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METHOD FOR IMPROVING A PHYSICAL PRODUCTION PROCESS

The invention is directed at a method for improving a physical production pro-

cess.

For almost any kind of product that is produced in a physical production process
or in particular a chemical production process, ensuring high standards for the
entire product life becomes more and more important. This means, that not only
the production, storage and use - potentially spanning many years - of such a
product is safe for users and the environment, but also the process of recycling.
Further, it is desired that the recycling process is as efficient as possible in that
as much valuable substance can be recovered in recycling for reuse e.g. in hew
products and that on the other hand dangerous substances are as precisely as
possible identified and extracted in the recycling process so that the amount of

material that has to be treated as special waste is minimized.

Just as the production parameters of any product as well as the production pa-
rameters of any precursor material for that product - which product thereby is a
derivative product with respect to the precursor material — affect the product
properties of that derivative product, so do they also affect the recycling proper-
ties of that product. However, since the entity performing the recycling is not
usually the customer of the product, feedback with respect to the quality of the
recycling that was possible to the producer is usually only indirect at best. In
case of a defective product, feedback is usually prompt and direct. In the case of
recycling, not only is there often not a direct contractual relationship between re-
cycler and producer, but also the time that has elapsed between production and
recycling may span many years. In addition, the quality of the recycling may also
depend significantly on other factors and influences in the lifetime of the product
which were either not documented in the first place or which, even if they were
documented, are difficult to retrieve and to verify from the entity that kept the
records for the documentation. In this situation, performing an accurate analysis
on which production factors of the precursor material the recyclability of the de-
rivative product depends and in which way is very difficult.

WO 2020/099557 Al pertains to a method and a system for improving a physical

production process in which an analysis system collects data from a precursor
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production process taking place in a precursor production facility and from a sub-
sequent derivative production process using the precursor charges and taking
place at a physical production facility distant from the precursor production facil-
ity. The analysis system then enters the collected data into a process model
which describes a computational relationship between the data from the precur-
sor production process and from the derivative production process to obtain up-
dated derivative process settings for the derivative production process and op-

tionally updated precursor production settings.

In US 2020/213081 Al a method for cryptologically securing an additive manu-
facturing process is disclosed in which a definition dataset for defining an object
to be produced is inserted to a data stream comprising cryptologically linked ele-
ments for describing the additive manufacturing process. Subsequently, the data
stream is transferred via a computer network to a device for additive production
which then produces the object based on the definition dataset. In the introduc-
tory part of this document it is contemplated to establish a documentation over
the entire production or usage cycle of specific objects which may also relate to

the disposal or recycling of the object after the end of its regular use.

Consequently, there is a need to improve a physical production process so that
quality results from recycling can be analysed such that specific influences from
precursor production can be identified and precursor production parameters ad-

justed such that recycling is improved.

With respect to a method for improving a physical production process, the prob-
lem of the invention is solved with a method for improving a physical production

process with the features of claim 1.

The invention is based on the recognition that the information from the produc-
tion of the derivative product as well as information from the production of the
precursor to the derivative product and potentially additional information about
the transportation, use and storage of the derivative product may be stored in a
distributed ledger. In this way, it can be ensured that the integrity and complete-
ness of the data thus recorded stays intact and that no information is lost. More-
over, the information remains connected in the sense that, even though the stor-

age itself may be decentralized, the ledger itself is a single complete entity.
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Additional information helps to make the analysis more precise by making it pos-
sible to take into account and therefore correct for external factors which may
also have a significant influence on the recycling quality.

The method according to the invention is for improving a physical production
process. In the method according to the invention, a precursor charge of precur-
sor material is produced at a precursor production facility through a precursor
production process based on applied precursor production settings. In other
words, the precursor production settings are applied to the precursor production
process and at least partially determine the precursor production process. The

precursor production process may comprise a physical production process.

Further in the method according to the invention, the applied precursor produc-
tion settings are entered into a distributed ledger. Here the distributed ledger is a
consensus of replicated, shared, and synchronized digital data geographically
spread across multiple sites. Preferably, the distributed ledger is a blockchain.

