
Residual Forestry Biomass Supply Chain: 
A Mapping Approach   

1. Introduction

Forest residues, such as branches, twigs, tree 
stubs, trunks, bark, and leaves, are a potential source 
of biomass that can be sustainably harvested and used 
as feedstocks to produce energy, biofuels, bioplastics, 
and other bio-based products [1]. Reducing woody 

residues from forests can also significantly reduce the 
risk of wildfires [2]. 

However, since these woody residues have little or 
no monetary value, their valorization process should 
be cost-efficient along the Supply Chain (SC) (i.e., 
from harvesting residual biomass, collection, trans-
portation, and storage to their conversion process 
distribution to consumers) [3]. Multiple stakehold-
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ers, like forest and farm owners, loggers and logging 
companies, and biofuel and energy producers, are in-
volved in the valorization process of this type of bio-
mass [4]. Together, these entities form the residual 
forestry biomass SC [5]. Braghiroli and Passarini [5] 
and Garcia Maraver et al. [6] studied the potential of 
forest residues as an energy feedstock. Regarding the 
SC, Atashbar et al. [4] examined the SC operations 
individually, addressing the various types of decision-
making and presenting mathematical models mainly 
to study the efficiency of the operations. On the oth-
er hand, information on SC mapping is scarce [7], 
and it is even more limited regarding the mapping 
of the residual forestry SC. Furthermore, only a few 
graphical elements were found in the literature de-
scribing a residual forestry biomass SC. The work of 
Mansoornejad et al. [9] focuses on a scenario-based 
approach to analyze the SC design for forestry biore-
finery operations. 

Mapping an SC involves visualizing the various 
entities and activities involved in the product and re-
source flows from its origin to its destination. This 
can include entities from raw materials suppliers, 
manufacturers, distributors, and end-users. In the 
case of residual biomass, the SC would consist of the 
source of the biomass (forestry residues), the collec-
tion and transportation of the biomass, any process-
ing or conversion steps that may be required, and the 
final use of the biomass (e.g., as a feedstock for bio-
energy production, as a raw material for bioplastics). 

This study aims to suggest a map for the valoriza-
tion of the residual forestry biomass SC not only to 
identify better and understand the material, financial, 
and information flows but also to give important in-
sights into the economic dimension of its valorization 
(costs) and challenges. Attending to this objective the 
following research question arise: 

RQ: How is a residual forestry biomass SC orga-
nized, as well as the respective material and informa-
tion flow?

To reach the objective and answer the research 
question, two exploratory case studies focused on 
the valorization of residual forestry biomass from 
the exploitation and management of forests was car-
ried out in Portugal. Portugal was chosen for these 
case studies due to its large forestry area, hot and dry 
summers, and susceptibility to wildfires. According 
to previous research, the prevailing anticyclone cir-
culation and thermal low over the Iberian Peninsula 
intensify winds along the western coast of mainland 
Portugal, allowing fires to spread quickly [10]. Simi-
larly, there are concerns about forest fires becoming a 

year-round phenomenon after the January 2022 fire. 
Studying the residual forestry biomass SC in Portugal 
can provide valuable insights into how to manage and 
exploit this biomass sustainably and efficiently, which 
can ultimately help reduce the risk of wildfires and 
protect the environment and communities. 

In this paper, after the introduction section, a 
theoretical background is developed, followed by the 
research methodology presentation. Afterwards, the 
results are described, and a conclusion is drawn.

2. Theoretical Background

2.1 Residual forestry biomass 

Biomass represents a viable solution to lower 
greenhouse gas emissions and dependence on fossil 
fuels while reducing the risk of fires [12, 13]. Woody 
biomass, including residual woody and lignocellulos-
ic forest biomass, has shown potential in the global 
market as a raw material for energy and polyurethane 
production [14]. Polyurethane is used to produce ad-
hesives, foams, and other starting products, substitute 
sugar xylitol, membranes for artificial kidneys, and 
water purification [15, 16]. For instance, Hamelin et 
al. [17] show how important residual forestry biomass 
can be as a feedstock for the European bioeconomy 
as they found that approximately 8500 PJ (petajoule) 
of energy per year could be produced from the valo-
rization of residual biomass.

