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ABSTRACT
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In UPM's paper business, material sourcing is increasingly shifting to the use of consignment
stocks to reduce working capital, especially in chemical inventories. The smooth running of consign-
ment processes requires a quick and accurate calculation of the monthly consumption of raw materi-
als and the transmission of this information to material suppliers for invoicing.

The previous month's consumption has been calculated mainly manually using various spread-
sheet programs and data collection systems. This has required an unreasonable number of man-
hours at the otherwise busy turn of the month, and on the other hand, calculation practices have
varied greatly between different mills. For this reason, consumption figures have not been compara-
ble between plants.

In this work, it was investigated whether the E2E Supply Chain portal used in the paper business
could be used to automate the calculation of monthly consumptions. The portal already collects all
the data needed for consumption calculation, on the basis of which it was possible to perform the
calculation within a portal.

Despite some unfinished development tasks for the portal’s calculation functionalities, it was pos-
sible to test and evaluate the results, taking into account the boundary conditions caused by the
development work. Based on the evaluation, it can be stated that portal accounting works reliably and
itis recommended to introduce itin monthly consumption accounting. The portal saves a considerable
number of working hours, while at the same time harmonizing calculations and speeding up the trans-
mission of information to suppliers.
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UPM:n paperiliiketoimintojen materiaalihankinnassa ollaan enenevassa maarin siirtymassa
kaupintavarastojen kayttoon sidotun padoman pienentamiseksi etenkin kemikaalivarastoissa.
Kaupintaprosessien sujuminen edellyttdd nopeaa ja tarkkaa raaka-aineiden
kuukausikulutusmaarien laskemista ja naiden tietojen valittamista materiaalitoimittajille laskutusta
varten.

Edellisen kuukauden kulutukset on laskettu padasiassa manuaalisesti erilaisia
taulukkolaskentaohjelmia ja tiedonkeruujarjestelmia hyddyntden. Tdma on vaatinut kohtuuttoman
maaran miestyotunteja muutenkin kiireisessa kuukauden vaihteessa ja toisaalta laskentakaytannot
ovat vaihdelleet suuresti eri tehtaiden valilla. Tasta syysta kulutusluvut eivat ole olleet
vertailukelpoisia tehtaiden valilla.

Tassa tydssa tutkittiin, oliko paperiliiketoiminnoilla kaytdssa olevaa E2E Supply Chain -portaalia
mahdollistaa hyddyntaa kuukausikulutusten laskennan automatisoinnissa. Portaaliin keratdan jo
valmiiksi kaikki kulutuslaskennassa tarvittava data, joiden pohjalta laskenta oli mahdollista suorittaa
portaalin sisalla.

Huolimatta joistakin vield keskeneraisista laskentaan liittyvista portaalin kehitystehtavista
tulokset oli mahdollista testata ja arvioida ottaen huomioon kehitystyon aiheuttamat reunaehdot.
Evaluoinnin perusteella voidaan todeta, ettd portaalilaskenta toimii luotettavasti ja on suositeltavaa
ottaa se kayttéon kuukausikulutuslaskennassa. Portaalin avulla saastetaan huomattava maara
tyétunteja ja samalla laskennat saadaan harmonisoitua seka tiedon valittdminen toimittajien
suuntaan nopeutettua.

Avainsanat: kuukausikulutuslaskenta, E2E Supply Chain portaali, kaupintavarasto
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1. INTRODUCTION

1.1  About company

“UPM delivers renewable and responsible solutions and innovate for a future beyond fossils
across six business areas: UPM Biorefining, UPM Energy, UPM Raflatac, UPM Specialty
Papers, UPM Communication Papers and UPM Plywood. As the industry leader in respon-
sibility UPM is committed to the UN Business Ambition for 1.5°C and the science-based
targets to mitigate climate change. UPM employs 18,000 people worldwide and their annual

sales are approximately EUR 8.6 billion. Their shares are listed on Nasdaq Helsinki Ltd.” [1]

UPM’s two paper businesses Communication and Specialty Papers have 18 paper mills and
over 9000 employees together around the world and businesses’ common production ca-
pacity is almost 8,5 million tons per year. UPM is the world’s leading producer of graphic

papers [2].

According to UPM Intra the Sourcing Team of Communication Papers & Specialty Papers
is responsible for managing the global spend of pulp, paper chemicals, pigments, packaging
and paper machine clothing. Sourcing’s way of working is cross-functional compiling the
knowledge of UPM’s internal stakeholders with the knowledge of their suppliers and Sourc-
ing work with dedicated category teams consisting of professionals around UPM. Paper
Business’ Sourcing also target to create value together with internal and external stakehold-
ers by combining supply market expertise and technological innovation according to the

business needs. [3]

1.2 Goals and research problem

In all UPM’s businesses has the need for accelerate and improve materials handling man-
agement all the way from raw materials sourcing to end products delivery. E2E (End to End
Supply Chain -portal) is an application used in Paper Business and it fetches the data from
ERP (Enterprise Resource Planning) — and MES (Manufacturing Execution System) -sys-
tems of paper mills and from different data warehouses. E2E-portal is a browser-based ap-
plication which also offers API (Application Programming Interface) -connection to third party

applications if needed. Simplified landscape of the portal is described in Figure 1-1.



E2E-portal has been in use already approximately three years for sharing tank levels, shut-
down information and consumption forecasts for suppliers. Need for the calculation of used
material volumes has become more relevant during last year and development work has

been done parallel with other topics and maintenance of the tool.

Received
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postings)
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Figure 1-1 Simplified E2E-portal landscape.

Execution of the E2E-portal has increased transparency of material needs and inventory
levels to suppliers. It also helps UPM’s internal users, such as mill operators and sourcing,
get an immediate response from systems and suppliers in the event of discrepancies be-

tween deliveries and receipt.

There has been a quite big variation in the ways of doing raw materials’ consumption calcu-
lations in mills — so far these figures have been used mostly for posting consumed material
amounts to ERP for monthly warehouse stocktakings. These calculations have done in the
beginning of every month mainly in the Excels based on the information which is gathered
manually from mills’ DCS (Distributed Control Systems) and ERP, after which calculated
values have been entered manually back to ERP. This kind of working is time-consuming
and possibilities for errors in writing and other human mistakes are always present. Im-
portance of having automatically calculated consumption figures of raw materials has in-
creased same time as supplying has moved toward consignment stocks, where invoicing is

based on amount of material consumptions.



