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STELLINGEN 

(1) 

De logistieke keten, zoals die voorkomt in de centrale houtverzagende industrie, is te beheersen met 
behulp van een hiërarchisch produktiebesturingssyteem. 

(Dit proefschrift) 

(2) 

Bij het gebruik maken van een hiërarchisch produktiebesturingssysteem dienen de operationele (locale) 
optimaliteitscriteria getoetst te worden aan de strategische (globale) doelstellingen. 

(Dit proefschrift) 

(3) 

Bosch toonde in 1987 aan dat integrale optimalisatie nog niet bereikt was voor de centrale 
houtverwerking. Onterecht echter concludeerde hij dat dit in de toekomst ook niet mogelijk zou zijn. 

(Bosch, B., Die Anwendung von Methoden der 
Unternehmensforschung in der Sägeindustrie, 1987) 

(4) 

Door in de récurrente betrekkingen van het dynamisch programmeringsalgoritme, ter optimalisatie van 
het verzaagprobleem, 

Gzxdz> fzx) 

te bepalen met 

YF(1 2 . f2a)2«y«(fM). waarbij a =• Nxz - x + f „ 

en vervolgens 

YF(12, f „ ) „ 

te bepalen met 

YF(12, f ^ W c f ^ - y " 1 ^ 

is dit algoritme geschikt voor on-line toepassingen. 

(Dit proefschrift) 

-f. 



(5) 

Een toename van de aantasting van bosareaal, zowel in kwantitatieve als in kwalitatieve zin, gaat 
gepaard met een toenemende betrokkenheid vanuit de maatschappij. Maximale betrokkenheid is niet 
gewenst. 

(6) 

Hoewel ontbossing reeds in het Bronzen Tijdperk (Meiggs, 1982) een groot probleem was, realiseren 
weinigen zich dat de huidige ontbossingsproblemen die van toen overtreffen. 

(Meiggs, R. Trees and timber in the 
Ancient Mediterranean World, 1982) 

(7) 

Bosbouwers dienen innovatief met (kwantitatieve) besturingsmethoden om te gaan teneinde 
houtproduktie en overige functies van het bos, zoals natuurbescherming en recreatie, met elkaar in 
balans te brengen. 

(8) 

Eén van de aspecten van OPT (Optimized Production Technology) is het accepteren en waarderen van 
geplande stilstand in het belang van de onderneming. Alvorens toepassing van deze filosofie in de 
samenleving als geheel te overwegen dienen de sociale implicaties zeer wel in kaart gebracht te worden. 

(9) 

Het jargon waarvan de specialisten in Operations Research zich bedienen heeft zich ontwikkeld tot een 
zelfstandige wetenschap, met een nieuw type beoefenaars. 

(10) 

De verhouding van de inspanningen, geleverd ter realisatie van dissertatie enerzijds en stellingen 
anderzijds, is niet altijd te achterhalen tijdens de promotieplechtigheid. 

M.P. Reinders 
IDEAS, for integral logistics in centralized wood processing. 
Wageningen, 12 mei, 1989. 
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Abstract 

Reinders, M.P. (1989). IDEAS, for integral logistics in centralized wood processing. 
Doctoral Thesis, Wageningen Agricultural University, the Netherlands, 237 pp + 
xiv, 65 figures, 89 tables, 84 references, English and Dutch summaries. 

A decision support system (DSS) is developed to improve the quality of decision 
making in wood processing companies. Wood processing companies are businesses 
that import (buy, harvest) raw materials, stems and logs, and export (deliver) 
products, assortments and boards, after a multi-step conversion process. 

The DSS, called IDEAS (Integral Decision Effect Analysis System), supports 
the operational, tactical and strategic level of decision making, by providing a range 
of tools of varying complexity. 

Various analyses have been made for validating the underlying models. A case 
study was performed to test the impact for the relevant business chain. 

Possible other fields of application can be the oil-industry, slaugther-houses, and 
in general cutting-stock performing industries. All these industrial circles share the 
package-production problem in common. 

Management descriptors: Wood processing, Operational pattern optimization, multi-
period, multi-product tactical production planning, strategic "what-if' simulation. 

Technical descriptors: Nested dynamic programming, knapsack problems, multiple 
goal programming, dual interpretation, column generating procedure. 

Tool descriptors: Menu-driven software, SCICONIÇ/VM, PRODUCER, FORTRAN, 
modular programming, SAS. 
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No part of this book (with the exception of the abstract on this page) may be 
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PREFACE 

This thesis is concerned with the integral logistics for wood processing companies. 
Wood processing companies are defined for this thesis as businesses that are 
supplied with raw materials (trees and logs), and that produce assortments and 
boards by means of a multi step conversion process. 

The conversion of stems on a central conversion site is a complex process due to 
a number of reasons. Firstly the conversion itself can only be carried out by a 
sequence of strongly interconnected decisions. 

Moreover, the optimization of the production process must be performed 
according to a set of goals. For instance value recovery is considered of 
importance, because it determines the efficiency of the conversion process. 

However, a company also strives for a sound financial base, and thus also 
profit making is of importance. Hence, also the effectiveness of the plant is of 
interest. 

The goal of this research was to design a blue-print, and build a prototype, for a 
decision support system (DSS). This DSS, denoted IDEAS (Integral Decision Effect 
Analysis System) consists of three main components. 

A database, containing corporate data. A model-base, consisting of a hybrid 
production planning system, combining both pull (demand orientated) and push 
(supply orientated) elements. And a menu-driven user interface, to control the 
communication between decision maker and the decision support system. 

