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Abstract: Much of the North American wood products industry was severely impacted by the
recession of 2008–2009. In addition, many sectors within this industry face intense global competition.
Against this backdrop, we examine economic opportunities for hardwood manufacturers to achieve
greater competitive advantage via product customization, through a literature review and synthesis.
We also discuss several related themes including agility, lean manufacturing, and clustering. We found
that, in globally competitive environments, hardwood producers must be agile to adapt to economic
conditions and dynamic customer demand. We discuss how some sectors of the hardwood industry
have effectively exhibited customized production, and subsequently fared relatively well in the
current economy. We conclude the synthesis by evaluating the importance of supply chains to
achieving customization for hardwood producers. In the future, supply chains will need to be
configured to rapidly respond to changing consumer demands, and pressure to provide more services
will likely extend further back up the supply chain to hardwood sawmills. It is expected that
sustainability practices, including green supply chain management, will impact operational and
economic performance of hardwood firms as well.
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1. Introduction

1.1. The Hardwood Value Chain: From Forest to Consumer

Competition among firms is dynamic and is closely related to innovation and the search for
strategic differences, according to Porter [1]. Competition is also pervasive, whether it involves
companies contesting markets, countries coping with globalization, or organizations responding
to societal needs. Directly related to competition is the creation of customer value, or delivering
a desired product at an acceptable price. Although value may not have a consistent universal
meaning, it is clear that the process of delivering value to consumers is becoming the imperative
for many organizations—in the wood products sector and elsewhere. Therefore, the importance
of understanding competition and value creation is often a prerequisite for business success. It is
within this context that the present review synthesizes literature pertaining to the increasing role that
customization plays in the North American hardwood industry, especially in secondary sectors such
as furniture and cabinets.

Hardwood forests are noted for their ecological diversity, containing numerous commercial
species. Forest economics plays an overriding role in aspects of forest regeneration, silviculture, harvest,
transportation, manufacture, distribution, product use, and ultimately recycling. The hardwood species
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mix preferred by consumers is dynamic, requiring manufacturers to stay abreast of not only current
forest and economic conditions but also consumer preferences. Although the focus of this paper
relates to the competitiveness of the North American secondary hardwood industry, an overarching
theme is the role of the complete forest value chain. This includes all “upstream” value-chain entities,
including forest landowners, managers, harvesters, and manufacturers of primary products such as
lumber and veneer. These upstream entities are especially integral, as forest management and sawmill
decisions can influence the appearance characteristics and value of primary hardwood products used
as inputs to secondary manufacturing [2,3]. In addition, “downstream” customers, and ultimately
consumers, are increasingly important to the hardwood supply chain.

The North American hardwood industry faces new challenges in dynamic international markets.
This sector now must compete with global supplies of raw materials and global manufacturers for
U.S. consumers. The recent loss of manufacturing infrastructure for some components of the North
American industry has brought high levels of change and uncertainty. Of greatest importance and
concern is the ability to competitively manufacture and maintain supply chains, while providing
stability to other sectors of the overall forest industry [4]. In addition, repercussions of the housing
crisis are still being felt today across many wood product sectors, which has cast new emphasis on
the way firms do business and interact with others in their supply chains. For example, the size
of the average U.S. secondary manufacturer had not fully returned to pre-recession levels by 2015,
but the trend was upward and secondary manufacturers were requiring increasing services from their
hardwood lumber suppliers [5]. Thus, we emphasize current economic events in our synthesis as well
as the markets served, which are increasingly global in nature.

1.2. Mass Customization—A Paradigm Shift for the Wood Products Industry

For wood products industries to realize competitive advantage, they must identify competitive
strengths at all points in the value chain. This was especially evident during the recent U.S. housing
crisis. Panwar et al. [6] recount the relevant macroeconomic factors and resulting dislocations felt by
domestic wood products firms during the 2008 recession, identifying specific actions that could help
maintain competitive advantage throughout the forest sector supply chain during periods of economic
crisis. Firms that successfully adapted to decreased demands, fluctuating prices and exchange rates,
and greater competition were better able to survive the recession. They also identified strategies for
maintaining coherent and intact supply chains during times of financial crisis.

Optimum strategies for maintaining and enhancing competitive advantage are constantly
evolving—what worked well in the most recent business cycle may not be as effective in the future,
especially during economic downturns. Brown and Blackmon [7] introduced the concept of strategic
resonance and strategic dissonance to compete within highly volatile markets. They discuss two
ways that firms can gain competitive advantage. A market-led view suggests that the key is to
identify external opportunities in both new and current markets (including niche markets). By contrast,
a resource-based view argues that firms should mobilize resources that are likely to maximize returns
in their chosen markets. Here, competitive advantage is realized by the valuable firm-level resources
that competitors do not have access to. Competitive strategies must then be based on approaches that
consider both market requirements and manufacturing capabilities under dynamic and unpredictable
business environments. New production paradigms, such as mass customization, can increase this
flexibility for secondary hardwood manufacturing firms, and this has become a frontier issue for
the industry.

