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ABSTRACT
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The study focuses on logistic operations of the csnpany, Biohit Group. It is a part
of a wider lean development project, and therelimgestics of Biohit Group is evaluated
from perspective of lean philosophy. An issue ofvhmventory management and
control has to be organized to facilitate logigtiocesses and to support better customer
service is addressed. A closely related subjetiois daily logistic processes can be
improved. These two issues are included into tHeviing research problem: how
should non value adding activities occurring inesidg, order processing, dispatching
and reception of goods be eliminated or improvedider to make logistic value
streams of Biohit more efficient? The objective tbe thesis is to give concrete
guidelines how to change current logistic managéraed procedures in Biohit Group
in order to support weekly ordering cycles anddredelivery reliability in the future.

Theoretical section is divided into two main chaptiat are logistics and lean thinking.
Related literature and previous studies are coveteapirical section goes first deep
into the parent company’s end of the logistic chamd then to the subsidiaries’
logistics. Material was gathered using on-the-spérviews and a questionnaire
consisting of both quantitative and qualitativeada@ lean tool called value stream map
is used to illustrate logistic processes.

A key finding is that the subsidiaries’ orders frahe parent company do not match
with the needs of subsidiaries’ customers. Theididsges anticipate delivery problems
of the parent company and therefore hold excesseniovy, which results in low
inventory turnover rates. The subsidiaries’ tengiesfaordering in big batches decreases
the delivery reliability of the parent company. @mtive actions are required
simultaneously in the parent company and in thaigidries. Shorter and more accurate
delivery times within Biohit Group are needed. Bettnformation sharing is a
prerequisite for developing more efficient orderiregnd inventory management
practices. Variation in sizes and timing of thesdiaries’ orders to the parent company
has to be reduced. This can be done by orderigtamdard-length cycles using kanban
to replenish stock. Inventory turnover is suggestete suitable indicator for logistics
to monitor inventory performance.



THVISTELMA

TAMPEREEN TEKNILLINEN YLIOPISTO
Tuotantotalouden koulutusohjelma

HAUKIPURO, MARIA: Leanin toimeenpano logistiikassa
Diplomity6, 103 sivua, 4 liitetta (9 sivua)

Maaliskuu 2010

Paaaine: Teollisuustalous

Tarkastaja: professori Juha-Matti Lehtonen

Avainsanat: lean, logistiikka, varaston kierto,@avtakuvaus, kanban

Tydssa paneudutaan kohdeyritys Biohitin logistitklaintoihin. Tyd on osa laajempaa
lean-tutkimushanketta, mink& vuoksi Biohitin logidtaa |&ahestytddn lean-filosofian
nakokulmasta. Tutkimuskohteena on, kuinka varagttinhan suunnittelulla ja
jarjestamisella voidaan tehostaa logistiikkaprosgesg parantaa asiakaspalvelua. TAhan
littyen arvioidaan, miten paivittaisia logistiikgeosesseja voidaan tehostaa. Nama
kaksi mielenkiinnonkohdetta sisaltyvat tutkimusdnggan: miten tilaustenteon,
tilaustenkasittelyn, tavaroiden lahettdmisen ja taesoton arvoa tuottamattomat
toiminnot olisi poistettava tai korjattava, jottaoBitin logistiset arvovirrat toimisivat
tehokkaammin? Tyon tavoite on antaa konkreettineimenpidesuositus Biohitin
nykyisen logistiikanhallinnan muuttamiseksi, milléetaan viikkotilaussykleja ja entista
parempaa toimitusvarmuutta.

Teoriaosio on jaettu kahteen paateemaan, jotkalogetiikka ja lean-filosofia. Kunkin
yhteydesséa esitelladan aiheeseen liittyvaa kirjaliita ja aikaisempia tutkimuksia.
Empiirisessé osiossa paneudutaan ensin emoyhtiéimépédogistiikkaketjussa ja sitten
tytaryhtididen logistiikkaan. Aineisto on kerattgdstatteluilla ja lomakekyselylla, joka
koostuu seké& numeerisesta etta laadullisesta asiosgjistikkaprosesseja mallinnetaan
kayttamalla lean-tyokalua nimelta arvovirtakuvaus.

Tyon keskeinen havainto on, ettd tytaryhtididemmuliiset emoyhtidlle eivat vastaa
tytaryhtididen asiakkaiden kysyntdd. Tytaryhtibtrastoivat ylimaaraisia nimikkeita
ennakoidessaan emoyhtion toimitusongelmia. Tamé&gohuonoon varastonkiertoon.
Tytaryhtididen taipumus tilata suuria erid heik@nt8dmoyhtion toimitusvarmuutta.
Korjaavia toimenpiteita tarvitaan yhta aikaa sekaoghtiossa etta tytaryhtidissa.
Konsernin sisdisten toimitusaikojen tulee olla ngky lyhyemmét ja tdsmallisemmat.
Jotta tilaustoiminnan ja varastonhallinnan kaytanrghadaan tehokkaammiksi, on
tiedonjakamista tehostettava. Hajontaa tytaryh@ididilausten koossa ja ajoituksessa
emoyhtidlle on vahennettdva. Tama voidaan toteustaadardisoimalla tilaussyklin
pituus ja siirtymalla kanban-varastonohjaukseengidtokan suorituskykymittariksi
esitetaan varastonkiertoa, jolla voidaan seuratastanhallinnan toimivuutta.
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TERMS, ABBREVIATIONS AND NOTATION

Axapta ERP system used in Biohit Oyj and Biohit SAS

Bullwhip effect A phenomenon in which immediate tousers’ orders
fluctuate more than orders of second-tier customers

Delivery reliability Ratio of the number of delives made without error
regarding time, place, price, quantity, or qualdythe total
number of deliveries in a period (Business Dictigna
2009). In the case settings implies that right geleave
from the dispatching department on the exact daae it
confirmed to a customer.

ERP system Enterprise Resource Planning System.

Frame order System of ordering used in Biohit slibges in which
rolling order covering following three-months-petias
updated once per month.

Houlihan effect One cause of the bullwhip effectoaknown as flywheel
effect implying that anticipation of shortages tock leads
to over-ordering and excess stocking.

Kardex Automated storage used storing pipettesohiB

OEM Original equipment manufacturer. The name eefgr a
company that designs, manufactures or packagefindle
product under its own name. The product may incthde-
party components, such as instruments, software or
applications. (Biohit Annual Report 2008, p. 24.EN®
items manufactured by Biohit are identical to Biohi
products but are sold under other brands’ name.

PL Private label products that are designed andufaatured
for another company which markets the products unde
own brand name (Biohit Annual Report 2008, p. Z4).
items manufactured by Biohit are sold under othrandls’
name and include additional features not builtArBiohit
products.



viii

VMI Vendor managed inventory. Suppliers carry raxspbility
for owning, managing, and replenishing inventoryttodir
customers. Suppliers monitor retail supplies arergsh
inventories when supplies are low. (Stevenson 2Q09,
530.)

VSM Value stream map is a diagram of every steplired in the
material and information flows needed to bring adoict
from order to delivery.



1. INTRODUCTION

1.1. Background

This study is part of a widelean development project being realized in the case
company Biohit Group that consists of Biohit Oyjdaits subsidiaries. Lean thinking
has been studied and lean tools implemented inugtimoh settings of Biohit since
2008. Improvements have been achieved but full fitemiethe good results cannot be
gained as long as other corporate functions areimegrated into lean production
system and hence, cannot completely support leantipes. Especially logistics is
critical since it can either complicate or supperbduction, depending on how it is
organized and managed. Therefore, this study fecus@roving corporate logistics
exploiting lean approach.

Wilding (1998, p. 599) notes that uncertaintiessupply and demand have a major
impact on manufacturing function. Biohit Oyj, tharent company of Biohit Group, has
long experienced fluctuating demand which causesamewhat unknown. The Biohit
subsidiaries create majority of direct demand te garent company. For example
during the last two quarters of 2008 and the tingi quarters of 2009 their purchases
accounted for 56 % of the sales of liquid handlmginess in Biohit Oyj (Axapta
30.7.2009). The rest of the direct demand comas f&ternal sources, in other words
from distributors and end customers. Despite ofi@is/importance of the subsidiaries,
their ordering patterns and inventory policies aoé previously studied in Biohit Oyj.
The subsidiaries operate somewhat independentlyordliong to Wilding (1998, p. 606)
supply networks have to be managed as a systeemnthsif a collection of individual
companies. In the case settings the aforesaid matam be interpreted so that the
subsidiaries’ inbound logistics, outbound logistasd inventory control should be
standardized and build to support corporate-widdsyo

Value streamapproach to logistics is exploited throughout ¢hedy. A value stream
consists of two kinds of activities needed to pe®la physical product or service:
activities adding value and those not adding valua product or service (Mapping to
See 2007, p. 157). Whether an activity is valueragldr non value adding is defined
from customers’ perspective (Liker 2004, p. 27)r lexample, a process of order
processing and dispatching can include activitysedrching for missing information
that is non value adding whereas activity of pigkitems prior to dispatching is value
adding. Initially in this study the corporate Iags were to be approached using a lean



tool calledvalue stream mapping@ he following definition of the tool is given Malue
Stream Mapping Workshop (2008, p. 66):

It is a simple diagram of every step involved ie thaterial and information flows
needed to bring a product from order to delivery.

Application and benefits of value stream mappingyisded in several sources (for
example Rother & Shook 2003; Keyte & Locher 2004réck 2006; Nash & Poling
2008). However, the problem field of this study vescovered to be so complex and
wide that value stream mapping alone would not iplogufficient understanding. It is
then exploited alongside with other approachestaold.

According to Rother & Shook (2003) value stream piag creates basis for
development planning and serves as a communicti@rbetween different functions
in a company. Aforementioned role of value streaapping is suitable in this study:
value stream mapping is exploited to visualize anderstand current logistic value
streams. Deeper understanding of problems and lpessolutions are acquired by
analyzing numerical data and interviewing personneblved in corporate logistics.
The most suitable means to process data and d#alappearing issues are collected
and adapted from lean literature and researcheffample Jones et at. 1997; Smalley
2004), logistic literature and research (for examipte et al. 1997; Ballou 2004), and
current practices of Biohit.

An apparent consequence of poor logistic managenseatccumulating and slow-
turning inventories of the subsidiaries. In lederhture inventories represent one type
of non value addingvaste(for example Liker 2004, pp. 28-29). Waste is ativiy
which does not create value for a customer stilsoming resources (Value Stream
Mapping Workshop 2008, p. 66). Hence, extra atbenis given to inventory control
and management. Inventory accumulation has long baelied both separately from
and alongside with lean thinking. Studies of Fdae$1958) have created basis for
research ofhe bullwhipeffectlater studied by several academics (for exampldi@ge
1991, see Disney & Towill 2003; Houlihan 1987, 88eney & Towill 2003; Lee et al.
1997). Findings of Burbidge regarding influence haftching policies on inventory
levels apply in the case settings. Also influenéedelivery reliability and shortage
anticipation on inventory accumulation, specialmatof Houlihan, is experienced in
Biohit Group. Hence, proposals for action to immronventory performance are found
in existing publications.

1.2. Study outline

This study addresses the logistic issues of Bi@mup. Main focus is on logistics
between Biohit Oyj and its subsidiaries, and outlablogistics of the subsidiaries.



Processes of outbound logistics are processingeofmning orders and their dispatching.
Respectively, processes of inbound logistics amerang and reception of goods.
Inventory management is considered as a part eétheocesses.

The focus is on liquid handling business of BidBibup. The study focuses on make-
to-stock items, which implies that only productddsander Biohit brand name are
covered. Private label products, from now on ahhted as PL, and original equipment
manufacturer products, from now on abbreviated BMQare items sold under other
brands’ name. Contrary to Biohit brand name pragluet. and OEM are make-to-order
items.

1.3. Research problem

This study addresses an issue of how daily logmticesses can be improved. Another
subject to be studied is how inventory managemedtc@ntrol has to be organized to
facilitate logistic processes and support custoseevice. The both issues are included
in the research problem formulated as follows:

How should non value adding activities occurring andering, order processing,
dispatching and reception of goods be eliminatedrproved in order to make logistic
value streams of Biohit more efficient?

The research problem implicitly includes a questbnvhich are the non value adding
activities of ordering, order processing, dispaighiand reception of goods. The
research problem is approached with help of sublpmos. The most significant non

value adding activity is excess inventories. Heringentory control is given extra

attention, and the latter of below-stated sub-pisl addresses issue of inventory
control.

1. How materials and information flow between Biohitj@nd the subsidiaries?

2. How inventories should be controlled to supportergcimprovements in
production?

1.4. Objectives

More effective logistics is needed to support inweroents achieved recently in
production of Biohit Group due to the lean develepinproject. Hence, an objective of
Biohit Oyj is that processing and dispatching o gubsidiaries’ orders can be carried
out in level weekly cycles in the near future. Tlesn be achieved by increasing
subsidiaries’ inventory turnover, eliminating presevariation and standardizing logistic
procedures. Intention is to build more predict&pilin operations of the logistics

department, the dispatching department and pramuaii Biohit Oyj. A long term



objective of Biohit Oyj is to increase deliveryieddility up to 100% with help of better
coordinated logistics. Delivery reliability in thease company means that right items
leave from the dispatching department on the edaiet that is confirmed to a customer.

The below-stated objective of this study is derifredn the objectives of Biohit Oyj.

The objective is to give concrete guidelines hoehtange current logistic management
and procedures in Biohit Group in order to suppaetekly ordering cycles and better
delivery reliability in the future.

This can be achieved by identifying critical deyateent targets in Biohit Group’s
existing logistic management and procedures. Tlecbbe is multifaceted since it
includes both ends of the logistic chain, the paoempany and the subsidiaries, and
requires two types of guidelines, how to alter entrpractices and how to create new
ones. This is illustrated in figure 1.1.

Guidelines how to change current logistic management and procedures
in Biohit Group in order to support weekly ordering cycles and better
delivery reliability in the future

Identifying

How to build in
more
predictability
and stability?

Identifying
development targets
of outbound logistics

development targets
of inbound logistics,
outbound logistics
and inventory
management

-’

}

Constructing
the system of
improved
logistics

How to Identifying problems
eliminate e of inbound logistics, Creating basis
Identifying problems L .
waste and L outbound logistics ¥ for improved
of outbound logistics . NP
sources of and inventory logistics
variation? management
Y,
Parent company Subsidiaries

Figure 1.1. Structure of the objective.

Accomplishing the target requires creating basrsifgproved logistics in Biohit Oyj

and in the subsidiaries. This can be done by itlem§ problems and solving how to
eliminate existing waste and sources of variatiothe both ends of the logistic chain,
as illustrated in the lower part of figure 1.1. Gtyocting a new system of improved



logistics requires solving a problem of how to duih more predictability and stability
into logistics. This is illustrated in the upperrtpaf the figure 1.1.

1.5. Structure of the study

Focus of the research is in logistics. Perspectvéhat of lean philosophy. This
perspective is dictated by the wider lean develognproject carried out in Biohit
Group. Hence, logistics form a study frame wherpliegbility of lean thinking is
evaluated. First, lean thinking is connected tasiics in the theoretical section of the
study. Then, applicability of lean thinking in tbase company’s logistic operations is
evaluated. Research setting is illustrated in #gu@.

BIOHIT GROUP

HosisTIe | LEAN THINKING !
MANAGEMENT OF | |
INVENTORIES A4 - Wwaste |

S i1 - valuestream |

- flow

LOGISTIC PROCESSES 4 - leveling |

N - kanban

1. Inbound: ordering and reception |\ 7°""% . standardization
of goods L 55 :

2. Outbound: order processing and !
dispatching

Figure 1.2. Research setting.

The first part of the theoretical section, chap®erstudies logistics and its typical

features. As illustrated in figure 1.2, the two @@pe subjects within logistics are

management of inventories and logistic processkeesd are not studied independently
but discussed in parallel. Logistic processes ohelinbound and outbound logistics.
Lean philosophy and selected lean tools are disdussthe latter part of the theoretical
section in chapter 3.

Theoretical study is followed by chapter 4 introdigcempirical research method and
material. Accuracy of data is evaluated in thistegh Results are presented in chapter
5. The parent company’s end of the logistic chaidiscussed first. Accomplishment of



the objective presented in figure 1.1 is initiatedering the lower left-hand corner and
some of the upper left-hand corner. This is folldviy comparison of the subsidiaries’
performance and discussion of each subsidiary idaally, which means covering the
lower right-hand corner and some of the upper fgrtd corner of figure 1.1.

Understanding of the upper part of the figure 1uilds up throughout the study.

Conclusions and proposals for action are presenteldapter 6.



2. LOGISTICS

2.1. Essential terms and their relations

Logistics, as defined in Supply Chain Management Terms arma$daty (2009), is a
process consisting of three kinds of activitiest thee planning, implementing, and
controlling transportation and storage of goodsnfithe point of origin to the point of
consumption. Logistics takes into consideratiowises and related information besides
considering physical goods. The same source definsisiess logisticas a systematic
and coordinated set of activities required to ptevihe physical movement and storage
of goods from supply services through company iteesl to the market. (Supply Chain
Management Terms and Glossary 2009.) These defisitclearly highlight the two
important aspects of logistics: storing and movitegns. The aforementioned three
kinds of logistic activities implicitly include tk&s such as ordering or preparing
outgoing shipments that are of interest in thigdgtuShortcoming of the definitions
above is that they assume one-way transport of ggdadaddition, the role of services
and information is rather minor and movements ofrency are not mentioned.
Regardless of these shortcomings, the ideas pessanthe aforementioned definitions
are useful in these study settings.

Definition of Council of Supply Chain Managemenbfssionals (2009) for logistics
management highlights that logistics is a subsetupiply chain management. Hence,
logistics issues, such as inventories, are commaisljussed in more extensive context
of supply chain management (for example Lee & Bgton 1992; Cooper & Ellram
1993). Because of that, studying literature cowgerpurely just logistics can limit
holistic understanding. Not in this study eithethe concept of logistics isolated from
the concepts of supply chain and supply chain memagt. Supply chain is, according
to Mentzer et al. (2001, p. 4), a set of three orerentities involved in the upstream
and downstream flows of products, services, finararenformation from a source to a
customer. This definition alone is exact enoughporposes of this study. It includes
two conceptsdownstreamandupstreamof a supply chain, which are referred later in
this thesis. Downstream implies entities after tree under consideration such as
distributors and end customers whereas upstreariesnpreceding entities such as
supplying organizations.



A definition of logistics suitable for this studg formulated based on the discussion
above:

Logistics is a subset of supply chain managemensisting of coordinated set of
activities of planning, implementing, and contnagji transportation and storage of
goods and related information to meet customer irequents.

Logistics managemeris an integrating function coordinating logistictigities and
integrating them with other functions. It is invelVin strategic, operational and tactical
levels of planning and execution. (Council of Sypphain Management Professionals
2009.) Stevenson (2009, p. 512) gives a concrstmdi of the activities of logistics
management that are administrating inbound andooutd transportation, material
handling, warehousing, inventory, order fulfilmemnd distribution, third-party
logistics, and reverse logistics.

2.2. Inventory management

As noted earlier, logistics management includegisévnventory-related activities. An
essential starting point of the thesis is needrfore coordinated inventory management
in Biohit subsidiaries. Hence, inventory-relatesliss are given extra attention.

2.2.1. Typical problems

Important issues of inventory management are whdtold in stock and how much,
where to locate inventories and how to control théee & Billington (1992) have
identified 14 common pitfalls of inventory managemeé hese are summarized in table
2.1.

Table 2.1. Pitfalls of inventory management (Lee & Billingtb892).

Pitfall Comment

1 | No supply chain Each organization has own objectives that do nppst
metrics the supply chain’s overall performance. In resudtré are
no performance measures for the complete suppiyn.cha

2 | Inadequate definitionService is poorly measured. Service level might| be
of customer service | measured in terms of line item fill rate but fitite of
complete orders or average backorder levels are not
tracked.

3 Inaccurate  deliveryCustomers are not provided with timely and accurate
status data updates on the status of late orders.




Pitfall Comment

4 | Inefficient information There are several databases that are not linkad.can
systems lead to gross forecast errors and inventory accaiiou.

5 | Ignoring the impact of Different sources of uncertainties, such as leadet
uncertainties delivery performance, demand or quality, are |not

understood or tracked. This can result in overstark
some items and under-stocking others.

6 | Simplistic inventory Inventory stocking policies are too generic andista
stocking policies

7 Discrimination againstinternal customers experience poor customer seryice
internal customers which has a negative impact on the overall suppé§irc

8 | Poor coordination There is lack of coordinatioh soipplying divisions

which results in delays and poor customer service.

9 | Incomplete shipmentMaintaining transport costs low can lead to inceeas
method analysis total costs. Using sea freight instead of air fneigr

ordering bigger batches infrequently instead ofdient
small batches can increase pipeline inventory awell lof
safety stock.

10 | Incorrect assessmenfome inventory costs such as opportunity cost, casd
of inventory costs of reworking existing inventory are often ignored.

11 | Organizational Differences in objectives, disagreements on inugnto
barriers ownership, and unwillingness to commit resources to

help others inhibit coordinated inventory control.

12 | Product-process Inventory implications and required changes in $ppp
design without supply chain are not considered during the product-process
chain consideration | design.

13 | Separation of supplyWhen changing a supply chain structure the main
chain design from consideration is usually fixed costs and the lagisbst
operational decisions| implication. Operational efficiency factors such |as

inventory investment are ignored.

14 | Incomplete supply Immediate customers are considered being the erad of
chain supply chain.
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Stevenson (2009, pp. 540-541) highlights the tr@ffeimplicitly included in the ideas
of Lee & Billington (1992). He concludes them irttee following five trade-offslot
size - inventoryinventory - transportation costead time - transportation cagtroduct
variety - inventoryand cost - customer servicdisney & Towill (2003) do not use
wording trade-off but discuss about the productios@ntory control problem, which in
their opinion is a fundamental characteristic dfaition supply chain. That is, each
organization needs to solve the problem of how ntagbroduce or purchase in order to
satisfy immediate customers’ demand (Disney & Tb20i03).

2.2.2. Bullwhip effect

Small changes made to optimize one part of a sugipdyn can cause major changes
elsewhere in the supply chain (Wilding 1998, pp9-694). A phenomenon, in which
variation in demand intensifies when moving upstreaf a supply chain, was first
introduced by Forrester (1958). He simulated howanchanges in retail sales can lead
to large swings in production: random events indhstomers’ end of a logistics chain
convert into upswings and downswings in orders amodluction. Forrester (1958) also
demonstrated how orders are left unfilled even gihgoroduction capacity exceeds final
customers’ demand. Forrester's simulations haveegeas a basis for study of the
phenomenon known as the bullwhip effect (McCullen T&will 2002). Later a
considerable amount of evidence is provided to stihawthe bullwhip effect exists also
in real-world settings as distinct from simulatimodel results (Disney & Towill 2003).