From a managers point of view, IDEAS consists conceptually of three 
interconnected shells, coinciding with the three levels of a decomposed management 
model. In the kernel of IDEAS the operational production planning is supported. 
The tools provided in this shell are fully directed towards efficiency maximization. 

The second shell, supporting the multiperiod tactical planning, balances 
efficiency and effectiveness aspects of production control. Value recovery, service 
rate, inventory policy, and aspects such as package production are dealt with at this 
planning level. 

The outer shell, supporting the aggregated strategic planning, is equipped 
with "what-if simulation tools. 

IDEAS was tested with real-world data, provided by a company in the Federal 
Republic of Germany. Although models and data were not equally tuned in on 
each other for all planning levels, interesting results were obtained. 

The research was carried out at two departments, the department of Mathematics 
(section Operations Research), and the department of Forest Technique and Forest 
Products from the Agricultural University in Wageningen. 
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Chapter 1 

INTRODUCTION 

1.1. WHY THIS RESEARCH? 

Forests possess many, in some cases partially conflicting, functions. Besides nature 
and nature conservation, soil protection, and recreation, forests have another 
function, namely the production function. By the latter we mean forests as a 
procreator of forest-products. The term forest-products denotes wood as well as 
the so-called minor products. 

Wood, as one of the many forest products, is of great importance for 
mankind. In our life we are almost daily confronted with applications of wood. It 
is for example successfully used as a construction material, as raw material for 
fibre-boards, as a component for paper production and in many other industrial 
and non-industrial fields of application. 

Trees in general grow only slowly compared with the velocity with which the main 
product of trees, wood, is used. It is therefore an absolute necessity to use forests 
in a very well-considered way, in order to be able to cope with present and future 
demand for forest-products. In other words, forestry has a very large responsibility 
with respect to the strategic impact of the pursued policy. 

A well balanced forestry policy however is not enough to obtain longterm 
assurance for the availability of wood. Also the industrial chain, using wood as a 
raw material, has a responsibilty and, in our opinion, therefore a function, to obtain 
strategic stability for forests and forests products industries. 

Many decisions have to be made for the conversion from tree to boards, in this 
thesis called final products. All these decisions are related, and the results of the 
distinct decisions heavily interact with each other. Harvesting can be mentioned 
with its clear effects on both business profit and environment. 
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Furthermore crosscutting (merchandizing) both in the forest and on a processing 
yard has a micro-economic component, in a way that the efficiency of this process 
influences the added value for the company. However merchandizing-efficiency also 
partly determines the strategic inventory status of the raw material wood. 

In a system with a complex network of relations, and interacting decisions, 
many interests, both with macro (e.g. environmental) and micro (e.g. business) 
importance meet. 

It turns out that (commercial) companies, both private and owned by government, 
need tools and systems to control the decision-sequence in order to convert then-
business interests into money, a typical micro oriented goal. Furthermore to assure 
longtime profitability, which clearly has equally directed parts with more macro 
oriented goals they need tools that enable them to analyse the behaviour, of both 
the ecological ,and technical parts of the production system, as a result of various 
policy scenarios. 

Concluding it can be stated that a need exists for advanced decision support 
systems that help decision makers to improve the quality of their decisions. These 
decision have both commercial, business directed, and more macro-economic, for 
instance environmental, aspects. 

1.2. GOAL OF THIS RESEARCH 

In this research the conversion from raw material (stems) to semi-products 
(roundwood assortments) and final-products (boards) is regarded. Main emphasis 
will be laid on the conversion on a so-called centralized conversion site. The basic 
technology for these conversion sites is not new. In this research the conversion 
from stems into assortments, and the sawing from assortments into boards will be 
considered integrally. Moreover this thesis will deal with the integral optimization 
of the logistics as they come with centralized processing. 

The integral approach of production planing and control can be considered 
as the result of new insights. 

When starting this research it was self evidently not clear what methods and 
techniques we had to use in order to solve all kinds of problems as they arise 
during the decision-sequence from tree to boards. However what we did know was 
what the targets of this research should be. 
A range of tools should be developed, a coherent set of decision support functions, 
that enable the decision maker to improve and evaluate his decisions. 



CHAPTER 1 - INTRODUCTION 3 

From now on we will call this whole set of inter-related functions a decision 
support system (DSS). A more formal introduction of the concept of DSS will be 
made in chapter four. 

The DSS to be developed should have a logical structure, that links up with the 
process to be supported, the management process of the logistics from raw material 
via semi-products to final-products. 

This management process can be looked upon as consisting of three, 
interconnected shells. 

The outer shell can be thought of as formed by the strategic planning. At this level 
of management the creation of capacity in terms of facility design for the business 
is considered. The DSS should be able to support the process of evaluating 
investment policies, new layout configurations and many other long-term policy 
making aspects. Most important will be the effectiveness. 

The tactical planning forms the next shell to be considered. At this level the 
main purpose of the management process can be regarded as optimizing the usage 
of the capacity created at the outer shell, the so-called aggregated capacity 
planning. The DSS must be able to optimize and support the evaluation of 
different medium term production plans. Aspects as efficiency, added value and 
turnover must be taken into account. 

As the kernel of the management process functions the operational planning. 
Our DSS should be able to support the process of optimizing the various 
production phases, such as merchandizing, sawing, sorting etc. 

In other words it can be stated that the main goal of this research is to develop 
and build a blueprint of a DSS that can serve as a decision aid on all three levels 
of management. This decision support system (DSS) should enable the policy 
makers to carefully balance long-term, medium-term, and short-term aspects using 
wood as a raw material for conversion. 