A study conducted by Torreiro et al. [18] found 
that the pruning from grape vines, kiwi trees, scrub 
(heather, gorse, broom), and other forest pruning 
could be used at a larger scale for energy production, 
concluding that using residual biomass in Portugal 
and Spain to generate biofuels is feasible. The study 
of Costa et al. [19] shows that biogas could significant-
ly lower carbon-dioxide emissions while still being fi-
nancially profitable. However, despite the numerous 
studies focused on this sector, large-scale implementa-
tion, or production of bioenergy products like syngas 
and biodiesel faces numerous difficulties, mainly be-
cause of the high logistics cost and the need for more 
suitable biomass required to produce energy [19]. 

Residual forestry biomass is mainly obtained 
from forest management activities like timber har-
vest, pruning or thinning and stand regeneration, re-
moval of broken-off or low-quality trees, and wood 
industries. In this line, and according to [5], there are 
two main sources of forestry residues: i) forest op-
erations, which generate residues such as branches, 
leaves, treetops, barks, and broken-off or low-quality 
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trees, and ii) wood industries, producing the follow-
ing residues: sawdust, planer shavings, bark, end-of-
life wood products (e.g., plywood and particleboard). 
The residual biomass obtained from forest opera-
tions is mainly heterogeneous in its lignocellulose 
composition [5].

Table 1 shows the different types of forest resi-
dues from forest operations and wood industries and 
their valorization types.

2.2 Residual forestry biomass supply chain

The residual forestry biomass SC involves col-
lecting, processing, and distributing residual forestry 
biomass [24]. It includes various individuals, organi-
zations, resources, and technologies organized across 
multiple stages [25]. Understanding the SC is cru-
cial for implementing a reliable framework, achiev-
ing strategic targets, and ensuring a sustainable SC 
network [26], as shown in Table 2. Value creation 
in the SC can be achieved through material, infor-
mation, and financial flows. However, the residual 
forestry biomass SC faces several challenges, like as 

the lack of information and coordination between 
the actors in the SC, which can slow down the pro-
cess of converting agroforestry residues into biomass 
[27]. Another challenge is the high dependence on 
intensive labor, which may not be available in low-
density territories [27]. Over-exploitation of available 
resources may also lead to practices that go against 
the principles of sustainable development [27]. The 
high cost of the SC can also hinder the intensified 
use of forest residues for energy production [28]. 
Uncertainty about the nature, amount, and quality of 
forest residues is another logistical and SC challenge 
[29]. Natural forest disturbances such as wildfire and 
insect infestation can also cause unpredictable fluc-
tuations in supply, disrupting long-term procurement 
plans for delivering feedstock to biorefineries [30]. 
One way to overcome such hurdles is through SC 
mapping. The visualization of each process of the 
SC gives a better view of the problems or challenges. 
Some studies have found that value creation in the 
SC can be achieved through a better understanding 
of the material, information, and financial flows [31]. 
The use of digital technologies in the SC [32], espe-

Forest Residues Valorization products References

Wood chips, wood shavings, sawdust Pulp and paper, particle board, Heat [5]

Woody pruning residues Wood vinegar [20]

Branches, tree stubs, trunks, bark Lignin—plastics, adhesives, binders [21]

Pulp from the paper industry Lignin-Vanillic Acid [22]

Softwood, hardwood woody residues occurring in nature (woods) Lignin extraction for chemical production [23]

Table 1. Valorization of residues from the forestry sector 

Entities/Stages Description References 

Suppliers Forest owners and farmers who provide raw materials for the supply chain [34]

Storage It is a crucial step in the SC to prevent the deterioration of raw materials. The storage process 
may involve transporting residues from forests to the storage area and specialized equipment, 
such as dryers or chippers, to prepare the raw materials for storage.

