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For the paper mill profitability it is crucial toimmize overproduction and unde
production. Overproduction and underproduction bgémerate undesired co9

and profit losses in paper mill production.

This master’s thesis examines paper productionradigéliment subject from
paper production level point of view. Research dadelopment approach is S

lected due to clarification requirements in latehplemented manufacturing ex

cution system. Manufacturing execution systemsgamerally expected to offe

reliable and accurate information about mill prate details. However, confu
sions are likely to occur after implementation @wnmanufacturing executio
system. These confusions are usually harmful ammbrbe cumulatively morg

influential the longer they keep occurring.

In this master’s thesis is presented actions taovg order fulfillment at pape

mill production level. Central points of the impewent actions are a model for

successful order fulfillment in paper mill productiand manufacturing executig
system catalogue configuration redesign. Improvénaetions are implementg
in Jokilaakso paper production plant and it is eixaoh as a case study. In the €
of this master’s thesis is presented performancasaorements which demonstre

order fulfillment from case Jokilaakso.

1S

117

=

DN
d
nd

ite




TIIVISTELMA

Tekija: Jarkko Ensio Olavi Vainikka

Tyon nimi: Tilausten tayteenajon tehostaminen paperin tunaissa.

Vuosi: 2013 Paikka: Lappeenranta

Diplomity0. Lappeenrannan teknillinen yliopistootantotalous.
88 sivua, 17 kuvaa, 12 taulukkoa ja 9 liitetta.
Ohjaaja: Diplomi-insindori Virve Raty

Tarkastajat: Professori Tuomo Kassi, ja tekniikamtari Kalle Elfvengren

Hakusanat tilausten tayteenajo, ylituotannon vahentamirneatannonohjausjar

jestelmén kehittaminen, suorituskyvyn mittaaminen

Paperitehtaan kannattavuuden kannalta on aarimméiskedd minimoida sek
ylituotanto ettd alituotanto. Ylituotanto seké wattanto aiheuttavat ei-toivottu|
kustannuksia ja tuottojen menetyksia paperitehtaatannossa.

Tama diplomityo tutkii paperitehtaan tilausten &#griajoa paperitehtaan tuotsg
non nakdkulmasta. Valittu nakdkulma tutkimus — phikystoiminnalle johtud
viimeaikaisessa tuotannonohjausjarjestelman kayttiéprojektissa ilmenneist
tuotantomdaarien seurannan selvennystarpeista. egleisuotannonohjausjarje
telmien odotetaan tarjoavan luotettavaa ja oikést@a tuotannon prosesseis
Uuden tuotannonohjausjarjestelman kayttéonotornegitkon kuitenkin todenna
koistd todeta tuotannossa tapahtuvan sekaannuksgdannossa tapahtuvat s
kaannukset ovat yleensa vahingollisia ja tulevamnliatiivisesti sitéa vaikutta

vammiksi mita kauemmin niita tapahtuu.

Diplomityon esittelemét paperin tuotannon tilaustayteenajon keskeiset tehd
tamistoimenpiteet ovat malli onnistuneeseen tilEmgtiyteenajoon seka tuotg

nonohjausjarjestelman katalogien konfigurointimalll ehostamistoimenpites

otetaan kayttoon case esimerkkina tutkittavassaladdison tuotantoyksikossa.

Tybn lopussa on esitetty tilausten tayteen ajoaaimawllistavia suorituskyvyr

mittaustuloksia Jokilaakson tuotantoyksikosta.
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1 INTRODUCTION

1.1 Background

Crucial step from the paper mill profitability poiaf view is to minimize under-
production as well as overproduction. Overprodurctamd underproduction are
illustrated in figure 1. Minor confusion betweere thrder balance data and the run
balance data at the mill production level can lead seriously inaccurate quantity
of paper at the mill warehouse or even at the ti$yrag point at the harbor ware-
house. To achieve the best result and to avoidmdexgtandings at the production
and the production planning, all users should baeitaong the same balance data

with the same definitions and basis.

H Produced quantity
® Ordered quantity +/- tolerance

Example 1 Example
Produced vs ordered quantities

4 . ) .
Underproduction (-> underdelivery) Overproduction
- Decreased sales - Rawmaterial misuse
- Degenerated customer relationship - Labor misuse
- Changes in the production plan - Increased logistical costs
\_

Figure 1. Overproduction and underproduction.

Underproduction results not only as decreased ,dalgsalso as degenerated rela-
tionships with the customers. In addition underpaithn generates changes in
the production plans due to the customer ordandilheeds. Overproduction is
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misuse of the raw material and labor. Overproductealizes usually as increased

logistical costs accumulating from warehousingding and transportation and as

additional material processing like pulping, raksving and unintentional rewind-

ing and wrapping. These are the main reasons faM-Wlpmmene Oyj to have

clear definitions for production balance data manity at the production level

and production planning.

1.2 Targets and scope

Targets of this master’s thesis are divided to éntties:

First target is to clarify paper mill operationavél production balance
monitoring to achieve improved order fulfilmenthd main focus is on
produced paper quantities since it is totally colidble by the paper mill
production.

Second target is to measure realized order fulfibnto prove improved
order fulfillment performance. The measured perfamge statistics are

used to benchmark coherent paper production linigseach other.

1.2.1 Paper mill production balance monitoring

The first target of this master’s thesis contains:

the explanations and clarifications for used teimihie paper mill produc-
tion,

a production guide for successful order fulfilmaentthe paper mill pro-
duction,

redesigning of the paper mill production operasareen catalogues, and

the operation screen catalogue configurations.
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The actions mentioned above are executed to prevemproduction from occur-
ring. However, if overproduction is for some reas@ing produced from the pa-
per machine, this master’s thesis explains howrtoged with the exceeding pa-

per quantity.

Terminology understanding, together with its conioecto the vendible product,
is considered to be fundamental knowledge for eset in order to achieve suc-
cessful order fulfillment in the paper productidxt. first this report defines few
fundamental definitions for order fulfillment. Tikfference and relationship be-
tween an order and a run should be acknowledgeallfglobal Mill Execution
System, GMES, end users. This report also inclad@MES catalogue column
explanation table which content should be undedstppall end users in order to
recognize commonly pursued production targets. Bhigject finishes with the
winder operation screen catalogue model configomati

1.2.2 Performance measurement and benchmarking

Second target of this master’s thesis is to measalezed order fulfillment before
and after the development actions to prove improweter fulfilment perfor-
mance. Data from the paper mill production, waralvay and dispatching is used
as base of the order fulfillment performance meaments. Measured perfor-
mance statistics are used to benchmark cohereet papduction lines with each
other.

Performance measurement in this master’s theseaized by examining realized
overproduction quantities, realized under delivgnantities and the mill ware-
house overproduction stock levels. The purposéefperformance measurement
in this occasion is to prove improved order futfignt after the development and

redesign actions in the GMES and production prasess
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1.2.3 Scope

The purpose of this work is to focus on the pap#rproduction line procedures
in order to clarify and develop the functions ofertly implemented global mill
execution system. Another matter that has influemrcéhe order fulfillment is the
paper mill production planning. The paper mill puotion planning is however so
wide research subject that it would take anothestens thesis to investigate it

thoroughly.

The order fulfillment performance measurement &ized in a way that only the
order fulfillment related factors are measuredeAfll, the target is to prove the

improved order fulfillment from the taken developmhand redesign actions.

1.3 Research realization

The following sections describe the actions, whielre been left for lower level

of attention, but still have affected on this mdstéhesis.

Other GMES live paper mills were investigated, las best possible practices
were searched to build up the most effective ardradGMES catalogue configu-
ration model for Jokilaakso. The paper mill productend user and the GMES
project colleagues had significant influence inaleping the most practical solu-
tion for problems to be solved. The developing stjgns were taken account
and realized within the possibilities. This partadrk also required from master’s
thesis worker to learn and step to an earlier lfotadknown area of the GMES

catalogue configuring.

The performance measurements required the ordaerdéta detail gathering from
April 2012 to February 2013. This timespan includ&l of 17 000 individual
order rows from only Jokilaakso paper productioanpl A base for performance

measurements was built as follows:
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1. The requirement analysis was done, for collectelérorow data.

2. The system supplier experts collected the orderdata into a Microsoft
Office Excel add on application in the GMES.

3. Order fulfillment related data was gathered from #ad-on application in
the GMES.

4. Order fulfillment related data was analyzed andfieet to be reliable.

5. Order fulfillment data was modified to a readeemdly mode.

1.4 Structure of work

In the beginning of this master’'s thesis is presgénoverall view of UPM-
Kymmene Oyj with more detailed insight to the UPNMrmene Oyj paper divi-
sion. Financial ratios are presented on both tipacation and the paper division

level.

The UPM-Kymmene Oyj presentation is followed by mwew to the paper mill
production. In this chapter is presented the gdiyeuaed paper production ma-
chinery and the commonly used terminology in theegpanill production.

The master’s thesis topic related theory is preseint the following chapter. The
theory part presents a process performance imprenemodel which is applied
generally to the whole order fulfillment improvenmeorocess. Theory chapter
presents also the manufacturing system charaatsrighd requirements. Finally
in theory chapter is presented views on effectiafogpmance measurement in

manufacturing.

The next chapter considers UPM-Kymmene Oyj's martufang execution sys-

tem implementation. The main topics of this chapter

* the situation before the GMES,
* the GMES development and implementation,

* the GMES program targets, and
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» the situation after implementation of the GMES.

In the following chapter is described general orfidfillment related issues fo-
cusing on paper mill production. The paper millgurction planning related is-

sues and the dispatching related issues are pegsaisp.

After the general order fulfillment related isswme presented, the order fulfill-
ment monitoring issues are defined. This chaptéerdenes all the influential

factors that have to be assimilated in order taevehsuccessful order fulfillment.

In the last two chapters is presented case Jokiaakich includes order fulfill-

ment improvement actions and order fulfillment imygment actions.
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2 UPM-KYMMENE OYJ

UPM-Kymmene Oyj officially started its operationa @ May 1996 after Kym-
mene Corporation and Repola Ltd and its subsidiimjged Paper Mills Ltd an-
nounced their merger in autumn 1995. (UPM-Kymmegg 2010)

The UPM group’s roots in the forest industry reatitthe way to the 1870s when
the first saw mills started its operation. The naesbal pulp production began in
the 1880s, the paper production in the 1920s aaglwood production in the
1930s. (UPM-Kymmene Oyj, 2010)

At the present UPM-Kymmene Oyj’'s business areagaper, pulp, energy, bio-
fuels, label, plywood, forest and timber. NowadHyes present corporation com-
prises about hundred production facilities from albund its business areas.
(UPM-Kymmene Oyj, 2010)

2.1.1 Strategy and key figures

UPM Kymmene Oyj’s businesses are in the long rypsetted by the majority of
the change drivers. According to UPM-Kymmene O¥)1@) these change driv-

ers can consider being:

« the global demand for oil, food, water and energy
» the shifting of economic power from West to East
» the climate change

» the integration of digital technologies into peapéeryday life

Strategically UPM-Kymmene Oyj focuses its growtlfiogs on the regions and
markets with the most promising future forecaswcdtise of this strategic deci-

sion, UPM-Kymmene Oyj has divided its businessfpba into two groups; ma-
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ture businesses and growth businesses. The bugiogidio groups are illustrat-
ed in figure 2. (UPM-Kymmene Oyj, 2013)

Mature business Growth business:
[ ] European paper ["] Energy

[] Plywood ["] Biofuels

[ ] Forest and Timber [] Pulp

[7] Asian paper and label

Figure 2. UPM-Kymmene Oyj's business portfolio goeu

The mature businesses’ target is to increase fludeaty on operating businesses
whereas growth businesses are expected to havelikely future growth and
profitability prospects. In addition UPM Kymmene jQy constantly developing
biochemical related businesses with expected hiiglec value. (UPM-Kymmene
Oyj, 2013)

UPM-Kymmene Qyj's vision is to be a forerunner Iretintegration of bio and
forest industries. According to UPM-Kymmene Oyj 13) UPM-Kymmene
Oyj’'s competitive position is based on followingfars:

e cost competitiveness,

« material and energy efficiency,

* high quality products, and

» the ability to quickly adapt to changing circumstas.