It was also necessary to get calculation methods harmonized in all mills, so raw material
suppliers can rely on the values of consumptions they get from different UPM mills, because
consumption values are triggering invoicing process in ERP. The faster values are available

for stakeholders, the more time for reacting there will be in case of need of changes.

Purpose of this research was to investigate is it possible for UPM’s paper business to utilize

E2E in automated consumption calculations of bulk chemicals used in paper making.
Above-mentioned led in to three research questions:

1. RQ1: : Is it possible to achieve accuracy of the calculation, which meets the needs

of all stakeholders?

2. RQ2: Will the calculations made by the E2E-portal shorten the processes’ response

time so they are decreasing mill users workload at turn of the months?

3. RQ3: How to estimate if the system is reliable enough so it can be used for harmo-

nizing the ways of work between all mills of UPM?

1.3 Research methods

The series of SQuaRE-standards have been utilized to categorize system requirements.
Minimum of non-functional requirements which are needed for fulfill research problem’s goal
are defined as SFS-ISO/IEC 25010 -standard’s "Quality in use” -characteristics and evalua-
tion against those is done with SFS-ISO/IEC 25022 -standard’s measures. “Product quality
model” of SFS-ISO/IEC 25010 -standard was used to define platform’s and application’s
functional requirements and those are evaluated with the help of SFS-ISO/IEC 25023 -

standard’s measures.

Semi-structured interviews have also done with the persons from different UPM mills. Opin-
ions about the situation at present and wishes for the future have got from these interviews.

Questions of interviews are attached as Appendix A.



1.4 Structure of the thesis

This thesis has in chapter 2 theoretical part and clarification of what situation the develop-
ment started from. Next chapter 3 is about the concept of SQuaRE-standards and quality
models and system requirements described with the help of those is handled in the same
section. Issues on development and possible solutions for those have been also gone
through. Then chapter 4 includes evaluation of research results as well as evaluation and
study quality has been gone through. Also some feedback from interviews made for several
stakeholders from UPM mills and thoughts about the future possibilities include in that chap-

ter. Last section 5 is for summary.



2. TERMS AND PROCESSES

This section introduces all the systems relevant to consumption calculation that integrate

with the E2E portal. In addition, some important concepts and processes are reviewed.

2.1 Integrated systems

The most important data concerning consumption calculation which E2E Supply Chain -
portal is fetching from other systems are tank level measurements and information about
received chemical deliveries. Tank levels are collected from mills’ DCS via GMES (Global
Mill Execution System) and Goods Receipt postings from ERP-system of paper mills. Ex-

planations for these integrated systems are described next.

2.1.1 Distributed Control System

As described in [4], Distributed Control System (DCS) is a computer system containing sen-
sors, controllers and associated computers that are distributed throughout a plant. These
individual control loops can control part of the process autonomously without central oper-
ator supervisory control. Typically DCS-systems are used in large complex process indus-
tries because of their high reliability, security and speed. Architecture of DCS-system is

shown in Figure 2-1.
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Figure 2-1 Architecture of Distributed Control System [5]

2.1.2 Manufacturing Execution System

“The Manufacturing Enterprise Solutions Association (MESA) defines an MES as the follow-
ing: A Manufacturing Execution System (MES) is a dynamic information system that drives
effective execution of manufacturing operations. Using current and accurate data, MES
guides, triggers and reports on plant activities as events occur. The MES set of functions
manages production operations from point of order release into manufacturing to point of
product delivery into finished goods. MES provides mission critical information about pro-
duction activities to others across the organization and supply chain via bi-directional com-

munication.” [6]

“Architecturally, the MES exists between the ERP systems on the enterprise side and the
tool-level control systems on the other. MESs facilitate the free flow of information from the
MES to the ERP and from the MES to the automation systems. Whereas an ERP system
communicates with other systems globally, the MES is more factory-focused in managing
processes, ordered steps, process flows, and equipment.” [6] Relations between different

control levels are represented in Figure 2-2.



ERP Planning & Logistics
MES Operations Management
Shop Floor Production

Figure 2-2 Operation and production control levels of manufacturing [6]

2.1.3 Enterprise Resource Planning system

As defined in the Fourteenth Edition of the APICS Dictionary [7] Enterprise Resources Plan-
ning (ERP) is “framework for organizing, defining, and standardizing the business pro-
cesses necessary to effectively plan and control an organization so the organization can use

its internal knowledge to seek external advantage”.

“Enterprise resource planning system refers to a variety of business management softwares.
ERP systems are used to collect, store, manage and interpret data from business activities.
With ERP the organization achieves a whole picture of the company actions like production,

sales, and finance.” [8]

With ERP it is possible to manage all the core business processes of company - e.g. human
resources, finance, manufacturing, supply chain, procurement, and services — in one inte-
grated system [9]. The most used modules are described in Figure 2-3. In UPM Paper Busi-
ness the used ERP-system is SAP ERP 6.0.
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Figure 2-3 Components of an enterprise resource planning system [9]

2.1.4 End to end Supply Chain portal

E2E Supply Chain Portal is a tool developed on Salesforce-platform for improved visibility
to raw material inventories and consumption forecasts and it enables efficient daily commu-
nication between mills and raw material suppliers. With the portal it is possible to release
working capital and reduce costs together with UPM’s raw material suppliers by having an
efficient end to end paper supply chain management. This can be achieved by aligning raw
material sourcing with the paper planning process while improving visibility of raw material
consumption forecast and inventory levels within UPM and with our raw material suppliers.
A platform supports sourcing operations to deliver cost effective supply models as automat-

ically as possible. [10]

The tool is connecting raw material sourcing more tightly to production planning and it is
accessible to UPM Sourcing, mill users, chemical suppliers and logistics service providers.
Inbound communication can be established between UPM messaging bus and the portal by
using standard BULK API and custom Representational state transfer (REST) webservice.
Following objects are being sent to the portal: tank level measurements, pulp data, shutdown
events of paper machine lines, Goods Receipt -postings and Short-term consumption fore-
casts. [10]