It has been said that mass customization is a complete paradigm shift from traditional
manufacturing [8]. In North America, Europe, and other regions with high labor and land
costs such as Singapore and Hong Kong, much research has looked at mass customization,
lean manufacturing, strategic supply chains, and other strategies for maintaining or enhancing
manufacturing competitiveness [9]. In the U.S. wood products industry, a paradigm shift has been
called for in sectors especially affected by globalization. One such sector is the wood household
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furniture industry [10,11], where customized production and strategic supply chain alliances are key
elements of competitiveness. Similarly, Dugan [12] has called for several “new rules” for the U.S.
furniture industry, including agility, niche marketing, supply chain development, and lean production.
Azouzi et al. [13] claim that competitive priorities for the furniture enterprise of the future are short
lead times, high product quality, product variety and innovativeness, and a focus on profit margin.
A key component of a paradigm shift is the desire of consumers for customized products [14]. Thus,
by leveraging this demand with development of customized production, the U.S.-based industry can
be more competitive. Shortening the lead times associated with customization is a key component of
competitiveness, and as will be discussed in this synthesis, can be enhanced through factors such as
lean manufacturing, supply chain agility, and local sourcing/purchasing of goods.

Mass customization has been defined as production of individually customized products using
flexible and responsive manufacturing systems at a cost and speed near that of mass-produced
items [8,13]. The potential advantage lies in realizing price premiums for products customized to
customers’ specific demands, while at the same time maintaining the cost associated with large-scale
production [9]. Gilmore and Pine [15] posit that consumers are increasingly moving away from
a mindset of settling for standardization (and thus forgoing their individuality) simply to achieve
a lower price, thus creating “customer sacrifice gaps”. This is a frontier provision where producers in
higher-cost locations can compete, by moving away from price and towards provision of customized
goods [16]. Previous studies have shown that consumers are willing to pay more for customized
products [17].

Successful implementation of mass customization in the hardwood products industry has
broad-reaching economic ramifications throughout the forest value chain. This includes not only
manufacturing, but also product sourcing, procurement, and even harvesting and silvicultural methods,
which can influence wood quality and/or product quality. For example, alignment between forest
owners, logging contractors, and wood products manufacturers was identified as a key element
of entrepreneurial success, which included the presence of strong networks [18]. Customization is
therefore on the “frontier” of research and practice for the hardwood industry and will be the focus of
this review and synthesis. We discuss some of the most central, state-of-the-art, and recent research
involving customization and related concepts and how they are being applied in the North American
hardwood industry. The end result, if this frontier can be successfully expanded, is more efficient
production of the market goods derived from hardwood forests.

2. Methods and Objective

In this review and synthesis, the objective was to discuss the literature regarding mass
customization, including the related concepts of agility, lean manufacturing, economic clustering,
and supply chain management with the intent to find linkages to competitiveness for the North
American hardwood industry. While the entire hardwood supply chain is considered, the focus was
on secondary manufacturers. We utilize a combination of articles that specifically address the forest
products industry, as well as more general articles. The primary source of articles was a search carried
out using Google Scholar in the summer of 2017 based on the following key words: customization,
competitiveness, competitive advantage, lean, clusters, agile, and supply chain. The qualifying words
of wood products and hardwood also were used to focus on articles specific to the secondary wood
products industry. Initially, 94 of the articles discovered in this fashion were pre-screened as potentially
relevant to the synthesis and sought for analysis. In addition, other articles were found through
cross-referencing the articles identified in the Google Scholar search, or included via knowledge of the
authors. This led to the inclusion of other relevant articles not identified through the primary search.
The body of research in these fields is quite expansive; for example, Mishra et al. [16] provide a recent
review of 118 articles related to manufacturing flexibility alone, while Bhamu and Sangwan [19]
recently reviewed 270 articles related to lean manufacturing. A goal of this work therefore was not to
provide an exhaustive list but rather to weave a subset of these papers together, combining them with
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work specific to forest products, to provide a practical discussion. A total of 87 articles ultimately were
referenced in this synthesis, with over 43% being published since 2010. While the synthesis did not
consider a specific time frame, preference was given to more recent studies since the focus was on the
“frontier” of the field.

The following sections discuss customization and its relationships with the related concepts
outlined above. Linkages between these concepts and competitiveness are discussed. The paper
concludes with a discussion of the frontier of customization research with regard to the hardwood
industry supply chain, focusing on the secondary wood products industry.

