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Abstract 

 

In the last 20 years, an interest for efficient use of capital, labour, and natural resources 

has risen among consumers and manufacturers. Although order lists may be slightly 

adapted for production, its flexibility is the main driver of efficiency. Due to the 

flexibility, the manufacturer is able to cope with customer demands, such as quick and 

exact delivery times or unique product specifications. The company that succeeds in 

fulfilling customer demands without losing production efficiency, triumphs in 

competition. 

 

This thesis studies the role of production planning in building up a company’s 

competitive edge. The efficiency of production is evaluated in the framework of well-

known manufacturing and supply chain paradigms. The subject of this work is a 

plywood process, of which restrictions on viewpoint of planning are discussed. The 

study gathers the features for successful production planning, and points out 

procedures to attain fruitful environment for planning. 

 

Argumentation of this thesis is based on both qualitative and quantitative data. 

Qualitative data analyses the plywood business and defines the research problem. 

Quantitative data provides justification for proposed developments in the case. This 

thesis presents new theories for the case process as well as demonstrates its scarcities. 

Moreover, blockades for sophisticated production planning are discussed. 

 

This thesis indicates connection between production efficiency and planning. To date 

the plywood process is studied only narrowly, one process phase at a time. This work 

reviews the plywood process comprehensively and provides principles for a plywood 

process development in the case plant. 
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Viimeisen 20 vuoden aikana tehokkuusajattelu sidotun pääoman, työn, sekä erityisesti 

luonnonresurssien osalta on korostunut sekä kuluttajilla että tuottajilla. Vaikka 

tuotantolaitosten tilauskannat ovat osittain mukautuvaisia ja joustavia, täytyy myös 

tuotannon pystyä toimimaan ketterästi. Näin se pystyy vastaamaan asiakkaiden 

vaatimiin nopeisiin ja tarkkoihin toimitusaikoihin, sekä tarkoin määrättyihin 

asiakaskohtaisiin tuotevaatimuksiin. Yritys joka pystyy täyttämään mahdollisimman 

monen asiakkaan tarpeet heikentämättä omaa tuotantotehokkuuttaan, on vahvoilla 

selviytymiskilpailussa. 

 

Tämä diplomityö tutkii tuotannonsuunnittelun roolia kilpailukyvyn parantamisessa. 

Tehokasta tuotannon toimintaa arvioidaan tunnettujen tuotantoparadigmojen avulla, 

sekä tilausten tuotantoon vaikuttamisen syvyydellä. Kohdeprosessina käytetään 

vanerinvalmistusta, jonka erityisominaisuudet huomioidaan tuotannonsuunnittelua 

tarkasteltaessa. Työ nivoo yhteen tuotantosuunnitelman toteutumiseen vaadittavat 

tuotannonpiirteet ja niiden saavuttamiseksi tarvittavat toimenpiteet. 

 

Diplomityön materiaalin keräämisessä on käytetty laadullisia ja määrällisiä 

menetelmiä. Laadullisia menetelmiä käytettiin liiketoiminta-alueelta etsityn tiedon 

hankkimiseen, ja määrällisiä tarkempaan tapauskohtaisen tiedon keräämiseen. Tämä 

tutkimus tuo uusia oppeja tapauskohteen tuotantoprosessiin, sekä osoittaa määrällisin 

todistuksin sen puutteista. Lisäksi työ ohjaa tapaustehtaan tuotannonsuunnittelua 

oikeaan suuntaan. 

 

Diplomityö osoittaa yhteyden tuotannonsuunnittelun ja tuotantoprosessin 

tehostamisen välillä. Tapauskohteena olevaa tuotantoprosessia on tarkasteltu 

tutkimuksessa ainoastaan osaprosessien kehittämisen näkökulmasta ja raaka-aineen 

ominaisuuksien osalta. Tutkimus lisää joukkoon perusteet koko tuotantoprosessin 

kehittämiselle ja kehitystuloksen arvioinnille. 
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1 Introduction 

I had my first touch to forest industry and plywood nearly a decade ago. During the 

time of studies, projects and work within the sector I realized that the plywood process 

has been stuck on traditional and outmoded methods. The modern information 

technology is not employed in the planning and the process is still traditional mass 

instead of customer-oriented production. Moreover, the most of production equipment 

is designed for that traditional process. On current markets, the competitive edge is 

sharpened by modern processes, where suppliers undertake responsibility of their 

production development. 

Since the time of industrialization, mass production plants have manufactured products 

efficiently in bulks. This mass mindset is not able to fulfil customer demand such as 

quick and variable deliveries. Equally important to those value promises are the 

demand for ecoeffiency and savings of natural resources (Gupta and Snyder, 2009). 

This may be seen in rising costs on materials, taxes, electricity and garbage. These costs 

encourage companies to work with exact planning and without wastage of any 

resource. As mentioned, the customers also demand not only masses of products, but 

also unique ones, which cause trouble to the traditional mass production process with 

inflexible equipment. 

The majority (85-90%) of Finnish plywood products are exported (Hurmekoski, 2011 

p. 23).  According to Metla (The Finnish Forest Research Institute), plywood exports 

have been on the raise after 2009 downswing and this trend is expected to continue by 

3-5% yearly. In 2013-2014, production and price of plywood have grown due the 

increasing demand. The demand is now higher than plywood supply in Europe and in 

North America. Alongside Finnish producers Russian, Chinese and Baltic ones are 

competing of markets. The forecast seems to be better for hardwood than softwood. As 

an example, exports of the coated birch plywood rose 15% in 2014, when compared to 
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first two quarters of year 2013.1 The growing demand fuels the growth of the industry. 

However, to win competitors and to acquire new orders, producers need to provide 

quality with reasonable price and short delivery time. The whole service offer must be 

alluring and customized for the needs of customer. The market demand for plywood is 

higher than the possibility to supply. That circumstance highlights the importance of a 

production throughput. 

Vast amounts of research are conducted to reduce waste, increase the accuracy of order 

execution, and facilitate a more effective use of materials and machines (Golhar and 

Stamm, 1991; Gupta and Snyder, 2009). Theory of constraints (TOC), developed by 

Eliyahu Goldratt, has proven itself as a suitable method for production control as well 

as for production development (Noreen, 1995; Nieminen, 2014). Furthermore, the Lean 

manufacturing has been widely accepted and implemented in different fields of 

industry (Womack and Jones, 1996). The Lean first focused on shop-floor 

performance, and then developed the strategic level thinking on whole supply chain. 

Later on, the agile manufacturing with the decoupling point concept condensed to the 

Lean-agile manufacturing. (Hines et al., 2004) These paradigms are shaping the 

modern industrial processes and plywood production should not be an exception in 

spite of its peculiarities. 

Raw material heterogeneity hinders the planning of plywood production, by causing 

variation to process. The quality of material is varying depending on where the tree has 

been grown, when it is harvested and how long it is stored before processing 

(Kärkkäinen, 2003 p. 165-166). In addition, many defects occur because of careless 

handling during harvest. Moreover, during peeling, several veneer qualities and sizes 

are stockpiled at different rates. Because of that, it is inevitable to produce some 

intermediate veneer stocks, from which the next operation phase is fed. Regardless of 

these storages, some veneer qualities and sizes run out, which causes deviation, 

                                                 
1Finnish Forest Sector Economic outlook 2014-2015 (Finnish), Metla; Available online:  

http://www.metla.fi/julkaisut/isbn/978-951-40-2491-7/suhdannekatsaus-2014-2015.pdf 

http://www.metla.fi/julkaisut/isbn/978-951-40-2491-7/suhdannekatsaus-2014-2015.pdf
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exceptions and plan changes in production. The situation we face also in our everyday 

life often occurs in production: The more components you have in stock, less likely 

you have the one you need and more time is wasted in search of it. 

This thesis analyses the production planning of the case plant. The possibilities to 

enhance production performance with more advanced planning are discussed. The goal 

is to increase throughput of plant and decrease inventories. To accomplish that goal, 

literature of manufacturing paradigms is reviewed, experts are interviewed, and 

empirical research of more sophisticated plants is performed. 

1.1 Aim, research questions and framing 

As mentioned, the thesis studies opportunities for enhancing case plant performance 

by modernising its production planning. The opportunities are defined through research 

questions. There are three research questions studied in the thesis. These questions are 

based on factors, which are valuable for success of the case plant in the market 

circumstance described earlier. 

1. Does the planning actions limit factory throughput?  

→ If the planning performance enhances, is the throughput 

increased? 

→ Can planning modernisation improve the overall 

efficiency of production? 

2. How the planning should be developed? 

3. What prevents the improvements from taking place? 

The first question supposes that the most slack on bottleneck is caused by missing 

subassembly parts, change of shifts, and flimsy product sequencing. The first sub 

questions is observed by calculation of throughput enhancement possibilities, and the 

second by following key factors, work-in-process and use of raw material. For the 

second research question, the suggestions of development are formed. On the last, the 

blockades of improvements are discovered.  

This thesis will concentrate on a weekly production planning and plan execution on 

shop floor within the frameworks. As Koponen (2002) describes, that is lowest level in 
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plywood production planning hierarchy. The thesis omits the research on longer term 

planning as well as planning related to sales, purchasing and other departments. 

Moreover, the strategies with multiple production plants are not considered. The 

production efficiency is evaluated through key figures, which are presented next in the 

concepts chapter. 

1.2 Concepts 

In this chapter the key figures for performance analysis is defined. These key figures 

are throughput, work in process, on time delivery and efficiency in material use. 

Chosen figures are often mentioned as measure of efficient production (Eloranta 1986; 

Kletti 2007 p. 47; Krajenski et al. 1987). 

1.2.1 Throughput 

Total volume of a plant production is called throughput. The production phase that 

controls the throughput of a process is called bottleneck or constraint. (Arnold et al., 

2008 p. 167-168) The amount of sold products is counted to throughput, as only sales 

bring money to a production plant (Goldratt and Cox, 1989). Dal et al. (2000) study 

overall equipment effectiveness (OEE) as a measure of operational improvement. They 

conclude that OEE as improvement measure conforms specially to high volume based 

production with high priority in capacity utilisation. Therefore, the case bottleneck is 

observed during the improvement activities with OEE. 

In Figure 1 the operating efficiency of production equipment is presented. According 

to Nakajima (1988) there are six big losses in production. These six losses are 

categorized in three classes: Downtime, speed and defect losses. The downtime losses 

are caused by equipment breakdowns and set-up changes. Idle time, minor stoppages, 

and chronic slow down of equipment lead to the speed losses. Lastly, defects in process 

cause defect losses. (Nopanen and Piispa, 2007) 
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Figure 1 Operating efficiency of production equipment. Figure adapted from Nakajima 

(1988). 

Nopanen and Piispa (2007) describes the calculations for OEE. The lost production due 

the bottleneck resource operating time is calculated trough OEE (1). 

 𝑂𝐸𝐸 (%) = Availability*Performance rate*Rate of quality products (1) 

Availability refers the time a machine is usable. Planned stops are not lowering 

availability. On the contrary, unexpected machine breakdowns and other disturbances, 

such as set up changes, lower availability of a machine. Performance rate describes 

portion of theoretical production, which could be produced during operating time. 

Quality rate specifies an amount of accepted products produced. Availability, 

performance rate and quality rate are counted with following functions (2)(3)(4). 

(Nopanen and Piispa, 2007) 

 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 (2) 
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 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 ∗ 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
 (3) 

 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 =  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 − 𝑅𝑒𝑗𝑒𝑐𝑡𝑠

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑
 (4) 

In OEE thinking, the lost production can be estimated with function (5). As stated 

earlier, when the production is lost at a bottleneck the plants throughput lowers. 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑡 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 ∗ (1 − 𝑂𝐸𝐸) (5) 

1.2.2 Work in process 

Work in process (WIP) represents the amount of inventory within a production process. 

Product is not counted in WIP as soon as it passes last step of a process and enters to a 

warehouse as a complete product. Both the Lean and TOC strive to lessen inventories 

between workstations, as inventories create and hide problems. (Noreen et al., 1995) 

With lesser WIP, processes must be improved due to lessened safety stocks, which 

usually protects against unforeseen problems. 

The benefits of low inventory are declining operating expenses, e.g. bound cash, 

interest charges, and less storage space. In addition, less scrap, obsolescence, material 

handling and rework occur with lower inventory. Japanese producers go far as 

presenting inventory as “an evil”. (Goldratt and Fox, 1986) Noreen et al. (1995) 

summarize high inventory problem:  

“Inventory holding costs are just the tip of the iceberg.” 

