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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR QUALITY AND RISK ASSESSMENT
FOR NANO-ENABLED ELECTROTECHNICAL PRODUCTS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
a” oréa ETe€ ;""'; et mittees ‘;"; E”" SeS)T TE GQ" © S ©
intermpational co-operation on all questions concerning standardization in the electrical and electronic-f]
this ¢nd and in addition to other activities, IEC publishes International Standards, Technical .Speci
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred) to
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee ir]
in the subject dealt with may participate in this preparatory work. International, governmental 3
govefnmental organizations liaising with the IEC also participate in this preparation. IEE/collaborate
with |the International Organization for Standardization (ISO) in accordance with conditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as neatly-as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interg¢sted IEC National Committees.

ublications have the form of recommendations for international tuse 'and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to €psure that the technical conter

transparently to the maximum extent possible in their, national and regional publications. Any di
betwgen any IEC Publication and the corresponding natiohal or regional publication shall be clearly ind
the I3tter.

IEC f{tself does not provide any attestation of conformity. Independent certification bodies provide cd
assepsment services and, in some areas, accessto |[EC marks of conformity. IEC is not responsible
serviges carried out by independent certificationdbodies.

All ugers should ensure that they have the jatest edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees @nd IEC National Committees for any personal injury, property d3
othenl damage of any nature whatsoeever, whether direct or indirect, or for costs (including legal fg
expehses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attention is drawn to the(Normative references cited in this publication. Use of the referenced public|
indispensable for the correct application of this publication.

Attenftion is drawnto\the possibility that some of the elements of this IEC Publication may be the s
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62844, which is a Technical Specification, has been prepared by IEC technical
committee 113: Nanotechnology for electrotechnical products and systems.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
113/227/DTS 113/343/RVC

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

The nanoindustry is dealing with highly innovative technologies and products. For the
purposes of assuring their performance and assessing the risks, a reliable quality,
environmental, occupational health and safety management system for nanoindustrial
companies and consumers is needed. The monitoring and measuring of all relevant
parameters of nanomaterials and consequently identifying nonconformities in the products
containing them and associated hazards are not straightforward. A systematic and practical
assessment methodology for its implementation in industrial mass production is needed to
simplify the monitoring processes and ensure both the quality of the products and the
conformance of the products to health, occupational and environmental standards.

Quality] needs to be defined firstly in terms of parameters or characteristics, relevant|for the
application, which vary from product to product. However, it is not trivial tociden{ify the
relevar|t characteristics and effectively apply these parameters for the application. Th¢ same
is true for the identification of environmental and health and safety aspects, as’demanded, for
example, by ISO 14001 [1]" for environmental aspects.

This dqcument uses a reference model to provide a high level frame work, but not any|details
of EH$ management aspects, for the identification and development of the stakeHolders’
needs,|from the relationship of inputs such as technology measures, to outputs sjch as
customler and business results. It is intended as a nanotechnology management guideline, not
for detpils of EHS practices. However, it encourages usersyto adopt the necessary|known
EHS plractices, and consider special requirements for{nanotechnology. It also fagilitates
communication among all stakeholders. Further, it can~be used to develop more spegialized
standafds to support specific scenarios. The goal of this document is to specify general
considg¢rations and requirements for the assessment of quality and risk associated with nano-
enableqd electrotechnical products and serve as, the basis for developing particular product
specifi¢ standards.

1 Numbers in square brackets refer to the Bibliography.
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GUIDELINES FOR QUALITY AND RISK ASSESSMENT
FOR NANO-ENABLED ELECTROTECHNICAL PRODUCTS

1 Scope

This document provides a recommended methodology for identifying relevant parameters of
nanomaterials as well as providing generic guidelines on implementation of
assessment and environment/health/safety assessment for nano-enabled/nano-enhanced

quality

electro

2 No

The fo
conten
cited a
any am

ISO 31

3 Te

3.1

For the

ISO an
addres

e |EG
e |ISC

3.11
nanosg
length

[SOUR

3.1.2

Terms and definitions

echnical products.

rmative references

lowing documents are referred to in the text in such a way that‘some or all

constitutes requirements of this document. For dated references, only the
bplies. For undated references, the latest edition of the refereqiced document (in
endments) applies.

