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ABSTRACT
This first year report contains a collection of integration methods, which forest products 
companies could implement in order to increase their effectiveness in today’s 
increasingly demanding global markets. These methods range from less sophisticated 
market transactions and informal agreements to more complex virtual and vertically 
integrated companies. Each integration method is described and examples from the 
forest products industry are provided, when available. 
Also, examples of integration scenarios are proposed for the second year of the 
project. These examples include modelling of informal agreements between sawmilling 
operations, clusters of sawmilling and value-added businesses, and vertical integration 
of sawmilling and remanufacturing operations. In the second year, these examples 
could be used in various studies to compare different integration methods and to 
assess the feasibility of a state of the art flexible and integrated sawmilling operation.
The report concludes with a series of comments and recommendations about the 
implementation of these integration methods by forest products companies. One 
important condition is the appropriate communication within and between companies. 
Another condition addresses the delicate balance that companies have to achieve 
between adopting flexible and integrated operations and maintain a dependable 
customer base.
The Appendix includes a set of PowerPoint slides and notes presented by the author at 
the first “Trees to Dollars” workshop, organized in November 2005 by FORINTEK in 
Grande Prairie, AB.
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INTRODUCTION
As I was compiling this report, an article in The Wall Street Journal (“Weyerhaeuser's 
Supply-Side Strategy” - Jim Carlton, June 27, 2006) announced that Weyerhaeuser 
developed and implemented a new, one-billion dollar, forecasting program that 
attempted to avoid “boom-bust” cycles typical to lumber products by maintaining 
appropriate inventory levels. According to this program, three newly appointed supply-
chain managers were keeping close contact with customers in all 43 North American 
sales regions to estimate how much and what lumber products they needed. By 
implementing this large program, the company hopes to establish a robust, mutually 
benefiting, efficient customer-supplier relationship. This program represents one of the 
first major attempts of a large North American forest products company to optimally 
match the product attributes that its customers desire to those of the timber resources 
that it consumes. It seems that the program is in line with Weyerhaeuser’s long term 
commitment to optimize their operations along the entire value chain. During the 
International Wood Building Forum  held in Vancouver, BC, on September 14 -15, 
2005, Mr. Carlos Guilherme, Sales Executive of Weyerhaeuser, made the following 
statement: “Forest products companies need to shift their strategic objective from 
innovative products to innovative solutions”. He substantiated his statement based on 
increased but fluctuating housing demand, builders consolidation, and increasingly 
tighter labour markets. He emphasized that mass customization was paramount to 
being competitive in a global economy where customers, increasingly sophisticated, 
required solutions for their diverse projects, rather than new products. 

Despite the great benefits of the proposed shift,  the question that still needs to be 
answered is how an industry that for more than a decade has produced mostly 
commodity lumber products will be able to sustain it. Are Canadian sawmills even 
capable of mass customization? Are they able to provide solutions along with their 
products? Are they flexible and integrated enough to satisfy the level of sophistication 
that the global consumers require today? What are the strategies that can move the 
industry toward more flexible and integrated operations? What are the costs and 
benefits of each strategy?

The two-year project “Economics and Methods of Improved Manufacturing Integration 
and Flexibility” is a joint research effort between the Markets and Economics Group, 
Lumber Manufacturing Group, and the Faculty of Forestry that attempts to address 
these questions. The two-year goal of this project is to develop a model of an 
integrated and flexible manufacturing facility that could generate manufacturing 
strategies for the Canadian wood products manufacturing industry to increase its ability 
to capitalize on product and global market opportunities. 
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INTRODUCTION (continued)
The project will focus on two key requirements of flexible and integrated manufacturing. 
The first is markets and products and the second is technology. In the market and 
products area, the project will identify potential new global markets for products with 
the unique attributes of the Canadian fibre base.  In some cases this may be a 
straightforward modification of existing products already produced by mills. In other 
cases, these may be new or emerging markets. The potential market and products 
include fencing, pallet stock, custom grade dimension products and prefabricated 
housing components. To ensure applicability, the fibre base of an existing wood 
products manufacturer will be used when considering potential products and the focus 
will be limited to opportunities where a large annual demand volume is possible.  

In the technology area, the identified products and markets will determine the required 
manufacturing capability. It is expected that next generation machine, process and 
integration technologies beyond current North American standards will be needed. 
These may include internal grade scanning, plant-wide computer automation, robotics, 
rapid set-up CNC technology, formation manufacturing facility cells and the ribbon 
processing of logs and lumber. 

In the first year of this project, two major deliverables were targeted:

- this report, which forest products companies can utilize to assess the strengths and 
weaknesses of various integration methods for potential implementation;

- a theoretical foundation for developing, in the second year of the project, a model of 
fully integrated and flexible manufacturing facilities, which can be used to generate 
various manufacturing strategies and assess their feasibility. 

It is important, from the beginning, to make an important point : flexibility and 
integration are complementary principles and should be addressed simultaneously! 
Consequently, the readers are encouraged to refer to Forintek Project # 3925: 
“Feasibility and Conceptual Design of a Highly Flexible Manufacturing Facility”.
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On November 14-15, 2005, in Grande Prairie, Alberta, the three national research 
institutes Forintek, FERIC, and Paprican held their first “Trees to Dollars” workshop. I 
delivered then two presentations: “Understanding the Forest to Product Value Chain”
and “Optimizing the Forest to Product Value Chain” (see notes and slides in Appendix 
and the PowerPoint presentation in the included CD-ROM). The feed back from the 
industry participants conveyed an overwhelming interest in the topic of value-chain 
integration. This response has prompted and encouraged me to develop this report, 
which contains integration methods applicable to the forest products industry. 

Many of the integration concepts presented here were developed many years ago. 
Others, such as the virtual enterprise, are still under intense development. Some 
methods have been already implemented by many companies, including some in the 
forest products sector. Regardless of how new or old these methods are, they all convey 
the following message: to become and stay competitive in the global economy, forest 
products companies need to shift their strategic thinking toward an increasingly 
integrated, cooperative decision making process along the forest to product value chain. 
But why? And why now?

Figure 1. Percent of commodity-type lumber products exported from Canada in 2005.   
Note: Commodity lumber products were differentiated solely on their prices per unit.

RATIONALE

Canadian Exports of Lumber Products (2005)
(% of total volume)

Commodity-
Type Lumber 

Products
84%

16%
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To answer these questions, let us take a brief look at what type of lumber products the 
Canadian forest products industry has produced in the last few years. For the sake of 
the argument, we will assume that the differentiation of commodity-type lumber products 
is achieved purely on price/unit (say, lumber products with average prices smaller than 
150 CAD $ / m3 are commodity type products). According to this assumption, Figure 1 
shows that in 2005, a large volume of Canadian lumber exports (84 %) was comprised 
of commodity-type products. Given that, in the long run, the prices of commodity 
products will normally decrease, to remain competitive, companies will most likely have 
to either reduce their operation costs (i.e. increase efficiency), or to manufacture 
substitute products (i.e. to develop new commodities). 

In the last decade, Canadian forest products companies have focused mostly on 
increasing efficiency, mainly by:

– Implementing quality improvement programs.

– Investing in state of the art technology.

– Consolidating their operations.

Figure 2 shows that, in order to increase/maintain profitability, new launches and 
incremental improvements of products are needed. Relevant examples in the forest 
products industry include Laminated Veneer Lumber (new launch) and Machine 
Stressed Rated lumber (incremental improvement). Note that, in the last decade, these 
products have also become commodities.

RATIONALE (continued)
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Figure 2. Product profitability cycle



Integration Methods in the Forest Products Industry 11

RATIONALE (continued)
Lately, little has been done to launch new lumber products or to improve the attributes of 
existing commodity lumber products. To achieve these goals, Canadian forest products 
companies need to become more innovative and to investigate new ways of 
implementing flexible and integrative manufacturing methods. Unfortunately, current 
technologies, although highly efficient, are limited because of:

– Slow response to market changes (e.g. sawmills using Chip-n-Saws 
produce large quantities of wood chips even in periods with decreasing 
demand/price for chips)

– Rigid machine settings (e.g. fixed gang saws)

– Non-integrated machine centres and operations (e.g. bucking and primary 
breakdown decisions made in isolation, harvesting decisions disconnected 
from sawmilling decisions).

– Long set-up times require longer runs to ensure profitability.
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RATIONALE (continued)

Moreover, besides manufacturing limitations, the fibre basket on which forest products 
companies are relying changes frequently as a result of:

– Complex mix of timber species, dimensions, and qualities that are difficult to 
estimate accurately.