[35]

Transportation Modes of transport used to transport raw materials to the storage area and the processing 
facility are trucks, trains, or ships, depending on the distance, amount of biomass, 
infrastructure, costs, etc.

[36]

Production It transforms raw materials into finished goods, including chipping, grinding, or pelletizing 
biomass. Additional processing or treatment may be required to make it suitable for use.

[37]

Distribution These entities are responsible for the distribution of the finished goods to customers. This may 
involve additional transportation and storage. Intermediaries such as traders or brokers may 
also be applied at this stage.

[39]
[40]

Customers End-users of finished goods, such as power plants or industries. These end users may use 
biomass to generate energy or produce other products. Specific requirements and expectations 
of the customers must be met for success.

[41]

Table 2. Entities/Stages of a residual forestry biomass supply chain
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cially when it comes to perishables products, in this 
case, perishable residues, need to be handled with 
extreme care and agility to decrease the wastage of 
raw materials [33]. 

Table 2 gives the characterization of the different 
stages of the SC. The first stage involves suppliers 
such as forest owners and farmers who provide raw 
materials for the SC. The storage stage is crucial to 
prevent the deterioration of raw materials and may 
involve transportation and specialized equipment. 
Different transportation modes, such as trucks, 
trains, or ships, can be used to transport raw mate-
rials to the storage area and processing facility. The 
production stage involves transforming raw materials 
into finished goods through processes such as chip-
ping, grinding, or pelletizing biomass. Distribution 
involves delivering finished goods to customers and 
may involve additional transportation and storage as 
well as intermediaries such as traders or brokers. The 
final stage involves customers who are end-users of 
finished goods such as power plants or industries. 
Meeting their specific requirements and expectations 
is essential for success.

All these stages are necessary for the successful 
movement of goods from the initial source to the 
final customer. Understanding these elements and 
their interactions is essential for SC mapping [34].

2.3 Supply Chain Mapping

SC mapping is the process of creating a visual rep-
resentation of the flow of goods, services, and infor-
mation from raw materials to the end customer. The 
study [8] proposes a mapping approach that consid-

ers six SC dimensions (i.e., SC entities, relational 
links, material flow, information flow, management 
policies, and lead times) and the respective state vari-
ables (Table 3).

A set of characteristics should be addressed in 
mapping an SC, such as it should be interpretable, 
recognizable, and designed in an easy-to-disseminate 
format; it should include standardized icons and con-
ventions such as color-coding, or symbol-coding for 
processes, flows, and links between organizations and 
facilities [49]. The advantages of SC mapping are i) it 
presents accurate and easily understandable informa-
tion that is also informative enough to aid in SC vis-
ibility, analysis, and integration [43], ii) it can be used 
to identify potential points of failure or inefficiencies, 
as well as to improve collaboration and communica-
tion among SC partners [44], iii) it can assist in ad-
dressing emerging challenges such as sustainability, 
SC cyber security, climate change, and global short-
ages of critical raw materials [44, 45], iv) for improv-
ing SC visibility, resilience and efficiency [26].

Accurate SC maps can also improve a company’s 
efficiency by giving decision-makers a view of the flow 
of goods and information and allowing them to iden-
tify the grey areas and bottlenecks that need more at-
tention for efficiency improvement [46]. SC mapping 
helps to identify all the players involved in the SC, 
their location, and the relationships between them 
[41], improving transparency, communication, and 
collaboration. Identifying and reducing inefficien-
cies in the SC will also assist in cost savings by reduc-
ing waste [44]. Streamlining the SC and addressing 
bottlenecks and possible risks can improve delivery 
times and increase customer satisfaction [43]. SC 

Supply chain mapping dimension State variables

Supply chain entities
Type and number

Geographic localization

Relational links Type of relationship between entities (vertical and horizontal relations)

Material flow

Volume and delivery frequency

Transport mode

Stock location

Number of customers

Information flow
Frequency

Type of communication (word of mouth, electronic devices, etc.)