The emphasis of this research will be laid on the industrial part of the total 
system, associated with the conversion of stems into roundwood assortments and 
boards. 
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1.3. METHODOLOGY 

The first phase of this research was studying previous scientific work. Then the first 
attempts were made to model the centralized conversion sites. A blueprint for a 
DSS was designed. 

However this DSS will be primarily developed with the purpose to build a 
prototype for future systems that can function in a practical situation. In order to 
obtain this applicability the DSS has to be developed in a setting of frequent 
contact and relationship with possible future users of the systems. 

Therefore contact with the relevant line of business was considered as a 
necessity for a successful project. 

Particularly in the Federal Republic of Germany, Sweden and the USA, researchers 
in forestry and the woodprocessing-industry use techniques out of the operations 
research. Therefore scientific contacts with these countries are usefull, and were 
thus realized. 

During our project there were intensive contacts with researchers and 
managers specially in the southern part of the Federal Republic of Germany. 
These contacts have helped us to direct the research towards a practical use. 

The next phase of this research was the implementation of the system IDEAS 
(Integral Decision Effect Analysis System) on a computer system. After testing and 
validating the system, a case study was performed. Again the contacts with 
managers turned out to be useful. 

1.4. OUTLINE OF THE THESIS 

This thesis has been written based on a philosophy of stepwise refinement. New 
terms, principles, models, and algorithms are introduced step by step on a more 
and more advanced level during the thesis. 

Moreover, different types of readers should be enabled to find their own way 
throughout this writing. As a result the thesis has the following structure. 

This thesis consists of three parts. In part one various concepts of processing trees 
to boards are discusssed. This part of the thesis demands no typical skills from the 
reader. Part one contains chapters two and three. 

In the second part new models and algorithms are introduced, all within 
the framework of DSS. Some sections, especially chapter five and six, ask insight 
in mathematical techniques and methods. Chapters four to seven form the second 
part. 
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The third part describes possibilities of a DSS for centralised processing by means 
of a case study, and can be of interest for all readers. The third part contains 
chapters seven to nine. 

Let us now take a short look at the contents of the various chapters forming this 
text. 

Chapter two : Centralized processing 

In chapter two the basic concepts of centralized processing are introduced. After 
an introduction in which the definitions are given of typical forestry conceptions, 
the relevant wood-processing steps are explained in the second paragraph. 

The relations between centralized processing and vertical integration are 
made clear. In this chapter concepts of the system theory are used. 

Chapter three : Integral logistics 

Isolated optimization of parts of the decision sequence will lead to a suboptimum 
situation with respect to the system as a whole. Therefore the concept of integral 
logistics is introduced in chapter three. 

Moreover the concept of a decomposition of the management function into 
three interconnected shells is further explained in this chapter. A first introduction 
of a preferable system is given. 

At this point all processing related concepts necessary for this research are 
introduced more or less. The second part of this writing contains solution methods, 
models, algorithms and aspects of implementation, all explained within the theory 
of DSS. 

Chapter four : Decision support systems 

Chapter 4 gives an introduction to DSS as a concept. The three main components 
of a DSS in general, being the database, the modelbase, and the user interface are 
discussed. This chapter is considered essential for readers interested in chapters 
five and six. More management oriented readers, interested purely in the potential 
impact for practise of this research, can skip this chapter at first reading. 

The components, modelbase, database and user interface, in a DSS are 
further elucidated and explained with respect to the system IDEAS. IDEAS stands 
for Integral Decision Effect Analysis System. All functions are described 
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implementation independently, in other words conceptually. One is guided through 
this chapter by the shells of the management process as described in chapter three. 

Chapter five : The modelbase 

Because in this project much emphasis has been layed on model development, a 
whole chapter, chapter five, is devoted to the modelbase. In chapter five techniques 
as dynamic programming (DP) are used for optimizing the process of merchandiz­
ing (crosscutting) a tree into logs. DP is also used for the conversion of an 
assortment into boards, a process called sawing. 

Goal programming (GP) is used in this chapter to construct a multi-period, 
multi-item production plan. The relations between sawing strategies, DP and GP 
are discussed in depth. 

The described models are extended by means of a column generating procedure, 
a well-known procedure in the field of linear programming. This procedure 
constructs new crosscutting and sawing patterns based on adjusted product values 
as a result of interpretation of the dual problem. This chapter is rather technical 
in depth. Therefore we suggest that readers with little mathematical background, 
or interested readers that are more management oriented skip this chapter when 
first reading this writing. 

Chapter six : IDEAS, technically 

As mentioned before the result of this project had to be a prototype for a DSS. 
For this reason we had to tackle many problems of information theory nature. 

In chapter seven technical requirements and solutions are described from a 
more computer science point of view. This chapter can be of great interest for the 
technically interested reader, and is of less importance for the conceptually oriented 
reader. 

Chapter seven : Analysis, using IDEAS 

A DSS would have no value at all if it could not be used for all a whole set of 
problems varying from an operational, via a tactical, to a strategic nature. 

Hence this thesis contains a chapter devoted to possibilities for analysis using 
the developed system. Chapter eight will deal with investment analysis, marketing 
policy, and personnel policy. 
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Chapter eight : Case study 

Chapter eight is entirely dedicated towards a case study. In this study possible 
practical meanings of the support system are regarded. 

Chapter nine : Conclusions, further research 

Of course there is still research to be done. This research will merely be of a 
practically orientated nature. Suggestions for improvements, increasing accuracy and 
applicability will be regarded in this chapter. Figure 1.1. illustrates the outline of 
this writing, and can be used as a readers aid. 

(1) Introduction 
(2) Centralized Processing 

(3) Need for integral logistics 

(4) IDEAS for DSS (5) The modelbase 

(6) IDEAS.technically 

(7) Analysis using IDEAS 

(8) Case study 

(9) Future research 

Figure 1.1. Structure of the thesis. 



