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Kristaps BoSs, Uldis Bokths

Abstract

The aim of this research is to explore the poténfia machine to machine (M2M)
technology in Latvian sawmills. The focus of theaarch is to analyse machinery maintenance
and decision support systems. The maintenancendincous band saw is evaluated as it is used
in around 90 to 95 per cent of micro and small sdlsnm Latvia.

The authors construct an M2M solution and evaliiatpossible gains by using a
simulation model and the net present value approBEud model is applied to a small Latvian
sawmill which uses the respective type of saw. Jiheulation compares the existing set-up of
the production process to three test scenarioghBlscenarios have the M2M solution. The
authors analyse changes in machinery utilizatiotput quality, maintenance costs, overall
productivity and labour efficiency. Afterwards thethors estimate the net present value of the
proposed solution.

The findings support positive M2M effect on prodantprocess. A decrease in
downtime and maintenance costs can be observedsadltigon improves the productivity but
has no significant effect on the quality of prodoet However, the overall net economic value
of the technology is negative. The authors concthdéthe technology is not mature enough and
cannot yet be used to solve the existing maintemnaractice inefficiencies in micro and small

sawmills in Latvia.



Kristaps BoSs, Uldis Bolihs 1

Table of Contents

6.
7.

1o o 18 o3 1o o PR 3
SAWMII OPEIALIONS ... it e e e e e e e et e e e e aaaeeeeeeaas 4
LITEIAtUIE TBVIBW .. eeeit ettt e ettt e e e et e e e e e e e e et e e e e e tn e e e st e e e eennn e e eeeennns 6
3.1.  Theoretical framMEWOIK .............uuuuuuemmmmme e eeeeeeeeeeeeeeeeieeeeeseananennenenennnaneeesnnnes 6
3.2.  Decision support and maintenance in SAWMIIS e ..veeeeeieeiiiiiiiiieeeeeeen 7..
3.2.1. Decision-making process for sawmill maintenance.............cccceceeeeeeeeennn. 7
3.2.2. Operation MAINTENANCE ..........ccuuiiiiiiiiieee e e e e 9
3.3.  Operation maintenance and technological development................................ 10
3.4.  Machine to Maching (M2M) ..........c.uuuueeesmmmmmmreeeeererersrenennanrn o ——— 11
3.5.  Technology implementation COSES ............ommmmmeeeeereeeeieieiiiiieeeieieeeeeeeeeeeeieeees 14
1Y/ L=Y { T o (0] (o o YOS PPPTR 15
4.1. Data collection and desCription............ccceeeriiiiiiiiiiiiiiie e e e 15
4.2, MEENOUS. ..ccii ittt e e e e e e e ettt e e e e e e e e e e e e e e e aaaan 17
o S 1 .4 18] = 0 1 1T T (= 17
4.2.2. Scope Of the MOAEL ........uuuumiiiiiiiii et e e 21
4.2.3. BUSINESS PIrOCESSES ....coeiiiiuiiiiiiiiieetmmemeeeeeeeeeaeaeaaasaasssnebeeeeeaaeeeeeeeannes 21
4.2.4. Verification and validation ..............ocuceemeviieieiieee e 22
4.2.5. Investment eValuatioN............cccuuiiiiiiiieeseiiiiiicee e 23
AANBIYSIS .. e et e e e e e e e e et b e e e e e e e s 25
5.1.  Production ProCess iN “ANIPSIS” .........ueetimccece e et eeae e e e e e s eee e 25
5.2. The sawmill “Anipsis” and the woodworking industry...........cccccevvvveviiiiirinnnnnnns 25
5.3. Maintenance deciSion @NalYSIS...........coicuuuiiiiiiiiieee e 25
5.4. Description of the M2M SolUtioN ...........coveeeeieiiiiiieeeeee e 26
5.5.  SIMUIALION FESUITS.......cciiiiiiiiiiiee ettt e e e e eeee s 27
5.5.1. Statistical SIgNIfICANCE ............eeiiiiiiimme e 28
5.5.2. DOWNEIME EffECT.....ccoiiiiiiiii e 28
5.5.3. Quality effeCt.......cccooiiiiiiiee 29
5.5.4. Maintenance COSt effECt.............uuuiiii e 29
5.5.5. Productivity and effiCiENCY ..........uuviiieeeeeiieiiieie e 30
5.6, NELPIESENt VAIUE ....ccoooiiiiiiiiiiiiiiet o sttt et e e e e e e e sensseeee e 31
DISCUSSION Of FESUILS ...ttt eeee ettt er e e e e e e eaaenns 31
L0} 3T 1§ £ 0] L 34

R (=] (=] A [T TR 35



Kristaps BoSs, Uldis Bolihs 2

Y o] 01T Lo Lo = PSPPSR 40
APPENIX 1. DEFINITIONS ...eeeiiiiieieie it ceeee et e e as 40
Appendix 2. Description of the M2M SOIUtION .........oooiiiiiiiiiii e 41
Appendix 3. SIMUIAtioN MOUEL............... e ee e 42
Appendix 4. Simulation code (the Base SCeNaANN).......cccuuvrrriiiieeeiiiiiiiiiiieieeeeeeae 43
Appendix 5. Simulation variables ............cceeeeiiiiiiiiiiiiii - 44

Appendix 6. SIgNIfICANCE LSS ......coiiiiiiiee e 45



Kristaps BoSs, Uldis Bolihs 3

1. Introduction

Agriculture, forestry and fishing account for apgroately 4 per cent of the Latvian
GDP. These raw material industries do not credd¢ @ value in monetary terms. They are
low in their respective value chains. Neverthel#dss,number of companies operating in
forestry has increased by 60 per cent (2005-20@). there are approximately 2,500
woodworking companies. In fact, the quality anddheount of raw materials are essential
factors for entities that are higher in the wooddurcts value chain. This is the basis for an
argument that woodworking companies should optirthiee decision-making procedures.

One of the latest solutions is machine to machifi&\() technology that offers
decision support for improved efficiency and prailtity. For example, M2M solutions can
monitor air quality in order to maintain a desibbndition of processed raw materials,
maximize the usable board centimetres per log bgrsag logs and respectively adjusting
saws, optimize energy usage etc.

Hence the purpose of this study is to indicatentiadén machinery maintenance
challenges of sawmills that operate in Latvia drelNMi2M solutions that could solve the
problems associated with these challenges. Théisesithis study provide a useful roadmap
for managers who want to make new investmentswmsks.

The authors analyse major risks and problems tt@airan the process of sawmill
machinery maintenance. Afterwards, the authors miie existing M2M solutions with the
root cause of the most severe maintenance ineftics. The authors hypothesize that
maintenance decision-making procedures, to sonenextan be improved by automation,
real-time monitoring or other M2M approaches. Acdite event simulation with four
different scenarios and the net present value (NEpygyoach are used to determine the net
economic value of an M2M solution. This study pd®s an evaluation of an alternative
M2M solution that is more effective and competita@mmpared to the already existing
decision support approaches in Latvian sawmillgr&hily this type of analysis is not
available. Moreover, the NPV analysis provides eooic reasons for or against the M2M
technology in Latvian sawmills.

Research Question:

(1) What is the net economic value of introducingWsolutions which support

decision-making process of machine maintenanceaiaian sawmills?
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2. Sawmill operations

The conventional operation process of sawmillsiser homogeneous and in broad
sections it does not deviate much for differeng¢ siawmills. Usually the only difference is
the technological advance, for example, large sdéiimave automatic log scanning while in
small sawmills it is manual. In this section, thehers provide general description of a
simple manufacturing process that takes placevimsiés. The process consists of seven
stages and one support stage. The stages arddajlung and log sorting, (b) debarking, (c)
sawing and edging, (d) piling, stickering and s@f{e) impregnation, (f) drying, and (g)
guality sorting, packaging and storing. The supptatie involves actions with residuals from
sawmills operations (Korpunen et al., 2010).

The abovementioned stages cover the scope of¢handh. Processes such as sales or
logistics will not be analysed. In addition, thetears provide a brief explanation for the
commonly used terminology of this research papéypendix 1. Figure 1 depicts a

simplified log conversion process in a sawmill.

Buylogs == Sortlogssssp Debarkingssp Scanning |

Breakdown mssp Edging ™= Trimming sy Impregnatioh

H-

Production Piling == Drying ===y Sorting == Storing |

Figure 1: Log conversion processThe figure shows the basic production phases imgsv
Source: Created by the authors.

Stage 1: Unloading and sortingnitially a sawmill orders and buys raw materials
logs. A sawmill then receives, unloads and soeseHogs. A sawmill makes dimensional
and quality measurements for each log. Then the dog distributed according to their
guality, diameter, length and species. The logsdbarot meet the requirements of sawmill
production are rejected, and usually they are @seenergy production or pulping. At the
end of the process all logs are stored in a lod f@rfurther processing (Korpunen et al.,
2010).

Stage 2: DebarkingThe next major step is log debarking. This meansoving the
peel or the bark together with the dirt from thg'$osurface. A batch of logs is fed into a
sawmill during this process. However, the logsdekarked one by one. Debarking is
performed to prevent contact with sand, mud orahgr debris in the next production
phases, because that can decrease the lifespaachfimary and increase the speed of saw

wear. At the end of this process, the debarked éogsr the sawing phase, but the bark of
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processed logs is used for sawmill heating purposesld to other enterprises (Korpunen et
al., 2010).

Stage 4: Sawing and edginthe processed logs enter the sawing phase diffectty
the debarking phase. Usually they do not requosage between these steps. Some sawmills
use scanning technology before sawing in ordessess the quality of the incoming raw
material. After scanning, the logs are broken davim planks using one or more saws
depending on the end product requirements. Uspédlyks are edged and trimmed to
maintain specified dimensions. The main producirdyuthis step is planks which can be
planed according to the requirements of custoniNesertheless, during this production
phase such by-products as lumber pieces, wood ehghsawdust are produced
(Kailunainen, 2007).

Stage 5: Impregnatiorthe created material is chemically treated or egpated in
order to preserve it from environmental influendsually antiseptic liquids are used to
prevent the planks from rotting or other biologidatortions.