2.2 Consignment and VMI in chemical sourcing

It is defined in UPM’s General Specification of Consignment Stock [11] that in consignment
the materials are stored in UPM'’s warehouse, but they are still legally owned by the supplier
until they are consumed. The main reason for using consignment from the UPM point of
view is that “as consignment stocks are owned by the vendor until they are withdrawn and
the stocks itself are not valuated, the solution leads to a reduced working capital [11].” For
making possible to have really functional consignment purchasing of chemicals there is also
VMI (Vendor Managed Inventory) -purchasing in use besides. In VMI “the buyer of a product
provides information to a vendor of that product and the vendor takes full responsibility for
maintaining an agreed inventory of the material, usually at the buyer's consumption location
[12].” Enabling easy VMI-processes for suppliers was one major impulse to develop E2E-

portal in the first place.
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3. SYSTEM REQUIREMENTS AND PROCESS
DESCRIPTIONS

Main focus of this study was to research the suitability of the E2E Supply Chain Portal for
the use of mills to have ready calculated consumption values with more less effort. Another
goal was to achieve harmonized calculation methods for all UPM mills, so that all consumed
amounts of raw materials are been comparable with each other’s. Both of these objectives
are referring to usability of the system, thus Quality in use -model was best option for the
use of evaluation of these topics. On the other hand accuracy of portal calculation was the
major criteria to achieve and because that was depending on correctness of coded calcula-

tion logic, Product quality -model was used for evaluation of that requirement.

3.1 SQuaRE and quality models

The SQuaRE series of standards consists of six divisions under the general title Systems

and software Quality Requirements and Evaluation, as shown in Figure 3-1.

Quality Model
Division
2501n

Quality Quality Management Ouality
Requirements Division Evaluation

Division 2500n Division
2503n 2504n

Quality Measurement
Division
2502n

Extension Division 25050 - 25099

Figure 3-1 Organisation of SQuaRE series of standards [13]
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Quality model Division 2501n’s standard 25010 — Quality model describes the model for
system and software product quality and quality in use and it presents characteristics for
both of those models. [13]

Quality in use is “degree to which a product or system can be used by specific users to
meet their needs to achieve specific goals”. [14] These needs are represented in the
SQuaRE by quality models that categorize quality into characteristics and in some cases

also subdivided into subcharacteristics. [15]

The properties of quality in use are categorized into five characteristics: effectiveness, effi-

ciency, satisfaction, freedom from risk and context coverage. [14]

When the quality in use model characterizes the system or software product’s impact on
stakeholders, the Product quality model categorizes properties of the software product it-
self [14].The product quality model has eight characteristics: functional suitability, reliability,

performance efficiency, usability, security, compatibility, maintainability and portability [14].

The quality model provides a framework for collecting three types of users’ needs [14]. In

this thesis’s evaluating process user types and stakeholders defined for those are:

1. Primary user (=Mill operator): person who interacts with the system to achieve the

primary goals

2. Secondary user (=System administrator): person who provides support

3. Indirect user (=Supplier, Logistics provider, Sourcing user): person who receives out-

put, but doesn’t interact with the system

“The characteristics in the quality in use model and product quality model are intended to be
used as a set when specifying or evaluating computer system or software product quality
[14].” Because it is not possible to measure all characteristics for whole system or software
product, the model should be tailored as part of decomposition of requirements to identifying

the most important characteristics [14].

“The quality of a system is the degree to which the system satisfies the stated and implied
needs of its various stakeholders and thus provides value [15].” In relation to software quality
Gorla et al. set [16] that “system quality represents the quality of the information system
processing itself, which includes software and data components, and it is a measure of the

extent to which the system is technically sound.” Measuring that extent can be done by
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“defining appropriate quality characteristics, while taking account of the intended use of the

systems and software product [13].”

3.2 Existing process and requirements to the system

In this subsection already existed properties of the system which were fulfilling the needed
requirements and properties which were missing in the beginning of the development pro-
cess are marked as characteristics of quality models. Characteristics are cursived so that

quality in use requirements are marked as “QIUR-characteristic’ and product quality require-

ments as “PQR-characteristic’. On conclusion, all selected characteristics, also all based on

the goals of this development, have been collected to Section 3.2.2 and they also have
definitions from the standard ISO 25010. In the quality requirement, the abbreviation RQx

refers to the research question to which the feature seeks a solution.
3.2.1 System descriptions and requirements

The basic principle of raw material’s monthly GR (Goods Receipt) -based consumption cal-
culation is to take consumption from chemical tanks and all received deliveries of calculated
material into consideration. Principle of defining consumption from tank is described in Fig-

ure 3-2.

------------------------------------ Monthly
Consumption
QTY 12/2020

Tank Level

I [ [
Monthly period Monthly period Monthly period
11/20 12/20 01/21

— 7~

Figure 3-2 Monthly consumption calculation from inventory
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Consumption from tank during calculation period is done by subtracting the tank level at the
end of the period from the tank level at the beginning of the period. End result can be also
negative, meaning the tank level is higher at the end of the month as it was at the beginning
of month. That is the case, if all the deliveries received during the calculation period have

not been consumed yet and part of those are still in the tank.

GR based consumptions are calculated with formula seen in Figure 3-3.

Monthly consumption =

Consumption from tank during month
+

Received deliveries of the month

Figure 3-3 Monthly consumption calculation formula

The raw material consumptions have been calculated in the mills at the first business day of
every month manually by production people. Even if the calculations should have been done
similarly in every mill, there has been quite many variations in the ways of getting consump-

tion figures for Goods Issue -postings to ERP-system.

For some historical reasons day is changing in paper mills at 6:00, that is when morning
shift begin, and that also means weeks and months are starting at 6 o’clock. Some mills
have done calculations without consumptions from the tank, using only Goods Receipt -
postings from previous month. Other way has been to use the tank levels measured at 6
a.m. on the 1% of the month, but GR-postings have been retrieved from ERP as is, which
only means using dates in the postings, excluding any deliveries between midnight and 6:00

on the first day’s morning from calculations.

