesis
implementation. This thesis is made as a case study, and it also includes surveys that aim to
gather information through a questionnaire. Robson and McCartan (2016) have defined case
study strategy in the next words:

“Case study is a strategy for doing research which involves an empirical

investigation of a particular contemporary phenomenon within its real life
context using multiple sources of evidence.”

Survey strategy was carried out through interviews that focus on key personnel regarding
the performance measurement system, which includes end users and applicable
management. The results of interviews are processed in the empirical part of this thesis, and

conclusions are made considering their contents.

Choices-layer represents the research methods that are the basis of analysis in this thesis.
Semi-structured interviews that are carried out aim to gather qualitative data from personnel

that should guide in development of KPIs in order to make them suitable for interviewed end
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users. Mixed method choice refers to use of the interview data that can be used also

quantitatively, when gathering a larger amount of data.

Time horizon of this research was defined as longitudinal, with an aim to see the changes
from development of the performance measurement system and make further actions based
on the outcome of their usability, including groundwork for continuous development. Data
collection over time repeatedly to see changes of developed systems is typical for
longitudinal research design. The project includes the possibility to re-analyse the data and
development that is done for performance indicators. Continual development of KPIs is a
typical process that brings longitudinal time aspect to the thesis.

Finally, in the core of the onion-model, used techniques and procedures are presented. In
this thesis those are interviews, and data collection based on them. Data is also collected
from real process, which results to information shown by performance indicators. Data

collection methods also support the mixed method approach for the research.

Techniques and
procedures:

Interviews, data
collection

Figure 1. Research onion. (Adapted from Saunders et al. 2009)
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2 Performance measurement

Performance measurement can be conducted using tools that are called performance
measures or -indicators. Performance indicators can be used as tools to show the difference
between actual performance compared to achievable performance (Varisco et al. 2018).
Parmenter (2010) has classified indicators in different classes. Not all performance measures
are key performance indicators, as they are supposed to tell how performance has succeeded

in terms of a company’s critical success factor (CSF).

Performance measures are divided to four tiers listed below, which all have certain detailed

features:
e Performance Indicator (PI)
o Key Performance Indicator (KPI)
e Result Indicator (RI)
e Key Result Indicator (KRI)

Performance indicators are defined as connected to a specific activity, which makes their
scope narrower compared to KPIs. In difference to result indicators, performance indicators
can help telling staff necessary actions in order to improve them. Result indicators will only
summarize already happened activities and cannot be therefore affected on time. Key result
indicators can include results of several activities and are measured on a monthly or quarterly
time frame. KPIs instead, are measured more frequently, which can be an online measure,

or a daily measure. (Parmenter 2010)

2.1 Critical Success Factors

Multiple sources suggest that performance measures of any businesses, should be linked to
their critical success factors to ensure, that they are in line with the company’s strategy.
(Badawy et al. 2016; Folan and Browne 2005; Parmenter 2010) The paper mill’s company
strategy was studied by a strategy map, which is based on the framework by Kaplan and
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Norton (2004). Figure 2 presents the strategy map developed according to company’s
strategy. Different perspectives were considered and defined with CSFs. The four
perspectives are financial, customer, internal and learning and growth perspective. Financial
perspective includes cost effectiveness and long-term shareholder value, which link down to
everything else in company’s strategy. They act as the basis for operations in the company.
In perspective of customers, the products of the company have to fill the criteria for social
and environmental responsibility, and also produce added value to the business of the

customer, which is connected to quality.

Internal perspective includes operational performance, which connects to information
capital. Information capital includes the utilization of data in the company. ‘Innovations’
means that to excel in responsibility and quality, company has to be innovative in solving
problems related to them. Later on, innovation is also connected to the top level of the
strategy map. Environmental aspect is part of company’s responsibility and organizational
culture, which defines the company’s take on environmental matters. At the bottom level, in
‘Learning and growth perspective’, Human capital is defined as the resource that keeps the
company running. It includes the know-how, information, employee talents and skills. It
leads to innovations and acts the basic implementer of strategy. Turning performance

indicator output to actions requires the know-how that the personnel of a company have.
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Learning and growth Information Human Organizational
perspective capital capital culture
— —

Figure 2. Company strategy map. (Based on framework by Kaplan and Norton 2004)

After defining the strategy map, main CSFs can be chosen from the map and linked to the

main themes that the KPIs were developed to, in Fig. 8.

Bititci et al. (1997) have developed a ‘pyramid’ which resembles a closed loop deployment
and feedback system in the performance management process. In the core message, it shows
the steps of deploying the vision of a company to operation through the steps included in the
pyramid. Performance measures are in a key role when it comes to executing the vision and
strategy. The model also includes CSFs in the path between performance measures and
vision, which encourages recognising them in order to connect the top and bottom of the
model. Key performance indicators act as feedback of the succession of bringing strategy
and vision into actual operation. If performance measures don’t portray good functionality,
their connection to CSFs and vision should probably be revised. The theory from Bititci et
al. (1997) is presented in Fig. 4.
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Figure 4. Closed loop performance management process. (Bititci et al. 1997)

This thesis concentrates on performance metrics through development of KPIs. KPIs are
supposed to give information and an overall view of the mill’s performance, which enables

monitoring of succession in deployment of strategic goals.

2.2 Key performance indicators

KPIs are measures that provide timely information from key processes of an organizations
performance and should be able to have useful impact on telling what actions to make for
improving the monitored score. (Parmenter 2010) A major benefit of using KPIs in
monitoring process efficiency is the possibility to have in-time information about the current

state of the process and improved ability to react to defects that reduce efficiency.

“KPIs represent a set of measures focusing on those aspects of organizational
performance that are the most critical for the current and future success of the
organization.” (Parmenter 2010)

Key performance indicators-based process efficiency monitoring is supposed to make a

slight difference in intervening process faults. Since process operators can see that a KPI
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shows low scores, they should have the ability to take corrective actions on their own.
Parmenter (2010) says, that this change is “transferring power to the front line” and considers
it as one of the foundation stones of implementing KPIs. Kaplan (1998) suggests that in
order to empower employees to take these actions in handling production independently, an
appropriate set of measurements including quality and cost metrics are needed. These
statements strengthen the legitimacy of key performance indicators development. The use of
KPIs in production control creates change in management principles as employees have the
possibility to see overall performance and base their actions on improving it, instead on

focusing on single process observations.

Classification for key performance indicators can be done in various ways. Table 1 presents
some possible comparison ways for indicator types (Lonngvist et al. 2006). Subjective and
objective indicators refer to the point of view of indicators. Subjective performance
measurement uses personal estimations and perceptions as basis for data (Merchant et al.
2010). Therefore, subjective indicators could be utilized reliably for indicators that measure
employee satisfaction as an example. Most indicators used in manufacturing environment,
and in this project, will be objective. Objective performance measures tend to rely on

numerical or quantitative data, which can be process data, in this case especially.