Key figures from last three years are presentedbte 1.
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Table 1. UPM Kymmene Oyj's total key figures froraay 2010 to 2012. (UPM-
Kymmene Oyj, 2013)

Scale 2012 2011 2010
Sales EUR million 10438 10068 8924
Operating profit * EUR million 530 682 731
Earnings per share * EUR million 0.7 0.93 0,99
Operating cash flow per share EUR 1.93 1.99 1.89
Dividend per share ELUR 0.6 0.6 0.55

* excluding special items

2.2 Paper business area

UPM-Kymmene Oyj's 21 modern paper production plartslocated in Finland,
Germany, the United Kingdom, France, Austria, Chand the United States of
America. The combined annual paper production agpac 12,2 million tons.
(UPM-Kymmene Oyj, 2013)

UPM-Kymmene Oyj reaches its customers with its glgiaper sales network and
an efficient logistics system. UPM-Kymmene Oyj'simaustomers are publish-
ers, retailers, printers, distributors and papearveaers. (UPM-Kymmene Oyj,

2013)

2.2.1 Strategy and key figures

UPM Kymmene Oyj paper business areas main focusesrathe cost leadership
and European profitability to secure strong cashwflAt the present this is the
only way to consolidate its position in the Eurapemarkets. (UPM-Kymmene
Oyj, 2013)

Despite the improved key figures in the last thyears, profitability needs focus-
ing. Even though the paper business area’s sales &84 % from UPM- Kym-

mene Oyj’s total sales, paper business areas opgg@bfit was only 0,37 % of
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UPM Kymmene Oyj's total operating profit. UPM Kymme Oyj paper business
areas total key figures from year 2010 to 2012 sdirewn in table 2. (UPM-
Kymmene Oyj, 2013)

Among others, minimization of overproduction andierproduction is one way

to improve profitability since it reduces costs amcteases profitability.

Table 2. UPM Kymmene Oyj paper business areasketafigures from year
2010 to 2012. (UPM-Kymmene QOyj, 2013)

Scale 2012 2011 2010
Sales EURmillion 7,150 7,184 6,269
Operating profit * EURmillion 2 -16 -254
Capital employed (average) EURmillion 5,470 5,437 5,465
ROCE * 0,0 -0,3 -4,6
Personnel on 31 December 12,627 13,877 11,901
Deliveries
Publication papers 1000 tons 7,230 7,071 6,123

Fine and specialty papers 1000 tons 3,481 3544 3,791
* excluding special items

At the moment the Asian paper business area magket$avorable for seeking
growth. Therefore, UPM Kymmene Oyj strengthenedpisition in Asia by in-

vesting on the wood-free specialty paper machin€lmngsu, China. (UPM-
Kymmene Oyj, 2013)
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3 PAPER MILL PRODUCTION OVERVIEW

In this chapter is described a normal paper mddprction line. After production
line insight, some common terminology concerninggramill production is ex-

plained.

3.1 Paper mill production line

The paper mill production line overview is presente figure 3. A paper mill

production line process is following:

1. Paper reels are produced from the paper machine.

2. Paper is refined at the paper re-reeling machiapepcoating machine
or paper calendar. Refining methods depend on tistomer’s re-
quirements and the production line assembly.

3. The paper reels are then produced at the windeusgtomer rolls ac-
cording to customer’s requirements.

4. The customer rolls are wrapped at the wrapping mach

The next steps are logistical functions followedly paper mill production line:

5. Wrapped customer rolls are transported to thewahehouse or deliv-
ered directly to the customer.

6. The mill warehouse personnel organize rolls to wa@ehouse stock
lots according to the scheduled delivery date.

7. The customer rolls are delivered to the custometoothe external

warehouse via the train cargo, truck or vessel.
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Paper
machine

Re-reeler

Coating
machine

Re-reeler

Super-
calander

Winder Rewinder

Wrapping
machine

Warehouse

Figure 3. The paper mill production line overvied. production activities inside
the parenthesis are independently alternative.rénder processes paper rolls,
which are directed to it from winder and warehouse.
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3.2 Common terminology in paper production and planning

Order
The orders are normally placed against the custaemuirement.
Common variables for the roll order are paper gradd basis
weight, order quantity and basis, roll diametegténand width,

core model and tolerance of delivered quantity.

Order item / Order row
The order can be partitioned in order items. Thisues due to the

different variables and specifications in one order

Schedule line
The order item can be partitioned in schedule lifidss occurs due
to the different delivery dates. The order itemestiiie lines are
usually produced in the different runs. GMES reesiwrder item

schedule line level data.

Production lot
One schedule line can produced in one or more jgtadulots. This

occurs due to production and production plannirgoes.

Run
One run consists of planned quantity of paper fog or more pro-
duction lots. Usually the planned quantity for arder item sched-
ule line is exceeding the ordered quantity by thet@mer. One run

is normally produced continuously from the papechae.

Planned quantity for order item schedule line
Planned paper quantity for one order item schelitude Planning is
executed by the production planner in associatigh thhe produc-

tion planning algorithm.
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Paper machine reel

A paper unit which is produced from the paper maehiA paper

reel weight varies from 20 to 25 tons.

Paper roll

A paper roll is produced at the winder or rewinded it usually

weights from 450 to 8 000 kilograms.

Mill ready date

Mill ready date represents the point in time whiea prime quality
paper roll is supposed to be in mill warehousehatlatest to reach
the planned delivery to customer. This is alsodate when the fur-

ther transferring is planned to take place.
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4 THEORY

4.1 Process performance improvement

Processes hold the people and procedures togethasr,if people and procedures
change from time to time. Organizations typicalbcds on people, procedures,
tools, and technology but performance can be ingaawore effectively by fo-
cusing on the process. (Chrissis, Konrad, & Shra@)5) According to Martin
(2008, p. 30) “People and technology cannot prodbeebest of products unless

the processes are effective”.

The main idea of the process performance improvénseto measure perfor-
mance of a particular process and process modditain stages to increase the
output performance. (Martin, 2008) Martin (2008 1. states that “The concept
of performance improvement can be applied to imlligl or organizational per-

formance.”

The company uses performance measures called metrindicators in the pro-

cesses to measure the characteristics of the pgsydservices, and operations.
These metrics and indicators are then used to tackimprove performance.

Process improvement is always possible if the m®can be measured by identi-
fying the metrics. (Martin, 2008)

4.2 A process performance improvement model

Martin (2008) presents an outline of a simple pssceodel for a performance
technologist as an operations consultant or proeesdyst (figure 4). Process
model presented by Martin (2008) is meant to hegnmts to improve the produc-
tion or service processes. Production or servioegss improvement is possible
via developing operations strategies and identfyiterventions. (Martin, 2008)

An alignment between strategy and process dimess®ibrought about by an
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effective operations consultant. This alignment aedes the business perfor-

mance of the client. (Chase et al. 2006)

Performance improvement model has been designed fa®-stage framework
where each stage has been further subdivided. Tduelnthas been designed so
that the improvement model steps can be convegiéoitbwed to improve pro-

cess performance. (Martin, 2008)

Detailed understanding of how a process can beygediand redesigned to im-
prove the performance is provided by process pmidoce management. It starts
with identifying an opportunity for improvement aedds with an opportunity for
continuous improvement, which can be determinectlasively light on the anal-
ysis front but it focuses more on identifying penfi@nce outcome measures.
(Martin, 2008)

[ Define Measure Analyze Improve Contrd|
Identify desired Redesign th=|:> Monitor the
F Performance g::> Process Process
Identify P Gap/ s Statistical
en rocess a = atistical
iy o Cause 3 Manage
Performance Constrain Analysis b Change Process
Measures (Metric$) Analysis % o Control
Define Process Identify Actual Standardizg
Scope/Boundarief Performance the Proces:
Create Process Continous
Map/Process Flo Improvement

oY)
3
5
3
=

Figure 4. Process performance model. (Martin, 2008)

4.2.1 Step 1: Define the Process

A. Identify Performance Measures (Metrics and Indicsgto
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The process owners have in most cases identifieghrtbcess outcome measures
that provide the best indication of their procesaltin and efficiency. Performance
technologist will have to work with the leadership identify the outcome
measures or metrics, if they have not been ideqtif(Martin, 2008) Theory of
constraints originator Goldratt states that goahoy economic enterprise is to
make money. (Goldratt & Cox, 1992) This goal ofkimg money is contributed

towards by every organizations set of process owtcmeasures. (Martin, 2008)

Metrics are a system of parameters or ways of gaéime assessment of a pro-
cess that is to be measured, along with the presdsscarry out such measure-
ment. The measurement of the right thing is vergdrtant, and metrics define
what is to be measured. If the right things aremeasured the ability to improve
performance will be impossible. Metrics also hedpassess the ability to meet

customers’ needs and business objectives. (M20D3)

Martin (2008) presents a list of performance measr metrics that help deter-

mine the efficiency of the process:

» Profitability and productivity: Business success t@ measured through
comparing profit made with the amount sold or ingdslt is a relation be-
tween the value of the goods and services prodanddthe value of the

factors of production used.

» Service quality: Delivering the promised producthre promised time and
ensuring reliability. This step includes more thast delivery time; it is
the interface step with the customers and how h#pgy are with the pro-

vided service.

» Capacity or quantity of output: The amount of otitpsystem is capable
of achieving over a specific period of time. lnigrmally measured in tons
or units or using relative key figures. Martin (80Qp. 32) states that
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“When a new process is in place, the first priorgyo get functional. At

start-up, capacity is one of the main process on&so’

e Manufacturing time: The total time taken for a prodto be manufac-
tured. It is the time period during which the rawterial input is convert-

ed into the output in a manufacturing process.

e Quantity of rejects: The number of products thaindb meet the custom-
er's requirements. It is the measure of the pralubat require any

amount of rework before they meet the customengeetations.

* Quantity of waste: Unwanted or undesired mateetildver after comple-

tion of a process. (Martin, 2008)

B. Define the Scope or Boundaries of the Process.

Process boundaries’ setting becomes necessary @iocesses can be at the or-
ganizational level, the department level, or edenémployee level. The process
boundary is formed by the entry points of the pssdaputs and the exit points of
the process outputs. (Martin, 2008)

C. Process Mapping and Process Flowcharting.

According to Martin (2008, p. 33) “Process mappiatgrs to a picture of activi-
ties in the process”. In process maps the processebroken down into simple,
manageable, and easily understandable units. Inputputs, controls, and re-
sources for all the processes are defined in psoneps. Interactions between
independent units are represented in a logicalddoekctive way. (Martin, 2008)
In literature process mapping is also known asesygfisk analysis, process task
analysis, process diagramming, and work mappingngddon, 2000; Marrelli,
1998; Siever, 1993; Swanson, 1994)
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4.2.2 Step 2: Measure Performance

The next step is to measure the desired and thalgmrformance. At this point,
data have been collected about the process anthripeted outcome measures.
Martin (2008, p. 34) states that “Desired perforoeameasures are set as business
goals in an organization. However, actual perforreas measured at every stage

where there is a transformation of the input.”

