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Deliverable 3.2

Executive summary

This deliverable identifies and characterizes the procedures and technologies associated to the valorisation of the
100 Synergy types selected as most promising at European level in D3.1. The Technology database developed
includes the description and technical characterization of both, implemented solutions at industrial scale and
emerging technologies. Besides the procedure/technology characterization, relevant information to support its
economic and environmental assessment (T3.5 and T3.4) is presented. The technical viability of the solutions
presented considers its usability at industrial scale and its commercial availability as main decision criteria. The
final evaluation of their European potential will be carried out in T3.6 and will include its economic, social and
environmental impacts assessment.
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Abbreviations

BREF: Best Available Techniques Reference Document
BOF: Basic Oxygen Furnace

BF: Blast Furnace

BFG: Blast Furnace Gas

COG: Coke Oven Gas

DPM: Deodorized and sanitized Poultry Manure
EAF: Electrical Arc Furnaces

IS: Industrial symbiosis

LCP: Large Combustion Plant

ORC: Organic Ranking Cycle

P: Process

QTT: quantitative

QLT: qualitative

S: Sector

SS: Subsector

TDB: Technology Database
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Deliverable 3.2

Definitions

This section gives the definition of the main terms used in this deliverable.

Technology Database: Easy to access and organised data collection that Collection of data organized to be easy
accessed and provide information related to the technical characterisation of procedures and technologies
necessary required to the implementation of Industrial Symbiosis synergy types.

Synergy type: Type of synergy material/energy exchange that can be applied in the industries having the same
output (for the sender industry) and input flows (for the receiver industry) and scaled up for the many different
sites in Europe.

Direct synergies: Synergies cases where for which the “stream is directly used, or with light technology (e.g.
crusher, packaging, transport, storage, collection/distribution), as a substitute from a raw one (substitution)” D3.1.

Indirect synergies: Synergies cases for which “the stream requires a modification or a treatment (e.g. extraction,
separation, purification, cleaning or transformation) It can be done either by an involved stakeholder or a third
party” D3.1.

Procedure: Correspond to the generic description of all a set of processes (including technologies) involved in a
synergy type from the by-product/waste until its final recovery/utilization at the receiving sector. Note: the word
“Procedure” was is used in substitution to the word “Technic” initially referred in the proposal of the project, in
order to reduce possible misunderstandings due to its similarity with the word “Technology”.

Technology: Correspond to a specific equipment/ machine that allows to recover some element of interest from a
flow with or without previous pre-treatment processes.

Post treatment: In case a technology is used, it corresponds to any necessary treatment necessary post technology
application to improve the final quality of the element of interest or make the stream characteristics compliant
with the receiver industry/process.

Transport: Correspond to specific needs for the stream transportation from sender to receiver industrial sector or
facility involved in the synergy type.

Technical Viability: Correspond to the final technical assessment of procedures/technologies using evaluation
criteria. Availability at commercial level and usability at industrial scale are the two main criteria analysed. Final
GO or NO/GO decision confirms it’s the technical viability or not for synergy type valorisation.

SCAL E R
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Introduction

The SCALER Project major challenge is to scale up the uncovered potential behind physical resources by the
valorisation of materials, infrastructures, logistics and technologies associated to intersectoral symbiotic relations
at European level. The promotion of synergic processes between industrial sectors is deeply associated to the
identification and characterization of the processes involved. Aiming to assess the full potential of the most
promising, large scale, 100 intersectoral IS synergies types in Europe, SCALER WP3, divided into 6
interconnected tasks, targets the identification of the best available and emerging procedure and technologies for
IS synergy type implementation by assuring their technical and economic viability as well as their positive
environmental and social impacts.

Within the 100 synergies potential analysis, procedures and technologies play a crucial important role in the
process. This deliverable (D3.2: Technology Database template and guide for update) introduces the results from
T3.3 (Technology database for synergy setups). It details and provides the technical evaluation assessment ofon
the procedures and technologies associated to the 100 synergies pre-identified in D3.1. The information presented
for each synergy type includes: (i) the general description of the procedures and technologies; (ii) logistics and
transportation overview and (iii) basic cost analysis needed to intersectoral stream valorisation. This valorisation
considers the direct use of by-products by different receiving industrial sectors (with low technical complexity
intermediary process required) or the indirect utilization of recovered elements of interest from raw by-products
stream (with higher technical complex intermediary process associated).