Financial performance measures are used to evaluate the economic impact on the process
and to bring up company’s financial success factors. Financial measures are typically lagging
measures because financial results are usually reported afterwards. (Hannula and Lénnqvist
2002) Non-financial measures can consist of quality, energy, and efficiency indicators. Some
of them can still be linked to the financial perspective. By adding a price for an energy-
related indicator, it is no longer a non-financial measure. It is obvious that all indicators
cannot be treated this way since it is difficult to define the price of lowered quality in a

leading performance indicator.

Lagging and leading indicators are defined in various KPI-related sources. Lagging metrics
are described as measures that are not timely and therefore only tell results of measured data.
This kind of information cannot anymore be affected in terms of management or other
actions. Anyhow, lagging measures can be used to verify long-term trends in process but not
to make predictions. Leading measures are on-time metrics that are updated at least hourly
or daily. (Ahmed et al. 2005; Badawy et al. 2016; Hannula and Lonngvist 2002) Online
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indicators can help in process control in terms of proactive operation and earlier detection of

errors in process.

Time orientation of indicators is an important matter since it sets the options for its
suitability. Past indicators show information that is measured earlier, and therefore cannot
be utilized to make decisions on a timely manner. Past measures are lagging measures and
will only show results of events that can’t be acted upon anymore. Current measures, instead,
can help in making changes to events that are about to happen or are happening. This kind
of indicators enable reactive approach to be changed to proactive actions. Online measuring
enables seeing the effects of process changes that are being made and their correlation to

each other.

Hard and soft indicators are defined by Lonnqgvist et al. (2006). Hard indicators are based on
unambiguous initial values, such as amounts of produced units. Soft indicators instead are
formed from the outcomes of various opinions or statements. Those can include results of
surveys, for example employee or customer satisfaction. (Lonngvist et al. 2006) Some soft
indicators can come into question when forming a performance measurement system, but in
manufacturing production environment, hard measures give most of the needed information

for assessing the performance of the industry.

Direct and indirect measures refer to the measured variable being difficult to measure
directly. Indirect measures can then be used to measure a factor that is known to affect the
desired variable. An example of indirect measure is productivity, that can be assessed

indirectly through the amount of machine downtimes and breaks.

Table 1. Differences between performance indicator types. The columns represent opposites

to each other. (Lonngvist et al. 2006)

Subjective Objective
Financial Non-financial
Hard Soft

Direct Indirect

Past Current
Lagging Leading
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KPIs should also have other characteristics to them to be valid and practical, which are:
1. Simple
2. Drillable
3. Updateable
4. Owned

5. Quantifiable

Simplicity of the indicator means that the end users of the measurement system can
understand it. A simple KPI drives to make the required actions to have effects on
measurement outcome. The second aspect refers to the indicator having levels to drill into,
which includes being able to see the details and elements that form the information shown
on the KPI. (Badawy et al. 2016) Most KPIs are formed from a set of Pls, that form the
information that combines to the KPI. For example, Energy KPI gathers the information
produced by electricity, steam and gas consumption PIs. This improves understanding the

results and drive the chances to make the corrections needed to prime the score of indicators.

Updatability of indicators relies on named personnel and their ability to keep indicators up
to date. Every indicator also needs to be owned. That means a person that has an
administrative responsibility for indicator’s timeliness (Zizek et al. 2020). Therefore, the
performance measurement system should have a simple database, which can be updated in

terms of target values in a reasonably effortless manner.

Quantifiability of an indicator requires it to have a unit or a type of measurement. The
indicator should be possible to be stated numerically. (Kibira et al. 2017) KPI should have a
unit resembling the quantity that it is measuring, which could be for example MWh/t, in a

KPI that indicates electricity consumption.
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More properties of KPIs have that are typical for them:
e unit
e type of measurement (€/a or €/t)
e measurement period (with KPIs usually online, daily or max weekly)

e boundary (process area/ production line)

23 KPIs in manufacturing industry

Typical key performance indicators in paper (Tieber et al. 2021) and manufacturing industry
are identified in this chapter. Those specific for the paper mill in question are later explained
in chapter 5. To outline, paper mill has to monitor product quality, energy usage with general
production- and financial efficiency as stated earlier. This leads to a demand for KPIs in

these areas.

2.3.1 Quality

Quality control is essential for customer satisfaction and high-quality products require
constant process controlling and laboratory tests. Many quality variables can also be
monitored through on-line metrics and therefore be affected quickly for retaining product
quality. In Figure 5, the sources of quality data in a paper mill are listed. Web inspection
refers to paper web’s monitoring through analysers that track the paper while it is formed.
This way defects in paper and quality can be controlled. With a quality KPI, general quality
can be presented and entered for deeper examination, for example, in finding what effects
quality at the moment. Quality-indicator can present if a process unit is currently producing

under-quality or over-quality.

In terms of CSFs, quality indicators are linked to customers in terms of evaluating product

quality in comparison with its specifications and customer needs. (Franceschini et al. 2019)
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— Laboratory

— On-line analyzers

Quality data Manual entry

—  Web inspection

Automation
systems

Figure 5. Sources of quality data in paper mill. (ForestBioFacts 2022a)

2.3.2 Energy

One reason for importance of energy monitoring and performance indication is that
especially pressure ground wood utilizing paper mills are extremely energy consuming. The
total electricity consumption can be as high as 450 000 MWh per year. Energy is used in
several forms, such as steam, electricity, and gas. (H&maldinen and Hilmola 2016)
Nowadays, it is an industry-wide topic to develop in environmental and energy sustainable
areas. Manufacturing plants are constantly expected to improve their energy consumption
and decrease emissions. This is where the energy monitoring KPI steps in. Better monitoring
of energy use in terms of steam and electricity enables earlier detection and intervening to
unnecessary energy use or situations of process disorders. When energy consumption is

monitored more precisely, it can also be intensified.