Lee et al. (1997, p. 93) suggest that the commaompsyms of the bullwhip effect are
excess inventories, poor forecasts, insufficierg»aess capacity, unsatisfactory service
due to unavailable productanduncertain production planningMcCullen & Towill
(2002, p. 169) list mainly similar symptoms but éan addition identifiedinnecessary
fluctuations in the level of production and shiptsess one of the consequences of the
bullwhip effect. The bullwhip effect appears in rgamays and in different fields of a
logistic chain. The four major causes of the phesmoom adapted from Lee et al. (1997)
and further studied by Disney & Towill (2003) arstéd below, and later discussed in
more detail.

1. Each tier of a supply chain bases its demand fete@m previous tiers’ orders.
2. Orders are placed in batches.

3. Prices fluctuate due to promotions, which leaddd@mand that does not reflect
real consumption rate.

4. Customers anticipate shortages and therefore exatggeeir real needs.
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Disney & Towill (2003) call the first causbe Forrester effectThe bullwhip effects are
created when supply chain members process the dempat from their immediate
downstream members and do not consider the suppin @s a whole (Lee et al. 1997,
p. 95). This means real end customers’ consumptata is distorted when moving
upstream of a supply chain, and upstream orgaormmtido not have first-hand
information about end customers’ demand. Lee et(1897, p. 98) advise sharing
demand data at a downstream site with upstreammizagaons to reduce distortion of
information. However, Chen et al. (2000) note thélvihip effect cannot be fully
eliminated as long as downstream data is basedmudsts instead of real demand.
This idea is supported by Womack (2006) noting thatket forecasts of demand are
incorrect. Traditional forecasting techniques npast sales figures as feedback whereas
many lean approaches do not rely on complex infaomdeedback systems. Therefore,
chaos can be controlled by communicating demanaornmdtion upstream using lean
approaches. (Wilding 1998, pp. 610-611.) Simitkeai was presented already in 1987
by Suzaki who proposed using level schedules tpores to true demand instead of
forecasts. This is an essential idea in lean thommKsee McCullen & Towill 2002, p.
171), and is discussed in more detail in chap@L8veling.

The second cause of the bullwhip effect, ordermdpatches, is studied in more detail
by Burbidge (for example 1991), and therefore ismatimes referred athe Burbidge
effect(see Disney & Towill 2003). It intensifies the buHip effect as there are many
customers. Timing of orders tends to be random, andhe worst case different
customers’ orders overlap. Customers’ order cyslesuld be spread out evenly to
avoid demand peaking. Batch sizes can be reducedviring the benefits of big
batches. This can be done by minimizing transactemts and costs of transport. (Lee et
al. 1997, pp. 96-100.) In addition, ordering hasbto made as easy as possible to
encourage ordering in frequent and small batchéscirg orders and processing
incoming dispatches must be simple and standardized

Fluctuating prices encourage buying in batches. dtegl. (1997, p. 97) state that low
prices promote forward buying, and demand can droen discounted product’s price
returns to its normal level. According to studidsDisney et al. (2003) fifty percent

increase in capacity is required to maintain desgervice level in a traditional supply
chain due to price variations. Therefore, frequesnog level of price discounting should
be kept minimal (Lee et al. 1997, p. 101). Besiolgmnizations at downstream sharing
information about demand, they should communicdieua promotion campaigns

upstream. Hence, upstream companies can prepareoffgzations and also influence
pricing campaigns.

The fourth cause of the bullwhip effect, exaggetireal needs, happens when
customers are uncertain about supply (Lee et &7,19. 101). Disney & Towill (2003)
note the practice is also known #® Houlihan effecdiscussed further in chapter
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2.2.2.1. Considering Wilding's (1998) aspect ofghiat interactions in a supply chain
echelon, the Houlihan effect can greatly intensify bullwhip effect. Wilding’s (1998)
finding is that parallel interactions generate utaety in a supply network and can
intensify demand amplification. This means thaticerst of one organization affect
operations of other organizations at the samartiarsupply network (Wilding 1998, p.
604). If one organization of a supply chain echetmaggerates its needs, production
capacity can be tied up causing prolonged deliviengs to other organizations in the
same echelon. This in turn encourages the otheexdggerate their needs. Lee et al.
(1997, p. 101) claims that the sharing of capaaitg inventory information reduces the
need for anticipating. Based on the discussionaspif is important that information
flow is two-way. Coordinating information and ptang in co-operation along a supply
chain are means to control the bullwhip effect (eeal. 1997, pp. 94-95).

The bullwhip effect is a complicated phenomenorsiih appears in many ways and is
caused by several factors. Hence, a definitioreeded to specify what is meant by the
bullwhip effect in this study. Business DictiondB8009) defines the bullwhip effect as
tendency of consumers of a material or productharssupply to buy more than they
need in the immediate futur€onsidering the theory covered above, this definiiis
very limited. However, a definition highlightingamplete supply chain would be too
wide for purpose of this study since it is usefulconsider the phenomenon from the
point of view of Biohit Oyj. A suitable definitioshould highlight the outcome of the
phenomenon more than the causes because the ostewenenore recognizable. The
following definition is used in this study:

The bullwhip effect is a phenomenon in which imatedcustomers’ orders fluctuate
more than orders of second-tier customers.

The definition does not provide an explanation wiustomers’ demand fluctuates.
Upswings and downswings in demand can occur fomgka due to anticipating of
shortages, seasonal variation or mistakes in argeri

2.2.2.1 Houlihan effect

Forrester (1958, p. 46) described a situation wheteibutors’ demand exceeds factory
capacity, which leads to longer delivery times. Kleowed that this motivates
distributors to order in advance of needs and stilire orders are placed. In such
situation production operates at full capacity uedb fulfill distributors’ needs on time
while retail sales are far below production’s maximcapacity (Forrester 1958, p. 46).
Houlihan (1987, see Disney & Towill 2003) has fertlstudied the impact of delivery
reliability on ordering patterns. Houlihan effeatso known as the flywheel effect, is
presented in figure 2.1.
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Capacity
overload

Shortages
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- Over-ordering

Unreliable
delivery

Safety stock
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Figure 2.1. Houlihan effect (Houlihan 1987, see Disney & To&0D3).

Figure 2.1 illustrates how customers overload tiselmedules or orders as shortages
occur. This leads to demand distortion: order gtiaatdo not match real with demand.
Additional loading of production results in morerelimble deliveries. Customers then
increase their safety stock targgioulihan 1987, see Disney & Towill 2003.) Thisgste
of the flywheel effect is supplemented with findiofjLee et al. (1997) which suggests
that long resupply lead times compel holding okesaktock. Increase of safety stock
further distorts demand and accelerates the bydheffect (Houlihan 1987, see Disney
& Towill 2003).

Disney & Towill (2003) have simulated how causesha bullwhip effect are affected
by vendor managed inventory (VMI), which accorditag Stevenson (2009, p. 530)
means that suppliers carry responsibility for ownimanaging, and replenishing
inventory of their customers. The results of Dis&eyowill (2003) suggest that the
Houlihan effect can be completely eliminated wheccgssfully adapting VMI in a
supply chain. In consequence the bullwhip effeatloa reduced.

2.2.2.2 Measuring the bullwhip effect

Statistical methods to measure the bullwhip efégetutilized in research (for example
Chen et al. 2000; Disney & Towill 2003). The eqaa$ of these methods are based on
hypothesis and constraints, which limits their a@dility in different settings. The
purpose here is not to quantify the bullwhip effpotcisely, and therefore statistical
methods based on complex equations would be tawitals for this study and hence
not the most suitable means in the case settings.

A simpler tool to analyze the bullwhip effectdemand amplification mappindones et
at. 1997, pp. 166-167). Of the seven techniquesudsed by Jones et at. (1997) demand
amplification mapping is the most suitable in tlase settings. It is a graph used to
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compare changes in different organizations’ deman@ supply chain. The graph

illustrates how variability of sales in downstreash a supply chain is lower than

variability in orders placed upstream. Jones ef1&97) proposes demand amplification
mapping as an appropriate tool for analyzing laggsirom the lean perspective. Hence,
the bullwhip effect, first studied by Forrester 1858, and the lean thinking, having
evolved in Japan since 1950s (Liker 2004, p. 2f8,a some degree interconnected:
one objective of lean metrics and measures, dieduss greater detail in chapter 3.

Lean thinking, is to understand and reduce thentbhui effect.

Another lean tool suitable for studying the bullpgffect isdecision point analysidt

is means of identifying the point in the supply ichavhere making products due to
actual demand is stopped and making against fdsesastarted. (Jones et at. 1997, pp.
167-168.) As noted earlier in chapter 2.2.2 thewhip effect intensifies as data of
demand is based on forecasts, which is why decigamt analysis is interesting when
studying the bullwhip effect.

2.2.3. Inventory turnover

Inventory turnover is a key figure measuring howngnames a year inventory is sold. It
is a widely used measure for effectiveness of itmgmmanagement. (Stevenson 2009,
p. 553.) Inventory turnover can also be interpreteaneasure for purchasing efficiency
(Jahnukainen & Lahti 1999). It is an ambiguous peetr because it can be calculated
several ways. According to several sources (fomgpla Gaur et al. 2005, p. 181;
Stevenson 2009, p. 553) inventory turnover is dated dividing average cost of goods
sold by average inventory investment. Ballou (2004376) provides the following
formula (1) very similar to the method of Gaur ktaad Stevenson.

Annual salesat inventorycost
Averagenventoryinvestment

Turnoverratio =

(1)

The denominator of Ballou’s formula is an averageentory investment. Another
option is to use prevailing inventory value in #r& of a period under review as Huson
& Nanda (1995). The numerator in Ballou's formutasales at inventory cost .The
problem is how to define sales at inventory costasrdefined by Stevenson (2009, p.
553), average cost of goods. Sales at inventory @as include not only a purchase
price but also inventory management costs thateanard to allocate as already noted
in chapter 2.2.1 Typical problems (see pitfall IMis issue can be solved using other
units, such as number of pieces, instead of mopemues. In consequence Ballou’s
formula alternates to the following form (2).

Annual salesin numberof pieces
Averagenventoryin numberof pieces

Turnoverratio =

(@)
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When in addition exploiting end-of-a-period valuastead of average inventory, the
formula can be expressed as below (3).

Annual salesin numberof pieces
Inventoryin numberof piecesn theendof a period

Turnoverratio =

In formula (3) the denominator can be inventorya@ay point of time since period can
refer to one week as well as to a full year. Thestmamnvenient way of calculating
inventory turnover depends on the situation andilaMe data. It is essential to
systematically apply the same method because elifeiormulas can yield slightly
different outcomes. When comparison is done betweampanies that deal with
different currencies, such as the subsidiariesiohiBGroup, it is well justified to use
number of pieces instead of monetary values.

The formula (3) can be exploited in two ways: lfccdating one year’'s performance
afterwards, annual sales can be constant. Wherodpeally updateable figure is
required, annual sales can cover previous twelvatinsoso that the time horizon is
rolling. The first procedure is useful when anatggiBiohit subsidiaries’ past
performance and only data covering a limited timamfe is available. The latter
procedure, rolling turnover rate, can be exploifegstablishing updateable monitoring
system.

Period of storagas another measure for effectiveness of inventognagement. It is
the reciprocal number of inventory turnover ratemd can be expressed as in the
following formula (4).

1

Period of storage= _ 4)
Turnoverratio

Period of storage equals the time items spendackstit is perhaps a more concrete
measure than turnover ratio. However, inventoryiduer is currently used in Biohit
group to some extent, and for that reason it isfakkered measure for effectiveness of
inventory management used in this study.
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3. LEAN THINKING

3.1. Introduction to lean thinking

According to Taiichi Ohno (Monden 1983, p. i) thasls of the Toyota production
system was to increase productivity and reducescbst eliminating all kinds of
unnecessary functions. From this starting pointhaa mindset called lean thinking.
The ultimate vision of a lean organization is toypde the best quality, the lowest costs,
the shortest lead time and the best safety whilmtaiaing the highest morale (Liker
2004, p. 33). Ideally this would imply that no titemhal trade-offs were needed. Liker
(2004, p. 13) suggests lean has four dimensionsthhas captured in the “4 P” model.
A true lean company has internalized all the foumehsions that are philosophy,
problem solving, partnerships and processes (12Red).

Plenty of lean development methods and practical teols are presented in literature
(for example Monden 1983 discussing several keist&@malley 2004 discussing pull
system; Glenday 2007 discussing leveling). Thesm fthe process level of Liker’s
(2004, p. 13) “4 P” model. Jones et al. (1997, p6)1discuss the key elements of
Toyota tool box. The most interesting ones, esfigcappropriate when considering
logistics operations, are listed and explainedbie 3.1. Descriptions of Jones et al. are
supplemented with discussion from other sources.

Table 3.1. Selected key elements of Toyota tool box (addpted Jones et al. 1997, p.
156).

Element Description

Creating flow Purpose is to organize work so thagpraduct moves without
interruptions. Ideally, items are moved one pieta @ime directly,
from one process step to the next one, which esabirimum use of
resources and shortest possible lead time (Rothela&is 2008, p
101).

Leveling flow | Purpose is to eliminate all causes of demand airggiibn. A leveled
of orders system adapts to variable demand, and batchingpisied (Mapping
to See 2007, p 156). The ultimate objective of lieges perfect flow
(Glenday 2007, p. 15).
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Element Description
Using pull| A downstream operation paces the work by providirigrmation to
system its preceding operation about what is needed an@ khauch

(Mapping to See 2007, p. 156). Purpose is to dethe same amount
what is pulled by downstream, no more than that.

%

Standardizing Purpose is to identify and widely pdthe best work practice
Standardization is the foundation for continuoupriovement (Liker
2004, p. 148).

Minimizing Purpose is to facilitate smooth flow by holding yonhventories
safety stock directly supporting customer who cannot, by theireabf demand, b
linked directly to the flow (Perry 1988).

[}

Visual control | Visual control is any communicatidavice that signals at a glance
how work should be done and whether it is deviatirgn the
standard (Liker 2004, p, 150). Visual aids are uwedhdicate whqg
brings, what, to where and exactly when (Wu 2003,361).

Removing Removing waste implies streamlining and simplifyimgterial and
waste information flows. This means eliminating anythimgt adding value
to customers. (Naylor et al. 1999, p. 110.)

The elements presented in table 3.1 are intercoath@nd descriptions overlap to some
extent.Each element can be implemented in many ways ictipeaas discussed later in
this theoretical section. Even though lean thinkamgl the bullwhip effect (see chapter
2.2.2 Bullwhip effect) are originated from diffetemettings and cannot be tightly
associated, it can be assumed teéetling flow of orderandusing pull systeraould be
useful counter-measures to tackle the bullwhipatffe

3.1.1. Seven waste

Work can be divided into value adding and non vadeding work. Whether an activity
is value adding or not can be assessed by askiagufstomer would be less satisfied
with a product if this step was left out (WomaclOg0p. 149). Non value adding work
can be further divided into incidental work and tea@Mapping to see 2007, p. 27).
Waste, in Japaneseudg is one of the three M’s in focus of lean effoitbe other two
are muri, overburdening people and equipment, amgra unevenness in workload.
(Liker 2004, pp. 114-115.)
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Jones et al. (1997, p. 171) highlights that asagisg point to successfully create and
implement lean philosophy, Toyota worked on underding waste and inefficiency in
its value streams. Hence, waste is an essentialepprand serves as basis for lean
thinking. Since waste or muda is result of uneveaner mura, focus has to be
simultaneously in these two issues (Liker 2004,1d@-115).

The following categorization of waste originatedTlioyota (Liker 2004, pp. 28-29):

Overproduction

Waiting

Unnecessary transport or conveyance
Over-processing or incorrect processing
Excess inventory

Unnecessary movement

Defects

Noo,s~wDdRE

Liker (2004, p. 29) has supplemented the list vatte more type of waste, unused
employee creativity. The types of waste traditibnaksociated with production settings
exist also in office environment. For example opeveessing occurs when data has to
be re-entered or excessive reports are creategitgi€el.ocher 2004, p. 17.)

3.1.2. Lean logistics

Jones et al. (1997) talks about lean logisticsh le@rehousing, and lean ordering.
According to Bowersox et al. (2002, see Wu 20@2)n logistics refers to excellent
ability to design and administer systems to contmmmbvement and geographical
positioning of raw materials, work in process, dmished inventories at the lowest
cost. Bartholomew (2008) presents a business damat applying lean thinking in a
warehouse. A lean warehouse differs from a tradfitioone in that there are no
bottlenecks in the basic processes and processifldransparent. Goals as speeding
material flow and reducing inventory are the sarmmdanaproduction environment. In
addition, some logistics-specific objectives can defined. For example reduced
number of picking errors, better accuracy of ineent higher productivity of logistic
activities, saving in warehouse space and safekimgrenvironment can be gained
when successfully applying lean philosophy andgadnla warehouse. (Bartholomew
2008.)

Perry (1988) notes that transport assets subsfibutéventory assets in just-in-time
systems. Similarly Kamoun & Yano (1996), who alsber to lean as a just-in-time
system, note that focus is on material flows irtef material storage. Trade-off is
made between transport costs and inventory holdisgs (Kamoun & Jano 1996). Wu
(2003, p. 1365) who has studied differences betwean suppliers and suppliers that
have not applied lean philosophy in their operatipaints out that vehicle utilization of
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lean suppliers can be poor. Hence, lean can biorggasome disadvantages. However,
based on studies of Wu (2003) lean suppliers aehimgyher scores on most aspects of
logistics performance. Besides lean suppliers Isaymificantly lower inventory levels
they spend less in emergency shipments and no timamnethe other suppliers on routine
shipments. (Wu 2003.) The findings of Wu and othesdemics strongly suggest that
lean thinking and tools can be successfully appitetbgistics. However, it should be
noted that probably companies that have not beefibom lean are left outside of the
majority of studies, which might reflect to thesaywpositive conclusions.

Womack & Jones (1996) have studied Toyota’s distidn system. The main actions
and implications of the study have later been surizeé by Jones et al. (1997).
Operation in Toyota’s warehouse include reductibhio sizes, placing frequently used
parts near the front of a warehouse, using stanpiaking routes, preventing working
ahead and dividing working day into standard workcles. Such warehouse
management has resulted in low inventories whitgice rate and productivity are up.
Respectively, delivery and ordering is realized siopport lean system: demand
information is inputted steadily and deliveries &exjuent, which has eliminated need
for emergency orders. (Jones et al. 1997.) Thistigrais also supported by Liker & Wu
(2000, p. 82) stating that logistic practices areshagement policies of customers can
have a great impact on ability of suppliers to cegpto demand. Based on studies in the
car industry, stable orders and regular demandégrertant means of supporting a lean
logistics system (Liker & Wu 2000, p. 86). Convdysestable production schedules
have a positive impact on maintaining stable sclesdtor customers (Wu 2003, p.
1367). Hence, each party of a supply chain hastonait to support the system.

3.2. Flow

MOT Oxford Dictionary of English 1.0 (2005) provildéollowing sense for the term
flow:

1 The action or fact of moving along in a steadyntowous stream 2 a steady,
continuous stream or supply of something

The termsteadydenotes something invariable atwhtinuoussomething uninterrupted.
According to Glenday (2007, p. 11) a perfect flowans producing and supplying the
same rate as market demand. In ideal case thisdwoebn there are no inventories,
items are produced one at a time and resourceadgusted as demand changes (Liker
2004, p. 90; Glenday 2007, p. 11). In reality ineeles are needed because there is
variation in customer demand and internal proceéBaliou 2004, p. 329; Rother &
Harris 2008, p. 64; Stevenson 2009, pp. 551-552).
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Rother & Harris (2008, p. 9) identify three typefsflow in production environment:
material flow, information flovandflow of operatorsAll three types of flow should be
smooth and continuous in a lean system. Focus iseoa information and material
flows. Rother & Harris (2008, p. 9) have listed somdicators, in form of assisting
questions, that can be used when analyzing if taerdrue flows in the system. These
are presented in table 3.2.

Table 3.2. Indicators to analyze flows (Rother & Harris 20@8,9).

Material flow | Does the work piece move from oneuealadding processing step
right to the next value adding step?

Information Does everyone working in a process know the taPgets
flow

How quickly are problems and abnormalities noticed?

What happens when there are problems and abnoesalit

If the material does not flow there is waste betwealue-adding process steps and the
flow is not continuous. If information does notvlgpeople may not share common
targets, reaction times are long and no one ha®mnsgbility for problem solving.

3.3. Leveling

In Toyota a Japanese term heijunka is used to ibesthe process of leveling
production. It consists of three characters thagetioer specify what is meant by
leveling.Hei denotes level or flat and applies to quantity amxl. Jun denotes standard
implying a fixed sequence and fixed quantig is a grammatical ending that converts
standard into standardization. (Glenday 2007, p. %6 leveling refers to methods of
evening out variation by quantity and mix of itepreduced. According to Liker & Wu
(2000, p. 86) the opposite of leveling is non-legeheduling that results in demand
spikes, in other words, intensifies the bullwhideef discussed in chapter 2.2.2.
Leveling makes it possible to keep inventory level and lead times short while
avoiding batching (Mapping to See 2007, p 156)stsded in table 3.1 (see chapter 3.1
Introduction to lean thinking) the ultimate goallebeling is to enable perfect flow.

3.3.1. Using supermarkets to level the volume of wo  rk

Leveling is done by first identifying a spot alotige value stream where orders from a
customer are transformed into production instrungidhis is called a pacemaker. Then
a standard inventory is created at the pacemakegrtait every step before and after to
operate in a leveled manner, using first-in-firat-echeduling downstream from the
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pacemaker and pull signals upstream. In make-tckstovironment a pacemaker is at
the end of an assembly operation. (Womack 20085p.) Rother & Harris (2008, p.
64) discuss about a kind of standard inventorysiied goods supermarket, that is used
to level fluctuations in customer demand. Superigriare inventories replenished only
when old goods are taken away. There is a speaifiount of inventory kept in
supermarkets based on purchase patterns and expboteand. Customers pull items
from a supermarket and so replenishment is donghase with real demand. (Liker
2004, pp. 105-106). An illustration of this is peated in Figure 3.1.

level volume
/\/\/ day-to-day
——_——— — — — —
| | volume
‘ fluctuations ‘
Process
Customer

Supermarket

Figure 3.1. Use of a supermarket to level the volume of wodajgéed from Rother &
Harris 2008, p. 64).

Ideally a supermarket allows satisfying customenaled on time while smoothing need
for volume variation in upstream processes. Inityeakw items are introduced and old
items pulled off from market, which implies thasapermarket needs to be frequently
updated. There is also a risk that customer denchadges or initial stock level of a

new item is estimated incorrectly. Hence, stock-smtiations or overstocking can

occur, which again can result in problems in prédmc In summary, maintaining a

supermarket might be more complicated that sugdesteneory.