Stage 6: DryingAfter the sawing phase, the produced planks aesl @ihd stickered.
Stickering happens by placing minor sticks in bevplank layers in order to allow steady
air circulation. Some sawmills at this stage ats the planks according to their knot
amount or other specifications. Diverse stickeangd piling methods are used to prevent the
planks from any damage, pressure marks and warisikg

The piling stage is followed by drying process. iDgyis performed to obtain
appropriate moisture levels as required by the stafkwvo drying techniques are widely
used. They are green drying and kiln drying. Gréxgtimg technique is performed by placing
the sorted piles of planks in a place of stead§l@iv or simply in a pile. Green drying does
not require a lot of input but it is harder to acohtind takes a longer time. Kiln drying
technique is done by placing the piles of plankslased rooms where environmental
conditions are controlled by an operator. Conttargreen drying, kiln involves higher
resource input. Both of the techniques are sulbjestrict supervision of frequent control
measurements (Korpunen et al., 2010).

Stage 7: Sorting and StorinBuring the final phase the end products are dorte
according to their quality, as well as packagecd pites of planks are sorted according to
any damage or mistakes committed at the previagest The piles are packed or chemically
processed to prevent any further deterioratiomirtquality. Afterwards the piles are stored

in a warehouse and lined up for selling (Korpunial . 2010).
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3. Literature review
This chapter offers an overview of decision-makimgpry issues related to machine
maintenance in sawmills. Then the authors analysatenance issues and derive the
potential impact from the flaws in maintenance prhaes. Afterwards, the authors outline
the technological advance in Latvia which is folemhby an explanation of the M2M
technology as a tool for correcting inefficienci&éke final section of this chapter provides an
overview of the approaches that are usually usé¢deimesearches evaluating new decision

support technologies in sawmills.

3.1. Theoretical framework

In general, there are two fields of decision-makimgpries. On the one hand, scholars
tend to explore decisions based on different gamsbenefits in terms of utility
maximization. This is mainly linked with materialcentives and manager rationality.
However, the quickly changing market and its faatqul dynamics have created an opposing
argument. It states that human analytical powaptscapable to take into account all factors
and make optimal decisions (Diliberto & Anthony020.

On the other hand, losses associated with eackide's outcome are explored on the
basis of minimizing costs. This field is highlyked with Prospect theory that analyses
decisions based on the fact that human reactioloss$es are greater compared to gains
(Tversky & Kahneman, 1992). In addition, larger galls can sustain major increases in
maintenance costs while it can jeopardize the pedace of smaller ones (Al-Najjar, 2007).

Both of the previous approaches can be furtheddt/iwhen other factors like
uncertainty, expectations, complexity, risk, furagasures, resource scarcity, or time
horizons are involved. In addition, other theoaésut line balancing or theories of
constraints can be explored to foresee the manufagtsystem dynamics (Cheng, 2002).
Altogether, a common issue of probabilities camnoécated as the main driver for different
types of decision theories.

In conclusion, as there is no best practice examipliecision-making principles,
different types of theories can be used to makesigrs with higher success rate (Aliev et
al., 2012). And decisions regarding maintenancelshalso include diverse information

from empirical observations and current development
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3.2. Decision support and maintenance in sawmills

Even though operations among sawmills are rathergenous, several problems
that create inefficiencies in sawmill operationsnagement are still present. For the last
couple of decades, sawmill managers have souglurtymities to tackle the existing issues.
Adams & Dunmire (1977) have concluded that a salvmanager should deal with at least
six groups of issues. In general, sawmill manafpngs on such things as the return and
yield of each log, log conversion costs, expansiotme existing daily production, product
quality, profitability, and downtime.

Each of the previously mentioned focus fields haskaof causing inefficiencies and
problems in sawmill operations. The arising prolderan to some extent be limited if
suitable technology is used and proper maintenaho®chinery is performed. This is why
managers have to make the right decisions aboutamolwhen to gather necessary
measurements and make corresponding adjustmentsow, the data has to be collected

frequently, sometimes even on a daily basis.

3.2.1. Decision-making process for sawmill maintenance

Decision-making procedures are present in everyufagaturing company. Managers
and operators make decisions based on informatairig influenced by the quality of data.
The range of decisions involves multiple stagethefcompany’s performance where
managers tend to usually deal with the strategylamgliterm issues. Usually it is on a daily
basis that operators perform all of the necessztigres to maintain flawless production
(Leana et al., 1992).

There are many problems in manufacturing with wiginiployees need to deal
immediately. However, it often takes time for anpdmyee to either directly observe or
understand from the collected data that sometlsingong. When the problem has been
detected, its specifics are forwarded to the mamagéto come up with a plan how to face it.
The employee is provided with guidelines for cotiregthe problem. Altogether the process
becomes time-consuming and inefficient.

Besides complicated manufacturing decisions likestments in new technologies
and strategic implications, simple daily decisiab®ut maintenance and on-spot repairs have
to be made with similar responsibility (Hakonssoalge 2012; Kumar et al., 1996). This
requires developing a comprehensive database norgadaily measurements. Afterwards
the data has to be compiled, stored, analysed msémed in a form suitable for the decision

maker. Such tasks demand frequent supervisionglwirich the measurements have to be
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verified. On top of that, some measurements facenainty and multi-criteria inputs that
can be costly to acquire and analyse on a dailiglf@heng et al., 2012; Zanjani et al., 2010).

Similarly to other manufacturing industries, sawmihnagers and employees face
decision-making procedures in their daily dutiesteBsive literature covers decisions and
provides solutions for log yard operations, logig@ortation, cost structures, scheduling
process, sawing techniques, and other processes@@a al., 2007; Faaland & Briggs, 1984;
Korpunen et al., 2010; Maturana et al., 2010; Ndrst& Johansen, 2013). In addition,
simple but crucial decisions about maintenancedideemainly are incorporated in user
manuals and internal company guidelines withouti@dar consideration.

Improper decision-making procedures for maintendead to considerable capital
waste and cost increase. Existing literature conemitenance cost issues stating that almost
a third of the costs are wasted due to poor maames planning and strategies. Researchers
provide models for optimizing the performance ofimenance procedures, but the decision-
making process for maintenance, in general, laotggy consideration (Dekker, 1996;
Muchiri et al., 2011). Al-Najjar (2007) takes afdilent standpoint and, according to his
views, maintenance can be a profit centre if plaroest-effectively and continuously. This
only emphasizes the importance of proper maintenaokedule decisions.

There are several reasons why the decision-makmgeps in maintenance
procedures is overlooked. Some decisions, like gingrblades, are trivial for managers as
machine operators can do it on the spot. Stilselgecisions include data about lost
production time that has to be recorded. Withoappr bookkeeping, the manager of a
sawmill thinks that the log line is efficient anamking with full capacity despite the existing
costs. Sometimes managers don’t care about sntadlioles due to other more important
issues that have already been mentioned. Resesuttdner explained automation potential in
production lines to support small-scale decisi@eision support systems are proposed to
limit unnecessary concerns for managers givingesponsibility to machinery operators
(Jensen et al., 2011, Valente & Carpanzano, 20kdhwa, 2012).

Vital mistakes in decisions for sawmill maintenatesd to waste of equipment and
deviations from optimal machinery usage capacigr@Be & Frangopol, 2014). For
example, improper time for changing blades, ingffit change of spare parts, extended
downtime, overheating of the machinery or damaglecend product. This is why it is
crucial for the decision maker to obtain all of teéevant information to limit the likelihood

of mistakes.
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To sum up, decision-making process accounts fabatantial part of cost
minimization. Decision-making procedures for manatece issues are not properly managed.
Suboptimal maintenance decisions result in wastedurces. Proper maintenance decisions

require qualitative and up-to-date information attbe process that has to be examined.

3.2.2. Operation maintenance

In general, maintenance can be described as agsrotéhe preservation of essential
factors that contribute to the production or artyeofprocess. Maintenance is mainly
considered as a cost creating procedure that gaargstity a possibility to sustain steady
production, quality, employee competence, operamgronment (Al-Najjar, 2007). In
addition, proper maintenance will preserve a welteloped competitive advantage even for
sawmills if maintenance decisions are based ontgtiaé and up to date data (Li et al.,
2008).

Wrong maintenance of machinery leads to an increegeduction time, shorter
machinery lifespan, higher expenses for replacempars, and more breakdowns (Al-Najjar,
2007). However, maintaining optimal machinery cdiodi requires proper maintenance. This
can be achieved by using the machinery accordintg gpecific capacity. In addition, other
factors like trained operators, proper lightingd dloor space can enhance the machinery
lifespan.

Due to fund saving procedures, sawmills tend taabgphe requirements for adequate
labour and maintenance. Frequent maintenance proey competent supervisors can, to
some point, limit the costs arising from machinerteating, line jams and damaged end
product (Marais, 2013). Maintenance plans are mamposed to deal with improper
controls and achieve trouble-free manufacturinggoerance. However, the plans only track
the appointed time for inspections. Neverthelessnaintenance problems still occur on a
daily basis, the problems should be analysed aiveédby the operators who have sufficient
knowledge in the production process (Food and Ajtice Organization of the United
Nations, 1990).

Problems in the production line or machinery maiatece lead to an increase in
production time. Even though a sawmill can perféonger production cycles by exceeding
machinery capacity limits, the costs can outwelghdains from longer production cycle
when a breakdown happens. There are several reBwa®mvntime, for example, blade

changing procedures and imbalances in log flow (Asl& Dunmire, 1997).
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Neglecting frequent maintenance procedures cantteselvere disruptions in
operations. In the core activity of sawing, suablgpems as wrong saw sizes, deviations in
blade alignment, saw overheating, increased teraidmressure on blades, dulled or
misaligned saw teeth, or improper saw turning spakof which arise from decision
mistakes that can be substantially limited if propeintenance is performed (Beran, 2006;
Meisner et al., 2014). The problems with saw prestéan create extra costs in the form of an
increase in downtime due to replacement procedurddost value of the end product if the
saw or blades are damaged (Clement et al., 200&pBropriate maintenance is extremely
important in order to prevent rising costs and fosfitability.