A. Identify Desired Performance.

Stakeholders’ statements and business input aik tosglentify desired perfor-
mance goals. Organization’s performance is sigaifiky impacted by five types
of stakeholders. These stakeholders are custostersholders, employees, sup-
pliers, and community (Chase et al. 2006). Accedhé business goals will help

identify the desired performance. (Martin, 2008)

Process goals are usually used to identify therelggierformance. At the process
design point is set goals for the cost of proc#ss,quantity, and quality of the

output, manufacturing, and delivery time. (Mar2008)
B. Identify Actual Performance.
When specific outcome measures are identified émhdevel of desired perfor-

mance, we are ready to measure the actual proeefssmpance (figure 5). (Mar-
tin, 2008)
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Identify process
performance
measures

Identify metrics
for the process
outcome
measures

Identify ways
to collect data
for these
metrics

Measure actual
performance

Figure 5. Measuring actual performance. (MartirQ&0

C. Data Analysis Tools and Techniques.

At the point when the desired and actual metricseeH#een established, a process
improver needs a data collection method for anatyeiach of these performances
indicators. Measuring ways of this information dennumerous, from collecting
data to interviewing people to observing the prec&tartin (2008) presents sam-
ple data collection and analysis tools such askiisgcbar charts, histograms,
pareto chart, scatter diagram, cause-and-effegratias, line and pie charts, ma-
trix analysis, dot plot chart, tally chart, contiharts, force field analysis, and

simulations.

4.2.3 Step 3: Analyze the Process

A. Gap Analysis and Constraint Analysis.
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Gap analysis is used to compare the company’s ipeafice to the expectations
of its stakeholders and customers. Likewise, comyggrerformance can be com-
pared to the performance of their competitors. €ehet al. 2006). Thus, it is uti-
lized to identify gaps between examined subjebtsasuring the gap (figure 6.) is
relatively simple when there are metrics data her desired performance and ac-

tual performance (Martin, 2008).

Gap = Desired performance — Actual performance

How should the
process look?

GAP

How is the
process now?

Performance

Time

Figure 6. Identifying the gap. (Martin, 2008)

At this step is identified any existing gap. Pracesnstraint identifying is also

important for the process analyst. Martin (20083¢). states that “Constraints are
factors that limit the performance of a system esstrict its output.” Every or-

ganization has one key constraint that limits tystesn’s performance relative to
its goal. (Goldratt & Cox, 1992) A bottleneck ispecial type of constraint that
relates to capacity shortage in a process. Bottlenare identified by measuring
capacity and utilization of a process. Bottleneaks other constraints that de-

crease the process performance are also identifiguls step. (Martin, 2008)

B. Causes for the Gaps and Constraints (Cause Anglysis
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Identifying of the causes and root causes for tqgsgand constraints takes place
in this step. Missing process steps or illogicabhagement of process steps or
other factors can realize as gaps and constr&ats.causes can be analyzed with
causal factor charting. Root causes are those larhneffective recommendations
can be generated. Organization has control oveenyidg causes like root caus-
es. (Martin, 2008) It is all about identifying tlkauses for the mistakes such as
unclear labeling or a confusing procedure, not alentifying minor mistakes

made in the process. (Rooney & Heuvel, 2004)

C. Identify Intervention for the Causes.

Solution recommendations are made in this steputi®al recommendations are
used as a way to address root causes, close gapachieve desired performance
measures. Automation is not always the best or salytion even though many
process performance problems look to automaticam @erformance improvement
solution. (Martin, 2008)

4.2.4 Step 4: Improve the Process

In addition to planning or redesigning process, ronmg includes also imple-
menting the new process with an implementation gtanredesign. (Martin,
2008)

A. Reengineering/Redesign.

The process typically has to be redesigned base¢keocause identified and inter-
ventions recommended. The employees will have tiodieed, if the root cause is
discovered to be a training issue. If the cause nsissing step, the missing step
must be included in the reengineering of a prodg@dartin, 2008) Michael Ham-

mer initiated the reengineering movement, whicldeéned as the fundamental
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rethinking and radical redesign of processes taawg performance dramatically

in terms of cost, quality, service, and speed. jgvaki et al., 2007)

B. Manage the Change.

Redesign process typically contains changes. Aaogreb Martin (2008, p. 38)
“Based on the extent of changes that have occueitiigr there has been incre-
mental improvement where a process is enhancedenoo two departments, or
perhaps there has been a redesign of a varietyookgses where the change has
to be managed.”. Some type of change managemegtaonois recommended in
the implementation phase, even though incremenpravements may not re-
quire much change. Matrtin (2008, p. 38) also stttas"Change management is a
structured approach to change in individuals, teanmganizations, and societies
that enables the transition from a current state tiesired future state”. Job con-
tent is likely to be changed, and training showddcbnsidered during implementa-

tion of any redesign. (Curtice, 2007)

C. Standardize and Document the Process.
A new process must be standardized if the purposeat it will be accepted and
followed by the entire organization. This phaseoiags documentation and usu-
ally training. (Martin, 2008)

D. Continuous Process Improvement.
Continuous process improvement is based on thendapaconcept of kaizen, a
philosophy of constantly seeking ways to improwe phocess. Benchmark identi-
fying and implementing the improvements is includieatontinuous process im-

provement. (Martin, 2008)

E. Benchmarking.
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Benchmarking is systematic procedure that is etilizo measure a firm’'s pro-
cesses, services, and products and compared wik tf the leaders of its indus-
try. (Martin, 2008) The different types of benchkiag are competitive bench-
marking, functional benchmarking, internal bencharay, and generic bench-
marking. (Anderson & Peterson, 1996)

In this context the most relevant benchmarking tigoénternal benchmarking.
Martin (2008, p. 39) describes internal benchmaykas follows: “Internal
benchmarking is comparing similar operations betwagpartments units, subsid-

laries, or countries within the same organization.”

4.2.5 Step 5. Control the Process

Essential thing is to maintain the improvement otiee performance of the pro-
cess has been improved. (Martin, 2008)

A. Monitoring the Process.

In order to maintain the performance rate, the @gedas to be monitored contin-

uously. Process control can be supported by datigsis tools. (Martin, 2008)

B. Statistical Process Control.

Statistical process control uses statistical tbmlebserve the performance of the
production line to predict significant deviatiorfet may result in rejected prod-
ucts or other undesired outcome. (Martin, 2008) rtiMg2008, p. 39) describes
that “statistical process control indicates wheraaton should be taken in a pro-

cess, but it also indicates when no action shoelthken.”
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4.2.6 Summary of process performance improvement model

Process performance management starts with idengifgn opportunity for im-

provement and ends with an opportunity for contusianprovement. Process
performance improvement model provides detailedetstdnding of how a pro-
cess can be designed or redesigned to improve iaggiemal performance. (Mar-
tin, 2008)

4.3 Manufacturing execution system, MES

At first this chapter presents Manufacturing ExemutSystem, MES, basis and

background. From this point of view can be stated:

* what information MES should be providing, and

* which questions MES should be able to answer to?

Fundamental idea of this chapter is to describe &dES should be working and
what features it should include.

4.3.1 Background

Today’s trend in manufacturing businesses is tkesasing needs for flexibility,
reactivity and efficiency. These needs result gr@aving complexity of manufac-

turing systems and a necessity of integration @if ttontrol. (Blanc et al. 2008)

Rolon & Martinez (2012, p. 54) describes that “Ighty competitive global mar-
kets characterized by make-to-order production raaturing and volatile de-
mand production systems must meet individual reguénts and comply with
stringent deadlines while guaranteeing superiofitguat low prices.” This can be
achieved when production planning work and exeoutiontrol are tightly inte-
grated. (Rolon & Martinez, 2012)
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A demanding and fast changing environment challerigday’s manufacturing
systems. In order to maximize their productivitydustrial firms have to imple-
ment control policies and adapt their manufactugggtems. As a main issue,
industrial firms have to consider the manufacturitugtomer responsiveness. As
a part of fitting to an ever-changing environmengnufacturing systems have to
undergo small changes on-the-fly. Similarly it hasave the ability to co-evolve
with continuously changing necessities, by way ighificant transformations.
(Blanc et al. 2008)

Paper production process lacks effective unity emmimunication of model and
information between the production planning manag@nof upper layer and the
process control of bottom layer. This causes uressfal performance of specific
business functions in the control layer in timed basibility of production infor-
mation such as supplies, equipment, product quatityorder information as well
as difficulties of information communication. Insponse to this question, MES
emerged. (Xu et al. 2009)

4.3.2 MES

A MES usually consist of a control execution systma a production planning.
However, production planning is in some cases mateg together with enterprise
resource planning system, ERP.

A MES is defined as a system, acquired by an ens$e;po ensure the control of
the processes. It is a main actor of the enterpnisgration, as it interfaces the
physical subsystem and the high-level decisioniasgstem. (Blanc et al. 2008)

The MES is generally a specific system for eacferbht manufacture. The MES
is defined as an interface between business andfacaring. It materializes the
frontier between provisional plans and actual eagibons. (Blanc et al. 2008)
Blanc et al. (2008, p. 317) describes that “The M&$ charge of the detailed
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scheduling of activities in the manufacturing sgstehe launching of the orders,
the response to random events, the adjustmentio pnd the following-up of

activities”.

A MES is defined to be a real-time information gystand a production man-
agement technology, which lies between the ensprpper layer (ERP) and the
shop floor layer. (Xu et al. 2009) MES’s are cohsgstems which attempt to
follow a given schedule as closely as possible. BSMs trying to fill the gap be-

tween the planning level and shop-floor execut{&hetti, 2007)

Rolon & Martinez (2012, p. 54) describes that “Mfauturing execution systems
(MESSs) are the main production management toolategrate production plan-
ning — at the company management level — with obatitomation systems at the
shop-floor level”. Typically, an Enterprise Resaielanning, ERP, system trick-
les data for planned orders down to an MES for dgleegeneration and execu-
tion control. Data for planned orders includes sizgoduct mixes, and due dates.
Thus, all MESs must include a shop-floor planning acheduling tool for trans-
forming planned orders into detailed, executableedales for verification and
tracking purposes of production orders. (Rolon &rfitez, 2012) A MES should
also be able to reschedule in real-time the execudf tasks as contingencies and

disruptions occur. (Meyer et al. 2009)

In figure 7, is shown how the information and dexis are exchanged up and
down between a control execution system (MES) wdthop-floor sen-
sors/actuators and with a production planning syste this view of the man-
agement hierarchy, an MES has the key role of lating production goals, also
described as planned orders, decided at the compamagement level into a
detailed scheduled to be executed at the shop-fidwr state of the shop-floor is
abstracted using data gathered in the control/aatiom level and fed into the
MES for execution control and rescheduling. Statusieorders are then being
processed and reported to the company managenehtwlich may affect the

release of future planned orders. (Rolon & Martjrizi¥l 2)
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Figure 7. The information and management systemgplmnning and control.
(Rol6n & Martinez, 2012)

Blanc et al. (2008, p. 315) states that “besidelé-identified characteristics such
as reactivity, flexibility and productivity, new gairements such as re-
configurability and evolvability lead to drasticalincrease the complexity of the

(re)design of manufacturing execution systems, MES”

4.4 Effectual Performance Measures in Manufacturing

One of the most important aspects in manufactunasgalways been productivity
performance measurement. This comprises a long-t&rprogressing measure.
When it comes to benchmarking and improving a compaerformance, this
measurement is essential. Human and system behzaobe steered by meas-
urement. Changes in productivity levels can be tooed via the measurement
results. The measurement results can also prok@léitection for improvement.
(Wazed & Ahmed, 2008)

Overall productivity improvement strategy is dedirby most manufacturing
plants. However, manufacturing plants that arechéag for improvement strate-
gies are still likely to find out, that they arealnhe to take full advantage of the
modern methodologies and techniques. Part of thmshbe attributed by fear of

changes, complexity in working culture, lack of ragament commitment and
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shortfall of personnel competency on appreciatiod anderstanding of produc-
tivity. (Wazed & Ahmed, 2008)

Many definitions of productivity seem to have tlane basic concept. However,
Wazed & Ahmed (2008, p. 988) defines that theretlaree broad categorizations

within the similar definitions:

A. the technological concept: the relationship betwesios of
output to the inputs used in its production;

B. the engineering concept: the relationship betwéenattual
and the potential output of a process; and

C. the economist concept: the efficiency of resoaltmcation.

This master’s thesis implements an applicatiorheféngineering concept which
focuses on the relationship between the actualtla@gotential output of a pro-

cess.