3.4. Kanban

The Japanese wokanbanmeans literally a visible sign or card (Guptalefil899). It is

one means of visual control mentioned in table(8ek chapter 3.1 Introduction to lean
thinking). According to Ballou (1999, p. 400) kanha a card-based production control
system. More extensive definition is provided byafiey (2004, p. 107) who states that
kanban is a tool for controlling information andyuéating materials’ movements. It is
used to signal upstream when a product is consumged downstream process and
hence link sequential process steps (Smalley 200407). Ramnath et al. (2009, p. 58)
provide similar definition stating that a kanbarars authorization to act, andckanban
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systenis a pull-system for managing materials’ movemeggmarkar & Kekre (1987,
p. 4) specify kanban system slightly differentlyis a control mechanism that consists
of production process and inventory location. Dediyrom the specifications discussed
above the following description of kanban applieaibl this study is formulated:

Kanban is a means of transmitting information aodtecolling material movements in a
system consisting of processes and inventories.

Kanban can also be seen as an instrument to #eilitow discussed in chapter 3.2.
Details of kanban such as information content ameg of kanbans are discussed in
several sources (for example Monden 1983; Suzag¥;18$malley 2004). The basic

idea of kanban system is illustrated in figure 3[Be arched arrows represent pull
signals transmitted by kanban cards and the stragglows represent material

movements. Cards are placed in queues in frorteofvorkstations.

Raw material

—> \ Workstation \ Workstation \ Workstation Customer

order / demand

Figure 3.2. Basic idea of kanban system (adapted from Marek &001).

The basic principle is that material is pulled thgb the system only when authorization
to move it is received from downstream. Each sdtanban cards between workstations
authorizes material to be pulled into the upstreaorkstation for processing and
delivery to the downstream workstation (Marek et28l01, p. 122). Delivery of items
follows usually either dixed-time and variable-quantityattern or dixed-quantity and
variable-time pattern (Monden 1983, p. 24; Smalley 2004, p. 113)e prior is
appropriate for frequently consumed items wherbadatter suit items that are needed
only randomly. Fixing one of the two variables re€ésiuncertainty in a system.

In kanban system the total quantity of inventoryhamd and on-order is fixed since the
number of containers and cards is fixed (Karmaéafekre 1987, p. 4). Maximum

stock for any item is product of one kanban’'s sarel number of kanbans. Hence,
overproduction, which prevention is one purposéariban, can be avoided (Smalley
2004, p. 107). Monden (1983, p. 42) notes thatogyotfa kanban is a major factor of
successful control of inventory level. AccordingSmalley (2004, pp. 107-108) other
purposes of kanban are to provide specific instast serve as visual control tools and
establish basis for continuous improvement. Progidipecific instructions signify that

kanbans carry standardized and unambiguous infaym#iat indicate exactly what to

produce or transfer and how much. Visualization tlié kanban system enables
detecting abnormalities immediately. Improvement ba done easily by reducing the
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number of kanbans which automatically reduces ttal tamount of inventory in a
system. Another benefit of kanban can be reducatfommount of paperwork (Gupta et
al 1999, p. 1066).

Ramnath et al. (2009, p. 63) note that a kanbatesyfunctions well when only small
fluctuations in demand occur. This issue is apgredcfor example by Gupta et al.
(1999) and Smalley (2007). Gupta et al. have stuthie use of flexible kanban system
in production environment. In their simulatiomnber of kanbans is increasedhen
system performance needs to be improved and remawvedon as additional kanbans
are no longer needed or their presence resulteviered system performance. The
finding is that altering amount of kanbans is afeafve means of adapting to
variability, such as fluctuation in demariGupta et al. 1999.) Similarly Smalley (2007,
p. 112) states tha&mporary kanbanslestroyed after one-time-use, are a means tb reac
to exceptional short-term changes. Without doulnie@d to constantly alter the number
of cards complicates running of a kanban systemrardases amount of work.

3.5. Value stream map

Womack (2006, p. 145) introduces value stream lésafs:

All value produced by an organization is the ensliieof a complex process, a series of
actions that lean thinkers call a value stream. Whanore, the customer, whether
external or internal, is interested only in the walflowing to them, not in the weighted
average of an organization efforts for all produats in value flowing to other
customers.

The quote above highlights the importance of urtdating how customer value is
created. According to Rother and Shook (2003, ja. &lue stream consists of all value
adding and non value adding actions needed to mesid produce a product. Hence,
value stream is closely related to the concept adte (see chapter 3.1.1 Seven waste).
The idea of value stream is fairly abstract, andcbea systematic tool is needed to
understand it. A suitable tool called value streaapping was first introduced outside
of Toyota in 1998 by Rother & Shook (2003, versibB; see Womack 2006). It is a
process mapping tool that enables visualizing armterstanding value streams (Nash &
Poling 2008, p. 1).

Nash & Poling (2008, pp. 1-6) identify three coments that need to be portrayed in a
complete value steam map. These are process ougtiaal flow, communication or
information flow and timelines. The first one castsi of sequential process steps
connected with arrows and locations and sizes wéritories. Communication flow
includes formal and informal information sharingraiighout a process. Timeline
portrays for example lead time and value addingtiNash & Poling 2008.) System
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summary metrics can be calculated to assess thegaig value stream performance
(Keyte & Locher 2004). Mapping techniques, applmad and standardized mapping
symbols are discussed in more detail in severaliqatlons (for example Rother &
Shook 2003; Womack & Jones 2003; Mapping to Se&;288sh & Poling 2008).

Value stream mapping is useful in four ways: itpselisualizing processes, it helps
identifying sources of waste, it shows the linkdgetween information flow and
material flow, and it helps forming the basis ofiaplementation plan (Mazur & Chen
2008). Mapping activity is two-phase: first a cumrestate drawing is created to
understand existing operations and it is then asethe basis for a future state drawing
(Keyte & Locher 2004, p. 7). The important attrisitto be captured are flow versus
stagnation, push versus pull and level versus ier(8fomack 2006, pp. 152-153).
These attributes capture waste, that is muda, aademness, that is mura, of a process
(see chapter 3.1.1 Seven waste). Elimination ofararsd mura is only possible after
their existence is mapped and understood.

3.6. Standardization

According to Ismai (1986) it is impossible to impeo any process until it is
standardized (see Liker 2004, p. 124). In Toyo&jation from standard signals need
for worker training or need to revise inadequatethmds (Adler 1999). Hence,
standardization serves as basis for continuousowvepnent and provides common rules
of play based on best practices (Liker 2004). AdE®99) discusses the issue of
bureaucracy following from standardization and ieg. He notes that a system can be
either coercive or enabling. Coercive system iglridue to standards whereas enabling
system helps people to control their own work. 8#adization is needed to capture the
best practices in an enabling system. (Adler 1999.)

Standardization can be applied to several aspddtsyistic processes and warehouse
control. Nicholas (1998) for example suggests usiagdard-sized containers to reduce
inventories and facilitate distribution processe(d8&u 2003, p. 1354). Also process
steps can be standardized. Wu (2003, p. 1367) nib&sfluctuating demand makes
standardization difficult in production environmen8ince production is tightly
connected to other functions, one can supposealtératind variation hinders benefits of
standardization in a warehouse as well. This imspii@t the intensity of the bullwhip
effect (see chapter 2.2.2 Bullwhip effect) shoukl thed to reduce in parallel with
standardization.

3.7. 5S

5S is a system to create disciplined, clean and-ovganized work environment.
Abbreviation, 5S, stands for five action steps tha¢ sort, set in order, shine,
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standardize and sustain. In practice this impliedirsy out needed and unnecessary
items, putting needed items in fixed places, clegnip the work place, standardizing
these practices and converting these individuabastinto normal way of operating.
(Chapman 2005.) Suzaki (1987) states that ordediiserves as basis for standardized
production and shipping operations (see Wu 20080 A£hapman (2005) claims that
the lack of a robust 5S system can hinder the srafother lean tools. Some day-to-
day benefits of 5S are less searching for itemsredsed walking and motion, reduced
downtime, fewer safety hazards, improved flow, feméstakes and better utilization of
space (Chapman 2005). Improved flow is especiatllyartant when striving for better
inventory turnover as in case of Biohit. Hence, iSSone of the first ideas to be
implemented in a warehouse when starting to implogistic operations.
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4. RESEARCH METHOD AND MATERIAL

4.1. Presentation of the case company

Biohit Group consists of the parent company, Bi@yj, and seven subsidiaries. It has
two areas of business: liquid handling products dagnostic products. The former one
accounts for 96% of the net sales of 2008 (Biohih#al Report 2008), which is why
this study focuses on the liquid handling businésguid handling products can be
divided into three main product groups that @extronic pipettesmechanical pipettes
anddisposable pipette tipsn addition,liquid handling spare partsan be viewed as an
own product group. This classification will be ugbddoughout the study. The majority
of the liquid handling products are make-to-stomis. These are sold under Biohit
brand. PL and OEM are items sold under other braraiee. These are make-to-order
items.

Table 4.1 illustrates the proportions of PL and OE&ns of total product range for

each product group sold by Biohit Oyj within a tifineme of six months terminating in

May 2009. The table clearly points out that produatder Biohit brand form the most
important part of total product range of Biohit OMeanwhile, importance of PL and

OEM products for individual subsidiaries variesr legample, in case of Biohit Ltd.,

located in U.K., non-Biohit products are essertietause they account for 66.0% of all
mechanical pipettes sold during the last two qusirdé 2008 and the first two quarters
of 2009 (Questionnaire Study 2009). Even then, Biofoducts are the main concern of
the study because they take the majority of pradacand warehouse capacity
corporate-wide.

Table 4.1. Classification of product types in each produatgy (Axapta 25.5.2009).

Biohit brand % of total | PL and OEM % of total

Mechanical pipettes XX % XX %

Electronic pipettes XX % XX %

Pipette tips XX % XX %
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Production is carried out in three locations: ptasbmponents for pipettes are produced
in Helsinki, Finland; part of the mechanical pipstis assembled in Suzhou, China and
the rest of the liquid handling products are macifieed in Kajaani, Finland. The
structure of Biohit Group is illustrated in figuel. The arrows show how liquid
handling end items and components flow between gheent company and the
subsidiaries and also to outside sources. The B@d®ws illustrate the material flows
in focus of this study.

Biohit Deutschland Biohit Japan Co.,
Ltd.
GmbH Japan
Germany <

Biohit Biotech
Co., Ltd.
China
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Biohit Oyj
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Biohit SAS
France
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g
g

Biohit OO0 Biohit Ltd.
Russia U.K.

Biohit corporate group

42

Figure4.1. The structure of Biohit Group and material flows.

The site in Kajaani serves as a logistic hub. Thigonty of material within the

corporate group flows from Kajaani to the subsidgrThe factory in Kajaani receives
plastic components for pipettes from Helsinki. BioBiotech China Co., Ltd. ships
mechanical pipettes to Biohit Oyj and to Biohit L@uring this study Biohit Biotech

Co., Ltd. started direct shipments also to Biol@pah Co., Ltd. Each organization
serves as sales- and service company and suppjes Ihandling products and
maintenance service to end customers and distréuto

Biohit Oyj receives purchase orders from domestid #oreign distributors and final
customers, as well as from the subsidiaries. Figugeillustrates division of liquid
handling sales between the subsidiaries and otistomers during the last two quarters
of 2008 and the first two quarters of 2009. Becangrcompany sales account for as
much as XX% of total sales, the primary focus a$ tstudy is on the subsidiaries’
demand and ordering patterns.
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sales other
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Figure 4.2. Division of liquid handling sales of Biohit Oy 12008 — 30.6.2009 (Axapta
30.7.2009).

4.2. Time frame

The data gathered represents a time frame of oae Y&is period was agreed to be

long enough to understand the current state inusadecpccuracy. A period longer than

that is laborious to analyze due to a large amoiidfata, and additional benefit is not

considerable. In order to get as accurate and freshits as possible the most recent
data available was utilized. Data gathering staintetthe beginning of July 2009 so the

data covers twelve months backwards starting fiwerit of July 2008.

4.3. Acquisition of data

Data was acquired from the parent company as welfram all the subsidiaries.
Although time-consuming, collecting data from sunhny sources is necessary when
trying to understand corporate-wide logistics. Withdoubt such extensive data more
or less hinders in-depth analyses.

Two means of data gathering used werethe-spot interviewand a questionnaire
Interviews were used to avoid as much as posshepitfall of lacking in-depth
understanding. Logistics processes were also obddrv practice because interviews
were carried out in working environment of intewees. This made it possible to learn
how lean concepts such as waste and flow, discussdthpters 3.1.1 and 3.2, appear in
each company.

The questionnaire comprises of open-ended quespoesented in Appendix 1 and
numerical data that was entered into an Excel tatepiound in Appendix 2. Open-
ended questions are indirectly based on lean fitexraovered in chapter 3. The purpose
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of questions is to learn how material and informratilow inside the corporate group

and to external customers. This understanding sesgebasis for value stream maps
discussed in the chapter 3.5. Numerical data isvalail used to project state of

inventory management which is discussed in thearghapter 2.2. In addition, the

quantitative data can be used to evaluate theityabfl subjective answers. Three kinds
of numerical data were gathered.

1.10Orders of the subsidiaries’ customers per month
1.2 Subsidiaries’ purchases from Biohit Oyj per month
1.3 Subsidiaries inventory in the end of each month

All data was asked to be divided into four mainduct categories.

2.1Mechanical pipettes

2.2 Electronic pipettes

2.3Tips

2.4Liquid handling spare parts

These were to include only Biohit products kepsiack, that is to say, OEM and PL
products were left out. All data was to be statedumber of pieces on monthly basis
covering the time frame of one year. All subsidiarexcept for Biohit SAS filled in the
Excel template. Biohit SAS is using the same ER&tesy, Axapta, as Biohit Oyj,
which is why it was possible to access the requiratherical data directly without
intermediaries. Biohit Ltd. was able to fill in tiexcel template only partially, and its
purchases from Biohit Oyj (numerical data 1.2) wext#racted from Axapta.

Naturally data of stock keeping units instead ofiragate product categories would
have generated more exact results. Similarly datdady basis instead of monthly basis
would have brought more in-depth understandingatéssand orders. Despite of some
shortcoming, the chosen level of detail brings glbanefits: acquisition and analysis of
data is more straightforward and faster when owmlglte periods and four product

categories are studied.

Throughout this research report the refereQaestionnaire Study 2008 used when a
respondent of an open-ended question is unknovsummaries of numerical data are
presented. Thus data based on the questionnadtistisguished from other facts and
face-to-face interviews. The interviews were caroeit on the basis of the open-ended
questions in Biohit Oyj, Biohit SAS, Biohit OOO, d@iit Ltd. and Biohit Japan Co.,
Ltd. Several people involved in logistics procesard warehouse management were
interviewed in each of these companies. The resh@fcompanies gave answers in
writing to the same open-ended questions and redutimeem by e-mail.
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4.4. Accuracy of data

Numerical data about sales of Biohit Oyj to the ssdiaries is present in Axapta. By
contrast, majority of required data (see Chaptér dumerical data 1.1, 1.3) is stored in
the subsidiaries’ own ERP systems that are nogiated to the parent company’s
Axapta. Thus these figures are received from semyndources, and so there is a
chance for inaccuracies.

4.4.1. Possible sources of discrepancies

When comparing the data about sales of Biohit @yhe subsidiaries, stored in Axapta,
with the data of purchases from Biohit Oyj, recdifeom the subsidiaries, there are
some discrepancies. That is to say, figures dommatch exactly. There are three
explanations for these mismatches:

1. Recording practices applied are different.
2. Human errors have occurred.

3. Raw data is not filtered according to the requiretae

The first explanation suggests that the parent emmpand the subsidiaries have

different recording practices, which reflects te flgures. For instance, the date of sales
acquired from Axapta is the date when items weterded dispatched. By contrast, the

perceived date of purchase can vary. For examiptan be the date when an ordered
batch physically arrived to a subsidiary’s warelewos the date when ordered items

were entered into a subsidiary’s ERP system orilplgsthe date when an order was

paid. Therefore, the points of time are not exadtrbore suggestive. When considering
the twelve-month time frame the first month, Jud08, and the last month, June 2009,
are especially problematic. Items dispatched ire 2608 do not appear in those figures
extracted from Axapta but can be included intoftgares of the subsidiaries. Besides

the recording practices of any single subsidiany #ie parent company can differ, also

practices among the subsidiaries can be inconsidkaich one of the subsidiaries can
have unique way of processing data because no rewepwide standard procedures are
established.

According to the second explanation accuraciesiaesto human errors. OEM and PL
products were to be filtered out. Most probablysthas been done manually, which
leaves room for mistakes. The third explanatiorgests that filtering has not been done
according to the instructions and the figures idelutems that were to be excluded.
This can have occurred due to disinterest, lackuwdlerstanding or because the
instructions were not clear enough.
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4.4.2. Evaluation of accuracy

Two sets of values, the ones provided by the sidrged and the ones acquired from
Axapta, are compared in table 4.2. Values repras¢ait purchases from Biohit Oyj in
number of pieces within one year. Spare parts actuged for simplicity because
Axapta does not support sorting out PL and OEMesparts. In the first column is the
numerical value given by a subsidiary, in the sdoomlumn is the corresponding figure
acquired from Axapta, in the third column is diface of the previous ones and in the
last column is the difference in percentage. FigufeBiohit SAS and Biohit Ltd. were
extracted from Axapta so that there is no comparisaterial, and these two companies
are therefore left out.

Table 4.2. Comparison of values provided by the subsidiaaies values acquired from
Axapta (Questionnaire Study 2009; Axapta 19.8.2009)

Value Value | Difference | Difference
provided by from (1)-(2)
the subsidiary | Axapta (1)-(2) in %
(1) (2)
Biohit Deutschland GmbH
Mechanical pipettes XX XX XX XX %
Electronic pipettes XX XX XX XX %
Tips XX XX XX XX %
Biohit Biotech Co., Ltd.
Electronic pipettes XX XX XX XX %
Tips XX XX XX XX %
Biohit OO0
Mechanical pipettes XX XX XX XX %
Electronic pipettes XX XX XX XX %
Tips XX XX XX XX %
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Biohit Japan Co., Ltd.
Mechanical pipettes XX XX XX XX %
Electronic pipettes XX XX XX XX %
Tips XX XX XX XX %

Biohit Inc.

Mechanical pipettes XX XX XX XX %
Electronic pipettes XX XX XX XX %
Tips XX XX XX XX %

The absolute differences between the two setsgofds are relatively small in case of
Biohit Deutschland GmbH. Number of electronic pipst provided by Biohit
Deutschland GmbH appears considerably bigger thenerical value extracted from
Axapta when viewing difference in percentages. Tigsire is reviewed in Biohit
Deutschland GmbH, which rules out the third explimmapresented in chapter 4.4.1.
Therefore possible sources of discrepancies aferelift recording practices and human
errors.

Values of Biohit Biotech Co., Ltd. differ somewHadm those extracted from Axapta
when considering percentage values. Slight diffeeeés most probably due to different
recording practices. The company has not purchasgdmechanical pipettes from
Biohit Oyj, which is why these figures do not apipieethe table.

Values of Biohit OOO match quite well. The diffecess are substantial when
considering the number of items, but the percemstagstead are minor. The negative
difference of tips is interesting because it is motline with other deviations.
Respondents of the questionnaire cannot come upaniair reason to explain the gap.
The size of one order of Biohit OOO can be reldyivieig, and so few orders not
included in the subsidiary’s figures can cause madiféerences in absolute figures.

Figures of Biohit Japan Co., Ltd. match quite weith figures from Axapta when it
comes to pipettes. By contrast, the difference alfie provided by the subsidiary and
value extracted from Axapta for tips is XX %. Raatalwas acquired from Biohit Japan
Co., Ltd. but filtering and analyzing was executddBiohit Oyj. The possibility of
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human errors or poor filtering of data is minimizbg re-analyzing the raw data.
Therefore, the differences can be due to differeobrding practices or mistakes when
entering data.

The data of Biohit Inc. is accurate enough whermaines to pipettes. There is a
remarkable gap between the two quantities of fipg. value is moderate when stated in
percentage. Negative difference is interesting leeait cannot be explained by
inclusion of OEM and PL items. No fair reason tplaxn the gap came up.

None of the figures in the two sets of data matccty. Observed differences can be
used suggestively to evaluate overall accuracyefsubsidiaries’ data because there is
no suchlike comparison material for the subsid&sales figures and inventory values.
Supposedly any discrepancies due to different déegrpractice and unfiltered data
(see chapter 4.4.1) are repeated in all data setsded by one subsidiary. In general,
the values extracted from Axapta are smaller exéeptsingle figures provided by
Biohit OOO and Biohit Inc. Thus even discrepan@gist, most deviations are in line.
This suggests that figures provided by the subsetiaare comparable among each
other. One must be careful of drawing conclusidneny absolute figures. Instead, data
acquired from the subsidiaries is suggestive angdgtionate values are favored.

4.5. Data analysis

Data analysis combines numerical data, answers gen-ended questions and
observations. Each company is first studied seplgratarting from Biohit Oyj. Two
value stream maps based on open-ended questiorsbaarrations are drawn for each
subsidiary: one illustrates ordering and receptdmgoods from Biohit Oyj and other
one order processing and dispatching to local custs. In addition, answers to open-
ended questions and observations are considenedpieospective of lean concepts such
as kanban and 5S covered in chapters 3.4 and 3.7.

Numerical data is utilized rating the subsidiarid$is is done to understand their
proportionate significance in number of items pasdd and sold, and also to rate their
performance in terms of inventory turnover. Spaaetpare analyzed separately and
discussed in chapter 5.4. Final conclusions areergiin general level based on
similarities between the subsidiaries.
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5. RESULTS

5.1. The parent company’s end in the logistic chain

The empirical study starts at the parent compaag® of the logistic chain. Ordering
patterns of the subsidiaries are covered firstesthose affect directly operations in the
logistics department, the dispatching departmedttae production of Biohit Oyj. After
this, the processes of order processing and disipgtan Biohit Oyj are studied. This is
followed by identifying requirements for changeBiohit Oyj;j.

5.1.1. Ordering patterns of the subsidiaries

Each subsiriary buys an unique mix of products fi@iwhit Oyj. Figure 5.1 illustrates
relative purchases of mechanical pipettes by thsidiaries within the one-year time
frame under review. It is worth noting that Bioldtotech Co., Ltd. is not buying
mechanical pipettes from Biohit Oyj. Purchases mhi OOO, Biohit Inc. and Biohit
SAS account for roughly XX% of all subsidiaries ghaises. The rest is divided quite
evenly between Biohit Deutschland GmbH, Biohit Jafa., Ltd. and Biohit Ltd.