The procedures and technologies were identified and evaluated with the support of available technical documents
(BREFs, scientific publications, technical brochures, among other sources) as well as the inputs from Deliverable
D2.2 (The role of intermediaries and key enabling technologies for ideation and implementation of industrial
symbiosis). The deliverable outcomes will feed tasks T3.4, T3.5 and T3.6 namely environmental assessment,
economic assessment and IS potential at European level. The final evaluation result from D3.1 on the technical
viability analysis considers the commercial availability and development level together with industrial usability
of valorisation procedures and technologies as main decision inputs.

This deliverable is organised as follows:
- Section 1 describes the TDB characterization, the main objective and the variables definition framework
- Section 2 details the methodological approach used to characterize the 100 procedures

- Section 3 provides the resume table of the procedures and technologies associated to the 100 synergy
types

- Section 4 provides a statistical analysis and discussion of the TDB data regarding the technical evaluation
of the 100 synergy types.

- Section 5 presents guidelines for TDB utilization and upgrading
- Section 6 presents the main conclusions of the present work

References are given in Section 7.
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1. TDB characterization

1.1 Framework

In the sequence of previous task T3.2 and deliverable D3.1 (100 most promising synergy types definition) and
looking for the main WP3 objective which is to assess their EU potential level (T3.6); a multicriteria decision-
making process was defined, as can be seen in Figure 1. Each synergy type is analysed concerning three main
factors: (i) its technical viability (T3.3); (ii) its economic potential (T3.4) and (iii) the environmental impacts
(T3.4). The expected results obtained per task are finally defined as GO/NOGO decision (GO refers to a positive
assessment and NOGO to a negative assessment) based on specific criteria, methodology and variables used. The
selection of the most promising synergy types, which will be submitted to further and extensive environmental
and economic assessment, results from the joint analysis of the above referred factors.

_ | Economic potential:

|
i GO/
(Resource market value) |§ » NO GO
P | Je |
g tqaﬂé T3.5
1 [Listof100 | r — ] 5 e mmm——
‘ List 190 —! Procedures/ @ |_"/_ _;_____iTechnicaIviabiIit\,r: @ GO/ ! =r—=, Mostpromissing
L Synergies Technologies N\ I i[Availabilitnysabiiity} NO GO, [ ' synergiesout of 100
T3.2 73.3 L T3.3 il ] '
(D3.1) \x‘ |
\ Environmental impacts: GO/ | :
NO GO

| (Resource LCA) Quantis
T3.4

Assessmentof the IS
potential at EU level

' T3.6

Figure 1 — Interdependences, inputs and outputs of T3.3 in WP3

In this context, there are two main expected outputs from T3.3. To characterize and define the technical viability
of the procedures/technologies and to provide required data for the environmental and socio-economic
assessment. The expected result of task 3.3 is a single completed TDB, able to provide all necessary information
including the general description of the relevant technologies, the associated synergies, the industrial sectors
involved and quantitative data on associated investment and operating/operational costs. In this context, and
considering the 100 synergy types involved and the dependences on provided data, three main objectives were
defined for the TDB:

v’ 1) Categorize the identified synergy typologies
v' i) Compile generic procedures and technologies per synergy category;
v’ iii) Estimate expected investment and operating costs.

To reach these objectives, three interconnected but independent data sets were created to organize and present the
information. This separation allows the end users to analyse data in a structured and organized manner. Table 1
shows the links between objectives, data set identification and information provided.

