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Abstract: The Landes de Gascogne forest, located in southwestern France, spans nearly 10,000 km?
and consists largely of maritime pine (Pinus pinaster). This forest in unique to Europe because it is
almost entirely created and managed by man for specific industries. On the basis of a material flow
analysis, we assessed the upstream supply chain of maritime pine from 2013 to 2019, using a cradle-
to-gate approach. The assessment is based on data provided by Alliance Foréts Bois, an important
stakeholder of the region and leader in the production of forest resources in France. For various
reasons, the harvest totals decreased 10% in the last years. We identified a clear orientation to spe-
cific industries—in 2019, 45% was used as pulpwood. This is due to the overall design of the current
territory, species of tree, and market values of the pulp and paper industry. The current design
provides a limited supply of old growth trees, which produce high-quality logs for construction-
based products, and are also more resistant to climate variability. A future shift or balance in raw
material flows could be a crucial step in protecting the long-term economic viability of the region.
This article aims to contribute to new attempts in providing comprehensive views of stocks and
flows in the French forest-wood supply chain.

Keywords: material flow analysis; wood; production; raw materials supply; sustainable regional
development

1. Introduction

Forests provide different ecosystem services, attending economic, social and envi-
ronmental purposes. They provide a basis for economic and social development through
forestry, logging activities and wood-based industries, as well as through tourism and
hunting [1]. From the environmental perspective, forestry and forest management con-
tributes to reducing the risk of natural disasters and climate change. These attributes are
often highlighted in political and strategic amendments such as the second commitment
period of the Kyoto Protocol, the Paris Agreement on climate change, and the Sustainable
Development Goals (SDGs) [2,3]. More specifically, t SDG 15 (life on land) is directed to
forests and calls for their restoration, protection and sustainable use and management [4].
Wood-based products play a pivotal role in the development of bioeconomy regions and
this transition in production must develop sustainably without negative effects to the en-
vironment or society.

The regional perspective is essential when weighing the social life cycle assessment
indices and implications of products, as these are dependent on national and regional
socioeconomic conditions [5]. Further, sustainable transitions made at the regional level,
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which incorporate methodologies and tools based on life cycle thinking and cascade map-
ping are crucial. In this context, Ioannidou et al. presented a framework to evaluate the
risks in the construction wood product system through a criticality assessment framework
[6]. Life cycle approaches can systematically support sustainable socioeconomic develop-
ment at the regional level [7]. Some life cycle assessment was made by Pommier et al.
concerning the engineered wood products from maritime pine trees [8,9].

In the near future (up to 2030) the global demand for the services of wood is expected
to increase due to population growth and regulations promoting renewable energy and
the adoption of bioeconomy strategies [10]. To date, accurate and comprehensive tools
that map the global environmental and socioeconomic impacts due to biomass use are
unavailable. The quantification of proposed indicators can provide sector, regional and
transnational insights specific to the wood-based economy [11,12].

Across the European Union (EU), there is a wide variety of forests totaling about 182
million hectares, 43% of the EU's land area. In 2015, Sweden, Spain, Finland, France, Ger-
many and Italy accounted for two-thirds of the EU’s total forested areas. Wood is still the
main source of financial revenue from forests, and its demand is rapidly growing [13].
Wood serves as a raw material for a wide range of products and is also used for energy
purposes [14]. In the EU, Germany has the largest stock of timber (3.7 billion m? or 13.7%
of the EU total), followed by Sweden and France [1].

In 2013, the European Forest Strategy highlighted the need to increase the under-
standing of the complex environmental and societal challenges that the forest sector is
facing [13]. Mapping and assessing the state of forest ecosystems and their services is im-
portant to understand the current state of regional forests and how they are evolving.
Compiling forest inventory data is vital to the success of efforts to assess forest-based re-
source availability [15]. Comprehensive forest design and management is also crucial in
combating specific weather events such as drought and windthrow. The role of wind as a
driver of raw material flows also depends on how frequently these weather events occur
within more vulnerable regions, such as the Landes de Gascogne forest. This recurrent
natural disturbance offers acute and often chronic effects on forests, which drives ecosys-
tem patterns and processes [16]. Another aspect strongly promoted in bioeconomy strate-
gic policies is the need for the effective cascading of woody biomass, aiming to promote
resource-efficiency and circular use [17]. More specifically, the cascading use of wood can
effectively guide an enhanced regional resource use, while also decreasing greenhouse
gasses [18].