Biohit Deutschland

Biohit Ltd.
GmbH
XX %
XX %
Biohit Inc.
XX %
BiohitJapan Co.,
Ltd.

XX % :

Figure5.1. Subsidiaries purchases of mechanical pipettes $Quenaire Study 2009).

Figures 5.2 and 5.3 present corresponding figuseglectronic pipettes and tips. The
majority of electronic pipettes was sold to Biolit. The two subsidiaries located in
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Asia, Biohit Biotech Co., Ltd and and Biohit Jagao., Ltd., have together bought one
third of electronic pipettes. Meanwhile, Biohit IndBiohit SAS and Biohit OO0
together have bought roughly XX% of all tips sotdthe subsidiaries. According to
these three figures performance of Biohit OOO, Bidhc. and Biohit SAS affects
remarkably performance of production and logisticections corporate-wide.

Biohit Deutschland
GmbH

XX %

Biohit Ltd.

T wx %

Biohit Biotech Co.,
Ltd.

XX %

Biohit Inc.
XX %

Figure 5.2. Subsidiaries purchases of electronic pipettes gQaenaire Study 2009).

Biohit Biotech Co., Biohit Deutschland
XX % ) XX %
— — Biohit Ltd.
XX %
~ BiohitInc.

XX %

BiohitJapan Co., : >
Ltd. '
XX %

Figure 5.3. Subsidiaries purchases of tips (Questionnaire YB2A09).
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Size of the subsidiaries’ orders varies substdpntisdcause each has its unique ordering
pattern. For example, Biohit SAS places a big omere per month whereas Biohit
OOO orders bigger batches biweekly. These are sompited randomly with additional
orders. Meanwhile, Biohit Ltd. orders on Fridaysendas Biohit Japan Co., Ltd. orders
at random point of time. (Questionnaire Study 2Pp@aff of the logistics department
and the dispatching department of Biohit Oyj doesfually know the ordering logic of
the subsidiaries. For example, according to Riking2009b) Biohit Ltd. wants spare
parts delivered separately by courier whereas ther subsidiaries receive spare parts
along with tips and pipettes. Meanwhile Rickett8(Q@b) of Biohit Ltd. tells that spare
parts are ordered separately because it is coesidiee corporate policy, not because it
is the most convenient way for Biohit Ltd. The exdendemonstrates that there is lack
of information flow and plenty of room for standemation of order policies inside the
corporate group. Lean thinking emphasizes smodibrnmation flow and commonly
shared process targets (see chapter 3.2 Flow).

Frame orders, meaning rolling orders updated omcenmmnth covering three months
period, were required in the past. The remainhefdld system complicate the present
ordering. Some subsidiaries are not using framererdt all and some have created
their own adaptation. This leads to unequal andadiptable amount of work in Biohit
Oyj. Unevenness of workload, mura, is a problemsesihcauses waste in processes (see
chapter 3.1.1 Seven waste). Occasionally sevegadroiers arrive at the same time from
different subsidiaries causing rush (Tervonen 20Q8rlapping orders are one cause
of the bullwhip effect as discussed in chapter2.¥.arying and unpredictable order
sizes hinder standardized way of working. Accordmghtonen (2009a) preparing big
dispatches ties all workers so that no one has tonil new pipettes into Kardex
automated warehouse system as they arrive. Thiplazates and even delays picking
of following orders.

Figure 5.4 illustrates how the sales of tips toghbsidiaries have fluctuated. Different
sources of variation are not analyzed, and henssilple seasonal variation is present in
the data. Regardless of sources of variation, phend downswings in sales complicate
both production and logistics operations. For exanp April the volume of tips was
almost double compared to the volume in June.
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——Sales of Tips to Subsidiaries
Figure 5.4. Monthly sales of tips (Axapta 4.8.2009).
5.1.2. Value stream map

Idea of value stream mapping is covered in chapter A value stream map covering
export order processing and dispatching in Biohy§f @ presented in Appendix 3.
Export and domestic order processing cannot be ethjgintly because the procedures
are slightly different.

5.1.2.1 Distribution of time

The value stream map shows that lead time for tbegss ranges between 2 and 24
working days depending if items are in stock. Respely, processing time and value
adding time change depending on the size of oRlexcessing time is the time used to
carry out an activity, and it can be either valddiag or non-value adding. Proportional
values of processing time and value adding timecateulated in proportion to lead
time and represented in the value stream metrigsdbdhe value stream map. Lead
time consists of only working days which duratisrassumed to be eight hours.

Minimum processing time for an order of few linents is less than an hour. This is
possible when all items are in stock and pricermgtion is correct. In that case, value
adding time accounts for roughly 4% of the minimiead time of two working days. If
order is outstandingly big, picking takes more tloae working day and value adding
time is roughly two working days. In that case,uealadding activities account for
approximately 7% of the maximum lead time of 24 kitog days. Figures are indicative
estimates. However, they give a general idea athmufportion of value adding time
relative to total lead time. Value adding time @attbat worst and at best well below ten
percent. Majority of lead time is due to waste odititng and excess movements
discussed in chapter 3.1.1 Seven waste.
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5.1.2.2 Review of order processing

Asking for delivery dates is the most laboriousktas order processing (Kujansuu
2009; Ristimaki 2009a). Each line item has to besatered separately. A logistic
assistant checks which items are available in stouk then asks production planning
department for delivery dates for the rest of ite®sheduling data in Axpata is not
relied on due to constant changes. Production pigndepartment is supposed to
inform the logistics department about changes odpction lead times but sometimes
communication is poor. (Ristimaki 2009a.) Accordirtg production planning
department delivery times for products not avadainl stock normally range between
seven and twenty-one days. Changes and wide rdndgieery times suggest there is
some uncertainty in production planning which i€ @ymptom of the bullwhip effect
(see chapter 2.2.2 Bullwhip effect). Teuronen (J0€iftes that almost every order she
processes contains some line items that cannotefigered directly from stock.
Therefore, few single items delay confirmation dowhole order. In consequence, order
processing is delayed due to waste of waiting amdritory of information.

When all items are in stock process flow is cordiumias intended in any lean system
(see chapter 3.2 Flow). Stock-outs disrupt firstiist-out order processing because
some orders have to wait for settling delivery datdile some flow through directly.
Therefore, communicating delivery dates should laelenas easy and standardized as
possible. Teuronen (2009) estimates that a leagl dinorder processing and dispatching
can be as long as two months if some items arenrsiock.

Prices in Axapta, that a sales staff is responsibke are not always up-to-date
(Ristimaki 2009a; Teuronen 2009). This causes extiek in the logistics department
when updated price information has to be askedHi@m time to time wrong prices are
used which leads to laborious process of creatimgedit note (Ristimaki 2009a).
Hence, order processing is delayed due to the wehstefects discussed in chapter 3.1.1
Seven waste.

There are some minor problems related to allocgineglucts to customers. First of all,
first-in-first-out priority rule does not always jhy@en because several persons are
processing orders and reserving items simultangouBldest available items are
reserved in Axapta before creating a picking &bme orders are reserved later but
dispatched earlier than other orders. This impiieg older items stay reserved while
more fresh items are dispatched, which disturbst-fi-first-out rule. This also
complicates picking. (Ohtonen 2009a; Tervonen 2009.addition, domestic orders
overtake export orders because no delivery tinreeexled for a domestic order (Ahola
2009). This can delay an export order if items hageyet been reserved. In such case
export orders are exposed to the waste of waieg Chapter 3.1.1 Seven waste).
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5.1.2.3 Review of dispatching

Previously the logistics department reserved iteand created picking lists three
working days before a delivery date of an expomprsient. During the study this time
frame was reduced to two working days. The dispatcepartment organizes picking
lists according to their due dates. Earliest-due-ghaiority rule is generally followed.

Exceptions are outstandingly big orders, whoseipicks time consuming, and orders,
whose collecting is arranged by a customer sottiteexact hour of collecting cannot
be known. (Ohtonen 2009a.)

Tips are kept on shelves whereas most of pipettesstred in Kardex automated
storage. Not all pipettes fit in Kardex which coroptes picking activities. Tips are
arranged on shelves according to their package Bleanwhile, in a picking list they
are organized in increasing order according to pcbdode numbers. This complicates
picking and creates waste of unnecessary movemgdtisity of collecting items and
reading bar codes can stretch from five minutethtee working days depending on a
dispatch’s size (Ohtonen 2009a). Ohtonen (2009%nates, that the time could be
halved if tips were arranged in same order aspicking list. Also modifying picking
lists could be considered to solve the issue.

The lead time in the dispatching department is atnadways the maximum accepted
time. Small orders wait for picking most of thisng implying that the flow is not

smooth (see chapter 3.2 Flow). The actual procgstime for small orders in the

dispatching department is roughly twenty minutedcivhis 0.5% of the lead time.

Meanwhile, picking of big orders is started earléard majority of waste is due to
unnecessary movements when collecting tips. Proaedsne can be three working
days but value adding time is approximately halfhs.

Picking pipettes is straightforward, and there asroom for human errors. An item
number is entered into Kardex, and the system aatioaily finds the right product.

Correctness of items is double-checked when reaithi@ig bar codes. The dispatching
department e-mails copy of a picking list and adfilfreight to the logistics department
that creates invoice and packing slip. These im tare sent to the dispatching
department where all necessary documentation #&hatl to a dispatch. It is then
moved to the dispatching area where collected lopraract carrier or a forwarding
agent arranged by a customer.
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5.1.2.4 Summary of the value stream

Table 5.1 summarizes problems of order processidgdéspatching experienced by the
logistics department and the dispatching departrmiBtohit Oyj.

Table 5.1. Problems of order processing and dispatching.

Logistics » Asking for delivery dates is time-consuming
department
* Few items can delay confirmation for a whole order

* Production planning does not always inform aboainges in
production lead times

* Price information in Axapta is not always up-toalat

« Domestic orders can delay export orders

Dispatching » First-in-first-out priority rule does not alwaysgyen
department
» Tips are physically arranged differently than iokang lists

* Not all pipettes fit in Kardex automated storage

Targets for development of the process are marked walue stream map found in
Appendix 4. Kaizen bursts clearly indicate wherd arhat kind of improvements are
needed to solve problems listed in table 5.1. Beleach kaizen burst is discussed
separately in their numerical order.

1. Communicating of delivery times with the productipfanning prolongs and
complicates order processing and so it has to becesl. Therefore, less
variation of lead times is called for. If lead tisneere standard and up-to-date in
Axapta, logistics assistants could estimate defiemes without having to
consult the production planning.

2. Some communication with the production planning i needed. It should be
standardized and simple. Under the best of circamasis, logistics assistants
would never have to ask for delivery times but pineduction planning would
automatically report any exceptional lead times.

3. Sales staff must assure that all prices in Axaptaup-to-date. Logistics staff
has to quit confirming prices.
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4. Arrangement of items in the warehouse has to begdgwto support efficient
picking. In practice this means that

» tips have to be arranged according to their usage
» tips have to be in logical order in relation tolpng lists
* pipettes have to be placed either in Kardex ol@n facks

Ohtonen (2009b) suggests that the most conveniaptovarrange tips would be
according to product code numbers, except for disge tips and some
individual items that are dispatched seldom. Thefeequently needed tips
could be located on the back of the warehouse. dilviple practice is supported
also in lean theory (see chapter 3.1.2 Lean |lagisti

5. Variation in sizes and timing of orders has to éduced. Order processing and
dispatching is more standardized when amount ofkwspreads evenly.
Reduction of large orders reduces rush in the tibpey department, and leaves
time for placing items onto shelves and into Kardex

6. Amount of paper work should be reduced as muclossilple to save time, costs
and environment. It should be evaluated which danimreally have to be
printed and filed physically.

5.2. The subsidiaries’ end in the logistic chain

The subsidiaries’ end of the logistic chain is gedefirst in the aggregate as it appears
in Biohit Oyj. In order to identify similarities @ndifferences between the subsidiaries
they are compared against each others. Hence, @t problematic companies can be
identified.

5.2.1. Sales per subsidiary

Subsidiaries operate in markets very different freach other. Besides the overall sales
volumes vary, also the mix of products sold isetdéht for each subsidiary. Figure 5.5
illustrates each subsidiary’s sales of mechaniigedtfes during the one-year time frame.
The data is in number of pieces. Intercompany saleBiohit Biotech Co., Ltd. are
filtered out. The figure shows that Biohit Biotec@o., Ltd in China has sold
substantially more mechanical pipettes than angraghbsidiary. Sales of Biohit OOO
in Russia are also significant.
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units

july august sept oct nov dec jan feb  march april may  june
M Biohit Deutschland GmbH H Biohit Ltd. M Biohit Biotech Co., Ltd.
M Biohit 000 M Biohit SAS M Biohit Inc.

Biohit Japan Co., Ltd.
Figure5.5. Subsidiaries’ sales of mechanical pipettes (Quastire Study 2009).

Figures 5.6 and 5.7 present the corresponding &aledectronic pipettes and tips. The
nature of different markets is apparent when compathe three figures 5.5, 5.6 and
5.7. For example the sales of mechanical pipettesheh in Chinese market where
Biohit Biotech Co., Ltd. operates but the salepipktte tips are relatively low instead.
Meanwhile, Biohit SAS in France, Biohit Inc. in UAS and Biohit OOO in Russia have
sold plenty of tips. The sales of electronic pipetboom in Asia where Biohit Biotech
Co., Ltd. and Biohit Japan Co., Ltd. operate. Asohit Inc. has sold a great number of
electronic pipettes.
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units

july august sept oct nov dec jan feb  march april  may june

M Biohit Deutschland GmbH B Biohit Ltd. M Biohit Biotech Co., Ltd.
H Biohit 000 H Biohit SAS m Biohit Inc.
[ Biohit Japan Co., Ltd.

Figure 5.6. Subsidiaries’ sales of electronic pipettes (Questaire Study 2009).
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c
3
july august sept oct nov dec jan feb march april may june
M Biohit Deutschland GmbH M Biohit Ltd. M Biohit Biotech Co., Ltd.
M Biohit 000 M Biohit SAS H Biohit Inc.

 Biohit Japan Co., Ltd.
Figure5.7. Subsidiaries’ sales of tips (Questionnaire Stud99).

These figures indicate that each subsidiary hasntque requirements for inventory
control. Tips and pipettes are handled and stoiéerently due to their different size
and packaging. In addition, customers consider dipd pipettes differently: Tips are
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simple, disposable products that customers expedet almost immediately when
ordering. Meanwhile, pipettes are more expensiuk fzave longer operating life than
tips. This results in that, to some extent, custsnaee willing to wait for a dispatch of
pipettes (Questionnaire Study 2009). This has todmsidered when planning inventory
control.

Demand amplification mapping (see chapter 2.2.2e2ddring the bullwhip effect) is
used to compare the subsidiaries’ monthly purchagamst monthly sales. Figure 5.8
presents demand amplification mapping of mechapipattes. The data includes all
subsidiaries besides Biohit Biotech Co, Ltd. whkeft out because mechanical
pipettes are produced on site in China. Both ddigures, the sales and the purchases,
are given in proportion to the subsidiaries’ averaggregate monthly sales.
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Figure 5.8. Subsidiaries’ aggregate purchases against aggeegalies for mechanical
pipettes (Questionnaire Study 2009).

The figure suggests that total purchases and &atkds do not differ substantially.
However, there are differences between the two vehlying any single point of time.
For example, in October sales were 129.0% highan thverage and purchases
exceeded the average sales by 175.8%. The difierbatiween the highest and the
lowest selling months is roughly XX mechanical pips whereas difference between
months with the most and the least purchases iandroKX mechanical pipettes
(Questionnaire Study 2009). The more extensiveudhtons in purchases than in sales
suggest the bullwhip effect discussed in chapt®2ds present. Sources of fluctuations,
such as seasonal changes or random variation iamgnor human errors in ordering,
are not tracked here.
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The figure also suggests that purchases lag s@legt drop in sales after October
resulted in significant dip in purchases in Novemthaxt continued also in December
thought sales had already stabilized. Drop in salésr December caused drop in
purchases after January, and respectively thewoilp upward movement lags behind
by one month. Figures 5.9 and 5.10 show demandifawapbn mapping of electronic
pipettes and tips. Biohit Biotech Co., Ltd. is umbéd in these figures. The bullwhip
effect is again visible. Total sales are relativediable but purchases fluctuate.
Difference between the most and the least sellimntin for electronic pipettes is
roughly XX, and difference between months with thest and the least purchases is
around XX. Corresponding figures for tips are XXdaKX. (Questionnaire Study
2009.)
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Figure 5.9. Subsidiaries’ aggregate purchases against aggeegates for electronic
pipettes (Questionnaire Study 2009).
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Figure 5.10. Subsidiaries’ aggregate purchases against aggmeegsdles for tips
(Questionnaire Study 2009).

In each product category purchase volumes systeatigitifluctuate more than sales
volumes though the total amounts of sales and pseshdo not substantially differ.
Explanations for behaviour of the graphs are dsedsogether with subsidiary-specific
demand amplification mapping in chapter 5.3 In-tegttidy of the subsidiaries.

5.2.2. Turnover per employee

Another way to compare the subsidiaries is to erantheir sales and number of
employees. Table 5.2 presents turnover per empléyeeach subsidiary in 2008
excluding intercompany sales. PL and OEM itemsrartkeided in the figures. Turnover
has been converted into Euros which slightly distdhe figures due to changing
exchange rates. Biohit Biotech Co., Ltd. has praduocfacilities unlike the other

subsidiaries that are purely marketing and salegpemies. Therefore, the organization
structure is distinctly different. Two differenigfires are illustrated for Biohit Biotech
Co., Ltd.: number of employees working in non-praithin activities and corresponding
turnover are presented first, and statistics inaolgidall employees are given in
parenthesis.
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Table 5.2. Turnover per employee for Biohit subsidiaries edulg intercompany sales
(Biohit group sales 2008; Henkildsto yhtidittain(H).

Average | Turnoverin| Turnover per
number of | 2008 (€) employee in
employees 2008 (€)

Biohit SAS (France) XX XX XX
Biohit OOO (Russia) XX XX XX
Biohit Inc. (U.S.A)) XX XX XX
Biohit Ltd. (U.K). XX XX XX
Biohit Biotech Co., Ltd.(China) XX (YY) XX XX (YY)
Biohit Japan Co., Ltd. (Japan) XX XX XX
Biohit Deutschland GmbH (Germany) XX XX XX

Although production staff is excluded, turnover genployee in Biohit Biotech Co.,

Ltd. in China is remarkable low. The major reasenthat the sales of mechanical
pipettes assembled in China sold to Biohit Oyj Biwhit Ltd. do not appear in the sales
figures presented here. Intercompany sales of BRibiech Co., Ltd in 2008 were XX

€ (Sales IC 2008). In addition, level of wages mr@ is low compared to for example
the European countries. Relatively more personaelle employed in Biohit Biotech

Co., Ltd. which lowers turnover per employee.

A company that stands out positively is Biohit Ititat has relatively high turnover per
employee. This can be explained by the mix of petglsold by the subsidiary. Biohit
Inc. has bought XX% of all Biohit electronic pipettand XX% of tips sold to the
subsidiaries during the one year period under vef@uestionnaire Study 2009). The
company has managed to sell only XX% of the eleatrpipettes bought in from the
parent company but the sales still account for Xofall electronic pipettes sold by the
subsidiaries (Questionnaire Study 2009). In conatysBiohit Inc. has sold a lot of high
value products. In addition, the sales of tips Havemed in Biohit Inc. for the company
has sold more tips than bought in (Questionnaiue52009).
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5.2.3. Overview of shipments

Key figures of outbound logistics are the numbersbipments and shipments’ sizes.
Figure 5.11 summarizes the number of shipmentswvieat¢ dispatched from Kajaani
dispatching department of Biohit Oyj in 2009 by #rel of July.
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Figure 5.11. Number of shipments year-to-date in the end of 2089 (Kuljetustilasto
Vienti 2009).

A striking number is the one of Biohit Ltd. As maay 62 shipments were delivered to
Biohit Ltd. within the seven months. That on averaagccounts for more than two
shipments per week. Biohit Ltd. wants spare pagtvered separately by courier which
increases the total number of shipments. The athiesidiaries receive spare parts along
with tips and pipettes. Biohit Japan Co., Ltd. &dhit OOO stick out because of their
low figures. Biohit OOO receives goods biweekly &gse of complicated customs
clearance in Russia. According to Tiainen (2008)ldw number of shipments to Biohit
Japan Co., Ltd. is due to an attempt to save msgrartation and handling costs. This is
one of the typical pitfalls of inventory managemedrgcussed in chapter 2.2.1 Typical
problems (see table 2.1).

The first column of table 5.3 illustrates an averagmber of shipments per week based
on the values in figure 5.11. An average numbgrusthase orders per week is given in
the second column, and an average number of sedessan the third column. There

are calculated based on numerical data of the ignestre. Average number of sales
orders per month in Biohit Ltd. is not availablem& span of number of shipments is
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slightly different than that of number of purchasel sales orders, and therefore values
in table 5.3 are indicative.

Table 5.3. Average number of shipments per week (Axapta 2008; Axapta
19.8.2009; Kuljetustilasto Vienti 2009; Questiomeabtudy 2009).

Average Average Average
number of number of | number of
shipments per purchase | sales orders
week orders per per week
week
Biohit SAS (France) 11 2,2 278,3
Biohit OOO (Russia) 0,4 1,8 157,6
Biohit Inc. (U.S.A.) 1,3 1,9 121,6
Biohit Ltd. (U.K). 2,1 2,5 n/a
Biohit Biotech Co., Ltd.(China) 1 2,6 23,5
Biohit Japan Co., Ltd. (Japan) 0,6 1,3 100,6
Biohit Deutschland GmbH (Germany) 1.4 2,5 39,0

Table 5.3 clearly points out that number of purehasders exceeds the number of
shipments. This strains the logistics departmegtt phocesses the orders in Helsinki and
implies that ordering logic or length of dispatafioycles could be rationalized. In

addition, the table illustrates that amount of sabeders is significant compared to
amount of purchase orders. The proportion of th@sevaries among the subsidiaries.

The sizes of the shipments to the subsidiarieslaogn in table 5.4. Data is of items
dispatched from Kajaani dispatching department iohB Oyj in 2009 by the end of
July. Sizes are given in pallets.



Table 5.4. Key figures of shipments year-to-date in the endubf 2009 (Kuljetustilasto

vienti 2009).
Average Standard | Biggest
number of | deviation | shipment
pallets per in number
shipment of pallets
Biohit SAS (France) 8 10,7 36
Biohit OOO (Russia) 13 4,3 20
Biohit Inc. (U.S.A.) 10 7,6 25
Biohit Ltd. (U.K). 2 1,9 14
Biohit Biotech Co., Ltd.(China) 2 1,4 7
Biohit Japan Co., Ltd. (Japan) 5 4.4 17
Biohit Deutschland GmbH (Germany) 2 0,7 3

On average, Biohit Ltd. has received shipmentsnaallsas two pallets. Although the
number of small-sized shipments to Biohit Ltd. ighhthe standard deviation is
relatively low, which means that the range of shepirsizes is narrow. By contrast, the
standard deviation of shipment sizes of Biohit SA&Sextensive. Such variation
typically cause variation in the amount of work dee, that is mura (see chapter 3.1.1),
when dispatching and receiving. Other notewortgyries are the standard deviations of
Biohit Inc., Biohit Japan Co., Ltd. and Biohit OQkat appear relatively high.