– Pest  infestations (e.g. Mountain Pine Beetle), forest fires, etc. that tilt the 
balance of fibre availability and quality.

– Sustainable forest management practices that generate timber characteristics 
difficult to predict.

– Scarcity of old growth forests that makes some specialty lumber products 
unavailable and difficult to substitute.

– Forest and chain of custody certification that adds another regulation 
component and its associated costs.
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RATIONALE (continued)

SECONDARY
MANUFACTURING

SECONDARY
MANUFACTURING

RESOURCE
EXTRACTION
RESOURCE

EXTRACTION

PRIMARY
MANUFACTURING

PRIMARY
MANUFACTURING

MARKET 
PLACE

MARKET 
PLACE

In the last few years, Canadian forest products industry has experienced waves of 
company consolidations. The resulting economies of scale increased dramatically the 
efficiency of  commodity lumber production. Scientists, in their quest to improve the 
current state of the art, ask the legitimate question “what will happen next?”. What are 
the future steps that will increase the competitiveness of Canadian lumber industry in the 
global economy, assuming that every operation will become highly efficient in producing 
commodity lumber products? Automation has been the key to survival for many 
companies requiring to operate competitively by producing high quality saleable goods to 
satisfy a fast changing market, at the required time and at an acceptable price. 

Nicholson (1991) states that: “There is also a growing awareness of the need to integrate 
all company activities, from corporate strategy to product design, manufacturing, quality 
control and delivery, in order to make optimum use of all resources and to produce a 
realistic return on investment. System integration, however, is not easy and requires an 
acute awareness of input-output properties and of the effects of interaction which cannot
in general terms be defined analytically, and of the effects of system changes, such as 
machine breakdowns, propagating throughout the overall system.”

RESOURCE
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BENEFITS
There are many benefits associated with the integration of decisions along the value 
chain. Some of the most important are:

– Companies can use their high level of efficiency to focus on core 
competencies, rather than spending enormous amounts of resources on 
developing new ones. This is even more evident in a global market, where 
there is not enough time for retooling and retraining. 

– Given a higher level of integration, companies should expect a quicker 
response to global market fluctuations, as their position in the integrated 
network allows them access to diverse range of processing operations, 
products and markets (i.e. Shorter product development to market lead time).

– A better positioning of companies in the global market.

– Improved customer satisfaction about products and services provided as a 
result of the faster and more accurate matching of product attributes that 
customers desire with those of the products that the integrated network can 
produce.

– Companies become established/branded providers of complex state-of-the-
art products and services, as the network in which the companies participate 
have a better chance of becoming highly competitive globally than individual 
companies.
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OBJECTIVES
The two year project has the following objectives:

– To identify opportunities for global products that could create a market pull of 
next generation manufacturing technologies and integration methods.

– To identify technology currently in use around the world that could allow a 
highly flexible (rapid and precise) mill set-up and adaptation and more 
integrated manufacturing approach for the production of high-volume 
commodity lumber and added value products.

– To investigate which methods of integration between various manufacturers 
along the value chain can be implemented in order to increase their flexibility 
and improve their ability to respond to changing markets.

– To examine the applicability of more flexible technology and processes to the 
Canadian lumber industry considering the available resource and potential 
products.

– To conduct an economic analysis of the feasibility of a new highly flexible 
and integrated wood products manufacturing facility.

In line with the above project objectives, this first year report has the objectives:

– To provide forest products companies with a compendium of integration 
procedures that they could implement in order to increase their effectiveness 
in global markets.

– To construct a theoretical foundation for the second year of the project.
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METHODOLOGY
This study was compiled based on many information sources:

– Literature review.

– Internet searches .

– Discussions with experts from industry and academia.

– Participation in conferences, workshops, seminars.

– The expertise of Forintek scientists and members.

– The authors’ graduate studies research.
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INTEGRATION METHODS
This report contains a series of integration methods applicable to the forest products 
industry. For each methodology, a description is presented, followed by its possible 
implementation. Examples from the forest products industry were provided, when 
available.

The methods were presented in the order of their level of increased formalization, 
commitment, and duration of cooperation (Jagdev and Thoben 2001), as depicted in 
Figure 3. Please note that this structure is in no way evolutionary. A company can use 
any method of cooperation along the continuum that suits its short and/or long term 
interests. Also, the structure is not restrictive to one cooperation method. Companies can 
implement any number and types of integration/cooperation procedures, with any 
number and types of companies, including their competitors!

According to the Jagdev and Thoben (2001), from market transactions to integrated 
companies (Figure 3) the strength of inter-organizational bonds and sophistication of the 
cooperation between the companies increases. As a result, an increased level of 
cooperation seems to require more effort to set and maintain solid relationships.

One outcome is certain when integrating decisions or whole organizations: it transforms 
them on many levels: fiscal, managerial, corporate culture, and others (Starr 1991). 
These transformations are challenging for the majority of managers, whom are faced 
with transitioning from one decision hierarchy, to which they are so well accustomed,  to 
a combined/integrated hierarchy in which the relationships between levels are not very 
clearly separated. Sometimes, to complicate the situation even more, the integrated 
decision system is not a hierarchy at all!

Figure 3. Continuum of enterprise cooperation (Jagdev and Thoben - 2001)

Market 
Transactions

Non-contractual 
Agreements

Contractual 
Agreements

Joint 
Ventures

Integrated 
Company

Increasing level of formalization, commitment, and duration of cooperation

No 
cooperation 

expected

Complete 
cooperation 

expected
Range of cooperation
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INTEGRATION METHODS (continued)
The following integration methods were described in this study. They were grouped in 
two categories depending on whether the integration method could be implemented 
between or within forest products companies.

Methods of integration between companies

1. Informal Agreements

2. Contractual Agreements

3. Clusters

4. Trade Associations

5. Joint ventures

6. Mergers and Acquisitions

Methods of integration within companies

7. The Virtual Corporation

8. Vertically Integrated Company
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1. INFORMAL AGREEMENTS

Generally, informal agreements are considered the least sophisticated integration 
procedures, but they could become more complex as the relationships between partner 
companies evolve. Although they initiate as verbal contracts and involve market 
transactions and non-contractual agreements (Jagdev and Thoben 2001), they are 
legally binding in a court of law.

These agreements could stem from simple market transactions between companies. 
For example, collaborations can be developed on the credit worthiness of the partners 
(e.g. payment in advance, payment on delivery, discounts).

Non-contractual agreements are based on market transactions that occur over a longer 
period of time, so that the parties involved develop trust. For example, a re-
manufacturer of widow stock is happy with the supplier of lumber (the sawmill) based on 
price, service, delivery, etc. and finds no reason to search for alternative sources. Even 
though there is no formal commitment, favourable prices can be negotiated. Generally, 
for products that are part of core operations (e.g. lumber stock), non-contractual 
agreements usually evolve into contractual agreements.

Although informal agreements are easy to implement and control, many companies that 
produce similar products (e.g. lumber) are often uneasy to enter such agreements, 
especially if the companies perceive themselves to be or actually are in competition with  
one another. This phenomenon is, in most cases, detrimental to both parties, as they 
could share or exchange resources that could be beneficial to both. 

An example of such informal agreement in the forest products industry could involve two 
sawmills located in the same region, one producing studs (i.e. stud mill) and  the other 
producing dimension and specialty lumber. Because their timber resources originate 
from the same region, their logs have very similar attributes (diameter, species, grades). 
The most logical economic decision would be for the two companies, initially through 
informal agreements,  to exchange logs so that their raw material attributes best match 
those of their end products (i.e. lumber). Benefits from this exchange could lead to 
increased profits, a sound utilization of natural resources, and a better positioning on the 
market for both sawmills and the region. 
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2. CONTRACTUAL AGREEMENTS

Contractual agreements could evolve easily from non-contractual agreements, but they 
could also be developed on a “per-need” basis. Once these agreements materialize, the 
partners become part of an enterprise network. However, in a competitive environment, 
formal contracts between the companies engaged in the same end-product sector and 
competing in the same market are rare.

Outsourcing is one of the most popular collaboration method that involves contractual 
agreements. Although every outsourcing activity may offer opportunities for improvement 
and innovation, this form of networking is primarily concerned with cost reduction and 
work load balancing.

There are many examples in the forest products industry, such as:

– Sawmills outsourcing certain finishing operations (e.g. planing , profiling).

– Sawmills outsourcing the production of specialty lumber products with other 
sawmills.

