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2 ▌

▪ PLATFORM was born in 2016 with the goal of
demonstrate the overall feasibility and
competitiveness of the new products (carbon
nanotube-based nano-enabled products) and
production technologies closer to the market (TRL6).

▪ However the project's impact goes beyond, and
PLATFORM also developed a business platform to
MANUFACTURE and COMMERCIALIZE these products
in the European market from 2020 onwards (TRL9).

The beginning of the story: the challenge



3 ▌What kind of CNT-based NEPs and PPLs?
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EU Single market and building blocks 

:

▪ Free movement of goods
▪ Common rules across EU 
▪ Clear legal framework for business
▪ If manufacturers follow these rules, their 

products can be sold freely in the market
▪ Safety as one of the key building blocks
▪ Safety - products marketed in the EU have to 

meet high safety and environment protection 
requirements (regulations)•.



PLATFORM Framework for SbD
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▪ The Machinery Directive 2006/42/EC (MD) –
transposed into national legislations - is the
European regulatory framework for the design and
construction of new machinery - as the PPLs.

▪ PPLs are not required to comply with the provisions
of Directive 2006/42/EC until they are put into
service (expected in 2020).

▪ But in 2020, all requirements of the MD will be
mandatory for PPLs.

EU regulatory framework: The Machinery
Directive 2006/42/EC (MD)



7 ▌Principles of Safety Integration (SbD) (MD) 

Prevention through Design (PtD), 
Safe-by-Design (SbD) or Safety 

Integration (SI) are similar 
concepts that refer to design out 
hazards or minimize risks early 

in the design process (1989) 
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1. Eliminate or reduce risks as far as possible (inherently
safe machinery design and construction),

2. Take the necessary protective measures in relation to
risks that cannot be eliminated,

3. Inform users of the residual risks due to any
shortcomings of the protective measures adopted,
indicating whether any particular training is required and
specify any need to provide personal protective
equipment (PPEs).

Principles of Safety Integration (SbD) (MD) 



9 ▌
EHSR for emissions of HM&S (such as MWCNTs)

CNTs are chemical agents for all purposes

Essential Health and Safety Requirements 
vs. Harmonized Standards
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Contradictory information about the 
hazardousness of MWCNTs vs. ALARP
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PLATFORM Starting point for SbD

How to design (SbD), construct and put
into service three safe PPLs for
manufacturing CNT-based NEPs?

▪ Nano-enabled products (No ENMs)¡

▪ Contradictory information about CNTs¡

▪ No specific mandatory EHSRs (MD) for
nanosafety¡

▪ No specific harmonized standards¡
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PPLs design and construction taking the results of the risk
assessment into account. Obviously this process involves design
aspects that go beyond specific aspects of nanosafety.



# Hazard Hazardous situation Hazardous event Measures /solutions for Risk reduction Standards

0 Sev Frec Prob Avoid Class CI SIL Description  Sev Frec Prob Avoid Class CI SIL VI M FT DV C

1 HZ1
Dispersion 

preparation
Com Commissioning A Automatic T1.1 Raw material

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator feeding (pouring) the CNT dissolution  

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

2 HZ1
Dispersion 

preparation
Com Commissioning M1 Manual 1 T1.1 Raw material

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator feeding (pouring) the CNT dissolution  

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

3 HZ1
Dispersion 

preparation
Use Use A Automatic T1.1 Raw material

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator feeding (pouring) the CNT dissolution  

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

4 HZ1
Dispersion 

preparation
Use Use M1 Manual 1 T1.1 Raw material

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator feeding (pouring) the CNT dissolution  

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

5 HZ1
Dispersion 

preparation
Com Commissioning A Automatic T1.3

Feeding filtering 

stage

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator pouring the sonicated CNT dissolution 

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

6 HZ1
Dispersion 

preparation
Com Commissioning M1 Manual 1 T1.3

Feeding filtering 

stage

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator pouring the sonicated CNT dissolution 

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

7 HZ1
Dispersion 

preparation
Use Use A Automatic T1.3

Feeding filtering 

stage

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator pouring the sonicated CNT dissolution 

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

8 HZ1
Dispersion 

preparation
Use Use M1 Manual 1 T1.3

Feeding filtering 

stage

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Operator pouring the sonicated CNT dissolution 

(dissolution containing MWCNT)

Emission (leaking or splashing) of a fluid 

containing MWCNT.
3 5 3 3 11 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

9 HZ1
Dispersion 

preparation
Clean Cleaning S Stop T1.4 Cleaning

Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin

Cleaning and maintenance of the sonication tip or 

container (Waste water containing MWCNT)

Contact with a fluid containing MWCNT in 

container/sonication tip
3 4 4 3 11 HIGH Procedure for cleaning and maintenance, training 3 4 2 1 7 MEDIUM X

10 HZ2 Filtering Com Commissioning A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running Filter break up during operation 3 3 3 3 9 HIGH

Filter friction dimensioning on design and tension control (vacuum 

measure, rolling radius, motor torque, motor power)
3 2 1 1 4 LOW X X X

11 HZ2 Filtering Com Commissioning A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

The filter roll is ended and there is no more 

filter to be fed
3 4 4 3 11 HIGH Sensor to detect roll ending 3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

12 HZ6

Waste 

water 

disposal

Com Commissioning A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

Waste water container (containing 

MWCNT ) is overfilled and waste water 

leakage occurs.