At a global level, Bais et al. (2015) assessed the wood biomass flows in 11 world re-
gions from 1990 to 2010 [10]. The global forest productivity is increasing about 7% per
year, while extraction remains stable. The authors highlighted the uncertainties on wood
flows, especially of wood fuels. Other studies have focused on regional levels, like Mantau
(2015) in Germany [19], Kayo et al. (2019) in Japan [12] and Leng]let et al. (2017) in France
[20]. In France, 31% of land area is covered by forest [1]. Lenglet et al. focused on the forest-
wood supply chain in metropolitan France, and the scope of assessment included the up-
stream part of the supply chain and the transformation of lumber, industrial wood and
pulpwood. The assessment allowed for an overview of flows for hard and soft round-
wood, industrial wood and pulpwood, including imports and exports. The results bring
interesting insights to support policy and improve the development of the national wood
supply chain. However, this study only provided a snapshot of the situation for a specific
reference year, and did not capture trends or details on supplemental species.

In this context, our study presents complementary data for the studies developed on
the national and EU level, with a regional focus in one majority species of softwood. The
Landes de Gascogne forest, located in southwestern France (see Figure 1), has an affor-
estation rate of over 70%, largely due to a concentration of monospecific stands of mari-
time pine (Pinus pinaster) [21].

Landes de Gascone is originally a sandy soil of alternating dunes, wetlands and grass.
It is located in front of the Bay of Biscay; thus, the oceanic climate of the region results in
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important precipitations (more than 1200 mmy/year), except in summer when the sand
dries the soil. The poorness of the sandy soils of the Landes plateau and the high levels of
its water table leave few competitors to the maritime pine’s frugality and versatility [22].

Casteljaloux

eBayonne

- Dune forest - Forest of the Landes Plateau

Figure 1. Location of Landes de Gascogne forest.

Landes de Gascogne forest in unique to Europe because it is almost entirely created
and managed by man for specific industries. This forest was planted first to contain littoral
dunes in the middle of the 19th century. The trees were then utilized for their resins and
the forest was further developed and planted inward by Napoleon III. From the harvest
of resin to maintain wooden ships, to the use of turpentine for lanterns and light, to the
production of timber for mining and railway infrastructure, the economic applications of
this unique forest have evolved throughout the years, fueled by market changes. Cur-
rently, the regional raw material flow of timber resources rests within market pulp and
wood packaging. The harvesting technique is machinery harvesting only. The machine
cut the trees in 2.5 m logs (100 inches). Today, the production of wood, populated only
with maritime pine, occupies 897,000 hectares out of the 1,166,000 hectares of the Gascony
forest. The rest (269,000 hectares) is shared between the coastal protection zone and about
100,000 hectares of oaks and various other species [13]. The majority of the forest is PEFC
(Programme for the Endorsement of Forest Certification) certified. The production and
allocation of timber products has never been static throughout its history, and moving
forward into the future, this resource may pivot once again [14].

The management of the Landes de Gascogne forest is a key challenge for the sustain-
able development in the New Aquitaine Region. In this context, the goal of this work is to
assess the upstream supply chain of wood-based products in the Landes de Gascogne
region from 2013 to 2019, with a focus on maritime pine (Pinus pinaster). Predictive forest
design planning must be supported on the basis of the current and future market needs
in the context of a circular economy. This assessment aims to support decision-making
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and improve forest design, aiming for the effective cascading of woody biomass to pro-
mote an efficient and circular use of resources.

2. Materials and Methods
2.1. Material Flow Analysis (MFA)

MFA is a systematic assessment of the flows and stocks of materials within a system
defined in space and time [23,24]. New developments and expansions in industrial re-
search fields emphasize the importance of MFA methods to generate a meaningful under-
standing of specific system functions. It can also support decision makers, particularly in
the expanding field of environmental policy. However, one main limitation of MFA is the
lack of data, or its high degree of uncertainty [25,26].

Our paper analyzes the upstream of the forest-wood supply chain using a cradle-to-
gate approach. By primarily focusing on upstream services and allocation, we can form
an appropriate visualization of the beginning of this product stream. It covers all conifer-
ous softwood log products, with an emphasis on wooden pallets, sawnwood, plywood,
pulp and paper, as well as energy wood, sawmill residues and other niche products. Prod-
ucts with a cumulative average stream of less than 10,000 m3/year were excluded from the
figure unless stated otherwise in this study.