Management policies

Stock type and level

Management strategy

Number of operations

Lead times Production and transit lead times

Table 3. Dimensions and state variables of the supply chain mapping [8] 
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mapping is also essential for SC redesign, improve-
ment [46], and digitalization [41]. Some authors [47, 
48] argue that SC maps and SC visibility are closely 
related concepts essential for controlling SC disrup-
tion risks and improving decision-making.

2.4 Residual Forestry Supply Chain 
Mapping

The SC map of residual forestry biomass will 
include links and nodes connecting suppliers, stor-
age, transportation, production, distribution, and 
customers [41]. These links and SC maps represent 
the flows between different entities and processes. 
The material flows could be raw materials like wood 
chips, sawdust, bark, leaves, needles, etc., and the dif-
ferent types of finished goods, such as bioenergy pel-
lets, bioenergy briquettes, biopolymers, and dietary 
supplements. For example, in a residual forestry 
biomass SC, there would be links between the sup-
pliers and the storage facilities, indicating the flow of 
residues from the suppliers to the storage facilities. 
These links can be represented by arrows, with their 
direction indicating the flow of materials [25]. 

Different types of arrows can represent different 
types of links within the SC. For example, a solid ar-
row can represent the flow of physical goods, while a 
dotted arrow can represent the flow of information. 
This can help illustrate the various types of flow within 
the SC, as seen in Figure 1. In addition to the direc-
tion and type, the size and color of the arrow can also 
be used to represent different flow attributes, as pro-
posed by MacCarthy et al. [41] and Theodore Far-

ris [46]. For example, a thicker arrow might mean a 
larger volume of goods or information, while a differ-
ent color arrow might represent another type of goods 
or information. This helps to provide a more detailed 
and accurate representation of the flow within the SC. 

The nodes in the map would represent the differ-
ent entities and processes themselves, such as sup-
pliers, storage facilities, transportation, etc. Each of 
these nodes has attributes such as the entity’s loca-
tion, the type of entity, the number of goods being 
handled, the cost associated, and so on [41]. The 
map would include information about the processes 
at each node. For example, information about the 
type of processing used (such as chipping, grinding, 
or pelletizing) and the type of finished goods pro-
duced would be displayed at the production node. 
It would also include information about logistics and 
stock at each stage of the SC. This could include in-
formation about the type of transportation used, the 
distance, the cost of transportation, and so on [46]. 

In addition to the link and nodes, the SC map 
can include relational links between entities, manage-
ment policies and lead times, and their state variables 
[9]. The relational links dimension consists of the 
type of relationship between the SC entities, such as 
vertical and horizontal relations between forest land-
owners, loggers, and consumers (Table 3). Vertical 
links refer to the relationships between entities that 
are at different levels of the SC, such as between for-
est landowners and the loggers that would involve the 
forest landowners providing the raw materials for the 
loggers to collect and the loggers providing the har-
vested biomass to the forest landowners for sale or 
further processing [49]. 

Figure 1. Residual Agroforestry Biomass Supply Chain mapping [9]
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Horizontal relations refer to the relationships 
between entities at the same level of the SC, such 
as between different forest landowners or different 
loggers. For example, while other forest landowners 
may compete to sell their biomass to the same log-
gers or customers, different loggers may compete to 
sell their collected biomass to the same customers. 
These horizontal relationships involve competition 
and cooperation among the entities at the same level 
as the SC [50]. 

The mapping conventions consist of graphical el-
ements representing the SC entities, transportation 
modes, links, and others, as shown in Figure 2. Re-
garding residual forestry SC entities, they include:

•	 Suppliers: The sources of raw materials, which 
in this case are the owners of the forests that gen-
erate residual biomass such as wood, leaves, and 
other organic matter. This includes forest own-
ers, private landowners, farmers, and state and 
municipal government entities.

•	 Loggers: Individuals or companies responsible 
for harvesting and collecting the residual biomass 
from the forests. They may also be involved in 
forest management activities such as pruning.