For estimating reliability of the system, like in research question 3, property “trust” was used

as follows:
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QIUR-Satisfaction/Trust: It was necessary to get calculation methods harmonized in all mills,

so raw material suppliers can rely on the values of consumptions they get from different
UPM mills around the world, because consumption values are triggering invoicing process
in ERP. (RQ3)

“GR based consumption calculation” -functionality has been existing in the E2E since the
beginning of implementing the tool, but the functionality had not been utilized before the
consignment processes had been taken in use with raw material suppliers. The calculation
method is using goods receipt postings which are fetched via ETL (Extract-, transform-, load

-procedure) -integration from ERP.

Inventory levels used in the portal’s consumption calculation were earlier the first measure-
ments after midnight because assumption was that the turn of the month is at 00:00. How-
ever because mills’ monthly reporting based on the "mill days", which changes at 06:00,
monthly consumption calculations in the E2E portal should use the tank level measurements
which are the next to 6:00 at the first day of the month. Because the formula has also the
GRs, that is received deliveries, of the previous month, calculation had to enhanced so that
also the Goods Receipts posted between 00 — 06 of the month's "last night" were taken into
account. Moment of the delivery’s receiving is defined in “Posting date” -field in the GR post-
ing -document in ERP and that would not be a problem if the normal calendar days would
be used in calculations. Existing consumption calculation logic had to been changed to cor-
respond for “Mill Day”-based calculation logic instead. This was demanded time stamps in
addition to dates of posting, and because received deliveries should also be available to
filter in calculation for relevant month’s consumption based on time stamp, the way of adding
clock time to GR-postings had to been found. The only field with clock time in ERP’s Goods
Receipt posting -document is “Created On” -field, which is described in Figure 3-4 below.
This is the time when GR-posting is saved to ERP, either manually or automatically by the
system. Thus calculation was chanced so, that instead of “Posting Date” calculation is using

“Created On” -time for defining the exact moment of the GR-posting of the delivery.
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3_| Gene... Vendor = 22  Doc. info‘
Entered By MQ Series UID
ICreatedOn 06.10.2020(12:54:13

Transaction Code 'Post Goods Receipt for PO MBO1
Line Mat. Short Text Qty in UnE
| 1 |oBA TAFLUONOL UMS BH BULK 25,580
1>
3_| Mater.... Quantity < Where ‘ Purchase Order Data | Partner | Account Assignment
Movement Type 101 + | GR goods receipt Stock type

Figure 3-4 "Created On" -field in ERP's Material Document

In addition to have this “6-am calculation logic” in use another major target of this developing
work was to have consumption figures calculated on deeper level as paper mills where the
figures have been from the beginning. Logic was taken into account only material-paper mill
-combinations when calculating materials consumptions. There was no way to define any
other relations but materials and paper mills where materials were delivered. The ultimate
goal of this enhancement was to have consumptions of paper machine -lines, but the best
available solution is to have consumptions on Storage Location -level. However in major
part of the cases Storage Location -level is actually same as paper machine -level, because
in many mills every paper machine line has their own Storage Location defined in ERP for
material receives. Reason to have calculations made only on this level is, that ERP’s GR-
posting -data does not contain information about paper machine, only storage location
where the delivery is supposed to unload to.
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PQR-Functional suitability/Functional completeness: In E2E was no defined relation be-

tween storage locations and inventories where materials have been storage to, so it has to
be created first. For this purpose it was decided to use existing “Inventory Assignments” -

table, where new column “Storage Location” was added like shown in Figure 3-5.

e mventory Assignments N P Y
NEwW 'T|"=-".l rintable View
All »+ #
S itéms = Sorted by Mill « Filtered by all inventory assignments - Mill, Raw _ - ., .
f‘.ﬂ.:‘,.-n.|l|n\'-|'I--r;r-|._|-n'.||.-(|\:|: hour ago ! ::‘[ L # "' Y
Irventor... | Mill T v | Paper Machine Storage Location » | Raw Material Inventory W
[AN-002 Rauma PM1 Paperikone 1 RAU_PM1_Massan_optisen_kirkasteen_silio
2 AN-00 Rauma PM1 Paperikone 1 AU_PM1_O
3 AM-00; Rauma PM1 Paperikone 1 RAU_PM1_Cptisen_kirkasteer 2
& TAN-002 tauma PRAL Paperikone 4 RAL PM& Pastaoptinen_kirkastesilia
5 [AN-0C Yauma Ph Paperikone 4 ALU_PMé4 _Optisen_kirkasteensailid

Figure 3-5 Screen capture from the Calculation Enhancement -demand

Based on the table above it is possible to define right tanks for every received delivery of
specific material. When the material and receiving Storage Location are known, this table
gives all relevant tanks which should be used in consumption calculation of this material in

this SLoc (Storage Location).

After previous adding all the needed information can be achieve and use for the use of
consumption calculation in Storage Location -level according to the process flow described

in Figure 3-6.
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E2E
PORTAL

GR Posting

1: MILL(Plant)

2: STORAGE LOCATION (SLoc)

3: MATERIAL

4: CREATED ON (in Document Info)

Related Raw
Material
Inventories

INVENTORY
ASSIGNMENTS
- New Column
"SLOC” in this Table

STORAGE N Sloc/Material-
Kotz combination

Figure 3-6 SLoc/Material -combination definition based on the GR-posting's data

GR Posting document includes information about mill, material and storage location same
as Created On -date. Based on this data E2E can deduce SLoc/Material-combination for the
posting at issue so this delivery can be used in right monthly consumption calculation. More
detailed description of the calculation with few different scenarios of potential storing and

consuming cases is represented in Appendix B.

After all these enhancements the final formula for monthly consumption calculation on stor-

age location level can be represent as in Figure 3-7.



18

Figure 3-7 GR-based consumption calculation formula

Major problem in the case of Good Receipt Postings has been the fact, that postings have
not been up to date in ERP. Entries have based on data from paper waybills manually input
to ERP. Delay between arrival of the delivery and the Goods Receipt posting in ERP might
have been as much as days, especially if the delivery has come on weekend or bank holiday.
Then posting has been done not earlier than on next workday in most cases by the ware-
house person. This led to a need for the process with what GR-postings can be up to date
all the time in ERP.

