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Annex C
(informative)

Use Cases of diagnosis (step 0) and planning (step 1) of Nanomanufacturing
Pilot Lines of the INNOMEM project (EU-project INNOMEM- GA 862330).

C.1 Introduction

This Annex C shows two use cases of the INNOMEM project (GA N2 814581) where NPLs used the SNF
for the initial diagnosis of the sustainability of their processes and to draft their improvement plans.

C.2 Use Case 1: Diagnosis (Step 0) and Planning (Step 1) performed in a
Nanomanufacturing Pilot Line dedicated to the Mixed Matrix Hollow Fiber
Membranes production

C.2.1 General

As a practical use case, Table C.1, Figure C.1, Figure C.2 and Table C.2 summarize the results of the
diagnosis performed with the SNF in the INNOMEM NPL1, dedicated to the manufacture of mixed matrix
hollow fiber membranes. A MMM HFs is a hollow fiber of less than 0.6 mm outside diameter made by a
polymer in which Metal Organic Frameworks has been added.

C.2.2 NPL1 in brief

In short, NPL1 is a TRL6 Mixed Matrix HF spinning system for gas separation membrane manufacturing
able to produce single and dual layer mixed matrix membranes for improving the permeability and
selectivity in gas separation. After upgrading, continuous production will be possible with higher
production capacity and at higher spinning temperature. Online monitoring of spinning parameters is
foreseen

C.2.3 SNF customization and results

NPL1 customized the diagnosis of the SNF model, selecting the 3 SDs and six of the nine SIs (“nano

airborne emissions”, “energy” and “economic performance” were not selected as priorities at this time).
See Table B.1.

Regarding Sustainability Management in NPL1, relevant management practices have been
implemented in the OHS, Environmental and Economic dimensions (Figure B.1). Hot spots and streams
connected with nano-OHS, nanomaterials and nanoproducts, nano-wastewaters, and nano-wastes have
been identified and evaluated in the NPL. A high increase of digitization will be reached in the NPL by the
end of the project. The results (%) obtained for the three SDs are respectively, 56 % (Social), 45.6 %
(Environment) and 6.5 % (Economic). Relevant improvement percentages around 20-29% for the three
SDs, are expected at the end of the INNOMEM project.

Six KPIs have been established by NPL1 to monitor Sustainability Results: KPI1: Risk assessments on
OHS risks completed or reviewed, KPI12: Percentage of workers with adequate NMs or NPs manipulation
training, KPI3: Wastewater intensity, KPI4: Nano-wastes intensity, KP15: Hollow fiber production, KPI6:
Level of digitalization. Extensive improvement is foreseen, especially in SD Economy, where the hollow
fiber production will be increased by a factor of 35, from 200 m/batch up to 7000 m/batch. Wastewater
and nano-wastes intensity will be decreased by 34% and 45% respectively. The level of digitalization will
be increased from 0 to 90%. Proper OHS risk assessment will be performed, and adequate training on
handling NMs and NPs will be implemented.
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The calculated INNOMEM-SNFI is 35.7, and a score of 59.1 is predicted at the end of the project,
representing a tangible improvement rate of 23.4%.

A suitable and feasible Sustainability Improvement Plan including 21 actions has been elaborated by
NPL1 to achieve planned sustainability goals in the areas of Sustainability Management and Sustainability
Results, and a Dashboard to monitor progress in both fields has also been established (see Table C.2 and
Figure C.2).

Table C.1 — SNF implementation in INNOMEM-NPL1: scope of the diagnosis

Dimension Item Yes No
1 Social 1.1 OHS X
2.1 Nanomaterials and <
nanoproducts
2.2 Nano-airborne <
. emissions
2. Environment
2.3 Nano-wastewaters X
2.4 Nano-wastes X
2.5 Energy X
3.1 Economic performance X
3. Economy 3.2 Quality X
3.3 Digitalization X

1. SUSTAINABILITY MANAGEMENT

/ VE B
2 3 Diaitalization 2.1 Nanomatenals and
- S nanoproducts

norfnr " Ao
performance \

2 4 Nano-wastes

2.3 Nano-wastewaters

Figure C.1 — SNF implementation in INNOMEM-NPL1: sustainability management, dashboard
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2. SUSTAINABILITY RESULTS

KPI1: Risk assessments
on risks completed or

reviewed
4 KPI2: Percentage of
?Iiétf;:é:' workers with adequate
9 NMs and NPs...
KPI5: Hollow fiber > KPI3: Wastewater
production intensity