Consequently, the MFA model used does not focus on the second or third transfor-
mation industries, for example, the furniture industry and specific construction sectors.
Furthermore, because of the nature of the Landes de Gascogne region, this paper high-
lights the allocation of primarily maritime pine. However, it is known that other conifer-
ous softwoods like white, red and Corsican pine, as well as miscellaneous and undeter-
mined pine, are also produced in the region. The other coniferous softwoods represent
less than 1% of yearly harvests, and because of limits on the database used in the study,
they could not be split from the flows of maritime pine.

The main purpose of this work is to detail the physical flows of timber. Further, a
first economic assessment of the supply chain was included considering the prices of the
different co-products generated.

2.2. Reference Unit

The wood fiber equivalent was used as the reference unit. This unit was used in com-
parable studies in other European countries [19,27,28]. The name “m? of fiber equivalent”
was taken from Weimar (2009) [28] and Bésch et al. (2015) [27], while Mantau et al. (2010)
[19] and the forest department of UNECE/FAO [29] use the term “solid wood equivalent”.
The main advantage of using m? of fiber equivalent compared to a mass unit is that it is
equivalent to m? of roundwood in the case of greenwood (e.g, wood increment, harvest).

The wood fiber equivalent (referred to as m? [f] in the text) is the volume of the wood
fibers that are contained in the product at the fiber saturation point to take into account
the swelling and shrinking of wood fibers [28]. For each wood-based product (e.g., fiber
board, plywood, pulp, etc.), a specific conversion factor was calculated depending on its
primary measurement units.

2.3. Visualization and Software

Complementary to the data spreadsheets, the software utilized for this analysis was
elSankey5®. Sankey diagrams allow users to depict any kind of flow —energy, material or
cost flows, for example—in the form of an arrow. The thickness of the arrow directly re-
flects the relative flow volume, i.e., a flow with twice the volume as another is indicated
by an arrow twice as wide. The goal of visualizing flows with Sankey diagrams is to iden-
tify inefficiencies, potentials for savings or establishing added value. Sankey diagrams are
gaining increasing importance, especially in the context of growing demand for more ef-
ficient technologies. They can also be a helpful instrument in the business sector, since
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production systems, including their technical and economical inter-relationships, are be-
coming increasingly complex, and therefore, must be represented in an intelligible way
[30].

2.4. Primary Data

Alliance Foréts Bois provided access to their database including information on the
physical flows of wood products from different types of species (e.g. maritime pine, cor-
sican, poplar and douglas-fir, as well as red and white pine) and their customers. Alliance
Foréts Bois is a French cooperative group, originally from the Landes de Gascogne forest,
whose porfolio occupies the western half of France and has positioned itself in the last
decade as a national leader in the production and mobilization of forest resources. The
data represent more than 30% of the harvested maritime pine in the considered region
[31]. This database is representative of the regional harvesting, as the use of maritime pine
is dependent on its overall quality. Since this variety is a monoculture, the collected data
can be representative of a wider harvest area. Overall, 80% of maritime pines’ material
viability is due to the internal tree variation of quality [32]. The remaining part (20%) is
directed by the quality of the soil. The database utilized is geographically constant and
independent to different harvests in one territorial zone.

Considering the scope of this study, only data regarding maritime pine and centering
in the Landes de Gascogne region were considered. Thus, before analyzing the data, it
was necessary to extract the data applicable to the scope of the study. For example, in
relation to geographical scope (Landes de Gascogne region), only data from customers
with zip codes beginning with 33, 40 and 47 were considered. This flow does not represent
the exact processing flow on the wood or fibers, but is a highlight of the upstream product
delivery and divisions of the raw material.

3. Results and Discussion
3.1. Wood Flow Analysis

The results of the maritime pine supply chain in France, considering a cradle-to-gate
approach, are presented in the following paragraphs and figures. They aim to present a
yearly summary of the upstream part of the supply chain (forest stock, energy wood, in-
dustrial, processed) from 2013 to 2019. Every flow specifies the quantity of wood in m? (f)
fiber equivalent, simplified as m?, as well as main product percentages above 5%.