Two energy performance indicator types used in the paper industry are specific energy use
(SEC) and energy intensity (El). SEC is monitored usually on mill — or process level, for
example to benchmark or compare different units or areas. Energy intensity is used to
express financial costs of energy consumptions by adding an economic term as denominator.
(Andersson and Thollander 2019) The units that these indicators are presented are energy

consumption per monetary value, for example gross domestic product (GDP) for El, which



22

could be MWh/€. For SEC, the definition is energy consumption per tonnes of product,
which could be MWh(/t that is also used later in this study. (Bunse et al. 2011)

2.3.3 Efficiency & Productivity

Many sources define efficiency as getting the maximum output from the input resources
available. Manufacturing processes usually have process inputs and outputs. Productivity
resembles the ratio of these two. It can be measured on a mill level or machine level.
(Franceschini et al. 2019; Hannula and Lonngvist 2002) Efficiency of production can be
measured in multiple KPIs in manufacturing and paper industry. Some of those include:
(Zizek et al. 2020)

e OEE (Overall Equipment Efficiency)

OEE defines as the performance of total equipment and can be used to measure the

productivity of individual equipment in a production plant. (Muchiri and Pintelon 2008)

The equation for OEE is formed below in Eq. (1) (Muchiri and Pintelon 2008)

OEE=AP( €))

, Where

Operating time (h)

Availability Rate (A) = X 100%

Loading time (h)
Operating Time = Loading time — Downtime

Theoretical Cycle time (h) Actual Output (units)

Performance efficiency (P) = operating Time (1)

(Total Production—Defect Amount)

Quality Rate (Q) = X 100%

Total Production (units)
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e Leadtime

Lead time is simply the time taken for a product to pass through a production line, or part of
it. Efficient process has short lead times. Lead time is especially important in paper mills,
where there are many process steps on the production line that should all have short lead

times to keep the production line from clogging of products.

e Machine speed

The production speed of the paper machine is calculated with Equation (1):

Sy =pawv -6-107° (2)

where Sp = Production speed of paper machine, t/h
p4 = basis weight of paper, g/m?
w = reeler width of paper machine, m

v = operating speed, m/min

2.3.4 Financial

Financial performance of industrial processes is traditionally reported in monthly reports and
therefore don’t take a stand in current operations. Monthly reporting, according to Parmenter
(2010), should be accompanied with weekly and daily reports. These reports could be
derived from the performance measurement system and be added to daily follow-ups with
company’s personnel. With a real-time monitoring of process costs, more attention can be
paid to mitigating overly consumption of resources that cause financial effects. This leaves
room to react to overly costs in time rather than seeing already occurred cost results in a

monthly report.
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Paper machine plays a key role for financial monitoring, because as a main production unit,
itis the most expensive unit in mill and therefore creates most costs (Hamaldinen and Inkinen
2017). Costs on paper machine consist of raw material and energy cost, which include
electricity, water, steam and natural gas consumption. Raw materials consumed on paper

machine are listed later on in Fig. 11.

24 Performance metrics in paper industry

Performance measurement is essential for succeeding in organization’s operational targets
(Popova and Sharpanskykh 2010; Dominguez et al. 2019). Especially in the case of paper
industry, where the market is advanced instead of a growth business. One of the possibilities
to enhance success in this kind of market is to develop productivity in all its aspects.
Measuring performance and seeking profitability through cost efficiency belongs to these

aspects.

Characteristics of performance metrics in paper industry include vast variety of products that
requires special attention to quality control. Proper usage of performance indicators can help
in that. The industry also contains a great amount of different process equipment in the
processes, which means that a lot of data is produced from the equipment that has to be

controlled in a way that relevant information is retrieved and reported.

Since paper mill processes include so many equipment and process variables, interactions
between controlled variables will always occur. That is why there is a need to pay extra

attention to possible cross-effects between the performance indicators.
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3 Summary of theoretical research

The background for the KPI development was based on known theories presented in earlier
chapters, which suggest, that all KPIs should be linked to the company’s strategy through
CSFs. Several sources have stated that performance measures should have a link to
company’s strategy (Badawy et al. 2016; Folan and Browne 2005; Parmenter 2010). The
strategy was presented in Fig. 2 and was based on Kaplan and Norton’s (2004) framework.
Theories that were utilized for the definition of KPIs were based on strategies and CSFs,
which answer to the question ‘Why is this a KPI?’. Figure 6 describes the relation of strategy
and KPI. Theoretical research provided the framework for empirical research, in terms of
data collection and the roadmap for the development process of performance measurement
system, which is the guideline for launching the KPIs for use. The practices described by

Bourne et al. (2000) acted as the base for steps needed in the development process.

Strategy |Wp| CSF |Bp| KPI

Figure 6. From strategy to KPI. Company’s strategy was considered when defining KPI areas

through CSFs.

KnowPap (2022a) information database was referred when discussing the sources of data
for paper machine quality information. Some paper technology related matters were also
obtained from the source. The definitions for different types of performance indicators were
also discussed in the theory part, which are referred from literature. To summarize, literature
and performance measurement related theories give guidelines for the implementation of the
empirical part and the scientific background of performance indicators. When the KPIs are
based on known theories, many pitfalls can be avoided and the meaning for each indicator

can be justified.
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APPLIED PART

4 Case paper mill and related unit operations

This chapter gives an introduction to processes that are linked to this thesis’ subject area.
The case company is a paper mill that produces Light Weight Coated (LWC) papers. LWC
papers commonly have good printing ability, and their composition for the base paper is
usually 50-80% mechanical pulp and 20-30% long fibered chemical pulp, while the rest 5-
10% consists of filling materials, such as those evaluated in Fig. 10 (KnowPap 2022a). In
addition, the coated paper includes 30-40% of coating material. The key performance
indicators are deployed to process areas that include paper machine and two coating
machines including the coating colour kitchen. The differences between efficiency

measurements between these areas are noted in the following parts.

4.1 Paper machine

The paper machine in the case company has a vast variety of products in its portfolio. The
total amount of different grades produced in the paper mill is 43. Most of the grades are
coated in the coating machines, but some of the grades is uncoated paper. This versatile
product portfolio affects performance measurement development significantly. When
deciding about KPIs and factors that they are formed from, amount of different paper grades
brings difficulties to defining KPIs to each grade. If the key performance indicator was to
calculate possible savings or overconsuming of funds in terms of used utilities, additives,
and raw materials for a paper grade, scaling them to fit each other would be difficult. Each
paper grade would have to have its own target values scaled. Process history databases that
include data from measured production, are useful when defining grade-dependent variables

and indicators from their target values.
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4.2 Coating machines

Coating area of the paper mill consists of two coating machines. Coating is made in an off-
machine method, which means that the coating machines and paper machine are not in line
or in connect with each other. This method leaves possibilities to fix flaws and holes in the
paper before it is coated. Holes are patched in reeling process between paper and coating
machines. Off-machine coating is also safe from disturbances on paper machine, as they
won’t immediately affect or interrupt coating. (KnowPap 2022b) The KPIs developed for

the two coating machines will be mostly alike.

KPIs for coating machine area regarding process costs consist mostly of steam energy used
by cylinder dryers, electricity to utilities and electric infrared dryers and consumption of

natural gas for gas infrared dryers.