Goldratt (1986) presents comprehensive reasoning against inventories. Despite the 

vigorous talk against inventories, even Goldratt admits, that production needs certain 

buffers on constraining resources and in a warehouse to secure on time delivery and 

the maximal throughput.  
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1.2.3 On time delivery 

Products that are delivered on time from a plant to logistic chain are successful on time 

deliveries for production. Customers demand shorter delivery times, even though the 

geographical distances are prolonged. Company sharpens its competitive edge by 

offering shorter delivery time for orders and delivering them on time. In practice, the 

order delivery time is most efficiently lowered, by cutting production lead-time 

(Womack and Jones, 1996).  

1.2.4 Efficiency in raw material use 

In plywood production, roughly one third of the cost of a product derives from the raw 

material. The percentage for efficient material use is counted by dividing amount of 

used raw material with the amount of products manufactured. The amount of material 

used in plywood production can be influenced throughout the process. The more stable 

and predictable raw material quality is the more exact and efficient the production 

planning is. Some plants go as far as sorting raw material before feeding it to their 

process to acquire more homogenous raw material flow. 

1.3 Structure of the thesis 

This thesis consists of a literature review, case introduction, findings and conclusions. 

In the literature review manufacturing paradigms TOC and Lean is studied together 

with the concept of decoupling point. In the end, the suitability of these paradigms to 

plywood production is discussed. In the case introduction, a brief history, the 

production process, and important product properties of the case plant is presented. In 

addition, the planning operations and the bottleneck of the plant is studied thoroughly. 

In Chapter 5, the findings in the case plant are discussed and development possibilities 

presented. In the final, conclusions and subjects for future research are presented. 
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2 Literature review 

Two distinguished production philosophies, Theory of constraints and Lean 

manufacturing, are reviewed to construct a frame for efficient production planning. The 

total supply chain and the flow management are reviewed in the context of decoupling 

point. Finally, the restrictions of natural material and plywood process are examined 

and the suitability of production philosophies for plywood production is discussed. 

2.1 Theory of constrains 

Theory of constraints (TOC), developed three decades ago, is still appreciated 

philosophy not only for shop floor control, but also for the management of whole 

organization (Watson et al., 2007). Rahman (1998) provides excellent description of 

the theory and related literature in his research. This chapter presents the aim, measures 

and scheduling methods of TOC. In addition, end of the chapter covers continuous 

improvement and thinking process. 

2.1.1 Base of theory and measures 

Eliyahu Goldratt developed the theory of constraints (TOC) in mid-1980s. It evolved 

from the system called Optimized Production Technology (OPT). Goldratt 

concentrated before TOC invention on various scheduling techniques, but shifted then 

to the manufacturing management, and focused on the day-to-day shop floor control. 

(Goldratt, 1988) He published two books The Goal 1984 and The Race 1986, which 

represent the fundamentals of his theories. The first novel tells a story of using relevant 

measures in production, focusing on important factors, and finding them. The second 

book explains us how destructive excess inventories can be to the competitive edge of 

company, and how to manage them with the drum-buffer-rope (DBR) scheduling 

system. Later, by 1987, the theory got its name theory of constraints. Before mid-1990s, 

it evolved from a shop floor system to overall organization management philosophy 

(Rahman, 1998).  
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Noreen et al. (1995) make a valuable notion about shop floor scheduling. Furthermore, 

Noreen et al. point out that a failure with the OPT taught Goldratt, that operations of 

process must be improved and stabilized before the instalment of any scheduling 

system. Imposing a disciplined schedule system, MRP for example, onto chaotic 

production environment results in an even worse outcome as frequent disruptions lead 

to changes, which are cumbersome in a rigid scheduling system. This finding led 

Goldratt to concentrate on general problems, such as inappropriate production policies 

and management. (Noreen et al., 1995)  

Goldratt and Cox (1989) state that the goal of a manufacturing company is to make 

money now and in the future. Only by making money, a production plant provides 

reason to its existence and acts as an appropriate employer to its workers. The earnings 

must be done without violating the two conditions (Goldratt, 1994). These two 

conditions are following: (1) employer must provide satisfactory working environment 

to employees and (2) the company has to satisfy markets. Both rules must apply now 

and in the future. Gupta and Snyder (2007) point out, that these goals and conditions 

differentiate TOC from other management concepts, and therefore it provide 

synergistic to other frameworks. 

As the name of theory refers, the fundamental idea lies in a constraining resource, 

which controls the output of whole system. Every system has the constraining resource. 

When system is improved, emphasis should be put on the constraining resource. 

Another word for constraining resource is bottleneck or constraint. (Goldratt and Cox, 

1989) Constraining resource may float, depending on a product portfolio. In this 

situation, Noreen et al. (1995) report that the movement of bottleneck must be 

controlled. When the bottleneck is stabilized to one location, best results are achieved 

(Noreen et al., 1995) Olhager and Östlund (1990) note that a product lead-time from a 

bottleneck to point of delivery is stable, when the bottleneck is stable. This notion 

enables us to think of the bottleneck and processes after it as a single planning unit. 

(Olhager and Östlund, 1990) 
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Goldratt published his measures on the period when cost accounting was widely 

accepted method to evaluate the success of production plants. Instead of cost per 

product, he published three measures, which provide all the important information of 

plant efficiency. Goldratt states that at least two of measures must improve, preferably 

all of them, when any process is improved. (Goldratt and Cox, 1989) These three 

measures are following: Throughput (T) is the amount of products a plant produces. 

Emphasis is laid on sold products, as products in warehouses does not bring any money, 

but rather consume. Throughput is considered the only way to improve labour 

efficiency as labour, at least in short run, is fixed cost (Noreen et al., 1995).  Second 

measure is operating expense (OE), which represents money bound to a system in order 

to keep the throughput on its level. Inventory (I) represents the money that is invested 

in articles the plant intends to sell. Figure 2 presents all of the measures and financial 

factors. 

 
Figure 2 Measures for evaluation of efficiency (Goldratt and Cox, 1989) 

In Figure 2 the measures are also converted to financial factors and few examples are 

given of the variables affecting them. Three financial factors are needed, as the net 
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profit does not count money bound in the inventory and running operations. To keep 

all operations running, positive cash flow must be ensured. (Goldratt and Cox, 1989)  

2.1.2 Drum-Buffer-Rope scheduling 

As a part of production line, the throughput of a constraint depends also on other 

workstations. Research has sought ways to ensure the fluent flow of materials trough a 

whole production process. Goldratt (1986) presents method called Drum-Buffer-Rope. 

DBR is developed the constraining resource in mind, to ensure the high throughput of 

a plant. 

The drum, which dictates a pace to whole production line, is a constraining resource. 

Non-constraining resources should not produce more subparts, than the constraining 

resource can consume. The buffer refers to an inventory before the constraining 

resource, which ensures the maximum throughput of the constraining resource. If some 

sub workstation has a breakdown, the buffer allows production at the constraint to 

continue for a certain amount of time. Goldratt advises to have the buffer also in 

warehouse to ensure in time deliveries. The Rope ties up the production from material 

release to the constraint. If the buffer before the constraint lowers too fast, more 

materials are released to the production, although the rope does not allow production 

of too many subparts to the buffer. (Goldratt & Fox, 1986) 

The whole DBR system is illustrated with a troop analogy in Figure 3. Gaps in line 

represents WIP inventories and the size of soldier represents its pace. The constraint is 

tied to material release point, which could be working faster than constraint. The rope 

allows only a certain amount of materials to be released to process. This way the rope 

controls the amount of WIP. Slack on the rope protects production from distortions of 

bottleneck. If the bottleneck stops, inventory may raise a bit before sub processes must 

be stopped. (Goldratt & Fox, 1986) 
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Figure 3 Drum-Buffer-Rope analogy. Adopted from Goldratt and Fox (1986). 

The troop analogy (see Figure 3) was developed, when Goldratt simplified idea of a 

production line. In the both lines, we have depended variables and statistical 

fluctuations. In a production line, each workstation is depended of raw materials fed to 

it from the earlier workstation. Likewise in troop line, no soldier can move faster than 

one ahead of him. Statistical fluctuations are described in troop analogy with different 

paces of troops. In example, one of the troops may stop and pick up something from 

the ground and then continue walking. Similarly, workstations stop because of 

breakage or operator lunch. The stopped troop lags behind, like the inventory before 

the stopped machine begins to accumulate. (Noreen et al., 1995) 

Goldratt emphasizes that the buffers should be measured in time rather than in amounts 

of products. The size of the buffer before constraining resource is evaluated by 

balancing consequences of starving the constraint and holding cost of work in process 

inventory.  Likewise, the size of shipping buffer is analysed between the consequences 

of not meeting the delivery date and the holding cost of inventory. As a summary, the 
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idea behind the DBR is that materials should not be released in process just to provide 

work for operators. If some material is not needed on constraining resource or cannot 

be sold, the production of it should be paused. If the idleness of workers is problem, 

the management should provide meaningful work for idle operators, cleaning or 

maintenance for example. This leads to better results than overproduction. (Noreen et 

al., 1995) While production on certain station is paused or slowed down, it is still 

important to have workers something to do. Herzberg (1987) concludes his seminar 

paper about motivation of employees, that most important single factor affecting to 

motivation of employee is the meaningful use of his skills and time. 

2.1.3 Development of system 

The importance of continuous development and the culture of learning are highly 

emphasized by Goldratt as well as by Taichi Ohno. These developers of production 

control philosophies TOC and JIT have both their own ways to apply continuous 

improvement. (Benton and Shin, 1998; Goldratt and Cox, 1989). In TOC, the 

development process is widely applicable to different situations. Whether strategic 

planning, project management, process improvement or day-to-day factory scheduling 

is concerned, the five step focusing process may be used to find root cause, focus in 

relevant problem, resolve problem, and erect base for the continuous improvement. 

(McMullen, 1998) The process is presented in Figure 4. 
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Figure 4 TOC´s 5 step improving process for any situation. Adopted from McMullen 

(1998). 

In the step 1, the system constraint is identified. In a production processes the constraint 

is usually a workstation, which is rather easy to find in comparison to service processes. 

After finding the constraint, in the step 2 the efficient constraint exploitation is ensured. 

In the case of workstation, the decision to add operators for three-shift rotation is an 

example of a step 2 action. Step 3 supports the action of the second step, for example 

requesting sub-assemblies to provide enough of parts for the constraint to work during 

the time sub-assemblies are not running. When these three steps are completed and the 

constraint still prevents ascension of the throughput, the constraint must be elevated. 

After breaking constraint in step 4, step 5 directs process developer back to search for 

a new emerging constraint. (McMullen, 1998; Rahman, 1998) 

For elevation of constraint, in step 4 of the TOC’s focusing process, Goldratt and Cox 

(1989) offers four techniques, which are offloading, eliminating idle time, priority 
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components and sequencing. In The Goal, the troubled mill manager gains impressive 

results by elevating constraints by using these techniques. (Goldratt and Cox, 1989) 

A Constraining resource should be exploited as much as possible. This can be done by 

increasing work shifts, assuring the provision of raw materials to the resource, and 

keeping it running on breaks. These actions eliminate the bottleneck idle time. 

Offloading a constraint increases throughput. Offloading may be achieved with new 

investments, by using other machines to remove workload of a constraining resource, 

or by outsourcing an amount of critical components. Certain offloading is achieved also 

by controlling quality of the components before feeding them to the constraining 

resource. If the resource processes product, which is rejected after processing, a time 

spent on that product is lost throughput. (Goldratt and Cox, 1989) 

All the non-constraining resources should prioritise components, which are moving 

through the constraining resource, to ensure fluent work of the constraining resource. 

Missing component causes waiting time to a constraining resource. In addition, 

producing not ordered products e.g. packaging material or spare parts on the 

constraining resource lowers the throughput of the whole plant. Sequencing is 

important if the constraint has a long setup time. Longer runs of components, which 

may be produced with a similar set-up, is more efficient than changing the set-up on a 

constraining resource. In contrast, non-constraining phases should produce small 

batches with higher set-up times, as their production is not controlling the throughput. 

(Goldratt and Cox, 1989) 

2.1.4 Thinking process 

Goldratt (1994) presents a frame of three generic questions, which managers have to 

answer, when they are dealing with constraints. These questions are  
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1. What to change? 