4.4.1 Performance measurement systems

Performance measurement aims to provide decisidermavith information that
enables them to take effective actions and evalwéether a company is pro-
gressing in line with its strategy. (Grosswiele &dRnger, 2013) Performance
measurement is defined to be the process of gyengithe efficiency and effec-

tiveness of action. (Neely et al. 1995)

With respect to what characterizes a performancasaorement system, PMS,
existing definitions are classified into differegroups. Furthermore it is conclud-
ed that two major features make up a PMS: measuréssupporting infrastruc-

ture. (Franco-Santos et al. 2007)

A. From an operations perspective, a PMS is a seattefdependent perfor-

mance measures, also known as metrics, figuresidarators. (Neely et
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al. 2000) A PMS also includes the reporting protkas gives feedback to

employees on the outcome of the actions. (Bitit8B7)

B. From a strategic control perspective, PMS inclugegrocedures to trans-
late strategies into measures as well as the sytainprovide the neces-
sary information to challenge the content and wglidf strategies.

(Grosswiele & Roéglinger, 2013)

C. From a management accounting perspective, PMSspumnel to tradition-

al management planning and budgeting. (GrosswidRbglinger, 2013)

Each measure encloses in a PMS quantifies theegftig and/or effectiveness of
the entity under investigation from a distinct perstive and serves as indicator of
overall performance. (Kennerley & Neely, 2002)sitcommon to distinguish be-
tween different, though not necessarily disjoimey of measure, such as financial
and non-financial measures, leading and laggingsarea, measures relating to
different perspectives (e.g. financials, custonersiness processes, or learning
and growth), measures relating to different lew#labstraction (e.g. department-
wide, company-wide, or industry-wide), or measuedating to phenomena from
inside or outside the company. (Kaplan & Norton9@RIt is important to note
that measures in general do not exhaustively cdgeision makers’ information
requirements. They typically have to be complenckige qualitative information
such as rumors, press releases, or external repioctsmpetitors. (Grosswiele &
Roglinger, 2013)
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5 MES AT UPM-KYMMENE OYJ

5.1 Situation before GMES

Before the year 2010, all of UPM Kymmene Oyj papsyduction plants have
had individual control systems for the productidéanming, mill product manufac-

turing and product balance monitoring as well &swlarehouse stock monitoring.
These individual manufacturing execution systemgSMhave usually been de-
veloped by a local system supplier or own persomfdhe paper mill. Even

though the system developing purpose has beerathe at every paper mill, it is
clear that the MES’s have been quite differentverg paper mill, The biggest
differences between the paper mills MESs mainlyuodecause of the different

policies, production lines, system suppliers.

Individual manufacturing execution systems, MESyehheen developed by the
paper mills distinctive needs. Individual MES’s aisually functional for a paper
mill’'s needs, but are often too rigid for developtheNowadays development is
crucial for individual paper mills to survive indltough competition situation at

the current markets.

Due to the diverse nature of individual MES’s, URMmmene Oyj’s coherent
reporting system has been challenging to gatheatheg. As a strategic level de-
cision making tool, a global paper mill reportingstem is essential. This global

paper mill reporting tool has been difficult to igel reliably and comprehensive-

ly.

5.2 GMES development and implementation

In 2008 UPM-Kymmene Oyj made business decisionetieebbp and implement
one globally common manufacturing execution syst®i&S, for all paper pro-
duction plants (figure 8). The continual developimeamd implementation process

has been proceeding step by step in cooperatidm tvé system supplier. The
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MES, which is supposed to be implemented in evé?ilkKymmene Oyj’s paper
mill by the year 2014, is called Global Mill Exemrt System, GMES.

Research & development

Papermill 2 Support
Research & development MES
Papermill 1 Support System supplier
MES .
Reporting
System supplier

Reporting
Research & development

Papermill 3 Support
MES

System supplier

Reporting

Research & development
Support
System supplier

Reporting

GMES at
Papermill 1
GMES at
GMES at .
Papermill 2 Paper mill 3

Figure 8. Proceeding to a globally common manufagjuexecution system.

5.2.1 Structure

The GMES is a MES which consists of the producptanning, production and
mill warehouse. In table 3 is presented an examip$gstem consists. The GMES
is planned and developed to be compatible withi&krent kind of paper produc-

tion forms which UPM-Kymmene Oyj is operating witBecause of the large
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amount of paper production forms and activitieg, BMES demands a complex

structure to be functional.

Table 3. An example of a system structure.

Finance and controlling ERP
Sales and distribution ERP
Production planning MES
Production execution MES
Transport planning MES
Transport execution MES
Material management and purchagng  ERP

The GMES implementation has, and will have, effemtsprocesses concerning
the mill order handling, production planning, reald sheet production, warehous-
ing and dispatching, quality management, mill répgr and product costing.
These effects are planned to occur as improved whysorking, reporting, and

end user knowledge and understanding.

The fundamental idea of the GMES infrastructurth& it includes a basic model
and additional features. The basic model includietha essential functionalities
and information, which are known to be necessare¥ery paper mill. The addi-
tional features consist of information and functibties, which are known to be
essential for an individual paper mills due to pineduction environment or some
other deviant feature. Based on their needs, awidhl paper mill selects which
information and functionalities are used in thaioguction environment. This is

procedure ensures that the GMES can match for ewis/individual needs.

5.2.2 Implementation process (Rollouts)

At this point of time the GMES has been succesgfntiplemented to the paper
mills at France, United Kingdom, Germany, China &mdand. The implementa-
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tion process is ongoing at one paper mill in Unigdtes of America, and at one

paper mill in Germany.

After the GMES system implementation and go-livenpdhe GMES related mat-
ters and issues are communicated via the papecamthact persons. This contact
person is called Single Point of Contact, SPOCtHemmore, supply chain control
personnel and every paper mills every working simfludes qualified persons
who are named and trained as the GMES key useeseTBMES key users sup-
port the paper mill production level end usersssues concerning the GMES. For
the best possible outcome for all paper mills,dbeelopment process of GMES

is continuing and new versions and updates areliedtfrequently.

5.3 GMES Program targets

The GMES Program’s main target is to enable theeppgpoduction process har-
monization by implementing a common Information Amalogy, IT, solution for

manufacturing execution.

Objectives of the GMES program are as follows:

e support implementation of the strategy for UPM Kyema Oyj Paper
Business Group,

* harmonize and continuously optimize the mill bussprocesses,

* implement a standard GMES according to approvddubplan, and

* reduce the overall costs with a global template.

5.3.1 Expected benefits

Compared to the local manufacturing execution systehe improved and more
efficient GMES solution is expected to realize da#sas follows:
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e business process harmonization,
» streamlined rollout,
* improved application support, and

» cost efficiency.

5.3.2 Business process harmonization

The most important business process harmonizatigets are globally standard-
ized production planning, implementation of harnzexi mill execution and
warehouse functionality and standard interfacek wiher global systems, such as
Sell It (SAP), PTD, MIS and Move It. The data commuation between these

global systems is presented in figure 9.

(s o

Figure 9. The data communications between the gkystems.

In this occasion business process harmonizatiomsneaiform business process-
es throughout all UPM-Kymmene Oyj paper mills amdduction planning. For
the most beneficial outcome the GMES program pp#ids have to analyze all
the different procedures and find the best proceguactice for every process. In
a point when the best practice for every businessgss is found, the best prac-

tices will be
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» gathered together,
* evaluated, and

* implemented if possible

to every paper mill or production planning, as hanmed business process.

5.3.3 Streamlined rollout

Streamlined rollout contains industrialized roll@ativities at the paper mills, and
coordinated replacement of the legacy MES systémmighout all paper mills.
Industrialized rollout activities are used due ¢oederated implementation process
at individual paper mill level. Clear template oriation for local rollouts allows
shorter rollout times, which means shorter and neffieient implementation pro-

cess.

5.3.4 Improved application support

The improved application support includes two nm@amts which are clarified in

the next chapters. These two main points are:

» globally improved capabilities for the GMES goveroa and support, and

* improved upgradeability and release management.

UPM-Kymmene Oyj's every paper mills manufacturingeeution system can be
administrated and supported by one selected grbagdroinistrators. The govern-
ance can make decisions which affect all MES’siatsame time. The governance
also makes decisions with the knowledge of howeliEisions affect to the pro-

duction environment at all paper mills and papedpction planning.
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Due to the global MES, all upgrades can be dortkeasame time, or at the dif-
ferent points of time. However, all paper mills crhieve the same advantages

through the globally common system upgrades.

5.3.5 Cost efficiency

In this chapter the cost efficiency advantagescaresidered from the global sys-

tem development and implementation point of view.

First of all the cost efficiencies and advantagas loe reached through the global
mill template development. The template developm&mow centralized for re-
sponsibility of the GMES program development tedimne GMES program de-
velopment team cooperates closely with the locpepanill development person-

nel.

From the global functions point of view the ovenadiper mill procedure devel-
opment can be achieved through the benchmarking. iidividual paper mill
procedure templates are benchmarked to find thedresesses. When the best
processes are found and pointed out, they ararafgdemented to the other UPM-

Kymmene Oyj paper mills if possible.

The cost efficiency can also be reached from tis¢esy acquiring point of view.
The GMES has only one system supplier. The legacgl IMES’s had couple
providers and multiple different versions of MESGne provider means one cost
factor for the development instead of multiple dastors to the paper mill’s local

MES providers.

5.4 Situation after implementation of GMES

The GMES implementation generates significant beneind advantages to

UPM-Kymmene Oyj. In addition, the GMES implemenrtatialso causes some
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negative side effects. The most negative side tsfface change resistance and
new system learning phase. This chapter desciifese thegative side effects and

problems from the issue solution point of view.

The negative matters and problems are describemubedhose are the most im-
portant things to be improved and fixed in ordevedep the existing system and

procedures into the right direction for even betigicome.

5.4.1 Change management

As it could be imagined, change resistance carobiead in a change operation of
this large scale. In this case change resistanpeaap as indifferent behavior,
rejecting attitude for the information and highligt self-defense. From the pro-
duction and profitability point of view the changesistance results as decreased
production quantity and deteriorated order delivarg.

At this point the change management is extremelyontant. The most common

procedures to deal with the change resistanceham@d commitment to change,
leadership and support in challenging situatiorlkth®se procedures are general-
ly well managed in the GMES program.

5.4.2 Training

A new mill execution system implementation requiefficient end user training.

It could be stated that within reasonable limitis iimpossible to offer so compre-
hensive training that every end user learn evangtlbout the GMES. This leads
to a situation where several confusions and questazcur at the beginning of
use of new system. This also results as a shont decreased production quantity
and deteriorated order delivery rate. That is wiey/paper mills every shift has a

key user who has been trained to have more extersiow-how about the
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GMES. The end users are then guided to invoke keysuvhen problematic situ-

ations occur.
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6 ORDER FULFILLMENT ISSUES

This chapter describes the most common and the pnolskematic occasions con-
cerning the order fulfillment in the paper prodoaoti These situations are totally

normal and occur daily at the paper mill productievel.

6.1 Paper quantity for ongoing run

How much paper should be produced from the papehmea for the ongoing
run? The produced paper quantity for the ongoinghas to be decided during
every run. The idealistic paper production situati® where a production chain

consists of three machines:

1. a paper machine,
2. awinder, and

3. awrapping machine,

The idealistic paper production situation featueaedt-free paper, the trouble-free

production chain, and the winder patterns withnmarhing waste. The described

situation is unrealistic with the current produantiine processes. However, the
solution for above situation would be the differeroetween the scheduled quan-
tity for run and the produced quantity for run fréhe paper machine. This solu-

tion is presented in the figure 10.

Paper * 400 tons 600 tons
machine Produced quantity Missing quantity
from the paper
machine
o o A fault-free
Winder and process
wrapping without the
machine triming
waste
. . ¢ 1000 tons
Dispatching Quantty Yo e
dispatched

Figure 10. An example of an idealistic paper praiducsituation.
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In figure 11 is illustrated that the solution géiskier when more machines are

added into the production line and the paper fauts humane errors are included

into the every process step.