Besides the core activity of sawing, other parttheflog line have to be treated with a
similar attention. Issues such as damaged logegthie, improper lubrication of machinery,
extensive sawdust layer on machinery, loose beaaimgd) over-speeding or under-speeding
log line lead to increased likelihood of damagentchinery and faster machinery wear
(Adams & Dunmire, 1997). Improper line maintenandth neglected control procedures
leads to variation in plank thickness, shorters|ii@n of saws due to cracks, and poor quality
of plank surfaces.

Overall, maintenance is crucial for successfulgrentince of sawmills. Maintenance
problems have substantial impact on operationieffiy. Poor maintenance planning and
procedure bypassing creates extra costs. Neglattaigtenance procedures leads to an
increased likelihood of machinery breakdown, andrafional problems affect the end

product thereby decreasing overall profitabilityaodawmill.

3.3. Operation maintenance and technological development

Operation maintenance is constantly exposed totdobical development which
grows continuingly. A proxy for technological despiment to some extent is the number of
patent applications which had an average annualtbrmate of 4.6 per cent during 1995-
2011 (The World Intellectual Property Organizatiafi12). The high number of innovations
and patents provide managers with numerous opptetsim which to invest.

The process of keeping up with this trend is cinglieg, and managers have to
evaluate and decide which technologies to acqniceder to improve their business
operations. In addition, technological progressnigortant not only at the company level but
also at the state level, because technologicalreesaare one of the factors that can increase
the overall productivity. Governments have respdrodethese developments by establishing

authorities that deal with technology issues. Kkangple, the USA, a country that responded
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early to the tech-trend, established the OfficEaknce and Technology Policy in 1976. One
of the latest indications that technology stilarsimportant section on governments’ agendas
is the creation of the European Institute of Inrtimraand Technology in 2008 by the
European Union (The European Institute of Innovatad Technology, n.d.).

The government of Latvia has not been as proaeswhe USA or the European
Union. Empirical evidence suggests that this isramon situation in such developing
countries as Latvia (Seck, 2012). A considerabté gfahe research and development in
developing countries is the technology transfemfrmature economies. Moreover, higher
international trade activity greases the wheelheftransfer of technology (Cameron et al.,
2005). Therefore, very open developing countrigstoasome extent outsource technological
progress.

Latvia is a country with an open economy that high kevels of exports and imports
relative to its GDP. Latvia is also among the EUrdaes with relatively high forest area to
the total land area. In addition, the biggest ekjppmlustry in Latvia is woodworking. This
industry accounts for approximately 20 per centaitia’'s exports each year (The Central
Statistical Bureau of Latvia, n.d.). So in the waodking industry, technology transfer could
be relatively larger than in other industries aswoodworking industry might have a high
information spillover effect regarding new techrgés.

To sum up, one of the most important productivityers is technological progress,
which also puts pressure on operations managewent.open economies have relatively
higher technology transfers. Developing econom&thigher information spillover effect
regarding new technologies from other economiesodMmrking industry is an important
part of the economy of Latvia. This industry is @ieéhe most open industries in Latvia.
Thus, it might have a high demand for informatibattreveals what kind of state-of-the-art

technology is worth acquiring.

3.4. Machine to machine (M2M)

There are numerous ways how organizations canrolstfmirmation that is necessary
in their day-to-day operations and decision-malgraresses. Process automation is widely
used to collect the required data by employing aded software. However, recently M2M,
also known as “the internet of things”, has extehtihe scope of a few information resources
(Chui et al., 2010). M2M has had a major impactrdarmation that can be obtained from

the physical world.
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M2M is a new communication technology which hasagr@apidly due to the
decreasing costs of data transmission via celarddrother networks. According to Dhraief et
al. (2013), M2M is a process during which datagmission and appropriate responses
within a network of devices can be executed withauhan interference.

Connection M2M device Response Response
= R G— = Information
Gateway mmmm—) | Fnd user

Sensor & Data Data _ | Data processin;
— Actuator | ne—p. — ’ -

Process

Figure 2: The basic steps and resources that aretegrated in M2M processes.
Source: Created by the authors using information from Défaet al. (2013).

Figure 2 depicts how M2M technology works in a gahease. First, a management
team has to decide which process and factors steuhdonitored. For example, wood drying
process with such factors as the level of tempegatua kiln and the moisture content of
wood which has to be dried. Then an M2M deviceoisnected. This device gathers data
about temperature and moisture and sends it ttesvgg. The gateway acts as a moderator
which distributes the data to a corresponding M2Zidligation. Next, this M2M application
receives the data and processes it. The datamgigad and it is either delivered to an end
user or some information is sent back to the M2Make(Dhraief et al., 2013). For example,
the M2M application analyses information aboutii@sture and sends back information
that contains guidelines for how the M2M deviceldtd@djust the level of temperature in the
kiln.

In 2004, first articles about M2M communicationheology appeared. Since then,
numerous analysts have forecasted high growth ratke M2M market. The size of the
market will be close to 750 billion EUR by the enfd2020, while in 2010 it was only 87
billion EUR (The Economist Intelligence Unit, 201&cholars and business practitioners
have now acknowledged the importance of M2M. Néedess, many of the previously
observed M2M growth rates have not met the expeaat

Manyika et al. (2013) estimate the potential of MBMnanufacturing. They argue
that 2.5 to 5 per cent of the total operating costesanufacturing processes will be saved if
M2M is introduced. Furthermore, their forecast atmoanufacturing processes shows that the
global M2M adaption rate will be 80 to 100 per ckythe end of 2025. Chui et al. (2010)
identify six main areas where M2M applications ntigave positive influence. Applications

that are relevant to sawmills are sensor-drivensg®tanalytics, process optimization and
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efficient resource consumption. The other threenawaitoring of behaviour of different
things, enhanced situational awareness and compl@xomous systems.

In response to the latest M2M developments, F&@r3) urges managers to tackle
the challenges brought by M2M. If organizationsraweflexible enough to adapt, they will
have major difficulties in securing their competitiadvantages while facing increasing
competition. Moreover, Ferber (2013) suggestsehaironment will become more dynamic
due to M2M innovation, and some manufacturing camgmwill have to integrate service-
based business models into their strategies. Aliimger & Lombreglia (2005) have an even
more radical opinion. In their Harvard Business iBevarticle, they state that product-
oriented business models will become obsolete inufaeturing.

Chui et al. (2010), Ferber (2013) and Allmendin§drombreglia (2005) see great
potential in M2M. Nonetheless, they do not consttierdrawbacks of M2M. In reality, the
technology is not a panacea. The authors of thearel consider the challenges that the
M2M technology faces. These challenges are dataisganismatch between growth of
information and organizations’ analytical capalatt optimal architecture of M2M systems,
and segmented and non-standardized market.

Decision makers have a lack of awareness about 12 Economist Intelligence
Unit, 2012). Manyika et al. (2013) also point dut same issue. They emphasize that the
M2M technology has not yet matured and its cost® mat achieved a competitive level. The
M2M technology has already been explored in thernamication sector, touching upon
manufacturing as well. Nevertheless, researchessiog on profitability or other key
performance indicators in manufacturing have omgrbpartly considered M2M (Evans-
Pughe, 2013; Stenumgaard et al., 2013). This canted stated about the woodworking
industry due to a lack of discussions regarding M&@Mcademic journals.

To sum up, the authors agree with the general theivthere is a growing interest
about M2M in the business world. However, mosthef authors focus on benefits that M2M
can offer to businesses. There is a lack of solalysis and evidence about the true costs and
the true risks associated with M2M technology & stage. Nevertheless, business
consultants and market analysts point out that faatwring industry will have high M2M
penetration rates. Besides, M2M applications tlaaehan effect on optimization and cost
reduction will have the highest growth rates. Salemmight reap a lot of benefits because
they have relatively standardized operations. biitamh, any new M2M breakthroughs in this
industry can have major improvements in sawmillrapens that can be relatively easy to

transfer from one enterprise to another.
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3.5. Technology implementation costs

As mentioned in the previous section, M2M has thieptial to successfully ease the
required planning and data acquiring process fangd maintenance decisions. However,
similarly to other new technologies that could impliemented in the daily operations of
sawmills, evaluation methods significantly lack Expation of cost impact. This to some
extent can be explained by the changing costseastiiket starts to adapt the new
technology.

When looking at the implementation of new technmegthe emphasis usually is on
the potential benefits while the costs are lefsm# the research scope. Widely explored
example is log scanning technologies that helpeteat any disturbances in logs and support
decisions of how to maximize the output. Numerasearchers analyse different efficiency
and optimization gains when a scanning technolegised to acquire data for more efficient
decisions (Chiorescu & Gronlund, 2000; Moberg & toark, 2006; Smith et al., 2003;
Seger & Danielsson, 2003). The researches maiokydafficient emphasis on initial
investment, running costs and maintenance cosiswftechnologies.

In conclusion, consideration of new technologie® ahvolves cost estimates. Current
researches on sawmills focus on the utilizatiothefbenefits of new technologies. There is a

gap in the existing literature for cost evaluatidmew technology implementation.
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4. Methodology

This research analyses a single sawmill by expyatsinefficiencies in maintenance
practices and linking them to the sawmill indusivi2M technology is then considered as a
tool to correct the spotted inefficiencies. Herld@M implementation in the existing sawmill
operations is the unit of analysis. The authorsigea methodology that incorporates a
flexible simulation model. Moreover, it provides averview of the costs and benefits of
M2M implementation. The authors hypothesize thanteaance decision-making
procedures can to some extent be improved by atikmmaeal-time monitoring or other
M2M solutions.

A combination of cost-efficiency, simulation and peesent value analysis is the
approach how to confirm the authors’ propositione Thosen approach takes into account
M2M project implementation costs and potential figneAs already mentioned, scholars
usually focus on the benefits that some new tedgyotan provide. Thus, this research

provides more comprehensive overview for decisiakens in sawmills and M2M engineers.