5.2.4. Controlling logistics

The subsidiaries were asked about indicators tlseyta control the logistic processes
and their inventories (see Appendix 1). Indicat@fer to any control parameters that
are monitored and periodically updated in orderutwlerstand trends or highlight
deviation from normal. More precisely, they werekeas if inventory turnover is
calculated and used as a control indicator of stdble subsidiaries were also asked if
they have explicit process descriptions, and if/treepack the products received from
Biohit Oyj. The purpose is to indentify how systdimaor inconsistent planning and
controlling activities are. The summary of the tesis presented in table 5.5.
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Table 5.5 Indicators and controlling methods used in the silibses (Questionnaire

Study 2009).
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There are products sold in
smaller/bigger units than NO | YES | YES NO NO | YES| YES
their standard selling unit,
and so have to be re-packed
Process description for
. PIONTOr 1 No | No | NO | YES| YES| YES| VYES
ordering and receiving exists
Systematic indicators (KPI)
for ordering and receiving | NO NO NO NO NO NO NO
process exist
Process description for sales
order processing and NO NO NO | YES| YES| YES| YES
dispatching exists
Systematic indicators for
sales order processing and] NO NO NO NO | YES NO NO
dispatching process exist
ABC-categories are used NC NC N( N( NO NO
Inventory turnover is
calculated for product NO NO NO NO | YES NO NO
groups regularly
Delivery reliability to
external customers is NO NO NO | YES| YES NO| YES
calculated
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Results presented in table 5.5 suggest that teex@m for more systematic operations
and standardization in the subsidiaries. Lack gf jeerformance indicators and process
descriptions can imply that there are no sharegetarand abnormalities are not easily
noticed. This indicates that information flow isgpo(See chapter 3.2 Flow, table 2.3.)

Following figures 5.12, 5.13 and 5.14 present inegn turnover separately for
mechanical pipettes, electronic pipettes and tipseach subsidiary. Turnover is
calculated using formula (3) presented in chapt@r32Iinventory turnover. Because
calculation of one year's performance is done waieds and only data covering a
limited time frame is available, constant annudésare used instead of rolling time
horizon: total sales during the one year periodenmeview are divided by each end-of-
month inventory value. Number of pieces is useddibrthe subsidiaries except for
Biohit Ltd. that was only able to provide monetaglues. Figure 5.12 excludes Biohit
Biotech Co., Ltd. because its turnover for mechanppettes is significantly higher
than that of the other subsidiaries and would distbe scale. Average inventory
turnover for mechanical pipettes in Biohit Biote€b., Ltd. during the one year period
under review is XX.

Inventory turns

july august sept oct nov dec jan feb march  april may june
=——2Biohit Deutschland GmbH ——2Biohit Ltd. ——Biohit 000
—Biohit SAS Biohit Japan Co., Ltd. Biohit Inc.

Figure 5.12. Subsidiaries’ inventory turnover for mechanicapgites (Questionnaire
Study 2009).

In terms of period of storage (see chapter 2.2/8rtory turnover) the best value is one
and a half months that is achieved momentarily atoBer by Biohit SAS. The best
average period of storage of XX months is the sdareBiohit SAS and Biohit
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Deutschland GmbH. Biohit Japan has the worst aeeqagyiod of storage of XX
months. (Questionnaire Study 2009.)

Inventory turns

july  august sept oct nov dec jan feb march  april may june
Biohit Deutschland GmbH Biohit Ltd. Biohit Biotech Co., Ltd.
Biohit OO0 Biohit SAS Bichit Japan Co., Ltd.
Biohit Inc.

Figure 5.13. Subsidiaries’ inventory turnover for electronicppites (Questionnaire
Study 2009).

Inventory turns

july august sept oct nov dec jan feb  march aprii  may june
——Biohit Deutschland GmbH ——Biohit Ltd. ———Biohit Biotech Co., Ltd.
— Biohit 000 — Biohit SAS ——Biohit Japan Co., Ltd.

= Biohit INC.

Figure 5.14. Subsidiaries’ inventory turnover for tips (Questiaire Study 2009).
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Inventories of tips turn better than inventoriespgdettes. Turnover ratios presented in
the figures 5.12, 5.13 and 5.14 are on average \Which means that inventory levels
are high. The best average period of storage ofrel@c pipettes is XX months and the
worst is XX months. Respectively, the best averpgeod of storage of tips is one

month and the worst is XX months. (Questionnaired$t2009.) It was concluded

earlier that excess inventory can be one symptorthefoullwhip effect (see chapter
2.2.2 Bullwhip effect).

Table 5.6 summarizes all turnover figures. It pnéseaverage turnover per product
group for each of the subsidiaries. Turnovers equééss than three times per year are
highlighted red. Respectively turnovers equal orenthan eight times per year are
highlighted green. Poor inventory turnover implieat items jam in stock and hence the
flow (see chapter 3.2 Flow) is unsatisfactory.

Table 5.6. Average inventory turnovers (Questionnaire Stualya3.
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Mechanical pipettes XX XX XX XX XX XX XX

X
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X
X
X
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X

Electronic pipettes | XX

X
X
X
X

Tips XX XX XX XX XX

Spare parts XX XX XX XX XX XX XX

Table clearly shows that management of spare pamn&ntory is poor in all the

subsidiaries besides Biohit Ltd. whose stock ofrepmarts turns quite well. In general
tips are the least problematic product group. Tihlg subsidiary that struggles with all
product groups is Biohit Japan Co., Ltd. Hence aaperations of Biohit Japan Co.,
Ltd. should be studied with extra caution.
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5.3. In-depth study of the subsidiaries

Each subsidiary is discussed individually in theeetions: Subsidiary-specific issues
are covered in an overview chapter. Then, inter@mggogistics are discussed in a
separate chapter followed by a chapter dedicateditftmound logistics. In the overview
chapter demand amplification mapping (see chap22 Measuring the bullwhip
effect) is carried out to compare purchases fromhBiOyj against sales to final
customers. Demand amplification mapping is suppigate with figures indicating
changes in end-of-month inventory value. Hence,viiréical axes of the figures have
two scales: on the left hand side there is theesfal demand amplification mapping
and on the right hand side the scale for changendof-month inventory. Only the
most significant product group in terms of purclsaiseselected (see figures 5.1, 5.2 and
5.3.) for detailed discussion. Whether it is meatanpipettes, electronic pipettes or
tips, depends on a subsidiary.

Discussion in the chapters dedicated to intercompagistics and outbound logistics is
indirectly based on the value stream maps skettiredach of the subsidiaries. Value
stream mapping was introduced in chapter 3.5. Siheee are two fairly large value
stream maps for each of the seven subsidiariesn#ps themselves are not attached to
this thesis. However, the main points of the vallnieam maps are covered in the text.

5.3.1. Biohit SAS

Biohit SAS in France is one of the three biggesbhBi subsidiaries measured by
purchase volume from the parent company. Withinotne year period under review the
monetary value of its purchases accounts for XX%lbsubsidiaries purchases when
considering the liquid handling products. (Axapt712009.) Hence, the subsidiary’s
purchasing patterns greatly affect production amgistics in Biohit Oyj.

Demand amplification mapping of tips supplementeth whe change in end-of-month
inventory value is illustrated in figure 5.15. Thees show purchases from Biohit Oyj
against sales to final customers, and the barstidite changes in monthly inventory
level. Sales and purchase data is given in pergerdf Biohit SAS’s average sales in
units within the one year period. End-of-month imey values are given in number of
sales units. Since the purchases fluctuate more ttie sales, the bullwhip effect (see
chapter 2.2.2 Bullwhip effect) seems to be present.
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Figure 5.15. Comparison of the purchases of tips from Biohit ®@ih the sales of tips
to final customers (raw data acquired from Axa@&,.2009).

The figure 5.15 shows that the sales from Biohi&34. final customers are fairly stable
and fluctuations around the average are moderatecddtrast, the purchases from
Biohit Oyj vary considerably compared to the averagles of Biohit SAS. A slight
change in sales seems to precede an extremerspifirchases. For example, the sales
to final customers decreased from July to Augusttbe purchases increased instead,
dropping only just in September. Extreme low arnghtpeaks in purchases follow one
another. It seems that the subsidiary either urstierates or overestimates the monthly
needs, and an estimation error is balanced out antither extreme estimate that does
not match real consumption rate.

When comparing the overall purchases from Biohit @yapta 6.7.-9.7.2009) with the
overall sales to final customers (Questionnaired$2009) the two figures are almost
equal for each product group. This implies that¢berect amount of goods has been
shipped from Biohit Oyj but it has been unequaligpérsed within the time frame.
Goods are accumulated into batches and batchwargsubstantially.

5.3.1.1 Biohit SAS - Ordering and reception of good s from Biohit Oyj

Orders of Biohit SAS are based on forecasts. Thealculated item by item based on
previous year's average sales and adjusted acgoritinthe managing director’s
personal opinion. Frame orders are placed in tlgnbang of month, and they cover
approximately 70 - 80% of order volume. (Carnis 2pAccording to Andre (2009)
additional orders are placed when needed, typieallgften as few times per week. The
high frequency of extra orders suggests that franders based on historical data are
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not functioning well. Poor forecasting was idemtifias one symptom of the bullwhip
effect (see chapter 2.2Rullwhip effect).

Reception of goods is done without a bar code redlarehouse workers check items
against a packing slip, and a sales assistant epdatentory values in Axapta. Layout
of the warehouse does not support first-in-first-otder that is, according to Carnis
(2009), tried to maintain. For the moment, firstfirst-out system is vulnerable and
exposed to human errors. The warehouse consissvefal rooms, and shelves do not
have addresses. Received tips are placed in thkedbdlce warehouse and moved closer
to a dispatching area when there is enough roons. dduses excess movements which
is one of the seven wastes covered in chapter.Rhtlonalizing items’ locations in a
warehouse is one way of executing lean logistick.23_ean logistics).

According to Gire (2009) workload caused by recegvjoods is not even throughout a
month. Order sizes are varying and that causestapariod normally in the end of a

month (Andre 2009; Gire 2009). It is stated in ¢abl4 that standard deviation of
number of palettes dispatched to Biohit SAS is igh las 10.7. This figure supports

staff's opinion that workload is dispersed ratheegually. Hence, leveled cycles of
ordering would facilitate the operations in BiolSAS. Another way to improve the

process would be assigning a process owner. Atrtbment the managing director

carries responsibility for the overall business] &yistics operations are taken care of
by several persons.

5.3.1.2 Biohit SAS - Sales order processing and dis  patching

Biohit SAS provides delivery within 24 hours didgcto final customers. In 2008 the
company had some 3500 customers (Gire 2009). Cé20R9) estimates that 1200
deliveries are dispatched monthly and orders angallys relatively small. Order

processing is handled by same workers as orderorg Biohit Oyj, and so the office

personnel are multi-skilled.

The process is fairly straightforward apart fronclpag and backorder processing.
Items are packed in one of four standard-sized $axeBiohit packing is reused.
According to Carnis (2009) the period of storageatking material is one and a half
months. It is located in several places in the tvanse, and waste of excess movements
is therefore apparent (see chapter 3.1.1 Severewds$, discussed in chapter 3.7,
should be applied to maintain rational order in Wha&ehouse. To avoid backorder
processing, mix of products ordered from Biohit Gshjould better match final
customers’ needs. In addition, delivery times ajlsi Oyj should be more accurate.

Dispatched goods are not traced by their serialbminbecause that is perceived too
laborious (Carnis 2009). Yet, serial numbers must ttaced in case of recall.
Introduction of bar code readers would solve tHendina. Since no bar code reader is
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currently in use, inventory in Axapta has to beuastl by the office personnel (Carnis
2009). If warehouse workers do not report any paisl in dispatching, an office
worker automatically reduces inventory (Carnis 200%is is a straightforward way of
working since communication is needed only whemareption occurs.

Table 5.7 lists the strengths and weaknesses @ftio@ctivities at Biohit SAS. The
main points discussed above are repeated and dhererelevant observations added.
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Table 5.7. Summary of the strengths and the weaknesses luf B&S.

Strengths and best
practices

Weaknesses and targets for
development

Ordering and
reception of

Axapta is in use

Axapta is not integrated into Axapta
company account used in Biohit Oyj

goods from Four people handling
Biohit Oyj ordering from Biohit « Quantities to order are based on past
Oy} and sales order sales
processing are multi-
skilled * Remains of the frame order systém
complicate ordering
» Deviation in order batch sizes is high
and workload is dispersed unequally
» Process has no owner
* Management responsibility S
concentrated and depends heavily|on
the managing director
Sales order Standard-size  boxg@e Serial number tacking is not used
processing are used
and
dispatching Reporting from the
warehouse to sales
assistants is done only
when exceptions
occurs
Inventory New office and ¢ Layout does not support first-in-first-
management warehouse  premises out order
enable rationalizing
layout * [Excess transportation occurs in the

warehouse

Bar code reader is not in use despite

of high sales volume

Packing material is located in seve
places

ral




60

5.3.2. Biohit OO0

Biohit OOO in Russia is one of the three biggesbhigi subsidiaries measured by
purchase volume from the parent company. Within ¢ime year time frame the

monetary value of its purchases accounts for XX%lb$ubsidiaries’ purchases when
considering the liquid handling products. (Axapta&?2009.) Biohit OOO operates in

two locations that are St. Petersburg and Moscdw. main warehouse is located in St.
Petersburg where dispatches from Biohit Oyj areived.

The business environment in Russia is very uniguech is why Biohit OOO faces
some exceptional challenges. Majority of custonpeepay their orders, and goods are
delivered as soon as possible after receiving anpay (Mikhaylova 2009). Therefore,
customers are not provided with delivery datesaBpugh estimation, only 70% of all
orders are dispatched because the rest of thenesaes paid (Peppi 2009).

The subsidiary’s purchases of mechanical pipettesumt for XX% of all subsidiaries’
purchases (see figure 5.1). These are comparedsagaies to final customers in figure
5.16. Interestingly, purchases seem to precedes.s@lds can be explained by the
prepayment system that results in long lead timetsvden receiving an order and
dispatching. Purchases exceed average sales maityebhyamore than 200%, which
has led to especially poor inventory turnover betwAugust and November (see figure
5.12). Hence, anticipation of sales provokes thiwhip effect (see chapter 2.2.2.1
Houlihan effect).
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- Purchases of mechanical pipettes from Biohit Oyj proportioned to average sales
—Sales of mechanical pipettes to final customers proportioned to average sales

Figure 5.16. Comparison of the purchases of mechanical pipéttaa Biohit Oyj with
the sales of mechanical pipettes to final custor{@rgestionnaire Study 2009).
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5.3.2.1 Biohit OOO - Ordering and reception of good s from Biohit Oyj

In the end of each month a warehouse superintermaémilates needs for the upcoming
month. Monthly requirements are divided into twqamate orders that are to be
delivered one two weeks after another. Additionahan orders are placed when
necessary, normally once or twice per week. Théoows clearance in Russia is long
and complicated, which is why Biohit OOO receivesods from Biohit Oyj only
biweekly. Order quantities are based on prevailmgntory levels, order backlog for
each item and the warehouse superintendent’s exyeri No explicit re-order levels
are used. (Nikolskaya 2009.) Hence, several camditican trigger an order, and so
further standardization of ordering process is megll Main ordering cycles are two-
weeks long but frequent additional orders hindez thenefits of standard-length
intervals.

The value stream map is long and complicated, whigjgests the process includes a
lot of waste (see chapter 3.1.1 Seven waste). Begidire waste, a lot of incidental

work exists that is necessary to support the loaatoms clearance. The waste of over-
processing occurs in the office when same dateoisegsed several times. For example,
the warehouse superintendent calculates quantdiesder and writes them down on

paper. A logistic assistant then enters the questihto an Excel template that is later
sent to Biohit Oyj. After this the logistics assist enters the same data into ERP
system.

The waste of unnecessary transport occurs in thehwsase. Also the waste of
unnecessary movements is unavoidable becauseisheoestandard place for packing
materials. Nor all tips have standard locationtotk so tip boxes are placed wherever
there is room. 5S (see chapter 83) should be implemented so that each item and
material would have assigned and unambiguous pkitétems must be recorded in
ERP system so that reliable inventory turnoverloaalculated.

Some sales units are smaller than standard saissused in Biohit Oyj which causes
extra work in the warehouse as well as in the effifesides items have to be re-packed,
product codes have to be modified to match nevingelinits. According to Nikolskaya
(2009) manipulating product codes takes as mudimHsf the time used to create an
order for those products. Selling units should biéoumn throughout the corporate group
in order to eliminate such extra work.

A bar code reader is in use to check in serial ramnbf pipettes. Despite of processing
each pipette separately in the warehouse, the atingudepartment still manually
confirms received pipettes. This practice suggtdsisa bar code reader is not utilized
as much as possible.
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All the waste hinders the process flow: there aerl activities that do not add any
value to final customers thus making the procesgydo Inventory turnovers per
product groups suggest the material flow of pigetied spare parts is not continuous
because items jam in stock (see figures 5.12, @ald@ 5.22). For example the
mechanical pipettes spend on average three maomttie iwarehouse. Yet, Nikolskaya
(2009) estimates that lead times of Biohit Oyj aneaverage ten working days. If stock
can be replenished in a couple of weeks, ther@igaed to hold inventory covering
three months’ consumption. Information flow can benplified by standardizing
ordering. Reducing the number of additional ordecsild bring down the number of
confirmations and invoices sent from Biohit Oyj.drder to do this, main orders have
to be more accurate. Current system of calculategfs based on several factors is too
unreliable.

5.3.2.2 Biohit OOO - Sales order processing and dis  patching

Customers consist of both distributors and endocosts, which is why there is a lot of
variation in order batch sizes and customers’ andefrequency. Major distributors

order several times per week whereas final custeroeder once per month or less
frequently (Mikhaylova 2009). According to Gure@0(9) also the lead times between
receiving an order and dispatching goods vary smlisily depending on when a
payment is carried out.

Sales orders are created in ERP system as ordesms. & pro forma invoice is created

and delivered to a customer. (Mikhaylova 2009.) Tihance department provides the
sales department with a list of paid pro forma ioge daily. The head of sales
department re-creates the list with some slightngba causing the waste of over-
processing (see chapter 3.1.1 Seven waste). Ttus sthpaid orders is changed in ERP
system and a picking list is created. Warehouseopeel do not necessarily exploit a
picking list but might use a corresponding pro farmvoice instead. (Mikhaylova

2009.) This causes unnecessary work and once magests the process is not
standardized.

Orders are picked the same day when the financarohegnt has shared the list of
prepayments (Mikhaylova 2009). According to Guré2909) products are picked in
first-in-first-out order. This system is exposedhwman errors. Flow racks and fixed
locations would reduce the risk of mistakes. Caodldcitems are placed on a shelf
waiting for final packing. Items do not flow frorme value adding step to the next one
which is a prerequisite of lean flow (see chapt& Blow). Eliminating in-process
inventories is needed to improve material flow it OOO. Collected items are
labeled with post-it notes whose different colandicate different types of transport.
For example dispatches collected by a customemar&ed with a specific color. This
is an effective means of visual management.
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The waste of over-processing and excess transpour®when already collected items
have to be removed from the shelf for final pack{sge chapter 3.1.1 Seven waste).
The reason for preparing outward freight like tisighat some customers occasionally
ask for additional items to be dispatched with artigoing batch (Peppi 2009).
Nikolskaya (2009) estimates, that 30% of ordersdnée be adjusted this way.
Accordingly, the process is built to support exaap that account for less than one
third of all occurrences. The flow, discussed iapter 3.2 Flow, of the non-exceptional
items is discontinued when they are placed ontdvebkebefore packing though
otherwise ready for dispatching.

Table 5.8 lists the strengths and the weaknesdegjisfic activities at Biohit OOO. The
main points discussed above are repeated and sthraerelevant observations added.
Most of remarks listed in the column of weakness®s targets for development relate
to long process flow due to several kinds of waste.

Table 5.8. The strengths and the weaknesses of Biohit OOO.

Strengths and best practices Weaknesses and targdor
development

Orderingand |+ Process does not depend on pme Calculation of needs is
reception of person: responsibilities haye rather complicated, and
goods from been divided among several additional orders are
Biohit Oyj people placed weekly

* Bar code reader is used to save Several process steps are
time and to avoid typing errors repeated by  different
when reading in pipettes persons, which causes

waste of over-processing

e Lot of work is manual sq
that there is room for
human errors

A4

* Process flow is fragmented
due to waste and slow-
turning inventory  of
pipettes and spare parts

* Bar code reader is not fully
utilized to receive
incoming goods
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Strengths and best practices

Weaknesses and targdor
development

re

\re

rk

[72)

J7

|

Sales order Picked goods waiting to bes Several types of
processing and dispatched are labeled with communication means a
dispatching post-it notes whose color used
indicates the type of transport
e Some process steps &
Limited number of standard- repeated
size boxes are used
* Unnecessary  paperwo
occurs when picking list
are created and not used
e Sales units are not equal
sales units of Biohit Oyj
which causes re-packing
e The process flow i
discontinued before fing
packing
Inventory * First-in-first-out system i
management exposed to human errors

e There are no standar

locations for tips anc
packing materials in stock

* Products for commercig
purposes are not record
in ERP system
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5.3.3. Biohit Inc.

Orders of Biohit Inc. in U.S.A. account for XX% afl subsidiaries’ liquid handling
orders (Axapta 7.8.2009). In this respect it is oh¢he three biggest subsidiaries. As
presented in figure 5.2, Biohit Inc. buys a sigmafit portion of electronic pipettes
compared to the other subsidiaries. Figure 5.1igtiates the subsidiary’s purchases of
electronic pipettes against sales to final custsmé&he figure reveals the bullwhip
effect (see chapter 2.2.2). Variation in monthlgless from the parent company is
apparent.
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— Purchases of electronic pipettes from Biohit Oyj proportioned to average sales

——Sales of electronic pipettes to final customers proportioned to average sales

Figure 5.17. Comparison of the purchases of electronic pipefitesh Biohit Oyj with
the sales of electronic pipettes to final custonf@uestionnaire Study 2009).