2. To what change to? 

3. How to cause the change?  

The thinking process (TP) includes also five logic trees, which were developed to ease 

managerial decision-making in complex situations. (McMullen, 1998) Three logic trees 

are based on cause-and-effect thinking, which is used also in other managerial thinking 

logics such as fishbone diagram. Relatively, evaporating-cloud and prerequisite tree 

use conditional thinking. (Mabin, 1990) The five logic trees are: 

1. Current-reality logic tree 

2. Evaporating-cloud 

3. Future-reality logic tree 

4. Prerequisites logic tree 

5. Transition logic tree. 

Each of the trees focuses on the different area and they are used in the presented order 

from first to fifth. The current reality-reality tree helps to the answer first managerial 

question “What to change?” by listing undesirable effects (UDE). After listing these 

UDE´s, the cause-effect thinking, rather than only intuition, is used in finding the root 

cause. After the identification of a root cause, second question “To what change to?” 

is answered with trees 2 and 3. The evaporating-cloud is used in collection of 

assumptions and in resolving the root cause. The opposite of a root cause is put as an 

objective of the evaporating-cloud and the reasons blocking this objective is identified. 

After that the injection, which helps the objective take place, is developed. The Future-

reality tree describes the work process after the injection. An emergence of the new 

UDE´s is observed. The answers to the last question, “How to cause the change?” are 

developed with prerequisite and transition trees. In the prerequisite-tree the obstacles 

blocking the use of injection are recognized. If the problem is complex, intermediate 

objects and obstacles in front of them can be used. The Transition logic tree helps to 

list the actions, which initiator must take to overcome the obstacles, employ the 

injection, and resolve the core problem causing UDE´s. (Noreen et al., 1995).  

McMullen (1998) and Blackstone (2001) describes logic trees and the use of them with 

elaborate examples. 
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Rahman (1998) refers to unknown experts who believe TP has the most lasting impact 

on business. In his article, he also states that TP is applicable on higher level of 

management than on shop floor. According to Mabin (1990), Goldratt’s trees help to 

create a logical path, which is easy to follow for everyone. Following the path, of which 

has been discussed as a group, lowers resistance to change. (Mabin, 1990) Noreen et 

al. (1995) presents multiple business cases, in which TP and logic trees have worked 

in problem solving and development projects in companies. 

Theory of Constraints concentrates on actions, which need to be taken to increase the 

throughput of system. The TOC measures include aspects of operational expenses and 

inventory. However, the emphasis is on throughput of system. The theory offers tools 

to find and elevate constraining resources, solve conflicts and subordinate the whole 

system to support constraining resource. The TOC scheduling tool Drum-Buffer-Rope 

strives to efficient management of dependent variables and fluctuations. Thus balanced 

production flow is developed. In addition, TOC offers tools for finding good solutions 

and for implementing them. The thinking processes ease the group work and enforces 

developer to explain new ideas thoroughly. 

2.2 Lean manufacturing 

Womack et al. (1990) state that the Lean manufacturing uses a half of human effort, 

production space, and investments to tools in factory same time employing only a half 

of the inventory amount compared to traditional production. Moreover, the Lean 

manufacturer has also much less defects in process, meanwhile able to produce a 

greater variety of products. Their study also provides a huge amount of statistics of the 

Lean manufacturing in action. (Womack et al., 1990; Womack and Jones, 1996) 

According to these matters, the Lean manufacturing would be worth of implementing 

for every manufacturer. In this section of the thesis studies the history, principles and 

tools of Lean manufacturing are studied. 
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2.2.1 History of Lean 

The Lean was first presented by a group of researchers, who concentrated their five-

year study on excellence of Japanese production systems and philosophy, and its 

adaption to western companies. This practical study presented in the book The Machine 

that changed the world by James. P. Womack et al. in 1990. It launched the next step 

of production fundamental, after the eras of the craft and mass based production. The 

Study was followed by next book Lean thinking, which concentrates in detail on 

principles and implementation of the Lean to businesses. (Womack et al., 1990; 

Womack and Jones, 1996) For understanding the development of production 

philosophy, closer look to the craft and mass based production is taken in following 

paragraph. 

In craft production, workers are highly skilled and unique products are manufactured 

one-by-one from beginning to end. The craft production was supplanted by more 

efficient mass production. Even today, craft production still exists e.g. in luxury 

products industry, where unique products are manufactured. Henry Ford first 

introduced a mass production in car industry. In the mass production a worker is a part 

of a machine, he performs one or two steps of whole process, while the next worker 

performs next couple of steps and so forth. Typical to the mass production is the 

easiness of work and that the operators do not even need a common language with co-

workers to perform actions on the production line. Work in a mass production plant is 

often monotonous and production rate is the key factor. Meanwhile, focus on a quality 

of work is insubstantial. In the end of line, a rework section is established to work on 

defective products as in mass production philosophy it is more important to keep the 

production line running, than aim to zero defects. After era of mass production, also 

referred as Taylorism, the new philosophy prevails. (Womack et al., 1990)  As 

mentioned earlier the basis of the Lean manufacturing tools and philosophy is from 

Japan and, therefore, the arrival of Japanese methods is examined next. 
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Just-in-time (JIT) production philosophy derives to Japanese producers and most often 

the company Toyota and its masterminds Eiji Toyoda, Taiichi Ohno and Shigeo Shingo 

are mentioned (Liker, 2004; Schonberger, 1986; Womack and Jones, 1996). Golhar 

and Stamm (1991) have made wide literature research on JIT philosophy. They found 

and browsed over 860 JIT articles published in professional journals since 1970. After 

screening, they ended up in analysing 211 articles. Amounts of articles and publishing 

dates describe the arrival of JIT to knowledge of western professional community in 

1980s (Golhar and Stamm, 1991). During the late 1980s, the western version of 

Japanese production system, Lean manufacturing was presented (Womack et al., 

1990). In addition to Womack, JM. Juran, WE. Deming and RJ. Schonberger did 

extensive work in bringing the Japanese production philosophy to the knowledge of 

western world. They also had an influence on construction of prevailing Lean 

manufacturing. (Deming, 1986; Holweg, 2007; Schonberger, 1982; Womack et al., 

1990) While Womack et al. (1990) present the Lean manufacturing, Matthias Holweg 

(2007) provides behind the scenes information of Lean origin project. Additionally, the 

extensive time line of Lean manufacturing is provided in appendices of Holweg (2007) 

publication and in Shah and Ward (2007). 

Christian Berggren (1993) criticises the book “The machine that changed the world” 

for being too subjective and unilateral in praising the Lean. He challenges the new and 

fancy Lean with a statement that mass production prevails, as amounts are in major 

role also in future. Berggren admits in his contradictory study, that the Lean tools may 

have a positive effect on production. Still, he complains that the study done by Womack 

et al. (1990) is leaving out significant factors, which affect the performance of studied 

plants. These factors do not give a very favorable image of Japanese production system. 

The factors mentioned include trampling of employee rights such as; forming unions, 

huge amount of forced overtime, as well as unhealthy and stressful work environment. 

(Berggren, 1993) The connection between the Lean manufacturing and worker stress 

is studied through a questionnaire. According to it, the Lean manufacturing is not 

causing excess stress on workers. (Conti, 2006) In addition to criticism, Berggren 
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(1993) admits five positive sides he found while studying Japanese American 

transplants.  

1. Transplants offer more job security to workers, even on hard times. 

2. Transplants worker profile is more egalitarian (manager – operator). 

3. The quality of products is central issue and workers are justly proud 

of their work. 

4. Exhaustive employment tests make selected feel proud of their 

achievement. 

5. Production problems are solved on shop floor and have a high 

priority. 

Is the Lean manufacturing using employees and machines too efficiently? Hines et al. 

(2004) have reviewed a considerable number of critical articles on Lean manufacturing, 

but their positive image of it remains. They explain that the Lean manufacturing have 

been developed from the times of criticism addressed. Those criticised methods have 

been understood and removed from the philosophy.  Katayama and Bennett (1996) 

state that a part of success of the Lean was related to economy of Japan. They conclude 

that inability to accommodate to demand variations is the weakness of the Lean. 

Womack admits already in 1990 that the Lean concept is not fully developed (Womack 

et al., 1990 p. 73). 

2.2.2 Base of philosophy and measures 

Base of the Lean is value-adding work. Work which is not adding customer perceived 

value should be removed. Peculiarities of the Lean philosophy was born in troubled 

times, when extensive resources were not available (Katayama, 1996). The 

manufacturer had to win the competitive edge by using materials, machine time and 

workforce efficiently, instead of only producing huge amount of products as fast as 

possible. The Lean focuses on time that one product stays in a process. Shorter that 

lead-time is, less resources it consumes. All the non-value adding work such as product 

movement, waiting time, and defects, is called waste. The waste lessens the production 

efficiency. (Womack et al., 1990) The eight wastes defined by Womack and Jones 

(1996) are presented in Figure 5. 
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Figure 5 Eight wastes in Lean philosophy. Adapted from Womack and Jones (1996) 

and Melton (2005). 

The descriptions of Lean manufacturing differ depending on describer. Womack et al. 

(1990) describes Lean plant key features following: 

“It transfers the maximum number of tasks and responsibilities to those workers 

actually adding value to the car on the line, and it has in place a system for detecting 

defects that quickly traces every problem, once discovered, to its ultimate cause.” 

(Womack et al., 1990 p. 99) 

As seen from quotation the Lean was first applied in the automobile industry. 

Meanwhile Shah and Ward describes Lean manufacturing: 

“Lean production is an integrated socio-technical system whose main objective is to 

eliminate waste by concurrently reducing or minimizing supplier, customer and 

internal variability.” (Shah and Ward 2007 p. 791) 

In addition to value and waste, the third principle of the Lean is generation of flow. 

The purpose is to create one product flow instead of batch and queue processes. 

(Melton, 2005) Although this might not be fully applicable to process industry, Melton 
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(2005) states that it is worthwhile to use the Lean principles in that industry as well. 

Abdulmalek and Rajgopal (2007) have provided case study, where the utility of Lean 

manufacturing to process industry is discussed. They note that often processes consist 

of continuous and discrete elements, which make Lean tools applicable. Melton (2005) 

sums principles of Lean manufacturing to the identification of value, the elimination 

of waste, and the generation of flow. 

Monden (2012) states that a goal of the Toyota production system, is to improve 

company efficiency, not the efficiency of individual sub processes. The efficiency 

measured in terms of Return on assets (ROA). Return on assets can be counted 

following function (6). 

 𝑅𝑂𝐴 = 𝑃𝑟𝑜𝑓𝑖𝑡 𝑚𝑎𝑟𝑔𝑖𝑛 ∗ 𝐴𝑠𝑠𝑒𝑡 𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟 =  
𝐼𝑛𝑐𝑜𝑚𝑒

𝑆𝑎𝑙𝑒𝑠
∗

𝑆𝑎𝑙𝑒𝑠

𝐴𝑠𝑠𝑒𝑡𝑠
 (6) 

Improvements should be focused on margin and turnover. For the margin ration, the 

costs should be reduced since Profit margin = Revenue – Costs. The costs are reduced 

by completely eliminating waste from process. For the asset turnover an amount of 

inventory on hand is tracked with Asset turnover = Cost of goods sold / Inventory. 

Monden (2012) offers several non-financial measures for the evaluation of shop floor 

performance. He also states that improving these sub goals lead to the improvement of 

the ultimate goal. 

 Lead-time 

 Inventory size 

 Setup-time 

 Machine-breakdown 

 Defective units 

 Capacity availability. 

Jostein Pettersen (2009) shares author opinion about the Lean; the difficulty to define 

concept properly. Pettersen made wide literature research on topic to find unity in goals 

and use of Lean. Still he concludes his study that one agreed definition for the concept 

could not be found. (Pettersen, 2009) Hines et al. (2004) concludes that Lean is ever 
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developing from manufacturing toolkit to strategic value proposition and further. 

Womack and Jones (1996) condense Lean in five principles:  

1. Value specification of specific product 

2. Identification of value streams of each products  

3. Creation of fluent value flow 

4. Customer pulling the value from producer 

5. Pursue for perfection. 

Comprehensive description of Lean manufacturing is omitted in this study, meanwhile 

only most important techniques and tools for case plant and production planning is 

surveyed. Shah and Ward (2007) provide a conceptual definition map, where the Lean 

practices are classified under three topics. These topics are supplier, customer and 

internally related. Pull production, continuous flow, setup time reduction, process 

control (SPC), total productive maintenance and employee involvement are presented 

internal related. From these the flow in process and pull production are examined more 

closely along some Lean tools and metrics. 