4.3 Coating colour kitchen

Coating colour kitchen KPIs will mostly concentrate on the materials handling and
consumption. The coating colour kitchen, which controls the production of coating material
for the machines. Mixing and dosing of the coating material is also responsibility of this unit.
Coat material is generally predefined in terms of its components, so there will not be much
variance between those, to be measured. The amount of coating material applied to paper

will be measured and shown in a performance indicator for costs.
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5 Development of KPIs

The practical part that aims to produce usable performance indicators for the paper mill
includes three central phases, and a fourth phase to continue with after this thesis work.
According to Bourne et al. (2000), phases listed in Figure 7 are needed in a successful
implementation of performance measures. A fourth phase is added to the sequence, which is
continuous development of the measurement system. Periodic reviewing is needed, and the
indicators will need updating when it comes to their target and limit values, which can
change along with evolving requirements. Chapters 5-6 includes implementation of these

phases, and their contents are explained.

Design of Implementation Use of Continuous

performance of performance
measures measures

performance development of
measures measures

Figure 7. Main phases in development process of performance measures. (Adapted from
Bourne et al. 2000)

This chapter includes justification for the chosen performance indicators and the calculation
structures for them. One main objective in this work was to construct calculations for target
and limit values for each indicator in a way that they give sensible directions for process

controlling.

To give justifications for chosen KPIs for each process, the indicators are explained next.
One possible problem for developing certain performance indicators occurs since many of
the needed information and data needed for forming performance indicators is placed in
separate databases or sources. This complication may cause difficulties for example, when
data for indicators is retrieved or updated. If the data for an indicator is scattered in many

places, it could be impractical to update the indicator for new target values.

The Distributed Control System (DCS), that these KPIs will be included in, has subsections
— or so-called levels. Key performance indicators that are developed in this thesis are to be

set in L1 and L2-levels of the system. They represent the upper levels and L1 is the highest.
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Itis supposed to be shown as a “front page” in the system and to present the main information

with main KPIs for the process step in question.

In difference with KPIs presented by literature, the ones developed for paper mill’s
automation system will be included with a financial perspective. The justification for adding
a €/unit value to indicator scales is to demonstrate the financial effects of process
performance more effectively. It is believed that visualisation of formed economic impacts

would better motivate process personnel in running the process as economically as possible.

KPIs for the automation system of the paper mill were selected to fit the process as good as
possible. The selected indicators could be linked to company’s CSFs and can be validated
by that matter too, which is presented in Fig. 8. Figure 8 is developed to visualize the
correlation between CSFs and KPIs. The presented themes are recognised as valid in the
case company and can be linked to the indicators that are developed in the empirical part of
this thesis. The success factors also drive the needed operations to excel in to achieve the

company’s vision, which is to be the most competitive paper producer in Europe.

CSE Operational Cost- Environmental Customer
' performance effectiveness sustainability needs
KPI Efficiency Costs Energy Quality

Figure 8. Critical success factors linked to key performance indicators.

The structure of the performance measurement system is divided to levels. On level 1 (L1),
a key performance indicator representing a sum of performance indicators of level 2 (L2),
gathers the information and sums the yearly consumptions and costs of a certain measurable.

This relation is visualized in Fig. 9, with an example of electricity consumption. The
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presented units in each indicator are MWh/t and €/a, which resemble the electricity
consumption per produced paper tonne and yearly costs of electricity consumption. The L1
KPI1 sums up the consumptions of the whole process in the case, for example, paper machine
electricity consumption and L2 indicators give the individual consumptions of process

devices that can be parts of paper machine using electricity.

Electricity
consumption of

paper machine
—| Level 1indicator|

Electricity Electricity Electricity
consumption of consumption of consumption of
process device 1 process device 1 process device 1

Level 2 indicator| —| Level 2 indicator| Level 2 indicator|

Figure 9. Presentation of the structure in L1-L2 levels.

5.1 Energy KPIs

Energy factors to be measured in the mill include water, steam, gas and electricity. The
consumption of each is measured also on process unit levels, which enables monitoring of
units that have unusual consumptions of energy and can therefore be detected. Some of the
energy, electricity, and steam KPIs were designed not to be grade-specific, because not every
grade uses specific amount of energy, and therefore won’t have to have difference by paper
grade. For example, electricity use for a single machine section can be same regardless of
the paper grade that is being produced.

Another notable fact is that the same KPI cannot be reliable in both cases of process unit
running and downtime. Therefore, separate target values for energy efficiency of the process
unit should be considered for running- and downtime. Energy is being consumed in both
cases, but at different characteristic values. Machine downtime energy monitoring is
important also in cases of possible process units being left on even though they shouldn’t.
Monitoring energy usage during downtime can help finding energy consuming units in these

kinds of situations.
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The usage of steam in paper machine area is a significant part of process expenses and is
mainly used for drying the paper with the drying cylinders. Similar cylinder dryers are used
in the coating machines. The basic principle for calculating steam energy use per produced

paper tonne is presented in Equation (3):

Hs mg
Es = (3)
SP
where Es = steam energy per paper tonne, MWh/t

H, = enthalpy of steam, MJ/kg
mg = steam mass flow rate, kg/s

S, = Production speed of paper machine, t/h

Steam energy is also multiplied by steam cost per MWh, to display steam use price
separately. The indicators are then included with the cost effects of steam use in unit of €/a,

which is done through multiplying €/t by the yearly production of the paper machine.

The paper mill receives heated water from nearby pulp mill to function as secondary heat.
This heat energy is used to warm the incoming raw water to the paper mill. The equation for
the indicator representing energy received through secondary heat from pulp mill for paper

tonne is:
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¢, m, AT
E, = —— (4)
SP
where E, = heat energy per paper tonne, MWh/t

B - , k]
¢, = Specific heat capacity of water, 4,19 g °C

m,, = mass flow of water, kg/s
AT = temperature difference, °C

S, = Production speed of paper machine, t/h

On the coating machines, energy is consumed in forms of steam, electricity and natural gas.
Steam and electricity indicators calculations follow the Equations (3) and (6). The

consumption of natural gas is calculated as follows:

Q v,
E; = (5)
SP
where Es = Consumption of natural gas energy per paper tonne, MWh/t

Q = Volumetric flow rate of natural gas in normal cubic meters, Nm%h
CVg = Calorific value of natural gas, 0,01 MWh/Nm?

Sp = Production speed of paper machine, t/h

The effective calorific value of natural gas was obtained from Tilastokeskus (2022) and
converted to MWh/Nm? from given values of GJ/m3. Volume flow rate is given normal cubic

meters, Nm? which means volume in standard conditions of 0°C and 1.01325 bar. Natural
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gas in coating machines is used in gas operated infrared dryers. The coating machines also

have electric infrared dryers.