– Decking manufacturing companies outsourcing wood treatment.

– Door and window manufacturing outsourcing special profiling/carving 
projects.

Today, outsourcing has become a predominant trend in some industries (e.g. the 
automotive industry) where 70% of the value of the final product is added by others than 
the manufacturer of the final product (Jagdev and Thoben 2001).

Requirements contracts are contracts in which one party agrees to supply as much of a 
good or service as is required by the other party. For example, a window manufacturer 
might enter into a contract with a sawmill in which the sawmill would supply the window 
manufacturer with as much lumber as the contract stipulates. The sawmill could sue for 
breach of contract if the window manufacturer were thereafter to purchase lumber for this 
purpose from any other party. Antitrust concerns sometimes arise, because a 
requirements contract prohibits the buyer from doing business in a particular commodity 
with a party other than the seller. This gives the seller monopoly power over the buyer, 
preventing the buyer from seeking a better deal if the market becomes more competitive.

Evergreen contracts are contracts that automatically renew yearly, unless one of the 
parties gives the notice to the contrary during a specified window of time.
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3. CLUSTERS
There are many competing schools of thought about industrial clusters, but they all 
agree that it has to do with the co-localization of separate economic entities, which are 
in some sense related, but not joined together by any common ownership or 
management. 

In spite of this basic accord, no general understanding has yet emerged regarding the 
paramount reason why the separate entities became co-localized in the first place, what 
has made them stick together, what the effects may be, and why this matters at all!

Maskell and Lorenzen (2003) argued that clusters are markets where commodities, 
services and knowledge are traded in a notably efficient way among the insiders without 
restricting their abilities to build relationships and to interact with suppliers and 
customers residing elsewhere. Clusters help to create an environment among the 
partners that reduces the barriers to acquiring and utilizing knowledge produced or used 
locally.

Clusters lead to more innovations, knowledge spillovers, faster diffusion of technologies 
and knowledge, and competitive advantages. From a government policy prospective, 
the results of empirical analyses (Hoen 2001) show that instead of performing cluster 
policy, the government should support the system of universities and other knowledge 
institutions, to provide for an educated and skilled labour market, and stimulate 
competition, for example by further opening markets to foreign competitors.

Examples of clusters (Braden et al 1998) in the Pacific Northwest Region include the log 
home industry in Western Montana, the moulding and millwork industry in Bend, 
Oregon, and the wooden boat building industry in Port Townsend, Washington. One 
common element in all these clusters is the proximity and easy access (road, rail, 
seaport) to regional markets. Other common elements are a wealth of raw materials, a 
stable customer base, and access to skilled labour in the region.
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3. CLUSTERS (continued)
Some important positive cluster effects are (Hoen 20021):

– Increased profits.

– Increased exports.

– Faster economic growth.

– Stronger competitive advantages.

– More innovations.

– Faster diffusion of knowledge.

– Faster technological growth.

– Increased productivity growth.

Clusters could lead to negative effects, such as:

– Pollution or congestion.

– Decreased competition due the forming of cartels/monopolies.

– Increased cost of housing, wages, or land rents.

– Group inertia that could lead to rigid ideas and a failure to adapt to new 
technologies or ideas.

Industry parks are forms of clusters that are also created to take advantage of a 
specific location closer to markets, suppliers of raw materials, and transportation hubs 
(rail, ports). These clusters, very popular in Europe, contain independent and/or 
integrated companies, which cover whole or a great part of the value chain. The best 
example in the forest products industry are industry parks in Germany, the Czech 
Republic, Poland, the Eastern Europe region, comprised of dimension and specialty 
sawmills, pulp mills, secondary and furniture manufacturing facilities, pellet 
manufacturing, power generation plants, wholesale companies, delivery and 
transportation services. 
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4. TRADE ASSOCIATIONS
Trade associations are generally public relations organizations founded and funded by 
companies that operate in a specific industry. Their purpose is generally to promote 
that industry through activities such as advertising, education, political donations, 
political pressure, publishing. Sometimes an industry association participates in public 
relations activities, but its main focus is in non-PR work such as collaboration between 
companies, or standardization. Some of these associations are formed to support 
medium and small size companies that are unable to, by themselves, support certain 
activities, such as: advertising, market studies, marketing programs, and industrial 
design.

An example in the forest products industry is the Ontario Furniture Manufacturers 
Association. Benefits of membership in this association include:

– Cost reductions for membership through a Group Health and Dental
program, Natural Gas Buying Group and office supply discounts.

– Discounts on participation fees in furniture shows. 

– Membership in the Credit Information Service

– Membership in the Safety Group providing significant reductions in costs 
and reducing lost-time injuries in the workplace.

– Association promotes Canadian Manufacturers and the winners of the 
Canadian Home Furnishings Awards at press conferences at every High 
Point Furniture Market.

– Represents its members to the Provincial and Federal Government.

– Proposes and develops programs relating to apprenticeship and training in 
the industry.
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5. JOINT VENTURES
A joint venture implies a group of companies supplying complementary services that join 
forces for the mutual benefit of all (Jagdev and Thoben 2001). Joint ventures usually 
lead to new enterprises with joint ownership (for example, the automotive company 
Mercedes Benz and watch manufacturer Swatch jointly produce the Smart Car).

A recent example in the forest products industry is Domtar Inc. and Gogama Forest 
Products Ltd., which have formed a 50-50 joint venture to develop a fully integrated 
sawmill, kiln, and planer operation in Northern Ontario. Gogama Forest Products, a 
wholly-owned subsidiary of William Day Holdings Ltd., will contribute the Ostrom Siding 
sawmill to the new company, while Domtar will contribute a dry kiln and its stud planing
line at Nairn Centre. Company officials expect that the new joint-venture company will 
be well-positioned to maximize fibre utilization of small-diameter logs and improve costs 
competitiveness.

When developing a joint venture the following issues should be considered:

– screening of prospective partners 

– joint development of a detailed business plan 

– checking the credentials of the other parties 

– development of an exit strategy and terms of dissolution of  the joint 
venture – this is a very important condition and should never be omitted!

– most appropriate structure (e.g. who’s doing what and based on what 
hierarchy/system) 

– the appreciated and/or depreciated property being contributed to the joint 
venture

– special allocations of income, gain, loss or deduction to be made among the 
partners 

– compensation to the members that provide services
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6. MERGERS AND ACQUISITIONS
Mergers and acquisitions are formalized strategic alliances of two or more organizations. 
This definition holds when the participating organizations contribute their special know-
how, preserve and endow the new merged entity with elements of their unique 
character, and retain some or all of their original personnel. However, in case of hostile 
takeovers of physical resources or market distribution, they are not strategic alliances 
and usually they are fraught with problems of organizational blending and balancing 
(Starr 1991). Regardless of how these new organizations are created, some of the major 
motivations for mergers and acquisitions are access to new (and foreign) markets, 
advances in technology, access to talented workforce, infusion of capital, and increased 
competitive advantage due to size.

An recent example from the forest products industry is the merger between Domtar Inc. 
Quebec and Weyerhaeuser. Domtar Inc., an icon of Quebec's forest-products industry 
for 35 years, announced that it will merge with the U.S. fine paper section of 
Weyerhaeuser Inc. in a US$ 3.3-billion all-stock deal to form a North American 
powerhouse able to better compete with Latin American and Asian producers. The 
merged company will be 55 per cent owned by U.S. stockholders and 45 per cent by 
Domtar shareholders. The company will be incorporated in the United States with its 
operating base located in South Carolina. For Domtar, the deal creates much greater 
scale as well as a shift of assets to the United States. The new Domtar will have the 
largest share of the North American fine paper market, but it will face tough competition 
from International Paper, another U.S. forest products giant focusing on the same 
sector, and from Boise and Georgia Pacific, also large U.S. firms in the same field. The 
deal might well hasten more industry consolidation.

Conglomerates are large scale mergers and acquisitions and used to be popular in the 
1960s and 1970s, especially due to advantageous tax regimes. However, the 
centralized management of the companies comprising the conglomerates could not 
cope with their diversity.