In the method according to the invention, a derivative product is produced at a
derivative production facility through a derivative physical production process
from at least part of the precursor charge, which derivative production facility is
distant from the precursor production facility. In general, the precursor charge
will comprise sufficient precursor material for the production of many instances
of products produced from the precursor material, which products are here de-
noted derivative products. Consequently, not an entire precursor charge needs to
be supplied to a single derivative production facility. However, it may also be
that an entire precursor charge is transported to a single derivative production
facility.

In general, the distance between the precursor production facility and the deriva-
tive production facility may be of any distance. Preferably, the distance between
the precursor production facility and the derivative production facility is at least

5 km, especially at least 10 km, preferably at least 20 km and in particular pre-
ferred at least 50 km. In particular, the distance between the precursor produc-
tion facility and the derivative production facility may be at least 500 km. Prefer-
ably, the at least part of the precursor charge is transported to the derivative
production facility.
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The part of the precursor charge at the derivative production facility forms a pre-
cursor for the derivative physical production process. The derivative physical pro-
duction process is a physical production process. It is to be noted that the ex-
pressions “precursor” and “derivative” only denote the relative process-wise rela-
tionship between the individual process steps. In other words, a product that is

derivative may itself form the precursor for a further process and vice versa.

In the method according to the invention, derivative production data describing
the derivative physical production process are entered into the distributed ledger,
and the derivative product is recycled at a recycling facility through a recycling
process, which recycling facility is distant from the derivative production facility,
and recycling data describing the recycling process are entered into the distrib-
uted ledger. Preferably, the distance between the recycling facility and the deriv-
ative production facility is at least 50 km. In particular, the distance between the
recycling facility and the derivative production facility may be at least 500 km.

Preferably, the derivative product is transported to the recycling facility.

It is to be noted that generally, the derivative product is not directly transported
from the derivative production facility to the recycling facility. To the contrary, in
general the derivative product is transported to successive stages of wholesale
and/or retail sales locations and subsequently to one or more customer locations.
If the derivative product is a tool or a component of a tool used at different sites,
the derivative product may also be transported to a series of working locations,
with all the different locations distant from each other. The time between each
transport from one location to another may be days, weeks or even months. The
time spent at any location may have the corresponding length. If the derivative
product is a vehicle or component thereof, the derivative product may also spend
a total of many months or even years moving. In general, the derivative product
is only transported to the recycling facility at the end of the product life cycle.
That point in time may be many months or years after the production of the de-

rivative product at the derivative production facility.

In the method according to the invention, an analysis system retrieves and en-
ters the applied precursor production settings, the derivative production data and

the recycling data from the distributed ledger to a computational modelling
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system, which computational modelling system describes a computational rela-
tionship between the derivative production data, the precursor production set-
tings and the recycling data, to obtain updated precursor production settings.
The computational modelling system may comprise a database to which model-
ling algorithms are applied. The computational modelling system may also com-
prise the modelling algorithms themselves. The computational relationship de-
scribed by the computational modelling system may also involve additional terms
and quantities.

In the method according to the invention, the updated precursor production set-
tings are applied to a next precursor production process to obtain a next precur-
sor charge of precursor material. In other words, new precursor production set-
tings are generated, potentially by modifying the applied precursor production
settings, and used in the precursor production process for a new precursor
charge. In this way, information at least from the derivative physical production
process, the precursor production process and the recycling process may be used

to improve the precursor production process for the next precursor charge.