3. Discussion

3.1. Agility and Customization

Agility has been said to go “hand in hand” with mass customization [20] while other authors
have claimed it is a related but different construct [19]. For example, Um [21] claims that agility
is constrained by a parallel focus on economies of scale in many industries where efficiency is the
focus, but that supply chain agility is requisite in high-level customization environments such as
production of innovative or fashion products with short lifecycles. Stump and Badurdeen [8] refer
to agility as responsive manufacturing in unpredictable environments, without specific reference to
customizing for individual customers. However, in their extensive review of mass customization
research, Fogliatto et al. [17] found that a common feature of the literature is a blurring of mass
customization, lean, and agile concepts. They conclude that both lean and agile concepts are relevant
to implementation of mass customization and they call for more research aimed at elucidating
these linkages.

According to Azouzi et al. [20], agility is “ . . . the ability to respond to, and create new windows
of opportunities in a turbulent market environment driven by individualizing customer requirements
cost effectively”. Similarly, Um [21] claims that agility refers to a firm’s capability to “ . . . transform
market uncertainty into opportunities through rapid response, especially in high-level customization
environments”. Routroy and Shankar [22] evaluated agile supply chains, finding that they can
be effective at functioning in challenging markets such as those characterized by uncertain demand,
new and/or innovative products, and dynamic customer expectations. They developed a methodology
known as “performance value analysis” to evaluate agile supply chains along three different time
horizons for apparel supply chains, finding that significant performance improvements in supply
chains could be realized in as little as two years.

Agility has been said to be enabled by the introduction of new technology, which is driven by
market interaction and product design [13,20]. To these authors, a given process best contributes to
the agility of a manufacturing enterprise when it possesses several capabilities, including flexibility,
responsiveness, and autonomy. The result is the “furniture enterprise of the future” where the
technology employed matches the customization strategy of the firm. The furniture enterprise
of the future seems consistent in many ways with the paradigm shift described by Schuler and
Buehlmann [11] and the new rules for the industry described by Dugan [12].

A note should be made on the distinction between flexibility and agility, even though these
terms often are used interchangeably in the literature to refer to responsiveness to changes in the
business environment. For example, Azouzi et al. [13] claim that flexibility is a subset of agility,
referring specifically to the ability for a process to outlive the products for which it was originally
built. Regardless of the definitional refinement, agility and flexibility are important in light of
an increasingly global and customized economy, and the plurality of research on flexibility has focused
on its relationship to environmental uncertainty [16]. In the wood products industry, the importance
of upstream suppliers to think strategically about the competitiveness of their downstream customers
in the midst of uncertainty over globalization (i.e., the loss of the furniture industry as a market for
hardwood lumber) has also been discussed [23].
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Comparative studies of the U.S. furniture and cabinet industries have shown that agility and
customization strategies are associated with competitiveness. For example, Lihra et al. [24] found that,
when studying these industries in North America and Europe, the cabinet industry scored highest
for implementation of mass customization while the household furniture industry scored lowest.
The upholstered and office furniture sectors scored between the other two. Cumbo et al. [25] likewise
found that the cabinet and upholstered furniture industries were implementing lean manufacturing
at a higher rate than other sectors. And, Lihra et al. [24] found that the cabinet, upholstery,
and office furniture sectors were following an assemble to order production model (more customized),
while household furniture was following a ship to order model (less customized). This is consistent
with the findings of Luppold and Bumgardner [26] that the U.S. cabinet industry carried less inventory,
offered more customized products, and competed less on price than did the U.S. wood household
furniture industry. These factors were enabling the cabinet industry to be more competitive than the
wood household furniture industry.

Import market shares are a useful way to analyze the competitive positions of different U.S. wood
products industries [27]. Figure 1 shows estimated market share statistics for three sectors for the
latest year data were available. It can be seen that the wood kitchen cabinet industry (NAICS 337110)
has been less affected by globalization to date than the nonupholstered wood household furniture
(NAICS 337122) and upholstered furniture (NAICS 337121) sectors—a finding consistent with the
comparative studies discussed above. In turn, the upholstered furniture sector (which has been the
subject of several lean manufacturing studies) has been less affected by globalization than the wood
household furniture sector. This notion of relative industry competitiveness will be revisited in the
clustering section that describes how sectors of the furniture industry that customize products (similar
to the cabinet industry) have realized success in the United States.

Figure 1. Estimated import market shares in the wood household furniture, upholstered furniture,
and kitchen cabinet sectors in the United States. Import market shares in the United States calculated
as: Imports/Consumption, where: Consumption = Value of product shipments (Production) + Imports
− Exports (Data sources: [28–30]).