In Finland has been taken in use the new enhancement in RAPU-weighbridge system,
where the second weighing of tank truck triggers the GR posting to SAP, meaning the post-
ing is generated at the same time as truck is leaving the plant, which is normally immediately
after discharging has happened. The second weighing generates “Created on” -timestamp
to ERP’s Goods Receipt posting and advantage of that is having a clock time of weighing in
addition to date. Using “Created on” -field instead of “Posting Date” when defining the exact
moment of the posting, it is possible to separate deliveries arrived before and after 6:00 in
the morning. In theory it is possible that replenishment of the paper mill’'s chemical tank has
ended right before 6 o’clock on the 1%t day of the month and after truck’s tank has been
cleaned the truck arrives an hour later in second weighing so the delivery will be posted for

the next month. Probability for this kind of timing issue is extremely low and anyway that is
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the best achievable accuracy which can be offered by the systems in use. These cases must

be noticed, accepted and separately negotiated between mill and supplier.

Another reason for not updated data in consumption calculation has been ETL-runs which
have loaded the data first from ERP to DWH (Oracle Data Warehouse) and after that from
DWH to E2E-portal. Runs have scheduled at 19:00 EET daily. In addition to the fact that
time of the run should not be in the evening but in the morning for getting up-to-the-minute
information in the use of consumption calculation, the ETL-package has loaded data which
have “Entry Date” defined as “Currentdate — 1”. In worst cases these above-mentioned to-
gether caused almost two days’ time gap between data in ERP and in E2E-portal; deliveries
which had received in the beginning of previous night were visible in the portal at evening of
the next day after ETL-runs was ready, that means sometime after 21 o’clock because runs

last over two hours.

PQR-Compatibility: Integrations between ERP, DWH and E2E had to be developed for en-

abling real time information in E2E-reports. New development has been done recently for

ETL-packages and -runs and it has been implemented in production environment. The new
ETL-job runs every morning at 10:00 EET and it is fetching all posted deliveries which are

available on the starting moment of the run.

One occurred issue regarding timestamp is case where GR-posting has been corrected or
created manually afterwards. The Posting date can be maintained for the past, but when the
user press “Save” for the action, that same moment is stored in “Created on”-field. In other
words, it is not possible to store posting afterwards to previous days from the consumption
calculation point of view. This was causing an issue in the cases when for some reason
delivery is missing from the list of received deliveries and GR-posting is done manually on
next day. Some enhancement in calculation logic was needed. One solution could be the
functionality, which is comparing GR-posting’s “Posting date” and “Created on” dates and if
the latter one is larger than the first one, then the “Posting date” should be taken into con-
sideration. This solution is under development at the moment, demand for that is as Appen-
dix C.

Occasionally has happened, that due to for example OPC (Open Platform Communications)
-server problem tank level measurements are missing from some mill until rebooting the
server. If this happens during the change of the month, consumption calculation gives a
wrong result. Calculation logic uses the first after 6 am measured tank level value which it

has in use and in the worst cases there might be hours, even some days delay before the
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issue has been fixed. If consumption from the tank has been large or there has been replen-
ishment of tank between change of the month and the moment of the first available meas-
urement, inaccuracy could be even tens of tons. Currently in these cases there is no indica-
tor for the situations where the wrong tank level measurement has been used in consump-
tion calculation. One possible way to notify these situations without separate manual check-
ing is to monitor time stamps of tank level measurements used in consumption calculation.
If the level measurement has time stamp which clock time is not between 6:00:00 — 6:14:59,
the alert will be triggered. If this automated monitoring of incorrect calculations can be im-
plemented, it would reduce a lot the cases where the self-billing process has been triggered
based on the wrong calculation values, because it is possible to be aware of incorrect figures

before invoicing will be started. This development has started recently.

3.2.2 Requirements as quality characteristics

All this development project’s selected requirements are listed below as quality models’

characteristics.
Quality in use model

Efficiency: resources expended in relation to the accuracy and completeness with which

users achieve goals

- One major reason for this development work was to get a system for helping monthly work

of mill users - saving of time (RQ2)

Satisfaction/Usefulness: degree to which a user is satisfied with their perceived achievement

or pragmatic goals, including the results of use and the consequences of use

-Research problem: Purpose of this work was to investigate is it possible for UPM’s paper
business to utilize E2E in automated consumption calculations of bulk chemicals used in

paper making.

Satisfaction/Trust: degree to which a user or other stakeholder has confidence that a product

or system will behave as intended

-It was necessary to get calculation methods harmonized in all mills, so raw material suppli-
ers can rely on the values of consumptions they get from different UPM mills around the

world, because consumption values are triggering invoicing process in ERP. (RQ3)
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Product quality model

Functional suitability/Functional correctness: degree to which a product or system provides

the correct results with the needed degree of precision

- As the consumption figures calculated by the portal will be used both in UPM's internal
reporting and as a basis for invoicing consignment processes, their correctness is essential
for all stakeholders. (RQ1)

Functional suitability/Functional completeness: degree to which the set of functions covers

all the specified tasks and user objectives:
-The way to assign inventories for right storage locations of ERP was needed.

Compatibility: degree to which a system can exchange information with other systems

and/or perform its required functions:

-Integrations between ERP, DWH and E2E has to be developed for enabling real time infor-

mation in E2E-reports.



22

4. EVALUATION OF THE RESULTS

This chapter reviews the research findings according to the evaluation process of the
SQuaRE model. First, the evaluation modules are selected, on the basis of which the meas-
urement criteria are set. The evaluation is performed by making measurements for the cri-
teria, after which the measurement results are evaluated and conclusions are drawn about

the suitability of the system for the intended purpose.

4.1 Evaluation

“Evaluation is the systematic determination of the extent to which an entity meets its speci-
fied criteria.” [14] The ultimate goal of the evaluation is to ensure that the product fulfils the
stated needs of all stakeholders. [17] According to ISO/IEC 25040 an infrastructure, includ-
ing tools and technology, in the evaluator’s organization shall be suitable for carrying out

software product quality evaluation [17].