Here and hereinafter, a physical production process and more particularly the de-
rivative physical production process is any production process which involves a
physical change - or several physical changes — in the precursor charge during
the derivative physical production process. For example, any change in the state
of matter of the precursor charge is such a physical change. In particular, the
melting and solidification of a thermoplastic material in an injection molding pro-
cess is a physical change. It follows that an injection molding process is a deriva-
tive physical production process within the meaning of this invention. Further,
the physical production process may comprise a reaction injection molding or
casting process. For example, the reaction injection molding or casting process
may be a reaction injection molding or casting process for creating a polyure-
thane. Thus, the derivative product may be a product comprising polyurethane.
In particular, the reaction injection molding or casting process may comprise the
reaction of a polyisocyanate with a polyol and preferably with a surfactant, a cat-
alyst and/or a blowing agent. Such a reaction may comprise the generation of a
foam, here in particular the polyurethane. The precursor material may accord-
ingly comprise a polyisocyanate, a polyol, a surfactant, a catalyst and/or a blow-
ing agent. In addition to the physical change, the derivative physical production
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process may also comprise further changes, for example chemical or mechanical

changes in the precursor charge.

In general, the applied precursor production settings may comprise any settings
that influence the precursor production process. According to a preferred embod-
iment of the method of the invention, the applied precursor production settings
comprise a precursor formulation for specifying ingredients for the production of
the precursor charge of precursor material. Here it is preferred that the precursor
formulation comprises a specification of ingredients and/or specifications of pro-

portion, weight, temperature and/or volume of the respective ingredients.

In principle, arbitrary additional information may be relied upon by the computa-
tional modelling system. According to a further preferred embodiment of the
method of the invention, a laboratory charge of precursor material is produced at
a laboratory facility in a laboratory production process and laboratory production
data describing the laboratory production process are entered into the distributed
ledger. Such a laboratory facility permits very precise measurements in a tightly
controlled situation on a small production scale. Preferably, the laboratory pro-
duction data comprise the precursor formulation. Further preferably, the analysis
system retrieves the laboratory production data from the distributed ledger and
also enters it to the computational modelling system and that the computational
relationship also includes the laboratory production data. In this way, also data
from a laboratory production of the precursor material may be used to improve

the precursor production process.

A preferred embodiment of the method according to the invention is character-
ized in that a pilot plant charge of precursor material is produced at a pilot plant
facility in a pilot plant production process and in that pilot plant production data
describing the pilot plant production process are entered into the distributed
ledger. Compared to a laboratory facility, such a pilot plant facility permits pre-
cursor production in a situation which is closer to large-scale production. Prefera-
bly, the pilot production data comprise the precursor formula. In particular it
may be that the analysis system retrieves the pilot plant production data from
the distributed ledger and also enters it to the computational modelling system

and that the computational relationship also includes the pilot plant production
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data. In this way, the data that the computational modelling system relies upon
is further extended.

There may be other processes involving the derivative product for which data is
obtained and put to use for the computational modelling system, thereby making
it more accurate. A further preferred embodiment of the method of the invention
is characterized in that the derivative product is transported in a logistics process
and that logistics data describing the logistics process are entered into the dis-
tributed ledger. Preferably, the analysis system retrieves the logistics data from
the distributed ledger and also enters it to the computational modelling system

and the computational relationship also includes the logistics data.

According to a preferred embodiment of the method of the invention, precursor
production measurement data measured from the precursor production process
are entered into the distributed ledger. Whereas the applied precursor production
settings present data that can be set by the user to determine or influence the
precursor production process, precursor production measurement data comprises
data that is measured from the precursor production process. In other words,
whereas the applied precursor production settings are input to the precursor pro-
duction process from the point of view of a user, the precursor production meas-
urement data are output from the precursor production process from the point of
view of a user. Preferably, the analysis system retrieves the precursor measure-
ment data from the distributed ledger and also enters it to the computational mod-
elling system and the computational relationship also includes the precursor pro-
duction measurement data.

According to a further preferred embodiment of the method of the invention, the
derivative production data comprises derivative production settings applied to the
derivative physical production process. With respect to the derivative physical pro-
duction process, these derivative production settings are analogous to the applied
precursor production settings with respect to the precursor production process.
Preferably, the derivative production data comprises derivative process measure-

ments measured from the derivative physical production process.