The average end-of-month inventory for electronpeties during the one year period
under review is 836 pipettes whereas the averagathiyosales is 327 pipettes

(Questionnaire Study 2009). These figures indicatd average period of storage of
electronic pipettes is XX months. The correspondingntory coverage of mechanical

pipettes is XX months and that of tips is XX mon{@iestionnaire Study 2009). This

suggests that instead of flowing steadily througg $ystem it is possible that pipettes
jam in stock. Hence, amount of items in stock stidad reduced to improve inventory
turnover and release working capital. This woulgiave material flow (see chapter 3.2
Flow) in Biohit Inc.

5.3.3.1 Biohit Inc. - Ordering and reception of goo  ds from Biohit Oyj

There are several incidents that trigger an orffexme orders, based on sales history,
are placed in the beginning of each month for @gjitwo months later (Questionnaire
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Study 2009). Ordering this way is risky becauss ot possible to accurately estimate
customers’ needs several months in advance. taisdsin Questionnaire Study (2009)
that normal lead times for orders other than frawmders are from two to three weeks
Additional orders triggered by customers’ specialevs are created whenever needed.
In the end of a month all liquid handling Biohibplucts’ inventory levels are compared
to average demand. Then, an order is placed forsitdnat have less than two months
inventory on hand. For some items as much as fanths’ inventory is kept in stock.
In addition, spare parts have special orderingclegid those are ordered in intervals of
two weeks. (Questionnaire Study 2009.) Even iftlafise triggers are systematically
followed, the ordering process is still multi-phdserhere is plenty of room for
standardization.

Order batch sizes vary due to frame order systerd wariation in demand
(Questionnaire Study 2009). Figure 5.17 suggesas despite of downward trend,
fluctuation in demand of electronic pipettes hasrbminor. Therefore, the frame order
system is at fault for variation in order batchesizThe frame orders of Biohit Inc.
contain normally 19 to 25 pallets whereas otheersdre size of 3 to 10 pallets. Paper
work varies in proportion to orders’ size. (Questiaire Study 2009.) Leveling ordering
cycles by giving up the frame order system woultp leperations and provide more
flexibility.

An order is first entered into an Excel sheet whickent to Biohit Oyj. After receiving
a confirmation purchase order is created in ERReBys(Questionnaire Study 2009.)
Hence, the same data is processed twice. All kihdlauple-handling should be
eliminated in order to streamline the process flB@ducing printouts is another issue to
consider because copies of several documents addeldaand filed at many stages of
the process.

Almost every shipment is incomplete compared todhgial purchase order because
some individual items are delayed. Serial numbélisaming items are recorded by
hand and loaded into ERP system by customer sest@te Items are located to their
designated places and kept there untill dispattbeistomers. Some products, mostly
tips, occasionally become overstocked which leadgocating inside the warehouse.
(Questionnaire Study 2009.)

5.3.3.2 Biohit Inc. - Sales order processing and di  spatching

Biohit Inc. has approximately 50 regular customarsamount that consists of dealers
and OEM customers. A few big customers order eway. In addition, roughly 30
orders from regular small customers and directarusts are processed daily. Order
handling and dispatching is considered straighthodw Only problems arising are due
to human errors since mis-picking and mis-dispaighioccur time to time.
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(Questionnaire Study 2009.) A bar code reader ceeddice this kind waste. It would
also facilitate serial number tracing that is catigdone manually.

Orders are processed as they arrive and dispatthidgne as soon as possible. Lead
time can be as short as a couple of hours. Delaysnainly due to back order items
which cause exceptions. Some items are re-packedad in larger units. Customers
that buy these bigger units get quantity discog@uestionnaire Study 2009.) This
practice can accelerate the bullwhip effect becalrssges in prices are one cause of
the phenomenon (see chapter 2 Rilwhip effect). Need for back order processing
should be reduced by better matching orders froomiBOyj to local customers’ needs.
This has to apply to mix and timing of items.

Table 5.9 lists the strengths and weaknesses @tilogctivities at Biohit Inc. The main
points discussed above are repeated and somerelinant observations added.

Table 5.9. The strengths and the weaknesses of Biohit Inc.

Strengths and best| Weaknesses and targets for

practices development
Ordering and reception e There are several triggers fopr
of goods from Biohit orders

Oyj
e Order batch sizes vary

substantially

* Repeating process steps causes
waste of over-processing

Sales order processing |« Lead times cane Human errors occur due {o
and dispatching be as short as manual process steps

two hours
« Some items are re-packed and

sold in larger units which
inevitably lowers profit margins

Inventory management * Tips occasionally become
overstocked

—

*« Jtems’ fixed locations are nd
recorded in ERP system
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5.3.4. Biohit Ltd.

Biohit Ltd. in U.K. is a medium-sized subsidiarye¢stable 5.2), and its impact on
aggregate purchases from Biohit Oyj is minor (sgerés 5.1, 5.2 and 5.3). However,
the number of shipments to Biohit Ltd. exceedscireesponding figure of all the other
subsidiaries (see figure 5.11). This is due topttaetice of dispatching the subsidiary’s
spare parts separately from other items.

Figure 5.18 illustrates the sales of tips to finaktomers against the purchases from
Biohit Oyj. Data concerning purchases is extradtech Axapta and data concerning
the sales is provided by Biohit Ltd., which cansmslight distortion in ratio of the two
sets of figures. End-of-month inventory levels imber of pieces are not available and
hence are not plotted here.
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Figure 5.18. Comparison of the purchases of tips from Biohit @ih the sales of tips
to final customers (Axapt20.7.2009Questionnaire Study 2009).

Fluctuation in purchases is more extreme thandltadn in sales. It seems that constant
low purchase volumes before March resulted in exétg high purchasing peak in
April. Ordering should be rationalized to betteramahe two graphs.

Noteworthy in case of Biohit Ltd. is that processéordering, receiving, sales order
processing and dispatching are arranged remarledtityently: process flows are fairly
short and standardized. There are written deserighir warehouse standard operating
procedure and sales order processing. Processesahawner, the operations manager,
who understands and manages overall processes.wahehouse is clean, well
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organized and there are fixed places for all itefach shelf has an address that can be
found in ERP system as well as on the label atthtb¢he shelf. In this respect Biohit
Ltd. can serve as an example for the other sulvgdia

5.3.4.1 Biohit Ltd. - Ordering and reception of goo  ds from Biohit Oyj

Orders for liquid handling products are placed opee week, normally on Friday.
Order quantities are based on item-specific retotdeels and re-order quantities
available in ERP system. Re-order figures are @atat intervals of few months. This
labor-consuming task takes each time several daysomplete. (Ricketts 2009a.)
Calculation of order quantities is also multi-pléhsed exposed to human errors. It has
to be automated or need for calculation must brieéited.

According to Ricketts (2009a) transport cost israportant issue when deciding what
items to order. Pipettes that have not reached tbearder level are sometimes ordered
alongside with tips to decrease the proportionrahgport costs relative to value of
freight. (Ricketts 2009a.) This is one of the comnpitfalls of inventory management

(see chapter 2.2.1 Typical problems, pitfall 9)ttiecreases the waste of excess
inventory discussed in chapter 3.1.1 Seven waste.

Placing an order and reception of goods are faingightforward. A warehouse worker

checks an incoming shipment against a delivery aote creates a goods-inward note
manually. After this items are entered into ERReys Items are moved to their correct
locations after backorders have been identified semhrated from rest of the goods.
This way backorders can be dispatched directlyexugss relocation is avoided. Items
put onto shelves are maintained in first-in-first-@rder. The most selling items are
closest to the dispatching area. (Ewing 2009.) Adiog to Ricketts (2009a) greater

utilization of ERP system and other device coulthplicate the straightforward way of

working and decrease flexibility. However, if sal@som in the future more automated
methods should be considered. Manual work is tioreseming and exposed to human
errors.

According to Ricketts (2009a) delivery times of BiioOyj have historically been from
four to five weeks but recently have shortenedsimme items to three weeks or even
less. Re-order quantities cannot be dropped umlelkgery times are constantly short
and reliable. Ricketts (2009a) also states, thatnoonication about changed delivery
times has not been satisfactory. Therefore, lemgtlead times and transparency in
operations of Biohit Oyj is essential when carrytug changes in the subsidiaries.

5.3.4.2 Biohit Ltd. - Sales order processing and di  spatching

Biohit Ltd. has roughly 1600 customers that ordeguil handling products.
Approximately half is final customers and anothelf is distributors. (Dickinson 2009.)
The process flow is fairly short and straightfordialRe-packing is minimal. However,
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eight different package sizes are used. The amsulttuble compared to the number of
package sizes used for example in Biohit SAS.

Items are dispatched the same day or the next flay the order has arrived.
Backorders cause exceptions. According to Dickin§2®09) almost each purchase
order includes items that go on backorder. If atamer does not accept a partial
delivery, items in stock are reserved until itemene on backorder are acquired.
Customers accept backorders because they are niain@EM and PL products and
some infrequently ordered pipettes (Ricketts 2009a) Dickinson (2009) remarks that
allocating back order items to customers is onthefmost time consuming activity of
sales order processing.

One warehouse worker picks and packs items, andeplaeady dispatches on a
designated area. The form of transport determinbsrevitems are to be placed:
dispatches called for by different transport conigsare separated. A list of dispatched
goods is created manually by the warehouse workkis is done to trace serial
numbers. A bar code reader could quicken this aaskreduce the possibility of human
errors.

Table 5.10 lists the strengths and weaknessesgitilo activities at Biohit Ltd. The
main points discussed above are repeated and sthrerelevant observations added.
The company has good practices that can be agplibe other subsidiaries.
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Table 5.10. The strengths and the weaknesses of Biohit Ltd.

Strengths and best practices

Weaknesses and target
for development

Ordering and
reception of goods
from Biohit Oyj

There is a person dedicated
the process

fo

Re-order level and re-ordes

guantities are calculated and

available in ERP system

Written process descriptior
exist

Ordering is done weekly
basing orders on re-ord
levels

Workers are multi-skilled

13

Re-order figures rely o
historical data

Manual process stef
are exposed to huma
errors

Transport costs relativ

to value of freight are

kept low, which does
not necessarily optimiz
total costs

-

)S
AN

U7

D

re

)S
AN

Sales order Backorders are processed Many package sizes a
processing and immediately used
dispatching
There is a person dedicated|to Manual process stef
the process are exposed to huma
errors
Written process descriptions
exist » Delivery reliability data
excludes back orders
Delivery reliability is
monitored
Inventory Warehouse is well-organized
management and shelves have addresses

Most selling items are locate
closest to a dispatching areg

Dispatches called for b
different companies ar
separated

d

[0)
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5.3.5. Biohit Biotech Co., Ltd.

Biohit Biotech Co., Ltd. in China differs from tlwther subsidiaries in respect that one
of the three Biohit factories is located there.tlBdmechanical pipettes are produced on
site and dispatched to Biohit Oyj, Biohit Ltd. oirettly to Chinese customers.
Therefore, management of material flow and inveesois vitally important. Inventory
control is well considered and so Biohit Biotech.,(ddd. can serve as an example for
the other subsidiaries.

Purchase volumes of end products except for el@ctpipettes from Biohit Oyj are
moderate (see figures 5.1, 5.2 and 5.3). Figurg Below illustrates monthly purchases
of electronic pipettes from Biohit Oyj against milyt sales to final customers in
proportion to average monthly sales. As in casth@fother subsidiaries the two graphs
differ. Still, purchases do not dramatically lagesa In December the figures overlap,
which means the monthly purchases have been aletpsil to the monthly sales.
Sources of the remaining deviation are unknown simould be further studied and
eliminated.
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Figure 5.19. Comparison of the purchases of electronic pipefitesh Biohit Oyj with
the sales of electronic pipettes to final custonf@uestionnaire Study 2009).
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5.3.5.1 Biohit Biotech Co., Ltd. - Ordering and rec  eption of goods from Biohit

Oyj

Inventories are controlled using kanban system ¢bepter 3.4 Kanban). A warehouse
worker collects kanban cards throughout a weekkaimtf)s them to the logistics office
each Monday. Needed items are entered into a neadie Excel template which is then
sent to Biohit Oyj. Customer orders that exceed nfe&ximum inventory trigger an
additional order. (Questionnaire Study 2009.) Lbr@ftordering cycles is standard and
order sizes are based on real consumption ratastiasypersonnel in Biohit Biotech
Co., Ltd. are content with the current system (Qaesaire Study 2009).

When receiving goods, the quantity of items is &eédcand quality is inspected using
random sample items. Kanban cards are attachedrdlihg units which are then

moved to their correct locations. Serial numbeesracorded manually at the logistics
department. (Questionnaire Study 2009.) According Tteuronen (2009) order

processing is straightforward, and kanban systessiaplified work at the logistics

department in Finland making it more predictable.

5.3.5.2 Biohit Biotech Co., Ltd. - Sales order proc  essing and dispatching

There are roughly XX customers in China. Domestitecs are dispatched the same day
as an order arrives. The biggest customer accdond$X% of total domestic sales of
Biohit Biotech Co., Ltd. This customer orders alindsily. In addition, orders are
received from Biohit Oyj and Biohit Ltd. Productiamders are opened after receiving
an order from either one of the companies. Expagrsents to Finland leave once per
week and to U.K. as soon as the goods are readyidpatching, usually five workdays
after receiving an order. (Questionnaire Study 2009

Items are kept in only one location in the warelgolEs<ceptions are goods reserved for
tenders that are moved to a reservation area. Exesptional positions are recorded in
the ERP system. First-in-first-out priority andiaenumber tracking are maintained in
Axapta. (Questionnaire Study 2009.) Warehouse n&nagt is systematic, and process
performance is evaluated by calculating monthlyiveey reliability and stock-outs.
During the time frame under review the averagevdeyi reliability was XX% and
stock-out rate XX%. Inventory turnover for eachmtés also calculated monthly, and
the amount of kanbans is adjusted accordingly. $@amnaire Study 2009.) Kanban
system ensures that mix of items in stock matche®mers’ needs and inventory has a
maximum limit. Hence, inventory control follows $gmatic rules.

Table 5.11 lists the strengths and weaknessegstio activities at Biohit Biotech Co.,
Ltd. The main points discussed above are repeatgd@me other relevant observations
added.
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Table 5.11. The strengths and the weaknesses of Biohit BidechLtd.

Strengths and best practices

Weaknesses and targg
for development

Ordering

and

reception of goods

from Biohit Oyj

Orders are based on real

consumption rate

Order cycles from and f

Several documents a
prepared and sent
many stages of

the

re
at

ot

processes
Biohit Oy} are standard-
length * Bar code readers are n

in use in spite of a gre:

Working methods are  number of items
systematic handled

Sales order Performance indicators afe

processing and calculated for sales order

dispatching processing and dispatching

Inventory Items have fixed places In

management the warehouse

First-in-first-out system an

serial number tracking are

|®N

maintained in the ERP
system

Inventory turnover IS
calculated and used

controlling the inventory

Kanban system enablg
systematic inventory contro
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5.3.6. Biohit Japan Co., Ltd.

Immediate actions are required in Biohit Japan Cul, whose inventory turnover for
each product group is poor (see figures 5.12, B 13l and table 5.6). The subsidiary is
strongly marketing-oriented. Insufficient considera is given to stock management,
and currently inventory-related decisions are nyagtlerational. Hence, more proactive
and holistic thinking is needed. Three personscaifeventory related decision-making:
a service manager calculates requirements for sparés, a logistics specialist
calculates needs for other liquid handling itemd e managing director approves all
items to order. The logistics specialist created delivers purchase orders to Biohit
Oyj. She also handles the physical reception ofdgpprocesses Japanese customers
purchase orders and prepares them in the warehblesee, the only person fully
dedicated to logistics is busy with operationaliéess

Purchases of electronic pipettes from Biohit Oyaiagt sales to final customers are
illustrated in figure 5.20. Purchase volumes varpssantially from month to month.

Interestingly, the sales have boomed between Nogerabd March due to a yearly
campaign period but purchases after January werderate. Despite low purchase
volumes in the beginning of 2009, inventory turnogie not improve (see figure 5.13)
because the inventory level was remarkably incbasbatch in December.
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% of sales
(end of the month inventory)

0,0%

july august sept oct nov dec jan feb  march april may june

End of month inventory
—— Purchases of electronic pipettes from Biohit Oyj proportioned to average sales
— Sales of electronic pipettes to final customers proportioned to average sales

Figure 5.20. Comparison of the purchases of electronic pipefitesh Biohit Oyj with
the sales of electronic pipettes to final custonf@uestionnaire Study 2009).
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An average end-of-a-month inventory of electronjmefies was XX pieces during the
one year period under review. Respectively, theramee sales were XX pieces per
month. This implies that an average inventory iffigant to satisfy more than five
months’ demand. According to the same logic, aweragentory of mechanical pipettes
is enough to meet eleven months’ demand, and aweragntory of tips is enough to
meet six months’ demand. Number of mechanical fpepurchased during the one
year period under review was XX pieces while salesre only XX pieces.
(Questionnaire Study 2009.) Figures imply the camyplaolds wrong mix of items in
stock. Need for better inventory control is furttseipported by the fact that average
stock levels and safety stock are unknown (Quesdéima Study 2009).

5.3.6.1 Biohit Japan Co., Ltd. - Ordering and recep tion of goods from Biohit Oyj

The subsidiary orders intermittently once or twiger month and shipments are
dispatched respectively irregularly. According taifien (2009) settling delivery dates
is complicated because there are no fixed datesliggatching. The relatively high
standard deviation of shipment sizes (see tabl¢ &odild possibly be reduced if
ordering was more frequent and regular. In otherdaoordering could be done in
standard-length leveled cycles. The idea of legeknpresented in chapter 3.3.

According to Mizoguchi (2009) monthly amount to erds based on historical records.
When necessary, orders for required items are saomgited with other items to avoid

extra for small orders. (Questionnaire Study 200%is practice suggests that stock
levels are too high: although orders are place@dufently, there are not always enough
required items to form one minimum order. Requiretseare entered into an order
sheet by the logistics specialist and approvedhleymanaging director (Questionnaire
Study 2009). According to Mizoguchi (2009) apprayone order can take half an hour.
Asking for managing director’s approval complicatdse ordering process, adds
bureaucracy and ties up the managing director’s timna non-value-adding operational
task. If ordering logic is standardized and basedegplicit rules, such as kanban

discussed in chapter 3.4, the managing directos do¢ have to re-check and approve
an order.

According to Nakamura (2009) spare parts’ ordeespdaced once per month and they
usually cover three months’ consumption. Lead time spare parts delivered from

Biohit Oyj to Biohit Japan Co., Ltd. is approximigtéwo weeks. Hence, order batch
sizes are too big. Due to large orders some ofitdmas in spare part stock are left
unused. According to Nakamura (2009) one quarteiteshs have not been needed
during previous twelve months.

The logistics specialist manually maintains a éétarriving items and their delivery
dates because orders are usually split into sewdrgdments. Part deliveries are
problematic because they add paper work of theidialog. (Yanagawa 2009.) This can
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be avoided if ordering cycles and batch sizes eveléd so that production does not
have to react to unpredicted demand peaks. Henterea products can be delivered in
one shipment and lead times can be kept relativehstant. According to Yanagawa
(2009) arriving shipments are checked against aniée and against the list of arriving
items. Unexpected discrepancies are common anddeéwery dates have to be asked
for separately (Yanagawa 2009). Information shawity the parent company has to be
improved and standardized.

Pipettes and spare parts are located into the aoytgpawn warehouse and most of the
tips are in a warehouse managed by an external moynBome tips are needed in the
own facilities. Arriving shipments are split aftemstoms clearance depending on which
items are to be delivered to which warehouse. Thisses double transport cost. The
logistics specialist estimates the number of tipdsoneeded in the own warehouse. She
gives instructions to a forwarding agent about Hovsplit the shipment. Frequently,
tips have to be transferred from the external wawmeh to the own facilities. Sometimes
transfers to the opposite direction take place a#i. WMizoguchi 2009; Yanagawa
2009.) This is pure waste that has to be elimind#mst convenient way is to transport
all tips to the external warehouse so that insioustto a forwarding agent are always
the same and no estimation is needed. In addibieerall inventory level of tips has to
be brought down: at the moment 41 pallet locatiars reserved for Biohit in the
external warehouse and the oldest items are frenyelar 2006.

Modes of transport from Biohit Oyj to Biohit Jap&o., Ltd. are air and sea freight.
According to Mizoguchi (2009) sea freight arriveléen slightly damaged, and lead
times can be several months. Biohit Japan Co.,Hdd.ordered on average one third of
the amount of tips delivered to the United Statessmonth. This comparison suggests
that volume purchased by Biohit Japan Co., Ltdreistively small. (Questionnaire
Study 2009.) Considering the facts covered abowky, ar freight should be used.

5.3.6.2 Biohit Japan Co., Ltd. - Sales order proces sing and dispatching

Biohit Japan Co., Ltd. serves 200 dealers and Hesghters located in 600 destinations.
Most of them place orders monthly, and some ordegkly. Deliveries are done mainly
within 24 hours after receiving an order exceptdome distant locations. If a product
cannot be delivered immediately due to a stock-aumaximum two-week delivery

time is accepted by customers. Hence, deliverygiofeBiohit Oyj have to be shorter

and more accurate. (Questionnaire Study 2009.) tisfeetory service due to

unavailable products is one symptom of the bullwdfiect (see chapter 2.2.2 Bullwhip
effect). According to Mizoguchi (2009) also infortime sharing should be improved
since changes in delivery times of Biohit Oyj am malways communicated to the
subsidiary, which can lead to lost sales in Japan.



78

Full cartons of tips are delivered directly frone texternal warehouse. When one order
consists of full cartons of tips and some pipettes delivery notes and invoices are
created. This is waste that can be avoided byaatilng all items into one warehouse as
already considered in Biohit Japan Co., Ltd. gétare sold in racks so that cartons have
to be opened, they are first delivered to the ovamelvouse, which causes additional
transport costs. Therefore, customers are givenseount if they buy full cartons
(Mizoguchi 2009). Profit margins are lowered beeawd inefficiency of inventory
control. This practice is not reasonable. Inventomganagement overall is quite
fragmented considering that Biohit Japan Co., ig@ relatively small organization.

Order processing, picking and packing is respolityilof the logistics specialist. The
whole process depends heavily on one person’s gmiofeal skills, which is a risk.
After confirming an order in the office upstairetlogistics specialist walks downstairs
to pick items. The part of tips kept in the own &r@use is placed in several locations
and moved closer to a packing area when neededo{Mchi 2009). This practice
suggests that the current layout of the warehaisetioptimal.

After picking the logistics specialist adds Japanemnuals to pipette boxes and takes
electronic pipettes to testing. When electronicefigs are more than one-year old

batteries have to be replaced, which causes easiia(Questionnaire Study 2009). The

problem is a clear consequence of poor inventorgagement: the subsidiaries should

not have one-year old pipettes in their stock. &istessing all inventory costs, such as
reworking existing inventory, is one of the pitgabf inventory management discussed
in chapter 2.2.1 Typical Problems (see pitfall 1Dhis waste can be avoided when

inventory turns faster resulting in less pipettesdming obsolete. Three standard-sized
boxes are used for packing. In addition, boxes witter brand labels are re-used. This
practice deteriorates Biohit brand image and shbaldut out.