4.1. Data collection and description

The authors develop a M2M solution for the sawt#ihipsis”. Different types of
data are retrieved to find out what kind of devisksuld be combined in the M2M solution.
Operational and financial data are obtained froensawmill to find out the existing cost
structure and operational performance of “Anipsidditionally, the authors obtain data
about M2M from companies operating in M2M markdieT™M2M data consists of the
implementation and maintenance costs togetheratfiter relevant specifications. The
general aim of the data collection process is tteostand suboptimal processes and risks in
the sawmill operations and then find potential 8ohs using data about the M2M
technology.

Qualitative data about the sawmill is obtained framinterview and documents
provided by the manager of “Anipsis”. During théeirview, descriptive information about
the sawmill was obtained together with key obséownat The main focus during the
interview was to explore the existing maintenan@eedure and support systems. The
maintenance procedure focuses on the ways how me&gtis maintained, who performs it
and how much time does it take. The existing suppmtems are explored by analysing their
level of automation and responsiveness to chamgemintenance practices. In addition, the
manager presented key performance indicators, &sicaw material turnover and sales for

the last three years.
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The authors used ORBIS database to explore M2M aaiep. The ORBIS database
contains financial, legal and other information atbpublic and private companies
worldwide. The authors obtained a list of 755 comes from the database using keywords
associated with M2M.Then the authors selected &@pemies that met geographical and
operational criteria. The benchmarks were compahegshave operations in Europe and
those that exceeded 71,875 EUR in sales in 2012y&ar 2011 was the latest available in
the database.

The authors browsed the selected companies’ wes feit off-the-shelf M2M
solutions. This phase was followed by electronicespondence and interviews with sales
representatives from global M2M engineering comgssuch as “Micro-epsilon”, “SMC”
and “Banner Engineering”. The retrieved informatemvers technical specifications,
benefits, risks, and costs of the proposed M2Mtemu(Appendix 2). Moreover, the authors
obtained device manuals in order to explore theptexity of the initial set-up and
maintenance of the M2M solution.

In the sawmill, several measurements of efficiem@ynot recorded automatically and
initially they were not available. Thus, the manmagas asked for a month to collect data
about the number of times blades hit debris. Thnoutgone month, 16 events of blade
hitting debris were reported. In addition, the anshconducted a three day field work to
collect efficiency and productivity estimates byselving the production process and
measuring the time spent at the production pha@spart of the collected data during the
field work and a part of the data provided by themnager is presented in the Appendix 5. In
addition, field work observations are used to aonfihe manager’s statements about
maintenance practice and operational performantgeisawmill “Anipsis”.

The authors use ORBIS database to compare the #awnipsis” and the
woodworking industry in Latvia. Such parameterpm@sit before tax, turnover, total assets
and profit margins were retrieved for 2,413 Latwesodworking companies for the last
three years. In addition, data about the presehcertinuous band saws in micro and small
sawmills is retrieved from an interview with a cowibus band saw distributor. The authors
present the saw used in “Anipsis” in Appendix 1&é data such as the date of
establishment and the number of employees of tb@sganies were retrieved to explore the

general similarities between the sawmill “Anipsisid the industry.
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4.2. Methods

Primarily, the improvements in maintenance prasteae introduced in order to
reduce costs while increasing overall efficieneyadidition, an increase in production quality
can also be among the reasons why maintenancedsheuinproved. Thus, the contributions
that influence the effectiveness of maintenanceseaduated based on the cost-effectiveness
of an investment or a bundle of investments. Inrésearch, the authors propose an
investment in an M2M technology that can improwe itteintenance practices in the sawmill
“Anipsis”. The M2M technology and a full solutiomeadescribed in the analysis part of this
paper.

The authors analyse the operational cost structul&nipsis” in order to compare
the production costs before and after the M2M smtutThe analysis of production costs
before the M2M solution is based on data which elatained from the sawmill “Anipsis”.
After introducing M2M, the potential costs and biseof the M2M solution are estimated
using the information from a sales representatividicro-epsilon” and websites of M2M
companies. The authors estimate the benefits aiogptal the technical and financial factors

that are affected by possible improvements in nralgimaintenance.

4.2.1. Simulation model

An interaction between the M2M solution and thedoiction process is simulated by
modelling the ways how it can affect the operati@usts and benefits in the sawmill
“Anipsis”. Simulation is required because some aales have standard deviations and
randomness. In addition, the true distributionssfmme variables are unknown. Based on the
sawmill process that was introduced in the chd@awmill operations” and data about
“Anipsis”, the authors developed a simplified deterevent simulation model using software
Stella 9.0.1.

The model is a simplification of the operationsttfaéke place in the sawmill in
reality. The focus of the model is to depict therkvof production machinery in sawmills and
the effect that M2M may have on production time aasts. In Appendix 4, the authors
provide simulation’s Stella code for the Base sdend diagram of the model is presented
in Appendix 3. The simulation aggregates a numbegsources that are used during the
production process and converts them to monetaty.urhe results of the simulation help to
understand changes in the following key performandiators when the M2M solution is

integrated in the production process.
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In this research, the main identified bottlenecthviinportant maintenance issues is
the saw that cuts logs into planks. The saw alsowts for a vast amount of the
maintenance costs in approximately 90 to 95 pet @iethe Latvian sawmills. Due to the
saws significance in the production process, furtimeonly the usage of the continuous band
saw will be discussed.

In the model, any improvement in business operataam come from different
sources. Here the sources area better timing aftar@nce tasks or some improvements in
problem finding approaches and a faster root cdasection (Al-Najjar, 2007). A positive
impact on technical and financial factors will hieved if there are positive changes in at
least one of the sources. The authors preseritaf lischnical and financial factors that was
developed by Al-Najjar (2007). The list includesaaime, changes in quality and changes
in maintenance costs.

Technical factors

+ Downtime

Slszl_PTZ (1)
PT, = C, X C, + H, X H, )

S1 shows possible benefits from a decreased downiiitén some period of time.
PT;is the downtime for a production process withoetM2M solution; howeveT, is the
downtime for a production process with the M2M siolol.

C, denotes a certain frequency of cleaning bladéseoaw. The authors use
interviews and observations in the sawmill to abt&point estimate faf,. C; represents the
time that is spent on cleaning the blades. Thisnas¢ is obtained in the same wayCas

H, denotes a certain frequency of changing damagetebl The authors use
interviews and observations in the sawmill to abtpoint estimate fat,,. H, represents the
time that is spent on changing the blades. Thimast is obtained in the same wayrBs

AX is a change in sawing precision between two modeks without the M2M
solution and the other with the M2Msolution. The myp@ in sawing precision is present
because the M2M solution can track deviations enalignment of saw. In addition, the
M2M solution automatically cleans the blades. Atiropl alignment can limit sawing
mistakes while the automatic cleaning improvesstiméace of planks by making it smoother.

In the model with the M2M solution, the precisi@ttor increases and changes the
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production time. In the model without the M2M sadunt, this factor is assumed to be
constant and it does not bring extra variabilityhie production time. The value 86X
depends on a scenario of simulation. The scenased in this research are available in
Appendix 5. But the general relationship betweenddwing precision and time is positive,
when the precision of sawing increases the saviing &lso increases.

Financial factors

« Change in quality
Sz = Qust X Pist + Qana X Pong + F X P (4)
Qist + Qzpg + F = raw materials = 100% (4.1)

S, shows the monetary gains from one cubic metregd hccording to sawing
guality. In the analysiss, is a relative measure between base and the atbrasosQ,; is
the Class 1 production before and after the inttddo of M2M in the operation®,,,, is the
Class 2 production before and after the introductibM2M in the operationd is the
firewood and by-product production before and afttee introduction of M2M in the
operations. The authors use an interview and dataded by the sawmill manager to find
out point estimates for the abovementioned factors.

The sawmill’s products are expressed as a percentfagw materials. The M2M
solution can change the precision of sawing, thusn also increase the Class 1 production
and decrease either the Class 2 or the firewoodistmn. However, an increase in the
precision can increase the sawing time.

Pi s, Poq andPy are the selling prices for each type of productidme prices are
obtained from the web site of the sawmill “Anipsi$he simulation model is simplified so
that only one price rate is applied for each prédidadype, although in reality the prices are
determined also by other factors. This varietyratgs can be observed due to seasonality,
wood types, humidity levels, specifications and elisions, deviations in demand etc. All of
these factors are left outside the scope of thearel paper because they do not significantly

influence maintenance practices.

* Change in maintenance costs

Si=M+AHXW +AC X W + AA + AU (5)
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S3 shows the difference in maintenance costs betwg®oduction process without
the M2M solution and a production process withMfM solution. The maintenance costs in
this model are limited to the operational costthefM2M solution i) and the costs that are
associated with the cleaning of the blad®s x W) and the changing of bladesH x W).

In addition, there are changes in blade sharperosts AA) and in the number of blades
used within some period of timAl{) due to introduction of M2M. In the analys, is
presented as a relative difference between thedrabéhe other scenarios. The authors
obtain estimates for these variables using intervitngether with operational and financial
data provided by the sawmill manager.

W is the hourly wage rate in the sawmill. It is matiable and is obtained via an
interview with the sawmill manager.

AH is a change in the time that employees spend angthg the blades.

AH = H, X H; — Hyp X Hey (6)
AC is a change in the time that employees spendeamirig the blades.

AC = Cy X Cp — Cypy X Copy (7)

Performance factors
» Average maintenance costs (EUR) per month
This is an indicator which takes into account adlimienance costs, for example, saw
maintenance costs, truck maintenance costs, shiagpeusts, spare parts etc. The indicator is
linked to the simulation via Equation (5), changenaintenance costs. Maintenance
improvements do not touch upon truck maintenaricstilll creates costs but in this research
they are constant. Thus, they are excluded fromaimu (5). The equation is described in the
chapter “Financial factors”.
» Average minutes worked per day
The average minutes worked per day is a proxy fodyoctivity. It sums all the
minutes that are spent on producing output witmoaintenance. Stoppages, which are not
related to the production process, such as lunealdsy employee arrival times or other
pauses are outside the scope of this researchavidiage minutes worked per day is linked
to the simulation via the downtime in Equation (@).increase in the average minutes
worked per day leads to higher utilization of tleduction line.