In general, the derivative production settings may be determined in an arbitrary

manner. Preferably, the derivative production settings are also determined based
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on the applied precursor production settings. In other words, the derivative pro-
duction settings are determined based at least to some degree on the applied
precursor production settings. In particular, the derivative production settings may
be also determined based on the laboratory production data, the pilot plant pro-

duction data and/or the precursor production measurement data.

A preferred embodiment of the method of the invention is characterized in that the
recycling data comprises recycling process settings applied to the recycling process
and in that the recycling process settings are determined based on the applied
precursor production settings and the derivative production data. In this way, not
only are future precursor production settings improved but also the process set-
tings of the recycling process for the derivative product from the current precursor
charge. Preferably, the recycling process settings are also determined based on
the laboratory production data, the pilot plant production data, the logistics data

and/or the precursor production measurement data.

In principle, the recycling process may comprise recycling steps which are arbitrary
in kind and number. A further preferred embodiment of the method of the inven-
tion is characterized in that the recycling process comprises recovering at least
one substance from the derivative product and that the recycling data comprises
a recycling quality metric for describing a quality parameter of the recycling pro-
cess. The recycling process may also comprise a separation step in which recycling
components from the derivative product are sorted based on an identification of

the at least one substance to be recovered.

In principle, the recycling quality metric may describe an arbitrary quality param-
eter of the recycling process. According to a preferred embodiment of the method
of the invention, the recycling quality metric describes a quantity of toxic materials
generated in the recycling process and/or that the recycling quality metric de-
scribes a proportion of a substance that was recovered in the recycling process. It
is desirable to reduce or minimized the quantity of toxic materials generated in the
recycling process. On the other hand, it is desirable to increase or maximize the

proportion of a substance that was recovered in the recycling process.

In principle, the updated precursor production settings may have been determined

in order to improve an arbitrary part or aspect of the life cycle of the precursor
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charge and the derivative product. According to a further preferred embodiment
of the method of the invention, the updated precursor production settings are ob-
tained in order to improve the recycling quality metric. In other words, the pro-
duction even of the precursor charge is changed so that the recycling process be-

comes more efficient, less toxic, less complex or results in a higher recovery rate.

In principle, the information entered into the distributed ledger may be entered in
any form. A preferred embodiment of the method of the invention is characterized
in that the applied precursor production settings, the derivative production data
and the recycling data are entered into the distributed ledger as respective en-
crypted applied precursor production setting, encrypted derivative production data
and encrypted recycling data. In this way, the distributed ledger may be made
available to a large number of participants for entering data and having that en-
tered data secured against tampering while at the same making sure that the
dissemination of confidential information remains under the control of the party
that entered that information into the distributed ledger. It is further preferred
that the laboratory production data, the pilot plant production data, the logistics
data and/or the precursor production measurement data are entered into the dis-
tributed ledger as respective encrypted laboratory production data, encrypted pilot
plant production data, encrypted logistics data and/or encrypted precursor pro-

duction measurement data.

In general, the precursor charge may be transported to a single derivative produc-
tion facility for production of a derivative product. Here in particular, more than
one derivative product may be produced from the precursor charge. However, a
further preferred embodiment of the method of the invention is characterized in
that a respective derivative product is produced at at a plurality of derivative pro-
duction facilities through a respective derivative physical production process from
a respective part of the precursor charge, wherein the derivative production facil-
ities are each distant from the precursor production facility and to each other,
wherein respective derivative production data describing the derivative physical
production process are entered into the distributed ledger. It is to be noted that at
each of the derivative production facilities more than one respective derivative
product may be produced through a respective derivative physical production pro-
cess. Further, the respective derivative physical production process as well as the

derivative physical product produced at each derivative production facility may
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differ from each other to a degree which is in principle arbitrary. In this way, the
precursor charge may be used for a number of different derivative physical pro-
duction processes and the information obtained from each of these derivative

physical production processes kept in the distributed ledger and used for analysis.