Figure 2 presents the total amount of maritime pine harvested in 2019 and the flows
consumed by different sectors: lumber, industrial and fuel. The last assessment level of
the Sankey graph presents the application to the different products associated with the
three industries.

In 2019, the difference between lumber and industrial wood allocation was almost
balanced and equal, with 43% of timber allocated to lumber and 45% allocated to indus-
trial wood. Among the flows destined for lumber production, 10% was for canter logs and
15% was allocated to wood packaging. Only 14% of the total harvest was dedicated to the
construction sector in the form of high-quality logs (6%) and plywood (8%). High-quality
logs are further processed into flooring, siding and joinery. The limited use for higher
quality applications is due to the high amount of knots and the general slope of the grain;
therefore, it is not considered as standard wood for timber. Fuelwood represented a total
of 11% of the flow, with a majority of this being shredded fragments and grey softwood.
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Figure 2. Cradle-to-gate maritime pine flows in 2019: upstream section of forest wood.

Table 1 summarizes the amount of wood harvested in Landes de Gascogne forest
from 2013 to 2019. As seen, there is a very large difference between the amount harvested
in 2013 and in 2019 (34% decrease in volume yield) and this can be attributed to major
wind hazards that occurred in the region in 2009. This devastating windstorm in the
Landes de Gascogne region resulted in a catastrophic loss of around 50% of the maritime
pine. This species, when relatively young, are highly vulnerable to weather events. The
harvest year of 2013 signaled the final year that the downed trees from this weather event
in 2009 were harvested, which explains the high harvest.

Table 1. Amount of maritime pine harvested in Landes de Gascogne forest.

Year/ 2013 2014 2015 2016 2017 2018 2019

H ti
ar(\r/;s)mg 2,148,870 1,939,673 1,927,107 1,615,665 1,651,905 1,424,482 1,424,413

Similar to the approach presented in Figure 2, the total amount of maritime pine har-
vested in 2013 and the flows consumed by different sectors are shown in Figure 3. In 2013,
50% of the timber harvested was delivered for lumber purposes, and 43% was for indus-
trial wood (mostly for pulpwood). The majority of lumber was generated into canter logs
(13%) and wood packaging (21%). These materials were then used to produce cardboard,
which is, at the moment, a growing industry in the EU. Concerning the construction sec-
tor, the allocation of timber in 2013 and 2019 is quite similar. Therefore, despite the mas-
sive difference in harvest between these two years, the same amount of no-knot plywood
and high-quality log reserved for construction applications were relatively the same. This
is most likely attributed to a primary focus on market pulp, a lack of high-quality con-
struction lumber and an absence of material sourcing or partnerships to clients in the con-
struction sector.
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Figure 3. Cradle-to-gate maritime pine flows in 2013: upstream section of forest wood.

Figure 4 presents the evolution of the different products from 2013 to 2019. The pulp-
wood allocation amount has been systematically decreasing since 2013. However, a large
increase of close to 100,000 m3 can be seen for 2019.

Harvest totals Industrial wood
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e P ulpwood
Lumber e Transformed wood
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2
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Figure 4. Consolidated harvest totals detailing flows of industrial, energy and lumber wood from 2013 to 2019.
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Wood pulp for packaging, sanitary products and paper segments is increasingly sup-
plied from South America [33]. The overall paper demand declined in the UNECE region
(that represents 17% of the world population and includes European countries, but also
countries in North America (Canada and United States), Central Asia (Kazakhstan, Kyr-
gyzstan, Tajikistan, Turkmenistan and Uzbekistan) and Western Asia (Israel)) by 1.2%,
with packaging and tissue grades partially offsetting the reduced demand for graphic
grades—newsprint, printing and writing paper. However, this downward trend was seen
in all top paper and board producing countries, primarily due to the EU economy slowing
down in 2019—from 1.9% in 2018 to 1.1% in 2019 [34]. It is important to note that the EU
paper and board production followed this 2019 downward economic trend, in contrast
with a significant increase in market pulp production as a result of the export market de-
mand. From 2018, and accelerated with the pandemic crisis, the use of cardboard packag-
ing has increased. According to the Confederation of European Paper Industries (CEPI),
exports of market pulp rose close to 40% in 2019. This rise can be directly seen in the data
analyzed, showing a large increase in pulpwood from 2018 t02019, eliminating a 6-year
gradual decrease. To respond to this higher demand, CEPI currently invests 5.5 billion
euros annually to increase the production of market pulp and further implement biorefin-
ery concepts, which create highly innovative bio-based products [35].