* Productivity
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The productivity ratio is described as an outpldtiee to inputs in monetary terms.
Simulation results influence both parts of thisaat he output is influenced by Equations (1)
and (4) but inputs are influenced by Equationsafid (5). The equations are described in
chapters “Technical factors” and “Financial factors

» Changes in production quality

The ratio shows the value of production. It is lobse Equation (4).

4.2.2. Scope of the model
The analysis of the model is limited to the produtphases that have a link to
maintenance decisions. In addition, these decidians a significant effect on operational
performance. The model focuses on inputs and asithat can be affected by the M2M
solution in an average sawmill. For example, thid@ns exclude the variables relevant to
kiln drying because an average Latvian sawmill de®suse this type of drying technology.
Thus, the model in general is a simplificationlto# production process in sawmills. A list of

model’s assumptions and simplifications are presghbelow.

4.2.3. Business processes

In sawmills, other business processes such as@asepply chains have very low
maintenance costs. In addition, the proposed M2Mtism is unsuitable with such
maintenance. That is the main reason why the sobihee model is limited to the production
process.

Raw materials

The scope of the model deals only with one parictype of raw materials. One size
(length = 6 m; diameter 0.19 m; diameter= 0.34 m) pine logs are fed in the sawmill. In
addition, there is unlimited amount of logs in gheck, and all the logs have the same
qualities.

Raw materials is a significant cost driver in sallgnit is important to properly store
the stock of raw materials to maintain their qyaldowever, the M2M solution is not
developed for this process since the storage spdloe main solution for that kind of

problem.

Production
The model simplifies the way how logs are processexend products. The sawmill
manufactures only three products (Class 1, ClassiZirewood), and their dimensions are

not simulated. Thus, the products are not expreasednumber of planks; the measurement
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of the products is a percentage of processed Mgeeover, it is assumed that all by-products
such as woodchips, sawdust and bark are classi§i¢ke firewood production.
Production stages
The general production process is also simplifiéat all activities are depicted in the
model. However, time, human and monetary resowmeaccounted in other activities. For
example, the “Enter sawing” stage in the model antofor picking up logs and delivering
them to the production line.
Main assumptions
The authors create several assumptions for the Inmdamplify the production
process in sawmills and control for uncertaintyhe Bssumptions are:
1. The only downtime occurs due to maintenance andhsgfailures.
2. The model assumes normal distribution for the Wéemwhen their true
distributions are unknown. The list of such vareshis presented below.
a. Number of events when the blade of the saw getadathwhen it hits
debris.
b. Number of logs sawed and trimmed per hour.
c. Time spent on impregnation.
3. The performance of the sawmill is not influencedelsyernal factors such as force
majeure, electricity costs etc.
4. All by-products are classified as the firewood protibn.

5. The M2M solution does not make the production psedess effective as it is.

4.2.4. Verification and validation

Kleijnen (1995) summarizes theoretical and methogiokl perspectives of
verification and validation in operations reseafthe authors use modular testing approach
to verify the simulation model. Firstly, the authaebug a simplified version of the
simulation. The simplified version is the basicguotion process in the sawmill. Secondly,
the authors manually estimate simulation outputsraatch them with the model’s results.
Student’s t-test specifies the difference betwamplfied simulation’s outputs and expected
values. The authors use Student’s t-test becamsdation variables reply in a pattern that is
similar to normal distribution (Kleijnen, 1995). Mocomplex parts such as M2M specifics
are added to the model only after the abovemerdisteps.

The authors use real-world data and the interviélw the manager of “Anipsis” to

validate the model. Model's outputs have to makehdperational performance of “Anipsis”
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when the authors use real-world data as inputth#®omodel. In addition, the authors use
sensitivity analysis because some of model’s vigbannot be observed in the real-world.
For instance, the true link between M2M and iteefion production quality might be
ambiguous. Thus, the authors validate the modehlayging different production inputs and
the characteristics of the M2M solution (Kleijnd995).

4.2.5. Investment evaluation

The authors develop four simulation scenarios deoto analyse the performance of
the M2M solution. One is the base simulation whinabdels the operations as they are in real
life in the sawmill “Anipsis”. The second simulatiaises realistic scenario which combines
the base simulation and the M2M solution with thedinputs. The third simulation has an
optimistic scenario. It is similar to the seconehsiation scenario but, instead of the base
inputs, it predicts a lower standard deviationumpoit due to M2M. The fourth simulation
also combines the base simulation and the M2M isoluHowever, it predicts a higher
standard deviation in output due to M2M. Differesiae scenario inputs are presented in
Appendix 5.

The key performance indicators are compared basedl simulation results. This
kind of approach also allows the authors to tests#nsitivity of the simulation model. In
addition, after implementing the M2M solution iretthree simulation scenarios, the authors
apply the net present value (NPV) method to detegritie economic potential of the M2M

solution.

N netCF
=0 (1+4i)t

PV(i,N) =}, + PV(tax shield), (8)

In order to calculate the NPV, the authors deteentie costs and benefits for the
M2M solution during their useful lifespan. The nesary information is acquired from
anM2M sales representative and the simulationaddition, the authors calculate the tax
shield of the investment. Afterwards, the auth@iswate the net cash flow of this
investment according to its benefits and costst Ehdenoted asetCF; in Equation (8) for
each yeart(). N is equal to the warranty period of the M2M soluatidhe period is expressed
in yearsi is the discount rate of this project. In ordec#iculate the value of the discount
rate, the authors use estimates suggested by Daamoghad.). More precisely, the authors
use the estimates that apply to companies workinmaper and forest industry in emerging
markets. Since different risks across different jing economies are not homogenous, the
authors also adjust the rate for specific riskkdtvia by including country specific currency
risk and default risk.
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The authors test NPV model’s sensitivity becausdrformation about the true risks
associated with “Anipsis” might suffer from inefigncies. That means that the discount rate
estimate might deviate from the true discount rakaus, the authors calculate realistic,
optimistic and pessimistic discount rate and obsaiange of possible net economic values of

the whole project.
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5. Analysis
In this chapter, the authors present the analydtseocsawmill “Anipsis”. In the
beginning, the authors describe the productiongs®m the sawmill. Also, the sawmill is
compared to other micro and small sawmills in Latvihen the authors analyse the existing
maintenance decisions procedures in the sawmii iSfollowed by a description of the
M2M solution proposed by the authors. Further sastiprovide information about the
simulation results and their implications. In thelgthe net present value of the M2M

solution is carried out.

5.1. Production process in “Anipsis”

The operations in “Anipsis” follow the standard pls presented in “Sawmill
operations”. The main specifics are described &urih this paragraph. The sawmill uses
only one log cutting saw. Two operators controlitifeow of raw materials, sawing and the
outflow of production. In addition, they are respitnte for maintenance decisions and
execution. The authors create an M2M solution lierdaw, which is also the core machinery.
An extra employee is responsible for sharpeningtsemling blades. Another employee

impregnates and stacks the production. The sawsgl$ the green drying technique.

5.2. The sawmill “Anipsis” and the woodworking industry

“Anipsis” is a micro and small size sawmill in k&. Approximately 90 to 95 per
cent of all micro and small sawmills use the camdiuns bend saw as confirmed by the
particular saw distributor “Tehnika Auce”. This g/pf saw is used by “Anipsis” as well.
Micro enterprises employ up to 9 employees and Isené&rprises employ up to 49 (Ministry
of Economics of the Republic of Latvia, 2014). Téare 2,413 woodworking companies
registered in Latvia (NACE code 16.10), micro anthB enterprises account for 95 per cent.
“Anipsis” and 929 other sawmills employ up to 1®@pke.

In the obtained sawmill sample, micro and smallreditturnover is up to 1,500,000
EUR per year. “Anipsis” had a turnover of 44,000FEln the year 2013. Profit margin for
the woodworking industry in 2013 was on averageatieg, however, “Anipsis” had a net

profit margin of 5.12 per cent.

5.3. Maintenance decision analysis
On average, “Anipsis” spent 2,052.81 EUR on maiatee-related activities in 2010-

2013. That accounts for 9 per cent of all expeesekiding raw material costs. In this case,
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maintenance related expenses are a significantdoest. For example, a 20 per cent
decrease in maintenance costs could increase #ratamal profit by 16 per cent.

Despite the abovementioned analysis, the sawmitiggis” does not have an
effective maintenance decision procedure with blgtaupport systems. Simple but very
important decisions are incorporated in user manaiadl maintenance guidelines. However,
they are not fully analysed before the incorporatieor example, the timing of blade changes
is based only on manufacturer’s suggestions. litiaddthe sawmill manager has not set any
performance indicators for maintenance decisions.

The quality of a maintenance decision depends wrogerators’ experience and
analytical skills as they are responsible for #e snaintenance in the sawmill “Anipsis”.

The operators make decisions on-spot but a cordiieamount of data gets lost. For
example, such data as lost production time, thecgffeness of the previous maintenance
decision and output quality changes are not recbridegeneral, maintenance decisions are
taken in a timely manner but the decision quaBtpot evaluated. It is mainly influenced by
external experts who do not know the specifichefsawmill production process. In
addition, a lot of important data is not codified.

Overall, the sawmill does not have a maintenanegesfy. The data and information
about maintenance is explicit knowledge. Neversggla database with daily or monthly
measurements about maintenance decisions is niddldeaMoreover, a support system,
which could verify the data and measurements, semth All these problems cause

inefficiencies and extra maintenance costs thdtheilanalysed further.

5.4. Description of the M2M Solution

The M2M solution consists of 5 off-the-shelf electic products (Appendix 2).
Connectivity is set up between five devices. Thealinvestment for purchasing all five
devices, their mounting parts and connection wsé®5.50 EUR. This is the lowest cost
that can be obtained for a solution that can dffelst operate under harsh environmental
conditions such as temperature changes, humiddy#rers. The overall price can vary as
the market prices for the devices can change. ivestment can also be lower or higher
depending on what kinds of connection type is Udseltypes can be either cables or
wireless. Wireless connection can face problentdarked signal by disturbances while
cables can be physically damaged. Main reason stgaireless connection is its inability to
provide electricity supply for the devices. ThisiBy only cables are considered further in

the paper for connecting devices.
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The process begins with the laser reading therdistfrom a sensor to the blade
surface. The laser in this system is the sensomthg depicted in Figure 2 in chapter
“Machine to machine (M2M)”. The distance to theddas fixed to some calibrated length
upon initial set-up. This corresponds to the predbat the sensor is measuring. After the
first test runs, the distance is recorder by saftywevhich can execute the processing of such
data. The signal from the laser is converted toraputer code and processed in the software.