Electricity used by many different process units and machines in the paper mill are presented
in the indicators by the energy use per produced paper tonne. Measurement data is usually

gathered in kilowatts and therefore the equation is calculated as follows:

pP-1073
4= (6)
Sp
where Ea4 = Electricity use of process unit, MWh/t

P = Momentary power of process unit, KW

Sp = Production speed of paper machine, t/h

52 Quality KPIs

Quality is being measured and target values are based on actual paper grades’ recipes and
quality standards. Improvement in quality control through KPIs can lead to a decrease in
quality variability and therefore help to produce paper of a more uniform quality. Paper
machine’s quality indicator on L1 level shows the results of all L2 level quality factors. L2
indicators that output under quality are summed on the left side of L1 indicator. Those L2
level factors that output over quality are summed on the right side of L1 indicator. The
measurement area of quality is the sum of all L2-level quality factors. In case of rejection
limit oversteps, the whole L1-indicator will be turned red or blue. In slight deviations from
target values, the sides of under- or over quality are filled depending on the number of
indicators that produce deviating outputs. In optimal situation where every quality indicator
would be in target value, the L1-KPI would be empty. Fig. 10 presents the quality L1-

indicator.
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Figure 10. L1-level KPI for paper machine quality.

The quality KPIs in the paper mill were developed beforehand and needed only to be
reviewed in terms of some limit values. It was included to this work to clarify the scope of
KPI measurements in the paper machine area and the functioning of L1 level KPIs. Also,

quality is the essential part of implementing the strategy of the company.

5.2.1 Flaws and profiles

Paper quality is summarized through visualising the flaws that have last been detected in the
paper under production. Fig. 5 shows the paper quality data sources in paper mills. Paper
machine has continuous measurement sensor of the paper web, that detects faults optically
and sends the data for the automation system. L2 level opens to show a more accurate view
of the flaws, which includes holes, spots, edge-flaws, and paper profiles, such as thickness

and moisture.

53 Raw materials

Figure 11 visualizes the L2 level Pls that make up the costs for the raw material costs KPI
on L1 level. Those are the raw materials that comprise most of the expenses on the paper

machine.
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Raw material A
Raw material B
Raw material C
Raw material D
Raw material E
Raw material F
Raw material G
Raw material H

Raw material |

| Raw material costs |
1

Raw material J

Raw material K

Raw material L

Raw material M

Raw material N

Figure 11. Raw material factors effecting raw material costs indicator.

The raw material cost KPI is built from blocks which are gathered in Figure 11. Each one of
them includes the equation of consumption of the raw material per end product tonne (kg/t),
which is multiplied by the price per kg of the raw material. These equations of blocks
summed together give the overall financial cost for the raw materials. This overall L1-level

indicator shows €/t costs for each measurable.

Example of raw material L2-indicator calculations. The consumption of pulp is calculated
using Equation (7):
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Qp-36-103c-1072

CP Sp (7)
where Cp = Consumption of pulp, kg/t

Q, = Volumetric flow rate of pulp, I/s
c = consistency of pulp, %

Sp = Production speed of paper machine, t/h

Another raw material, raw material B, can be calculated with Eq. (8). The raw material is in
liquid form and therefore its volumetric flow rate has to be multiplied with density to solve
mass flow per produced paper tonne. VVolumetric flow is multiplied by 60, since the process

data from flow measurement is in I/min.

Qs 60-p
Cg=—F7 (8)
N Sp
, Where s = Consumption of raw material B, kg/t

Q, = Volumetric flow rate of raw material B, I/min
p = Density of raw material B, t/m?

Sp = Production speed of paper machine, t/h

Figure 12 describes how the indicators are presented in the automation system. It shows as
an example the consumption of raw materials in paper machine during an 8-hour time period
measured in May 2022. The performance indicator shows the consumption of a raw material,
kilograms per produced paper tonne. The costs from momentary consumption rate are also

showed under the indicator, in unit of euros per year. Negative amount means that
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consumption is less than the target value and generates savings. Next to the indicator is an
eight-hour trend of the indicator output (red line), which in the case of Fig. 12 is under the
target value, presented by the blue line. Adding a trendline next to the indicator can help
with seeing the consequences of the actions that are made to achieve target values of

consumptions.

et = T I T R A N A s
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Figure 12. Raw material consumption indicator with 8-hour trend, while under target value.

The next raw material indicator is showing the output, when raw material is consumed over
the target values. In Fig. 13, the costs €/a are positive, which means extra costs in comparison

to staying in target.
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Figure 13. Raw material consumption indicator with 8-hour trend, while over the target

value.

The two figures 12 and 13 show the outputs of indicators and trendlines in both cases of over

and under target consumptions. These indicators can help in guiding the process operators
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to check if there are possible actions to make for getting to target values and generate more
savings. The figures represent real measured values taken from the paper machine’s

automation system.

5.4 Broke rate

Like in most processes — paper machine, coating machines or other process operations may
cause the formation of product that is not prime due to quality errors — and is therefore
classified as broke. In paper mill, the broke paper is usually recycled back to the process to
be used again as a raw material, so it doesn’t fully go to waste. The actual cost of broke is
generated in the moment the broke is made and therefore it proved complicated to
conceptualize to the performance indicators. The broke can be formed in coating machines
but is used as a raw material on paper machine. Adding costs to paper machine’s cost KPI,
would not be an absolute realistic model for broke demonstration. The definition of the
performance indicators regarding broke turned out to be problematic in terms of making the
indicators reasonable to guide the actions of the production. Several options were weighed

during the development of the indicators, and their suitability were assessed.
Broke is formed in paper mill due to following occurrences (KnowPap, 2022c):

e in the wire section of paper machine: edge trims
e in the paper machine during web breaks

e onrolls: parent roll surface and base

e on the winder: trim

e from rejected paper rolls

e any quality flaws

The state of mind with the production development personnel was to conceptualize broke
for the indicators in a way, where re-utilizing it would show up as an addition to the costs.
Anyhow, as stated earlier, broke is not formed in the place where it is reused and increasing
costs with using it would not guide operators’ actions effectively, because they cannot
usually affect the formation of broke. One possibility would still be to carry out the cost

adding effect to indicators accompanied with some training and guidance for operators about
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the reasons that the indicators are made in this way. Justifications for some KPIs would be

necessary.

Another possibility would be to make the cost effects of broke less effective to overall costs.
This model would still neglect the true consequences of its economic effects. A possibility
of showing indicators that can be affected by their operating area would be fundamentally
right. Reducing the cost effects to the indicator system is considered possible, because a
certain percentage amount of broke is formed always. The automation system handles the
dosing of recycled broke to the paper machine independently and therefore showing its cost
effects would not guide operators’ actions significantly. This model of operation would also

enable seeing the cost effects of indicators which can be affected by operating staff.
The percentage amount of broke formed in paper mill can be presented with equation (9):

amount of broke

- 1009 9
produced amount 00% ©)

The percentage presented in Eq. (9) is used to calculate Broke,.tyq: IN EQ. (10), while the

target percentage in the paper mill is 12% of production.