Chapter 2 

CENTRALIZED PROCESSING 

As all disciplines forest engineering and woodprocessing industries use their own jargon. 
In the introduction of this chapter the reader will be informed about terms and 
conceptions used in these fields of research and the line of business regarded. 
Moreover an overview will be given of developments in harvesting and processing 
systems. 

The second paragraph describes all processing steps and the corresponding 
decision sequence for the conversion of trees into final products. 

The third section deals with the relationship between centralized processing and 
vertical integration, two conceptions with a strong relationship. This research is not 
limited to conversion sites, centralized both with respect to place and time. In fact, 
activities performed on different locations, interconnected by means of information 
exchange, can be optimized integrally. 

Processing centres are regarded as systems. Hence the parts of a processing 
centre, the system components, will be discussed in the fourth paragraph. Functional 
design will be emphasized. 

All functions are carried out by physical components, a relation that is shown 
in paragraph five. 

2.1. INTRODUCTION 

In general the following steps can be considered when discussing the process from 
forest to forest products. Roughly there is a harvesting part, a processing part 
(consisting of two main steps) and a distribution part. Figure 2.1. displays these 
three functions. 

Although in every harvesting and processing system these functions have to 
be carried out in order to produce products that can be sold, there are many 
possibilities in performing the operations in practice. It can be stated that there are 
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Forest 
Owner 

HARVESTING | 

-innnni— 
PROCESSING 1 

II II II II II 
DISTRIBUTION | 

End 

Products 

Figure 2.1. The three main functions. 

certain advantages for centralized processing on so called central conversion sites 
(CCS). 

Before discussing CCS, a brief overview will be given in order to position 
the CCS in the whole set of possible harvesting and processing systems. 

In traditional systems (in this section we mean the system of harvesting and 
processing) most of the activities were performed in the forest. 

Harvesting, i.e. felling, delimbing, debarking and skidding to the forest road 
were for the most part carried out manually in the forest (Bol, Tromp 1967). After 
these actions the stems (timber) were measured and bucked (sawn into logs) at the 
forest road. This part can be called the processing part. The parts of the tree 
resulting from the bucking, called assortments, where then loaded on a truck and 
distributed to the users. 

The described organization is called a tree-length system, because the 
delimbed stems are skidded to the forest road. If the trees are sawn to assortments 
at the stump, and then transported to the forest road, the system is called a short-
wood system. The users of the assortments can be sawing mills, paper mills, mines 
etc. The process of felling, delimbing, debarking and bucking, in relation with the 
relevant systems is illustrated in table 2.1. 
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Table 2.1. The systems in relation with the activities to be performed (+ = takes place, -=takes not 
place, CCS=central conversion site). 

System 
Activity Shortwood Treelength 

Felling + + 
Delimbing (at stump) + + 
Skidding (to forest road) - + 
Crosscutting (at stump) + 
Forwarding (to forest road) + 
Transportation (to CCS) - -, + 
Crosscutting (at forest road) - +,-
Transportation (forest to user) + +,-
Crosscutting (at CCS) - -, + 
Transportation (CCS to user) - -,+ 

The systems, shortwood and tree-length with crosscutting at the forest road, have 
some serious drawbacks (Bol, Tromp 1968). These minuses are from both 
organizational as ergonomie nature. 

Because of the relationships between operational cost on one hand, and 
terrain conditions, weather, treetypes and shapes, roadnetworks, and many other 
influencing factors on the other hand, scheduling the operations is a large problem 
(Grammel, 1979). 

Moreover, forest labour is very heavy work and from an ergonomie point of 
view it would be better if forest operations could be simplified and lightened. 

In addition, special sylvicultural aspects and the non-productional functions 
of the forest, such as recreation and protection ask for shorter, and less intensive 
periods of disturbance of the ecosystem forest (Grammel, 1984). 

All these reasons can be considered as key factors driving towards a system of 
harvesting and processing (tree-length with crosscutting at the CCS), which is 
displayed in figure 2.2. This system can be called centralized processing and is 
performed mainly on central conversion sites (CCS). 

In this writing emphasis will be layed on tree-length systems. 
A result of working at CCS is the effect of labour concentration (Platzer, 

Wippermann, 1970). Planning and automation are thus far more easy to implement 
compared to the traditional short-wood system, and the tree-length system, with 
crosscutting at the forest road. 
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Figure 2.2. Key factors driving towards centralized processing. 

For the purpose of this research the definition of CCS will be extended. After the 
conversion of stems into assortments, the latter are further processed into boards. 
These boards will be called final products, the assortments are called semi 
products. 

As a result of this widening of the term CCS, centralized processing is 
defined as the conversion of a tree into assortments, sawn wood, and material such 
as chips, carried out under integral control. In most cases this will mean a 
concentration at a central plant, yet this concentration with respect to location is 
not an absolute necessity for reaching integral control (see pp. 11,13). 

This means that the number of actions to be carried out in the forest is 
reduced to felling and partial delimbing for transportation. On the processing site 
of the industry, partial delimbing, debarking, crosscutting (merchandizing) and 
conversion to sawn timber (lumber) is done. For the traditional CCS a market for 
valuable roundwood assortments is a necessity. As a result of the extended 
definition introduced in thesis, this market can be bypassed if necessary. Of course 
both definitions require typical stem properties, with respect to shape and quality. 
What can be the benefits of centralized processing on a CCS? 
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Harvesting and handling cost. 