According to a preferred embodiment of the method of the invention, the deriva-
tive production data from each derivative production process are entered into the
distributed ledger as respective encrypted derivative production data. In this way
it is ensured that derivative physical production processes undertaken by different
entities such as different companies can share the same distributed ledger without

having to publicize potentially sensitive information with competitors.

In principle, the recycling for all derivative products from a single precursor charge
may be undertaken at a single recycling facility. However, according to a further
preferred embodiment of the method of the invention, each derivative product is
recycled at a respective recycling facility, each distant from the derivative produc-
tion facilities and each other, through a respective recycling process, wherein re-
spective recycling data describing the respective recycling process are entered into
the distributed ledger. In this way also recycling data from different recycling fa-
cilities may be securely saved and used for analysis. Preferably, the recycling data
from each recycling process are entered into the distributed ledger as respective
encrypted recycling data.

Further advantageous and preferred features are discussed in the following de-
scription with respect to the Figures. In the following it is shown in

Fig. 1 a schematic overview of the components for carrying out an embod-
iment of the method according to the invention.

A precursor charge 1 of precursor material, which is here an isocyanate, is pro-
duced at a precursor production facility 2. Specific applied precursor production
settings 3 determine the precursor production process and therefore also proper-
ties of the precursor charge 1. The applied precursor production settings com-
prise a formulation which describes the ingredients 13 and their proportions
which are used for the production of the precursor charge 1. During the precur-

sor production process, precursor production measurement data 20 is also
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measured from the precursor production process. The applied precursor produc-
tion settings 3 and the precursor production measurement data 20 are encrypted

and entered into a distributed ledger 4, which is here a blockchain.

Prior to the production of the precursor charge 1, a laboratory charge 14 of pre-
cursor material with the same formulation and therefore with the same ingredi-

ents 13 as the precursor charge 1 is produced at a laboratory facility 15.

Also prior to the production of the precursor charge 1 but after the production of
the laboratory charge, a pilot plant charge 17 of precursor material also with the
same formulation and therefore with the same ingredients 13 as the precursor

charge 1 is produced at a pilot plant facility 18. The laboratory facility 15 and the
pilot plant facility 18 are distant from each other and from the precursor produc-
tion facility 2. Laboratory production data 16 from the laboratory production pro-
cess as well as pilot plant production data 19 from the pilot plant production pro-

cess are encrypted and entered into the distributed ledger 4.

After production, the precursor charge 1 is split into two parts, with each part
being transported to a respective derivative production facility 5a, b. At each of
the derivative production facilities 5a, b, the respective part of the precursor
charge undergoes a derivative physical production process which results in a re-
spective derivative product 6a, b, which is here a respective mattress.

Respective derivative production settings 21a, b are applied at each derivative
production facility 5a, b to determine properties of the respective derivative
product 6a, b. Those respective derivative production settings 21a, b were deter-
mined with the benefit of the applied precursor production settings 3, the labora-
tory production data 16, the pilot plant production data 19 and the precursor
production measurement data 20. In this way, the derivative physical production
process may be adjusted to compensate for any peculiarities or deviations which
may be determined on the basis of the applied precursor production settings 3,
the laboratory production data 16, the pilot plant production data 19 or the pre-
cursor production measurement data 20. In order to be able to access that data,
the respective operator of the derivative production facilities 5a, b is given ac-
cess to the distributed ledger 4 as well as a key for decrypting that aforemen-
tioned data which was entered into the distributed ledger 4 in encrypted form.
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After production, the derivative production settings 21a, b as well as derivative
process measurements 22a, b, which together form respective derivative produc-
tion data 7a, b, are also encrypted and entered into the distributed ledger 4.
Also, the derivative products 6a, b are transported to warehouses, to points of

sale and finally to customers and stay in use there for a number of years.