000:2009, Risk management — Principles and guidelingés on implementation

rms, definitions and abbreviated terms

purposes of this document, the following terms and definitions apply.

d IEC maintain terminological databases for use in standardization at the fo
5es:

Electropedia: available-athttp://www.electropedia.org/

Online browsing platform: available at http://www.iso.org/obp

cale
range from approximately 1 nm to 100 nm

CE: ISO/TS 80004-1:2015 [2], 2.1]

pf their
edition
cluding

Ilowing

nanom

aterial

material with any external dimension in the nanoscale or having internal structure or surface
structure in the nanoscale

[SOUR

3.1.3

CE: ISO/TS 80004-1:2015, 2.4]

nano-object
material with one, two or three external dimensions in the nanoscale

[SOUR

CE: ISO/TS 27687:2008 [7], 2.2]
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nanostructured material
material having internal nanostructure or surface nanostructure

[SOUR

3.1.5

CE: ISO/TS 80004-1:2015, 2.7]

nanoparticle

nano-o

[SOUR

3.1.6
nanop
nano-o

bject with all three external dimensions in the nanoscale

CE: ISO/TS 27687:2008, 4.1]

ate

bject with one external dimension in the nanoscale and the twopother &

dimenslions significantly larger

[SOUR

3.1.7

nanofi
nano-o
signific

[SOUR

3.1.8

CE: ISO/TS 27687:2008, 4.2]
bre
bject with two similar external dimensions in the nanoscale and the third din

antly larger

CE: ISO/TS 27687:2008, 4.3]

nano-enabled

exhibiti
[SOUR

3.1.9

ng function or performance only possible with nanotechnology

CE: ISO/TS 80004-1:2015, 2.15]

nano-e¢nhanced

exhibiti
[SOUR

3.1.10

organi
person
relatior

ng function or performance intensified or improved by nanotechnology

CE: ISO/TS 80004-1:2015, 2.16]

pation
or, group of people that has its own functions with responsibilities, authoriti
ships to achieve its objectives

xternal

ension

es and

Note 1 to entry: The concept of organization includes, but is not limited to sole-trader, company, corporation, firm,
enterprise, authority, partnership, charity or institution, or part or combination thereof, whether incorporated or not,

public or

[SOUR

3.1.11

private.

CE: 1ISO 14001:2015, 3.1.4]

environment
surroundings in which an organization operates, including air, water, land, natural resources,
flora, fauna, humans, and their interrelationships

[SOUR

CE: ISO 14001:2015, 3.2.1]
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3.1.12

environmental aspect

element of an organization’s activities or products or services that interacts or can interact
with the environment.

[SOURCE: ISO 14001:2015, 3.2.2]

3.1.13

environmental impact

change to the environment, whether adverse or beneficial, wholly or partially resulting from an
organization’s environmental aspects

[SOURECE: ISO 14001:2015, 3.2.4]

3.1.14
stakehllf)lder
individdial or group that has an interest in any decision or activity of an organization

[SOURCE: ISO 26000:2010 [4], 2.20]

3.1.15
reference model
conceptual framework for understanding significant relationships among the entities of some
enviroriment, and for the development of consistent standards or specifications supporting
that enpironment

Note 1 t¢ entry: As outlined in OASIS (Organization for the*Advancement of Structured Information Stgndards).
https://www.oasis-open.org/committees/soa-rm/faq.php.

3.2 Abbreviated terms

CNT carbon nanotube

EHS environment, healthvand safety

HOQ House of Quality“(method)

NE (product) nano-enabled/nano-enhanced electrotechnical (product)
PRM performance reference model

QFD quality function deployment

4 Quality, and risk assessment

4.1 General requirement

Quality and risk assessmenis require an appropriate framework in order to offer some
guidelines for selecting the most suitable and relevant functions and features of a particular
nano-product to be developed. A reference model, a conceptual framework which provides
high-level specification of a system architecture, is a suitable assessment model for the broad
spectrum of the potential nano-products. The proposed conceptual quality and risk
frameworks should be consistent with ISO 9001 [5] and ISO 31000. For specific product areas,
it should also be consistent with any existing product standard category. Figure 1 shows an
example of the conceptual model governing a nanomedical device. It indicates how a broader
standard context of conceptual model can be used in order to satisfy quality, risk and
performance requirements.
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Quality management
(1ISO 9001)

Risk management
(1ISO 31000)

Medical devices
(IEC 60601)

Reference model
for
nann-prndllr‘fe

4.2 |
4.2.1

The pr
PRM ig
for nan
relatiorn
measu
createg

framew

assessment

Figure 1 — The broader standard context of conceptual
model governing a nanomedical device

A\ssessment model

General

IEC

bposed reference model is a simplifed performance reference model (PRM) [6].The
a framework for performance measurement providing common output measurgments
o-products. The PRM structure is designed to clearly express the cause-andg-effect
ship between inputs and outputs. This-PRM is articulated through the use|of the
ement area, category, grouping and “indicator hierarchy. It reflects how value is
as inputs (such as technology gmeasures) and used to create outputs (spich as
customier and business results). Figure~2'shows the PRM structure. Figure 3 shows the PRM

ork for NE products.