3.2. Lean Manufacturing and Customization—The Skinny on Wood Value Chains

Lean refers to far more than just dieting. Lean manufacturing is generally described as
a production system that uses fewer resources than mass production systems (for example less
labor, equipment, and space), while achieving superior results. In fact, lean producers often aim for
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perfection [31], leading to declining costs, almost zero defects and inventories, and greater product
variety [32]. Others have defined lean production as “an integrated socio-technical system whose main
objective is to eliminate waste by concurrently reducing or minimizing supplier, customer, and internal
variability” [33], although variance reduction also is associated with related concepts such as six-sigma.

Returning to the cabinet industry discussion from the previous section, less inventory is often
needed using lean manufacturing as a competitive strategy. However, mass customization has been
said to be incompatible with lean manufacturing [8,21]. For example, mass customization follows
a “design-sell-make” model where the final product is not manufactured until the end-consumer
order is received. In lean manufacturing, items are made to meet the needs of immediate customers
(i.e., intermediate to the end-consumer in the supply chain) and not the end-consumers themselves.
Olhager and Prajogo [34] explored potential differences between “make-to-order” and “make-to-stock”
firms in Australia. After considering 216 firms, they found that make-to-order firms benefit significantly
from supplier integration, whereas make-to-stock firms benefit significantly from lean practices.
These findings indicate that the difference between these models is important when considering
potential manufacturing and supply chain improvements.

Nag et al. [35] consider the influence of inventory management on the competitive position
of manufacturing firms. They identify three stages of inventory—raw material, work-in-process,
and finished goods—the management of which can influence a firm’s competitive position. The authors
follow Porter’s “Five Forces Model”, analyzing factors driving supply chain strategies, including:
industry intensity of rivalry, threat of new entrants, threat of substitutes, bargaining power of suppliers,
and bargaining power of buyers. They found that this framework can influence whether an industry
shows low versus high levels of raw material inventories and finished goods inventories. Inventory
management also can greatly influence how supply chains are configured. Stavrulaki and Davis [36]
identify four different supply chain structures: make to stock, assemble to order, built to order,
and design to order, where various structures are best suited to different combinations of products
and demand characteristics. A key finding of this study was that high-volume products with little
uncertainty about their demand should be matched with lean supply chains enabled by efficient
processes. Conversely, low-volume, high-uncertainty products should be matched with agile supply
chains enabled by flexible processes.

In the wood products industry, Cumbo et al. [25] found that implementing lean manufacturing
might not be applied evenly across the facility. In particular, the rough mill, where lumber is converted
to parts for later assembly, was less likely to be lean than other parts of the facility. Ray et al. [37]
found that primary wood products manufacturers are inherently leaner than secondary manufacturers
and suggest that not all classical lean metrics are entirely relevant to wood products manufacturers.
Haartveit et al. [38] explored supply chain management in the forest products industry of western
Canada; successful implementation of supply chain improvements were found to focus on efficiencies
through increasing throughput and reducing inventories. However, it was found to be challenging
to apply supply chain management techniques to commodity-based supply chains such as wood
products producers. This was primarily due to uncertainty in raw material supply and relatively long
lead times in production.

Other authors have claimed that lean manufacturing can help enable mass customization.
According to Bhamu and Sangwan [19], “The goal of lean manufacturing is to be highly responsive to
customer demand by reducing waste”. According to these authors, product variety and the integration
of product development with supply chain and operations management are some of the goals for
which lean manufacturing is implemented. Modern definitions of lean production state in part that
it provides companies with the agility to face market demands and environmental changes [39].
Several of the definitions of lean manufacturing found in the literature reference the provision of
product variety that can be achieved through lean production [19].

The advent of computer optimization has made concepts such as dynamic prioritization strategies
feasible. In such systems, emphasis is placed on different part sizes as part needs are met and different
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lumber grades and sizes are used [40]. However, Cumbo et al. [25] found that yield of parts was the
primary performance metric even though maximizing yield did not necessarily mean high-demand
parts were being produced. Pirraglia et al. [41] also suggest that customer-driven inventory practices
could result in yield losses (i.e., disposal of clear wood) in wood products companies. However,
movement toward lean principles was associated with several customer satisfaction variables,
suggesting multiple potential benefits to lean manufacturing beyond cost reduction. Czabke et al. [42]
found similarly that, even though most benefits were manufacturing-related, implementation of lean
thinking allowed manufacturers to get closer to their customers and could even pave the way for
implementation of mass customization programs. In the case study presented by Czabke et al. [42],
this was believed by the company to have led to competitive advantage. Ariss and Zhang [43]
discussed the notion of “flexible process capability” and found evidence that it was possible for
firms, through flexible technology and employee involvement, to achieve high product variety while
maintaining low process variety, essentially achieving mass customization. Buehlmann et al. [44]
discuss the role that the digitization of manufacturing likely will play in the future of the hardwood
industry and in helping to enable lean and agile manufacturing.