Softwoods, like maritime pine, are better for paper pulp because the increased fiber
length usually translates into more inter-fiber bonding. This increase in bonding generates
stronger paper. Furthermore, softwood pulps impart greater strength to the products into
which they are made, compared to hardwood pulps manufactured in the same process.
The major environmental impacts of producing wood pulp come from its impact on forest
sources and from the waste generated [36]. The practice of clear cutting, or removing all
trees in a specified sector, is a particularly sensitive issue due to the process being highly
visible. Reforestation, or the planting of tree seedlings on logged areas, is also criticized
for decreasing biodiversity because reforested areas are monocultures. Furthermore, the
logging of old growth forest accounts for 10% of wood pulp; however, this is one of the
more controversial issues in forest harvesting. Current product diversification also shows
that the use of maritime pine has changed and expanded compared to past uses. Different
parts of the tree now have different industries they are allocated too, i.e., the tops of trees
to market pulp and the trunks for building or structural materials. Focusing exclusively
on one type of valorization could be dangerous for the potential value and services of the
forest in the future.

3.2. Economic Assessment

The price of wood normally depends on the ability of using it as solid wood. How-
ever, in the case of maritime pine, all harvested wood can potentially be highly valorized
by chemical processing, for example, through the distillation of pine resin to generate tur-
pentine. Consequently, for the price of logs delivered in factory, we observed that the dif-
ferent products had similar prices around 0.80 and 1.00€ per cubic meter. Thus, there was
not a significant variation when assessing the economic flows (including the price and
mass) in comparison to the mass flows presented above. The similar prices at this stage of
the supply chain are due to yield questions in sawmills and other timber and plywood
utilization, although the difference in price of the final products can be significant. Any
pricing information used in this study was sourced from AGRESTE website (French sta-
tistics on agriculture, agrifood and forest) and not indicative of any profits of pricing data
relevant to Alliance Foréts Bois [30].

Currently, pulpwood is the main industrial product which provides the most eco-
nomic benefit for this region. The lumber wood allocations can be seen with a large em-
phasis on wood packaging and canter log. Wood packaging, the main economic gain con-
cerning lumber wood, showed a steady decrease from 2013 through 2019. However, can-
ter log showed a positive increase from 2016 to 2019. All other products used for construc-
tion, including no-knot plywood and high-quality log had relatively low yield amounts.
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While this paper’s primary focus was charting the physical flows of maritime pine
from the Landes de Gascogne territory, further work on costing components is necessary
to create a strong economic dimension to this research. This can generate conclusions on
how to derive further benefit from wood coming out of the forest by focusing on specific
products that create added value. There is, of course, a large question of investment into
the sawmills from the economic point of view, and how to position maritime pine into
diversified economic layers. Therefore, a central goal is to have a higher gross domestic
product (GDP) with lower environmental impacts. Furthermore, forest exploitation
would ideally remain the same, but the product benefit would be higher, while simulta-
neously generating lower emissions.

Making the jump to a new market of growth requires an in-depth architecture of
predictive decision supports. As economic evolutions continue, it becomes more apparent
that timber industries must be flexible in supporting new markets, while also obtaining a
more sustainable harvest. Material flow analysis can contribute as a support to regional
sustainable development through the cascading and charting of raw materials. Risk must
be limited, while economic growth is allowed to evolve and grow in spite of the many
factors of disturbance brought on by climate change and market fluctuations.

3.3. An Improved Regional Assessment

This work is important to establish a foothold of research on the region, and further-
more, to provide supplementary raw material allocation information for future endeav-
ors. This papers goal was to assess the production of timber in the Landes de Gascogne
region on the basis of the material flow analysis (MFA) approach. The MFA approach can
help generate future methodologies for decision-making and design, as well as future re-
search perspectives within the context of sustainability and cascading timber product
flows. France currently builds its infrastructure with imported wood, primarily from
Scandinavia, and imports more wood than it exports. Overall, the French timber industry
desires a pivot towards construction, a sector that produces both added value and future
employment, while also encouraging the French low-carbon strategy.