Table 5.12 concludes the strengths and the weadsa@dgsBiohit Japan Co., Ltd. The
main points discussed above are repeated and ghererelevant observations added.
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Table 5.12. The strengths and the weaknesses of Biohit Japar_€l.

Strengths and best practices

Weaknesses and
development

target for

Ordering and
reception of
goods from
Biohit Oyj

* The logistics specialist i

experienced an
understands the logist
processes in aggregate

[92)

c

Process depends heavily on {
logistics specialist's person
skills

Order intervals are irregular

Ordered amounts are based
historical records

Orders are supplemented w
additional items to avoid extr
for small orders

Bureaucracy exists as orde
have to be approved by tf
managing director

Ordering logic is poor whicl
leads to too high inventor
levels

Information sharing with the
parent company has to |
improved

Sea freight is not convenie
mode of transport

Same information is recorde
in Excel-format and in the
information system

he

on

a

IS
ne

—

d

1%}

Sales order
processing and
dispatching

e There is a large number
customers to leve
aggregate demand

 Three standard-size box
are used for packing

Process depends heavily on {
logistics specialist's person
skills

Boxes with other brands’ labe
are used for packing

he

Is
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Strengths and best practices

Weaknesses and
development

target for

Customers buying full carton
of tips are given discount {
avoid excess transport betwe
two warehouses

Inventory
management

* The first concrete steps fq
improvement have beg
taken

n

There is lack of
inventory management

Keeping items in two separate

warehouses causes
transport and cost

exc

Safety stocks and average stc
levels have not been specified

First-in-first-out control of tips
is not based on lot numbers

Layout of the own stock is ng
optimal

holisti¢

en

ESS

ck

Dt
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5.3.7. Biohit Deutschland GmbH

Biohit Deutschland GmbH in Germany is a small oigation whose performance in
terms of inventory turnover and standard deviatbshipment sizes is fairly good (see
figures 5.12, 5.13, 5.14 and table 5.4). Its immacthe overall logistic performance of
Biohit Group is minor.

The two lines in figure 5.21 below illustrate mdgtpurchases of tips from Biohit Oyj
against monthly sales to final customers in praporto average monthly sales. The
bars indicate changes in end-of-month inventorye Tih- and downswings of the two
lines do not overlap which might indicate that phases lag sales: For example in
August slight increase in sales is followed by uipgwn purchases one month later in
September. Sales have fallen from August to Sepgennbsulting in decrease in
purchases in October. The gaps between purchasesades suggest that instead of
flowing steadily through the system it is possikihat tips jam in stock. Flow (see
chapter 3.2) ought to be improved.
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(end of the month inventory)
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End of month inventory in number of sales units
—Purchases of tips from Biohit Oyj proportioned to average sales
—Sales of tips to final customers proportioned to average sales

Figure 5.21. Comparison of the purchases of tips from Biohif With the sales of tips
to final customers (Questionnaire Study 2009).

As shown in figure 5.21 inventory level of tips hamintained high. The difference

between the highest value in August and the lowalste in December is approximately
600 units. The lowest end-of-month inventory lesglials average monthly sales during
the period under review (Questionnaire Study 2009).
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5.3.7.1 Biohit Deutschland GmbH - Ordering and rece  ption of goods from Biohit

Oyj

At the moment, no buffer stock is inputted in ERBtem. Orders based on forecasts
and prevailing inventory levels are placed oncevmite per week. Forecasts are average
sales of past two years adjusted with consumptiate rand personal opinions.
(Questionnaire Study 2009.) Ordering is laborioogssidering that orders based on
forecasts are placed several times per month.

When receiving goods the process flow is quiteighitéorward. However, tips have to
be moved inside the own warehouse which causeswHste of excess transport
discussed in chapter 3.1.1 Seven waste. (Questien&udy 2009.) This can be
avoided by rationalizing the warehouse layout asabe of space. Additionally, process
steps could be reduced if using bar code readstsad of entering data into ERP
system manually (Questionnaire Study 2009). Pmntof inventory statistics is

additional process step, and its necessity is atgua

Lead times for ordering and receiving products fidiohit Oyj are estimated to vary on
average between ten days and three weeks but atise even three months lead times
are possible. Long delivery times are problemalequests for delivery dates are
usually ignored, and approximately 90% of confirnadedivery dates do not match with
the requested dates. (Questionnaire Study 200%prdimg to Tiainen (2009), who is
working at the logistics department of Biohit Ogtdering of Biohit Deutschland
GmbH is relatively straightforward and systematfithis controversy in opinions
suggests that better communication is needed.

5.3.7.2 Biohit Deutschland GmbH - Sales order proce  ssing and dispatching

Biohit Deutschland GmbH has roughly 500 customeess than 10% of customers
order weekly and approximately 15% order monthi@udstionnaire Study 2009.)
Hence, the majority of the customers place thedem irregularly and therefore
accurate forecasting is difficult.

Normal delivery time is between 24 and 48 hoursnk are delivered in first-in-first-
out order and serial number tracking is in placde$ order processing and dispatching
is considered uncomplicated except for back ordecgssing due to long delivery times
or delayed dispatches from Biohit Oyj. As much ds3% of mechanical pipettes,
30.7% of electronic pipettes and 21.4% of tips wanbackorder during the time frame
under review. Number of items on backorder hastdated randomly, which can be
explained by variation in demand and supply. (Qaesaire Study 2009.) Because
demand patterns are hard to predict or changejedgltimes of Biohit Finland have to
be shorter and more predictable in order to redlue@mount of back orders.
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Table 5.13 lists the strengths and weaknessegstio activities at Biohit Deutschland
GmbH. The main points discussed above are repeatedd some other relevant
observations added.

Table 5.13. The strengths and the weaknesses of Biohit DdatstiGmbH.

Strengths and best practices Weaknesses and
targets for
development

Ordering and * Frequency and sizes of orders are Ordering is based
reception of goods fairly stable when ordering from on historical sales
from Biohit Oyj Biohit Oyj records

* Process descriptions exist
Sales order * Delivery reliability is calculateds No standard bo
processing and every three months sizes are used
dispatching

« Amount of back
order items iS
considerable

Inventory * Need for better minimum stogke Tips are relocated
management management is identified and inside the
stock  level reduction [ warehouse

considered possible

U)

» 5Sis applied to some extent
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5.4. Spare parts

Spare parts differ from tips and pipettes in thatyt are used in internal service
business. Inventories of spare parts are commoalyaged differently than other stock
items in the subsidiaries. Inventory levels of spparts are high, and managing less
systematic than managing of tips and pipettest-kirirst-out control of spare parts in
the subsidiaries is inadequate or nonexistent. iBiaog-specific inventory turnover
rates for spare parts are illustrated in figure5.2
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—Biohit Deutschland GmbH —Biohit Ltd. —Biohit Biotech Co., Ltd.
—Biohit 000 —Biohit SAS Bichit Japan Co., Ltd.

Biohit Inc.
Figure 5.22. Inventory turnover of spare parts.

Only Biohit Ltd. has reached an acceptable invegntornover rate of spare parts.
Figure 5.22 shows that most of the subsidiariegresart inventories turn less than
twice per year. Hence the risk of parts becomingptdie is significant. Not assessing
all inventory costs, such as cost of obsolesceiscene on the common pitfalls of
inventory management (see chap&R.1 Typical problems, pitfall 10). Since the
importance of service and spare part business awigg, managing of spare part
inventories should be given more attention. Inventmanagement and ordering
processes have to be standardized by harmoniziag farts inventory management
with management of the other stock items.

Currently different persons calculate need of spares and need of other items. Hence,
more than one forecasting practice might be apptiethe subsidiary. Sometimes, as in
case of Biohit Ltd., spare parts are delivered separate dispatch. This implies there
are different ordering and dispatching cycles fpars parts and other items, which
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inevitably adds the amount of paper work. To rediée kind of waste and transport
costs, spare parts have to be ordered and deliaéwad with other items.

5.5. Key findings

The subsidiaries base their orders mainly on paElsssand simple forecasts. Therefore
the so called decision point, discussed in chagh®f.2 Measuring the bullwhip effect,
is in the subsidiaries’ warehouses. This is illagd in figure 5.23. The point 1
represents the current location of decision poirite point 2 shows the desirable
location of decision point in the near future. ltheawhen lean concepts are adapted
more extensively in the production of Biohit, thectsion point is shifted further away
from customer’s end of the supply chain.

Biohit Oyj
Warehouse in the
Production dispatching Biohit subsidiary External customer
department
PUSH
- \
PULL

7

Figure 5.23. Decision point analysis.

All external customers, both distributors and ficaktomers, are treated the same in
figure 5.23. In reality, distributors form an extezhelon in a supply chain. Since
demand patterns of different types of external @usts are outside the scope of this
study, this simplification is made here.

The subsidiaries place orders in batches, whatlexates the bullwhip effect as
discussed in chapter 2.2.2 Bullwhip effect. Eacbhsgliary has its unique way of
calculating needs, and no corporate-wide standerdegdures exist. However, waste is
similar among all subsidiaries. Generally littl®tight is given to realization of logistics
processes, which caused that estimation of leadstiamd process steps for this study
was found difficult in most of the subsidiaries.plgal waste present in the subsidiaries’
logistics processes is listed in table 5.14.
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Table 5.14. Typical waste of logistics processes.

Process of ordering and * Manually calculating number of items to order
receiving
» Controlling correctness of documents and items at

several stages of the process

* Manually entering received items into ERP system

* Placing additional small orders to supplement |big
orders

* Processing same data several times or producing
unnecessary data such as unused picking lists

Sales order processing * Processing backorders

and dispatching
* Manually listing serial numbers of outward freight

* Opening packages received from Biohit Oy} and
repacking

* Relocating items inside own warehouse

Several points stated in the table above cannéfbeut of the processes but they can
be performed more effectively or less frequentlgr Example, number of backorders
can be reduced if delivery times of Biohit Oyj akorter and more accurate. As
discussed in chapter 2.2.2, the bullwhip effect banpartly tackled by simplifying
ordering process and reception of goods becaugseetiurages placing small and
frequent orders.

The subsidiaries except for Biohit Biotech Co.,.ldd not evaluate their own processes
systematically. This is one of the common pitfatis inventory management (see
chapter 2.2.1 Typical problems, pitfall 2). The sidiaries lack basic knowledge such
as data of inventory turnover or delivery reliailiData is not collected because it is
seen time-consuming and unnecessary activity. Tlgmreason for this is that
processes are considered very simple and strarglafd. This kind of thinking leads to
decision making based on personal opinions. Figbr#8, 5.13 and 5.14 presenting
subsidiaries’ inventory turnover suggest that aurrelecision making could be
improved. Most of the subsidiaries found data gatigefor the questionnaire laborious
because data was not easily accessible. It had tomlkected from several sources. This
is a common pitfall of inventory management (seaptér 2.2.1 Typical Problems,
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pitfall 3). Some subsidiaries were not able to mewvall required data, which further
suggests there is room for more systematic operatend standardization of data
gathering.

First-in-first-out priority is strived to maintaithroughout the corporate group. The
system is very vulnerable if warehouse layout arfdrination system do not support

this, as it is the case in most of the subsidiarMestly, a couple of experienced

warehouse workers maintain the first-in-first-outler and know by experience how

items are arranged. The likelihood of errors insesaf experienced employees have to
be replaced. Items should be kept in one standkckepn the warehouse because
displacing goods can easily confuse the first4iatfout system. Flow racks can be used
to ensure the order. In addition, items shoulddsenved by their lot numbers for those
indicate the date of production.
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6. CONCLUSIONS

6.1. Vicious cycle of accumulating inventories

High inventories that turn slowly are an outcomeaoficious cycle. First of all, Biohit
Oyj has had problems delivering certain productety and informing about changes in
delivery times. This was noted for example in BidBAS (see chapter 5.3.1), Biohit
Ltd. (see chapter 5.3.4) and Biohit Japan Co., (d€e chapter 5.3.6). The subsidiaries’
solution to long and unreliable delivery times ¢ hold more buffer stock. Low
inventory turnover figures (see chapters 5.2.4 (@diintg logistics and 5.4 Spare parts)
suggest items spend considerable time in the sabsist stock. In-depth study of the
subsidiaries in chapter 5.3 reveals that the sidrged’ orders are based on forecasts
and opinions. The subsidiaries have reacted onliable delivery times by ordering
bigger batches. The tendency of ordering in batehaetiown in the figures of demand
amplification mapping presented for each one ofdhlesidiaries (see chapter 5.3 In-
depth study of the subsidiaries). Several big ardeave further decreased the
production’s ability to meet requirements on timidis vicious cycle is presented in
figure 6.1. The theoretical approach, Houlihan &ffés discussed in chapter 2.2.2.1.
The subsidiaries do not easily forget delivery peois of the past, and breaking the
cycle is a challenging task.

3. Problems t« 1. Long and
meet unreliable
accumulated delivery times
need
2. Bigger

orders to builc
up buffer stock

Figure 6.1. Vicious cycle of unreliable delivery times andrhigventories.
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In order to reduce their inventories and order Ibaizes the subsidiaries need support
from Biohit Oyj. Therefore the measures of the pareompany greatly affect the
success of the actions in the subsidiaries. THeviolg requirements came up during
the process of data gathering.

1. In order to maintain lower inventory levels in thebsidiaries, delivery times
from Biohit Oyj have to be shorter, more accuratd more foreseeable.

2. In order to develop logistic operations in the sdibsies, communication
between Biohit Oyj and the subsidiaries have tmbee efficient.

6.2. Systematic communication

The importance of sharing data in a supply chairs Wescussed in chapter 2.2.2
Bullwhip effect. It was noted that coordinatinganiation and planning in co-operation
are means to control the bullwhip effect. Besideducing uncertainty, standardized
way of communicating could reduce e-mail and tebeyghtraffic. Ricketts (2009a)
presented a practical proposal of sharing lead tiftemation once per week. The idea
is that Biohit Oyj would inform the subsidiariesoatb the expected production lead
times in a weekly bulletin. Hence, the subsidiagesld anticipate the delivery dates
and inform their customers. This is an applicatadninformation sharing system to
reduce anticipation of shortages and exaggerafiore@ds discussed in chapter 2.2.2.1
Houlihan effect.

In order to be efficient, information sharing hasbe two-way: besides the subsidiaries
need information about lead times, Biohit Oyj netml&now about fluctuation in final
customers’ demand. As discussed in chapter 2.2.8wHp effect, promotion
campaigns such as price discounts alter normal nguyatterns. Therefore, the
subsidiaries have to communicate potential majomation campaigns ahead of time
to the parent company. Hence, the production cdnpexactively, which in turn
counteracts the vicious cycle.

It was mentioned in several contexts throughoutdt@ gathering process of this study
that a common ERP system could improve overallrmédion sharing (Questionnaire

Study 2009). Implementing a corporate wide infoipratsystem is a time-consuming

and complex project so further information aboupanunities, costs, and risks should
be gathered and analyzed. Idea is worth of conagleand could be useful in the

future.

6.3. Systematic inventory management

To break the vicious cycle, common practices fa $lubsidiaries are called for. All
companies within the corporate group have to connitllow same rules of inventory
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management. If one company starts building up extenbuffer stock it can affect
production lead times, which again disrupts delivezliability. This can trigger the
cycle. Required actions are presented in the fatigwsub-chapters.

6.3.1. Kanban

Kanban, discussed in chapter 3.4, is a means ttrotahe level of inventory and
inventory turnover rate. It is relatively easy tmplement since no sophisticated
computer system is required, and no additionaliess are needed to maintain it. This
is important because all Biohit subsidiaries arealsroompanies. Forecasting is no
longer needed when orders are triggered by kanbangerature (see chapter 2.2.2
Bullwhip effect) as well as in Biohit subsidiariésee chapter 5.3 In-depth survey of the
subsidiaries) forecasting was identified to be orggor source of demand fluctuation.
Hence, intensity of the bullwhip effect can be regtliwith help of kanban system.

In practice this implies that kanban system is ¢oifaplemented in the subsidiaries’
warehouses. Maximum inventory level is set by kashihat also serve as triggers for
ordering. Orders are placed in multiples of kanbam&l only an empty kanban can
trigger an order. Therefore, the subsidiaries’ Wwatses serve as supermarkets (see
chapter 3.3.1 Using supermarkets to level the velafwork). A supermarket helps to
pace the demand of the subsidiaries so that ietbetatches with the demand of their
local customers. The idea is to shorten and ldweeflow of products from Biohit Oyj to
end customers, or in other words, to reduce théenafsexcess inventory and to reduce
unevenness of workload. Ideal lean flow was diseti$s chapter 3.2 Flow.

Setting up kanban system and better reacting toggsain demand regarding mix and
volume of items can be nontrivial. Therefore, iingortant that sufficient support is
provided to the subsidiaries by the parent comp&wen though there is a risk of
miscalculating adequate kanban sizes or numberaonbans, the system brings along
benefits such as systematic monitoring of invee®and uniform logic throughout the
corporate group. It is essential not to set ifitido low stock levels because stock-out
problems can create distrust in the new system.

6.3.2. Inventory turnover

Most of the subsidiaries do not currently calculateentory turnover for individual
items or for product groups. Local logistic perselnasually have a general idea about
which items sell well and which tend to stay in ar@house for a long time. Therefore,
calculations for sufficient stock levels are maitilgised on experience and previous
sales figures. Usually this means that there iscult buffer stock for well-selling items
and small or almost non-existent buffer stock tav-selling items. Although this might
be sufficient arrangement at the moment, theresaveral risks related to such system
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relying on opinions and implicit information. Risked drivers for improvement are
listed below.

- The past sales figures do not necessarily reftecptevailing situation.

- The system relies on one person’s experience, @iodmation is lost if that
person leaves the organization.

- There is no sales data about new products.

- Assumption about well-selling and low-selling itemdght be incorrect or
subjective.

- Inventory turnover rates presented in chaptersThe subsidiaries’ end in the
logistic chain (see figures 5.12, 5.13 and 5.14) & Spare parts (see figure
5.22.) suggest that the current arrangement cauichproved.

Monthly-updated figures of inventory turnover woyltbvide more exact and explicit
information. Currently the subsidiaries relay oroldt Oyj to provide the inventory
turnover figures. Calculating the figures on thetspould give the subsidiaries more
control over their own operations and involve themthe corporate-wide effort of
improving inventory performance. Monitoring inventoperformance using rolling
turnover rate (see chapter 2.2.3 Inventory turnoverfound reasonable in Biohit
Biotech Co., Ltd and should be implemented in ttheosubsidiaries as well.

Since inventory turnover combines sales with stdata, one numerical figure can be
used to show sales and inventory performance ofiraiyidual item. In order to such
calculation to be useful there has to be a stangiarckedure to update figures and react
to changes, as in Biohit Biotech Co., Ltd. Figur2 resents the authors’ own idea how
inventory turnover can be used to control stock.
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1. Set a target value for inventory turnover

!

2. Calculate theoretical inventory needed to attaiget inventory

!

3. Estimate if target inventory can be met in cor@rcumstances

!

4. Adjust theoretical inventory on realistic level

!

5. Monitor and adjust inventory to meet target twer

Figure 6.2. How to use inventory turnover to manage stock.

In case of Biohit the procedure illustrated aboas to be carried out for all products.
The first stepsetting target values for inventory turnover, barrealized for categories
of stock items. This has been already tested apdoaed in Biohit Biotech Co., Ltd.
Hence, data about suitable target inventory turngaties exists, and it can be applied
in the other subsidiarie3.he second stefs to be carried out for individual products
within all the categories. The issue of how much infentory to hold when
implementing kanban system (see chapter 3.4 Kargignifies of calculating the size
and amount of kanbans. Sudden increase in salebeaiompensated with help of
temporary kanbans introduced in chapter 3.4 Kanlwatie third stephe feasibility of
previously calculated inventory level is evaluatianust be noted that Biohit tips have
to be available immediately when a customer plaaesorder. Otherwise customer
orders from competitors. Meanwhile, the need fpefies is not usually that urgent and
a customer is more willing to wait for the produstso the length and uncertainty of
delivery times have to be considered. Uncertaintygases the need of safety stock in
the step fouwhere theoretical inventory levels are fine-tut@adnatch the reality. The
target is to increase delivery reliability in théudre so that the inventory levels can be
later reduced as a part thfe fifth step Inventory turnover is to be used as a trigger to
increase or decrease the quantity of items keptdok. The process is iterative and the
idea is to periodically alter target values.

In short term, roughly within the next half yeagnban system can be implemented in
the subsidiaries to control level of inventory. Iong term applicability of vendor
managed inventory should be considered since itrednce the Houlihan effect. A
shared ERP system is a prerequisite for vendor geghmventory. (see chapter 2.2.2.1
Houlihan effect.) In vendor managed inventory teeponsibility is shifted from the
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subsidiaries to the parent company, which can ceasistance. Kanban system involves
the subsidiaries in inventory management and rethia responsibility on site.

6.3.3. Standard order cycles

To even out the bullwhip effect, order cycles havde spread out evenly throughout
the week, as discussed in chapter 2.2.2 BullwhgcefOverlapping of big orders from
the subsidiaries should be avoided because thaaftect the parent company’s overall
delivery reliability (see chapter 5.1.1 Orderindgtpans of the subsidiaries). In addition,
steadily inputted demand and frequent deliveriesege benefits as discussed in
chapter 3.1.2 Lean logistics. Hence, to standardizentory management and logistics,
fixed dates for ordering and dispatching have taubed. This impliedixed-time and
variable-quantitypattern (see chapter 3.4 Kanban). The remainiogeeof uncertainty
relates to quantity and mix of products to orderth® moment some of the subsidiaries
are already operating this way but practice shdaddmade explicit and introduced
throughout the corporation.

A schedule for leveling order processing and didgag in Biohit Oyj is prepared by
the logistics department in Helsinki. It is presehin table 6.1. In the schedweder
indicates the date when a subsidiary sends in @erdrookingindicates the date when
items are reservedjelivery is the date when items have to be packed ready for
dispatching, anéxit Finmeans the date when a haulage contractor expodsigs. As
indicated in table 6.1, the dispatching departnfexst two working days to prepare a
dispatch.

Table 6.1. Schedule of order processing and dispatching.