The laser can detect any deviations in the distegeh deviations can indicate that
the blade has been bent because of some debriicsigt sawdust layer has appeared, or the
blade has been wrongly mounted. In the current tea&mce practice, the saw has to be
stopped to clean the blade surface. As the lasedét@cted deviation from the optimum
distance, the first signal from the data processofgvare is sent to an electronic valve which
opens a stream of cleaning fluid.

The electronic valve together with an alarm indicatan be perceived as actuators. If
the laser continues to read deviations from theraph distance, the alarm will go off. In
that case, the saw operator has to make adjustmeaksnge the blade..

The M2M solution provides different benefits to #rasting maintenance practice
and the production process. With the electronigejahe cleaning of blades is automated,
thus, there is less downtime. The automation dlswa the production process to have fewer
flaws. In addition, the proposed system can béaeatllto gather and store the data about

stoppages. The software also serves as a progasstiding information to the manager.

5.5.  Simulation results
In total, 50 simulations are performed for eachmac® with the previously explained

inputs (Appendix 5). The variables of the simulatare observed in 15 minute intervals,
meaning that each variable is obtained 706 timesighout one simulation. Every log has its
own unique ratio between the Class 1 and Class@ugtion and the firewood production.
The presence of debris and the events of bladeiolgand changing are recorded as dummy
variables. At the end of the simulation, the tomainber of such events is recorded. The
authors calculate the average values of all thebkes. The average number of blade

changes is presented in Table 1. Other averaggsesented in the following tables.

Scenario

Averages

Realistic Optimistic Pessimistic
The average number of blade chang imeg 4.5 .24.00
Standard deviation 3.86 3.67 3.23 3.01

times

Table 1: The average values of blades changed dugreach scenario.
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Source: Created by the authors.

In the Base scenario, on average the blade is eldal@g.5 times. By introducing the
M2M solution, this number can be decreased at lsaitree times. Such development
increases the sawing time by 18 minutes every mamthll simulations, on average 16

changes are performed due to damage to the bladed#y rocks or other debris.

5.5.1. Statistical significance

Significance of the simulation results is base®trdent’s t-tests for several
variables. It is tested in three parts: the avepgduction of Class 1, Class 2 and firewood,
the production ratio of Class 1, Class 2 and firesy@and the average maintenance time. The
tests are performed between the Base scenaridharatiter scenarios with the M2M
solution. In addition, statistical significanceaiso tested between the scenarios with the
M2M solution. In general, simulations with diffetestenarios are statistically significantly
different from each other on average. However, sean@bles are not statistically
significantly different between the scenarios. AMewiew of all t-values is presented in

Appendix 6.

5.5.2. Downtime effect
In the research, downtime appears only due to tlgar changing the blade. In

Table 2, the authors provide the average downteselts from all scenarios.

Scenario
Base Realistic Optimistic Pessimistic
Total downtime Minutes 980 602.82 594.33 609.38
Change in downtime (% of Base) per cent 100.00 -38.49% -39.35% -37.82%
___________________________________________________________________________________________________________________________________]

Table 2: Change in downtime (S1).
Source: Created by the authors.

Change in downtime (S1)

A considerable change in the downtime comes fraretiminated blade cleaning
time. Every scenario with the M2M solution gain83binutes of sawing time as there is no
need to stop the saw for cleaning. Other changtidowntime appear due to fewer
stoppages for changing the blade.

There is a statistically significant differenceweén the simulation scenarios when
the downtime variable is tested. The scenarios thithMi2M solution have statistically
significantly different average maintenance timenpared to the Base scenario. Similar
results are observed for differences between thessos with the M2M solution. Overall,
the M2M solution has a major impact on the downtiiitee downtime on average can be
decreased by 38.49 per cent in the Realistic sigrg®.35 per cent in the Optimistic

scenario, and 37.82 per cent in the Pessimistitasice
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5.5.3. Quality effect

The M2M solution influences the sawing precisiorickhis an important factor for

the Class 1 and the Class 2 production. Improvesriarthe precision can increase the

sawing time for one log. That happens due to thetfat adjustments have to be performed

more often. The M2M solution increases the prenisip detecting deviations from the initial

set-up. The results for changes in quality areguesl in Table 3.

Change in quality (S2)

Scenario

Base

REEUR

Optimistic

Pessimistic

Class 1 output from one’m per cent 26.74 27.02 26.95 26.97
Class 2 output from one’m per cent 23.12 23.03 23.01 22.91
Firewood output from one per cent 50.14 49.95 50.04 50.12
Change in the Class 1 output per cent - 0.28 0.22 230
Change in the Class 2 output per ceft - -0.09 -0.12 -0.21
Change in the firewood output per cent - -0.19 00.1 -0.02
Output from one rhof logs euro 103.37 103.78 103.62 103.53
Change in output value (% of Base) per cenpt 100.00 +0.40% +0.24% +0.16%

Table 3: Change in quality (S2).
Source: Created by the authors.

In the Base scenario, one cubic metre of logs eseatitput that is worth on average

103.37 EUR. The results suggest only marginal as®en the value of the monetary output

per one cubic metre of logs. Relatively to the Besmnario, the M2M solution increased

production value on average by 0.4 per cent irRéalistic scenario, by 0.25 per cent in the

Optimistic scenario, and by 0.17 per cent in thgskeistic scenario.

T-values for production show that there is a diaafly significant difference

between all the scenarios with the M2M solution #Hre@Base scenario. However, t-test

values are insignificant between the scenarios thighM2M solution. Thus, the simulation

results are not statistically significantly diffetan terms of Class 1, Class 2 and firewood

guality among the simulations with the M2M solutigppendix 6).

5.5.4. Maintenance cost effect

The maintenance costs that change during the diimilare wages paid to employees

for cleaning, changing and sharpening blades, xpereses associated with the M2M

solution’s maintenance, and purchases of new bl&tiests associated with the downtime are

reduced due to the M2M solution. In Table 4, théhars provide the results of maintenance

cost effect.

Change in maintenance costs (S3)

Unit

Base

Scenario

Realistic

Optimistic

Pessimistic

Blade changing costs (per month) euro 20.20 19.38 9.131 19.57
Blade cleaning costs (per month) euro 11.37 - - -
Costs of M2M solution (per month) euro 0.00 1.83 831. 1.83
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Blade sharpening costs (per month) euro 134.67 2729. 127.60 130.54
New blades purchased (per month) euro 3.3p 3.28 9 3.1 3.26

TOTAL euro 169.60 153.71 151.74 155.19
Decrease in maintenance costs per mgnth eur -15.89 € -17.86 € -14.41 €
Decrease in the total costs (% of Base) per cent 100.00 -9.37% -10.53% -8.50%

Table 4: Change in maintenance costs (S3).
Source: Created by the authors.

“Anipsis” spends 169.60 EUR on maintenance relatgivities. After implementing
the M2M solution, the maintenance costs can becetiby 15.89 EUR in the Realistic
scenario, 17.86 EUR in the Optimistic scenario, &d1 EUR in the Pessimistic scenario.
Such changes reduce the maintenance costs by & &émt per month in the Realistic

scenario, by 10.53 per cent in the Optimistic sdenand by 8.5 per cent in the Pessimistic
scenario.

5.5.5. Productivity and efficiency
Productivity is obtained by dividing inputs againstputs. Only the inputs that have
changes during the simulation are included. In¢hie, it is the maintenance costs and
electricity costs. Output is the gain from one cubietre of logs. Output from one cubic
metre of logs and the maintenance costs are pegbenthe previous sections. The electricity

costs are adjusted according to the improvementsnates worked per day presented in the

next section. Productivity results are presentebaible 5 in the next page.

. Scenario
Productivity
Base Realistic | Optimistic Pessimistic
Productivity per cent 30.37 31.36 31.49 31.16
Productivity increase (% of Base) per cen 100.00 +3.15% +3.54% +2.52%

Table 5: Productivity.
Source: Created by the authors.

The productivity estimate from the Base scenar@80i87 per cent. The M2M
solution improves productivity in the Realistic saeo by 3.15 per cent, in the Optimistic
scenario by 3.54 per cent, and in the Pessimiséinaio by 2.52 per cent. This indicates that
the M2M solution could increase the overall produat of the sawmill.

Minutes worked per day is obtained as a utilizagstimate. Since the M2M solution
decreases the downtime, the saw'’s utilizationgsgased. The results for minutes worked per

day are presented in Table 6.
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Minutes worked per day +
Base Realistic | Optimistic Pessimistic
Minutes worked per day minutes 435.4% 452.66 453.07 452.39
Efficiency improvement (% of Base) per cent 100.00 +3.80% +3.88% +3.74%

Table 6: Minutes worked per day.
Source: Created by the authors.

The M2M solution improves the efficiency relativethe Base scenario on average
by 3.8 per cent in the Realistic scenario, 3.88ceat in Optimistic scenario, and 3.74 per

cent in Pessimistic scenario.

5.6. Net Present Value

Initial investment corresponds to the total costhef M2M solution. The initial total
costs are 725.50 EUR. The investment period islirtio the warranty period of the laser
device. Thus, the investment period is 3 years.

Net benefits are associated with tax shield anaathty decrease in maintenance
costs from each scenario with the M2M solution. ikebenefits and the corresponding net
present values are presented in Table 7. So fdRéladistic scenario the benefits for every
year are worth 190.74 EUR, for the Optimistic scenthey are 214.38 EUR, and 172.92
EUR for the Pessimistic scenario. Tax shield ferghenarios each year is 36.28 EUR.

