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Traceability is the ability to follow the processes that a raw material or product goes through. For forestry, this
means identifying the wood from the standing tree to the mill entrance and recording all information about the

technical (production) and spatial (transportation) manipulation of the timber by linking it to the ID.

timber supply chain traceability timber identification

| 1. Introduction

Given the positive connotation of wood and wood-related products in society, forestry is gaining interest worldwide.
Customer demand for sustainable products drives supply-chain tracing . In forestry, the main driver is illegal
logging and deforestation. In Europe, the European Timber Regulation (EUTR) and customer demand for
sustainably harvested timber are prompting systems to trace timber flows . Manual and paper-based systems,
like branding, plastic tags, forest paint and certificates of origin from the Forest Stewardship Council (FSC) and the
Programme for the Endorsement of Forest Certification Schemes (PEFC) still dominate the market BI4IEl with
advances in digital technology and higher demands on supply-chain management, automated and digitalised

systems are gaining importance (8.

The origin of wood as a raw material will become increasingly important in the near future. The political demands
on the forests and the raw materials it provides are contradictory. On the one hand, society’s desire for more nature
conservation and recreation increases in popularity, spawning demands for decommissioning. On the other hand,
growing demands for raw materials conspire with requirements for wood products as CO, sinks and substitutes for
non-renewable substances to incentivize increased forestry productivity (. Digital technology, such as current
traceability and data processing techniques, can balance sustainability and increased production by managing
forests and downstream wood logistics more efficiently, thus ensuring climate-friendly extraction of wood products
8. Consumers have more power over how products are produced than ever before. Climate-friendly, low-emission
and socially sustainable products or raw materials can be marketed through meaningful brands and create so-
called intangible capital through credibility, trust and relevance . Especially since the Kyoto Protocol in 1997,
public awareness of the sequestration potential in the Western world has been steadily increasing 9. In addition

to the presumed benefits for the environment, social as well as economic impacts are to be expected.

The newspaper The Guardian accuses the current certifications of inaccuracies. FSC and PEFC can only

guarantee compliance with their guidelines in the forest. With media discontinuity along the forestry—timber chain,
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there are security gaps that need to be contained through the use of new technologies 111, Technical solutions are

needed to collect the data required to close these gaps.

Traceability of timber flows through the value chain means creating a link between the raw material and a system
like Distributed Ledger Technology (DLT) or an Internet-of-Things (IOT) architecture that holds information about

the raw material and the processes it undergoes.

Tracing timber can add value to the product by setting up an information system to detect and locate legal timber
and timber products. “Traceability” means the ability to trace any product through all stages of production,
processing and distribution 222131 |n essence, a wood flow traceability system enables tracing the raw material
one or more steps forward and back at any point in the value chain 14l Tracing mechanisms are complex due to
the composition of individual timber products and timber shipments, which contain a wide range of logs and
processed products with different species and sizes. In addition to the traditional methods of stamping and
varnishing logs, there are various digital information systems for identifying, tracing and monitoring logs. Automatic
identification systems, such as barcodes, QR codes, RFID and microchips, and smart chips, which differ in their
practicality and reliability, establish a link between the product, the product database and its process [4IL3J16]
Innovative log tracing mechanisms such as DNA fingerprinting are usually very costly and difficult to apply 2.
Older and widely used methods such as colour marking, punching and barcoding still exist and are used effectively
in the timber supply chain. Greater efforts towards international cooperation in sharing timber data as part of a

global timber traceability information system with unique standards and features promise sustainable supply chains
[4][18]

| 2. Limitations of Consideration

Timber provision includes felling planning and felling preparation, timber harvesting, timber sales and logistics.
These are the limits of the technical and spatial framework to be considered. Silvicultural measures prior to wood
supply and raw wood processing in the mill are not considered. In the following, researchers describe a generic
wood supply chain for the German-speaking region. Processes vary in detail between regions because of cultural
and regulatory differences resulting from the federally organized forest administrations 2. An important
prerequisite is the definition of the boundaries of consideration. The functional unit is the solid cubic metre of wood
with bark (mg over bark) or the batch, which is the selling unit 192021 The allocation of the functional units to the

processes in the supply chain is crucial.