In the wood products industry, implementation of lean manufacturing has been associated with
shorter lead times, with an average 10-day shorter lead time for lean companies [25] as well as greener
production [45]. Time to market is an important component of mass customization [9], so lean practices
seemingly can help here. Stump and Badurdeen [8] discuss “job shop lean” as a system where certain
lean practices, such as value stream mapping, are applied to small firm customized environments.
Given the small size of many firms in the secondary wood products industry [46], this concept seems
well-suited to the industry, although literature to date on actual application is limited. Others have
noted that implementing lean is more difficult in smaller firms for a variety of reasons, including use
of the wrong lean tools, use of a single tool to fix all problems, lack of understanding, and overall lack
of financial and management resources [19].

One potential compromise that has been found between lean manufacturing and customization,
is determining an optimal lot size. Yao and Carlson [47] found that, for a large upholstered furniture
company with many possible product design combinations, a small lot size of 15 units per batch was the
key to balanced and synchronized production. Coupled with an on-line, real-time data capture system
that tracks status and location of materials in each batch, this was a way to link agility with leanness
and realize competitiveness. Other authors have noted the importance of using information systems
to collaborate with consumers to obtain their design and preferences for customized products [13,17]
and in monitoring supply chain performance measures [48]. However, Hunter et al. [49] noted that
batch and queue operations are outdated and based on a system of material movement through
distinct departments within a shop where each worker is assigned to a single process or workstation.
They instead argue for a system based on manufacturing cells, where each cell contains multiple
functions and has the ability to produce a wide variety of products at low cost (i.e., economy of scope)
and permits rapid design changes for upholstered furniture customers.

Manufacturing has been defined by Hunter et al. [49] as “ . . . the creation of wealth by adding
value to raw materials”. This notion is at the core of searching for successful competitive strategies
for the forest products industry. However, while much research has been conducted on the product
side of mass customization, much less has been published concerning the manufacturing costs [17].
In the forest products literature, product costing was addressed by Andersch et al. [50], who found that
74 percent of the companies surveyed relied on traditional accounting systems that failed to account
for many of the costs associated with lean and/or mass customization activities (product diversity,
operational complexity, etc.). Additional economic analysis of cost drivers would therefore seem to be
an important area for future research.
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3.3. Economic Clustering and Customization

Clusters can be defined as “ . . . geographic concentrations of interconnected companies and
institutions in a particular field” [51]. Clusters may be thought of in two dimensions as they can
extend downstream to customers, and also laterally to manufacturers of complementary or related
products. Clustering can also serve as a means for small companies to realize some of the economies
of scale usually reserved only for large companies [52]. Clusters of forest products companies can
exhibit competitiveness and there are several examples of success [53,54]. Walcott [55], and Kodzi
and Gazo [56] discuss that the history of furniture manufacturing in the United States has followed
a regional clustering pattern over time, with new formations in regions with lower-cost factors of
production. The extension to global manufacturing also follows this pattern, with movement to Taiwan
and later China [57]. More recently Vietnam has emerged as a low-cost manufacturer of household
furniture for the global market and it also has benefitted from U.S. duties on some Chinese wood
furniture [58].

One example of a paradigm shift in the U.S. industry is Amish furniture manufacturing in Ohio
and elsewhere. Unlike the other regional U.S. furniture clusters described above where costs ultimately
drove change, the Ohio Amish cluster formed through a sense of embeddedness in the community [59]
where important motivation for firms is to remain a viable family-based shop and continue living in
the area [60]. In this cluster, competitiveness arises by other means based largely on a customization
model. The clustering aspects that enable customization include specialization among the many small
shops and well-defined supply chains that allow flexibility among several shops [51]. For example,
Brookfield [61] found that firms operating within clusters outsource inputs to a greater degree than
do non-clustered firms, in essence forming a “system of network production”. A good example of
how such a production system can work is in the aggregate productivity of the cluster. Even though
the firms are quite small on average, their input productivity (wood use per employee) was found
to be quite similar to the broader U.S. furniture industry when factoring in the firms specializing in
component manufacturing [60].

Buehlmann and Schuler [57] make a connection between local markets, mass customization,
and competitiveness; the customer/producer interface and short lead times necessary for mass
customization give local and regional producers inherent advantages over importers, citing the
U.S. architectural millwork industry as an example. Similar observations have been discussed for the
furniture industry (especially upholstery) in the United States by Walcott [55], who added logistics
considerations as a key factor to regional competitiveness. Others also have noted the potential value
of buyer-supplier proximity in developing lean supply chains [62]. Maskell [63] describes a successful
wood furniture cluster in Denmark where competitiveness was attributed to the ease of communication
and exchange of knowledge arising from the close proximity of producers.