Mon | Tue | Wed | Thu Fri | Sat | Sun | Mon | Tue | Wed | Thu Fri

Biohit Inc. order booking delivery exit Fin

Biohit Japan Co., Ltd. |order booking deliverylexit Fin

Biohit Deutschland order booking| delivery exit Fin
Biohit SAS order booking deliverylexit Fin
Biohit Ltd. order booking| delivery exit Fin
Biohit 000 order booking delivery exit Fin
Biohit Biotech Co., Itd. [order booking| delivery exit Fin

In addition to fixed time intervals, order batclzes have to be more leveled. Leveled
volume and timing support each others. This is Why essential that the subsidiaries
give up what is left of frame orders and substikkaeban system for the old system.
Ideally no lead time has to be given when timingpaders is known and sizes do not
substantially vary. The target is that all makestoek items can be dispatched with the
next shipment after an order is placed. When eixmepthappen standard way of
communicating is to be used as discussed in ch@@eBystematic communication.
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6.3.4. Improving efficiency

Individual activities can be improved by eliminafiseveral kind of waste in offices and

warehouses of the subsidiaries (see chapter 3elvénSwvaste). Waste of unnecessary
movements and excess transport occurs in manydsabes. In most of the cases this

can be reduced by organizing warehouse betterss systematic tool that can be

helpful (see chapter 3.7 5S). The basis for bettarehouse layout and order is

assigning fixed place for each type of item. Thisldes standardizing picking routes

which is one form of standardization exploited sssfully in Toyota (see chapter 3.1.2

Lean logistics). Giving shelves unambiguous adéeselps keeping a warehouse in
order. Addresses should be visible on shelves andbe loaded into ERP system, too.
In addition, most selling items should be locatéosest to a dispatching area as in
Toyota (see chapter 3.1.2 Lean logistics).

Using bar code readers can quicken both receptiggoods and dispatching. It also
simplifies serial number tracing and reduces Itkkatid of human errors. This reduces
the waste of defects (see chapter 3.1.1 Seven )w&stpecially subsidiaries whose
order and sales volumes are big could benefit foamcode readers. Disadvantages and
obstacles are to be taken into consideration ak ¥eVices have to communicate with
ERP system, and not all systems currently usedirwitte corporate group necessarily
support bar code readers. In addition, buying amdgrating device and software
requires investments. Suitability of the idea hasbé evaluated separately for each
company.

Using a small number of standardized packages & ghbsidiaries can make
dispatching more efficient. Ideally the subsidiarneould use the same selling units as
Biohit Oyj and standard-size packaging would bdize if additional packing was
required. The bigger the number of different kirigpackage, the more complicated the
packing process. This also provides potential fost€ savings. The benefits of
standardizing containers’ size were discussed apten 3.6 Standardization.

6.4. Time table

The research problem formulated in chapter 1.hadw should non value adding
activities occurring in ordering, order processingjspatching and reception of goods
be eliminated or improved in order to make logistelue streams of Biohit more
efficient A summary of solution to the research probleifiustrated in table 6.2.
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Table 6.2. The most significant proposals for action.

1.a | Improving efficiency of the warehouse: 5S, intergamy training

1.b | Improving efficiency of the warehouse: layout chesigfixing self
addresses

2. | Calculating target inventory turnover, establishingentory levels

Subsidiaries .
for each product and creating kanban system

3. | Launching kanban ordering in weekly cycles, fixedysl for
ordering

4. | Starting monthly monitoring and reporting of inveryt turnover

1. | Standardizing communication with the subsidiaries

Biohit Oyj | 2. | Stabilizing delivery times by improving productiperformance

3. | Improving warehouse efficiency in the dispatchirgartment

Objectives and benefits of lean logistics were uksed in chapter 3.1.2 Lean logistics.
The above-listed actions of the subsidiaries stforebenefits discussed in literature
such as reduced number of picking errors, bett@uracy of inventory, higher

productivity of logistic activities, saving in wdreuse space and safer working
environment.

A tentative time table for execution is presentethble 6.3. The detailed actions in the
subsidiaries listed in the table 6.2 are left @autsimplicity. They are to be carried out in
the presented order indicated by numbering. Thet mosblematic and the biggest
subsidiaries are to be approach first. Biohit BibteCo., Ltd. is left out since

development projects have already been carriedirouthina resulting in superior

performance within the corporate group. Final tighof actions has to be scheduled in
co-operation with the subsidiaries. Actions in Bioldyj are to be carried out

simultaneously with the actions in the subsidiaries
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Table 6.3. Tentative time table.

2009 2010

ID Task Name - - -
sept I oct I nov I dec jan I feb Imarchl april I may I june

Biohit Japan Co., Ltd.

2 | Biohit 000

3 | Biohit SAS

4 | Biohit Inc.

5 | Biohit Deutschland GmbH
6 | Biohit Ltd.

|
|
|
|
|
7 |OYJ: Standardizing communication |
—

8 |OYJ: Stabilizing delivery times

9 |OYJ: Improving warehouse efficiency [

The supportive role of Biohit Oyj is apparent. Tt step to prevent uncertainty is to
establish standardized communication between Bi@yf and the subsidiaries.
Secondly, the parent company has to improve pramlugierformance and delivery
reliability in order to prevent the Houlihan effe(séee chapter 2.2.2.1). Supply-
orientated variability and uncertainty has to baueed as much as possible. The content
of development projects in production is outside fitope of this study. Changes in
production dictate the phase of layout changekardispatching department.

6.5. Risks

No corporate-wide improvement programs have begieimented previously. There is

a risk that the subsidiaries’ management feels #@reylosing the independence and
control over own business. This can cause resistamgen introducing the new

management policies in the subsidiaries. Hencds iessential to empower local

management and personnel. Reporting system hasitoglemented to ensure that new
policies are maintained in the subsidiaries.

Another risk is that the rules of kanban system reok followed, which can lead to

stock-out situations and trigger the vicious cyaleaccumulating inventories. This can
happen if the staff in the subsidiaries does nosttkanban system to work. It is
essential to give training and share informatioaulkanban to prevent such situation.
In addition, use of the new rules has to be oldigaNo own application of the rules is
allowed without confirmation from Biohit Oyj as agted in case of frame orders.

6.6. Limitations of the results

The focus of the study is on Biohit liquid handlipgpducts excluding accessories such
as pipette stands. This is the standpoint of pribgludunction because production of
liquid handling items and other business areatastediagnostic products, are managed
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separately. In addition, liquid handling produats dealt with differently depending on
if they are make-to-stock Biohit items or make-tder OEM and PL items. This
standpoint brings about two limitations of the fesu

1. Some data and analyses are not completely isdiatedother product groups.
2. Some data and analyses are restricted due to dirffatais.

The first limitation, leaving out OEM and PL iteras well as diagnostic products, was
somewhat problematic. The same logistics persannBiohit Oyj and the subsidiaries
operate equally with all product groups, and foegson only one part of the product
mix was sometimes considered inconsistent. For pl@mmany purchase and sales
orders include products subject of the study a$ agebther products. Therefore, these
cannot be always separated. So, some data andismmd presented in this study cover
logistics more extensively than intended. It ischary evaluate how data and analyses
would be different if total isolation of Biohit ligd handling products had been
possible.

The second limitation poses reverse concerns. Swbgidiaries, such as Biohit Ltd.,
purchase and sell a plenty of non-Biohit produétence, some conclusions can be
imperfect because certain data is artificially k@ifit. Precise evaluating of the effects of
limited data is difficult.

There are two other limitations of the results #r& caused by the level of raw data and
analysis of data.

3. The raw data collected from the subsidiaries iaggregate level.
4. Causes of up- and downswings in the subsidiariercsizes are not classified.

The third limitation implies that only rough consians can be made based on
aggregate data. The time frame of one year wadelivinto periods of months.
Studying the data on weekly or daily basis wouldeharovided more exact results.
Respectively, studying stock keeping units insteh@roduct categories would surely
have deepened the analysis. If similar study isbéo carried out, it is highly
recommendable to use more detailed level of data.

The fourth limitation of the results implies thatetbullwhip effect is not profoundly
analyzed in this study. All up- and downswingshe subsidiaries’ orders against their
sales are called the bullwhip effect. Since thenitedn of the phenomenon provided in
chapter 2.2.2 is somewhat extensive, seasonalieasaor other potential explanations
of up- and downswings are not extracted from tha ddnen talking about the bullwhip
effect.
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6.7. Need for further research

Need for further research is derived from both thheand empirical findings. Two
especially interesting issues emerged during ther#tical phase of the study and one
when carrying out the empirical phase. The two epig discussed in literature or
previous studies whose applicability in Biohit ablle studied are the following:

* Leagility that implies combining paradigm of agility withale thinking. Agility
deals with same issues as lean thinking but thgppetive is different. Idea of
agility is to build a robust and flexible organipat when demand fluctuates
(Naylor et al. 1999). Hence, it addresses the prabdf variation that cannot be
always eliminated or leveled.

* Vendor managed inventognd its applicability in Biohit should be studied
more detail since it can be an effective means whsgaroving logistics in the
long run. It would free the sales-oriented Biohibsidiaries from the logistic
issues. In the current circumstances several ERtrag are in use within the
corporate group, and so vendor managed inventargtia realistic option at the
moment.

Observations made during the empirical study oftttesis generated another field of
further study:

« The significance of Biohit's external customergaducing the bullwhip effect
It ought to be studied if certain distributors’ erohg patterns are erratic.
Problematic external customers should be identdied difficulties addressed to
further improve operations of Biohit.
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APPENDIX 1: OPEN-ENDED QUESTIONS

The question categories 1 to 4 are about Biohit lig  uid handling products and related
spare parts ordered from Biohit Finland.

1. Ordering and receiving process

1.1 How is a purchase order triggered, in other words, how do you know when you have to
place an order? Describe all possible methods. E.g. orders are triggered when inventory
level reaches a certain point, orders are based on forecasts, orders are based on requests
from your customers etc.

1.2 How do you place a purchase order? Describe the process step by step starting from the
moment you notice the need for an order till the moment your order is confirmed. Describe
all possible scenarios if there are several possibilities. E.g. (1) a material handler notices we
are running out of product X, (2) the material handler calls the logistics department and
defines the amount needed, (3) a logistic assistant looks for the exact product information
stored in an information system, (4) the logistic assistant sends a purchase order by e-malil
with all necessary product information etc.

1.3 Describe the process of receiving products step by step starting from the moment you
receive an order confirmation till the moment you document the ordered batch received and
paid. Describe all possible scenarios if there are several possibilities.

1.4 Describe any set-ups occurring. E.g. in production environment a set-up consists of all
actions needed to prepare a machine for a new batch. Respectively, in office environment a
set-up means preparatory actions that enable processing a new order or a batch of orders,
for example opening the transactions needed in the information system and finding related
customer base data. Also interruptions of work can cause set-ups because the worker
might have to take extra actions to discontinue and continue the work in progress.

1.5 Are received products re-packed? Why? Explain how this happens.

1.6 How many people perform each step described in the questions 1.2 and 1.3 and what
percentage of their time is used for each step? E.g. there is one material handler who uses
10% of his time checking that ordered goods are correct.

1.7 Do you have an explicit process description, such as a flow chart or a written description,
for ordering and receiving process? Do all employees involved in the process know where
to find it? You can attach it to your reply e-mail.

1.8 What size of batches is handled at each step described in the questions 1.2 and 1.3? If
there is variation estimate the range of batch sizes. Batches can be made of physical goods
or information. E.g. Sending reports in batches of 5 - 10

1.9 Isthere a standard ordering batch size? Is there a method for batch size calculation?

1.10 Why do order batch sizes vary?
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Allocation of time — if possible you may use sto pwatch

In reference to the steps described in the questions 1.2 and 1.3, how much time does each
step require? If there is variation, estimate the shortest and longest possibilities. When
added up we get so called process time.

When and how much is there waiting or “inventory of information”? In other words, when the
ordering process does not advance? What are sizes of these inventories in days? E.g. a
logistic assistant does not send an order right away but she waits until the end of a week for
more requests from a material handler. This means orders wait O - 5 days. When added up
we get so called delay time.

Estimate the set-up times described in the question 1.4.

How long is the lead time for an ordering - receiving process in total? In other words, how
long does it take from the moment you notice the need for an order till the moment your
order is received? If there is variation, estimate the shortest and longest possibilities. If
indicated correctly, this should be equal to the sum of total process time, total delay time
and set-up times of the questions 2.1, 2.2 and 2.3.

In your opinion, which of the steps described in the questions 1.2 and 1.3 add the process
value, in other words, which steps directly contribute to getting the product? E.g. placing an
order adds value while searching for missing information, getting approvals from others or
re-entering data do not add value.

In your opinion, which steps are non-value adding, in other words, they just make the
process longer and more complicated, consume resources and add extra costs? E.g.
excess transportation: placing received products on receiving area and later moving them to
storage. Why not avoid double-handling and place them directly to their right storage
location!

What is the effective daily working time in your company? E.g. working time is 8 hours
minus 45 minutes of breaks. If individual process steps operate with different effective
working time it should be stated, too.

How many days per year does your company operate?

Information needs
What information is needed in each step of the process described in the questions 1.2 and
1.3?

How is this information acquired and from where? How long does it take to get the required
information? E.g. a logistic assistant sends an e-mail to the logistics department in Helsinki
and a reply arrives within 24 hours.

Quality

For each step described in the questions 1.2 and 1.3, how often is output of pervious step
complete and accurate from the perspective of the recipient? Give your answer in
percentage (%). Output might be information or physical goods. E.g. a logistic assistant
placing purchase orders gets complete and accurate information 90 % of time right away
without having to ask for specifications or corrections. 10 % of time she has to do re-work or
ask for specifications before placing an order.
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4.2 During the last year (July 2008 - June 2009), how many products were returned back to the
parent company? Why? E.g. because the products didn’t sell, they were not the products
you ordered or they were faulty.

4.3 During the last year (July 2008 - June 2009), how many times your order was delayed, in
other words, delivery time was longer than promised?

4.4 Have you faced some other problems when ordering and receiving from Biohit Finland?
Describe when and how they occur. What has been done to solve these problems?

4.5 Are any meters / indicators calculated to evaluate the process performance? What are
those and how often are they updated? Are they used to control the process? How?

The question categories 5 to 8 are about Biohit lig  uid handling products and related
spare parts shipped from your company to your custo mers.

5. Order processing and shipping to end customers.

5.1 Describe the complete process of receiving orders and shipping products to your customers
step by step starting from the moment you receive a customer’s order till the moment you
send an invoice and other final documents.

5.2 Is the shipping process same for LH products and spare parts?

5.3 Describe any set-ups occurring. E.g. in production environment a set-up consists of all
actions needed to prepare a machine for a new batch. Respectively, in office environment a
set-up means preparatory actions that enable processing a new order or a batch of orders,
for example opening the transactions needed in the information system and finding related
customer base data. Also interruptions of work can cause set-ups because the worker might
have to take extra actions to discontinue and continue the work in progress.

5.4 How many people perform each step described in the question 5.1 and what percentage of
their time is used for each step? E.g. there is one material handler who uses 40% of his
time picking parts.

5.5 What size of batches is handled at each step described in the question 5.17 If there is
variation estimate the range of batch sizes. Batches can be made of physical goods or
information. E.g. sending reports in batches of 5 - 10.

5.6 Is there a standard shipping batch size? Is there a method for batch size calculation?
5.7 If shipping batch sizes vary, why is there such variation?

5.8 How many customers did you have during the last 12 months? Which portion (%) of them
order weekly? Which portion (%) of them order monthly?

5.9 Do you have an explicit process description, such as a flow chart or a written description, for
the shipping process? Do all employees involved in the shipping process know where to
find it? You can attach it to your reply e-mail.

5.10 In which order are customers’ orders handled at each stage described in the question 5.1?
Are priority rules such as first-in-first-out used? First-in-first-out means the oldest products
are processed before the newer ones
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Allocation of time - if possible you may use sto pwatch
In reference to the steps described in the question 5.1, how much time does each step
require? If there is variation, estimate the shortest and longest possibilities. When added up

we get so called process time.

6.2 When and how much is there waiting or “inventory of information”? In other words, when the

6.3

6.4

6.5

6.6

8.2

8.3

8.4

shipping process does not advance? What are sizes of these inventories in days? E.g. a
logistic assistant does not process a sales order request right away but waits until the end
of the week for more orders from the sales department. This means the orders wait 0 - 5
days. When added up we get so called delay time.

Estimate the set-up times described in the question 5.3.

How long is the lead time for the shipping process in total? In other words, how long does it
take from the moment an order is received till the moment the order is shipped? If there is
variation, estimate the shortest and longest possibilities. If indicated correctly, this should be
equal to the sum of total process time, total delay time and set-up times of the questions
6.1, 6.2 and 6.3.

In your opinion, which of the steps described in the question 5.1 add the process value, in
other words, which steps directly contribute to shipping a product? E.g. picking adds value
while searching for missing information, getting approvals from others or re-entering data do
not add value.

In your opinion, which steps are non-value adding, in other words, they just make the
process longer and more complicated and could be rationalized? E.g. excess transportation
and double-handling.

Information needs
What information is needed in each step of the process described in the question 5.17?

How is this information acquired and from where? How long does it take to get the required
information?

Quality

For each step described in the question 5.1, how often is output of pervious step complete
and accurate from the perspective of the recipient? Give your answer in percentage (%).
Output might be information or physical goods. E.g. a logistic assistant handling sales order
gets complete and accurate information from a sales department 90 % of time right away
without having to ask for specifications or corrections. 10 % of time she has to do re-work or
ask for specifications.

Has your delivery reliability been calculated? What has been done to improve it? How often
is this figure updated?

During the last year (July 2008 - June 2009), how many times your shipment to your
customers was delayed, in other words, delivery time was longer than promised? Why?

How often do you experience a stock-out, in other words, you do not have a required
product in stock?
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8.5 Have you faced some other problems when shipping? Describe when and how they occur.
What has been done to solve these problems?

8.6 Are any meters / indicators calculated to evaluate the process performance? What are
those and how often are they updated? Are they used to control the process? How?

9. Inventory
9.1 How do you control your physical inventory? How do you know how much of each item you
have in stock? Do you know the exact location of each product?

9.2 Are you using ABC -categorization for the items kept in stock? Describe how you control
different categories of items.

9.3 Do you know inventory turnover for the products you hold in stock? Is it calculated
separately for each product, each group of products or aggregate inventory? How often is
this information updated?

9.4 Is inventory turnover used as a control parameter for inventory management?

9.5 How do you assign products to customers’ orders? Do you know which product number is
assigned to which customer? Do you use rules such as first-in-first-out meaning that the
oldest products are delivered before the newer ones?

9.6 How much safety stock do you hold? Define your answer separately for mechanical
pipettes, electronic pipettes, pipette tips and spare parts in number of pieces.

9.7 How much is your safety stock worth in days? In other words, for how long could you satisfy
your customers’ demand with the safety stock?

9.8 How much is your average stock worth in days? In other words, for how long could you
satisfy your customers’ demand with your average inventory? Define your answer
separately for mechanical pipettes, electronic pipettes, pipette tips and spare parts.

9.9 Are items kept in one location all the time after they arrive from Finland till they are shipped
to final customers? Explain why items have to be moved. E.g. newer items are moved
closer to a shipping area as older items are shipped because there is not enough room next
to a shipping area for all products.

9.10 Do you think it would be possible to reduce your inventory? Why / why not? How much do
you think it could be realistic to reduce your inventory?

10. Your opinions

10.1 What do you think it would require operating in level weekly cycles? Would it help your
operations? Weekly cycles mean that orders are placed once per week and delivery
happens always once per week. Level weekly cycles mean that batch sizes are
approximately same size week in week out.

10.2 What do you think it would require basing your purchase orders on your customers
confirmed demand, not forecasted demand? This means you would pull products from the
parent company at the same speed as your customers pull products from you. If you are
already operating based on customer demand please explain how it is working.
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10.3 Do you think visual pull system (kanban) would support and simplify your inventory control
and ordering? Basically this means products are stored in certain size containers. There is
a card (kanban) containing information about the product, its storage location and the
container size attached to each container. An empty container is the signal to re-order. The
card is detached from an empty container and a new purchase order is placed based on the
card’s information about the type of product and the batch size. New products arrive in
containers and a card is attached to each full container. There are a predefined number of
containers in the system and all stored products are inside containers. This way the
inventory level has a visual maximum limit and orders are based on the real consumption
rate. The number and size of the containers depend on the lead time and demand rate.

10.4 Could order processing be simplified and standardized? How?

10.5 How could incomplete and inaccurate output of ordering and receiving process identified
in the question 4.1 be improved?

10.6 Could the shipping process be simplified and standardized? How?

10.7 How could incomplete and inaccurate output of shipping process identified in the question
8.1 be improved?

10.8 What would be the effect if batch sizes were reduced? Remember that a batch can refer to
material as well as to information.
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APPENDIX 2: TEMPLATE OF NUMERICAL DATA

YOUR CUSTOMERS' MONTHLY DEMAND: NUMBER OF LINE ITEMS - How many items did your customers order
NOTE: units should be humber of pieces (not monetary values)

1. mechanical pipettes

delivered timely from your stock

customer demand that could not be satified on time
2. electronic pipettes

delivered timely from your stock

customer demand that could not be satified on time
3. pipette tips

delivered timely from your stock

customer demand that could not be satified on time
4. spare parts

delivered timely from your stock

customer demand that could not be satified on time

TOTAL

YOUR CUSTOMERS' MONTHLY DEMAND: NUMEER OF ORDERS - How many times did your customers order
NOQTE: units should be number of pieces (not monetary values)

number of purchase orders per month

MONTHLY PURCHASE ORDER LINE ITEMS FROM BIOHIT FINLAND - How many items did you order

NOTE: units should be number of pieces (not monetary values)

1. mechanical pipettes

2. electronic pipettes

3. pipette tips

4. spare parts

TOTAL

MONTHLY PURCHASE ORDERS FROM BIOHIT FINLAND - How many times did you order

NOTE: units should be number of pieces (not monetary values)

number of purchase orders per month

INVENTORY VALUES IN THE END OF EACH MONTH

NOTE: units should be number of pieces (not monetary values)

1. mechanical pipettes

2. electronic pipettes

3. pipette tips

4, spare parts

TOTAL

2008 2009 TOTAL
july faugus{ sept| oct | nov | dec | jan | feb [march| april [ may | june

0

0

0

0

0 0 0 0 0 0 0 0 0 0 0 0
2008 2008

july Jaugus{ sept | oct [ nov | dec [ jan [ feb |march| april | may [ june TOTAL

| 0
2008 2009

july augusi{ sept | oct | nov | dec | jan | feb |march| april | may | june TOTAL

0

0

0

0

0 0 0 0 0 0 0 0 0 0 0 0 0
2008 20098

july pugus| sept | oct | nov | dec | jan | feb |march| april | may | june TOTAL

0
2008 2009

july jaugus] sept | oct | nov | dec | jan | feb |[march| april [ may | june TOTAL

0

0

0

0

0 0 0 0 ] 0 1] 0 0 0 0 0 0
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APPENDIX 3: VSM OF BIOHIT OYJ



Appendix 4

APPENDIX 4: VSM OF BIOHIT OYJ WITH KAIZEN