Evaluation process reference model described in [17] is illustrated in Figure 4-1 and it has

used as a frame for this evaluation.
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Establish the evaluation requirements

1. Establish purpose of the evaluation

2. Obtain the software product quality requirements

3. Identify product parts to be included in the evaluation

4. Define the stringency of the evaluation

Specify the evaluation
1. Select quality measures (evaluation modules)
2. Define decision criteria for quality measures

3. Establish decision criteria for evaluation

Design the evaluation

1. Plan evaluation activities

Execute the evaluation
1. Make measurements
2. Apply decision criteria for quality measures

3. Apply decision criteria for evaluation

Conclude the evaluation
1. Review the evaluation results
2. Create the evaluation report

3. Review quality evaluation and provide feedback to the
organisation

4. Perform disposition of evaluation data

Figure 4-1 Software Product Quality Evaluation Process [17]

4.1.1 Evaluation requirements

Purpose of this evaluation was to define, is it possible to achieve the extent to which makes
use of the E2E Supply Chain -portal potential for automated monthly consumption calcula-
tion of chemicals used in paper making. Based on the results of this evaluation the operating

organization of the system should be able to determine if the portal calculation is adequate
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for fulfill all stakeholders needs and requirements [18]. These requirements are presented

as quality models’ characteristics in sub-section 3.2.2.

Quality in use measures can also be used at conceptual design and development stages as
described in [18]: “Formative evaluation of prototypes: specific problems with quality in use
can be identified by testing prototypes with small numbers of representative users during
development using product usability measures and unnormalized quality in use measures
in order to identify problems and improve the product.” In the foregoing mentioned testing

led to major part of enhancement demands started during this evaluation.

Author of this thesis is also administrator of the E2E Supply Chain -portal being responsible
for system data maintaining and supplier onboarding. Author has act at the same time as a
developer of the system and requester of this evaluation for having more information of
possible development needs. From the quality in use perspective the mill users’ needs from
user interviews can be mapped and defined if those are fulfilled. Other stakeholders of the
software product are chemical sourcing users, chemical suppliers, logistics companies, in-
ternal system support, external system support supplier and due to unaccomplished devel-

opment works also external software developers.

Due to unfinished enhancement demands it could not be fully confirmed if the system is
capable of cover all expected needs. The target was to clarify could the decision to calcula-
tion tool’s deployment been made based on the data which was available at the moment of
this evaluation. Because of unfinished enhancements it was also not possible to identify a
detailed list of all properties to be evaluated so this inspection work should be continued

later when developing of the system will evolve.

As described above, development work of the system is still going on and thus the stringency
of the evaluation could not be on very high level. Sufficient extent regarding product quality
has been able to obtain using grey-box testing method, which is a combination of white-box
and black-box testing. As shown in Figure 4-2, in grey-box testing it is not mandatory to have
complete knowledge about the software but having at least limited information for products

functionality and code [19].
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Black Box White Box Grey Box
Testing Testing Testing
Internals are Internals are Internals are

not known completely partially
known known to
Testing is the tester
done from Testing is
the user done as a Testing is
perspective developer performed
from the
user
perspective
with access
to internals.

Figure 4-2 Grey-box testing's relation to black-box and white-box testing. [19]

This method is used especially for having the application tested from end user’s perspective

rather than designer’s [19].

4.1.2 Evaluation specification

Quality measures which have been used as evaluation modules are given in SQuaRE-
standards’ Quality in use and Product quality models. Every chosen quality characteristic
has one or more measures, variables to which a value is assigned as the result of measure-
ment [18]. Measures can be normalized in several different ways for helping interpretation
or then unnormalized measures can be used for example to identify specific problems en-

countered by individual users [18].

Definitions of the QMs (Quality Measures) have been described based on this detailed in-

formation [20]:
ID: Identification code of the QM. Each ID consists of the following three parts:

- abbreviated alphabetic representing quality characteristics and possibly sub-char-

acteristics.
- serial number of sequential order within the quality sub-characteristic

- usage tag:
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o G: generally applicable, could be used in a wide range of situations
o S: specialized for specific needs
Name: Name of the QM

Description: The information including the information needed (purpose of the measure)
and quality characteristic provided by the QM and (when useful) the purpose of the measure.
[20]

The full set of quality characteristics across the quality models are not relevant to every
stakeholder [20], so the selected quality characteristics and measures are described below.
Quality characteristic with descriptions of the confluences to this study has mentioned first
and after that quality measure or measures relevant for the characteristic are listed with

definitions:

Efficiency: One major reason for this development work was to get a system for helping

monthly work of mill users in other words saving time of people.

- Measures
o Ey-1-G: Task time
* The time taken to successfully complete a task
o Ey-2-S: Time efficiency
* The efficiency with which users achieve their objectives over time

when using the system

Satisfaction, Usefulness: Are the primary, secondary and indirect users, which are de-

fined in section 3.1, satisfied with the features the portal can offer to them.

- Measures
o SUs-2-G: Satisfaction with features
» The satisfaction of the user with specific system features

o SUs-4-G: Feature utilization
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» The proportion of an identified set of users of the system who use

a particular feature

Trust: It was necessary to get calculations done so, that mill users and raw material sup-
pliers can rely on the values of consumptions, because consumption values are triggering

invoicing process in ERP.

-  Measure
o STr-1-G: User trust

» The extent to which the user trusts the system

All previous characteristics are from “Quality in use” -model and those can be obtained by
observing operational use of the product by identifying first the users, goals and the envi-
ronment of use [18].

The last characteristic is from “Product quality” -model and it is used to assess the degree
to which a product or system provides the correct results with the needed degree of preci-
sion [21]:

Functional correctness: Only correct consumption values from calculation were accepta-
ble.

- Measure
o FCr-1-G: Functional correctness

=  What proportion of functions provides the correct results

As described earlier, development work of the system was going on during this study and
thus the stringency of the evaluation could not be on very high level. That is why specific
numerical criterion values or scales were not set to measurement items but the weights was
given by experience so the needed level of functionality was achieved in opinion of the au-

thor of this study. Only “Functional correctness” was demanded to be completely fulfilled.
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Also setting quality in use objectives for specific sub-goals, like “Satisfaction with features”,
could permit evaluation earlier in the development process [18], and opinions from inter-
views of stakeholders have been able to take into consideration during making enhance-

ments to the system.