KPI4: Nano-wastes
intensity

--Current -=-Target

Figure C.2 — SNF implementation in INNOMEM-NPL1: sustainability results, dashboard

80



CWA 17935:2022(E)

Table C.2 — SNF implementation in INNOMEM-NPL1: Improvement Plan

INNOMEM - SNF/IMPROVEMENT PLAN

NPL1
SD SI Objective KPI Activity Start date End date Status | Resources | Responsible
Document the
potential emergency
situations of the PL On INNOMEM
1| and how to deal with | 01/05/2020 | 31/10/2023 | (& | L NPL owner
them (included in the
SOP of the PL1).
Improve the RA of the
spinning line and INNOMEM
2 check periodically 01/05/2020 31/10/2023 Planed project NPL owner
KPIL: Risk (Annually)
Complete the FRIS
documentation assessments Look for
1. SOCIAL 1.1 Nano-OHS related to Risk on risks legal/regulatory
assessments completed or | 5 | requirements 01/05/2020 | 31/10/2023 | Planed | 'NNOMEM 1 ypr o wner
reviewed information about project
nanoparticles
utilization
Draft a SDS for the
final product
4 | (polymeric or mixed 01/05/2020 31/10/2023 Planed INN.OMEM NPL owner
. . project
matrix hollow fiber
membranes)
Implementation of INNOMEM
5 KPI1 monitoring 01/05/2020 | 31/10/2023 | Planed project NPL owner
Identify a course on
KPI2: 1 | NMand NP 01/05/2020 31/10/2023 Planed ng‘.gi\i[EM NPL owner
Train 100% of ’ manipulation proj
2.1 the workers Percentage. of ..
2. Nanomaterials | associated to ;\:ioerkl(;;:ewnh 2 Ivlj:ll(ltlar;f course for 01/05/2020 31/10/2023 Planed ng‘.gi\i[EM NPL owner
ENVIRONMENT | and thePLonNMs | \odi? oo proj
nanoproducts | and NPs manipulation Define a systematic
ipulati -
MAmpWation 1 training 3 | reagents/effluents 01/05/2020 | 31/10/2023 | Planed | 'NNOMEM 1 yp wner
management project
procedure
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INNOMEM - SNF/IMPROVEMENT PLAN

NPL1

SD

SI

Objective

KPI

Activity

Start date

End date

Status

Resources

Responsible

4

Implementation of
KPI2 monitoring

01,/05,/2020

31/10/2023

Planed

INNOMEM
project

NPL owner

2.3 Nano-
wastewaters

Reduce 30% the
wastewater
produced per
meter of
product
manufactured

KPI3:
Wastewater
intensity

PL1 upgrading
activities. By a new
design of the
coagulation bath and
the implementation of
multiple orifice
spinneret,
wasterwater produces
per meter of fibers
will be significantly
reduced.

01/05,/2020

30/04/2022

On
going

INNOMEM
project

NPL owner

Characterize and
quantify nano-
wastewaters flows.
Identification of
regulatory
requirements on
nano-wastewaters.
Based on this analysis,
implement equipment
and systems for nano-
wastewaters
prevention and
control (if required)

01,/05,/2020

31/10/2023

Planed

INNOMEM
project

NPL owner

Implementation of
KPI3 monitoring

01/05,/2020

31/10/2023

Planed

INNOMEM
project

NPL owner

2.4 Nano-
wastes

Reduce 40% the
dope solution
wasted per
meter of
product
manufactured

KPI4: Nano-
wastes
intensity

PL1 upgrading
activities (dope
reactor)

01/05,/2020

30/04/2022

On
going

INNOMEM
project

NPL owner

Implementation of
KPI4 monitoring

01/05,/2020

31/10/2023

Planed

INNOMEM
project

NPL owner

82




CWA 17935:2022(E)