Keiretsu (Starr 1991) are industrial groups of companies with family affiliations (for 
example Sumitomo, Mitsubishi) and were popular mostly in Japan. They are similar to 
conglomerates in the USA and Europe; however, unlike conglomerates, they are 
decentralized. While independent, these companies develop an incredible 
communication network that allows them to cooperate when there is mutual advantage 
to do so. Consequently, Keiretsu member companies can, at the same time, compete
and cooperate with each other.
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7. VIRTUAL CORPORATION
A virtual enterprise is an enterprise that may have no physical head office or centre, 
very few full time workers and existing as a combination of specific skills and 
competences from individuals or enterprises. A virtual enterprise may be set up with the 
objective of providing one particular type of product or service. When the market for that 
product or service declines, the virtual enterprise dissolves, its members finding new 
partners to pursue new opportunities. In the current Global environment, companies 
who survive and prosper are agile, flexible and adaptable and constantly seek to 
maximize their unique advantages . Compared to an original enterprise, a virtual 
enterprise is always characterized by the absence of specific physical 
attributes/features such as a common administration or a common legal status. These 
features are replaced by the application of sophisticated information and communication 
infrastructures and mutual confidence (common understanding). 

The growth of networking, both human and technological is creating a virtual world with 
virtual products and services, virtual workplaces, and virtual organizations . The virtual 
products and services are produced, delivered and sold through electronic networks 
(e.g. tele-banking and tele-marketing), significantly reducing costs and creating 
opportunities to reach distant markets easily. The virtual workplaces include tele-
workers, who work in a location independent manner (sometimes at home), and flexible 
offices. Virtual organizations work in teams and co-operate across company boundaries 
to create the organization necessary for and appropriate to specific projects and thereby 
gaining significant flexibility in the use of people. This virtual world is the broad social 
environment for the establishment of the virtual enterprise in manufacturing. In principle, 
small and medium size companies participating in a virtual enterprise, get access to the 
resources of a large organization while retaining the agility and independence of a small 
one. 

Many benefits may be generated through the adoption of the virtual enterprise 
methodology, such as:

– Access to a wide range of specialized resources.

– Buying power with large corporate buyers.

– Individual members retain their independence and continue to develop their 
core competencies.

– Reshape the enterprise and change members according to the project or 
task in hand.

– There is no need to worry about “divorce settlements” as in joint ventures.
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The following can be identified as major characteristics of the Virtual Enterprise (Jagdev
and Thoben 2001):

– The partners in the virtual enterprises are individuals and independent 
companies that come together and form a temporary consortium to exploit a 
particular market opportunity.

– Within the scope of collaboration, partners share vision and work towards 
shared goals.

– Partners make extensive use of technologies for communications and 
sharing information. Most of the day-to-day information exchange among the 
partners is almost always automatic and without human interference.

– Virtual enterprises assemble themselves based on cost effectiveness and 
product uniqueness without regard to organization size or geographic 
location.

– The efficiency of the virtual enterprise is greatly determined by the speed and 
efficiency with which information can be exchanged and managed among 
business partners. Efficient collaborative engineering, production and 
logistics require effective electronic management of engineering and 
production information. Thus, it is a prerequisite that participating enterprises 
have sufficiently sophisticated Information Technologies and decision 
support tools and mechanisms to make the integration possible.

– Virtual enterprises pool costs, skills, and core competencies to provide world-
class solutions that could not be provided by any one of them individually. 
Therefore, virtual enterprises often focus on complete products or solutions 
as opposed to providing partial solutions in a value chain.

– The decisions are jointly arrived at by making best use of the competencies 
among the partners.

– Virtual enterprises will often be complex networks where each enterprise can 
be seen as a node.

– The relationship between a set of nodes in a virtual enterprise will mostly be 
nonhierarchical in nature.

To date, no examples of virtual enterprises were identified in the forest products 
industry, but it is expected that they will start to develop toward the tertiary 
manufacturing side of the value chain (e.g. furniture and value-added manufacturers).

7. VIRTUAL CORPORATION (continued)
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8. VERTICALLY INTEGRATED COMPANY

The need for vertical integration stems from the concept that organizations must secure 
their long-term success and survival by improving their effectiveness, rather than their 
efficiency (Hofer and Schendel 1978). Most forest products companies are examining 
methods and subsequent benefits of adding value to their current products (Cohen 1992) 
in order to become more efficient. They should also integrate the operational measures 
into the broader context of their strategic and tactical goals in order to increase their 
effectiveness. Therefore, forest products companies need new and improved methods of 
addressing current operational problems, while concurrently meeting their medium and 
long-term commitments, such as: maximizing net social benefits and minimizing forest 
ecosystem disturbance.

A company, positioned between its suppliers and customers on its supply chain, may 
wish to modify the scope of its activity on the chain, in order to expand vertically 
(integration of new activities) or conversely to retire from some activities. In any case, the 
vertical integration is to decide upon the direction (upstream or downstream) and limits of 
the extension. 

For example, a company may decide to stop subcontracting the first phase of a 
manufacturing process and to integrate it into its own activities. On the opposite side, the 
company may decide to integrate activities that were previously the responsibility of its 
customers. These two situations illustrate how vertical integration is traditionally 
understood, as an extension of the domain of activities of the company.

However, the inverse decision of reduction of the domain of activity belongs to vertical 
integration too, within a more general understanding of this concept. This situation relates 
to the modern decision of focusing on its core business and thus of outsourcing. This 
decision of reduction increases the dependence of the company on its partners 
(suppliers, customers). That is why this decision can be made only within the framework 
of extended enterprise. Vertical Integration decisions aim at internally balancing potentials 
and capacities and at externally maximizing the company’ s maneuverability in front of its 
partners.
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8. VERTICALLY INTEGRATED COMPANY 
(continued)

A recent example in the wood manufacturing sector involves Canada's largest furniture 
manufacturer, Palliser Furniture, which has chosen to be vertically integrated with its 
own cutting rights, sawmill and particleboard plant. Although the particleboard plant is 
small, it is unique in several ways: it relies on urban wood waste for 75 per cent of its 
fibre; it uses bark in the mix of fibre; and it just may be the only particleboard plant in 
North America that is operated by a furniture manufacturer. 

This is an interesting example in the context of this study. While large forest products 
companies are busy consolidating their primary manufacturing activities and paying little 
or no attention to integration, on the other side of the forest to product value chain, value 
added manufacturers, frustrated with their suppliers, are making important steps toward 
integrating in their activities downstream operations, as exemplified above.
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INTEGRATION TOOLS
To maximize their effectiveness in their strategic, tactical and operational planning, 
companies need to use tools that cover decisions across the whole value chain. 
Generally, these tools are computer integrated systems and architectures that gather 
data from each of the components of the value chain and generate decisions that 
maximize their operational efficiencies, while preserving their strategic and tactical 
strategies (effectiveness). 

How successful these integrative tools are depends greatly on how the relationships 
between different components are designed. Whether based on hierarchical structures 
or more independent relationships, these components need to ”speak the same 
language”. Relevant and accurate data should flow smoothly between the components 
and, most importantly, no component should be ignored in the decision process. When 
the components render decisions, feedback mechanisms should be designed between 
them so that they: a) use the most current information and b) align operational decisions 
generated by each of them with the strategic and tactical strategies. The most successful 
integration tools are designed using dynamic linkages between various components so 
that, through a set of decisions iterations, an optimal system-wide solution is achieved.
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Figure 4. Hierarchical structure of Forest to Product Integration Model
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INTEGRATION TOOLS (continued)
An example of such integrative tool, based on a hierarchical structure, that could be 
implemented by forest products companies, especially those already vertically 
integrated, is presented in Figure 4. A hierarchical structure was designed because the 
decisions at each level of the hierarchy covered different time horizons, had different 
objectives, and were made by different levels of management. Consequently, developing 
an optimization model that integrated the forest to product decisions had to reflect this 
framework. A subsequent model involved interconnecting specialized sub-models that 
dealt with different decisions that took place, in different time frames, with different inputs 
and outputs. For more and detailed information about this hierarchical model please refer 
to Marinescu (2004) and the presentation included in the Appendix.

However, integration tools should not be considered the sole focus of vertically 
integrated companies; they could also be implemented in companies engaged in other 
forms of cooperation (informal agreements, outsourcing, clusters, etc).

In these cases, the integration tools could:

– pinpoint the sources of inefficiency in each participating company.

– forecast potential costs/profits as a result of new products and services.

– evaluate the effects of integrating new activities/ventures.

– encourage further integration along the value chain.