•	 Third parties: Companies, organizations, or in-
dividuals that provide services to the SC but are 
not the main entities. These entities may include 
transportation companies, warehouse services, 
and providers of specialized equipment such as 
chippers and balers [49].

•	 Customers: The entities that use the residual 
biomass for manufacturing or industrial pur-
poses, such as producing energy polymers, di-
etary supplements, etc. This may include pre-
treatment, treatment, and bioenergy and biofuel 
plants using residual biomass to produce bioen-
ergy or biofuels.

3. Research methodology	

This study follows a case studies research ap-
proach. A case study is an in-depth analysis of a spe-
cific case or situation used to explore complex phe-
nomena within their real-life context [50, 51]. Case 
studies are used in various fields, including agricul-
ture and forestry, to provide rich and detailed data 
that allows for exploring multiple perspectives and 
contextual factors [35]. Priya [52] defines exploratory 
case studies as a research method that aims to investi-
gate a phenomenon to discover facts that can be fur-
ther investigated in future studies. Using exploratory 
case studies in this study can help deeply visualize the 
SC identifying the factors influencing the challenges 
that farmers and forest owners face. As a result, ex-
ploratory case studies are a legitimate research meth-
odology for gaining insights into the residual forestry 
biomass SC [53, 54].

Understanding the residual forestry biomass SC 
is especially important in Portugal, where wildfires 
seriously threaten the forests and surrounding com-
munities. Portugal is the most fire-prone country 
in Europe, with wildfires destroying an average of 
80,000 hectares yearly since 2008. According to [11], 
understanding the SC for valorizing residual forestry 
biomass is critical for reducing the risk of future wild-
fires.

This approach provides rich and detailed data 
that enables the exploration of multiple perspectives 
and contextual factors. As emphasized by [50], these 
two case studies were not intended to test hypotheses 
but rather to generate new ideas and insights about 
the research topic and therefore focus on the residual 
forestry SC. The case studies are based on the up-
stream SC and the processes involved in getting the 
raw materials to the manufacturers and producers:

•	 Case Study 1 focused on a family-run small to 
mid-sized logging company Logger X, in Por-
tugal. The company’s core business is wood 
trade and forest clearing. Its first-tier suppli-
ers are private landowners who own less than 
1 hectare of land. Logger X works with Altri 
Florestal S.A. to supply feedstocks to biomass 
power plants. The SC involves forest landown-
ers, Logger X, third parties, and the Altri Flo-
restal S.A. 

•	 Case Study 2, on the other hand, focused on 
Logger Y,  a larger logging firm in Portugal that 
purchases and sells wood, resins, and sawdust. 
It sources its feedstock from private forest 
owners and state-owned institutions. Logger Y 

Figure 2. Residual Forestry Biomass Supply Chain Mapping 
Conventions
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also owns forest land and supplies residues to 
biomass generation plants. In addition to Altri 
Florestal S.A, Logger Y sells feedstock to The 
companies Navigator Company S.A and Casal 
& Carreira - Biomassa S.A. 

Table 4 shows the characterization of the entities 
in each case study. Because of data confidentiality, 
the loggers were kept anonymized; they are named 
Logger X and Logger Y. 

These two case studies aimed to identify the role 
of entities, materials, information, and financial flows 
in the residual forestry biomass SC using various 
methods like interviews, observation, content analy-
sis, and survey questionnaires to collect data related 
to SC entities, links, material and informational flows, 
policies, and lead times. The data was analyzed care-
fully to form a comprehensive map based on both 
residual biomass forestry SC case studies.