Paper
machine

Re-reeler

Coating
machine

Re-reeler

Every step of the process contains a risk for waste
production due to the productional and humane reasons.

M=T+W-P

M Missing paper quantity

/4 Cumulative waste quantity for entire
paper mill paper production process

T Target quantity

P Produced prime quantity from

winder and rewinder

Winder Rewinder

Wrapping
machine

Warehouse
and
dispatching

Figure 11. A normal offline paper production linauation.

Usually the paper grade change at the paper maaomisé be known at least few

hours before the actual grade change takes pldgepieparation time varies de-

pending on the nature of paper machine and theupsatipaper grade. Usually the

preparation time occurs due to the mechanical pugparation and production,
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the paper machine production speed change andatier grade weight change.
This preparation time complicates the evaluatiorstdf to be produced paper
quantity to fulfill the run. The complication is ity because of the unknown

paper faults in future and breakdowns at the mashim the production chain.

The normal policy at the paper machines is thatptleeluced paper quantity ex-
ceeds the missing quantity for the run by one ar $&ts. (One production batch
from the winder is called set.) Usually this kinfl @verproduction situation

should be easily handled at the winder. But asptiogluction chain gets longer,
the estimation for missing paper quantity getkieic Reasons for this complica-
tion are described in previous section. At thisnpoihe accountable person, who
usually is shift supervisor, has two options. Thist foption is to produce paper
just enough to fulfill the target tons of run. Teecond option is to produce ex-
ceeding paper which ensures that the run will bidléa. From the paper mills

profitability point of view is there is two options

1. Produce a little bit extra paper from paper mactand then pro-
duce the possibly exceeding paper for the openrsrde
2. Produce too small quantity of paper and possiblgsna delivery

date and late from the dispatching point.

From the paper mills profitability point of viewhé first option is more profitable,

since the exceeding paper can be produced to ofiegr orders.

6.2 Run is fulfilled, exceeding paper occurs

The situation which is presented in the headingsigally dealt with every run.
Exceeding paper occurs at the winders due to iegtrmyerproduction from the
paper machine. Reasons for the paper machine @dertion are describe in

previous chapter.
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The winder patterns for one run are generated bgdding algorithm. The pat-
terns of the run are then inspected by the prodngtianner. Normally the pro-

duction planner schedules the patterns for onesuiollows:

1. the urgent orders will be fulfilled first, and
2. the other orders are added in to provide the optpatern widths for the

production.

When all planned patterns for one run are produttedpaper mill production has
a situation where exceeding paper occurs at thdexsn At this point, the produc-
tion level process has to have a procedure to pmthe exceeding paper quantity

as profitably as possible.

6.3 The run is partially produced, paper is missing

The situation which is presented in the headingiecaormally because of three

different reasons. These reasons are:

1. Too small quantity of paper is produced from thpgranachine.

2. Troubles occur at the production line which resakisbreakdowns, faults
and waste. Produced paper grade is changed aaplee machine.

3. The winder personnel has not monitored productiaantjty balances,
which occurs as under- and overproduction for sonder item schedule

lines.

A normal situation in the paper production is tivien the winder produces last
patterns of the current run, the paper grade hraady changed at the paper ma-

chine due to the production plan progression.

The described chain of events leads to a situatibare at least parts of the
planned quantities for the orders in current rum raot fulfilled at the winder. At

this point the paper mill personnel have to inspeains missing quantities are
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going to be late from the dispatching point of tirffehe delivery need for miss-
ing paper quantity is not urgent it will be prodddeom the paper machine in a
suitable moment. If the missing paper quantityrigent, the paper mill personnel
have to decide when it is possible to change tipepgrade at the paper machine
and if it is possible for the customer rolls torbady at the dispatching time.

6.4 Run/order is partially produced at rewinder

A rewinder is a paper production machine which peotess one paper roll into
one or more paper rolls. The effect of the rewir@@duction is illustrated in fig-

ure 12. The rewinders are normally used in thréferént occasions:

1. The planned quantity for the order item scheduie Is produced inten-
tionally at the rewinder because of the windergrattrimming reasons.

2. The order item schedule line is for some reasomlyred under the or-
dered quantity at the winder and it needs to billad to meet the cus-
tomer requirements and the sales agreement. Ther palts, which are
not directed to any specific order item scheduie,liare used as rewinder
raw material.

3. The paper roll which is directed to the order iteamedule line is repro-
cessed at the rewinder because of a detected piraddzult at the winder
production. In these occasions the rewinder prodantbe directed to the
original or alternative order item schedule depegadin the quality of de-

tected fault.



Target quantity for
order Olis 50 tons.

Produced quantity for
order Olis 48 tons.

Missing quantity for
order Olis 2 tons.

Free stock match for
ordered speciffics is

not found.
Wrapping
Winder ‘
o1 machine ol
48 /50 tons 50 /50 tons
O1:
2 /50 tons

Rewinder produces
additional 2 tons to
fulfill order O1.
Rewinder rawmaterial Rewinder
is usually scheduled
rolls from winder
patterns, free stock
rolls from warehouse
or reprocessable
faulty stock.

Figure 12. The rewinder production influence oneorfilfillment.

From the order fulfillment point of view problemsually occur in the situations
described at the occasion number one. The followlmgn of events may cause

confusions in the production balance monitoring] agsult as overproduction at

the paper machine:

Warehouse
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1. The production planner has decided that a partasfned quantity for or-

der item schedule line will be produced at the rasr. In other words, a

part of the planned quantity is scheduled to belpeced at the rewinder.

2. Intended rewinder raw material is produced at thveder.

3. The rewinder raw material is defined to be ‘WagteGMES classification

due to the logistical and data communicational aeasPaper quantities

which are classified as ‘Waste’ in GMES will notvkeaan effect on the

monitored production balances.
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4. The winder production which is directed to the madr, in other words
classified as ‘Waste’, will not have an effect @l tun production balanc-

es: ‘Produced quantity for run’ and ‘Missing quantor run’.

5. Since the produced quantity for run is not incregsind on the other hand
the missing quantity for run is not decreasing,netf®ugh paper is not ac-
tually rejected, the paper machine personnel maynagvare of this chain

of events and produce surplus paper.

This chain of events is the more adverse the biggentity is scheduled to be
produced at the rewinder. Minor confusions are simdd but they are not consid-
ered as major issues if winder personnel are phppestructed to proceed with
exceeding paper quantities. A major issue occucsnfusions befall in the situa-
tion where the rewinder is intended to producergelpaper quantity for the run.

6.5 The order is partially fulfilled as order transfer(s)

The order can be (partially) fulfiled with the erdtransfers. The order transfer
process is illustrated in figure 13. The order $fars are usually executed as a
wrapped paper roll relabeling at the mill warehoosat the external warehouse.
The relabeled paper rolls are usually earlier onehpced for the original order

item schedule line, and then classified as freeksto



Target quantity for

order Ol is 50 tons. Order O1 is fulfilled

with order transfer
from matching free
stock roli(s).

Missing quantity for
order Olis 2 tons. / Free stock

Matching roll(s) for

Produced quantity for
order Olis 48 tons.

ordered specifics is O1l:
found from free stock. 2 /50 tons
Winder Wrapp_ing Warehouse
O1: machine o1:

48 /50 tons 48 /50 tons

O1: . .
ey Dispatching

Figure 13. The order transfer process example.

When the order transfer is done at the winder adhatmill warehouse, problems
should not occur since the production balancesaatematically updated in the
GMES.

When the order transfer is done at an external lvearge, for example harbor,
problems can occur if the order transfers are epbmed to the GMES. The
GMES is currently not in use in the external waredes. The PTD is basically the
only telecommunication interface between the GMB® the external warehouse

processes.
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7 ORDER FULFILLMENT MONITORING ISSUES

7.1 Paper mill production level issues

Minor confusion between the paper mill balance @atthe mill production level
can lead to a inaccurate quantity of paper at tilenarehouse and/or dispatching
point at the harbor warehouse. To achieve the fessit and to avoid misunder-
standings at the production and production plannalend users should be
monitoring the same balance data with the samaitlefis and basis.

In the paper mill production level, especially he twinders and rewinders, the
Issues concerning the order fulfilment needs tddb®n into account. These is-
sues are discussed in the next sections. Nexbasdilso describe the most usual

confusions which have occurred at the productigellat the paper mills.

7.1.1 Order split

One order can be delivered in multiple deliversldepending on the customers’
wishes, the sales contract, the order type andéeheery dates. So one order can
contain several order item lines and order iteradinan contain several schedule
lines. The GMES receives the schedule line levéh.dBhe order in the GMES
(i.e. normally schedule line) is normally produagedne production lot, but it can
be divided to two or more production lots to bedueed in the different runs.
Small orders are usually produced in one produdbgrbut as order size grows,
possibility for orders separate production lotg@ases. In figure 14 is described a
relationship between an order item line and a sdeelihes, contained by order

item line.
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12345 | Customer order item line 12345

Time
12345-3  Schedule line 3 for customer order itenflipg45

12345-2 Schedule line 2 for customer order itemlli2845

[12345-1 | Schedule line 1 for customer order item line 12345

Quantity

| Produced atdate 1. |

| Produced atdate 2. |

| Produced atdate 3. |

Customer order item 12345 consist of schedule Iin@sand 3.
Time gap occur between production dates 1, 2 and 3.

Figure 14. The relationship between a fictionaleorilem line and schedule lines

contained by the order item line.

From the order fulfillment point of view it is criat to identify if the order is ful-
filled during the ongoing run or in some other arste. In this case the other in-
stance can mean other production lot, the rewipdeduction or the order transfer
at the mill warehouse or at the harbor warehouke.Winder personnel as well as
the other production level personnel have to berawéthe orders separate pro-
duction lots. This awareness prevents from unnacgsonfusions about the pa-
per quantity which should be produced. In the eneliminated one major reason
for the underproduction and the overproduction.

A part of paper mill production personnel monitoyothe ordered quantities as
significant production balance. This monitoring ggdure leads into a situation
where all the orders of ongoing production lot farlélled regardless whether the
order is split or not. Another consequence of dbeedrprocedure is a situation
where the production lot schedules are mixed ugénboth production planning
level and paper mill production level. This resadtan additional work at the pro-
duction planning level, and as a possibly mixegrgruction scheme. In the end

the consequence is erroneous dispatching bookingkis paper is presented a
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solution to identify the production lot in whichettorder fulfillment should be

occurring.

7.1.2 Planned vs. ordered amount

A run is aggregated by the production planner. flimealways consists of

« same (or alternative) grade paper, and
* a scheduled quantity of paper for the order, a pladrder or group of or-

ders.

The production planner plans certain amount of p&greeach order. The planned
guantity for one order depends on the ordered gyantder basis, order toler-
ance and order roll width compatibleness with ttieeoroll widths in the same
run. The patterns for run are generated with theutation algorithm used by the

production planner.

One run consists of the planned quantity of papeiohe or more orders. If the
order is produced in more than one productionHetdcheduled quantity is natu-
rally less than the ordered amount. Usually thal tplanned quantity for one or-
der is exceeding the ordered tons by the customehawn in figure 15. This

happens because of following reasons:

» the physical restrictions for trimming,
» the paper mills want to secure order fulfilmemtda

» the production planners personal decision dued@tbvalent situation.

These occurrences lead the paper mill productiaa guation where surplus pa-

per reels or rolls occur at the end of productioe br at the warehouse.
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[12345-1 | Schedule line 1 for customer order itenlid@45

[12345-1 L Planned quantity for schedule line 1

Quantity

Figure 15. The relationship between the ordereadhiijyaand the planned quanti-

ty.