Figure 5. Timber allocation model

Allocated 
Timber

Multi-Criteria
Timber Allocation Model

Harvest Scheduling 
and 

Timber Allocation

Marginal Log
Values and Profits

Sawmill 1 Sawmill 2 Sawmill 3

Allocated 
Timber

Allocated 
Timber

Multi-Criteria
Timber Allocation Model

Harvest Scheduling 
and 

Timber Allocation

Marginal Log
Values and Profits

Marginal Log
Values and Profits

Sawmill 1 Sawmill 2 Sawmill 3



Integration Methods in the Forest Products Industry 32

INTEGRATION TOOLS (continued)
Figure 5 presents a timber allocation model that optimally allocates and schedules 
timber to three sawmills. This model can be used, for example, in a scenario where the 
three sawmills could belong to a primary wood manufacturing cluster and the harvesting 
activities are outsourced to private timber harvesting enterprises. The model would 
ensure an efficient supply of timber that matches each company’s product attributes, 
while maintaining the relationships between different entities in the system. When 
agreed by all the companies, this setting could be altered to address more formalized 
relationships, including a vertically integrated company. The benefit of using this tool is 
that potential negative effects of such integrative actions can be foreseen and avoided.

Another type of integration analysis can be performed in cases involving sawmilling and 
lumber remanufacturing operations. Over the years, this has been probably one of the 
most scrutinized interactions in the forest products industry because many companies 
have considered it too risky to implement and too difficult to maintain, especially in 
complex global value-added markets. The model described in Figure 6 would be 
capable of  showcasing the risks of such integration. It would also indicate the 
subsequent benefits, as summarized in Table 1. The table shows that, in a sawmilling-
remanufacturing facility integration case, there exist the potential of great cost 
reductions and an increase of up to 10% in profit.

Figure 6. Sawmill-remanufacturing integration model
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Table 1, however, does not indicate what the effects of integration on the production 
settings of the two operations would be. Figure 7 shows that, in order to increase profits, 
both the sawmill and the remanufacturing facilities needed to alter their production so 
that the best mix of lumber and value-added products was produced. What is very 
important to note here is that all processes needed to participate in this integration, from 
the way logs were bucked, all the way to cross-cutting of lumber into remanufactured 
lumber products. More about this case analysis can be found in the Appendix and in 
Stuart, Maness, and Marinescu (2001). 

INTEGRATION TOOLS (continued)

Operating Statement
SAWMILL Quantity Revenue Quantity Revenue

Lumber Sales (cubic metres) 12714 3,244,452$  7382 1,859,345$  
Chips (tons) 11931 125,275$     12069 126,724$     
Total Revenue 3,369,727$  1,986,069$  

Quantity Costs Quantity Costs
Raw Material (cubic metres) 28143 (844,288)$   28384 (851,508)$   
Sawmill Costs (hours) 720 (600,120)$   720 (600,120)$   
Total Costs (1,444,408)$ (1,451,628)$

Sawmill Net Revenue 1,925,320$  534,441$     
VALUE-ADDED Quantity Revenue Quantity Revenue

VAP Sales (cubic metres) 2449 817,471$     5372 1,810,804$  
Chips (tons) 0 -$            0 -$            
Total Revenues 817,471$     1,810,804$  

Quantity Costs Quantity Costs
Lumber Input (cubic metres) 2516 (651,998)$   5444
Drying (hours) 605 (12,094)$     1353 (27,054)$     
Dry-Sorting (hrs) 93 (79,339)$     209 (177,649)$   
Moulding (hours) 160 (12,024)$     305 (22,879)$     
Total Costs (755,456)$   (227,583)$   

Value-added Net Revenue 62,015$       1,583,221$  
Increase

Total Net Revenue 1,987,335$  10% 2,117,662$  

NOT INTEGRATED INTEGRATEDOperating Statement
SAWMILL Quantity Revenue Quantity Revenue

Lumber Sales (cubic metres) 12714 3,244,452$  7382 1,859,345$  
Chips (tons) 11931 125,275$     12069 126,724$     
Total Revenue 3,369,727$  1,986,069$  

Quantity Costs Quantity Costs
Raw Material (cubic metres) 28143 (844,288)$   28384 (851,508)$   
Sawmill Costs (hours) 720 (600,120)$   720 (600,120)$   
Total Costs (1,444,408)$ (1,451,628)$

Sawmill Net Revenue 1,925,320$  534,441$     
VALUE-ADDED Quantity Revenue Quantity Revenue

VAP Sales (cubic metres) 2449 817,471$     5372 1,810,804$  
Chips (tons) 0 -$            0 -$            
Total Revenues 817,471$     1,810,804$  

Quantity Costs Quantity Costs
Lumber Input (cubic metres) 2516 (651,998)$   5444
Drying (hours) 605 (12,094)$     1353 (27,054)$     
Dry-Sorting (hrs) 93 (79,339)$     209 (177,649)$   
Moulding (hours) 160 (12,024)$     305 (22,879)$     
Total Costs (755,456)$   (227,583)$   

Value-added Net Revenue 62,015$       1,583,221$  
Increase

Total Net Revenue 1,987,335$  10% 2,117,662$  

NOT INTEGRATED INTEGRATED

Table 1. Results of the integrated and non-integrated cases
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INTEGRATION TOOLS (continued)
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Figure 7. Changes in sawmilling and remanufacturing as a result of integration 

There are also several commercial integration tools that the forest products companies 
should consider. One recent example is the Lumbergear software, provided by Unique 
Data Solutions, is an all-in-one lumber business software for lumber wholesalers, 
sawmills, brokers and wood product manufacturers, which is currently implemented by 
Weyerhaeuser. Lumbergear has modules for lumber inventory management, sales, 
order fulfillment, shipping and receiving, bar-coding, remanufacturing, invoicing, logistics, 
procurement, and contact management. The security features are user friendly, allowing 
managers to perform audit trails on employees and restrict access to system modules. 
The integrated features make it possible for lumber and wood product companies to 
have better control over their business information. The advanced features make it easy 
to assemble mixed truckloads, talk to production and warehouse in real-time, and have 
the ability to ship products the same day that they are ordered.
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EXAMPLES OF
INTEGRATION STRATEGIES

Previous chapter has provided a few examples of integration tools that could help 
assess the benefits/costs of integration. Likewise, in the second year of this project, a 
model of a flexible and integrated manufacturing facility will be developed, which will be 
able to provide information regarding what strategies the forest products companies 
could employ to increase their competitiveness in the global wood products market. 

Some examples of integration strategies could involve the following integration methods:

1. Informal Agreements

Strategies could address two or more sawmills that exchange logs based on a set of 
informally agreed rules. Simulation of a base case (status quo), a current technology  
and market case, and a future flexible technology and custom product case could be 
investigated to reveal benefits/costs of this type of integration.

2. Outsourcing

A series of scenarios could be generated around a sawmill willing to outsource one or 
more manufacturing operations, such as decking, window stock remanufacturing, 
custom lumber products, etc..

3. Clusters

This integration method could be modeled between a harvesting operation, a sawmill, 
and a value-added facility.  The existing operations, in a base case, would be 
investigated to determine the current total profits and costs. In a series of scenarios, 
these operations could group in a cluster to manufacture, besides current products, a 
set of customized value added products (e.g. European furniture stock). Profits and 
costs could be compared between the two cases and reveal the benefits of clustering. 
Another interesting scenario could involve a cluster of specialized primary and 
secondary wood manufacturing facilities, which could be modeled and compared against 
one vertically integrated company. 

4. Vertical integration

A vertically integrated company could be modeled in its current manufacturing and 
market setting and results compared against a set of modeled flexible and integrated 
cases. These could involve a coordination between sawmilling, remanufacturing, and 
panel manufacturing operations. Each comparison would reveal the “real” costs and 
benefits of integration.
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CONCLUSION

Everything is connected with everything! This holistic principle applies not only to natural 
systems, but also to man-made ones. For some forest products companies, this 
principle has not been always obvious and, therefore, it was not reflected in how they 
planned their operations along their value chains. This is unfortunate, because one lost 
or misused capacity in the chain could likely produce a ripple effect (i.e. an integration 
effect) throughout the whole chain. In the past, when wood from old growth forests was 
abundant, this integration effect was counteracted by large inventories. In today’s global 
economy, with the advance of flexible and just-in-time manufacturing, integration effects 
are increasingly tangible. 

The latest example of integration effects is the increased utilization of wood 
manufacturing residues (e.g. woodchips, sawdust, wood shavings, hog fuel) for bio-
energy production (i.e. bio-fuels, steam, electricity). An immediate integration effect has 
been a sharp decrease in wood residue availability for panel board manufacturers. This 
most likely will cause an increase in the price of panel products, followed by price 
realignments of other wood products, including those of the wood residues that caused 
this effect in the first place. It would have been appropriate to foresee and counteract 
these effects using integration methods and tools.