Eventually, each derivative product 6a, b is transported to a respective recycling
facility 8a, b for recycling. The recycling process at each recycling facility 8a, b
comprises identifying certain kinds of polyurethane and recovering each kind as
completely and as accurately as possible for each derivative product 6a, b. The
recycling process is determined by recycling process settings 23a, b. In an ap-
proach that is analogous to the determination of the derivative production set-
tings 21a, b, the respective operator of the recycling facility 8a, b is given access
to the distributed ledger 4 as well as the necessary key or keys for decrypting
the data therein. Thereby, the applied precursor production settings 3, the labor-
atory production data 16, the pilot plant production data 19, the precursor pro-
duction measurement data 20 and the derivative production data 7a, b may be
analyzed in order to optimize the recycling process settings 23a, b to apply to
the recycling process. A respective recycling quality metric 24a, b is determined
which describes and quantifies the amount of the specific polyurethanes that was
recovered in the recycling process. The recycling quality metrics 24a, b together
with the recycling process settings 23a, b form respective recycling data 9a, b,
which is also encrypted and entered into the distributed ledger 4.

An analysis system 4 with access to all necessary keys to decrypting the en-
crypted data entered into the distributed ledger 4 retrieves and decrypts this
data and applies it to a computational modeling system 12. With the benefit of
this extensive data from different stages leading up to the recycling of the deriv-
ative products 6a, b, the computational modelling system 12 is able to determine
updated precursor production settings 11 which are able to improve the recycling
process in the sense quantified by the recycling quality metrics 24a, b. These up-
dated precursor production settings 11 may be used for the production of the

next precursor charge.
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Claims

1. Method for improving a physical production process, wherein a precursor
charge (1) of precursor material is produced at a precursor production fa-
cility (2) through a precursor production process based on applied precur-
sor production settings (3), wherein a derivative product (6a, b) is pro-
duced at a derivative production facility (5a, b) through a derivative physi-
cal production process from at least part of the precursor charge (1),
which derivative production facility (5a, b) is distant from the precursor
production facility (2), characterized in that the derivative product (6a,
b) is recycled at a recycling facility (8a, b) through a recycling process,
which recycling facility (8a, b) is distant from the derivative production fa-
cility (5a, b), wherein the applied precursor production settings (3) of the
precursor production process, the derivative production data (7a, b) de-
scribing the derivative physical production process and recycling data (9a,
b) describing the recycling process are each entered into a distributed
ledger (4), wherein an analysis system (10) retrieves and enters the ap-
plied precursor production settings (3), the derivative production data (7a,
b) and the recycling data (9a, b) from the distributed ledger (4) to a com-
putational modelling system (12), which computational modelling system
(12) describes a computational relationship between the derivative pro-
duction data (7a, b), the precursor production settings (3) and the recy-
cling data (9a, b), to obtain updated precursor production settings (11),
and wherein the updated precursor production settings are applied to a
next precursor production process to obtain a next precursor charge of

precursor material.

2. Method according to claim 1, characterized in that the applied precursor
production settings (3) comprise a precursor formulation for specifying in-
gredients (13) for the production of the precursor charge (1) of precursor

material.

3. Method according to claim 1 or 2, characterized in that a laboratory charge
(14) of precursor material is produced at a laboratory facility (15) in a la-
boratory production process and that laboratory production data (16) de-

scribing the laboratory production process are entered into the distributed
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ledger (4), preferably, that the laboratory production data (16) comprise
the precursor formulation, in particular, that the analysis system (10) re-
trieves the laboratory production data (16) from the distributed ledger (4)
and also enters it to the computational modelling system (12) and that the
computational relationship also includes the laboratory production data
(16).

4. Method according to one of claims 1 to 3, characterized in that a pilot
plant charge (17) of precursor material is produced at a pilot plant facility
(18) in a pilot plant production process and that pilot plant production data
(19) describing the pilot plant production process are entered into the dis-
tributed ledger (4), preferably, that the pilot production data (19) com-
prise the precursor formula, in particular, that the analysis system (10) re-
trieves the pilot plant production data (19) from the distributed ledger (4)
and also enters it to the computational modelling system (12) and that the
computational relationship also includes the pilot plant production data
(19).