Scenario Realistic Optimistic Pessimistic

Monthly benefits 15.89 € 17.86 € 1441 €

NPV -115.56€ -52.06€ -163.44€
Table 7: Net present value.
Source: Created by the authors.

The net present value results for the M2M solutereals that the proposed
investment project is not profitable. In all thesarios, the net present estimates are
negative. The sensitivity analysis shows that tieatimly benefit should be around 19.40
EUR. Only in that case the M2M solution would pdfy lm conclusion, the existing M2M

off-the-shelf solutions cannot solve maintenanabl@ms in a profitable way.

6. Discussion of results
The authors discussed the results of the modelaidhted the model with the
manager of “Anipsis”. The manager approved thagmeral model conceptually represents
the production process in the sawmill. In additioa,confirmed that the values produced by

the model do not deviate significantly from thel g@duction results. However, he could not
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comment on how feasible it is to reap the potetgalefits of M2M. The authors believe that
the lack of comments about potential benefits caexplained by the fact that the manager is
not fully aware how effective the current maintecepractices are in the sawmill.

The analysis shows that the sawmill does not haaphisticated production process
with complex machinery. But “Anipsis” has not besbie to introduce a maintenance process
that is up to date. Maintenance practices areigiefit and the maintenance schedule only
tracks the appointed time for inspections with@aording any data. Thus, the current
situation in the sawmill is not different from tesuation described by Food and Agriculture
Organization of the United Nations (1990) in thie |A980s.

The findings suggest that M2M solutions, which suppaintenance processes in
sawmills, can decrease downtime and maintenands. ¢dogyeneral, the analysis supports the
view of Al-Najjar (2007) that maintenance shouldtigated as a profit centre in micro and
small sawmills. Even small savings can significantiprove the bottom line in the industry.
The figures obtained during the research do not Meayika et al. (2013) maintenance cost
saving figures. The authors estimate that the dseran operational costs might range from
0.78 to 0.98 per cent. Nevertheless, the analgdisates that introducing M2M technologies
in the production process leads to improvemengsaductivity. In addition, it also supports
the claim of Li et al. (2008). The claim statesttingprovements in maintenance practices can
lead to cost advantage in woodworking industry. fidsailts are relevant to other micro and
small sawmills because all of them have similadpation process. Thus, their cost
structures are also rather homogenous. In add#ioproximately 90 to 95 per cent of micro
and small sawmills use continuous band saws.

The abovementioned indicates that M2M has a patetatihave a significant impact
on the operations in sawmills. However, the ovezatinomic value at the moment is
negative. The authors conclude that the technakgpt mature enough and cannot yet be
used to solve the existing maintenance practidéicrencies. The authors claim that small-
scale maintenance decision support can be imprdwedever, the gains from automation are
small-scale. The M2M market has to develop by beegmmore standardized and less
segmented. Then the costs of M2M solutions wilthea more competitive level and might
approach the potential estimated by Jensen 2@l1) and Wadhawa (2012).

Ferber (2013) urges managers to respond to teafficaladvance and the latest
M2M developments. However, the authors see thatrsihwanagers are not aware of the
technology and that their entities are not dataedri Moreover, it will take time for M2M

solutions to reach a more competitive cost levegdneral, this is a good opportunity for
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sawmill managers to explore the market of automagghnologies and the potential benefits
that they provide. In addition, sawmill managersigt prepare their organizations and
production processes for new technologies. Thephkbe able to deliver more economic

value to their shareholders in the foreseeabledutu
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7. Conclusions

The sawmill “Anipsis” is an example of a woodworsinompany with maintenance
inefficiencies. Around 95 per cent of small and misawmills have a highly homogenous
production process and share similar maintenarmi@gms. Suboptimal maintenance
decisions and insufficient data create maintenansés that lead to a waste of resources. In
addition, operational problems affect the log yiefd thereby decrease the productivity and
profitability of sawmills.

Such technology as machine to machine has the mdtemease the maintenance
practice. Existing literature lacks solid analyai evidence of the M2M technology’s costs
and risks. Yet the results of this research sughestM2M solutions, which support
maintenance processes in sawmills, can decreasetidssvand maintenance costs. In
addition, M2M solutions can increase productivifypooduction process. Altogether, the
M2M technology can improve the production procdssatvian sawmills, however, it has
high introduction costs.

To sum up, this research concludes that the neiogcic value is negative for M2M
solutions which support the decision-making proa#saachine maintenance in Latvian
sawmills. Overall, the technology has not matumedugh yet. It cannot solve the existing
maintenance practice inefficiencies in a cost ¢iffeovay.

This research proves that the proposed M2M solusiorot worth implementing yet.
Further research can focus on other aspects dfl# technology. Such aspects as the
value of data and device connectivity issues caanadysed. In addition, further research can
expand the solution to a bundle of solutions ofyagaits applicability in other industries.
Also, other issues related to M2M technologies lbaassessed. Important issues such as data
security, analytical capabilities of organizati@msl optimal architecture of M2M systems

can be explored to fully assess the potential oMMi@chnologies.
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Appendices

Appendix 1. Definitions

Term Definition

Machine to
machine (M2M)

A system of technologies that communicate by thérasewith a help of
wireless or wired connection. It has grown rapiile to the decrease in
costs of data transmission via cellular and otlegwarks.

Machinery
maintenance

Any process that is performed in order to maintagmachinery in its best
condition. In micro and small sawmills, the contas band saw is the mai
maintenance object. It includes such processekads bharpening and
changingcleaning up, and checking for any dan.

Machinery wear

Every part of machinery has its own lifespan beedhe parts are worn-out
during production process. In sawmills, machineganis mainly associate
with saw’s wear as it has a particular period wietiafter which the teeth of
blade can't be sharpened anymore.

Sawmill

A type of factory which operates by sawing log®iptanks or boards using
different machinery. There are hardwood and softh&owvmills. Hardwood
sawmills operate with oak, ash, or beech (mainbableaved trees).
Softwood sawmills operate with pine, fire or sprgeginly conifer trees).

Log conversion
costs

The costs that appear directly or indirectly dutimg conversion process.
During that process logs are cut into planks oeogmoducts. It includes
production costs, maintenance costs and any ots¢s that are linked to th
log breakdown phase.

Downtime

Time when a particular type of machinery (saw)}épped due to blade
cleaning or changing or blade’s alignment adjustsien

Production time

A time for one log to be fully converted into planér any other product.
Combines downtime and sawing time, includes aledithe spent on
impregnation and slack time in-between productimtesses.

Maintenance costs

Costs appearing from maintenance decisions. Insliat production time
and expenses for spare parts.

Off-the-shelf M2M

An M2M solution that is comprised only from stamtiaed and purchasable
products. Solution itself can be adjusted and gbheducts can be added.

solution This research treats an M2M solution as a bundfgaducts provided in
Appendix 2.
Sawing time The sawing time for one log to be fully convertatbiplanks or any other

product. Can be perceived as machinery up-time.

Class 1 productior

The output that is sold as top quality productidés not contain any visible
damage, pressure marks. Can contain minor numberab$. In the sawmill
“Anipsis”, the length of these products is 4.8n6ar.

Class 2 production

The output that is sold with minor visible defed@&fects can appear due t
mistakes in production process or flaws in stogageedure (waviness,
warping, split ends, different thickness, etc)tHa sawmill “Anipsis”, the
length of these products is 3, 2, 1.5 or 1 metre.

[=)

~

D

Production proces

An industrial process that involves mechanical emeimical steps to
manufacture raw material or materials to obtaifed&ént end products. It
involves costs of mechanical and chemical stepgmaterials and labour
and usually the end product become marketable.

Table 8: Term definitions. Definitions correspond to the meanings of termasesl in this report.
Source: Created by the authors.
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Appendix 2. Description of the M2M solution

Descriptive
Company

Sensor
Micro-epsilon

Gateway
Micro-epsilon

Fluid valve
SMC

Alarm
Banner Eregring

M2M solution /

ILD-1302-200 Triangular laser

IF2004/USB 4-channel
RSB422-USB converter;

Electronic solenoid

EZ-LIGHT™ 2-Color
Indicators for Use with

Product distance sensor IE2008 Interface card valve Sensors
. . .| Converts triangular laser . Alarm or environment
Measures distance till surface with . ! Converts electric pulse | . . .
Purpose : pulse in USB signal, . . indication
triangular laser beam . L in open valve setting
provides pulse path to PC.
Measuring ranges from 2 to 50 Opens when energized| Thermoplastic polyester
millimetres and supports rough Can connect up to 4 small tube input and housing, thermoplastic
surfaces. Mistake of 0.015 per centzhannels of devices, output (19 mm), diffuser, fully encapsulated.
Advantages | resolution up to 0.03um. Adjustableutonomous memory stainless steel, fast Operational conditions from
measurement report rate of up to | option with synchronous | acting response. Suitable40°C to +50°C. Possible
49.02 kHz, software configuration| data recording. for industrial flashing mode. Suitable for
and connectivity with other devices. manufacturing. industrial manufacturing.
Vulnerable to direct dust layer on | Interface card only for Vulngrab_le to dirt Vulnerable to physical
Drawbacks . L : creating jams or
the device, quarterly calibration. | stationary computer. . . damage.
imperfect sealing
Warranty 3 years 3 years - -

Maintenance
costs per month

1.67 EUR (20 EUR per year)

0.17 EUR (2EUR per
year)

Current price

400 EUR (laser sensor)
30 EUR (cable)

99 EUR (converter)
4 EUR (cable)
69 EUR (interface card)

7.50 EUR (valve)
30 EUR (cable)

30 EUR (indicator)
30 EUR (cable)

Device

/

ey )