2.1. Tracking and Tracing

The spatial and technical manipulation of raw timber can be traced both to the customer and to the supplier of the
timber. If it is the former—the tracking of the timber to the customer (downstream)—it is tracking. If it is the latter—

the tracing of the supplier (upstream)—it is tracing 22(23],

2.2. Planning and Preparation of Felling
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On the basis of the annual and natural planning of the forest enterprise, the district manager decides on the cutting
sequence, which organises the stand treatment in terms of time and space. The forest manager determines the
silvicultural procedure and whether the block formation of several contiguous stands appears to be sensible. Not
only annual planning or silvicultural principles play a role, but also the current timber market situation. The forest
manager must account for any contractually agreed provision of specific assortments. The marking process and
the data collected on felling volume, qualities and assortments already provide important information for timber
sales. The work plan contains the forestry operations, the number of forest workers and machines as well as

important harvesting information.

2.3. Timber Harvesting

Prior to timber harvesting, the forestry enterprise instructs forest workers and machine operators by discussing the
work order on site. During the felling, they control workers or are available as contact persons in case of issues.
After the timber has been moved to the forest road, the district manager or a forest technician usually records the
guantity and assortments of timber with a data recording device. Recording techniques should coincide with those
used by the harvester, which serve as control for comparison with the dimensions recorded by the mill. All data flow
into the timber list. The timber list contains pile-related timber data and is usually processed with the GPS/GNSS
coordinates of the piles into a batch map, which is sent to the timber sales department in the forest enterprise. The
batch maps are sent to the customer after the conclusion of a sales contract. In the case of an agreement for free
mill delivery, it is sent directly to the timber customer; in the case of an agreement for free forest delivery, it is given

to the haulage company.

2.4. Timber Sales

The timber data in the form of the timber lists are fractured into timber lots by telephone/written form, which
concludes the negotiations. If contracts have not already been concluded, such as for long-term purchase of the
timber, the contract is now concluded between the sales manager and the timber customer. The latter finally
controls the settlement of the invoice. An important step is the timber data reconciliation between the logistic and
control measurements taken by the forestry company and the sales measurement, which is usually the factory
measurement. The forestry operation compares the measurement records. Discrepancies in quantity and

assortment are investigated.

2.5. Timber Logistics

Free forest delivery is currently the most common method. In the “free forest method”, the timber customer
commissions a haulage company to transport the timber to the mill. The “free forest method” means that the
hauling company or mill takes over the organisation of the timber logistics. From the forestry enterprise’s point of

view, the work steps are to instruct the driver, if necessary, and removal control.

All processes are depicted here in a highly simplified way and represent the limits of the object of consideration. All

processes are meticulously documented, which may facilitate further technical innovations. Harvest planning,
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marking, harvest control, timber intake and timber transfer consume the majority of the time. These processes hold

the greatest potential for optimisation (cf. on this section: [19[241[25])

2.6. Functional Unit “Raw Wood”

In order to provide producers and consumers with relevant information, researchers need to trace the path of the
wood from its place of extraction to the mill accurately and free of media breaks. In particular, the origin of the raw
material wood and its sustainable and environmentally friendly production and extraction are of special interest to
the buyer and customer (29, Traceability systems (TSs) refer to the recording, storage and transmission of
production routes and their underlying data. TSs consist of unique and unambiguously traceable units (TRU).
These are clearly identifiable and are occupied with information 1228, |n the case of the raw wood considered
here—the individual log—the volume aggregation (for woodchips) or the pile is the TRU. The information can be
quality, strength class, length, carbon storage, harvesting method, coordinates or any other attributes that arise
during the manipulation of the wood [ZZ. Traceability requires a unique ID of the TRU, a data standard for the
attached information and a database framework. The latter can be paper-based or electronic, with all information
stored on the product ID 2921l probably the best-known paper-based transfer of data along the value chain is
certification according to PEFC or FSC. In this simple method, each company passes the certification of the
manipulated product on to the next business partner (PEFC/04-01-01 and FSC-STD-40-004) [28], While the origin
of the wood and the presence of a certificate can easily be passed through the chain, the mapping of all relevant
wood data is more complex. Here, every spatial and technical manipulation of the wood—»be it the harvest itself,
the transport, the debarking and/or the varnishing of the end product—is time-stamped so that the entire value
chain of the raw wood can be traced at the factory entrance. Where and at what time data are generated during the
manipulation of the wood is largely known. However, existing certificates do not adequately depict the traceability
of individual processes in the value chain. In order to obtain this information for consumers and business partners,
the following prerequisites must be met: (1) uniquely identifiable units (traceable units/TS); (2) hardware that
identifies, recognises and assigns information to the units; (3) data transmission without media discontinuity; (4)