4.1.3 Evaluation activities

It is instructed in [17] that the evaluation may be done in stages at different points in a de-
velopment life cycle. Author of this study was responsible for performing all parts of the
evaluation and it has planned to be done by iteration during development of the system.
Evaluation was to be considered complete and to be stopped when the characteristic "Func-
tional stability/Functional correctness” will be on acceptable level, that is when consumption

values are always been calculated correct.

When assessing quality in use, it was important that the users, in this case author of the
study, work unaided, only having access to forms of assistance that would be available un-

der normal conditions of use [18].

Verifying of results of consumption calculations was done by comparing the values from
E2E-portal’s calculation with consumption figures calculated manually by author of the
study. Other characteristics were evaluated with help of the information got from surveys

and interviews for stakeholders.

4.1.4 Evaluation execution

SQuaRE-standard’s QM-RM (Quality Measurement Reference Model) is presented in [20]
and it is visualized in Figure 4-3. The model describes the construction of QMs and QMEs
(Quality Measure Element) and the relationship between them and a quality model [20].
Measures have been used in this evaluation, but measurement functions have not used in
most of the cases, due the fact that there are not any specific measurements available, only

observations if something has happened or not.
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Product quality /Quality in use/ Data quality/
IT Service quality model

Quality

Characteristic/Sub-Characteristic

A

quantifies for
evaluation

I Quality Measure

is defined by

Algorithm using one or
more QMEs

Base measure or
derived measure

is defined by is defined by combining two or
more base measures

QME QME

Measurement
Method

is measured by is measured by

Targets to be measured

| Property to quantify | | Property to quantify |
f has f has
| Target entity ] 1 Target entity |

Figure 4-3 Quality Measurement Reference Model (QM-RM) [20]

As it is already mentioned earlier, evaluation of this system was not been able to base on
exactly measured properties with numerical values for two reasons; first major part of used
quality measures are from Quality in use -model and therefore those had to be evaluated
rather by creating as objective opinion as possible about them than measuring something
with exact methods. Second some of the requirements could not be totally fulfilled yet be-
cause of incomplete development work, so the evaluation had to been done based on some

estimations and presumptions about the future functionality of the system.
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The research questions of this work and used characteristics with their evaluations are listed

next:

Research question 1: Is it possible to achieve accuracy of the calculation, which meets the

needs of all stakeholders?

Functional correctness:
e FCr-1-G: Functional correctness
o The most important and relevant quality measure was able to be evaluate
only by the secondary user, because it was agreed that consumption reports
were not given available for the primary and especially for indirect users, that
is raw material suppliers, before it was verified that consumptions were totally
correctly calculated. When the basic data of calculation was unchanged and
it has not been manipulated afterwards manually, the calculation logic was
functioning and consumption values were always correct. Only problems
were with cases when tank level measurements were not available at the
specified time or Goods Receipt posting document has been created or cor-
rected after six o’clock on the first day of the month. After ongoing develop-
ment works will be ready, the first issue will be solved by notification from
system, if tank level measurement used in calculation is not from acceptable
time slot. For correction of the latter issue there will be calculation logic
change which notices if GR posting document has been saved again and the
received delivery will be allocated to the right invoice period of consumption.
After above-mentioned improvements the accuracy of portal’'s consumption

calculation should be 100%.



31

Research question 2: Will the calculations made by the E2E-portal shorten the processes’

response time so they are decreasing mill users workload at turn of the months?

Efficiency (RQ2):

o Ey-1-G: Task time
o At present consumption calculations requires in some mills even four per-
sons’ half-day work in every turn of the month whereas calculation of the
E2E-portal need no extra effort at all from mill users. In other words saving of

time can be tens of man-hours per month.

o Ey-2-S: Time efficiency
o Atthe same time as no extra work is required to obtain the monthly consump-
tion values of the E2E portal, the portal's calculation provides all the defined
consumption at once, so the time efficiency and work done compared to the

current effort is considerable.

Research question 3. How to estimate if the system is reliable enough so it can be used

for harmonizing the ways of work between all mills of UPM?

Trust (RQ3):
e STr-1-G: User trust
o The extent to which the primary and indirect users trust the system was not
possible to evaluate completely because the lack of calculated consumption
results available for users. However the secondary user, who was the author
of this study and an administrator and evaluator of the system, was convinced
that when all enhancements will be done for portal consumption calculation,
the system will be solid and reliable. Reliability in this case refers to the cal-

culated consumption.
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Purpose of this work was to investigate is it possible for UPM’s paper business to utilize
E2E-portal in automated consumption calculations of bulk chemicals used in paper making.
One way to evaluate utility was to use the characteristic "usefulness" with its quality

measures:

Satisfaction, Usefulness:
e SUs-2-G: Satisfaction with features
o Primary users were been asked in interviews during this study “do they feel
itis useful to have ready calculated consumption figures from the E2E-portal”.
Assumption was that all developments will be ready before taking the calcu-
lation in use so the consumption values are correctly calculated. Next few
examples of the answers: “It makes sense to get values from the portal, it
would be great also to get those values straight to the ERP [22]”. “It sounds
really good, we can forget our Excels and may have a support from UPM in
future [23]”. “It would be really great if we will have the calculation for our use
[24]". All these confirm the need of this calculation, which will simplify mills’
working methods a lot. In other words it can be said that this requirement is
accomplished.
e SUs-4-G: Feature utilization
o All primary users of the system will use the consumption calculation feature
when it will be available, so the proportion of users regarding that feature is
close to 100%.

4.1.5 Conclusion of evaluation

Based on the evaluation results above, by using E2E-portal it can be achieved the required
extent of system for the automated consumption calculations of paper making chemicals.
This conclusion can be made presuming that unfinished developments will be able to do.
After system will perform as it has been designed to, all minor issues will solve and E2E-
portal can bring real benefits for all stakeholders of the system. Major advantage will then
be the time-saving, easy and harmonized way to have consumptions calculated in common

way in every UPM-mill.
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4.2 Evaluation quality

Accuracy and quality of this evaluation can be considered to be on lower level due to incom-
pleteness of system developments, but on the other hand that was taken into consideration
when the stringency of the evaluation was defined. Consequently the reliability of evaluation

should fit for this study’s purpose well.