4. Results

The results from the two case studies give insight 
into the economic dimension of the valorization of 
residual forestry biomass (costs), the daily challenges, 
and the real-time decisions taken by the SC entities 
involved in the processes, namely the suppliers, log-
gers, and third parties. By mapping the cost of collect-
ing, baling, chipping, and transporting, it is possible 
to identify the number of residual forestry biomass 
produced in a particular region and the forecasted 

cost for valorization.  The SC map for case study 1 
involves forest landowners, Logger X, third parties, 
and Altri Florestal S.A. It shows the material and in-
formation flow along the SC and uses the symbology 
in Figure 3 to deliver the different entities and flows. 
From the SC below, it can be noted that forest land-
owners contact Logger X to sell their wood and have 
their land cleared. Logger X evaluates the value of the 
woody residues and offers a price to the landowner. 
Trees are cut down during harvesting, and logs are 
separated from branches. Logger X rents equipment 
for this process from third parties. Logs and branches 
are gathered for transport, while residual biomass 
must go through a baling or chipping process. At Al-
tri Florestal S.A’s reception park, the cargo’s quantity 
and quality are identified. The price for residual bio-
mass can vary depending on its characteristics.  

Meanwhile, Logger Y deals with much larger ar-
eas of land and three different suppliers Forest land-
owners, the State, and CMFF, so they handle the col-
lection and transport of biomass differently. Unlike 
Logger X, Logger Y uses a GPS Fields Area Measure 
App to map forest land and calculate the amount of 
wood available before setting a purchase price. This 
app helps the company identify different areas:  to 
be evaluated, that have been assessed but not yet ex-
ploited, where harvesting has begun, and that have 
been completed. 

For instance, in the case of residues supplied by 
Figueira da Foz’s Municipal Hall (CMFF), CMFF 
inspects council property to ensure compliance with 
legislation. If forest residue piles are found, the land-

Entity Role Description Location in Portuguese 
territory

Case 
study 1

Forest Landowners Supplier Small owners of forestry lands

Figueira da FozLogger X Logger Forestry company

Altri Florestal, S. A Customer Pulp and biomass energy company

Case 
study 2

Forest Landowners

Supplier

Small owners of forestry lands
Multiple locations in Portugal

State State forests from public auctions

Municipal Hall of Figueira da Foz 
(CMFF)

Responsible entity for enforcing the 
legislation concerning the municipality's 
forest lands

Figueira da Foz

Logger Y Logger Forestry company Monte Redondo

Altri Florestal, S. A

Customers

Company owner of pulp and biomass 
energy company

Constância / Figueira da Foz 
/ Mortágua / Vila Velha de 
Ródão

The Navigator Company Pulp and paper company Setúbal / Figueira da Foz /
Aveiro

Casal & Carreira - Biomassa, S. A Lumber Sawmill Company Porto de Mós

Table 4. Case studies characterization 
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owner is notified and given ten workdays to remove 
them. If the pile remains after this time and there 
is more than three m³ of residues per pile, CMFF 
pins it in the app, and Logger Y collects and sells 
the residues to its customers. The total cost of har-
vesting residues and supplying them to energy and 
production plants can be calculated like this—Logger 
Y generally uses 90 m3 trucks that can carry a load of 

approximately 20-30 tons in one load. So, the total 
cost would be between 540€ and 870€ per load if the 
distance is less than 50 km. Figure 4 shows the SC 
map of the residual forestry SC of Case Study 2.

After an individual analysis of each case study, a 
cross-case comment was developed to identify the 
common and different characteristics of their SCs’ 
maps. 

Figure 3. Mapping of the Residual Forestry Supply Chain of Case Study 1

Figure 4. Mapping of the Residual Forestry SC of Case Study 2
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Cross-case Analysis 

A cross-analysis was carried out to identify similar-
ities and differences in the events, activities, and pro-
cesses [46] and challenges faced by their SCs to get 
insights on what main features should be addressed 
to map residual forestry biomass. Table 5 shows the 
similarities and differences between the two case 
studies operations.