INNOMEM - SNF/IMPROVEMENT PLAN

NPL1
SD SI Objective KPI Activity Start date End date Status | Resources | Responsible
PL1 upgrading
1 | activities (whole 01/05/2020 30/04/2022 O:in II\rI(III.(e)in[EM NPL owner
spinning system) gomg proj
Stablish a costing
system for the PL and INNOMEM
Increase KPIS: Hollow | 2 the product cost based 01/05/2020 31/10/2023 Planed project NPL owner
3.1 Economic - fiber on that
production per .
performance batch by 35 production
atch by (m/batch) Perform a benchmark
g | ofourfinal products | ) 55 5650 | 31/10/2023 | Planed | NNOMEM | \pp qwner
prices based on open project
literature data
3. ECONOMIC 4 | Implementation of 01/05/2020 | 31/10/2023 | Planed | 'NNOMEM \ npr owner
KPI5 monitoring project
Implement a control
system to online
1 | monitored and 01/05/2020 30/04/2022 O:in II\rI(III.(e)in[EM NPL owner
registered all spinning gomng proj
parameters
33 Increase KPI6 Level of
D.igitalisation digitalisation digitalization Register the
o o ; .
level by 90% (%) o | calibration . 01/05/2020 | 31/10/2023 | Planed | 'NNOMEM ) npr owner
information on thein project
the CMMS of Tecnalia
Implementation of INNOMEM
3 KPI6 monitoring 01/05/2020 31/10/2023 Planed project NPL owner
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C.3 Use Case 2: Diagnosis (Step 0) and Planning (Step 1) performed in a
Nanomanufacturing Pilot Line dedicated to Pd-based membranes production

C.3.1 General

As a practical use case, Table C.3, Figure C.3, Figure C.4 and Table C.4 summarize the results of the
diagnosis performed with the SNF in the INNOMEM NPL2, dedicated to the manufacture of Pd-based
membranes on tubular supports. A Pd-based membranes is a tubular membrane including Pd and other
elements as well as nanostructured material.

C.3.2 NPL2 in brief

This Pilot Line produces thin Pd-based membranes on tubular supports by electroless plating, for
hydrogen gas separation with high permeance and selectivity. After upgrading, pre-processing and
plating steps are automated and integrated to increase production capacity. Automated quality assurance
is foreseen by process control and integration of non-destructive membrane characterisation.

C.3.3 SNF customization and results

NPL2 customized the diagnosis of the SNF model, selecting the 3 SDs and six of the nine SIs (“nano

airborne emissions”, “nano-wastes” and “energy” were not selected as priorities at this time). See Table
B.3.

Regarding Sustainability Management in NPL2, relevant management practices have been
implemented in the OHS, Environmental and Economic dimensions (Figure C.3). Hot spots and streams
connected with nano-OHS, nanomaterials and nanoproducts, nano-wastewaters have been identified and
evaluated in the NPL. An increase of production capacity and automatization as well as a decrease of
defective products will be achieved in the NPL by the end of the project. The results (%) obtained for the
three SDs are respectively, 56 % (Social), 56.5 % (Environment) and 31.4 % (Economic). Relevant
improvement percentages around 17.5-22% for the three SDs, are expected at the end of the INNOMEM
project.

Six KPIs have been established by NPL1 to monitor Sustainability Results: KPI1: Frequency unsafe
behaviour, KPI2: Reagents consumption, KPI3: Water intensity, KPI4: Pd membrane production, KPI5:
Defective Pd membranes, KP16: Process steps with automatic process control (PLC or other). Extensive
improvement is foreseen, especially in SD Economy, where the Pd membrane production will be
increased by a factor of 4, from 4 up to 16 membranes/week, the number of process steps with automatic
process control will rise from 10% to 80%, and the number of defective membranes will be diminished
by a factor of 2. Further the Pilot Line aims for a small reduction in reagent consumption (4%). Water
intensity and frequency of unsafe behaviour will be monitored for the first time, to limit them to 0,18

m3/m2 and to maximum 2, respectively.

The calculated INNOMEM-SNFI is 47.8, and a score of 67.9 is predicted at the end of the project,
representing a tangible improvement rate of 20.1%.

A suitable and feasible Sustainability Improvement Plan including 30 actions has been elaborated by
NPL2 to achieve planned sustainability goals in the areas of Sustainability Management and Sustainability
Results, and a Dashboard to monitor progress in both fields has also been established (see Table C.4 and
Figure C.4).
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Table C.3 — SNF implementation in INNOMEM-NPL2: scope of the diagnosis

Dimension Item Yes No
1 Social 1.1 OHS X
2.1 Nanomaterials and <
nanoproducts
2.2 Nano-airborne X
. emissions
2. Environment
2.3 Nano-wastewaters X
2.4 Nano-wastes X
2.5 Energy X
3.1 Economic performance X
3. Economy 3.2 Quality X
3.3 Digitalization X

1. SUSTAINABILITY MANAGEMENT

1 Eeconomie
SOONOIMK

3
performance

-=-Cument -~Target

1.1 Nano-OHS
2.1 Nanomatenals and
3.3 Digitakization g
nanoproducts
3.2 Quality 2.3 Nano-wastewaters

Figure C.3 — SNF implementation in INNOMEM-NPL2: sustainability management, dashboard
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