Issues, which are presented in the previous sexteme highly connected to ‘the
split order’ —problem which is previously presentedhe problem/issue list. The
production level personnel in addition with the gwotion supervisors and the
production planners have to understand the diffaxeand the relationship be-
tween the planned and ordered quantity in ordeavimid underproduction and

overproduction.
In table 4 is presented a fictional and simplifescample of the relationship be-
tween three runs and four orders. ‘Fullflag’ statiest order has to be fulfilled

during said run.

Table 4. The relationship between run and order.

Order 1 Order 2 Order 3 Order 4
Tolerance key MIN MIX EXACT MAX
Order basis ROLL KG ROLL KG

Calculated average gross

weight of roll (tons) e 15 3 1,4

Ordered quantity 100 rolis (350 tops) 60 tong 9@ (alr 0 tong 180 tons

Planned quanti
(tons) for run:

[Run 1 target weight|119 61,5 69 2495 |
[Run 3 target weight|112 201 79,8 392,8 |
|Run 3 target weight|122,5 99,4 221,9

Planned quantity (tons) fo

r353,5 61,5 270 179,2 864,2
order:

Fullflag
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Some paper mill production level monitoring systelnave been configured so
that it is very hard to detect the real definitidrehind terms. This configuration
has taken place either in the original catalogugigaration point or later when
the paper mill personnel for some reason have watatechange the configura-
tions. In some cases it is very hard to identifyichhfigures are presenting the
scheduled quantities and which are presenting tlered quantities. In fact, in
many cases it is very hard to even identify if figare is presenting overall target

quantity, already produced quantity or missing diyan

In some paper mills only other quantity, plannedatered, is monitored even if
it would be preferable to monitor both dependingtio®@ ongoing situation. The
production balance monitoring policies can varyssn the paper mills, between
the production lines in the same mill or even betwéhe shifts in the same pro-
duction line. These erroneous process models anehaononized production
balance data monitoring’s results mostly in the esamays than last chapters’
problems and confusions. These undesirable remdtsverproduction, underpro-
duction, additional work, mixed up production lotsixed up production scheme

and mixed up dispatching bookings.

Possible confusions have to be avoided in ordetitoinate the underproduction
as well as the overproduction. In this paper is@néed model to designate opera-
tional level catalogues with the understandable sunthble column names. The
catalogue column names are in association withaggopriate production bal-

ance figure or other information.

7.1.3 The order basis

The orders are normally placed against the custoaggrirements. In addition to
the original sales agreements separate order omtfons are sent to the customer
to approve the specification. The customer normplhces the order quantity
based on the weight or count. In some special amtaghe customer places the

order based on weight but still expects to receome specific roll count.
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The order basis is easily assumed to be simpladerstand. Still, when effects of
the other significant factors are added in, thkuerice to the total production bal-
ance can be confused by the production level eatsusThe order basis is highly
connected to the order tolerance rules in contéxh® production balances and
the delivered quantities of goods. The main proklamd confusions of the toler-

ance rule are explained in the next chapter.

It has been recognized that in some cases the g@roduevel end users did not
clearly know the meaning of the order basis. Canfhswere detected at the lat-
est when the order basis indicated figures like’,LBOOOKG’ and ‘KG’. At the
same time in some cases the order basis informai@snnot clearly visible at the
production level operation screen. At these painis unsurprising that mistakes
could happen when it comes to the produced quesititi

7.1.4 Order tolerance and order tolerance key

A relatively small amount of customer orders art muoducts which are reason-
able enough to keep in the stock as the Stock Kgdgnits, SKU, to be ready to
dispatch whenever needed by the customer. Thesesoage easy to fulfill quite
precisely as demanded. A larger share of order liswgistomer orders which
have to be produced directly to the specific cugtoorder. This is one reason to
agree about the tolerances with the customer. Anattason is to ease the pro-
duction planning and order fulfillment at the pap&t production and dispatch-
ing. Due to the tolerances the paper mill has $ipeaiowance within which it is

supposed to deliver the ordered goods.

Investigation on the paper mill's GMES interfacegmed so that the tolerances
were not an influential attribute in some papeid mibduction. Further investiga-
tion during case Jokilaakso confirmed earlier aggions. For example in some
cases the paper mill production level procedureeha@s to produce at least the

ordered amount by the customer. This proceduradasriect for example in the
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case where the ordered quantity is required tdhveartaximum delivered quantity.
Another case occurs when the order is fulfilledimlyisome other instance, e.g.

the order transfer in the mill warehouse.

The tolerance rules should be made clear at evegrgrpmill to all end users who
have anything to do with the customer order fuiféht. Especially the tolerance
rules have to be assimilated by the supervisoeswihder personnel, the rewinder
personnel, the wrapping machine personnel, thehease personnel and the pa-
per machine personnel. Because of the toleraneeeftéct, the production level
end user are highly required to understand diffeenbetween ordered and

scheduled quantity, in addition with the effectlué order basis.

In the next sections are described the basic, atldeasame time the most com-

mon tolerance keys

According to the business rules and for the goodashmon harmonization of

UPM-Kymmene Oyj production processes, the custoonger tolerances will be

implemented as they are stated. The tolerance &ousp benefits are numerous
but the most notable can be stated to be the iciitn on production balance
monitoring and the dispatching booking reservatidriiee common customer or-
der tolerances clarify the production balance nowimg as well as the reporting

and the benchmarking between the production lindslae paper mills.

The orders are normally placed against the custowswrirement. At the sales
agreement approve point, the customer chooses éetthe order delivery toler-
ances based on its individual needs. Usually tlaeeethree different tolerance

options to choose. The different tolerance optimesas follows:

* MIN tolerance: The minimum tolerance. The customegeds at least cer-
tain quantity of paper tons or rolls. The deliveggdducts over ordered

guantity is dependable on how large the total ecustoorder is.
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« MAX tolerance: The maximum tolerance. The custonesds at most cer-
tain quantity of paper tons or rolls. The delivedducts under ordered
guantity is dependable on how large the total ecustoorder is.

* MIX tolerance: The mixed tolerance. The customexdsecertain quantity
of paper tons or rolls, but the delivered quanteay vary under or over the
ordered quantity by the customer. The deliveredpects under or over the

ordered quantity is dependable on how large tred toistomer order is.

In order to be able to operate profitably withiedk tolerance rules, the paper mill
production level personnel have to understand a&siimélate the meaning and
definition behind tolerance key. In addition to g#étthe available advantage from
the tolerance rules, the paper mill production #hdee producing maximum
amount of products which customer is willing toei@e in limits of the tolerance

rules.

7.1.5 Other factors that has to be considered

In addition with the production quantities, the @rdbasis and the tolerances the
production operators have to master following distactors concerning the order

fulfillment:

the paper grade,

» the roll width, diameter and core,

* possible compound of rolls in the same wrapping,

e the mill ready, and

« the customer specified requirements (paper mackiree side, maximum

roll weight, splice count per roll and winder edgé denial).

The GMES prevents the mistakes and confusion framppéning in occasions
concerning the paper grade and the roll compoufdsn though above described
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features are attached in the GMES, the processatgpdnas to be aware of all

order fulfillment related factors.

7.1.6 The order fulfillment priority

The trim group is a group of order item schedulediwhich have a mutual paper
mill production details e.g. grade, width, diamefer length) and core. Further,
one trim group has an internal fulfilment priorisequence for the order item
schedule lines. This fulfillment priority sequensenormally based on mill ready
date. However, the production planner can also fywddim group priorities as

desired.

The customer order schedule lines which have alétails concerning the paper
mill production are usually placed in the same ftgiraup. Because of the automa-
tion, the trim group order schedule lines switamnirone to another when the or-
der item schedule line is fulfilled. The trim groypioritization should not be

mixed up by the production end users.

7.2 The paper production planning level issues

The paper mill production planning related issuesraainly originating from the
distances between planning and production plandspaoduction planners’ wid-

ened responsibility areas.

From production planning point of view the mostluehtial matters concerning

order fulfillment are

* inaccurate target quantities for the scheduled run
* the communication between the paper mill productiod the paper mill
production planning, and

» adefective training and ignorance of the produrctine characteristics.
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7.3 The warehousing and dispatching issues

The paper mill overproduction normally ends uprfdl the warehouse resources.
This happens because it is more profitable forpdgger mill to find an alternative
purchaser for the product or use it as a raw natatithe rewinder or roll saw
than recycling it and using it as a raw materiaha paper machine. This proce-
dure generates a deteriorate mill warehouse statiover and increased bound
capital in the mill warehouse. It also causes alit@ahal labor reservation in the

mill warehouse and in the future reprocess location
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8 CASE JOKILAAKSO

8.1 JOK paper mills introduction

Jokilaakso paper production plant consists of tapgo mills; JAmsankoski paper
mill and Kaipola paper mill. As it noted earlier this paper, Jokilaakso paper
production plant includes total of seven paper pobidn lines; four paper produc-
tion lines in Jamsankoski paper mill and three pgpeduction lines in Kaipola
paper mill. In this instance these two paper malls investigated as one paper

production plant.

Jamsankoski paper mill consist of four paper prtidadines. Later in this chap-
ter Jamsankoski paper mill production lines aréedads noted in the brackets;

e Jamsankoski paper production line 3 (JAM 03)
e Jamsankoski paper production line 4 (JAM 04)
e Jamsankoski paper production line 5 (JAM 05)
» Jamsankoski paper production line 6 (JAM 06)

Kaipola paper mill consist of three paper productimes. Later in this chapter

Kaipola paper mill production lines are called ased in the brackets;

» Kaipola paper production line 4 (KAIO4)
» Kaipola paper production line 6 (KAIO6)
« Kaipola paper production line 7 (KAIO7)

Jokilaakso paper mills production lines’ assembdied products are described in
table 5. Jokilaakso paper mills production lineBai@cteristics are presented in
table 6.



Table 5. Jokilaakso paper mills production linessemblies and products.
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Production line machine count
Paper .
production Papv_er Rereelen Calend¢r Winder Rewinder Roll SaWrappmg Product
iine machine] machine

= [ )
I Special papers
o JAM 03 | | l 1| 1| | | | such as label paper
3 1 (shared 1 (sharef) Special papers
=| JAM 04 | | | 1 | | | | such as sticker
8 | | e
c Uncoated
3| gamos | 1| | 3 | 2 | | | | -
g : | F——F—1(shared) 1 | 1 (shareld) | oot PApe
.% Uncoated
Sloamos | 2 | p el e ] b L | e pae
% i 1 i i ) i 1 i i 1 i Catalogue and
= KAl 04 | | | | | | | newspaper
= [ | [ [ | | | |
ol katoe | 1 | 1| 2 | 2| 1 | | 1 | LWC -paper
S+ +— —
ol
‘©| KAl 07 | 1 | | 2 | 1 | | 1 | Newspaper
~ | | L | | |

Table 6. Jokilaakso paper mills production linestadled characteristics.

Grades Production Run characteristics
Packed gross| Number of| Number| Number| Number] Number| Number of
Paper grade . .
.. | production per| order rows| of runs | of ordergof patternjof sets pg positions
are densitieg
year (1000 ton| peryea |peryea| perrur| perrur | patter per se
50 - 85
_ | 3Am 03| grams per
= square metre 110 3000 | 750 3-10| 3-15| 5-13( 2-12
5 60 - 135
& [am 04| grams per
< square metre 115 4500 | 570 3-25| 3-15| 5-13( 2-12
§ 39-60
S | JAM 05| grams per
g square metre 170 3200 | 700 1-30| 1-15| 1-60 2-12
fi 39 - 56
JAM 06| grams per
square metre 230 1500 | 650 1-30| 1-15 1-60 3-12
29 - 40
= | KAI04 | grams per
E square metre 120 1800 | 470 | 1-20| 1-10| 1-10Q0 2-13
g 42 - 65
& | kAI06 | grams per
g square metrg 230 1600 | 450 | 1-20| 1-10| 1-109 2-13
-% 34 - 52
* | KAI07 | grams per
square metrg 200 2300 | 530 1-20( 1-10| 1-10¢ 2-13
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8.2 Situation before fall 2012

The GMES was implemented in Jokilaakso paper prialuglant in February
2012. The GMES rollout project was active at J@iiso paper production plant
since July 2011.