SCALING EUROPEAN RESOURCES WITH INDUSTRIAL SYMBIOSIS
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Table 1 - TDB Objectives and information of the datasets structure

TDB Data set Information provided Input Information
Objective identification
i) Synergy Structure Data set 1 Characterize the synergy type: T2.2 (Best Practices on IS); T2.3 (The role of
Sender/Receiver/Technical Objective Enabling Technologies);
T3.2 (most IS promising cross-sectorial
synergies).
ii) Procedures and Data set 2 Characterize Procedures/ Technologies, | BREF/PAPERS/TECHNICAL
technologies Logistics and their final technical BROCHURES/BOOKS/OTHER SOURCES
viability assessment
iii) Characterization and | Data set 3 Qualitative and quantitative data for BREF/PAPERS/TECHNICAL
Costs cost analysis, inputs and outputs BROCHURES/BOOKS/OTHER SOURCES

Besides the two main outputs and technical objectives described before, the TDB template was developed to fulfil
the lack of dedicated tools focused on procedure/technology characterization and decision-making support. In this
context, several tools dedicated to resource mimicking/matching based on sender/user requirements are available
at European level, but no support decision tools for procedure/technology selection were found. The same
situation was found on the unavailability of integrated information sources to fully support decision process. In
this sense, the TDB compiles qualitative, quantitative and relevant contextualization information for decision
making on technology selection. The TDB was also developed thinking on the future connectivity between multi
IS platforms using common identification references and flexible search keywords based on the by-product,
sender/receiver process or element of interest.

1.2 Variable definition

The TDB variables definition process considered two complementary approaches; i) the information presented
should provide inputs for the three datasets characterization and technical viability analysis; ii) provide technical
information for the economic and environmental impacts assessment. Figure 2 resumes the multivariable approach
scheme considering TDB variables outputs.

TDB VARIABLES
Definition
4 v ) ~
v Input for TDB v" Input for v" Input for
Datasets i) ii) Environmental Economic
and iii) Assessment Assessment

Figure 2 — TDB Variables definition scheme

To solve the requirements on variable definition, quantitative (QTT) and qualitative (QLT) variables are
considered. QTT variables refer to those inputs needed for specific calculations and quantitative evaluations. QLT
variables are those associated to support decisions and general understandings associated to the process or
technologies. QTT variables are mostly required to support the economic and life cycle assessment. Major part of
gathered information is QLT and was divided all over the 3 datasets. Table 2 resumes all variables included in the
TDB, their association with the datasets, the information provided by their analysis, their characterization as QTT
or QLT, the inputs source and the expected end users within the project.

SCALING EUROPEAN RESOURCES WITH INDUSTRIAL SYMBIOSIS
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Table 2 - Resume table of variables used in the TDB template