This report provided a series of integration methods that ranged from less sophisticated 
outsourcing activities to more complex ones, such as the development of vertically 
integrated companies. One of the most important suggestion in this study was that 
companies were able to implement any number and type of integration/cooperation 
procedures that suited their short and/or long term interests, with any number and types 
of companies, including their competitors. Starting with informal agreements, the report 
described how largely disregarded these were by many forest products companies, 
despite their simplicity, and how, in fact, they were important procedures that could 
potentially lead to very  strong and complex networks. Once formalized, these 
agreements could result in relationships ranging from supplier-manufacturer contracts, 
to larger forms of enterprise aggregation (clusters, associations). The study also 
presented more elaborate cooperation methods that required more dramatic and 
complex changes in the companies involved in the network (virtual company). The 
description of the integration methods concluded with that of the vertically integrated 
company, which incorporated most or all the elements of the value chain and no 
separation between enterprises along this chain existed.



Integration Methods in the Forest Products Industry 37

CONCLUSION (continued)

The main objective of this study was to introduce the readers to a variety of integration 
methods and, consequently, it did not provide detailed information on how a particular 
forest products company could implement one or another integration method. For 
implementation, companies need to develop sound individual business cases, which 
cover all legal and economic facets of their integration. Because these business cases 
tend to become more complex as the selected integration method is more sophisticated, 
implementation is generally hindered by the amount of human and financial resources 
allocated to their development. This financial burden is seemingly one of the major 
reasons why Canadian forest products companies are reluctant to move faster toward a 
more integrated forest to product value chain, even in those cases in which it is logical 
to do so.

However, there exist large forest products companies that could afford the costs of 
integration, but are still not considering implementing these methods, mainly because 
they have secured a comfortable and relatively stable position in the forest to product 
value chain. This has been generally the case of some high efficiency, large capacity 
sawmills. Their highly efficient operations and their stable positioning in the commodity 
lumber market allowed them to dwell indefinitely in this favorable situation. 
Unfortunately, companies situated further along the forest to product value-chain (e.g. 
secondary processing, furniture manufacturing) have been unable to take advantage of 
the benefits of integration. What is worth noting here is that some of these value-added 
companies, as exemplified in this study, have decided to take control over their raw 
materials and have started to integrate with some downstream operations (e.g. MDF, 
re-man, sawmilling, and even harvesting operations). As examples of these “reverse”
integrations become more prevalent, it is expected that the large forest products 
companies will eventually start to consider more seriously the need for integration along 
the forest to product value chain. 

The report also included some potential integration scenarios that could be addressed in 
the second year of the project. This was also, besides the integration methods, an 
important part of this report, because modeling these scenarios could bring to light a 
wealth of information regarding the applicability of integration methods in the forest 
products industry. Some scenarios could reaffirm what the industry was worried about 
all along, that integration with other operations along the value chain is a tedious and 
costly endeavor.  Other scenarios, however, could provide fresh ideas, such as how to 
combine flexible manufacturing and integration methods to access global markets for 
more customized wood products.
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CONCLUSION (continued)

One common condition to successfully implement each of these methods is the 
development and maintenance of appropriate communication between the parties 
involved in the network. However, each integration method is different and requires a 
specific set of communication components depending on the complexity/sophistication 
of the integration, the location of each enterprise along the forest to product value 
chain, the management structure (hierarchical or non-hierarchical) and the level of 
formalization (e.g. contracts, agreements) between the parties.

Another very important condition is an appropriate balance between manufacturing 
flexibility and customer relations. In the Integration Tools chapter, the study presented 
some changes incurred in each company and manufacturing process as a result of 
integration. These changes implied that, in the future, to satisfy a large variety of global 
customers will require implementing advanced flexible and integrated manufacturing 
systems. In other words, as these systems become more advanced, long-term, one-
customer contracts will become increasingly obsolete and will be quickly replaced by 
just-in-time, made-to-order, global-market transactions.

The design of a highly flexible and integrated Canadian manufacturing company is an 
evolution far beyond the current state of business. The designs and technology 
developed in this project will allow sawmills to adapt their products to existing and 
emerging markets rather than search for markets that suit their products. For 
companies that have successful long-term markets, this approach should allow an 
expansion of their business and a significant increase in their competitiveness. For 
companies that suffer from severe fluctuations in demand, this approach could help to 
even out production and ensure their long-term profitability.
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These slides were presented at the first “Trees to Dollars” workshop organized by the 
three institutes (Forintek, Feric, and Paprican) in Grand Prairie, AB. The industry 
participants expressed their interest in the topic of decision integration along the forest 
to product value chain and, consequently, the three institutes received very good 
feedback. 
This presentation deals with various integration issues along the forest to product value 
chain and some of the methods and modeling tools to address them.
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The Forest to Product value-chain is a straightforward concept that encompasses all the 
value-adding relationships involved in the process of converting the wood fibre into wood 
products.
This slide shows the major sectors along the value chain: the woodlands management in 
charge with making available the best possible fibre for the end uses, the harvesting in 
charge with scheduling the availability of appropriate fibre, lumber manufacturing
producing lumber products for the building sector and secondary manufacturers, 
secondary and value-added manufacturing mostly producing final products, and finally 
the market place, which is the component where the customers and producers “meet” to 
exchange products for money, hence the name of this workshop.
Although the concept is simple, the integration of decisions between various production 
enterprises along the value chain has been deemed a difficult endeavour. 
I will illustrate some of the complexities of this value chain starting with the market, 
because I want to acknowledge from the beginning that the direction of decision making 
should be from the market to the forest. It is at the market level that the desired product 
attributes are assessed and should be matched by the downstream manufacturing 
processes.
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What is so challenging today about the wood product markets? 
If we turn back the time decades ago, softwood dimension lumber was virtually the only 
product produced and it was delivered through wholesalers to the residential 
construction market.
Today, the list of wood products increased dramatically and it continues to grow. 
Moreover, the channels of delivery and the markets have become considerably more 
complex than before. 
For example, in a relatively short period of time, the residential market has lost 
significantly to the remodelling and renovation (R & R) market, which is now as capable 
of absorbing large wood product volumes as the residential market is. However, the 
product attributes demanded by the Remodelling & Renovation market are significantly 
different than the ones demanded by the residential market, mostly because it is defined 
by more sophisticated customers, demanding more complex sets of product attributes.
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In a global market, this complexity is even more dramatic, because the product attributes 
that the customers require are generally driven by cultural and traditional factors, not 
always apparent. The Forintek Markets and Economics research group has undertaken 
many market assessment studies in various global markets.
For example, the demand of lumber products for timber structures in Japan has been high 
for several years and Canadian manufacturers have contributed greatly toward that 
demand. Although the long Japanese tradition of post and beam construction has been 
obvious, it took sustained effort from the part of marketing teams to identify what were 
specific product attributes that the Japanese builders required.
Another Forintek market study revealed the conditions in which Japanese customers 
were willing to substitute softwood lumber products with hardwood products, such as 
aspen, that had similar attributes. This study opens the door to the issue of mixed species 
processing, a revolutionary endeavour for North American producers, used to segregating 
species, or even specializing in products from specific species (e.g. red cedar). In a global 
market, however, this challenge needs to be addressed and reflected in how production 
facilities are designed and run.