Since the fall 2012 was noticed multiple malfuneticand erroneous procedures
which had direct or indirect effect on the ordelffilment. Below is listed and
described the most influential procedures:

« Jamsankoski paper mill production follows only the balances.

» Kaipola paper mill production follows only the ordmlances.

* The tolerance is unknown construct.

* The tolerance key is unknown factor.

» The order basis is always considered to be weilgisipme cases roll based
order with ‘EXACT’ tolerance key was taken into aaat.

* The order transfers which were done in the hartaretwouse did not have
effect on the production levels in GMES.

e The winder production which was intentionally diext to the rewinder
did not have an effect on the run balance.

» The production operators had confusions about thesgnet and net-net

value differences.

The first development action concerning order foffent in Jokilaakso was im-
plemented to the wrapping machines in July 2012 davelopment action modi-
fied the wrapping machine logic so that the ovedpation for the individual or-
der item was automatically turned into a “free ktodassification with no reser-

vation for any delivery lot.
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8.3 The development actions

The following topics are reviewed in this chapter:

The GMES catalogue column explanations for the gectdn.
A basic action model and guide for the winder tmptete a run.
An operation screen catalogue model and catalogofgarations for the

successful production monitoring.

8.3.1 The GMES catalogue column explanations for the pradiction

The GMES operation screen catalogues provide a#rggl information for the

production. In order for that information to be étional, it has to be understand-

able. In the table 7 is described the most imporitaiormation provided by the

GMES operation screen catalogue columns. Some dgarape included to sup-

port the actual purpose.

Essential information for the order fulfilment indes:

The order basis, which indicates whether the custdmas ordered paper
quantity based on weight or roll count.

The order diameter or length, which indicates wlethe customer wants
its rolls based on the roll diameter or track Iéngt

The tolerance key, which indicates what kind ofrgitg margins the cus-
tomer permits.

‘Fullflag’ indicates whether the order is schedutedbe fulfilled in the
current run or in the future production.

The production balances for the order includesotidered target quantity,
the produced quantity and the missing quantity.

The production balances for run includes the rugetaquantity, the pro-

duced quantity and the missing quantity.
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Following table 7 should be understood and then asea supportive material for
the successful order fulfillment at the winders tewinders and the production
planning. The information provided by table 7 c&sode useful for the personnel

through the production chain.

Table 7. The GMES catalogue column explanationghf@production.

GMES column explanations for production

Column name Explanation
(Column name at GMES)

Order data
Order basis Customer order basis
(Basis) L . .
Ifbasis is weight (KG/1000KG/LB) order will be fulfilled according to produced tons.
Ifbasis is count (ROLL) order will be fulfilled according to produced number of rolls.
Diameter or lenght e.g. 1: D/1250/29200
(DiamLength) ) . .
Roll will be cut to 1250 mm according to diameter ( +/ - tolerance)
e.g. 2:1/1250/29200
Roll will be cut to 29200 m according to lenght ( +/ - tolerance)
Tolerance Order fulfiliment tolerances
Quantity Tolerances Running
Primary Customer Diameter Meter
T specific Tolerances | Tolerances
Under 1 ton +/- 15% TARGET
MIX 1 ton but under 5 tons +-10% -1/+1 package | specified:
5 tons but under 10 tons +-7,5%
10 tons but under 100 tons | +/- 5% -50/4+20 mm
100 tons and over +- 3%
Under 1 ton +15% MIN +Hz30m
MIN 1 ton but under 5 tons +10% -0/+1 package | specified:
5 tons but under 10 tons +7,5%
10 tons but under 100 tons +5% -0/+20 mm
100 tons and over +3%
Under 1 ton -15% MAX
MAX 1 ton but under 5 tons -10% -1/+0 package | specified:
5 tons but under 10 tons -7,5%
10 tons but under 100 tons | - 5% -50/+0 mm
100 tons and over -3%
EXACT NOT applicable Applicable for NOT NOT
package based applicable applicable
orders only

e.g. 50 t, order is based on weight (KG): |e.g. 60 rolls, order is based on roll count (ROLL):
MIX: 47,5t- 52,5 t, primarily over 50 t |[MIX: 59 - 61 rolls

MIN: 50t- 52,5t MIN: 60 - 61 rolls

MAX:47,5t-50t MAX: 59 - 60 rolls

EXACT: 60 rolls
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Order Fuliag IftherelS an ASTERISK in the coumnORDER wil be fuffiled.

(Fulliag) . .
IftherelS NOT an ASTERISK in the columnRUN will be fulfiled.

Details for run defined by production planner:

Run, target weight/count | Target weight and count of run.
(Run trg wic)
Run, produced weight/courfProduced weight and count for run.
(Run prod wic)
Run, to do weight/count  |Weight and count which are stil to be done fos thn.
(Run missing w/c)

Calculation: ('Run target weight/count’) - (‘Runghuced weight/count’)

You have to monitor this columns data if the8eNOT an ASTERISK in thefullflag column

Details for order:

Order, to do weight/count |Weight and count which are stil to be done fog thider

Ord missing w/c
( ing wic) Calculation: (‘'Ordered weight/count’) - (‘Ordergwoed weight/count’)

You have to monitor this columns data if thiBean ASTERISK in thefullflag column

Missing amount of rolls for order

Calculation: (‘Order To Do weight') / (‘Order prodd avg weight')

Order, produced avg weightAverage weight of produced roll for order

(Ord avg w)

Ordered weight/count Target weight and count for order
(Ord trg wic)

Order, produced Produced weight and count for order

weight/count (Ord prod w/c
Order, wrapped weight/coyw/rapped weight and count for order
(Ord wr wic)
Maximum weight for roll Maximum weight of a roll (If 0, then not specified)
(Ord max w)

8.3.2 A basic action model for the winder to complete aun and order

1. The patterns of ongoing run should be producedrdoup to the produc-

tion planner’s instructions.
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2. When all of the patterns of ongoing run are produtiee 'Run status’ tab
should be checked for the incomplete orders. Thidlihg pattern(s)

should be created and produced for the incomplekers.

3. If the surplus paper is still available and all englof ongoing run are ful-
filled, the paper will be produced to the 'Reseorders’ offered by the
production planner (OR the winder personnel in evapon with the su-

pervisor search for the orders which are NOT ykédaled for any run.)

8.3.3 Operation screen catalogue model and configurations

The operation screen catalogue is organized sotlieaessential information is
available in a logical order for the end user tonitay. The operation catalogue
should be monitored as instructed in table 7 aedptioduction end users should
be operating as guided in the previous chapter daifiee basic action mod-

el/guide for the winder to complete a run and drder

In the appendix 1/9 is presented a basic modéelfacks’ —tab at the winder op-
eration screen. The visible columns can be adde#ropved depending on the
production plant needs and the configurable tale. &b content and the configu-
ration can vary depending on its function in theduction and needed infor-
mation by the end users. The column names whiclvdreerable for confusions

are clarified in table 7.

In appendix 2/9 is presented the catalogue cordiguns for ‘Tracks’ —tab at the
winder operation screen. The catalogue configunataefine which columns and
information are visible at the operation catalogud®e catalogue configurations
should be modified by the competent users only. ddrgent of column numbers
26 to 31 are set to be invisible, but can be s@bh if desired. The additional
information can be added to the configurations ftbendatabases like production

lot, mill order, balances and active pattern.
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9 ORDER FULFILLMENT PERFORMANCE MEASURE-
MENT

Overproduction and underproduction are in main saafpthe performance meas-
urement since the target of this work is to imprtwe order fulfillment in the pa-

per production and the focus is on produced questiTherefore, in order to per-
form a successful performance measurement, ovarptiod and underproduction

in the paper production have to be defined.

Overproduction can be investigated from two pooftgiew; the paper production

guantities for certain orders and the warehousekgjaantity levels.

The data for the paper production quantities fataoe orders can be acquired
from the data communications between the shop floatrol/automation and the
GMES. In other words, the paper production quatitire available in the roll
history event logs by sorting them by order itemd arder rows.

Ordered quantity of Ordered quantity of paper + Tole-
paper by customer: rance |
Produced prime quantity Produced prime quantity of paper

of paper for order:

i Over- i
production

Figure 16. A visual approach for to describe ovedpction.

After the visual approach is presented in figured@rproduction can be defined

simplest by the following formula:
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Overproduction =

Produced prime quantity for order
- Ordered quantity of paper

+ /- Tolerance

Overproduction can also be investigated from theehwause stock levels point of
view. This aspect is has to be considered becdtitbe process works as deter-
mined, overproduction piles up in the free stodk o the warehouse. Overpro-
duction which is located in the mill warehouse bartracked with the GMES and
PTD classifications.

Following statements has to fulfill that the wareke stock can be stated as over-

production:

the paper roll is classified as prime

the paper roll is not reserved for any order

the paper roll is classified as obsolete

the paper roll is originally produced against costo order

Underproduction can be investigated from the dedigejuantities point of view.
If the delivered quantity is lower than what is et in the sales contract (within
tolerances), the missing quantity can be defindoktanderproduction as illustrat-

ed in figure 17.
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Quantity
Ordered quantity of Ordered quantity of paper _Tole-
paper by customer: rance
Delivered prime paper Delivered prime paper quantity

quantity for order:

Under-
produc-
tion

Figure 17. A visual approach for to describe uncttpction.

After a visual approach is presented in figure dri'gerproduction can be defined

simplest by the following formula:

Underproduction =

Delivered prime paper quantity
- Ordered quantity of paper

+ /- Tolerance

9.1 Jokilaakso

The overall order fulfillment improvement in Jokikso paper production plant is
presented in this chapter. Main focus of the perforce measurement is in over-
production and underproduction measurement. Ovdyaton is examined from

two separate viewpoints:

» the produced quantities viewpoint, and

» the warehouse stock level viewpoint.

Underproduction is examined from the delivered djtias point of view.
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Individual paper production lines are also examihgdheir overproduction tons
and underproduction tons. Each of these paper ptiatulines are presented in

table 5 and table 6 by their individual characterss

The development actions and GMES redesign wereemghted 17.12.2012.
This should be noted when following performance sueament tables are exam-

ined.

The following figures are based on the order itestadvhich was gathered by
system supplier experts. The table indexes areolmtrent between the different

production lines.

In table 8 can be seen the overall overproducttahe paper production lines in
Jokilaakso paper production plant. The monthly aNesverproduction quantity
has a decreasing trend. The decreasing trend mp@aiction quantity develop-
ment began in May, 2012, and has been mainly comti® since then. In table 9
can be seen decreasing trend in overproductiontigjeann Jokilaakso by quarter.
The quarter data chart (table 9) includes a fotechshe overproduction data
from March 2013. The forecast is based on the tfeard April 2012 to February
2013.
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Table 8. Overproduction by mill ready date (MRD) ntto in Jokilaakso paper
production plant.

JOK Overproduction by month

12
10

8

6 -

4 -

2 .

O .

m&

MRD Month
mmm Overproduction index —— Trendline, three month moving average

Table 9. Overproduction by quarter in Jokilaakspgrgroduction plant.

JOK Overproduction by quarter

12

10

Q2/12 (MRD)  Q3/12 (MRD)  Q4/12 (MRD)  Q1/13 (MRD)

arter . forecast
| Overpr%guctlon index
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Table 10 presents Jokilaakso warehouse’s montreyage prime leftover level.

Jokilaakso warehouse’s monthly average prime leftdgvel also indicates the
order fulfillment success since the overproduchas a tendency to pile up in the
mill warehouse’s free stock. In table 10 can bected significant positive devel-

opment since December, 2012.

Table 10. The monthly average leftover level in J@ warehouse’s.