2.2.3 Process flow 

Once value stream for products is identified, a process flow between production steps 

should be developed. In the traditional mass production perspective, parts are produced 

in batches and a product moves through different departments. This thinking leads to 

waiting time from product perspective, while in equipment or employee perspective it 

seem effective (Womack and Jones, 1996). For example three customers, who are in 

line, order the same product. The product is assembled from three pieces. If the 

assembler gathers all the parts for the three orders and repeats one phase of assembly 

to each product in a row, products are produced in a batch. First customer, and others 

behind him, waits the time of assembling three products, even though each one of them 

ordered only one. If the assembler had gathered only one product at time, the first 

customer would have waited only time of complement of first product. The question 

arises, are we producing products to use employees and equipment efficiently or are 

we producing to fulfil the customer needs? 
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What is more, often the departments and equipment are planned to produce high 

amount in flow like conveyor line e.g. Henry Ford model. That kind of line is very 

rigid to produce products it is designed for, and becomes cumbersome, when new 

differentiating products should be produced (Womack and Jones, 1996). When the one 

product flow is acquired, the flexibility to produce great variation of products raises, 

as there are no long queues of wrong products from last batch stacking the production 

line. The set-up change on large batch workstations takes longer, since on each set-up 

the batch need to be unloaded to start production of different component.  

2.2.4 Pull production 

The push system is traditional way of production management in mass production 

(Womack et al., 1990). The order essentials are communicated to workstations, which 

manufacture products as long as they have materials. Usually orders are released to 

first stage of production, and then “pushed” through. The following workstations 

handles products emerging from earlier. Pull system works vice versa, the order 

information is processed in final stage and then communicated to workstation by 

workstation until the beginning of the line. Even though systems work differently, 

currently both of them aim at producing right quality at right time. (Olhager and 

Östlund, 1990) Figure 6 illustrates push and pull system in veneer production.  
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Figure 6 Push and pull production in the case plant production. Adapted from 

Olhager and Östlund (1990). 

Lean uses JIT philosophy that uses pull system. In pull production, Kanban card is used 

to deliver information between the workstations. Order timing and quantity information 

is the requirement for JIT production. The pull production claimed to be more flexible 

to changes than the push system, where schedule changes must be arranged for each 

workstation. Relatively in the pull system, the schedule is only done for the final 

workstation, from where it is communicated upstream of production line. Creation of 

continuous flow along whole process is pursued. (Monden, 2012) 

In Lean, pull production also means customer pull. Products are not pushed to markets, 

as pushing them ends up in scrapping outdated products and filling warehouses. When 

production is based on customer orders, the probability that producer have to scrap 

obsolescence products is lower.  The flow production with reduced lead-time strives to 

produce orders faster and lessen the need of product stocks. Lower lead-time, pursued 

in Lean, employs less money in production as excess stocks are removed from shop 
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floor and employee time is not used in excess movement of products to a stockpile and 

back to process. (Womack and Jones, 1996) 

2.2.5 Implementation 

The Lean is a wide umbrella, which covers concepts, tools and philosophies. Use of 

one tool and implementation of some concept may not be difficult, but comprehensive 

implementation of Lean thinking is reported to cause problems (Womack and Jones, 

1996). Womack et al. (1990) list three situations of western mass producers, in which 

they typically need to turn their production to Lean. These three are the following: 

1. The company needs a Lean competitor. When the Lean is seen 

to work in similar conditions, every middle manager and 

worker have to admit the superiority of it and their own need to 

change the production culture. 

 

2. Better industrial finance system is needed. The money for 

investments is given out with too loose demands, which is not 

encouraging producer to efficiency. Instead massive sums of 

money are spent on more sophisticated equipment than needed, 

inefficient factory operations, and product development. 

 

3. Most mass producers need crisis. Only crisis and uncertainty of 

existence unites the executives and workers to work and 

develop as a team instead of fighting for their own purposes 

and benefits. 

Womack et al. (1990) state that: 

“Fundamental problem is that making the transition from mass to lean production 

changes the job of every worker and every manager.” 

The movement from old-fashioned mass production to the Lean is a huge change in 

organizational culture and in working methods. The changes in management people 

are obligatory to success in it. Womack presents many cases, where along the president 

of company more than half of the management had to be replaced, before 

implementation of Lean could even begin (Womack and Jones, 1996). 
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2.3 Customer order penetration in production 

As discussed earlier, customer demands have a strong influence on production 

complexity. Therefore manufacturers revise strategies to attain high service level with 

optimum costs. This chapter presents concept of the decoupling point (DP). Moreover, 

the relation of DP concept to supply chain and production planning is studied. Finally, 

the suitability of DP concept with other reviewed manufacturing paradigms is 

discussed. 

2.3.1 The decoupling point 

The decoupling point is a position of production flow, where certain value is dedicated 

to customer within supply chain (Hoekstra and Romme, 1992). It may be referred as 

order penetration point (OPP), customer order point (COP) or push-pull boundary 

(Wikner, 2014). The decoupling point concept is used in control of the goods flow. 

Upstream of DP activities are based on forecasting and planning, and downstream 

based on customer orders. In the downstream of DP no stocks exist, meanwhile 

upstream processes may have economically justified stocks. Normally a major stock 

lies on the DP. The place of decoupling point varies depending on production type and 

strategy of the company. The place has influence on a delivery and a lead-time as well 

as production and distribution processes. (Hoekstra and Romme, 1992) In practice, the 

DP should be located as early in upstream as possible to keep organization flexible, 

lessen the expensive product inventories, and to protect against forecast errors. Five 

different places of DP are presented in Figure 7.  
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Figure 7 Positions of decoupling point in case plant production process scheme. 

Upstream = left, downstream = right. Frame adapted from Hokstra and Romme 

(1992). 

In Figure 7 the DPs referred as production strategies: 

DP1 = Make and ship to stock 

DP2 = Make to stock (MTS) 

DP3 = Assemble to order (ATO) 

DP4 = Make to order (MTO)  

DP5 = Engineer to order (ETO). 

The position of DP links to risks, which company takes between obsolescence of 

inventory, delivery time, delivery reliability, and lead-time of process. These risks can 

never be completely avoided, but the position of DP has effect of their size. For 

example DP5 employs zero inventories, but has a rather long lead-time and unreliable 

delivery. DP1 employs large inventories, but by fulfilling orders from warehouse, the 

customer obtains order quicker and more possibly on promised time. In addition, 

manufacturing costs are lower, as demand of products does not fluctuate that much on 

forecast basis. Levelled demand enables production to plan their processes more 

efficiently (Hoekstra and Romme, 1992). The relation of DP is presented in Figure 8. 
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Figure 8 Risk types and relative size on different decoupling points. Figure adapted 

from Hoekstra and Romme (1992). 

Characteristics that are forcing the position of DP to either direction, upstream or 

downstream, can be categorized as market requirements and process constraints. In 

illustrative Figure 9 the business characteristics are presented. (Hoekstra and Romme, 

1992; Olhager 2003) 
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Figure 9 Characteristics to consider, when deciding position of the decoupling point. 

Adapted from Hoekstra and Romme (1992) and Olhager (2003). 

The position of DP tends to shift upstream, left, when company is having emphasis on 

low inventory levels, each one of their products is very specific, and the market demand 

is irregular. On the irregular market demand, forecasting is hard, which may lead to 

obsolescence of products and loss of money and work. For example, Olhager (2003) 

states that broad product range and wide set of customization makes company 

impossible to work on MTS basis. The DP should be shifted to downstream, right, if 

products have a long lead-time, workstations have high changeover costs, and process 

is not well controlled. Demand for short delivery time and high deliver reliability on 

markets bolster the movement of DP to downstream. (Hokstra and Romme, 1992) 

Company might move from MTO to MTS, depending on season or market situation. 

This gives company an opportunity to exploit machines efficiently in quiet times as 

well as the ability to answer to high demand in certain season. (Olhager, 2003) 

Olhager and Östlund (1990) discuss of the integrated push-pull manufacturing strategy 

in MTO environment. After integrating production departments, changing the focus 

out of the one department to business strategy, and employing integrated push-pull 

point to right workstation, the results of the company were enhanced e.g. turnover rose 

by 10 - 15%. Pull production was used in beginning of process, while push production 
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was implemented after the bottleneck resource. This thinking can be seen as pull 

production being employed in upstream and push production in downstream from the 

DP. Olhager (2003) concludes that upstream of the DP manufacturing efficiency 

dominates operations, while downstream of the DP is dominated by minimum 

inventory investment. Levels of these two should be decided in relation to customer 

service level. 

The concept of decoupling point widens the planning of actions from shop floor level 

to the whole supply chain. This total supply chain management is vital to assure 

efficient production and an attractive customer service. A company faces the choice 

between delivery reliability, lead-time, and stock investment. The decision taken 

between these features defines the strategy of a company in the markets.  

2.3.2 The decoupling according to strategy 

Olhager and Rudberg (2002) researched the linking of manufacturing strategy 

decisions to manufacturing planning. A wide literature review was conducted on topic 

and studies with empirical research were included. One of these empirical studies, 

Berry and Hill (1992), stated that the manufacturing strategy and system must be linked 

with markets. Therefore, the place of the decoupling point depend on production 

process, product, market and master production schedule (MPS) as well as strategy of 

company. These form the entity of manufacturing planning and control (MPC) 

presented in Figure 10. (Berry and Hill, 1992) The main question of this thesis lies in 

engine and back end processes.  
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Figure 10 Manufacturing planning and control functions. As explained in 1.1, this 

thesis covers areas rounded with green. Adapted from Vollman et al. (2005). 

The MTO, ATO and MTS environments are researched from the viewpoint of 

production and market. Olhager and Rudberg (2002) composed table, presented in 

Figure 11, to show dependencies between these three. They also state that in ATO 

environments both strategies, MTO and MTS, can be employed. Upstream of the 

decoupling point, MTS strategy can be employed as volumes are sufficiently high and 

product range is not that wide, whereas downstream of decoupling point the MTO 

thinking fits better due the customized features and lower volumes per product.  
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Figure 11 Market and manufacturing requirements according to approach. Adapted 

from Olhager and Rudberg (2002) and Berry and Hill (1992). 

The market and manufacturing requirements are discussed later in findings chapter, 

where the suitable approach for the case plant is presented. 

2.3.3 The decoupling point, Lean and TOC 

As described earlier, manufacturing paradigms TOC and Lean focus on management 

of the flow. The TOC strives to attain control of flow with simple system called DBR 

scheduling 2.1.2. Goldratt and Cox (1989) state that the flow will become sensitive to 

disturbances without the decoupling, as disturbance propagates through flow due the 

dependencies. These dependencies as well as fluctuations are challenges in process 

management. Lean, on the other hand, strives for continuous flow and its operation 

with low cost. Wikner (2014) notes that the Lean is not enough for current markets. He 

states that the trade-off between cost efficiency and market responsiveness must be 

considered to win markets.  
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Agile manufacturing can be combined best with Lean manufacturing with the 

decoupling point. Naylor et al. (1999) defines agility as a use of market knowledge and 

virtual company for exploiting profitable opportunities in a volatile market place. In 

short, an agile manufacturer is able to respond altering demands of marketplace quickly 

and profitably. The decoupling point evens fluctuating demand, which eases 

construction of levelled schedule and flow for Lean. The demand levelling relation to 

the decoupling point and the relation between Agile and Lean manufacturing is 

presented in Figure 12. This integration of Lean and agile manufacturing in total supply 

chain is termed Leagility (Naylor et al., 1999). 

 
Figure 12 The decoupling point and its effect on demand level fluctuation. Adapted 

from Hoekstra and Romme (1992) 

As seen in Figure 12 the forecast driven demand on upstream of the DP is levelled, 

when compared to actual market demand. The buffering stocks on decoupling point 

evens the demand and allows upstream processes to plan and sequence their production 

more efficiently. 

2.4 Material and process constraints 

Natural material causes variation due its heterogeneity. The heterogeneity of wood may 

be subsided by refining material to smaller particles. That refining breaks the structure 

of wood, which lessens the structural properties. These properties are important in 

plywood product. The Finnish plywood process has been developed to its state under 
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constraints of raw material during the last hundred years. These constraining matters 

are discussed in this chapter. First, the phenomenon related to the natural material is 

covered. Further, the features of the production process are discussed. 