As a result of reducing the number of actions to be taken in the forest, the 
harvesting and handling cost in the forest are reduced to a minimum. Many of the 
scheduling and organizational problems are shifted from the forest to the CCS. The 
disturbance time in the forest is thus reduced. The intensity of the disturbance also 
needs to be mentioned. Various authors state however that tree-length systems, 
whether related or not to centralized processing cause more damage to the 
remaining trees. Hence, additional care for damagecontrolled harvesting is needed, 
in particular for tree-length skidding. 

Economy of scale. 

The processing centres process high volumes and hence a high return on 
investments, necessary for efficient production equipment, can be gained. 

Improved value recovery. 

The bucking operator as well as the sawing operator are able to make decisions 
with far less uncertainty than working in the forest, because of the use of partly 
computerized decision support systems. As a result of this development higher 
recovery and service rates can be obtained. The use of automization, and 
optimization of the control is a new aspect of the conversion of trees. 

Better tree utilization. 

A processing centre can also convert non-grade material, i.e. chips. This is more 
difficult when dealing with systems performing the conversion steps in the forest. 

Centralized wood processing can be considered as a way of organizing a 
business column, with its own typical characteristics. The different actions to be 
taken to process a tree into sawn timber are functionally arranged. 

Note that we have not discussed the matter of ownership yet, nor have we 
made assumptions about the location for the conversion. Because the design of the 
chain of production is rather independent on ownership of the business units that 
carry out the production stages, the next paragraph will give an explanation of the 
various stages to distinguish when dealing with centralized processing. 



CHAPTER 2 - CENTRALIZED PROCESSING 13 

2.2. THE DECISION SEQUENCE 

A distinction can be made between the following tree conversion and handling 
steps, when dealing with centralized processing. 

Harvesting. 

Harvesting can be carried out in many ways by many techniques. The choice of a 
specific technique depends on economic, technical and ecological factors. What 
trees to harvest, from a specific area in a certain period of time strongly depends 
on the result of a trade-off to be made between short time and long time effects 
of a typical policy (Duffner, 1980). 

Flexibility and as a result a high service rate may result in high turnover at 
short notice. On the other hand a company also needs long time raw material 
assurance, in other words continuity. Hence operational actions must be consistent 
with strategic goals (Barros, Weintraub, 1982). 

Conversion for transportation. 

After felling, the branches and the tree-top are removed from the trunk. This 
action can be done in the forest. As a result of this action, combined with off the 
road transportation, a transportable stem is obtained at the forest road. 

All decisions concerning optimal tree processing can be made more or less 
integral on the processing centre, because the number of degrees of freedom is 
maximal (Duffner, 1983; Christensen, 1986). 

Transportation. 

Further transportation of the stems can be performed in various ways. Dependent 
on local infrastructure, transport by truck, railroad, and by water can be mentioned. 

The choice of a transportation system is made after evaluating the 
topographical conditions, the volumes to be transported, and the available 
infrastructure (Fronius, 1982). The evaluation leading to a choice for a typical 
system is beyond the scope of this research. 
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Storage and handling. 

Storage of raw material, on the CCS, is from our point of view a very important 
phase in the total chain of production. The organization of the storage yard, and 
the adherence to a specific technical system have great impact on both efficiency 
and effectiveness of the further production process (Fronius, 1982). 

High-volume, small-log conversion on one hand, and low-volume, large-log 
conversion at the other, ask for different organised storage yards and different 
systems of material handling. Techniques to put a functional design into practice 
are summarized by Williston (1981). 

Delimbing, debarking crosscutting (merchandizing), and sorting. 

During this stage the stem is converted into logs (assortments), top-end, stump-
end, and waste material. The stem is firstly measured and checked for decayed 
spots. This function can be performed by manpower or fully automated. 

The very great importance of the conversion of a tree into roundwood 
assortments should be emphasized, for once produced assortments are only limited 
applicable. In other words the crosscutting step (merchandizing) sets the framework 
for the sawing phase. Due to its importance, many research has been done to 
optimize this production step. Without being complete on this subject Duffner 
(1973), Glueck and Koch (1973), Faaland and Briggs (1984), and Naesberg (1985) 
can be mentioned. 

Besides this research with a mathematical background, also training support 
tools have been developed, merely based on graphical software (Lembersky, Chi, 
1984). 

Distribution. 

By distribution is meant the tranportation of assortments, boards, and waste 
material from the CCS to the customers. Although one must realize that physical 
distribution is very well suited for optimization, it will not be a major subject of 
interest in this research. 
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2.3. VERTICAL INTEGRATION 

So far centralized processing has been discussed as a result of various driving 
forces. Emphasis was laid on the fact that only an organisational structure was 
regarded. However, in practice the matter of ownership is also important. Why can 
CCS be discussed without regarding ownership? To answer this question, let us first 
look at the impact of ownership on managing the conversion process. 

13.1. OWNERSHIP AND ORGANIZATION 

In the business column, a set of tasks has to be carried out in order to meet a 
demand for forest products. These tasks can be considered as more or less distinct 
phases in the chain of production. For every single task the effficiency and 
effectiveness depends on each preceding phase. 

Every production step can be taken care of by distinct companies. Or a 
cluster of steps, for instance harvesting and transportation, can be executed by a 
typical company while further processing is carried out by another firm. 

A form of organization can be co-operative companies, with their own 
harvesting policies, but with joint-ventures taking care of the industrial processing 
of the wood. In fact it can be stated that a whole spectrum exists consisting of all 
types of combinations of ownership and collaboration. The matter of ownership for 
a specific situation depends on available know how, harvesting volumes, economic 
situation and thus availability of capital, and many more factors. 