Equation (10) gives the cost difference for broke that is used on paper machine. Basis weight
of both coated end product and uncoated base paper are taken into account by dividing its
portion in the equation. The cost difference is needed to present information of the cost

effects of broke per tonne and per year.

Dry weighty s

. S . P 10
Dry Weightcoated) p " Tbroke (10)

Broke st diff. = ((BTOkeactual - BrOketarget) '

The Equation (11) presents the costs factors that are spent to produce the broke. These costs
are basically lost, when the broke forms because it needs to be circulated and reused through
the paper machine process. The paper machine broke and coated broke have separate prices
since coated broke is formed after paper machine and has therefore gone through more
processing steps that generate costs, such as the coating material loss and energy use of the
post-paper machine-process. The costs of steam, electricity and chemicals are obtained from

the paper machine’s L2 indicators in both Equations (11) and (12). All the price factors are
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brought to the calculations in unit of €/t. The composition of broke reused on the paper

machine determines the price. If the broke includes more coated broke than machine broke,

its price is higher.

, Where

Priachine broke = Steam + Electricity + Chemicals (11)
P, achine broke = Price of broke from paper machine, €/t
Steam = Price of steam used on paper machine, €/t
Electricity = Price of electricity used on paper machine, €/t

Chemicals = Price of chemicals used on paper machine, €/t

Peoated broke = Steam + Electricity + Chemicals + Coating + Energy,ost process (12)

, Where

P.oated broke= Price of broke, €/t

Steam = Price of steam used on paper machine, €/t

Electricity = Price of electricity used on paper machine, €/t
Chemicals = Price of chemicals used on paper machine, €/t
Coating = Price of coating material used at coating machines, €/t

Energypost process = Price of energy used to the process after paper machine,

€/t

The composition-% of broke is calculated in Eq. (13) and can be used to determine the price

for the composition for the broke that is fed into the process at a certain point in time. Eq.

(13) gives the percentage amount of machine broke in all broke that is in feed. Similar

equation can be conducted to calculate the amount of coated broke in the feed.

— 0 —
Broke /Omachine -

Cmachine @machine . 100% (13)

Cmachine Qmachine + Ccoated Qcoated
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The function of the broke indicator is presented as an XY-plot in Figure 14. It shows the
deviation between actual broke-% and target broke-% against the price effect of broke usage.
This simulation is done using a fixed broke cost of 200 €/t. The simulation shows that with
an example -5% broke usage from the target, 10 € per produced paper tonne would be saved.

In a one year of production, the savings would be 2 000 000 €.

20

. Deviation, broke-%
N
o

Deviation, €/t

Figure 14. Values that the broke indicator can obtain. The percentage on y-axis results from
the difference of actual, and target broke percentages, which is plotted against the cost
difference of broke, €/t.

The simulation in Fig. 14 was made using process history data, because at the time of
development, real time data was not available. The function principle could be verified with
history data. By changing the target broke-%, the value range was moved so that when
lowering target percentage, the indicator will output more costs and less savings, as

predicted.

5.5 Efficiency and productivity

Efficiency and productivity of the paper machine and coating machines are presented in
indicators that show the reeler speed of the machines in m/min. Production speed, S,, is also

presented in its own indicator (t/h). The number of breaks in the process during the last day
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and break times are presented to show the run history of the process, which are main points

of machine efficiency

5.6 Water consumption

In the paper machine area, water quality and consumption are monitored by indicator tools
that were developed. The flows of intake water and wastewater outflows to water treatment
plant are monitored, along with their temperature and wastewater solids content. Also, some
critical valves that were seen important to be monitored, were chosen to be shown. These
valves are supposed to stay closed to save water and the system will make an alarm in case

those are open. Yearly costs are presented in the system regarding water consumptions.

The indicators receive their input data from flow meters that monitor the entering and leaving
water in the paper mill. The water related indicators are presented in Table 2. They also
contain information such as water temperatures and wastewater solids content, which is
measured in mg/l of leaving water to the wastewater treatment plant. Two indicators for
water valves were made to monitor their positions, because they are usually supposed to stay
closed. When those valves are opened and water is consumed, an alarm in the system goes
off. Water PIs monitor the overall volume of water containers and set off alarms if those rise

too high.

Table 2. Water indicators with explanations.

Indicator Explanation

Raw water Raw water from natural source

Filtered water Pre-treated water filtered from raw water
Sanitary water Chemically treated water

Wastewater Wastewater to treatment plant

Warm water from pulp mill Pre-heated water to paper mill process

The indicators presented in Table 2 include the incoming and leaving waters in the paper
mill. Some of those include more information than just the flow in liters per second, such as

the temperature of raw water and wastewater.
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5.7 Overall financial KPI

Financial performance indicator is supposed to conclude all factors that use funds during
runtime by uniting them in a visualization of cost per year indicator. This gives operators a
clear view of process efficiency by showing the financial effect basing on how efficiently
the process is running at the moment. This KPI summarizes other Pls that it is formed from,
and to be able to improve it, one should take a deeper look on the factors affecting it. In this
project, financial indicators are supposed to be oriented in a current or online measuring
way. This means connecting a financial factor to a KPI for showcasing the economic effects

of current consumption, for instance in case of electricity or energy.

Manufacturing costs regarding measurable variables in current production can be measured
at a sufficient accuracy. Combining all running cost such as energy, raw materials such as
pulp and chemicals, water into a KPI is supposed to show operators the current state of
process as an overview on Ll-level. This KPI shows the outcome of current process
parameters and conditions in the unit of €/a, which can act as a motivational aspect and
embrace operators into thinking more about the financial consequences of their actions. The

KPI can show if current process conditions save money, or if they cause additional costs.

Although, this KPI will not necessarily guide operators to make actions in process
parameters on its own, it should lead to L2-level KPIs that show exactly where the
overconsumption of funds by material or energy usage is utmost. The calculation from each
€/a number is done by multiplying an €/t number by paper machines yearly production rate.

This equation scales the costs to a year level. The financial KPI is presented in Fig. 15.

SAASTO YLIKUSTANNUKSET

€/vuodessa €/vuodessa

Figure 15. Yearly costs of the process on L1-level
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5.8 Basis for calculations

Key performance indicators are developed through calculating from process data of various
equipment. This way complicated process data will be turned into relevant information that
guides operators to making right decisions to improve process efficiency. Limit- and target
values for individual KPIs must be decided and justified reasonably to produce sensible
information. A point that was noted during the project, was that the realistic model of process
is not always suitable to be utilized to performance indicators as it is. In some cases, KPIs
would have to be considered more to make an indicator that really contributes suitable

information and helps in guiding the actions needed to optimize processes.