Challenges along the Value ChainChallenges along the Value Chain

PRODUCTS AND MARKETS
• Identifying the product attributes that customers desire
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Challenges along the Value ChainChallenges along the Value Chain

MANUFACTURING
• Special machining and drying technologies

This brings us to the manufacturing component of the value chain. 
The challenging market issues presented previously entail a shift from manufacturing 
products to providing solutions, from mass production to mass customization. This shift 
will require smart technologies that are energy efficient and capable of integrating the 
market to fibre decisions.
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Challenges along the Value ChainChallenges along the Value Chain

MANUFACTURING
• Optimization for character marks

These are the technologies that make possible the switch from one species to multiple 
species, from product to flexible solutions operations. They are capable of matching 
optimally the attributes that the customers require to the raw materials that are being 
used or can be used.
This technology could help assess, for example, what new methods of grading and 
processing could be used to optimally utilize the raw materials. This slide suggests that 
technologies can help forecast what the effects of grading for character marks are on 
the bottom line if one allows some of so called “defects” to show on appearance wood 
products.
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Challenges along the Value ChainChallenges along the Value Chain

MANUFACTURING
• Small diameters/low grade logs

• Stems affected by Mountain Pine 
Beetle

These advanced processing technologies could allow to address a great challenge, which 
many in the forest products industry face today: the decrease in fibre quality.
They could allow us not only to better process these challenging resources (e.g. curve 
sawing), but also to predict what products could be manufactured from those raw 
materials, which otherwise would be considered waste (small diameter/low grade logs, 
logs affected by Mountain Pine Beetle attacks, stems affected by fire, harvesting debris, 
etc.).
One great feature of these technologies is their capability to forecast different processing 
solutions even before the materials are converted into final products. It will happen all in 
the computer.
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Challenges along the Value ChainChallenges along the Value Chain
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However, one has to be aware of the limitations of computer models, which is very well 
synthesized in the expression “garbage in – garbage out”.
Consequently, the input parameters have to accurately describe the materials, the 
markets, and the processes of converting the raw materials into products.
In order to better differentiate between the various product options, an accurate 
description of the fibre resources is required. Accurate grading of fibre is one of the 
fundamental conditions of forest to product optimization, because no new manufacturing 
solution can be generated if not enough information about the resources is available. For 
example, custom grading rules might be required and, although costly, could provide 
access to niche markets for premium products.
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Challenges along the Value ChainChallenges along the Value Chain
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The fibre characteristics have always played an essential role in the fibre allocation 
decisions. With the introduction of sustainable forest management practices, new 
characteristics and values are now considered. The effect of these practices on the 
bottom lines of manufacturing operations is not well known. General belief is that 
sustainable practices decrease the availability and the quality of the wood fibre.
The allocating timber to different operations has become even more complex with the 
introduction of additional values that need to be optimized besides profit (e.g.  wildlife 
habitat, employment, visual quality, pollution levels).
In addition, the allocation decision takes place in a different time horizon and with a 
different time span than of processing decisions. In other words, it takes 100 years to 
grow a forest stand, but about a month to cut it into 2x4s. 
Consequently, resource allocation and wood processing decisions need to be considered 
on different decisional levels that need to be defined and interconnected. Despite all 
these challenges, solutions exist to better utilize the fibre and the key is how well 
operations integrate their decisions with those of their customers and fibre suppliers.
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In other words, going back to the first slide of the presentation, wherever the operation is 
located in the value chain, it needs to match the product attributes that the customer 
desires with those of the supplied fibre. This requires a better understanding of the 
customer-supplier relationships along the forest to product value chain. Lets’ look at 
some ways of managing the complexities of managing these relationships!
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How to manage complexitiesHow to manage complexities
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As we all know, understanding who the customers are and what they want is the 
condition of success for every business venture. In the context of forest to product value 
chain, the customer-supplier relationship between its different components has the 
potential of increasing the profitability of both.
Here are a few examples of customer-supplier relationships. 
Most of us are familiar with the external customer relationships. 
The internal customer relationships are equally, if not more important, than the external 
ones. Understanding these relationships and acting upon them is the first and necessary 
step in increasing profitability.
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How to manage complexitiesHow to manage complexities
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Cooperation can take place in many forms and I illustrated just a few.
I would like to highlight the clustering method of cooperation. Clusters are groups of 
companies that coordinate some of their production decisions and share the cost of 
some operations and services. An  example could be a cluster of value-added small and 
medium size manufacturers that share marketing expenses, or a cluster comprised of 
harvesting, sawmilling and remanufacturing operations that are producing a specialty 
product. 
The underlying message of this slide is that the old school of fierce competition has 
become increasingly obsolete and the doors to cooperation between former 
competitors, customers and suppliers are opening.
Unfortunately, all these cooperative actions are marred by the unavailability of 
specialized tools. Computer programs are capable not only of optimizing the production 
so that the best possible use of fibre is attained, but also of indicating what products 
should be made and what resources should be used. In this slide, I gave only a few 
examples of where these optimization models can be used and I would like to 
emphasize the last one: the integration of inventory, production, and distribution 
decisions, which brings me to my last slide.
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How to manage complexities?How to manage complexities?

• Integrate
coordinated/joint decisions
shared decision support tools
forest to product optimization

Integration of decisions is important to dramatically increase profitability. It is 
unfortunate that today wood processing operations still act in isolation of one another. 
This slide shows just a few of the ways that integration can be attained. 
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Next, I will exemplify some tools and applications that deal with the integration of 
decisions along the forest to product value chain from the prospective of solid wood 
manufacturing.
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On this slide I would like to reiterate two points. The first point is that the integration of 
decisions along the value chain needs to optimally match the product attributes that the 
customer desires with those of the fibre resources available. The second point is that the 
representation of the value chain in this slide was horizontal, when, in fact, the decisions 
along the forest to product value chain could be represented vertically, in a hierarchical 
fashion.
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A hierarchical structure could be used because the decisions at each level of 
management cover different time horizons (see slide) and  have different management 
objectives. Consequently, developing a planning model that integrates the forest to 
product decisions should reflect this framework.
A subsequent model would involve interconnecting specialized sub-models that deal with 
different decisions that take place, in different time frames, with different inputs and 
outputs.
The first important message in slide is that, in order to be profitable, companies need to 
be efficient. You will notice that the goal of maximizing profits is reflected at the 
operational level of the hierarchy, where the interface with the markets takes place. 
Another message is that, in order to stay in business, in addition to being efficient, 
companies need also to be effective. The effectiveness of management decisions is a 
long-term goal, reflected at the tactical and strategic level of the hierarchical model. 
Therefore, the key to forest to product optimization is the integration of decisions 
between all the levels and components of this hierarchy. I will exemplify how different 
sub-models implemented at each level can help achieve this integration.
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In the context of the forest to product optimization, the strategic level model deals with 
long term planning of forest resources. There are a number of models used in practice. 
Here I am exemplifying the output of Forest Planning Studio developed at the faculty of 
Forestry, UBC.
Models such as this assist with the forest ecosystem management and consequently 
they have to account for a variety of mostly ecological values.
They are important because decisions made at this level extend over many years 
(hundreds in this example) and affect the medium and operational levels through the 
availability of commercial timber. Data output from these models consist of large areas of 
forest available for harvest and usually the first period decision (10 years in our example) 
is implemented in practice. Future periods are normally used to influence the first period 
decision, or to account for foreseeable events (e.g. the increase in Annual Allowable Cut 
as a result of Mountain Pine Beetle attacks).
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• Graphical presentation of results (maps)

At the tactical level, a timber allocation sub-model can be implemented to assist with, 
what is referred to in the industry, “sending the right log to the right sawmill”. As you 
know, this is maybe the most important decision in our industry. This model can allocate 
logs and/or tracts of forests to different manufacturing facilities to maximize profits 
obtained from processing those logs into wood products or can maximize a series of 
other values beside profit in case of Sustainable Forest Management procedures.
Timber availability from the strategic level sub-model is an input into the tactical timber 
allocation sub-model. The output of this model is the timber available for processing by 
each individual company and is comprised of either a list of forest tracts or distributions 
of logs allocated to the companies.
This model is a very important link between the natural and the production 
environments, between the forests and the markets. The benefits of using this allocation 
model are: timber/log valuation for purposes of log or block trade/swap, a graphical and 
more efficient representation of different forest management policies, including those of 
sustainable forest management.
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Sawmilling Optimization Models

• Optimize/schedule lumber production
• Implemented in each sawmill
• Log values feed back into the tactical level, when integrated

At the operational level, sub-models that optimize the processing of timber into wood 
products are implemented, one for each processing facility. In the case of solid wood 
manufacturing, these sub-models optimize lumber production in every sawmill to which 
the tactical timber allocation sub-model optimally allocated logs. For each sawmill, the 
models calculate optimal bucking programs, cutting patterns, target sizes, kiln loads, 
product volumes, inventory levels and others. 
Another very important output of these sub-models is the marginal logs values. The 
marginal log value is the increase in profit that an additional cubic meter of a log class or 
grade would produce had it been available. Marginal log values are different than market 
values, in that they reflect all the value added and costs incurred by the sawmill that 
processed that log. In other words, marginal log values indicate how important (or 
unimportant) each log class is to each sawmill; information that can be used in log 
allocation and trading/buying.
These marginal values can be fed back into the tactical level model and influence the 
allocation of timber to the sawmills in a dynamic allocation procedure which I will 
exemplify later.