5. Method according to one of claims 1 to 4, characterized in that the deriva-
tive product (6a, b) is transported in a logistics process and that logistics
data describing the logistics process are entered into the distributed ledger
(4), preferably, that the analysis system (10) retrieves the logistics data
from the distributed ledger (4) and also enters it to the computational
modelling system (12) and that the computational relationship also in-

cludes the logistics data.

6. Method according to one of claims 1 to 5, characterized in that precursor
production measurement data (20) measured from the precursor produc-
tion process are entered into the distributed ledger (4), preferably, that
the analysis system (10) retrieves the precursor measurement data (20)
from the distributed ledger (4) and also enters it to the computational
modelling system (12) and that the computational relationship also in-

cludes the precursor production measurement data (20).

7. Method according to one of claims 1 to 6, characterized in that the deriva-
tive production data (7a, b) comprises derivative production settings (21a,

b) applied to the derivative physical production process, preferably, that
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the derivative production settings (21a, b) are also determined based on
the applied precursor production settings (3), preferably, that the deriva-
tive production settings (21a, b) are also determined based on the labora-
tory production data (16), the pilot plant production data (19) and/or the
precursor production measurement data (20).

8. Method according to one of claims 1 to 7, characterized in that the recy-
cling data (9a, b) comprises recycling process settings (23a, b) applied to
the recycling process and that the recycling process settings (23a, b) are
determined based on the applied precursor production settings (3) and the
derivative production data (7a, b), preferably, that the recycling process
settings (23a, b) are also determined based on the laboratory production
data (16), the pilot plant production data (19), the logistics data and/or
the precursor production measurement data (20).

9. Method according to one of claims 1 to 8, characterized in that the recy-
cling process comprises recovering at least one substance from the deriva-
tive product (6a, b) and that the recycling data (9a, b) comprises a recy-
cling quality metric (24a, b) for describing a quality parameter of the recy-
cling process.

10.Method according to claim 9, characterized in that the recycling quality
metric (24a, b) describes a quantity of toxic materials generated in the re-
cycling process and/or that the recycling quality metric (24a, b) describes

a proportion of a substance that was recovered in the recycling process.

11.Method according to claim 9 or 10, characterized in that the updated pre-
cursor production settings (11) are obtained in order to improve the recy-

cling quality metric.

12.Method according to one of claims 1 to 11, characterized in that the ap-
plied precursor production settings (3), the derivative production data (7a,
b) and the recycling data (9a, b) are entered into the distributed ledger
(4) as respective encrypted applied precursor production setting (3), en-
crypted derivative production data (7a, b) and encrypted recycling data
(9a, b), preferably, that the laboratory production data (16), the pilot

plant production data (19), the logistics data and/or the precursor
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production measurement data (20) are entered into the distributed ledger
(4) as respective encrypted laboratory production data (16), encrypted pi-
lot plant production data (19), encrypted logistics data and/or encrypted
precursor production measurement data (20).

13.Method according to one of claims 1 to 12, characterized in that a respec-
tive derivative product (6a, b) is produced at a plurality of derivative pro-
duction facilities (5a, b) through a respective derivative physical produc-
tion process from a respective part of the precursor charge (1), wherein
the derivative production facilities (5a, b) are each distant from the pre-
cursor production facility (2) and to each other, wherein respective deriva-
tive production data (7a, b) describing the derivative physical production
process are entered into the distributed ledger (4).

14.Method according to claim 13, characterized in that, in that the derivative
production data (7a, b) from each derivative production process are en-
tered into the distributed ledger (4) as respective encrypted derivative
production data (7a, b).

15.Method according to claim 13 or 14, characterized in that, wherein each
derivative product (6a, b) is recycled at a respective recycling facility (8a,
b), each distant from the derivative production facilities (5a, b) and each
other, through a respective recycling process, wherein respective recycling
data (9a, b) describing the respective recycling process are entered into
the distributed ledger (4), preferably, in that the recycling data (9a, b)
from each recycling process are entered into the distributed ledger (4) as
respective encrypted recycling data (9a, b).
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