The Amish furniture cluster model follows what Stump and Badurdeen [8] refer to as low-level
mass customization, whereby consumers are involved in the assembly decisions for their products
but design and fabrication are more modular. Multiple choices in species, finish, and hardware are
offered at the retail level and consumer orders are then placed with local manufacturers [60]. There are
now even options for the type of wood to be used, i.e., whether or not to use character-marked or
naturally blemished woods, with a price differential. This practice is consistent with the findings
of Brinberg et al. [64] and Bumgardner et al. [65] that the best opportunities for greater use of
character-marked wood might be realized by manufacturers and consumers working together directly
to design the product. Increased use of character-marked wood has long been sought as a means
to more efficiently use harvested timber [66], but proven difficult to implement in traditional (i.e.,
non-customized) furniture marketing systems [67].

In essence, consumers are participating in the design stage of furniture manufacture in the system
described above [15]. Jensen et al. [68] report a similar situation in the Swedish construction industry,
where modularization was found to be a bridge between mass production of standardized prefabricated
components and being able to meet customers’ increasing requirements for customization in multi-story



Forests 2018, 9, 186 9 of 16

timber housing. In the system described, Jensen et al. [68] explain how the design phase of the
construction project was replaced by a configuration phase. Hock Soon and Udin [69] found similarly
that organizations could enhance manufacturing flexibility by creating supply and logistics networks
that were highly responsive to customers. Christensen et al. [70] also evaluated the role of customers
in supply chain regimes, comparing build-to-order and just-in-time management. They found that
build-to-order strategies can positively influence market performance through a greater supply chain
knowledge with customers (i.e., a downstream application). Conversely, just-in-time strategies affect
upstream application of knowledge with suppliers.

In fact, this is a similar model followed in the U.S. cabinet industry, which as described previously,
has been more competitive than the wood household furniture industry [24,26]. Consumers can
choose from a variety of styles, species, and finishes, and the final product is then transported to
where it is needed [15], in this case, cabinets delivered to the point of installation. In such systems,
lean manufacturing concepts fit well in that single pull signals for standardized components are used
in downstream assembly [8]. Jiao et al. [9] describe a similar concept in terms of “reusability” of design
and process capabilities thereby creating underlying product architecture from which customized
products can then be derived.

3.4. Pulling Everything Together with Supply Chains—At the Frontier of Customization

A basic hardwood product value chain includes key elements from stump to consumer,
including trees, sawmills, distributers, secondary manufacturers, and ultimately, end users (Figure 2).
Value chains help visualize the flow of manufacturing from raw material to final product by showing
the steps where value is added [71]. It has been said that: “The value chain has become the focal point
of mass customization competition” [17]. Indeed, Um [21] states that the ultimate aim of supply chain
management is to reduce costs and improve customer service, which at the base level are the two
primary tenets of mass customization. Maintaining consistent, reliable, and economical supply chains
that are also manageable is one of the leading challenges for hardwood manufacturers. This is in part
due to a multitude of product parts, manufacturing methods, harvesting stages, and transportation
networks, as well as the design and fashion aspects associated with dynamic consumer tastes for
many hardwood products. In recent years, global competition also has greatly changed the way that
hardwood producers approach supply chain decision making.

Figure 2. Basic value chain for North American hardwood product manufacturing (adapted from
Cohen and Kozak [71]).
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Li et al. [72] conceptualized 5 aspects of supply chain management, and collected data from
196 firms and tested the effects on organizational performance. They found that higher levels of supply
chain management practice can lead to enhanced competitive advantage and improved organizational
performance. The five supply chain aspects were: strategic supplier partnerships (e.g., long-term
relationships needed between organization/manufacturer and suppliers), customer relationships
(e.g., practices to enhance long-term relationships with customers), level of information sharing
(e.g., critical/proprietary information communicated to supply chain partners), the quality of
information sharing (e.g., accuracy, timeliness, and credibility of information), and postponement
(e.g., moving operations or activities to later points in the supply chain). Kipserska-Moron and
Swierczek [73] introduce the concept of postponement with respect to modern supply chains.
Using an international survey approach, they found that dynamic supply chains can undergo
reconfigurations, and that this is in response to increased demand for customized products. They also
found that a “full postponement strategy” is possible but depends on the level of product customization
as well as a firms’ manufacturing and logistical capabilities.