3 4 4 3 11 HIGH

Waste water container level sensor with appropriate safety level 

(duplication if needed) and normal stop when level reached (safety 

extra space must be let in the container for filtration during normal 

stopping operation.

3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

13 HZ2 Filtering Com Commissioning M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running Filter break up during operation 3 3 3 3 9 HIGH

Filter friction dimensioning on design and tension control (vacuum 

measure, rolling radius, motor torque, motor power)
3 2 1 1 4 LOW X X X

14 HZ2 Filtering Com Commissioning M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

The filter roll is ended and there is no more 

filter to be fed
3 4 4 3 11 HIGH Sensor to detect roll ending 3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

15 HZ6

Waste 

water 

disposal

Com Commissioning M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

Waste water container (containing 

MWCNT ) is overfilled and waste water 

leakage occurs.

3 4 4 3 11 HIGH

Waste water container level sensor with appropriate safety level 

(duplication if needed) and normal stop when level reached (safety 

extra space must be let in the container for filtration during normal 

stopping operation.

3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

16 HZ2 Filtering Use Use A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running Filter break up during operation 3 3 3 3 9 HIGH

Filter friction dimensioning on design and tension control (vacuum 

measure, rolling radius, motor torque, motor power)
3 2 1 1 4 LOW X X X

17 HZ2 Filtering Use Use A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

The filter roll is ended and there is no more 

filter to be fed
3 4 4 3 11 HIGH Sensor to detect roll ending 3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

18 HZ6

Waste 

water 

disposal

Use Use A Automatic T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

Waste water container (containing 

MWCNT ) is overfilled and waste water 

leakage occurs.

3 4 4 3 11 HIGH

Waste water container level sensor with appropriate safety level 

(duplication if needed) and normal stop when level reached (safety 

extra space must be let in the container for filtration during normal 

stopping operation.

3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

19 HZ2 Filtering Use Use M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running Filter break up during operation 3 3 3 3 9 HIGH

Filter friction dimensioning on design and tension control (vacuum 

measure, rolling radius, motor torque, motor power)
3 2 1 1 4 LOW X X X

20 HZ2 Filtering Use Use M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

The filter roll is ended and there is no more 

filter to be fed
3 4 4 3 11 HIGH Sensor to detect roll ending 3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

21 HZ6

Waste 

water 

disposal

Use Use M1 Manual 1 T2,3 Machine start-up
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Filtering stage is running

Waste water container (containing 

MWCNT ) is overfilled and waste water 

leakage occurs.

3 4 4 3 11 HIGH

Waste water container level sensor with appropriate safety level 

(duplication if needed) and normal stop when level reached (safety 

extra space must be let in the container for filtration during normal 

stopping operation.

3 2 2 1 5 MEDIUM Performance Level (PL)  estimation  (EN ISO 13849-1: 2015) X X

22 HZ2 Filtering Com Commissioning A Automatic T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator passing a new filter through the rollers

Contact with residual fluid containing 

MWCNT under the vacuum chamber or 

the used filter

3 4 3 5 12 HIGH
Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

23 HZ2 Filtering Com Commissioning M1 Manual 1 T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid containing 

MWCNT under the vacuum chamber or 

the used filter

3 4 3 5 12 HIGH
Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

24 HZ2 Filtering Set

Adjustment, setting 

or process/tool 

changeover 

A Automatic T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid containing 

MWCNT under the vacuum chamber or 

the used filter

3 4 3 5 12 HIGH
Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

25 HZ2 Filtering Set

Adjustment, setting 

or process/tool 

changeover 

M1 Manual 1 T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid containing 

MWCNT under the vacuum chamber or 

the used filter

3 4 3 5 12 HIGH
Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

26 HZ7

Peeling 1 

(filtration-

washing)

Com Commissioning A Automatic T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Buckypaper is peeled from the filter

Contact with wet Buckypaper containing 

MWCN
3 5 4 5 14 HIGH

Use of protective equipment: gloves, chemical glasses, protective 

clothing)
3 2 1 1 4 LOW

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X

27 HZ7

Peeling 1 

(filtration-

washing)

Com Commissioning M1 Manual 1 T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Buckypaper is peeled from the filter

Contact with wet Buckypaper containing 

MWCN
3 5 4 5 14 HIGH

Use of protective equipment: gloves, chemical glasses, protective 

clothing)
3 2 1 1 4 LOW

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X

28 HZ7

Peeling 1 

(filtration-

washing)

Use Use A Automatic T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Buckypaper is peeled from the filter