VARIABLE NAME DATA INFORMATION PROVIDED QTT QLT INPUT INFO. END
SET SOURCE USER
SYNERGY ID NUMBER 1 Synergy ID N.AD N.AD D3.1 WP3
BY-PRODUCT 1 by-product ID X D3.1 WP3
H STATE OF MATTER 1 ID Physical State of the by-product X D3.1 WP3
g ELEMENT OF INTEREST 1 Defines which is the valuable part to recover from by-product X D3.1 ‘WP3
'g SENDER SECTOR AND 1 Defines synergy sender sector and process X D3.1 ‘WP3
3 PROCESS
E RECEIVER SECTOR AND 1 Defines synergy receiver sector and process X D3.1 WP3
o PROCESS
g>5 TECHNICAL OBJECTIVE 1 Resumes the technical objective of the procedure or technology X D3.1 WP3
§ RESOURCE EXCHANGED 1 Defines if energy/water or materials were exchanged X D3.1 WP3
\ TYPE OF SYNERGY 1 Defines if the synergy is DIRECT/INDIRECT* X D3.1 WP3
IDENTIFICATION 1 Describe the identification sources on synergy validation X D31 WP3
SOURCE
IDENTIFICATION 2 An equation resumes the various processes involved: Pre- X Own methodology ® T3.4
treatment (PT), Technology (T) and Post treatment (POT)
PROCEDURE (P) 2 Generic description of all processes involved from the by- X BREF/papers/ T3.4
(Name and description) product/waste stream until its final recovery/utilization use technical
brochures/books/other
sources
TECHNOLOGY (T) 2 Describes if the technology/equipment that allows the valorisation X BREF/papers/ T3.4
(Name and description) process is applicable technical
g brochures/books/other
= sources
3 POST TREATMENT (POT) 2 In case a technology is used, it describes any treatment necessary X BREF/papers/ T3.4
K] (YES/N.A/NO and post technology application. A initial YES/N.A/NO define need technical
g description) on Non Applicability brochures/books/other
5 sources
°>‘2 COMPLEMENTARY 2 Any other relevant information concerning P/T/POT interpretation X BREF/papers/ T3.4
B INFORMATION technical
E brochures/books/other
g sources
& CHARACTERIZATION 2 Identify if the following analysis correspond to the full procedure X Own methodology T3.4;
g (Identification) (P) or Technology (T) previous presented. "1’"1“3%,56;
o J.!
;5 CHARACTERIZATION 2 Identify where can the Procedure or Technology take place. X Own methodology T34
§ (Site/Ext Facility/receiver) Sender site, external intermediary facility or receiver site. T3.5;
£ T3.6
CHARACTERIZATION 2 Corresponds to the productivity that a Procedure or Technology X BREF/papers/ T3.5
(Yield range) can achieve in a defined period of time. All data obtained is technical T3.6
referenced to the origin source brochures/books/other
sources
CHARACTERIZATION 2 Corresponds to the maximum amount of the element of interest/ X BREF/papers/ T3.5
(Recovery rate) by-product that can be valorised from the by-products/waste technical T3.6
stream. All data obtained is referenced to the origin source brochures/books/other
sources
TRANSPORTAT 2 Identifies the needs or non-applicability on transport requirements X BREF/papers/ T34
(YES/NO/N.A.) technical T3.5;
brochures/books/other T3.6
sources
B MEAN OF TRANSPORT 2 Identifies the possible means of transportation associated to the X BREF/papers/ T3.4;
& by-product or element of interest. Boat transportation was not technical T3.5;
§ considered in the actual analysis at European level. brochures/books/other T3.6
= sources
DESCRIPTION 2 Describes specificities or approaches dealing with transportation X BREF/papers/ T3.4;
technical T3.5;
brochures/books/other T3.6
sources
AVAILABILITY - 2 Identifies with a YES/NO result if the procedure/technology is X BREF/papers/ T3.5;
Commercially available commercially available. The result obtained is referenced to the technical T3.6
origin source brochures/books/other
g sources
% USABILITY — 2 Identifies with a YES/NO result if the procedure/technology is X BREF/papers/ T3.5;
ot Industrial scale already used at industrial scale. The result obtained is referenced technical T3.6
= to the origin source brochures/books/other
= sources
B FINAL COMMENTS 2 Any other relevant information concerning previous viability X BREF/papers/ T3.5;
analysis interpretation technical T3.6
brochures/books/other
sources
GO/NOGO 2 Shows the final technical viability assessment results X BREF/papers/ T3.6
H (Technical viability) (GO/NOGO). This input will be used for the final assessment technical
g together with the socio-economic and environmental assessment. brochures/books/other
3 sources
=
8
g
iz
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VARIABLE NAME DATA INFORMATION PROVIDED QTT QLT INPUT INFO. END
SET SOURCE USER
PROCEDURE/ 3 Identifies the most relevant cost associated to the valorisation X Own methodology T3.5;
@ TRANSPORT process to support decision making Industrie
8 s
q>)~.
N
REQUIRED 3 Refers to generic requirements of the technology or procedure. X BREF/papers/ T3.4
SPECIFICATIONS Can deal with by-products or other inputs technical
brochures/books/other
sources
” 3 Defines the heat demand associated to the selected X X BREF/papers/ T3.4
E. HEAT DEMAND procedure/technology. Fuel or electrical requirements can be technical
5 considered. The results presented are referenced to the origin brochures/books/other
2 source. sources
% 3 Defines the electricity demand associated to the selected X X BREF/papers/ T3.4
i ELECTRICITY DEMAND procedure/technology. The results presented are referenced to the technical
3 origin source. brochures/books/other
E sources
;5 3 Defines the water demand associated to the selected X X BREF/papers/ T3.4
8 WATER DEMAND procedure/technology. The results presented are referenced to the technical
c% origin source. brochures/books/other
sources
OTHER NECESSARY 3 Defines the needs on any material/product required for the X BREF/papers/ T3.4
PRODUCTS selected procedure/technology. The results presented are technical
referenced to the origin source. brochures/books/other
sources
OPEX 3 Refers to the operational expenditure associated to the X X BREF/papers/ T3.5;
(Range) Procedure/technology operation. The results presented are technical Industrie
referenced to the origin source. brochures/books/other s
sources
= CAPEX 3 Refers to the capital expenditure associated to the X X BREF/papers/ T3.5;
§ (Range) Procedure/technology implementation. The results presented are technical Industrie
g referenced to the origin source. brochures/books/other s
g sources
§ ROI/PBP/USEFULL LIFE 3 Return of Investment, Pay Back Period or Useful Life of X X BREF/papers/ T3.5;
fsj procedure/technologies are considered as alternative cost technical Industrie
o evaluation data sources to OPEX/CAPEX. The results presented brochures/books/other s
g are referenced to the origin source. sources
g COMMENTS 3 Any other relevant information concerning previous economic X BREF/papers/ T3.5;
& analysis interpretation technical Industrie
brochures/books/other s
sources
CO2 EMISSIONS 3 X X BREF/papers/ T3.4
Refers to the emissions of CO2 associated to the procedure/ technical
gz} technology used brochures/books/other
3 sources
% » RESIDUES 3 X X BREF/papers/ T3.4
é Z, Refers to the produced residues associated to the procedure/ technical
° g technology used brochures/books/other
3 sources
§ OTHER RELEVANT 3 X X BREF/papers/ T3.4
£ PRODUCTS Refers to any other products/by-products produced by procedure/ technical
technology used brochures/books/other
sources