Supply chains also are becoming longer and more complex due to globalization [74,75]. This can
further complicate the already complex nature of hardwood supply chains [76,77]. Therefore, logistics
management and supply chain tuning become key to remaining flexible in a high customization
environment [74]. Bozarth et al. [78] modelled the complexity of international supply chains
and provided empirical tests from 209 plants in seven countries. They considered both detail
complexity (the distinct number of parts that make up a supply chain) and dynamic complexity
(the unpredictability of a system’s response to given inputs). They found that several forms of
complexity—including upstream complexity, internal manufacturing complexity, and downstream
complexity—can all negatively impact plant performance. Further, individual firms must assess
the optimal degree of complexity. Bhamu and Sangwan [19] found that simultaneous adoption of
leanness by both the manufacturer and the supply chain is critical to overall lean manufacturing
implementation. Similarly, Miller et al. [45] found that lean concepts could successfully be applied to
both manufacturing processes and supply chain optimization within a small furniture company.

In recent research, Um [21] found that, among highly customized manufacturers (approximately
11 percent of the sample were wood products companies), supply chain agility was not associated
with business performance directly; actually it was negatively related. The author cited the costs
associated with developing supply chain agility, including set-up and investment costs [20] as well as
the operational costs of using small batches [47] to respond to customer requirement, as contributing
to this negative direct relationship. However, improved customer service and product differentiation
capability were both positively associated with supply chain agility, and both also led to higher
business performance. In this study [21], the supply chain agility construct was comprised of 7 items,
including the ability to rapidly: reduce the product development cycle time, reduce manufacturing
lead time, increase the level of product customization, improve the level of customer service, improve
delivery reliability, improve responsiveness to changing market needs, and reduce delivery lead time.

So how can supply chain agility be achieved? In a high customization environment, the key
is in variety management [79]. Interestingly, the elements of variety management bring us back to
previously discussed topics. Internal to the firm, variety management includes modularity [8,13,68],
cellular manufacturing [45,49], and postponement of customer involvement in customization decisions
(sometimes called the decoupling point) to latter stages of production. Examples of this strategy can
be seen in the Amish furniture model described previously [60] and the U.S. upholstery industry,
where imported components can be received as unfinished “white wood” and customized finishing
and upholstery features are added at regional hubs closer to consumers [55,74]. Research based
on a cross-section of Australian manufacturers found that firms in the Lumber and wood products
category (SIC 24) and the Furniture and fixtures category (SIC 25) were not appreciably different than
several other broad manufacturing categories on a measure of supply chain flexibility, although some
of the lumber and wood products firms were among the highest scorers [75].
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External to the firm, factors such as close customer relationships and collaboration with upstream
and downstream partners are crucial to variety management [79]. Numerous studies have pointed
to the importance of strong linkages between producers and customers as an integral part of supply
chains. Lefaix-Durand et al. [80] examined the construct of “relationship value” and its potential to
help suppliers create value in their customer relationships, which in turn can improve competitive
advantage. They studied a specific example of the Canadian wood products industry supplying
U.S. customers. They also developed a framework for differentiating customer relationships as
“questionable”, “supportive”, “promising”, or “strategic”. These findings could have implications for
not only wood products producers, but other business sectors as well. Parhizkar et al. [81] compared
competitive factors for small- and medium-sized forest products firms. They found that export firms
differed with regard to transportation methods, marketing activities, and production profiles compared
to non-exporting hardwood lumber manufacturers. Exporting firms were also significantly larger in
production and employment. They point to the importance of firms developing customer relationships
in order to seek new markets in a global economy.

More complex supply chains are also possible. Collin et al. [82] suggest that alternative
supply chain configurations can be customized to consumer demands. In their example (i.e.,
the telecommunications industry), a leading supplier deployed 3 different supply chains to meet
3 different customer demand chains. However, they point out that when supply chain design is
too specialized, product backlogs may result, along with the potential for “inventory creep” and
product obsolescence. Although these outcomes are less likely in the secondary hardwood industry,
the principle of matching supply chains to unique customer demands could be considered for
specialized products. Um’s [79] research confirmed the predicted relationship that variety management,
partnerships with suppliers, and closeness to customers were positively related to supply chain agility
and flexibility. The implication is that supply chains can be managed (internally and externally)
in high customization environments such that even though more complicated, the net benefits of
customization can be achieved.

Greening of the Supply Chain

Bildsten et al. [62] posit that purchasing strategy is central to lean management. They discuss the
contrasts between market-driven purchasing and value-driven purchasing. The former is characterized
by buying in large quantities (and subsequently large inventory costs), mostly based on price,
with frequent switching of suppliers over time. Value-driven purchasing, on the other hand, is based
on close collaboration with a sole supplier who understands the technical aspects of the buyer’s
products, leading to just-in-time delivery, zero defects, and customized products. In a case study,
Bildsten et al. [62] show that value-driven purchasing of kitchen cabinets by an industrialized
housing construction company could possibly lead to a reduction in the costs, complexity, and time
associated with installation of bulk-purchased cabinets in the company’s modularized production
process. Hughes et al. [83] considered modern supply chain management techniques and supply
chain modeling, reviewing over 150 papers. However, only three papers addressed demand-driven
modeling approaches to value/supply chains in the wood pellets sector.