Both companies showed similarities in their mate-
rial flow. However, Logger Y had higher transporta-
tion costs as its suppliers are located in different geo-
graphic zones of the country. Regarding information 
flows, Logger Y had a better method of collecting, 
disseminating, and using the information as he used 
an App to help him with the data. He communicates 
with their clients through email, unlike Logger X, 
which was mainly recording information physically 
through telephone calls and word of mouth; this 
could be because Logger X only did business in a 
relatively small area than Logger Y, and he has only 
one customer. So, he only requires a little extensive 
method for the flow of information.

Both case studies showed that farmers and forest 
owners had low bargaining power regarding residual 
forestry biomass prices. Due to a lack of knowledge 
regarding the value of wood residues, private forest 
owners could not effectively negotiate prices with log-
ging companies. As a result, logging companies could 
dictate the price of residues by measuring the amount 
they intended to collect and quoting a price to the 
forest owners. The forest owners were then left with 
the option to accept or reject the proposed price.

This raises a serious problem as there is no refer-
ence price in the market, and private logging com-
panies exploit farmers and private forest owners, 
harming them with unfair trade. From the case stud-
ies analysis, it was also possible to find that most of 
the residual forestry biomass collected by these two 
companies is used in producing energy. Based on the 
information gathered from both logging companies’ 
SC, it was possible to design an SC map to visually 
understand the material, economic, and information 
flows in their SCs (Figure 5).

5. Discussion

In this section, the theoretical and practical impli-
cations that were uncovered through the study will be 
discussed. This discussion focuses mainly on mate-
rial flows, transportation costs, and the low bargaining 
power of farmers. Analyzing material flows within the 
residual forestry biomass SC has several implications 
for the valorization process. By providing insights into 
the quantity and distribution of biomass, it enables 
a better understanding of the available resources for 
valorization. This material flow analysis fills a gap in 
the literature by providing insights into the quantity 
and distribution of biomass. This information can 
guide decision-making regarding production plan-
ning, resource allocation, and investment strategies. 
Additionally, efficient coordination and synchroniza-
tion among SC entities are crucial to ensure a smooth 
and uninterrupted biomass flow from suppliers to 
customers. Any disruptions or bottlenecks in these 

Operations Similarities Differences

Harvesting 
and Collection

Both loggers have the necessary resources to 
perform the exploitation of the wood.

The geographic dispersion of Case Study 2 is more 
significant than in Case Study 1. Therefore, Logger Y has 
more resources (equipment and human) to exploit forest 
lands than Logger X.  

Pre-treatment Both case studies treated the residual biomass 
previously by chipping or baling it.

Logger X does not have the equipment necessary to 
chip or bale. Therefore, it must rent it from third parties.  
Logger Y has all the required equipment.

Storage
When the residual biomass is insufficient to be 
transported in full truckload (FLT), it is collected in 
bulk and transported to an open-air park.

Logger X has an open-air park in Figueira da Foz.                                                                        
Logger Y has two open-air parks, one in Soure and the 
other in Monte Redondo.

Transportation

The transportation is mainly done directly to the 
customer. Loggers X and Y are responsible for 
transporting residues from the suppliers to the 
customers.

The transportation cost for Logger X is relatively low since 
its only customer is in the same municipality as most of its 
suppliers. Logger Y has a higher transportation cost due 
to its suppliers’ geographic dispersion (all municipalities 
of Portugal).

Table 5. Similarities and differences of case studies operations
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flows can have a negative impact on the overall effi-
ciency and profitability of the valorization process [9].  

One notable disparity observed in the case studies 
is the difference in transportation costs between the 
two logging companies. Logger Y incurs higher trans-
portation expenses because its suppliers are scattered 
across various geographic zones, compared to Log-
ger X, whose suppliers are concentrated in the same 
municipality as its customer. This cost disparity chal-
lenges the economic viability of biomass valorization, 
as higher transportation costs reduce profit margins 
and competitiveness [3, 36]. To address this issue, it 
is crucial to explore strategies that optimize transpor-
tation efficiency and reduce costs [36]. One potential 
approach is consolidating biomass collection and de-
livery routes, minimizing empty trips and maximiz-
ing transportation capacity utilization. This can be 
achieved through collaborative initiatives among sup-
pliers, loggers, and customers to synchronize collec-
tion schedules and coordinate logistics. Additionally, 
leveraging technology solutions such as route opti-
mization software and real-time tracking systems can 

enhance operational efficiency and minimize trans-
portation costs [5,36]. These measures improve the 
profitability of biomass valorization and contribute 
to environmental sustainability by reducing fuel con-
sumption and greenhouse gas emissions associated 
with transportation.