2.4.1 Living organism as a raw material 

Plywood raw material, wood, is natural and heterogeneous material. Environment, 

weather, animals, insects and human affect a tree during its growth in the forest. 

Redundant properties in raw material are called defects. Kärkkäinen (2003) divides the 

defects of wood to material and trunk defects. Branches, reaction wood and shape of 

tree are trunk defects. Rot, color defect and fungi are material defects. (Kärkkäinen, 

2003) In plywood industry, both types of defects have an effect on veneer quality. To 

sustain the stable quality of veneer, quality checks and grading are employed in 

process.  

In plywood production, the raw material accounts for significant amount of a product 

cost. Furthermore, the quality of raw material has a major effect on veneer quality and 

yield. Because of these features, companies strive to use raw material as efficiently as 

possible. (Koponen, 1995) To attain maximum yield from used raw material, a lot of 

rework operations are organized within the process. The rework is done in veneer 

production as well as in end of plywood production process. Kofoed (2012) suggest 

weighing a trade-off with yield, lost raw material, and rework costs. By that the 

efficient process can be attained. Although rework is considered as waste, in Lean 

principles as described in chapter 2.2. Lean aims to the removal of variations in process, 

but raw material heterogeneity is considered as strategically important variation and 

may not be removed without raising material costs. Therefore Suri (2010) offers his 

theory, where variations related to strategy are not removed. As later covered, the cost 

efficiency is one of the main strategy principles of the case company’s plywood 

business. 
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2.4.2 Complicating factors of plywood process 

As described in previous chapter, the quality of veneers is important factor in plywood 

process. During processing, the veneers are moved around workstations and within 

process equipment. A shape of veneer sheet complicates movement, as forces exerted 

from the equipment to the veneer, easily breaks the thin sheet. The broken sheets are 

graded to lower quality, which are reworked and used in middle layers of plywood. 

Strength of veneer sheet may be increased with proper peeling and pre-processing 

settings. According to Koponen (1995), 58% of raw material can be still utilised to 

plywood production after peeling. Surplus to that 18% of raw material is lost within 

veneer refinement. By counting these factors, around 40% of raw material can be used 

to plywood, in other words one cubic of plywood needs 2,5m3 raw material. 

The DBR scheduling, presented in 2.1.2, advices to level production of the material 

release point according to pace of the process bottleneck. In plywood process, material 

release point is peeling, which produces all veneer qualities simultaneously along a 

distribution. A shape of the distribution relates to raw material quality, skills of peeler, 

and equipment condition (Koponen, 1995). In addition, raw materials are released to 

the process continuously due to uneven yield of veneer qualities. These uncertainties 

inhibit the adoption of DBR scheduling. Koponen (1995) presents distribution of 

veneer to further refinement processes in percentages. The veneer materials distribute 

to patching (22%), jointing (25%) and scarf-jointing (35%). 

Kofoed (2012) concludes his bachelor’s thesis, where Lean and its possibilities in 

plywood process are investigated, by explaining that plywood production is simpler to 

look through cost savings, rather than the Lean principles. Actions considered as waste 

in Lean are supposed to be necessary in plywood production e.g. forklift transport, 

machine loading, and inventory accumulation. Reduced inventories and one-piece flow 

are considered difficult to achieve in plywood production. More focus has been laid 

upon reducing wasteful waiting time on workstations (compare TOC and bottleneck 

2.1). His thesis also states, that Lean as an entity is not applied to plywood production. 
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However, single tools have been used successfully. (Kofoed, 2012) That approach can 

never reach the full potential of Lean as described by its developers (Womack and 

Jones, 1996). 

Yaptenco and Wylie (1970) concentrated on plywood production scheduling from 

mathematical perspective. In problem statement, they raise up the notion that processes 

after gluing are not problematic from a scheduling perspective. This is justified by the 

fact that products flow in fixed sequence from the gluing on. The main problem in their 

study is in veneer preparation: The difficulty to acquire the right quantity and the right 

quality of veneer on time needed in gluing. Study also notes that the flexibility in veneer 

preparation process hardens the scheduling, as decisions should be made consistently 

with each workstation. (Yaptenco and Wylie, 1970) The slight change in plan on a sight 

of one workstation may have devastating effects on the other one and on production 

plan.  These effects occurs due to routings and schedules on workstations, and includes 

extra set up changes, growing backlog as well as rescheduling work for the other 

workstations.
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3 Methods and Methodology 

To conduct research on such a wide scale topic is neither exact nor to be viewed from 

single perspective. Therefore, the topic is approached using multiple methods. This 

chapter presents case study and action research. The methods are used to collect 

quantitative and qualitative data. 

Eisenhardt (1989) and Yin (1989) describe building of theory from case study research. 

The case research requires iteration between research questions, framework and case 

problem. Through these back and forth steps final result is achieved. Eisenhardt (1989) 

also emphasizes the possibility of acquiring empirical evidence for literature through 

the case studies. Structure of the iterative steps in this thesis is presented in Figure 13. 

Qualitative research was conducted to define research problem. The qualitative data is 

collected with interviews, informal discussions and benchmarking. In the case research 

phase the quantitative data is collected from plant management systems and with a 

questionnaire. The results of thesis are evaluated qualitatively and quantitatively 

according to literature framework. 

 
Figure 13 The iterative steps in this thesis and the structure of research. 

Coughlan and Coghlan (2002) reviewed widely the action research in operation 

management. They described action research as cyclical process, where the gathering 

of information and taking action is taken in step-by-step manner towards the goal. 

During the research, stakeholders of project are involved and involvement is used as 

information gathering method. Coughlan and Coghlan (2002) state that productivity 
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increases faster in groups, which have a chance to participate. The fulfilment of the 

thesis goal demands commitment of other employees and therefore the action research 

is employed. Despite its practical nature, action research provides valuable data for 

scientific research (Coughlan and Coghlan, 2002).
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4 Introduction to case 

For a case of this study was chosen a plywood plant in Russia. In the last five years the 

variety of orders for the plant have grown, which demands a more sophisticated process 

management. The planning procedures at the plant are still on moderate level, when 

compared to other plywood plants of the case company. Therefore significant 

enhancement in production efficiency could be acquired by planning modernization. In 

this chapter, thesis describes the case company with emphasis on production planning. 

First, the brief introduction of the case plant, plywood and its production process is 

presented. Secondly, the organisation and planning features at case plant is examined. 

Finally the plant bottleneck and its relation to planning are discussed. 

4.1 Plywood production in case plant 

Chudovo plywood plant is one of the first Russia-Finland joint ventures of its 

magnitude. Later on the ownership was passed to Finnish company, which made it an 

even more extraordinary plywood plant in Russia. Next a brief introduction of the plant 

is given along with UPM-kymmene plywood products and production process. 

4.1.1 UPM-kymmene plywood 

UPM-kymmene, later UPM, is worldwide actor in forest industry and in bio business, 

as currently termed. It was founded in 1995 in following a fusion of Kymmene 

Corporation and Repola Ltd with its subsidiary United Paper Mills Ltd. The main 

business areas are paper, pulp and energy. Plywood production represents 4,7% of the 

company’s total revenue2. The company has six plywood plants, a veneer mill in 

Finland and a plywood plant in Russia as well as in Estonia. Altogether these nine 

                                                 
2 UPM interim report January-June 2014 Available online: 

http://www.upm.com/EN/INVESTORS/Reports-and-

Presentations/2014/Documents/UPM_Interim%20Report_Q2_2014.pdf 

http://www.upm.com/EN/INVESTORS/Reports-and-Presentations/2014/Documents/UPM_Interim%20Report_Q2_2014.pdf
http://www.upm.com/EN/INVESTORS/Reports-and-Presentations/2014/Documents/UPM_Interim%20Report_Q2_2014.pdf
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plants produce 975 000m3 of plywood and veneer of which Chudovo plant produces 

110 000m3 of birch plywood.  

The Chudovo plant was erected in 1990 as a joint venture with Raute Ltd, Kymmene 

Corporation and Russian company Novgorodlesprom. UPM first bought Raute Ltd out 

in 2002 and later Novgorodlesprom in 2005. Chudovo produces products mainly for 

export and it is producer of high quality liquefied natural gas (LNG) plywood, which 

is used in LNG tanker building. Chudovo employs 600 employees and works around 

the clock every day of the week. Next to the plywood plant, is veneer mill, which 

produces currently veneer for Chudovo and other plywood plants of UPM. The veneer 

mill is mostly omitted in this thesis due to its minor influence. 

4.1.2 Production process in the case plant 

Production of birch plywood is presented in Figure 14. The plywood production 

process consists of four departments. The first department is raw material handling and 

trunk preparation. The second one is veneer production and preparing for bonding. The 

third one is bonding and pressing veneers to plywood. The fourth one is plywood board 

refining and grading. The final department also includes optional further processing, 

coating and cut-to-size sawing. 
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Figure 14 Plywood production process. Process is divided to four departments, 

which are marked with colours in following order: 1st = red, 2nd = blue, 3rd = black, 

4th = green.3 

Plywood production process is complex although the product itself does not include 

that many subparts. The batch size and huge inflexible production machines complicate 

production, as the plant should be able to produce wide portfolio of products. Batch 

sizes are from 15-60 boards in the third department and ~300 veneers in the second 

department. The plant manufactures discrete products, but partly it could be compared 

to process industry as some workstations are lined and there is no opportunity for 

intermediate storing. Production equipment at case plant is following: 

                                                 
3 Modified from UPM-plywood, general presentation 4.8.2014. Available online: 

http://www.wisaplywood.com/en/plywood-and-veneer/plywood/plywood-production-

process/Pages/default.aspx 

http://www.wisaplywood.com/en/plywood-and-veneer/plywood/plywood-production-process/Pages/default.aspx
http://www.wisaplywood.com/en/plywood-and-veneer/plywood/plywood-production-process/Pages/default.aspx
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Plywood plant:  Veneer mill: 
3 Rotary cut lathes  1 Rotary cut lathe 

3 Drying kilns  1 Drying kiln 

4 Scarf-joints  2 Patching machines. 

3 Joints 

Automatic patching line 

2 Patching machines 

5 Assembly stations 

2 Hot presses 

End refinement line (edge saw, sanding, grading) 

2 Coating presses (edge saw, grading) 

Cut to size saw 

Packing line. 

 

Equipment are grouped and mounted in line. Forklifts and traversers move products 

between workstations and departments. There is also a small room for the intermediate 

storage of veneer before most of the workstations. 

4.1.3 Plywood product 

As mentioned earlier plywood is a simple product. Although wide scale of quality 

demands have made it more complex. Plywood consists of veneers, which are glued 

together. The three veneer types are surface veneers, middle veneers and glue veneers. 

The veneers needed for plywood in the case plant are all of the same length (1330mm) 

and thickness (1,5mm). One exception is a laminate product that is produced from 

1,28mm thick veneer. There are three veneer widths: 2400mm, 2530mm and 2605mm. 

The surface veneer is received from a peeling line, as surface veneers, are usually not 

jointed. Meanwhile different middle layer widths are received in scarf-joint and 

jointing lines. All of the widths are produced in seven qualities S, BB, WGE, WG, K2, 

K3 and K4. 

In the assembly, the product gets one more variable: thickness. The thickness defines 

product drastically, as after bonding it cannot be changed. In comparison, there is still 

chance to cut bigger boards to smaller ones or use better quality boards for lesser 

quality orders. After refining, board is laminated, packed or sawed to pieces. Three 
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different surface coatings are Wire, Hexa and Form. A clean film with or without logos 

is used on the backside of the laminated board. These options provide even more 

variation to product mix. Listed variables constitutes bill of material (BOM) of 

plywood. Example of Hexa coated plywood BOM is presented in Figure 15. 

 

Figure 15 Plywood bill of materials (BOM). 

Amount and type of veneer needed for plywood production varies along the thickness 

of boards produced. A sum table for veneers, which are used in different thicknesses 

of plywood products, is presented in Table 1. The use of veneer types should be kept 

on the level produced by peeling. The veneer usage can be controlled with order 

acceptance. In addition, small changes to veneer distribution is acquired by changing 

veneer-cutting parameters of the clipper at the end of peeling line. 
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Table 1 Variation of veneer type amounts according to thickness of the plywood 

board. 