SCALING EUROPEAN RESOURCES WITH INDUSTRIAL SYMBIOSIS
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2. Methodology
2.1 General approach

Once the required variables were defined, a systematic methodological approach was needed to obtain the
correspondent data and characterize each procedure and technology associated to the 100 synergy types. Figure 3
resumes the sequential steps and the three information levels of information of the methodological approach used
for TDB data completion.

List of 100 Synergies

Level 1 Analyse a!l info
! initially provided per
Synergy

! Characterize
1| sender by Product

Characterize |
receiver by Product
L. requirements i

| Level 2 valorisation Procedure |

Analyse Availability/ I i Y e Key costs
Usabilit | 5 T ; i Identificati
el ] Characterize Characterize i il Lok
v i | valorisation Technology Transport '
Technical viability RIS s S e e
GO/NOGO

H ‘ Characterize INPUTS ‘ H

L

: [ Characterize OUTPUTS ‘ ;

¥

.\ ‘ Characterize COSTS ‘ :

Figure 2 — General methodology for TDB data completion
Starting from the initial list of 100 synergy types, the first level considered three main steps:

*  The first one compiled and analysed all information available from D3.1 and looked for any incoherence
in synergy identification. The final objective was to create a global understanding of the synergy flow
and processes for further analysis. During the analysis, some information duplicities were found due to
synergy similarities, a problem solved by information exchange and data crosscheck.

* The second step identified and characterised in detail the raw by-product, the sender sector, the
production process involved and their technical and physicochemical properties (BREF documents were
the main source of information).

* The third step focused on the analysis of the quantity and quality requirements needed in the receiving
sector/process. The identification and validation of compatibilities between raw by-products and
elements of interest between sectors/processes is a core stage (Level 1).

Due to the variability of sender and receiver sector processes, states of matter and elements of interest involved
on the 100 synergy types, several technical issues requiring further research were identified. Innovative synergies
discovered by Strane methodology within the work carried out in Tasks T3.1 and T3.2 were the most challenging
as no significant literature background was available.