Contact with wet Buckypaper containing 

MWCN
3 5 4 5 14 HIGH

Use of protective equipment: gloves, chemical glasses, protective 

clothing)
3 2 1 1 4 LOW

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X

29 HZ7

Peeling 1 

(filtration-

washing)

Use Use M1 Manual 1 T2.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Buckypaper is peeled from the filter

Contact with wet Buckypaper containing 

MWCN
3 5 4 5 14 HIGH

Use of protective equipment: gloves, chemical glasses, protective 

clothing)
3 2 1 1 4 LOW

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X

30 HZ2 Filtering Clean Cleaning EP End production T2.5 Cleaning
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator cleaning the pool and the vacuum chamber

Contact with residual fluid in container 

containing MWCNT 
3 4 4 3 11 HIGH Procedure for cleaning and maintenance, training 3 4 2 1 7 MEDIUM X

31 HZ3 Washing Com Commissioning A Automatic T3.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator pouring the distilled water from the pool

Contact with residual fluid in container 

containing MWCNT 
3 4 3 3 10 HIGH

A safety containment tank located under the risk area with enough 

capacity, Use of protective equipment (gloves, chemical glasses, 

protective clothing). Automated fluid transferring system (pump)

3 2 1 1 4 LOW

Dangerous materials managing standards / rules

UNE-EN 455: Guantes médicos para un solo uso.

EN 374: Guantes de protección contra los productos químicos 

y los microorganismos.

X X

32 HZ3 Washing Com Commissioning A Automatic T3.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid in container 

containing MWCNT 
3 4 3 3 10 HIGH

Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

33 HZ3 Washing Com Commissioning M2 Manual 2 T3.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid in container 

containing MWCNT 
3 4 3 3 10 3

Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 3 X X

34 HZ3 Washing Set

Adjustment, setting 

or process/tool 

changeover 

A Automatic T3.1 Adding filter
Exposure to MWCNT by ingestion, contact with skin, eyes or 

mucous membranes or penetration through skin
Operator adding filter under the vacuum chamber

Contact with residual fluid in container 

containing MWCNT 
3 4 3 3 10 HIGH

Joining the new filter with the previous one so that the previous filter 

guides the new one.
3 2 1 1 4 LOW X X

Task 

2. HAZARD  IDENTIFICATION AND 3. RISK ESTIMATION (ISO/TR 14121-2:2012) 4. RISK EVALUATION AND RISK REDUCTION (ISO/TR 14121-2:2012)

Life step Risk (before) Risk (After)Machine zone Operating mode Verification 

▪ Machine zone

▪ Relevant phases of life cycle,

▪ Expected uses (IU/EFM)

▪ Operation modes

▪ Hazards, hazardous situations,
hazardous events

▪ Risk before/after Mesures por risk
reduction

▪ Standards

▪ Verification (VI, M, FT, DV, C)

Main steps in the process of PPLs risk assessment and risk 
reduction, according to EN ISO 12000 /EN ISO 14123-2



14 ▌

1. Use the generic SbD approach of the Machinery Directive to

conduce the design of PPLs (Do not invent¡)

2. Use relevant generic standards to guide the risk assessment and

the design of preventive and protective measures (EN ISO 12100

and EN ISO 14123-1/2).

3. Integrate in the design the information from relevant nanosafety

guidelines and standards, on the best available practices to

prevent, assess, control and manage CNT emissions and

workers exposures.

4. Use small scale models to simulate the final manufacturing

modules and refine the design

5. Use our best knowledge and engineering practices

Summarizing the SbD strategy of PPLs
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1. Specific measures to protect the H&S
of potential exposed workers were
taken in accordance with the national
legislations and the best available
practices (DR+WP+PPE).

2. Verification of safety requirements
and measures for risk reduction by 1)
Visual inspection, 2) Measurement,
3) Functional testing, 4) Design
validation or 5) Calculation.

3. Special attention to the verification
by measuring of potential airborne
CNT emissions and exposures.

Summarizing the strategy for PPLs –Commissioning 

(Testing, validation)



Strategies for the verification of protective measures by
measurement (EN ISO 14123-1): emissions / exposures

▪ Strategy 1: Measuring airborne emissions (Sources)

✓ According to EN 1093-1 /11 (Field tests)

▪ Strategy 2: Measuring exposures

✓ If previous strategy is unfeasible (EN ISO 14123-1)

✓ An indirect technique, by measuring the occupational

exposure (EN 17058)

▪ Instrumentation and methods

✓ DRIs + Sampler at source +Personal samplers + Off site

analysis (EC NIOSH 5040 + CNT structures counting ISO

14966 )



17 ▌From here till 2020

EC (2010)  modified
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Encapsulating the know-how of 

PLATFORM on SbD (CWA)
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“Safe by Design” simply means 

Common Sense



Visit our blog:

http://blogs.tecnalia.com/inspiring-blog/

www.tecnalia.com

Thank you very much

for your attention!
(jesus.lopezdeipina@tecnalia.com) 
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