Thickness 

(mm) 

 Veneer type 

Amount of veneers Surface Glue Dry 

6.5 5 40.0 % 40.0 % 20.0 % 

9 7 28.6 % 42.9 % 28.6 % 

12 9 22.2 % 44.4 % 33.3 % 

15 11 18.2 % 45.5 % 36.4 % 

18 13 15.4 % 46.2 % 38.5 % 

19 14 14.3 % 50.0 % 35.7 % 

21 15 13.3 % 46.7 % 40.0 % 

24 17 11.8 % 47.1 % 41.2 % 

27 19 10.5 % 47.4 % 42.1 % 

27.4 20 10.0 % 50.0 % 40.0 % 

30 21 9.5 % 47.6 % 42.9 % 

30 22 9.1 % 50.0 % 40.9 % 

35 25 8.0 % 48.0 % 44.0 % 

4.2 Production Planning 

The planning in the case plant differs from other plants of UPM mainly because of their 

simpler product portfolio. The difference is seen already by inspecting organisational 

scheme of the case plant. First the production organisation and its relation to planning 

is discussed. Secondly bottleneck process and variables effecting to it is presented. 

Lastly, the place of decoupling point is discussed as a part of production planning in 

case plant.  

4.2.1 The organisation 

There is no planning organisation in the case plant and the planning actions are 

performed inside the production organisation. The main responsibility of order 

acceptance, transport and capacity planning lies on a production planner, who also 

compiles numerical information of production performance. Production manufactures 

the accepted orders before the given deadline. The production engineer decides each 

day which order is produced by constructing a daily production list. According to that 

list, the production engineer on veneer department with his/her foremen plans 

production of veneers. Using the same list, foremen of refining department plan their 
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shifts schedules and order board billets from the foremen of bonding department. 

Departments are presented earlier in Figure 14 and the organisation in Figure 16. 

 
Figure 16 The Case plant production organization and planning related tasks of each 

level. 

As well as planning actions, the plywood production engineer is the superior of 

foremen and has the responsibility of the production performance. Foremen lead their 

departments and are responsible of their shift performance and employees. Foremen 

and senior foremen report to the production engineers. 

4.2.2 Planning features 

Orders are produced MTO basis and billets are pulled from assembly to end refinement 

line. The basis of the production plan is that every workstation of the plant produce 

certain amount on each shift. The mass production follows a similar idea that every 

workstation should produce as much as possible, to reduce cost per product in the cost 

accounting (Womack et al., 1990). 

Shift production
control and rework

Daily production
control, capacity

planning and rework

Monthly capacity
planning, 

component orders, 
Order acceptance

Production
management

Plant management
Plant 

Manager

Production
Manager

Production
engineer, 

Veneer

Foremen

Production
planner

Production
engineer, 
Plywood

Senior 
foremen and 

foremen



Introduction to case | Production planning modernization: The case plywood plant  

 Jani Salomo Laamanen | Aalto University 55 

The order deadline for production is derived from customer need, transportation 

availability and production capacity. Customer demand for the delivery date varies 

depending on, if the order is for a distribution centre or a private customer. The 

transportation has a significant effect on the delivery time, as most of the products will 

cross borders and are shipped. Important factors affecting the possibility to produce the 

orders are the bottleneck capacity and the type of ordered product. After the date is set, 

the production planner sends the order to the production engineer. 

The production engineer sequences orders for three features: even distribution for three 

end refinement workstations, minimal set up changes, and an operative rework array. 

The orders are sequenced according to the end refinement stations to provide work for 

all operators. When the three streams are satisfied, products flow in such an order, that 

set-up changes in assembly, hot press and sawing are minimal. This is not vital, as the 

set up change times are relatively low. In order list, the rework is taken in focus, as the 

amount of defect products in the production is high, from 8 to 30%. Small orders are 

bundled with similar orders. For the operative rework array, production of lower quality 

boards is timed together with higher quality. Rework of defective products is seen as 

valuable action. Moreover, the production engineer formulates the plan for next three 

shifts. At the same time, the equal amount of work, with similar products divided to 

every shift, is pursued. 

Shift foremen follow the list made by production engineer and fulfil it as well as 

possible, but when needed, they also make changes. Insufficiency of veneer forces 

foremen often to deviate from the plan. The foremen also divide the orders to 

workstations and decide the exact times, when an order is produced. Each foreman has 

his own way to accomplish and sequence his production assignments. The planning 

process is remarkably flexible and includes many people. Everyone has adjusted to 

quick changes and flexibility, which is opposite to working on a pre-planned and a 

strict schedule. Altogether, the planning actions for a more efficient production are still 

in their initial phase. 
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In addition to strong departmental divisions, the shifts work stiffly among themselves. 

Idea of each shift producing its own veneer and plywood is common. Healthy 

competition coexists between the shifts about production amount, quality and the use 

of materials. However, the cooperation between shifts would be more efficient than 

having a stoppage in production due the shift change. This manner derives from the 

salary system, where each worker is paid according to amount he produces. Currently 

the thinking follows: if a product is ready for packaging, but the shift changes before it 

is packed, the next shift gets extra product for packaging in the beginning of their shift. 

That shift is then able to pack more and get larger amount of cubic meters to their ticket. 

This thinking causes two problems: longer lead-time, as packages tend to wait for their 

own shift and inefficient optimisation, as shifts stop working earlier than shift change 

occurs. The planning must concentrate also on this matter, which complicates and 

reduces efficiency the plant. Although the agreement have made along shifts to leave 

next shift some amount of components to ensure fluent shift change, the root cause still 

influences and causes conflicts. For an example, the situation where workers get 

offended due the previous shift have had some problems and therefore the workstations 

are out of components. 

The planning is based on the individual salary of each worker, which is greatly related 

to amount he or his unit produces. Certain amount of work for each shift is required or 

the salary of a worker dives. Workload is allocated by the terms of workers rather than 

by efficiency of production. As described in TOC (2.1.2), the excessive production at 

non-constraining workstations only creates inventories on plant floor rather than 

helping plant to acquire profit. Even though the production works MTO, some of the 

products are manufactured to free stock and to orders, which are dated farther than two 

weeks ahead. This is done in order to provide longer sequences. Although products 

produced too early in bottleneck, lengthens the lead-times of more urgent orders (see 

2.1.3). 

In production, storages are used to ensure running of line in the case of machine 

breakup. The storages also provide feeling of safety to workers. A low level of veneer 
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storage affects production by causing fear of late delivery as well as losses of salaries. 

Moreover, the intermediate storages enable unplanned machine stops and longer repair 

times, as the whole process will not stop. 

4.3 The Bottleneck 

As described earlier in literature review, the bottleneck of process is a key factor in 

planning as well as in process development. In this chapter, the bottleneck of the case 

plant is described more closely. Factors affecting to the bottleneck production is 

discussed and the role of decoupling point in present planning is reviewed. 

4.3.1 Factors affecting to the bottleneck 

The bottleneck in the case plant is known and orders are accepted according to its 

capacity. Hot pressing, after bonding is the constraining resource. Daily capacity of hot 

presses is 393m3 of plywood and they work 7 days a week 24 hours a day. Maximum 

overall capacity is achieved with proper average thickness of produced plywood. The 

thicker plywood requires longer pressing time, but more cubic meters are produced 

with pressing. Table 2 presents the pressing features. During pressing, it takes four 

times longer to heat up the thickest plywood variant compared to the thinnest one. 
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Table 2 The pressing times of hot press according to the thicknesses of plywood 

billet. 

Thickness (mm) Product thickness (mm) Cubes (m3/min) 

4.09 - 9.9 5.2 - 9 0.11 

2.6 12 0.18 

15.6 - 16.89 15 0.15 

18.39 18 0.17 

21.2 18 0.17 

24.1 21 0.18 

27 24 0.18 

28.2 27 0.19 

30 27.4 0.17 

31.2 30 0.15 

35.4 30 0.14 

36.4 - 36.6 35 0.15 

In addition to product properties, the preceding and following workstations have their 

influence on the bottleneck. If the preceding operations are not able to produce 

components in bottleneck pace, it slows down and the plant throughput lowers. If the 

product mix demands different veneer than what is obtained from the veneer production 

distribution, assembly may starve the veneer storage. That leads to production stop on 

assembly as well as on the bottleneck. Furthermore, long maintenance breaks same 

time on all assembly stations cause inevitably stops at the bottleneck. 

Following workstation of the bottleneck, end refinement line, also restricts the 

production on the bottleneck, as the set up change is slower and has to be made 

according to different sizes and thicknesses of the product. In comparison, on hot press 

the set up is changed only for thickness and it has no influence on running time, as it 

may be done on the run.  Presses and the end refinement line are integrated and products 

flow through workstations. Sequencing after the presses may be performed with 

forklifts, which is not convenient. Before the presses, there is possibility to sequence 

incoming products, but with limitations in time and space. Simplified process is 

presented in Figure 17. 
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Figure 17 Simplified plywood process in case plant. The bottleneck with its 

surrounding workstations is marked with red box. 

As described, many variables are affecting the running of the bottleneck in the case 

plant. The role of the bottleneck in the planning process is discussed next. 

4.3.2 Planning according to the bottleneck 

The capacities followed actively are the bottleneck, coating and cut-to-size saw. Daily 

order lists are made for coating, cut-to-size saw and packaging. Even though whole 

production should be MTO basis, products are attached to their orders after end 

refinement. The assembly is still considered as component production, as planned 

amounts are much larger than in order, mainly because of reject allowance. Many 

similar orders are produced at the same time in the terms of efficient sequencing. 

Variation in production process is abrupt, which compels planning actually to work in 

upstream of assembly more on a forecast basis than on an exact order driven one.  

On the veneer production department, all workstations produce with full speed. 

Intermediate storages lay before workstations. Additionally, reasonable amount of 

refined veneer is stocked before assembly stations. Despite these buffers, common 

problem for the assembly is to obtain right veneers at time they are needed. The 

workstations run in batch-queue manner, where size of batches are ~300 veneers and 
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preparation time of one batch varies from 60 to 120 minutes. Altogether the production 

planning on the shop floor level, concentrates more on other workstations than the 

bottleneck. 

The role of the bottleneck was discussed and the planning process described. After this 

brief introduction to plywood product, planning and the case plant, this thesis presents 

its findings. The details are discussed within literature frame as well as in comparison 

to other plywood plants of UPM.  
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5 Findings 

During this study a vast amount of interesting issues were exposed. The ones that are 

most related to production planning are presented, compared to literature as well as to 

other UPM plants. This chapter presents benchmarking of UPM plywood plants and 

discusses of the findings. 

5.1 Benchmarking 

During of study, a benchmarking with two other plywood plants of case company was 

made. Benchmarking was done in Joensuu and Savonlinna plants. These plants were 

chosen because of their complex product portfolio, similar equipment, and their 

advanced production planning. Research focus is in production planning methods. 

5.1.1 Joensuu plywood plant 

In Joensuu the planning organisation is established next to the production organisation. 

It is differentiated to its own branch. The planning branch consists of production 

planner and two shop-floor controllers. The first one is responsible of base board 

production and the second one manages end-refinement. These three people answer for 

the whole planning of Joensuu plant. (Pitkänen, 2014) A simplified illustration of 

organisation and its tasks is shown in Figure 18. 
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Figure 18 Planning organisation with its main objectives in Joensuu plywood plant. 

The planning is based on computer calculation and heavy material requirements 

planning (MRP), which is controlled with an excel table. More about MRP can be 

found from Vollman (2005). Production planner establishes a weekly plan and checks 

the capacities of the plant. He bears responsibility of moving orders from week to week, 

depending on capacities. After weekly plan is made, he releases it to first shop-floor 

controller who generates daily bonding program for each assembly station and counts 

the veneers needed. He deals the orders to workstations and observes the realization of 

his plan. In end-refinement, the second controller observes the orders and the amount 

of completed products. If there are extra boards produced, they are used for other orders 

and if an order is lacking of boards he orders more from the first controller. The end-

refinement controller plans set up changes in lamination and resource allocation to 

workstations in end-refinement. 

The planning method in Joensuu is called centralized planning (push system) and it is 

opposite of decentralized (pull system), which JIT represents (Józefowska, 2007 p. 15). 

The centralized planning is convenient for MTO environment, as shown in Figure 11. 