JOK Warehouse' s monthly average prime
leftover level
10
9
8
7
6
5
4 4
3 -
2 4
1 4
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
2012 2012 2012 2012 2012 2012 2012 2012 2012 2013 2013
® Prime leftover level, index

Order fulfillment can also be investigated from thederproduction viewpoint. In
table 11 can be seen the monthly overall undermtomiuat the paper production
lines in Jokilaakso paper production plant. The thignoverall underproduction
guantity has a decreasing trend. The decreasingd treunderproduction quantity
development began in May, 2012, and has been meadmiinuous since then. In
table 12 can be seen decreasing trend in undergrodwjuantities in Jokilaakso
by quarter. The quarter data chart (table 12) oetua forecast of the underpro-



80

duction data from March 2013. The forecast is basethe trend from April 2012
to February 2013.

Table 11. Underproduction by MRD month in Jokilaaksiper production plant.

JOK Products delivered under ordered quantity by month

Jlﬂ\TlllrI

6
Q Q
Q@ Q@
DM

10

]

O N M OO ©
I

o A ) 9 Q N v \ OV
Q N Q N N N N Q N
Q\(ﬁ Q@ Q\(ﬁ Q\q> Q\’q> Q\q> Q\(ﬁ Q\%\ Q\%\
Vv Vv Vv Vv Vv y v ) Vv
MRD Month

=== Products delivered under ordered quantity, index

——Trendline, three month moving average

Table 12. Underproduction by quarter in Jokilagaper production plant.

JOK Products delivered under ordered quantity by quarter
12
10

o N M OO ©
!

Q2/12 (MRD) Q3/12 (MRD) Q4/12 (MRD) Q1/13 (MRD)
forecast

Quarter

® Products delivered under ordered quantity, index
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The most important aspect of this performance nreasent is the overall order
fulfillment in Jokilaakso paper production plants & can be seen in previous
sections, overall order fulfilment has been immdun Jokilaakso paper produc-
tion plant. However, the order fulfilment can alse discussed at the individual
paper production line level.

In appendixes 3/9 to 9/9 can be seen each Jokdgaser production line inves-
tigated by its overproduction and underproductioargity indexes. In appendixes
3/9 to 9/9, seven Jokilaakso paper production larescalled JOK 1/7 — JOK 7/7.

At individual paper production line level the ordelfillment success can be seen
at the long term trend since the order backlogdmgisificant impact on the trim-
ming results and the run consists. Furthermore,homeane mistake, telecommu-
nications error or system malfunction can resula aslatively large order fulfill-
ment distraction in the statistics. Examples frdwas kind of behavior can be seen

in overproduction in appendix 3/9 and in underpuatitun in appendix 6/9.
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10 CONCLUSIONS

The GMES program has achieved the given targepsadeide one common mill
execution system to each mill and harmonize maicepts and processes. Dur-
ing the rollout projects, the paper mills have f@adhance to configure balance
monitoring catalogues but they have been lackimgdgemplates and discussion
between the different modules. The definitions ehdible product and reasons
why something is done must be clear to every eed. 0$1e program installation
and personnel training is not enough at the systepiementation point. Fur-
thermore, the personnel training focus is mislegdinsystem usage although the
main focus should be pointed out to the understandi global processes. Em-
ployee has to know the purpose and the targeteojaih, before he/she can think
about how to do it. Everyone on the production Bheuld know which produc-

tion factors have an effect on the order fulfillmhen

Only the meaningful and relevant production balada&a with understandable
definitions should be visible at the GMES operasoreen. This is the way to get
rid of the confusion causes. And if confusions @ceurring, at least production

supervisor should have the knowledge what shouldoipe next.

It is surprising to realize how many different pedares and assumptions about
the process there is inside the corporation. Unfately most of the erroneous
procedures and assumptions are extremely harmpacedly when it comes to
the subject of order fulfillment.

The GMES production balance catalogues were regordd and explained in
order to clarify the monitoring of the productioalénce details. In addition, the
guide for the successful order fulfillment was ga#d together and instructed to
end-users. When the product definitions are magiar @nd every production end
user is aware of the factors effecting on the ofdéitiment, the amount of occur-
ring confusions decreases. In this case, the diemndf overproduction and un-

derproduction decreased. From the warehouse viewvploe stored quantity of
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prime leftover decreased. All this indicates to pnecedure development concern-
ing the exceeding paper quantities handling awimelers. Decreased underpro-
duction levels indicate that there have not beejom@oblems with the actual

paper production and the produced paper quanéteeproduced to the originally
scheduled orders.

The development actions related feedback from tkilahkso production plant
end users was mainly positive. The general opiribdokilaakso was that the
production balances are now easier to monitor hedelevant production infor-
mation was easily available. Some end-users exguletbeir satisfaction for the
catalogue column explanations since they can notieio job according to glob-

ally harmonized production procedures.

Performance measurements indicated that overalpoyduction in Jokilaakso
paper production plant has a decreasing trend.iffheential factors for the de-

creasing trend of overproduction and underprodadii@ as follows:

» personnel has learned to use new mill executiotesys
* new configuration model and order fulfillment gujde
» customer roll reservation release method at wrappiachine, and

» order backlog situation has significant impact.

It is extremely challenging to point out exactiywheuch each individual factor
influenced on the order fulfillment improvement. wkver, from April 2012 to
February 2013 the average monthly overproductioantity in Jokilaakso has
decreased 63, 5 %. Overproduction has to be deddasminimum as it is mis-

use of the raw material and labor.

At the same time, from April 2012 to February 20&8erall underproduction in
Jokilaakso has decreased 69, 0 %. Underproductisrichbe eliminated from the
process outcomes since it results not only as dsetesales, but also as degener-

ated relationships with the customers.
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The redesign and development actions such as

* the GMES catalogue column explanations for the gectdn,

* abasic model for the winder to complete a runrdeg and

e the winder operation screen catalogue redesigncatalogue configura-

tions

are currently implemented only in Jokilaakso pgp@duction plant. In order to
obtain all the order fulfillment improvement reldtbenefits, the same harmoniza-
tion exercise should be executed also in UPM-Kymen@yj's other paper pro-
duction plants.



85

REFERENCES

Anderson , B. & Peterson, P.G. 1996. The benchmgrkandbook: Step by step

instructions. New York: Chapman & Hall.

Bititci, U.S., Carrie, A.S. & McDeuvitt, L. 1997. tegrated performance measure-
ment system: a development guide. Internationalnddwf Operations & Produc-
tion Management, vol. 17, no. 5, pp. 522-534.-

Blanc, P., Demongodin, I. & Castagna, P. 2008. khic approach for manufac-
turing execution system design: An industrial aggdion. Engineering Applica-
tions of Artificial Intelligence, vol. 21, iss. pp. 315-330.

Chase, R.B., Jacobs, F.R. & Aquilano, N.J. 2006er@pons management for
competitive advantage. 11th ed. New York: McGraw:Hi

Chrissis, M.B., Konrad, M. & Shrum, S. 2003. CMMauidelines for process

integration and product improvement. Reading, MAd&on-Wesley.

Franco-Santos, M., Kennerly, M., Micheli, P., Magz, V., Mason, S., Gray, D.
& Neely, A. 2007. Towards a definition of a busisggerformance measurement
system. International Journal of Operations & Potidtn Management, vol. 27,
no. 8, pp. 784-801.

Goldratt, E.M. & Cox, J. 1992. The goal: A proces®ngoing improvement. 2nd
rev. ed. Great Barrington, MA: North River Pres®iEhing Co.

Grosswiele, L., Roglinger, M. & Friedl, B. 2013. decision framework for the
consolidation of performance measurement systerasisidon Support Systems,
vol. 54, iss. 2, pp. 1016-1029.



86

lassinovski, S., Artiba, A. & Fagnart, C. 2008. Angric production rules-based
system for on-line simulation, decision making al&trete process control. Int. J.

Production Economics, vol. 112, iss. 1, pp. 62-76.

Kaplan, R.S. & Norton, D.P. 1996. The Balanced &card: Translating Strategy

Into Action. Boston: Harvard Business School Press.

Kennerley, M. & Neely, A. 2002. A framework of tfectors affecting the evolu-
tion of performance measurement systems. Intemmatidournal of Operations &
Production Management, vol. 22, no. 11, pp. 1228512

Kletti, J. Manufacturing Execution Systems — ME®02. Berlin: Springer-
Verlag.

Krajewski, L., Ritzman, L., & Malhotra, M. 2007. ©mtions management: Pro-

cess and value chains. Upper Saddle River, NJsBe&ducation.

Langdon, D. 2000. Aligning performance: Improvingrfiormance, systems, and

organizations. San Francisco: Jossey-Bass/Pfeiffer.

Marrelli, A. 1998. Guide to managing process peni@nce improvement projects.
El Segundo, CA: Hughes Sapace and Communicationgp&iay.

Martin, F. 2008. A Performance technologist’s ajpgioto process performance

improvement. Performance Improvement. vol. 47,iss0. 2, pp. 30-40.

Meyer, H., Fuchs, F. & Thiel, K. 2009. ManufactyyiBxecution Systems (MES).
Optimal Design, Planning, and Deployment. New YdfcGraw-Hill.

Neely, A., Gregory, K. & Platts, K. 1995. Perforngamrmeasurement systems de-
sign: a literature review and research agendarnatenal Journal of Operations

& Production Management, vol. 15, no. 4, pp. 80:116



87

Neely, A., Mills, K., Platts, K., Richards, H., Gary, M., Bourne, M. & Ken-

nerley, M. 2000. Performance measurement systeigrdeteveloping and testing
a process-based approach. International Jourr@pefations & Production Man-
agement, vol. 20, no. 10, pp. 119-1145.

Pinedo, M. 1995. Scheduling — Theory, Algorithmsl &8ystems. Prentice-Hall
PTR.

Rolén, M. & Martinez, E. 2012. Agent-based modelamgl simulation of an au-
tonomic manufacturing execution system. Computeidsdustry, vol. 63, pp. 53-
78.

Rooney, J.J. & Huevel, L.N. 2004. Root cause amalyg beginners. Quality
Progress, July ed., pp. 45-53.

Siever, D. 1993. Process mapping. El Segundo, Gighids Aircraft Company.

Swanson, R.A. 1994. Analysis for improving perfonoe Tools for diagnosing
organizations and documenting workplace expertfs@n Francisco: Berrett-

Koehler.

UPM-Kymmene Oyj. 2010. History of UPM-Kymmene OyjVerkkodoku-
mentti]. [Viitattu 08.04.2013]. Available atttp://www.upm.com/EN/ABOUT-
UPM/Our-Company/History/Pages/default.aspx

UPM-Kymmene Oyj. 2013. UPM Annual Report 2013. s UPM.

Wazed, M.A. & Ahmed, S. 2008. Multifactor ProdudtyvMeasurements Model
(MFPMM) as Effectual Performance Measures in Mactuiiang. Australian
Journal of Basic and Applied Sciences, vol. 2,4sqp. 987-996.



88

Xu, Z., Huang, F., Chen, J. & Yang, G. 2009. Adytof an Evaluation Model on
Manufacturing Execution System in Paper-making gpmiges. Modern Applied
Science, Vol. 3, no. 5, pp. 136-142.



APPENDIX 1/9: The winder catalogue for 'Run status’, 'Tracks/Boss’ and
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APPENDIX 2/9: The winder catalogue configuration for 'Run status’

"Tracks/Positions’ and ‘Search order’ —tabs
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APPENDIX 3/9: Monthly overproduction and underproduction in JOK. 1
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APPENDIX 4/9: Monthly overproduction and underproduction in JOK.2

JOK 2/7 Overproduction
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APPENDIX 5/9: Monthly overproduction and underproduction in JOK.3
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APPENDIX 6/9: Monthly overproduction and underproduction in JOK.4
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APPENDIX 7/9: Monthly overproduction and underproduction in JOK.5
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APPENDIX 8/9: Monthly overproduction and underproduction in JOK.6
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APPENDIX 9/9: Monthly overproduction and underproduction in JOK.7
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