The case studies also highlight a significant con-
cern regarding the limited negotiation power of farm-
ers and forest owners in determining residual forestry 
biomass prices. Their lack of knowledge about the 
value of wood residues and the absence of a reference 
pricing mechanism exposes them to unfair trade prac-
tices and exploitation by logging companies. This un-
dermines their economic sustainability and hampers 
the overall development of the biomass valorization 
sector. To enhance the bargaining power of farm-
ers and forest owners, it is crucial to empower them 
with knowledge and resources. This can be achieved 
through awareness programs, training initiatives, and 
access to information on market trends, pricing mod-
els, and alternative valorization opportunities [5, 56, 
57]. Collaborative platforms and networks can also 

Figure 5. Residual forestry biomass SC mapping from case studies
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be established to facilitate collective bargaining and 
information sharing among stakeholders [3, 5, 25, 
58]. Moreover, engaging relevant industry associa-
tions, regulatory bodies, and policymakers can help 
advocate for fair pricing practices and create a sup-
portive policy environment that protects the interests 
of farmers and forest owners [4, 13, 57].

By providing insights about the available valoriza-
tion resources, this study's findings can help manu-
facturers make informed decisions about production 
planning and resource allocation. Additionally, ad-
dressing transportation cost disparities by optimiz-
ing transportation efficiency and reducing costs can 
improve the profitability of biomass valorization. En-
hancing the bargaining power of farmers and forest 
owners through awareness programs, training initia-
tives, and access to information can also help create 
a supportive policy environment that protects their 
interests. These measures not only improve the eco-
nomic sustainability of the biomass valorization sec-
tor but also contribute to environmental sustainabil-
ity by reducing fuel consumption and greenhouse gas 
emissions associated with transportation.

6. Conclusion

The primary objective of this study is to suggest a 
map for the valorization of the residual forestry bio-
mass supply chain in order not only to identify better 
and understand the material, financial, and informa-
tional flows but also to give important insight into the 
economic dimension of its valorization (costs) and 
challenges. This objective was successfully achieved 
by answering the research question, “How is a resid-
ual forestry biomass supply chain organized, as well 
as its material and information flows?” The proposal 
map provides a comprehensive overview of the re-
lationships between different entities in the SC, en-
abling better visualization and identification of ineffi-
ciencies such as long transportation distances, lack of 
processing infrastructure, or limited demand for the 
final product. Once these issues have been identified, 
it is possible to develop strategies to address them 
and improve the overall efficiency and sustainability 
of the SC. 

While this study provides valuable insights into 
the organization and potential for sustainability with-
in the residual forestry biomass SC, it is important 
to consider its limitations. The findings are based on 
only two case studies from just one country which 
could give rise to some bias and a need for a more 
robust analysis. The case studies are only from Portu-

gal, which could not reflect the reality of other coun-
tries. Also, more case studies should be explored and 
analyzed to give more information about the reality 
of this sector, allowing us to propose a map more 
robustly. 

Future research could involve developing a plat-
form or app that provides information about the 
value of woodlands to address the current lack of 
market price for residual forestry biomass. Addition-
ally, integrating agricultural residues into renewable 
energy and bioproduct production could identify an-
other type of SC for their valorization. To overcome 
this study's main limitations of this study, it should 
consider more case studies and other countries as re-
search units.

Nevertheless, this study has provided valuable 
insights into the organization and potential for sus-
tainability within the residual forestry biomass SC. 
However, its limitations should be taken into account 
when generalizing its findings.
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