Even though the JIT is not achieved through Kanban system in Joensuu, they have 
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automated their production in order to cut operating costs and to create continuous 

flow, which customer pull directs. Additionally, the workforce is trained for multiple 

workstations, which is one of the main concepts of Toyota production system (TPS) 

and Lean manufacturing (Monden, 2012). 

5.1.2 Savonlinna plywood plant 

In Savonlinna, the planning organisation is similar as in Joensuu. In addition to enhance 

planning, they have installed manufacturing execution system (MES). MES handles 

capacity calculations, product routings and WIP inventory. Lot of information is fed to 

the system to provide plan for veneer production. All of the workstations have their 

computer and connection to the plant network. The orders arrive electronically to 

workstation and the operator signs them done after order completion. Each packet in 

production is followed and WIP inventory is counted automatically in real time. 

Therefore MES is the ultimate tool for following progress of order completion. To 

employ a complete system, huge amount of information must be gathered and sizeable 

investment to equipment is needed. In Savonlinna the investment was done in tandem 

with modernization of whole plant in 2010-2012. In addition to investment, system is 

run under a licence. Reliable information about impact to operation efficiency is not 

yet provided, but the production planner interview revealed only positive things about 

the new system (Ritonummi, 2014). More about MES can be found from publication 

Manufacturing Execution System – MES by Jürgen Kletti (2007). 

Automated information gathering and processing provides production planner needed 

information from shop floor. The planner is able to follow the progress of orders, as 

well as see the capacity variables. In addition, the MES in Savonlinna visualizes a 

production plan, which eases perception of production variables and their aggregate 

influence. The Scheduler is presented in Figure 19. 
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Figure 19 The Scheduler of Savonlinna MES. 

The Scheduler functions also as a simulator, which planner may use to simulate 

different scenarios in production. A flexible simulation possibility for production plan 

considered a very important tool also in Joensuu, where possibilities to simulation 

program were also researched (Eronen, 2014). In Figure 19, workstations are on the 

left hand side and each order is shown as a beam. Time runs from left to right and 

timespan of order completion is presented with the length of the beam. The beams may 

be moved and according to movement, Scheduler proposes new production time and 

route for the whole order. Orders can be reviewed by selecting them. Selected order 

and its proposed route manifests with continuous line, which connects the beams. The 

vertical line, which moves on the table, represents current moment. The continuous 

online monitoring eases prediction of order fulfilments. After these modern examples, 

thesis studies the case plant’s functions and their operations. 

5.2 The case plant 

This chapter presents findings at the case plant. The findings are examined trough 

Theory of Constraints and Lean manufacturing. Several development ideas are 

presented and positive outcomes estimated. In the end, the planning system is analysed 

and new method for it is presented. Many of the findings in this chapter culminate to 

an salary system. Inconvenient factors of the system are revealed and base values for 

more convenient salary system is offered. 
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5.2.1 Breaking the constraints 

As earlier (2.1) described, the production time lost in bottleneck is lost forever from 

the production amount of the whole plant. For the first research question (1.1) of 

increasable throughput, the bottleneck was examined more closely. In addition, the 

possibility to adapt drum-buffer-rope scheduling is discussed. 

The bottleneck running time was acquired from database, where information about 

press movements is recorded. Additionally, a questionnaire was provided to press 

operators. With the questionnaire, reasons for production stops were collected. The 

questionnaire sample can be found from Appendix A. Inspection interval with 

questionnaires was ten days and net operating time was measured monthly from 

database (the sample figure can be found from Appendix B). 

The data gathered from database, it can be seen that the bottleneck net operating time 

is around 6-7 % less than its loading time. It means that downtime and speed losses 

account for that percentage of production amount. This amount is lost production, as it 

occurs on the bottleneck resource. The reasons for these losses were investigated with 

the questionnaire described earlier. The results from investigation are presented with 

Pareto diagram in Figure 20. Three reasons, which wasted most of time were shift 

change, planned maintenance and no reason given. Close to 50 % of wasted time occurs 

two hours from the shift change and leads 30 – 90 minute breaks in production at the 

bottleneck. 
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Figure 20 Pareto diagram of reasons to the bottleneck stops. Collected from operators 

with the questionnaire. Vertical axis on left side marks length of stoppage (hh:mm:ss) 

and on right side cumulative percentage of all stops. 

Shift change should be rearranged, to prevent such a long pause in assembly stations, 

which are providing the plywood billets for presses. Assembly pauses on shift change 

for 20 to 40 minutes for clean-up. The assembly and prepressing time of a billet stack 

is around 40 minutes. Over one hour long pause in component feeding poses a threat 

of draining bottleneck buffer. Often the exhaustion of plywood billets occurs on the 

bottleneck, as may be seen from the results. 

The second reason for stops in production was planned maintenance. Planned 

maintenance is not accounted in loading time, so it is not included in downtime and 

speed losses. During the ten days investigation, the weekly maintenance on assembly 

and presses accounts for 20 – 30% of non-producing time on the bottleneck. The 

maintenance time could be reduced, by arranging weekly maintenance on one assembly 

station at time. Four working stations are able to feed the bottleneck meanwhile one is 

under maintenance. On the bottleneck, the maintenance would take only as long as 
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needed and would not be related to maintenance of assembly stations. Hot press waiting 

for the earlier phase to start production is waste as described in Figure 5. 

By arranging shift change more efficiently, the bottleneck could be elevated by 3 – 4%, 

which equals 3000-5000m3 to annual 110 000m3 production of case plant. In addition, 

1-2% more loading time could be added, with not simultaneous maintenances of 

presses and assembly stations. 

The troop analogy (2.1.2) could be applied to the case plant planning by releasing the 

amount of components needed on bottleneck for the products. To maintain the buffer 

before the bottleneck, the component production should run at least eight hours ahead 

of assembly. The components are produced in batches and for multiple orders at time, 

the marking a certain component for a product is very difficult. In addition, the 

variation in acquired component qualities complicates the production of needed 

amounts of components. Although with exact and centralised planning actions that is 

possible. 

To facilitate the planning and execution process on the shop floor, routings for 

components can be established. When certain components flows through the same 

workstation, the component flow for a product can be followed. Together with the 

levelled demand routings eases the shop floor plan creation. Even though the 

component routes are established, the workstations must be able to produce different 

components, when needed as purpose is not to make process inflexible, but make 

planning simpler. Elimination of the inflexibility is one of the Lean purposes.  

5.2.2 Leaning production 

Leaning production refers to identification of value adding processes, removing waste, 

and securing flow of products as described in 2.2. From case plant, numerous wasteful 

actions are examined and production flow is discussed. 
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An excess non-value adding movement of employees occur in the end of every shift. 

Every operator brings a hand written ticket of his production amount to foreman, who 

copies the information to an electronic system. This information is used to calculate 

payments of operators and to follow production performance. In addition to lost time 

in movement, workers are not doing any productive work after bringing the ticket to 

foremen, as additional work is neither recorded nor paid. Many workstations produce 

batches, which offers operators a good occasion to sign the ticket after “the last batch” 

and not to start next as there is no way that he can accomplish it before end of the shift. 

Foremen estimate that they are using 1 to 2 hours in every shift to copy information to 

electronic system. Nearly all of the information could be already gathered 

automatically from electronic recording systems.  

The waste of excess production is encouraged at the case plant. An amount of operators 

wage derives from amount he produces on his workstation. Besides the overflowing 

WIP inventories, this leads to amount optimisation over quality and economical use of 

raw material. A good example of this was found from clippers, which are integrated to 

peeling line. 

The clipper stacks veneer in three pockets. Two pockets are for half-width veneer and 

last pocket is for a full width. The full width veneer is more valuable as it is mainly 

used for high quality surface layers of plywood. Higher percentage of surfaces is 

needed for thinner plywood (Table 1). Better profit is also available to thinner plywood, 

as less material and glue is used in production. The demand and price for thin plywood 

is relatively higher as well. The lack of surface veneers restricts thin plywood 

production. When the batch at clipper is full and it is changed, peeling line should stop, 

as there is no place for full width veneer. However, the operators continue running line 

by using only half-width pockets, thus maintaining high amount of production. A quick 

calculation (Table 3, Equation (7)) shows the amount full-width veneer is lost due these 

actions. To solve this problem either salary system should be reconstructed or an 

investment for new full-width pockets be placed.  
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Table 3 Peeling line and clipper variables in pallet change. 

Production speed Full-width veneer production speed 

1st and 3rd peeling line 3800 m/h 1st and 3rd peeling line 950 m/h 
2nd peeling line 3400 m/h 2nd peeling line 850 m/h 
             
Average amount of full-width  25 % Pallet change time 1,8 min 
veneer produced on clippers     Pallet change interval 1,7 h 

 𝑙𝑜𝑠𝑡 𝑓𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ 𝑣𝑒𝑛𝑒𝑒𝑟 𝑝𝑖𝑒𝑐𝑒𝑠 𝑖𝑛 𝑎 𝑑𝑎𝑦 =  
𝑣 ∗ 𝑡

𝑤
∗

24ℎ

𝑐𝑖
, (7) 

where  

v = production speed of full-width veneer (m/min) 

t = pallet change time (min) 

w = width of veneer (m) 

ci = change interval (h) 

When counted for 2,8m long veneer, with line speed 3800m/h and 25% full-width 

veneer acquaintance, and 1,8min long pallet change with 1,7h change interval, 

production loses ~400m of veneer, which means 143 full-width pieces. From plywood 

BOM (4.1.3), we may see that a plywood board needs two surface veneers. On rough 

average, 40% of full-width veneers are used as surface veneer, which means that daily 

lost equals components for 28 plywood boards. On the other hand, if the line is stopped 

for a full-width pallet change, the production of half width veneer lessens by 

1500m/day. 

Stopping the line for the time of pallet change lessens the cubic meters produced, but 

as described in TOC (2.1.2), the non-constraining resource should produce according 

to pace of the bottleneck, as faster pace on upstream of bottleneck only leads to excess 

inventories. Described action also creates waste, as if a shortage of surface veneer 

occur, the best half-width pieces are joined on a surface jointer. The same half-width 

veneers may have occurred because of not stopping the peeling line during the pallet 

change. This extra work could have been avoided already in the clipping phase. 

As discussed earlier all the products and veneers are produced MTO and only raw 

material is purchased according to forecast. Customer pull seemed to work fluently, 

albeit the high amount of rejected products forces the production of 10 – 20% more 
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products than what is ordered. Even though the rejected products are reworked to other 

orders, they cause several negative effects: higher raw material consumption, higher 

reject inventory, more required space, and extra rework. The Lean strives for perfection 

to lessen waste of defect products. In case plant over 1800m3 of rejected products cover 

~500m2 roofed area, and employ two people, forklift and equipment on day shift in 

reworking. 

The machinery and plant layout are planned traditionally for mass production. The 

similar workstations are grouped and the whole process is partitioned to departments 

with their own management. The most of the machinery are running batch and queue 

method. The Lean principles advices us strive for one-piece flow and U-shaped line 

layout. In the case plant the component production should be integrated to assembly to 

reach the mentioned advices. The example of the current and the Lean layout are 

presented in Appendix F. As seen in layouts, also the departmental borders should be 

renewed. The renewal would cut out departmental conflicts, as responsibility spreads 

to wider part of process, instead of cutting it to three beginning, middle and end. 

5.2.3 Production planning 

Planning strives to predict forthcoming and thereby reconcile orders with capacities. 

The aim for this is to achieve equilibrium between effective capacity usage and 

fulfilment of customer promises. For successful production forecast, many variables 

must be examined simultaneously with each other. Usually the production is complex 

and contains a huge amount of variables. This complexity can be handled by fixing 

variables and automating calculations. Although fixing variables, leads to inflexible 

production and therefore may be employed only within reason. For calculations, 

computer programs should be exploited. 

In the case plant, foremen and engineers on different hierarchical levels define and 

form an production plan. This keeps the planning very flexible, but meanwhile disposes 

the benefits of sequencing and predictability. The order execution equipment is out-

dated and vulnerable to human errors. The examples of order lists is presented in 



Findings | Production planning modernization: The case plywood plant  

 Jani Salomo Laamanen | Aalto University 71 

Appendix C and Appendix D. In addition to use of pen and paper, foremen use 

calculator and they copy order information several times from each other’s lists. As an 

example Joensuu plant uses single excel table shared among production planner and 

controllers. In the table, routine calculations are solved automatically by functions and 

therefore the chance for the human error lowers. 