SCALING EUROPEAN RESOURCES WITH INDUSTRIAL SYMBIOSIS



Deliverable 3.2

Once the sectors/processes, by-products and elements of interest involved were clearly identified, the next level
(Level 2) focused on the identification of procedures and technologies associated to a possible valorisation and
further synergy validation. In this context, it is important to differentiate between procedure and technology (See
section 2.2). In resume, procedure refers to a full set of processes/steps from initial raw by-product to the final
recovery/valorisation of elements, while technology refers solely to a specific and dedicated process/machine with
a specific technical purpose. During the analysis carried out, existing and emerging procedures and technologies
were considered to increase the scope of the TDB. Together with a further logistic analysis based on by-product
transportation requirements, two main results outcomes from this stage: (i) the final technical viability analysis
(considering its usability and availability) and (ii) the key cost identification (Procedure/Technology or
transportation).

The third Level, focused on the INPUT and OUTPUT characterization of the procedure/technologies and the
identification of associated implementation and operation costs. All variables presented in section 1.2, were
characterized in the TDB template and all origin sources of information referenced.

2.2 Direct/Indirect Synergies

From deliverable D3.1, a full set of 100 synergy types was the main input for the work undertaken in task T3.3.
Besides the different sectors and technical aspects, an important differentiation was established before further
characterization. Synergies were classified in two groups:

*  Direct synergies, corresponding to cases where the “stream is directly used, or with light technology
(e.g. crusher, packaging, transport, storage, collection/distribution), as a substitute from a raw one
(substitution)”,

* Indirect synergies, “if the stream requires a modification or a treatment (e.g. extraction, separation,
purification, cleaning or transformation) It can be done either by an involved stakeholder or a third
party “(Scaler D3.1).

Considering that the main objective of task T3.3 was the full characterization of synergy processes and
technologies, the differentiation between direct and indirect synergy types required two different approaches for
their technological characterization. The following subsections focus individually these two approaches.

2.2.1 Indirect Synergies

Initially 52 out of 100 synergy types were considered indirect before the technical viability analysis on task T3.3.
Figure 4 shows the logic behind the indirect synergies interpretation used during the technical characterization.

Element
to recover
(B1)
Industry 1 1 S Industry 2

By PROCEDURE (P) Element

Product {0 recover s

&

(A1) ; ; (B2)

GENCER Process1 Process?2 Process n... RECEIVER

Figure 3 — Interpretation of indirect synergy types
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The sender sector, normally associated to a specific industrial site (Industry 1) emits a by-product Al which
contains valuable elements of interest (B1) that can be recovered (B2) and used by Industry 2, the identified
receiver site. To extract those elements of interest it is necessary to implement a procedure (P). This procedure
considers all processes associated with such valorisation. Three main stages can be generally associated to a
procedure:

(i) a pre-treatment (PT) stage where different processes can be applied to the by-product Al;
(i) a specific recovery technology (T) to recover the element of interest after required pre-treatment
processes;
(iii) a post-treatment (PT) process in case specific actions should be necessary after technology application
and before its final utilization.

Figure 5 shows the three possible valorisation routes for indirect synergy types procedure valorisation.

Process 1 Process 2 » Process 3 Process 4 *Processn... Processn ...
By
Product —+ PRE TREATMENT (PT) | | TECHNOLOGY (T) || POST TREATMENT (POT) | Element
(A1) = ey _ to recover

(B2)
Figure 4 — Valorisation routes for Indirect Synergy types procedure stages

Even though all stages can be part of the procedure, their applicability will be always associated to the specificities
of each synergy type. To simplify the identification of the stages involved in each procedure (variable
identification of the TDB), Equation 1 is used to define the generic indirect synergy type stages.

Eq.1 Procedure (P) = Pre Treatment (PT) + Technology (T) + Post Treatment (PT)

Note that the identification of variables at the TDB use the above presented nomenclature for process
identification.