The first calculations began by constructing the background for Costs-KPI. This included
equations for turning instrument-measured data to the form which is raw material
consumption per produced paper (end product) metric ton. Hourly production for paper
machine tons were calculated from Equation (1). Raw material consumptions had to be
calculated into kg/h form and then divided by the number of tons produced paper in the same
time. This way, kg/t consumption of each raw material was resolved. Knowing the price for

raw materials per kg, costs for each raw material could be defined.

Process history database (PHD) was investigated to define average raw material
consumptions for each paper grade. This was done to help considering the limit values for
the indicators. By reviewing the occurred paper grade-specific average consumptions from
the last year, set values for each consumable were defined. These set values act as the basis

for limit values, which are defined below.

The indicators need to be defined in terms of set and limit values. Set value is the setpoint
of the indicator and it acts as a target value for the measured factor. The limit values are then
defined from the set value as percentages of the set value. For example, lower alarm limit
could be -15% from the set value. These limit values act as in system borders for alarming
operator for process disorders. When the limit and alarm values are optimized for each
indicator, information from them can be achieved in the right time and process can be

adjusted to stay in target values. Limit values in the indicator are presented in Fig. 16.
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*LWL
LAL \

LLL

Figure 16. Structure of a performance indicator with limit values.

The abbreviations displayed in Figure 16 are explained in Table 3. LLL and ULL act usually
as the measuring limits for the indicator. SPL and SPH are usually used for target value

limits, and the measurable would be out of target when exceeding those limits.
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SPH

*UWL

//

UAL

ULL

Table 3. Explanations for indicator limit abbreviations.

SPL Setpoint low

SPH Setpoint high

LWL Lower warning limit
UwL Upper warning limit
LAL Lower alarm limit
UwL Upper warning limit
LLL Lower lock limit
ULL Upper lock limit
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6 Implementation of KPIs

The empirical part of the thesis considers on implementation of developed KPIs, which
includes also verifying the functionality of the developed KPIs through interviewing related

personnel, which also gives directions for further development.

6.1 Interviews for KPI development

Proper implementation of key performance indicators requires including of personnel so that
they will get acquainted with them. KPIs are not practical if they are not used or understood.
Therefore, an interview round of experts and relevant personnel regarding the project was
held. Interviewees consisted of people, that were working for the company, but not all of
them were internal employees in the paper mill. These experts brought the possibility to
consider the project from an outsider’s point of view. This way, improvement suggestions
can be gathered, and functionality of the indicators can be verified. The answers from the
interviews provided a proper frame for the ideology for key performance indicators and
justification for them. Reasoning for the KPI-based system renewal was found necessary
because this kind of system had not been in use earlier. The validity of research can be
confirmed through using statements collected from these conversations with applicable

expert personnel regarding the subject.

Another perspective for carrying out interviews regarding the performance indicator project
was to do with change management. The KPIs cannot be only installed to the automation
system without hearing the opinions and development ideas of operating personnel and
experts. Successful introduction of performance indicator system requires acceptance from
its users. Conversations and interviews enabled feedback and insights about performance

indicators and drove forward the ways of making their acceptance easier.

Interviews were prepared with sending the intended questions (Appendix 1) included with
the invitation to the people to be interviewed in advance, so that they could orientate to the
subject and think about their answers. The interview invitation was also added with a short

letter of introduction to save time from explaining and justifying the research during the
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actual interviews, as suggested by Adams (2015). This way the interviewees are more likely
to give better and more prepared answers. Respondents are not identified in this paper except

only in terms of their profession.

The actual interview was carried out in a semi-structured interview (SSI) manner.
Characteristics of SSI were utilized by delivering the structure of the discussed topics and
questions beforehand in the interview invitations. Interviews were held in a rather
conversational manner because no prepared answering options were made. The structure of
the interview followed the sequence of questions but left room for extra discussion and

follow-up questions regarding the subject.

6.2 Launching of performance measurement system

After developing the KPIs and defining their calculation principles along with target and
limit values, they were integrated to the automation system. As stated in Fig. 7,
implementation of the performance measures would be followed by usage and further

development.

Launching of the system can typically reveal the defects or inconsistencies that the indicators
hold, which then makes intervening possible. There may for example be some cross-effects
among the KPIs that could require reconsidering of the calculation basics. It is then necessary
to review the functioning of all indicators to ensure their correct functionality and make the

needed corrections to the defects that are found.

6.3 Upkeeping of indicators

An important practice to keep the performance measures up to date, is naming persons that
are responsible for their updating. Some things, that were kept in mind in terms of
updateability, were developing a database table for all of the target and limit values of the
indicators in a way that would be easy to update. This is also the reason that most of the limit
values were done as a %-value of the target value. This way, only one value has to be updated

for the specific indicator. Otherwise, it would be extremely difficult to update the values,
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because of the large number of paper grades and grade-specific target and limit values. Table

4 shows a basic idea for an upkeeping table.

Table 4. Model for an upkeeping table for indicators per paper grade.

Grade 1 Grade 2 Grade n
Indicator 1 Target value 1 Target value 2 Target value n
Indicator 2 Target value 1 Target value 2 Target value n
Indicator n Target value 1 Target value 2 Target value n

Another thing was documenting the functional descriptions for each indicator. KPIs were
also made mostly in a uniform way, so that they form a solid set. If certain variables are
measured, they should be presented in a similar way, to be understood. Simple and
understandable calculation basis also makes updating easier. Performance indicators should
be updated periodically, especially if it is noticed, that the target values cannot be reached,
or they are reached very easily. It was noted that if the indicators are not easily updated, the
neglecting of updating can lead to indicators becoming useless. These updateability remarks
are in line with Franceschini (2019), who stated that KPI updating should be fast and
effortless.
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7 Results and discussions

The main results and discussions of the thesis are presented in this chapter. The theoretical
part of this paper included getting acquainted with the basics of performance measurement
and the requirements for developing key performance indicators. Implementation of
performance measurement systems and the procedures it requires were studied and taken

into account in the empirical part and planning of KPlIs.

7.1 Findings of SSI

Semi-structured interviews for supporting KPI-implementation project revealed, that many
of the theories and practices presented in the theory part of this thesis were kept relevant by
the interviewed people. The basic idea of online monitored KPIs in performance
improvement was recognised by several interviewees. The used interview frame including
the pre-defined questions is presented in appendices (Appendix 1).

“The requested change through development of performance indicators is to bring them to

online monitoring instead of previous model with history data or email reports.” —Production
manager

Another theme that came up widely was the performance measurement effect on production
costs. The aspect of monetary factor in controlling the manufacturing operations was noted

as important, and to be monitored, like in every business should.