A %

>
-

Table 9: Description of M2M solution. Micro-epsilon product specifications were retrievamn an interview with a sales representative égmclments
available on the official Micro-epsilon website.tBiés about prices and warranty were obtained flloerespective companies.
Source:Created by the authors.
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Appendix 3. Simulation model
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Figure 3: Simulation model. Step 1 An infinite number of logs are held in stock ofwranaterials. The logs enter sawing line one by die. entry takes place
only when the preceding log has been trimmed amtketl for impregnatiorStep 2 Factors like (a) sawing precision, (b) blade cliagand (c) blade cleaning
influence overall sawing time and quality of protiois. The quality is determined by a proportionviietn Class 1 and Class 2 products. Class 1 and Zla®
expressed as a percentage of raw material voluhepiioportion between Class 1 and Class 2 prodiegtsnds on how precise is the sawing. In additia,
M2M solution developed by the authors can increhsesawing precision, thus, improving the qualitpmduction. The saw can be damaged by debrisiguri
Step 2.Employees rarely can determine how subatastihe damage. However, M2M is the technology ttan indicate whether the blade should be changed
or it should not be changed in such case. Emplogieas the blade according to the sawmill's timeestule and raw material qualities. The productimtess
stops during the cleaning. However, the M2M solutian clean the blade automatically. Thus, thealvdowntime decreases. The output of Step 2 isksla
they enter the next sawing phase, and wood pid@teswood pieces enter the firewood production prap 3 The planks from Step 2 are re-sawed and
trimmed, but wood pieces are converted in firewdtrdcessed by-products and firewood are stordukifitewood stock for sal&tep 4 Re-sawed and
trimmed planks are held in the stock that has toripgegnated. They move to Step 5 when the stoskédmched 3 cubic meters of Class 1 and Class 2
production.Step 5 Step 4 accumulates planks in the stock for aniisiepty. The sawmill impregnates the planks wittiseptics. The last phase is to store

impregnated planks in stock for sale.
Source:Created by the authors.
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Appendix 4. Simulation code (the Base scenario)

BEGINNING OF THE CODE
Antiseptic(t) = Antiseptic(t - dt) + (To_antiseptic
To_Pstock) * dt
INIT Antiseptic =0

COOK TIME = varies

CAPACITY =9
FILL TIME = 0.5
INFLOWS:

To_antiseptic = IF(Stock_for_antiseptic>= 9) THEN
PULSE(9, 0.16) ELSE PULSE(0, 0.05)
OUTFLOWS:
To_Pstock = CONTENTS OF OVEN AFTER COOK
TIME, ZERO OTHERWISE

COOK TIME = NORMAL(3, 0.15)
Firewood_stock(t) = Firewood_stock(t - dt) +
(To_Fstock) * dt
INIT Firewood_stock = To_Fstock*0.339763

INFLOWS:
To_Fstock = CONVEYOR OUTFLOW

TRANSIT TIME = 2+Clean_saw+Change_sa
For_wood(t) = For_wood(t - dt) +
(Wood_pieces_in_transit - To_Fstock) * dt
INIT For_wood =0

TRANSIT TIME = varies

INFLOW LIMIT = INF

CAPACITY = INF

INFLOWS:
Wood_pieces_in_transit = LEAKAGE OUTFLOW
LEAKAGE FRACTION = (1-Class 1_%-
Class2_%)
NO-LEAK ZONE = 0%
OUTFLOWS:
To_Fstock = CONVEYOR OUTFLOW
TRANSIT TIME = 2+Clean_saw+Change_sa
Production_stock(t) = Production_stock(t - dt) +
(To_Pstock) * dt
INIT Production_stock = Antiseptic

INFLOWS:
To_Pstock = CONTENTS OF OVEN AFTER COOK
TIME, ZERO OTHERWISE
COOK TIME = NORMAL(3, 0.15)
Saw(t) = Saw(t - dt) + (Enter_sawing - Planks_iansit
- Wood_pieces_in_transit) * dt
INIT Saw =0
TRANSIT TIME = varies
INFLOW LIMIT = INF
CAPACITY =1
INFLOWS:

Enter_sawing = PULSE(1,0.5,0.5)

OUTFLOWS:
Planks_in_transit = CONVEYOR OUTFLOW

TRANSIT TIME = IF(Precision = 1) THEN
(DT*4+Clean_saw+Change_saw)*1 ELSE
DT*4+Clean_saw+Change_saw
Wood_pieces_in_transit = LEAKAGE OUTFLOW

LEAKAGE FRACTION = (1-Class 1_%-
Class2_%)

NO-LEAK ZONE = 0%
Sawing_and_Impregnation(t) =
Sawing_and_Impregnation(t - dt) + (Planks_in_transi
In_transit) * dt
INIT Sawing_and_Impregnation = 0

TRANSIT TIME = 0.5

INFLOW LIMIT = INF

CAPACITY = INF

INFLOWS:

Planks_in_transit = CONVEYOR OUTFLOW
TRANSIT TIME = IF(Precision = 1) THEN

(DT*4+Clean_saw+Change_saw)*1 ELSE

WDT*4+Clean_saw+Change_saw

OUTFLOWS:

In_transit = CONVEYOR OUTFLOW
Stock_for_antiseptic(t) = Stock _for_antisepticgit) +
(In_transit - Outflow) * dt

INIT Stock for_antiseptic =9

INFLOWS:

In_transit = CONVEYOR OUTFLOW

OUTFLOWS:

Outflow = IF(Stock_for_antiseptic>= 9) THEN
PULSE(9,0.16) ELSE PULSE(0,0.05)

Change_saw = IF(Debris < 1) THEN PULSE(0.05,
Rand,Rand) ELSE (IF(M2M=1) THEN PULSE(0.05, 2
+ NORMAL(0.12,0.12),2 + NORMAL(0.12,0.12))

WELSE PULSE(0.05,2,2))

Class 1_% = IF(M2M = 1) THEN
NORMAL(0.27,0.025) ELSE NORMAL(0.27,0.05)
Class2_% = IF(M2M = 1) THEN
NORMAL(0.23,0.025) ELSE NORMAL(0.23, 0.05)
Clean_saw = IF(M2M=1) THEN 0 ELSE
PULSE(0.025,0.5,0.5)

Debris = RANDOM(0,40)

M2M =0

M3 = 0.339763*Production_stock

M3F = 0.339763*Firewood_stock

Precision = IF(Class 1_%-0.25>Class2_%) THEN 1
ELSE Saw*0

Rand = RANDOM(0,2)

Stock_of logs = PULSE(1,0.05,0.05)

ENC OF THE CODE



Kristaps BoSs, Uldis Bolmhs 44

Appendix 5. Simulation variables

. Values -
Variable —_ s e Description
Base Realistic Optimistic Pessimistic
Time frame 176 176 176 176 hours 8 working hourdasr. 22 working days per month.
Firewood varies varies varies varies per cent  Dépem Class 1 and Class 2 production.
M2M solution 0 1 1 1 Dummy variable: M2M solution is used (1); otherw{6¢.
Standard deV|at|qn of 5 o5 15 35 per cent On average Cl_a_ss 1 productl_on is 47 per cent thiniolume of raw
Class 1 production materials and it is normally distributed.
Standard deV|at|qn of 5 o5 15 35 per cent On average Cl_a_ss 2 productl_on is 23 per cent tiéiniolume of raw
Class 2 production materials and it is normally distributed.
Time fotrjlglggnlng the 1 0 0 0 minutes | Every 30 minutes employee cleanbldde.
Time for changing the . Every 120 minutes employees change the blade.ifftegt also
6 6 6 6 minutes . .
blade depends on the number of logs containing debris.
Timing for chanaing thel In base case, the blade is changed according tonsaafacturer's
g blade ging 120 | [120;134]| [120;139]] [120;129 minuteg instructions. If M2M solution equals 1, then sausage time is
extended.
Standard deviation of |, 15 15 15 minutes | O @verage the antisepticising process lasts fomii@utes and is
antisepticising process normally distributed.
dummy - Dummy variable: An increase in sawing precisioniityeases
Sawing precision 0:0 1:1.07 1:1.01 1:1.03 my - sawing time; otherwise (0). Sawing precision dejgemmithe
coefficient .
presence of M2M solution.

Table 10: Simulation variables.The table provides an overview of simulation'siables. Variables are adjusted according to theaf®tmitations and
assumptions. Time frame for one simulation is 1@érk or one working month with 22 working daysekiood is expressed as a leftover of the log aftas<C
1 and Class 2 material is processed. The M2M swlus either turned on or off. Logs differ in theutput volume creating deviations in Class 1, €R&snd
firewood production. Different timing takes plaaa maintaining the saw. The timing depends on mneaistce procedure or the presence of debris. Thewal
of input variables are collected by the authoreolaions in the sawmill or provided by the managev2M technology sales persons.

Source:Created by the authors.
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Appendix 6. Significance tests

Significance tests for simulation variables

Compared to Base Output(m3) Firewood (m3) Class 1 % \ Class 2 % Firewood %
realistic tvalue| 40.469** 20.821*** 0.690 1.110 458
optimistic t value 40.248*** 26.125%** 0.526 1.476 0.242
pessimistic t value 46.042*+* 26.195*** 0.561 2.294 0.053

Table 11:Variable significance tests comparing scemios with M2M to Base.

Source: Created by the authors.

Between scenarios Output(m3) Firewood (m3) Class 1 % \ Class 2 % Firewood %
realistic / optimistic t value 2.394* 19.052*** 165 0.550 1.451
realistic / pessimistic t valug 1.627 19.823*** 648 1.833* 2.033*
optimistic / pessimistic| t value 0.818 0.049 0.284 1.558 1.052

Table 12:Variable significance tests between scerias with M2M.

Source: Created by the authors.

Significance tests for maintenance time

realistic t value 10.955***
optimistic t value 37.477***
pessimistic t value 50.640***

Table 13:Significance tests for downtime comparingcenarios with M2M to Base.

Source: Created by the authors.

Between scenarios

Downtime

realistic / optimistic t value 26.610***
realistic / pessimistic t valug 39.870***
optimistic / pessimistic| t value 13.395%**

Table 14: Significance tests for downtime betweertenarios with M2M.

Source: Created by the authors.

Critical values

one sided 5.00%  2.509 1.00%  0.50p6 0.05%
two sided 10.00% 5.00% 2.00% 1.00% 0.10%

Critical value| 1.676* | 2.009 | 2.403** 2.678| 3.496**
Degrees of freedom 50

Table 15:Critical values of significance tests.

Source: Created by the authors.