Integration Methods in the Forest Products Industry 61

TREES TO DOLLARS WORKSHOP
Operational Level                                      
Value-added Facility Models
Operational Level                                      
Value-added Facility Models

• Optimizes/schedules production of value-added products
• Implemented in each facility
• Lumber values feed back into sawmilling models, when integrated

Also at the operational level, value added optimization models can be implemented to 
generate an optimum set of products manufactured from lumber produced and sold by 
the sawmills.
The inputs into these models are lumber product distributions and the outputs are 
optimal production settings and flows, product levels, batch sizes, etc.
Similar to the sawmilling models, these models are able to generate marginal lumber 
values (the same way the sawmilling models generated marginal logs values). These 
marginal lumber values are important for purchasing decisions or for coordinating the 
production with the primary manufacturers.
In an integrated application, these values can be inputted back into the sawmilling 
models and can influence their production decisions. I will later exemplify such dynamic 
integrative procedure between a sawmill and a remanufacturing facility.
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I would now like to describe the integration between some decision levels of the 
hierarchy and, subsequently, the value chain. Here, I am illustrating the interaction 
between the timber allocation and sawmilling decisions.
At the medium-term level, a Timber Allocation model was implemented to allocate timber 
to sawmilling operations over a time horizon of up to 10 years. At the operational level, a 
series of Sawmilling Optimization models were implemented to model the sawmilling 
operations over a one year time horizon. Note that the difference in time horizons 
between the two levels implies that only the first one-year period of the medium-term 
level decision is implemented into the operational level decisions.
There are two types of data entered in the model: input data and inter-level connectivity 
data. The latter data consist of the list of forest tracts allocated by the medium-term 
model to the operational model and the marginal stem and profit values generated by the 
operational level models and sent back to the medium-term level. If the allocation  
procedure stopped here, it would model a top-down allocation decision, or a static 
procedure. A static procedure does not reevaluate the allocation solution and does not 
search for a better one. 
A major benefit of using the Hierarchical Planning methodology is that it allows for the 
development of dynamic allocation procedures.
In this model, the feed-back data from the operational level is used in an iterative, 
dynamic allocation procedure that require the medium-term level to re-evaluate the 
previous allocation and to generate a better one. In each iteration, allocations are 
generated that increase the total profit value at the operational level. The allocation 
procedure stops when an optimal allocation has been found.
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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An important rationale for the development of the Hierarchical Timber Allocation model 
and the iterative procedure was that profit values generated in a static procedure were 
not guaranteed. Should this allocation be implemented in practice, a lower total profit 
value than the one guaranteed by the model would be obtained (see slide).
By implementing a dynamic allocation procedure in the Hierarchical Timber Allocation 
model, these values were not only more accurate (see slide: the two profit values are 
equal), but also larger.
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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A case analysis concerned two landscape units containing 463 forest tracts 
(stewardship units). Stewardship units are forest areas generated by aggregating 
Geographic Information System (GIS) polygons with similar timber attributes. Three 
forest products companies rely for their raw materials on the timber located in the 2 
landscape units. 
These companies operate very different sawmills: a stud mill, a dimension mill, and a 
more diversified mill that produces lumber products for domestic, US, and Japanese 
markets. In this context, it is imperative for the three companies to be allocated timber 
that best matches their production and product specifications. The problem is that of 
optimally allocating stewardship units to different sawmilling operations.
In a base case, companies were assigned large forested areas called charts (see slide). 
Each year, these companies apply for permits to harvest in their own chart. The 
allocation of these permits is based on how each company is able to maximize the profit 
generated by converting the timber into lumber products.
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 

A valuable feature of the model is the connection with the GIS database. As a result, the 
model is able to generate maps of different allocation scenarios.
Here, we can see the spatial allocation in the current, base case allocation.
Note that currently each company is allocated Stewardship Units from its own chart area 
(each chart area contains one colour units).
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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In a first scenario, the companies were allowed to harvest timber anywhere in the two 
landscape units, which resulted in an increase in total profit of 5%.
The two allocation maps (base case vs. unrestricted case) were significantly different, 
which implies that a significant change in the log diets of the sawmills occurred, an 
allocation policy that better matched the product attributes of those sawmills with the 
raw materials harvested from the two landscape units (a customer supplier relationship 
that increased the profit).
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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In another scenario, a policy that required a wildlife corridor was simulated. A wildlife 
corridor is an area that allows certain wildlife species such as caribou to move from one 
grazing or mating area to another. Sustainable Forest Management practices do not 
allow clear cuts in the wildlife corridors. Also, only very low intensity partial cuts are 
allowed. These conditions were simulated with the Hierarchical Timber Allocation Model 
and, besides a different spatial allocation, a decrease in profit of  3% occurred.
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Source: Marinescu, M.V. 2004. Multi-criteria timber allocation models for the analysis of sustainable forest management decisions. PhD Thesis. University of BC. 
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Another scenario restricted the harvesting to be performed as close as possible to 
existing roads. There are two major roads in the area, the red line indicating the 
stewardship units that contain roads. To simulate this condition, the model was required 
to minimize the distance to the allocated stewardship units in addition to maximizing 
profits. The result was a decrease in profit of 4%.
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Another study was concerned with the integration of sawmilling and value-added 
decisions. In this slide you can see two optimization models: a sawmilling model and a 
value-added model. The value added model relies on the sawmilling model for some of 
the lumber input. However, at this point, it is not able to influence the decisions of the 
sawmilling model. By developing a dynamic allocation procedure similar to the one 
presented previously, the overall model can coordinate optimally the production of both 
facilities.
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Source: Stuart, D.W., Maness, C.M.., and Marinescu, M.V. 2001. Production planning for integrated primary and secondary lumber manufacturing. Wood and Fiber Science, 33(3). 

Operating Statement
SAWMILL Quantity Revenue Quantity Revenue

Lumber Sales (cubic metres) 12714 3,244,452$  7382 1,859,345$  
Chips (tons) 11931 125,275$     12069 126,724$     
Total Revenue 3,369,727$  1,986,069$  

Quantity Costs Quantity Costs
Raw Material (cubic metres) 28143 (844,288)$   28384 (851,508)$   
Sawmill Costs (hours) 720 (600,120)$   720 (600,120)$   
Total Costs (1,444,408)$ (1,451,628)$

Sawmill Net Revenue 1,925,320$  534,441$     
VALUE-ADDED Quantity Revenue Quantity Revenue

VAP Sales (cubic metres) 2449 817,471$     5372 1,810,804$  
Chips (tons) 0 -$            0 -$            
Total Revenues 817,471$     1,810,804$  

Quantity Costs Quantity Costs
Lumber Input (cubic metres) 2516 (651,998)$   5444
Drying (hours) 605 (12,094)$     1353 (27,054)$     
Dry-Sorting (hrs) 93 (79,339)$     209 (177,649)$   
Moulding (hours) 160 (12,024)$     305 (22,879)$     
Total Costs (755,456)$   (227,583)$   

Value-added Net Revenue 62,015$       1,583,221$  
Increase

Total Net Revenue 1,987,335$  10% 2,117,662$  
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In a case analysis, two scenarios were simulated: a non-integrated and an integrated 
one. In the non-integrated scenario, the remanufacturing facility bought lumber from the 
sawmill and the open market. In the integrated case, the remanufacturing facility 
coordinated its supply and production decisions with the sawmill. In the integrated 
scenario the total profit value increased by 10%.
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Source: Stuart, D.W., Maness, C.M.., and Marinescu, M.V. 2001. Production planning for integrated primary and secondary lumber manufacturing. Wood and Fiber Science, 33(3). 
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What was more interesting than the significant increase in profit, was how the models 
influenced each other. The slide shows the changes that occurred in how the logs were 
bucked and lumber was cut in the sawmill and how the mix of value-added products was 
dramatically altered in favour of most profitable products that best matched the allocated 
lumber resources.

These results point to a few important messages:
– Implemented integrative procedures could bring significant returns, but, ALL 

PARTIES need to alter their production settings.
– As a result of these integrative procedures many medium and long term 

supplier/customer contracts may become obsolete.
– To successfully implement integrative procedures parties need flexible 

manufacturing settings.



Integration Methods in the Forest Products Industry 72

TREES TO DOLLARS WORKSHOP

ConclusionsConclusions

• Understanding the value chain

• Communication - Cooperation - Coordination

• Technology to integrate decisions

• Forest to product optimization

In conclusion, my presentations conveyed the importance of decision integration along 
the forest to product value chain.
However, this can be achieved only through a relentless and sustained program 
involving a better understanding of the relationships between different components of 
the value chain, the implementation of the 3 -C strategy (communication-cooperation-
coordination), the implementation of decision making tools in every component of the 
value chain, which ultimately will allow for the forest to product optimization.