When analyzing all individual flows, it can be seen that, on average, there was a 9%
reduction in harvest volume totals from 2013 to 2019. There was a 33.7% difference when
comparing the volume harvest of 2013 and 2019 in the Landes de Gascogne region. Con-
cerning fuelwood, there were some abnormalities, most likely attributed to variations in
supply and demand. There was clearly a dedication to specific industries, namely wood
packaging and pulp wood, which can be seen in every harvest year. This is due in part to
the overall design of the current territory, species of tree and its dedication, driven by
market values in the pulp and paper industry. This design and focus are difficult to tran-
sition into a focus on providing more old growth forest and more construction-based
products. However, the history of raw timber allocation shows no static norm, and indus-
tries must be prepared to evolve in order to expand economic viability to new sectors.

Currently, the French forestry industry employs around 450,000 individuals, while
Germany, with a slightly smaller forest area, employs 1.3 million. Proactive policies are
required to shape this industry and focus on its future growth in the region. These policies
will have to balance the design of the forests in line with future economic added value
gain, as well as continue to support social aspects of everyday life. It is important to arrive
at a consensus of what type of forest will be generated. A forest that primarily supports
industrial and economic viability or a forest that promotes biodiversity. There are ways
to build a bridge connecting these types. This balance can be achieved by infrastructure
investments towards improving harvesting techniques, and specifically, sawmill ad-
vancements.

It is clear that the Landes de Gascogne forest is being primarily utilized for the wood
and pulp industry. This means that the harvesting of new growth is primarily fueling
economic turnover and profits. However, with the yearly harvest decreasing from 2013,
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in connection to catastrophic losses from windthrow in 2009, the long-term economic vi-
ability must be addressed. Young trees, which are more susceptible to wind, are mainly
used within the wood pulp and packaging industries. Therefore, raw material valoriza-
tion and quality are dependent on design and management. This viability could be de-
pendent on the creation of added value products focused in various sectors. Prices for
these products are forecasted to remain level in the short-term; therefore, with no added
value implemented through the growth of lumber harvest, there is a potential for a dimin-
ishing market return for market pulp and cardboard. Furthermore, 11% of wood was al-
located to fuel from 2013 to 2019. This high percentage can likely be decreased with im-
provements and investments at the sawmill. This amount could also decrease as growing
sectors utilize more processed and transformed wood to create added value products
through biorefining operations.

Buildings in a sustainable world require strong, highly flexible and light materials,
that have also been harvested in a more sustainable way. This has provided good oppor-
tunities for the steel sector, although currently, it is also a threat, as more cost-effective
substitutes such as composites and cross-laminated timber are being developed. Rapid
changes are occuring in technology and also in the economy. This means that only organ-
izations that are flexible will be able to adapt to these changes and succeed. This under-
standing gives a massive advantage over more rigid organizations. Strong demand for
timber resources in a sustainable world makes these materials critical to supporting en-
ergy, social and urban needs of a larger, wealthier global population.

4. Conclusions

In this paper, we described the evolution of a cultivated forest, subjected to climate
change, market fluctuations, human design and management. We described the upstream
raw material stocks and flows, from harvested lumber through its valorization in various
industries. The results showed that, in a representative period, the valorization of raw
materials decreased when the overall quality and amount of high-value timber deterio-
rated. In light of increasing catastrophic wind storms it should be noted that, the younger
the trees, the more susceptible they are to breakage and a lower potential raw material
valorization. Generally, the younger the tree, the lower the environmental potential to
store carbon. Larger and older trees actively fix higher amounts of carbon compared to
smaller trees due to increases in the trees’ total leaf area [37].

We can see from the results that this region has a specific upstream input dedicated
primarily to pulpwood. With contributing factors, including human design and manage-
ment, disease, weather events and market fluctuations, a concise supply of raw material
designated to deliver short- and long-term economic benefits can be challenging to reach.
We saw from the data that certain designs or disturbances lead to a limited industrial use
of raw materials, which are designated to highly specific industries and solely deliver
short-term added value at the cost of long-term economic gain. The benefit of harvesting
young trees generates revenue within the market pulp global structure, while simultane-
ously enhancing vulnerabilities from windthrow and other weather events [38].

As timber becomes a more powerful market driver in the construction sector, and as
technologies such as cross-laminated timber continue to deliver the ability to build bigger
and higher, the growth and development of this region to meet a new product demand
will be crucial in the private and public sector. Predictive forest design planning paired
with tools like material flow analysis must be supported and implemented considering
the current and future market needs in the context of a circular economy.
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