One of the possible ownership scenarios can be that of a single company covering 
many functions of the chain. An enterprise like that will be called vertically 
integrated. Vertical integration can be defined as the combination under a single 
ownership, of two or more stages of production or distribution, or a combination 
of the two (Buzzell, 1983). 

It is clear that a tree-length system as discussed before is extremely well 
suited for use by a vertically integrated company. The vertically integrated company 
is also able to structure the planning and control function resulting in an integral 
logistics policy. This subject will be considered in chapter three. 

Roughly two basic forms of vertical integration can be distinguished, namely 
forward and backward integration. Let us explain these two forms, starting with 
backwards integration. 

Company management is often confronted with so-called "make or buy" 
questions concerning products, components, materials and services. Backward 
integration can be considered as an alternative in favour of the first choice, make 
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Figure 2.3. Ownership and the chain of production. Owner 1 is forward integrated, when comparing 
the lower structure with the upper structure. 

instead of buy. In wood processing industry this could mean a transportation 
company becoming forest owner, or a papermill getting ownership of a conversion 
site. 

In a more or less similar way forward integration can be seen as an 
answer to the "use or sell" trade-off. In a situation where a processing firm 
becomes owner of a distribution system one can speak of forward integration. The 
same is true when the firm decides to a further processing of logs instead of 
selling them to a mill working under different ownership. Figure 2.3. visualises the 
aspects production stages and ownership. 
In this figure the chain of production is represented by the bars in the centre, the 
lower and upper bars represent two examples of distinct forms of ownership. 
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2.32. PLUSSES AND MINUSES OF VERTICAL INTEGRATION 

In the previous sections the concepts of CCS and vertical integration have been 
introduced. In this section both positive and negative aspects will be regarded. 

Several analyses have been made, and it turns out that besides many pluses 
(Christensen, 1986), the strategy of tree-length systems combined with vertical 
integration has some serious drawbacks (Duffner, 1980; Buzzell, 1983). Let us first 
discuss the advantages of CCS combined with vertical integration. 

Reduction of transaction costs 

Buying and selling cost are dramatically reduced as a result of vertical integration. 
In a situation of a company selling all its sawlogs on a free market, it needs 
market resarch, promotion, and sales support for this specific product-market 
combination. Of course this problem is partly shifted to the final products division, 
however when integrating towards end-users the effects of increased added value 
may out balance the cost of further processing and selling the final products. 

Supply assurance 

CCS are faced with huge investments for processing and handling equipment. 
Shortages of raw material can lead to low usage of very expensive facilities. 
Eventually this can damage the continuity of an enterprise. Vertical integration can 
be an answer on these problems in terms of supply assurance. This benefit of 
vertical integration has a direct negative counterpart which will be dealt with later. 

Improved coordination 

Vertical integration may permit cost reductions through improved scheduling and 
controlling of both production and inventory. Integral control can be applied well 
in a vertically integrated enterprise (Monhemius, 1985). Optimization techniques, 
such as operational research tools, can be fully exploited (Duffner, 1983). The 
company is able to exploit the possible synergy among the various business units. 
This review would not be complete without mentioning other constructions of 
organisation and ownership like co-makership. This last example represents a whole 
set of constructions aiming to combine advantages of both integral planning and 
control on one hand, and independency and specialisation on the other. 
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Technological capabilities. 

Because vertically integrated firms by definition participate in many production and 
distribution activities in which improvements can be made, they are best equipped 
to innovate (Buzzell, 1983). 

The combination of centralized processing and vertical integration has also a 
number of drawbacks. The most important are mentioned here. 

Capital requirements 

Because of high volume production, expensive investments can be made in high 
productivity equipment. However, the investment intensity may step across the 
productivity increase. The investments in automation are especially very high 
(Wippermann, 1985). 

Unbalanced througput 

Every production stage in vertically linked functions has its own optimum scale of 
operation. This might lead to unbalanced throughput. In forest operations one is 
dependent on all kinds of ecological factors. A result of adapting to these 
conditions can have a negative influence on sawmill performance. For example, the 
mill operates optimally when making large series without change over. However, 
because of sylvicultural continuity different diameter and length classes are supplied 
from the forest. 

Reduced flexibility 

In our case vertical integration means commitment to the centralized processing 
strategy and its technology of high capital demanding stationary equipment. It is 
because of practical problems often difficult to up-grade the system, resulting in 
decreased flexibility. Innovation will be very important to overcome these problems 
(Christensen, 1986; Wippermann, 1985). 
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Loss of specialisation 

The distinct stages of production and distribution may require different managerial 
skills, that might be lost as a result of vertical integration (Buzzell, 1983; Duffner, 
1980). The forest management may lose, or not develop, its selling skills and the 
saw-mill its purchasing skills. 

2.4. CCS AS A SYSTEM 

In the description of CCS concepts of system theory (in 't Veld, 1975) will be 
used. 

In analysing processing centres as production systems a blackbox approach 
will be used, in a way that during the course of this section we will descend to 
lower levels of abstraction and aggregation. Consecutively the blackboxes will be 
examined further, partly by discussing previous research. 

2.4.1. THREE MAIN SYSTEM COMPONENTS 

At a high level of aggregation the first entities to be distinguised coincide with the 
main logistical functions. 

1) Input: Purchasing, harvesting and transportation. 
2) Production: Raw material handling and conversion from tree to boards 

on CCS. 
3) Output: Physical distribution. 

The input providing function, is performed by the system entity, the subsystem, 
concerning the purchasing , harvesting and handling of the raw material, trees. 
The suppliers will partially consist of company owned forest divisions, as a result 
of vertical integration, and partially of firms operating on the raw material market. 
This split function of the entity can be a result of tapered vertical integration 
(Harrigan, 1984). With purchasing a whole set of activities is meant containing 
harvesting, buying, requirement planning, and transportation to the CCS. 
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Figure 2.4. The logistical system. 