2.2.2 Direct Synergies

From the 100 synergy types 48 were initially identified as direct. In the opposite to indirect synergies, the main
focus is not the recovery of a particular element (B1) but mostly the direct utilization of the by-product (A1) from
Industry 1 to Industry 2 without significant changes on its original physicochemical constitution. In this procedure,
some basic mechanical and physicochemical treatment might be necessary before its utilization in Industry 2,
together with transportation. These are the most relevant processes associated to the procedure (P). Figure 6
resumes the schematic valorisation steps involved in direct synergy type.
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Element ) Element
to recover to recover
Process 1 + Process n...
(B1) (B2)
{ Industry 1 | Industry 2,
\ By PROCEDURE (P) By :
1 = Product ) Product :
. (A1) Transport + Basic processes (A1) ;
D e e i e i et i o i - o R e i o e i e e R e e i i i ]
SENDER RECEIVER

Figure 5 — Interpretation of direct synergy types

For synergies where basic procedures are necessary before by-product final utilization, these can be considered
as pre-treatment (PT) or technology (T). Pre-treatment will refer to a group of sequential process that cannot be
dissociated from each other, while technology corresponds to a single process associated to a specific equipment
that will perform independently. As shown in Figure 7 by-product utilization is the focus for direct synergy types
and no post treatment is considered. In the cases where, through deeper research, a complex technology/procedure
(type, quantity of equipment/machine/treatment, investment required) was identified to treat the flow and recover
the element, the synergy classification was updated to indirect.

It should be noted that the considered complexity level of the procedure/technology necessary for the
implementation of each specific synergy type might be of subjective nature or depend on the level of integration
in any given industrial sector. For instance, a procedure/technology could be already being implemented in an
industrial sector but with limitations, or higher complexity, in another industrial sector.

Moreover, it is possible to identify cases where no specific elements of interest need to be recovered but rather
the removal of certain components/impurities that otherwise prevent or greatly reduce the valorisation potential
of the by-product. In this case, the synergy could be also changed to indirect, although its direct valorisation was
also possible with certain limitations. As an example, substantial manufacturing adaptations (equipment or
process) affecting the quality of the final product and therefore its application level.

" Process 3 Mn,.,%,. ~Elems

Y

Product [ TECHNOLOGY (T) |+ POST IREATMENT (POT) | . ‘f}\gﬁ
(A1) Process 1 Processn... - = (B2)

"[ PrE TREATMENT (PT) | i .

By
* Product
(A1)

Figure 6 — Valorization routes for direct synergy procedure stages

Nonetheless, the generic indirect synergy in all TDB is defined by Equation 2. Note that the identification of
variables at the TDB use the presented nomenclature for process identification:

Eq2. Procedure (P) = Pre Treatment or Technology (T)
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2.2.3 Application on TDB

In the sequence of the synergy classification criteria presented in the previous section, some necessary practical
approaches for its characterization and use were established. Table 3 resumes the different methodological
approaches used for Direct and Indirect synergy type analysis.

Table 3 - Resume table of Direct vs Indirect synergies type methodological analysis

Synergy Main focus Technical Procedure Quantitative variables Cost analysis Clustering

Type complexity involved organization

Indirect Element High PT+T+ Yield / Recovery rates/ OPEX /CAPEX/ By sender
recovery POT Heat/Electricity/Water Transport sector

Direct By-product Low PorT Mostly N.A OPEX/CAPEX* By receiver
Utilization Recovery rates* Transport sector

*Only available for synergies with technology associated

Indirect synergies valorisation routes are mostly based on element recovery rather than by-product utilization. The
associated procedures includes a wide variety of processes and technologies involved with higher technical
complexity levels. Capital and operational costs must be considered to procedure/technology characterization, and
quantitative key data should include technology yield and recovery rates.

To simplify synergy technical analysis and further data acquisition, indirect synergy types were initially sub
grouped by sender sector. This approach was used since element recovery is highly dependent on raw by-product
characteristics (associated to sender sector and process). The receiver sector is mostly an end user of the recovered
element of interest. This methodology intends to agile the analysis of technical documentation often available by
industrial sector. In short, the presented subgrouping was used to simplify the analysis of Step 2 in Level 1 (Figure
3).

Direct synergy types valorisation routes are mostly based on by-product utilization. Basic pre-treatment and
technological procedures might be associated, while trans