4.3 Study’s quality

Using and defining of the evaluation models was quite challenging due the fact that building
of the system was not totally completed but some crucial functions were still under develop-
ments. Because of that incompleteness it was impossible to deploy ready-made calculations
in production environment of the E2E Supply Chain -portal and hence share evaluation re-
sponsibility with other stakeholders who should have been involved in testing and evalua-
tion, so the author of the study executed all Product quality model -evaluations. Additionally
all Quality in use model’s evaluations were done by iterating the measures of characteristics
of requirements during whole development process, which was also planned to be done

SO.

4.4 Thoughts of the future

Consumption values calculated by the E2E portal could allow Goods Issue -postings at the
storage location level and will be later distributed to cost centers by the Finance Department.
Thus also chemicals’ at least calculated consumption values could be sent automatically to
ERP. Consumption figures for parcelled goods are available from the new Fiori applications,
which also allows the Goods Issue -postings of these material groups to be sent automati-
cally to SAP. In these cases, the hardest part may be the creation of new work processes

for allocations from warehouses to cost centers, especially to agree who will do this work.

The calculation of the portal is currently only applicable to chemicals whose storage tanks
have a level measurement circuit, which makes it possible to calculate the consumption from
the tank. The factories also have other materials, such as container chemicals, for which the
portal is not suitable for monitoring consumption, but most of the monthly calculations can
be covered by the portal. There are currently other applications in use for tracking containers
and parcelled goods, for which further developments are also under way. The ever-increas-

ing use of barcodes and RFID tags in tracking material flows can also be easily integrated
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into these consumption calculations. When all these ongoing developments are completed
and the systems are in place, it will allow consumption postings to be automatically trans-
ferred directly to SAP, after which inventory levels for different material groups would be
available from ERP in near real time. This allows consumption volumes and inventory levels
to be passed through the upcoming SAP Ariba system directly to suppliers, allowing this

information to be aligned with delivery confirmations and receipts.

The above methods could enable to extend these automatic calculations not only to other
material groups but also to other business areas. It would require further clarifications of
what automation systems other businesses have and how to deliver GR- and GI- postings

from those to the E2E-portal. This is more technical issue and should be solved quite simply.

All this would allow businesses to maintain real time consumption data in ERPs, helping to
keep track of current inventory levels. Up-to-date inventory balances are a prerequisite for
VMI and consignment purchases, so it would be possible to extend use of consignment

stocks also to other business areas besides paper business.

When the automated consumption calculations mentioned above are implemented, they re-
quire a replacement backup system in case of possible system integration and operational
failures. Some kind of common and harmonized Excel tool could be the simplest solution,

one good example for template is in Rauma mill.

Once the experiences and opinions of stakeholders about the new functionalities of the por-
tal have been obtained in the future, it is a good idea to create a feedback process for pos-
sible suggestions for development and changes by users. Such a feedback tool would be

relatively easy to create integrated into the portal.

It would have been possible to develop even more automated system, for example having
“two-way integration” for loading Gl (Goods Issue)-postings straight to ERP, but most prob-
ably in the next few years paper business will have new ERP that will be able to retrieve
data via integration, so possibly E2E-portal will not be in use after that anyway. Thus it was

agreed only small developments will be done in the E2E.



35

5. SUMMARY

The use of VMI- and consignment stocks in the procurement of chemicals in the paper busi-
ness has increased and the trend will continue to accelerate. The invoicing of the material
delivered to the consignment stocks is based on the amount consumed from the inventories,
and the calculation of this amount has required an unreasonable number of resources from
the factory personnel at the beginning of each month. The calculation methods and criteria
have also varied greatly between plants, so for these reasons automated and harmonized

consumption accounting was needed for all plants.

This work explored the possibility of leveraging the E2E Supply Chain portal, which has been
used for a few years in UPM's paper business to automate monthly consumption calcula-
tions for chemicals. The portal already collects all the information needed for the calculation
from the factories and databases, and it is possible to use the calculation functions to pro-
cess the collected data. As the data sources and collection methods are globally uniform for
all UPM mills, the consumption calculations performed were thus harmonized and compa-
rable between mills. In the same context, the procurement processes for chemicals were

also harmonized.

As an answer to the first research question of the accuracy of portal calculation, it can be
stated that despite some unfinished system developments the calculation of monthly con-
sumptions can be done in the E2E portal with high accuracy. There are a few individual
material- and tank-specific use cases that require further research or development for auto-
mated consumption calculation, such as material changes in a tank during the calculation
period, but so far these cases can be handled by manual calculations and agreements be-

tween supplier and mill.

In the second research question was asked if portal calculations will shorten the processes’
response time. It could be proved that it is possible to reduce the number of man-hours used
for monthly calculations from even tens to close to zero, leaving time for other reporting at

the turn of the busy month.

Answer for the third research question for estimating if the system is reliable enough for the

harmonizing all mills’ work is not so simple because the lack of calculated consumption re-
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sults available for users. However the author of this study was convinced that when all en-
hancements will be done for portal consumption calculation, the system will be solid and

reliable. Reliability in this case refers to the calculated consumption.

All'in all, as one interviewee said, “one of the biggest advantages will be to get rid of con-
stant invoice checking [23]”, showing that the portal’s consumption calculation is a really

useful feature for both mill users and suppliers.

It is noteworthy, however, that at present some mills have well-functioning calculation
methods for monthly consumption and reporting, which may not be worth replacing with
portal calculation until the last developments mentioned above have been resolved. Com-
paring to these mills’ own calculations the real benefit of the portal calculation is that after
it will be taken in use all mills will have harmonized way to monitor and share the infor-

mation about their stocks and deliveries.

This study has shown that as long as all development work in progress is completed, the
monthly consumption calculation of the E2E portal will be a reliable tool for the use of fac-
tory reporting. Thus, this work has fulfilled its objectives by being able to establish that the

portal tool is useful for its intended purpose.
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