The production unit is regarded as a combination of handling and conversion 
activities. Receiving, inspection, storage and handling are examples of the first 
aspects of this entity, called handling. The second aspect is the transformation 
process from trees, possibly via assortments, to boards, the final products, a process 
called conversion. 

The physical distribution unit includes the process of providing customer service. 
It requires the performance of order acceptance, and relate these orders with the 
available inventory of final products and semi products (logs). The transportation 
of finished products is part of the distribution function. The physical distribution 
function will not be considered explicitly further during this diesis. Figure 2.4 
displays the distinct functions. 
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24L2 INPUT SUPPORT 

Wood processing companies (WPC) can both buy trees and logs or obtain them 
from their own forests. When getting the trees from the company owned forests 
the WPC is confronted with many problems of planning and controlling nature. 

To produce lumber and minor-products with great flexibility to the market 
demand, the WPC wants the right trees, at the right time, at the CCS. Moreover 
this process has to be carried out at minimum possible cost. If the market for final 
products asks for heavy lumber, the CCS will need heavy dimensioned raw material 
(logs and stems). On the other hand when only small boards are asked for, the 
crosscutting and sawing of large trees would be a destruction of capital. 

Hence it is of great importance to schedule harvesting and thinning activities 
in a way that optimally satisfies the CCS needs for raw material in order to 
produce logs and lumber. Optimal forest management would imply an instantaneous 
delivery of trees that fits exactly to the current demand for final products (lumber) 
and logs (assortments). 

This however is a rather oversimplified approach. First of all the harvesting must 
be placed within a strategic framework. If harvesting was performed with flexibility, 
and as a result short time profits, as a single goal, continuity of the company could 
become uncertain. The raw material resources would be exploited without realising 
that todays young trees are tomorrows capital base. 

One should realise that the supply of raw material is of absolute key 
importance for the business column as a whole, and thus continuity has to brought 
into balance with short term management. Of course management has to have 
enough room for manoeuvre within this framework. 

A second point of attention should be the set of ecological factors. These 
ecological factors reduce the possibilities for planning the sylvicultural measures. 

Some timber areas might only exploited without damage to soil and standing 
trees in certain seasons (Barros, Weintraub, 1982), this will of course influence the 
scheduling possibilities for forest operations. Another sylvicultural factor is the 
relationship between management of timber lands and development of trees. 
Harvesting and planting has an obvious impact on future growth, but also thinning 
has its influence in a way that it accelerates the diameter growth. 

To overcome problems and difficulties as considered in this section various 
researchers have been working on these fields. 

A detailed, sylvicultural approach is given by Broadie and Kao (1979). Then-
system, based on dynamic programming, can be used to analyse the cost and 
management regime for alternative thinning and harvesting techniques in various 
terrains. The main advantage of their approach is the possibility of the model for 
simultaneous analysis of various sylvicultural techniques and their interactions. 
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Some research has been done to optimize the forest management in relationship 
with processing plants, such as paper and lumber mills. Barros and Weintraub 
(1982) developed a system, supporting the planning of a vertically integrated WPC. 
The model captures several characteristics of the industry, such as quality of the 
logs, access problems due to terrain conditions, and market conditions. The 
underlying model is based on linear programming (LP). Restrictions as the area 
availability, timber production, timber requirements, and budgetary limitations were 
taken into account. 

Road building, plant expansion, and land acquisition can be called operations 
from a strategic nature. These actions are characterized by their typical long term 
effects on WPC and environment. To support decision makers involved with 
planning strategic activities, Weintraub (1986) developed a system based om 
aggregated data and models. The approximations carried out in the process of 
aggregation where validated by the fact that strategic investment decisions basically 
depend on aggregated variables, rather than on detailed variables. 

2.43. PRODUCTION 

This logistical function covers a set of sub-functions. When opening the black box, 
representing production at the CCS, two new boxes occur. One of them 
representing the materials handling, the other containing the conversion from tree 
to boards. 

The first box, raw materials handling, consists of three new boxes, the raw 
material storage yard, the handling facilities and the employees. 

The conversion unit, represented in the second box, contains a debarker, a 
metal detector, measurement equipment, merchandizer, assortment storage yard, 
sawmill, a final products storage yard, employees, and a controlling system. Figure 
2.S displays the blackbox approach. 

It will be clear that the components as described here differ in level of aggregation 
and abstraction. For example the sawmill is in fact a complete plant, but 
considered here as an entity on the same level as a debarker. A discussion of 
relevant research is presented later in more detailed sections of chapter three. 
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Figure 2.5. The black box approach. 

2.5. SITE LAYOUT 

In the preceding sections the CCS as a system has been discussed. The concept 
of vertical integration has also been introduced. In our opinion the models 
(optimization models) and systems (decision support tools) developed during our 
research, and discussed in the following chapters, can be relevant for far more 
situations then just for a CCS performing in a situation of vertical integration. 

The concepts introduced will be workable in any situation where from an 
organisational point of view a coherence exists between the distinct production 
stages. Integration with respect to ownership, and concentration with respect to 
location is not an urgent necessity. 

Therefore, from now on the concept of vertical integration will not be dealt 
with explicitly anymore. Although integral control is not limited to concentration 
with respect to location, the basic ideas of a CCS will run through the thesis like 
a thread. 