During this thesis, a tool for accurate and modern planning was created. The use of this 

Excel based planning tool should have been analysed, but the time for adoption the new 

method was limited, and therefore the results are not presented in this study. Example 

page of the tool is presented in appendix E. With the tool, the production planner would 

get a comprehensible view of whole process, as much of information and calculations 

are included in it automatically. The tool can be used to test different order 

combinations and to make decisions in weekly order acceptance. Without proper 

knowledge of capacities, maintenances and veneer consumption the production planner 

cannot estimate the exact weekly load. The estimation of the load according to 

variables, such as thickness, veneer distribution and coated/uncoated plywood, is 

valuable for the load levelling, of which is discussed earlier in 2.3.3. Only the 

production planner is able to level weekly loads, as he accepts orders and coordinates 

transports. 

Furthermore, the tool is shaped to help in shop floor planning and order execution. 

After production planner has formulated levelled weekly plan, a shop floor controller 

should divide orders to workstations. On shop floor, the controller knows exact 

workstation availabilities and WIP inventories, which he can consider in daily 

planning. Shop floor controller plans daily production within weekly limits that are 

given by the production planner. 

The supply chain strategy of company is MTO, which is shaped to market demands. 

As described in the beginning, customers demand various products in varying amounts 

with quick and exact delivery. These requirements directs production to MTO 

environment as shown in Figure 11. The production in the case plant still resembles 
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requirements for MTS environment, which is also described in the picture. 

Decentralized planning, high volume batch production and high emphasis on overhead 

costs makes adaption to MTO environment more difficult. 

The planning methods are old-fashioned and they have not developed on the pace with 

other plants of the case company. That devolution derives most likely from knowledge 

level of information technology (IT). Furthermore, the simpler product portfolio as well 

as lower labour and raw material costs reduces the demand for development. These 

aspects lead also to acceptance of primitive salary system, which is discussed in next 

chapter. 

5.2.4 Salary system 

Shop-floor workers as most of the employees work to earn living. If the salary is based 

on some result, it is a clear message from employer to employee to strive for given aim. 

Blackstone (2001) condenses the power of incentives in one clause:  

“People tend to act as they are measured.” 

A Common way in mass production is to link bonuses and wage with amount of 

products produced (Womack et al., 1990). This represents also dominant thinking at 

the case plant. In the plant, employee salary lowers, if his daily production amount 

lowers. Wage is neither related to quality or yield, nor the customer need of component 

or product manufactured in that workstation. Employees are forced to produce as much 

as possible, which leads to complications in production planning and supports 

functional biases rather than overall organizational efficiency. Even the bonus, which 

could be changed monthly according to success of employee, has stuck to top level, 

which makes it useless in motivation. In addition to operators, the production 

management optimises their operations to help their workers to fulfil the daily quota. 

In such a deep organisation, the management actions lead to partial optimisation at the 

expense of overall performance. 
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In example, the production planning must ensure enough of work for all of the 

workstations. Moreover, the work should be similar to assure everyone has a same 

chance earn same amount of money. Some of the orders are easier to produce. 

Schonberger (1986) admits that badly placed incentives may weaken the performance 

of manufacturing, meanwhile Womack et al., 1990 states that workers only concern is 

to meet a daily quota and then knock off, if salary system measures only that. 

The negative matters of present salary system are collected to Table 4. In contrast, the 

table also describes factors on which salary system should be based on and towards 

which goals it should motivate workers. Table 4 constructed on manufacturing 

paradigms and applied to case plant needs. 

Table 4 The negative effects of the current salary system and base values for 

developing new system to the case plant. 

Negative in present salary system 

- Supports functionality 

- Isolation of shifts 

- No common cause 

- Not relate to all of the key figures 

- Not transparent, very complex 

- supports greatly inequality 

- Does not commit worker to 

employer 

- Complicates production planning 

(shift changes, even distribution 

of products to shifts) 

- Waste causing recording process 

Base for effective salary system 

- Common cause for everyone, 

motivation to team work without 

functional or shift borders 

- Key figure support (yield, 

quality, amount) 

- Transparent and equal 

- Encourage to develop oneself and 

all the surrounding processes 

- Simple, automatic, electronic 

(non-value adding process) 

- Incentive for individual 

achievement 

As part of salary paid depends on the amount of workstation produces, it supports 

functionality. Besides, the produced amount is counted for shifts separately, which 

lessens the teamwork and smoothness of shift change. Each operator has his own goal 

of producing high amounts on their workstation and common cause for all workers 

does not exist. The performance of case plant is measured with multiple key numbers, 

but only one key number, the amount, is included in the shop floor worker salary 

system. The bonus from produced amount composes cubic meters of products 
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multiplied by varying coefficients depending on product and workstation. In addition, 

salary system is not offering any incentive to stay with employer or for employee self-

development.

These findings reveal the matters, which maintains traditional mass production and 

prevents process from developing. The case plant production represents currently the 

right side (MTS) of matrix in and market requirements are on left side (MTO) (Figure 

11). By undertaking proposed developments, the case plant is able to answer the market 

demand as well as supply chain strategy of the company. 
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6 Conclusions 

In this chapter, the research questions are discussed and suggestions for the case plant 

are presented. Moreover, the possible future research topics on production management 

and planning are proposed. Finally, the limitations of this study are evaluated. 

6.1 Summary 

This thesis provides a case study of TOC, Lean and decoupling point employment in 

production development. The focus to the whole plywood process makes the study 

unique among the research conducted on the plywood sector, where mostly technical 

questions of one or two sub processes have been studied. The study provides clear 

suggestions for the case plant to develop their overall efficiency and to sharpen their 

competitive edge. These suggestions are presented in the next chapter.  

The aim of the thesis was to discover opportunities to enhance case plant performance 

by modernisation of production planning. The opportunities and their profitability were 

studied within research questions. As a setback, timespan reserved for that was too 

short for a new planning model implementation and therefore the pursued results will 

be acquired later. Nevertheless, the valuable understanding of the whole process was 

acquired and is presented in Figure 21. The local philosophy and values are in conflict 

with company and the supply chain strategy, which cause problems in between 

planning and the production. 
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Figure 21 The overall contradiction of planning process. 

The most distinct conflicts arise from fundamental difference. The production in the 

case plant is still, so-called, mass production, where efficiency is rated on cost 

calculation basis, the plant layout is divided to functional departments with their own 

managers, and workstations are run batch and queue basis. In a contrast, the customers 

demand their unique orders with short and exact delivery times. In addition, the ordered 

product mix and volumes varies. As studied, the described customer demands can be 

fulfilled better in the Lean than in the traditional mass production environment.  

6.2 Suggestions for the case plant 

To ensure the competitiveness of the case plant, the suggestions for development are 

composed. These suggestions formed through iterative discussions with the plant 

employees and management. The argumentation for the suggestions can be found from 

chapter 5. The suggestions for viable production and planning cooperation are 

presented in Figure 22. 
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Figure 22 The classified suggestions for the case plant. 

To modernize planning in the case plant, more sophisticated methods and equipment, 

should be employed. The plywood production is too complex to possess, without help 

of modern IT. The information amount is enormous for human capability, especially 

when further than 24-hour timespan is planned. When the weekly plan can be formed, 

the production levelling can also be employed. If that is done, then routes for different 

components should be established to make shop floor control straightforward.  

The salary system in the case plant collides with production planning. As earlier chapter 

noted, it complicates the planning by adding an inflexible variable to plan. Moreover, 

the salary system does not motivate employee to participate process development. Top 

of these, some planning decisions, which are profitable for the plant, lead to reduction 

of worker salary. Therefore, the reform of the system is essential for planning 

development. 

For efficient order execution, production planner requires a person who totally commits 

to shop floor controlling. In addition, the responsibilities in production organization 

should be considered critically. Instead of having numerous people who responds of 

their own areas, production should have one person who leads the whole planning 

process. Only then, the optimisation and effective use of resources can be archieved. 
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In addition to these suggestions, the mill layout and machinery is discussed. To achieve 

the Lean process, not only mindsets and working methods, but also structural changes 

are needed. Workstations need to be placed in line like order, their use must be more 

single product flow oriented, and the management should be aligned to similar way. 

These needs must be communicated to machine suppliers as flow line thinking and 

Lean manufacturing are not well known among them either. 

6.3 Possible future research topics 

Blackstone (2001) provides well describing article of TOC thinking in other areas than 

manufacturing. After wide research on TOC and its possible appliances at the case 

plant, the whole supply chain should be examined. Next logical step would be the 

product pricing according to the time, that product consumes on constraining resource. 

Instead of predominant cost calculation on raw material and work, the calculations 

could base more on customer perceived value.  

In addition, the next iteration of production development could exploit learnings from 

Quick response manufacturing (QRM) introduced by Suri (2010). The QRM is further 

developed production philosophy, which has been shaped for modern industrial 

environment. The QRM partly coincides with the Lean manufacturing, and supports 

the production development. (Suri, 2011) 

6.4 Evaluation of research 

The research was conducted for the plant located in Russia. Most of the employees are 

Russian, although the company is Finnish. A part of the thesis’s argumentation 

compares Finnish plywood plants to the case plant. For an example, the salary systems 

have been different in Finland for many years. Question arises if the system, which 

emphasises teamwork, would operate in the case plant where strong individuals work 

for themselves and not for the team. Cultural differences are not analysed in this thesis, 

even though they may have some influence on the qualitative data that was gathered. 

The quantitative data gathered from the management system includes inaccuracies, 
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which are caused by measurement instruments and operator actions. Even though the 

numbers are not exact, the right course for actions can be derived from calculations. 

The Lean was developed within automobile production, which differs from plywood 

production. In relation to an auto assembly plant, a plywood plant is rather independent 

as only handful of different materials needed in production, come from separate 

suppliers. Although the sum of different materials is not that complex, the amount and 

importance of them is high, as these are used in every product. This difference makes 

some of the Lean principles less convenient in the plywood production. 

Although the study did not reach its aim in given time, the implementation is in process 

and the results will be gathered as planned in this study. In addition to the main aim, 

the two other research questions were answered and actions for implementation of the 

thesis suggestions are taken.
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Appendix A. The questionnaire form for hot presses in Russian and English. 

 

1 Горячий пресс

Число

Время (у,в,н)

Номер смены (1,2,3,4)  

Причина простоя Код

Нет фанеры, не хватило рубашки 1 Оператор записывает причину 

Нет фанеры, в пересменок 2 и начало простоя.

Перерыв (Туалет, обед, перекур) 3 Например: 14:56.

Помеха при загрузке или выгрузке плит 4 Время простоя возмём из Plynet.

Поломка оборудования (Не ППР) 5 Если ставите 7 (иное),

Проверка листа перед загрузкой 6 опишите причину своими словами.

Иное 7

Причина простоя

краткое описание
Код

Начало 

простоя
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1 Hot press

Date

Shift (Morning, Evening, Night)

Shift number (1,2,3,4)  

Stop reason Code

No plywood billets, veneer shortage 1 Operator writes describtion

No plywood billets, shift change 2 and start time of stop

Pause (Smoking, toilet, lunch) 3 For example: 14:56. The full time

Problem on board feeding or unloading 4 of stop is calculated from plynet

Machine breakdown (exclude maintenace) 5 If you mark 7 (other),

Problem on board feeding 6 Describe the reason own words.

Other 7

Short description of stop reason Code
Start time 

of stop
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Appendix B. Running time of hot presses in July 2014 

 

 

Closed time
91 %

Opentime <2min
4 %

Opentime >2 min
5 %

Opentime
9 %

Running time of 2 hot press, july 2014

Closed time
89 %

Open time <2 min
3 %

Open time >2min
8 %

Open time
11 %

Running time of 1 hot press, july 2014
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Appendix C. Production plan for one shift made by production engineer. Original 

and translation included. 

Assembly for 4th shift 

27,4 WGE – 210 – 240 (2600) 

For Lamination 

5 packets 12 FP 

9 “A” – 150 (2600) 

6,5 B/B – 540 (2600) 

24 B/B – ∞ 

21 Lam 

↑ Thickness, Surface quality, pieces, (width) 
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Appendix D. The production plan in Appendix C communicated through foremen 

on left 4th department and on right 3rd department. 
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Appendix E. Suggested type of planning tool for the case plant in Russian and 

English. 
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Appendix F. The case plant current and the Lean layout. Departmental borders 

marked with dashed line. The current layout presented above and a 

Lean like below the middle line. 