Related to purchasing strategy is the notion of “lean and green” supply chains. Hardwood products
firms can incorporate multiple objectives into their supply and value chains. A leading option on
the “frontier” is the combination of agile supply chains with those that are focused on sustainability.
Carvalho et al. [84] evaluated supply chains that had both “lean” and “green” paradigms. Their work
is distinguished from past research in that “lean and green” aspects are considered jointly within
proposed models. A set of lean and green management practices are proposed to enhance the
operational, economic, and environmental performance of supply chains. Although lean and green
paradigms share common goals, the primary distinction is that lean paradigms seek to minimize waste
while green paradigms seek to minimize environmental impacts.
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Chavez et al. [85] studied “green” supply chains in the context of comparing antecedent factors
(for example, customer demands and pressures) with outcome factors (for example, operational
performance and customer satisfaction). Surveying 126 manufacturers, the authors found that
customer pressure can lead to operational improvements such as flexibility, delivery, product quality,
and cost. Of these factors, product quality and delivery aspects are most strongly associated with
customer satisfaction. Although customer-centric considerations are important, this study noted that
other stakeholders—for example, regulatory stakeholders and community stakeholders—are also
able to exert influence on firms with regard to environmental performance. Cohen and Kozak [71]
also considered the environmental performance of small- to medium-sized wood products firms in
terms of their value chains. They furthered their focus on secondary (value-added) manufacturers.
Their research highlighted influential points in the value chain that could be leveraged to create
environmental behavior changes.

It is clear that the natures of various types of supply chains are changing quickly, with factors like
globalization, green supply chains, and agility in supply chain design all influencing the ultimate goal
of businesses—profitably serving customers. This has important ramifications for hardwood lumber
firms that are competing in this ever-changing business environment. For example, Espinoza et al. [86]
found that hardwood sawmills and distributors were providing more product-related services in recent
years in response to increasing customer demands, including quicker delivery, just-in-time orders,
certified products, and more lumber sorting for color and width. The numerous certification programs
that currently exist for forest management and manufacturing processes can provide opportunities for
companies to leverage green-compliant performance in their product promotion.

4. Conclusions

Today’s economy calls for increasing customization of products to meet consumers’ increasing
demands for product variety. In locations worldwide where cost factors of production are high and
a cost leadership strategy is difficult, this trend provides considerable opportunity for competitiveness.
A synthesis of the literature regarding customization and several related concepts reveals that a move
toward customization by companies requires a combination of technology investment, training,
and management insight to be successful. Furthermore, technology investments and strategy
development must match within a given company to move towards successful customized production.
A key link is the supply chain, where companies can leverage both internal and external factors to
enhance their competitiveness through agility and customization. Such agility and lean principles are
critical to shortening lead times for consumers to receive their customized products, and the advantages
of producing and sourcing locally also can be leveraged by domestic manufacturers. To date in the
United States, the wood kitchen cabinet industry generally has followed the mass customization model
more closely than the wood household furniture industry, and subsequently performed better in terms
of maintaining domestic market share.

Although lean implementation can be difficult for smaller firms, many of the supply chain
efficiencies necessary for successful customization can be found in economic clusters. In such clusters,
specialization develops among many small shops and well-defined supply chains, a result that allows
for flexibility among the shops. Proximity also can enhance communication and knowledge exchange
among producers and customers. A good example is the Amish furniture manufacturing clusters
located in Ohio and elsewhere, as well as clusters in parts of Europe.

Once models of modularized customization are developed, consumers can configure their desired
products and manufacturers can then build to order. This model can open the door for new beneficial
product innovations, such as use of character-marked wood in products. Implementation of this
practice has long been sought by researchers and practitioners alike, and has started to become
reality in some customized furniture lines where consumers can choose this product feature if desired.
A related trend appears to be the “greening” of the supply chain. Green supply chain management has
been found to influence not only environmental performance but also operational performance and
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economic performance [87]. The most important link in the supply chain—consumers—will be the
ultimate determinant of how widely sustainability measures are accepted.

A culture of customization will require changes throughout the hardwood supply chain. At each
value-added step, firms will need to determine what their customers need and then profitably deliver
products and services that meet those needs. Recent research has shown that this is already beginning
to occur with hardwood sawmills, which have increased the product services they are offering to
customers as downstream manufacturers seek to become leaner and more customized. This synthesis
has shown that there is no one strategy to universally adopt, but elements of competitiveness are
apparent in several existing models and research findings that can be adapted by individual firms to
help them be more competitive.
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