During the course of this research a standard plant layout configuration will be 
used. This configuration reflects the system boundaries as they will be used during 
the next chapters. 

http://Control.sys.il
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The purchasing and harvesting will not be dealt with explicitly. The physical 
distribution is not considered relevant for the research and therefore skipped. 
Summarizing it can be stated that emphasis will be put on the production part of 
the logistical chain, with attention both for raw material handling and conversion 
aspects of the processing of trees into assortments (semi products) and boards 
(final products). The resulting CCS layout is displayed in figure 2.6. 

Figure 2.6. CCS standard layout configuration. HR=Harvested raw material, BR=Bought Raw material, 
IR=Inventory Raw material, BA=Bought Assortments, IA=Inventory Assortments, IF »Inventory Final 
products, DA=Demand Assortments, DF=Demand Final products. 



Chapter 3 

INTEGRAL LOGISTICS 

A CCS has been described as a system. To attain specific, predefined, goals, the 
system needs controlling. 

Roughly two different approaches can be regarded discussing the planning and 
controlling function. All components can be managed seperatefy, each functioning 
optimumiy with respect to its local specifications and environment. Another approach 
can be the result of making a corporate plan, and stimulating the components to 
function within an overall framework. This framework should assure corporate 
optimality, and provide enough slack, provide enough room, for the components to 
react flexibly to local impulses. 

This chapter starts with an overview of the research done on the two main 
components of the production function, namely the handling and the conversion steps. 
The latter will be split up in a) merchandizing, from tree to assortments (semi 
products), and b) sawing, from assortments to boards (final products. 

After an introduction to decomposing the management process into three 
different levels of aggregation, the chapter will end with a discussion of the benefits 
of integral production management. 

3.1. FROM TREES TO BOARDS 

Trees, or in fact stems as they are topped and delimbed, are processed to boards 
in a number of conversion steps. In addition the handling of the stems on the raw 
material yard is of great importance. 
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3.1.1. INVENTORY CONTROL AND MATERIALS HANDLING 

WPC seem to have a tendency to grow more end-user oriented. The handling of 
raw material has a very strong relationship with this issue. 

The yard can be organised and equipped in many ways. Let us firstly 
consider the extremes of this whole spectrum of possible configurations. The first 
extreme to consider is the one representing a situation of no handling equipment 
placed at the yard. After regarding this situation the other extreme representing 
huge investments in handling facilities will be looked at. 

No investments 

When no investments were made in handling machinery, nor in logistical controlling 
facilities, all stems are delivered at the yard and stored without grading or sizing. 

A direct result of this policy is a great pile of unsorted raw material. This 
means that site management has no insight into the number of stems of various 
types and size on the plant. Self evidently they also do not have an idea of the 
production potential, stocked up in these stems. 

Indirectly this situation leads to inflexibility of the plant in responding to 
market demand for semi products (assortments) and final products (boards). Why 
inflexibility? Because operations management cannot pick specific trees, that fit best 
to demand for typical products, unless high operational cost are made. The latter 
is clear when thinking of a pile of stems, from which one specific stem has to be 
found. This requires expensively handling. Thus the picking of specific raw material 
is not likely to occur. 

Hence the personnel controlling the merchandizer (the bucking operator) 
saws a stem into assortments (bucking, or crosscutting) without reference to the 
dimensions and quality of the next one. The bucking equipment faces thus different 
dimensions all the time. This situation leads to a log distribution, a frequency of 
assortments, that does not fit the demand pattern. A way to buffer the above 
problems, called results of uncertainty in raw material input for the merchandizer, 
can be investing in more flexible machinery. In doing this however the investment 
problems are passed down to a next phase in the chain of production. 

Higfi investments 

The second extreme to consider is a situation in which investments in handling 
machinery have been made. Suppose a very advanced system exists for sizing and 
grading, in a way that all stems are classified and stored individually, before any 
conversion step has been made. 
When coupling the merchandizer with this sorting system, the bucking operator can 
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be aware of all raw material types and dimensions available on the yard. Moreover 
management is able to have insight in the amount of capital hold in inventory. But 
of course a price has to be paid. This type of sorting requires enormous 
investments. 

The result of these investments is the possibility to pick typical stems, that 
satisfy, after processing, the demand for semi products and final products best as 
physically possible. Hence the wanted product distribution can be reached as close 
as possible. Furthermore one can make clusters of raw material that give minimal 
change-over cost downstream in the logistical system. Thus, downstream a tendency 
towards less flexible, and as a result less capital intensive, equipment is possible 
by investing in raw materials handling machinery. 

Trade off 

Concluding it can be stated that plant management faces a trade off between low 
fixed cost, but high operational cost as a result of uncertainty on one hand. On 
the other hand cost of investments, but decreased uncertainty, and thus decreased 
operational cost can be placed. 

Handling equipment, and sometimes space, is expensive, what will be the 
return on investment? How important really is flexibility in raw materials handling? 

It is rather obvious that the problem of investment levels in the fitting-out of 
storage yards is suited for application of optimization techniques. With help of 
operations research tools, the organization and machinery of a storage yard can be 
optimized, with respect to both fixed and operational cost, and bearing in mind 
that production of goods should be customer oriented. 

3.1.2 Merchandizing (crosscutting) 

The first conversion step in the processing of stems into boards is that of 
crosscutting the stem into assortments (logs). The logs function as semi manufac­
tured products. Because both the market, for example the paper industries, and the 
sawmill, an internal demand for saw logs, ask for assortments, the WPC faces a 
desired log distribution. 

To obtain this distribution as close as possible the plant has two major 
instruments. Firstly crosscutting the stems into logs, and secondly buying logs on 
the semi manufactured article market. Unless there exists a real shortage on this 
market, the only limits imposed on buying logs are of budgetary nature. Therefore 
our attention for the moment is primarily focused on crosscutting. 