secure and efficient systems for data storage and management; and (5) higher benefits than additional costs 12129
[30],

| 3. Forestry Technology and Traceability in Raw Wood Supply

The object of consideration is located in the field of forestry technology. Erler Bl following the definitions of the
term "technology" by the Association of German Engineers, described forestry technology as material systems
(artificially created entities) that are used for work in the forest, all facilities and actions in which the material
systems are created, and all processes in which the material systems are used. Forestry technology thus includes
not only the equipment used, but also the people and the effects of its use on people and the environment. The link
between the environment, the people and the technology used is referred to as a process. This is distinct from the
working method, which is defined from the perspective of the acting human being. Derived from the science of
technology, two main functions of technology can be applied to the part of forestry technology discussed here:

manufacturing and transport (Figure 1 and Figure 2). Production classically refers to joining and cutting. Relevant
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in this work is the cutting that takes place during felling, delimbing, ripping of the top, crosscutting and chipping. It is
therefore a (forestry) technical manipulation of the functional unit of raw wood. Spatial manipulation takes place as
part of the second main technical function: transport. Transport is the process of moving the functional unit—raw
wood—from one place to another. In forestry, the transport of raw wood from the place of felling to the forest road
is called “forwarding” if forwarders are used in the CTL system. “Primary transport” is a more general form, which
refers to skidding, cable yarding and forwarding. Here, “primary transport” refers to the transport of the wood from
the place of felling (and cutting to length, if done at the same place) to a defined place in the stand and to the
transport of the timber from the skidding lane to the storage yard along a forest road that is accessible by truck. It is
currently carried out exclusively using machines (and rarely by horses). At the storage yard, it is “piled”, i.e.,
stacked into “piles”, and separated according to assortment. This process is carried out as an integral part of the
primary transport, both in terms of time and technology. Depending on the conditions, other technology may be
used, e.g., excavators for clearing storm-drifts, skidders, or cable cranes up to helicopters, especially in the

mountains.

Standing Tree

Full Tree

Tree Length
Assortment

CTL
Assortment

o
(2]
I~
3
3
Q
—
=
)
3
2
S
—
Q
="
o
S
3
)
Q
i~
2]
>
(=}
3

Forest Stand Skidding Road Forest Road Mill
Storage location

Figure 1. In the process of timber supply, the timber goes through several processes. Researchers are talking here
about spatial manipulation like transportation and technical manipulation like cutting, which the timber has to go
through in order to be further processed in the mill. Here is an example of wood preparation in a highly mechanised
timber harvesting system. The process starts with the standing tree, continues with the cutting of the timber in the
stand and its advancement to the skid road by the harvester, advancement to the forest road and finally, hauling via

truck.
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Figure 2. In the highly mechanized timber harvesting process presented here as an exemplary case, the technical
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and spatial manipulation of the timber takes place in order to provide the raw material. During this manipulation,
data are generated that contain information about the process but, above all, about the timber itself. In order to
preserve this data for later use, they must be “stored” on the functional unit “timber”. This requires the identification
of the timber at several points in the process: At the standing tree, during the assortment at the skid road, at the

forest road and at the mill entrance. The data are therefore linked to the ID of the piece of wood.

At the timber storage site at the forest road, the presentation of the timber takes place in the course of the sale of
timber. During the negotiations between the seller and the buyer, data are often changed (quality, dimensions, and
sometimes also the tree species), and individual logs, log sections or piles may be re-sorted and may then have to
be relocated. The relocated units are then either assigned to one or more existing lots/batches of the same forest

owner or combined into one or more new lots/batches.

The “removal” of the raw wood from the forest to the mill or to another processor requires loading onto a truck. For

longer distances, in addition, rail, barge and possibly ocean-going vessels are used 2431,

The number and extent of manipulations not only generate data but also represent a potential source of error. This
requires mechanisms to check and, if necessary, correct the data. In addition, they require dedicated regulations

regarding authorizations and data security.
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