Theory part of this thesis was supported by statements, such as the one below. Connecting
the company’s purpose to the KPIs came up in the interviews, which underlines the need to
keep in mind that every KPI should be supported by company goals. This statement from
the Process engineer of the paper mill is taken into account in the very core of implementing

theory to practice in the thesis.

“Performance indicators should be linked directly to the objectives of the company.”
—Process engineer
A matter that was recognised, was that the indicators in the paper mill should be developed

rather for a specific process area, than a broader section. This way the measured things can
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be easier affected on, when they are focused on a certain process and have designated
operators monitoring them.
“Measuring should be emphasized on specific areas instead of only showing indicators of

wide sections. This enables the operators to see the impact of their own actions through the
indicators.” —Director, operations

The above-mentioned statement was taken to account in performance indicators
development and was notified as an important factor. Establishing indicators to a process
area local scale retains the control for the measured variable within the personnel that can
control it. The discussions with experts reinforced the perceptions of the chosen indicators,
in terms of recognising necessary indicators and possible unnecessary ones. It was noticed,
that depending on the work responsibilities of interviewees, slightly different KPIs were seen

as the most important for their work.

7.2 Results of KPI development

Outcomes of the key performance indicator development for paper mill automation system
were the designing of calculations for performance indicators and key performance
indicators for measurables, such as energy, raw materials and their costs. The development
process consisted of data processing for defining the target- and limit values for the
indicators and resolving the suitable calculation models for each indicator. Some simulations
with history data were conducted to find out if the considered calculation models were
suitable, because real time process data was not available for most of the time of

development process.

The use of process history data in definition of target- and limit values of the performance
indicators was noted to lead to some cases of inaccurate results. After getting real time
process data, the values could be updated to match actual inputs. A review of the instruments
that provide process data is also in place to find out, why history data didn’t match to the
results accurately. System start-up with real time data revealed some needs for further

development, which are considered in next chapters.

The developed KPIs provide the basis for better data use for intensified material efficiency.

KPI-based production monitoring system will help process personnel to further understand
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the financial outcome of their actions towards efficient production and saving materials and

money.

The calculations for the performance indicator outputs were successful and they were
reviewed against earlier made simulations of indicator behaviour. Indicators were calculated
using data from process instruments and when they were installed to the automation system,
they showed to produce the desired outputs with correct units and magnitudes, which could
be audited. Audits for calculations were done by comparison between installed indicator

outputs and precalculated results.

The true results in financial savings will be seen over time as the system is taken into use.
Adjusting the indicators to work even more precisely with each grade is part of getting more

out of the system to generate more savings.

7.2.1 System launching and continuous development

In the system launching, the functioning of the performance indicators was reviewed. All of
the developed indicators had outputs but some of them had limit values, that had to be
reconsidered, which was expected. The reason for faulty limit values was the fact that no
real time process data was available in the development phase of the performance indicators.
When the process started up and process data was obtained for the indicators, it was noticed
that some predefined limit- and target values were not optimal. One difficulty that is brought
to the problem of definition of the limit- and target values, is the grade specificness for the

values, which may cause the need to revise and update the grades’ values one by one.

Monitoring and follow-ups for the indicators is important in order to find the indicators that

are in need of updating and therefore affect the overall outcomes on the L1-level indicators.

7.3 Managerial implications

This chapter includes suggestions for further development for the performance measurement
system to the management of the paper mill. Necessary actions for updateability of key

performance indicators are reviewed and the tools that can be used for updating are listed.
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Ensuring that all end-users of the indicators understand how they can work towards the
desired outcome of the indicators is vital to make a change in the way the process is operated.
This change would be preferably everyone being guided by the indicators and so on generate
savings through efficient production. To achieve the thorough understanding of the targets
of the system, training and instruction for all users is needed. Discussions held between
supervisors, managers, and operating staff to ensure mutual understanding of the system is
beneficial also for the further development of indicators. This way, improvement needs and
changes to be made can be recognised. It is also beneficial to recognise, whether there are

indicators that should be added — or removed.

To monitor the changes or benefits achieved with the new model, some kind of a review
could be made, in order to see the savings that have formed. A suitable timeline for a follow-
up check would be for example three months after the start-up for the system, so that the
most critical flaws in it have been corrected, if those are to emerge. A review of the benefits
that are achieved is a proper way to prove the need for these kinds of systems and to justify
extending it to the rest of the paper mill. Monitoring the long-term impacts can help

budgeting later system investments when the added value achieved is seen.

Features that need to be updated in the system are target values of indicators and monetary
values for certain utilities. The prices of utilities such as electricity and natural gas are
changing continually and may vary greatly in the short term. Therefore, monthly mean

values should be used to maintain a suitable accuracy in the financial indicators.
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8 Conclusions

The conclusions of the thesis are discussed in this chapter. In this thesis, performance
measurement theories were studied, and key performance indicators were developed for an
automation system of a paper mill production area. The aim of the KPIs was to enable better
data use to optimize processes and promote raw material efficiency and financial
performance. The developed performance indicators give information about these matters
and can act as tools to support financial savings. The KPIs are in line with the strategy of the
company, which was ensured by connecting them to critical success factors of the paper mill
by means referred in the literature. Discussions with personnel of the paper mill enhanced

the functionality of the indicators.

After the calculations were developed for the performance indicators, target- and limit values
were defined for each indicator. Process history data was used to determine the values,
because live process data was not available at the time. The use of history data gave an
understanding of typical consumptions for the reviewed variables. Anyhow, since the
process was not running and no live data was available, the start-up of the indicators was
postponed. This left some need to review the target- and limit values after the start up.

Regular reviews should be made for them anyways, so this was not an issue.

Further development of the indicators is necessary to keep them up to date and to ensure
their functionality. Target values can be updated by developed updating protocols. which
keeps the indicators showing correct outputs, that contribute for raw material efficiency and
monetary savings. Further research possibilities could include the creation of an updating
system function that automatically changes the targets of the indicator to match history
consumptions, and therefore pushes change towards lower costs. This functionality might be

dependent from the restrictions in the automation system.
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APPENDICES

Appendix 1 Interview questions for SSI

Interview frame

Background of interviewee

1. Name, job title, department

2. What do you do for work, what are your responsibilities?
Performance measurement in paper production

3. What is the meaning of performance indicators, in your opinion?
4. Do you think that renewal of automation system can promote performance?

a. Could it be promoted better? How?

o

Which performance indicators should be monitored in production of paper mill?
Why?

Indicators that are useful in your work?

Indicators that are useless in your work?
Do you have other development suggestions related to production or its performance
measurement?
9. Other things that come up
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