Measurement
area
Measurement
category

Measurement
grouping

Measurement
indicator

IEC

Figure 2 — Performance reference model (PRM) structure
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Measurement area ——> Cu.stomer and OUTPUTS: Results
business results measured from
e Nanomaterials EHS control customer and business
Measurement category 4’{ e General quality control perspectives

e General risk control

Measurementarea —— > Technology INPUTS: Key control
measured through
e Nano-enabled performance their contribution‘to
Measurement category 4’{ e General performance outcomes

e Management p

Figure 3 — PRM framework

The PRM in turn, is structured around measurement areas;” measurement categories,
measufement groupings and measurement indicators as shown<dn_ Figure 2.

e Medasurement areas — The high-level organizing framewoark of the PRM capturing aspects
of gerformance at the output levels. The PRM includes.two measurement areas: customer
and business results and technology measures.

attr|lbute or characteristic to be measured. For example, the technology measuremept area
includes three measurement categories: nano-enabled performance, general performance,
mamnagement.

o Me[surement categories — Collections within~each measurement area describing the

e Medgasurement groupings — Furthern¥efinement of categories into specific types of
measurement indicators: nano-characteristics, processes, etc. Figure 4 shows the
measurement groups for measurement categories.

e Measurement indicators — The-specific measures.

Technology Customer and
measures business results
General Nano-materials General quality Genetal risk
Management
performance EHS control control cor trol

Nano-:znabled

performance
-P i i — Grade of duct iti i
Nano-gnabled Raw materials EnV|r.0lnmentaI _Potenltlal hazardous rade ot proauc Mitigate risks
functiqnality conditions materials
[ Plan|for
Nano- — Processes Policies Safety Reliability emelgencies
characteristics -
. Suppliers and Supply chain
Machines workers
Products L Information and
interoperability knowledge
IEC IEC

Figure 4 — Measurement groups for measurement categories

4.2.2 Customer and business results

The customer and business results measurement area of the PRM captures the outputs that
stakeholders seek to achieve. These outputs are usually developed during the stakehoder
strategic and long-term planning process prescribed under various objectives consideration.
This measurement area identifies the extent to which those objectives are being achieved.
The customer and business results measurement area is comprised of the following
measurement categories:
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e nanomaterials EHS control;

e general quality control;

e general risk control.

423

Technology measures

The technology measurement area captures key elements of performance directly relating to
the NE products. The technology measurement categories and groupings will depend on the
stakeholder’'s NE product and life-cycle development processes. However, the technology
measurement area, in general, is comprised of the following basic measurement categories:

e Nna

o-enabled nerformance:
T T

e general performance;

e ma
4.2.4

Subcla

hagement.
Measurement indicators and inter-relation between indicators

ise 4.2.4 provides the measurement categories, groupings,and indicators

custonler and business results measurement area. The organizationis use of the ta

determ
measu
results
measu
carbon

ne the actual inventory of measurement indicators and the significance

and their inter-relationship. Table 1 shows a ¢hypothetical relation b
ement indicators of customer and business resultsi.and technology indicator
nanotube (CNT)-enabled electrotechnical produet.Each indicator should consi

inter-relation with technology measures indicators.(For example, in "potential haz
materigl" in Table 1, the measurement indicator\is' identified as CNT by stakeh

Howev

br, not all CNTs are hazardous, the hazardous type of CNT should be discrin

from tegchnical measures indicators. In this case€;;nano-characteristics (size, length) arn
are highly correlative indicators, as highly corfelative indicators are pairs of indicators that the
dependent variable (e.g. an indicator -f ouputs) will significantly change wh

indepe

relatior] matrix. The rest of the irrelevant inter-relation matrix is marked as

proces
measu
CNT,

ndent variable (e.g. an indicator of<inputs) changes, and a “v” is marked in th
5 applies to other customer_and business results indicators. For "safety" in Tablg
ement indicator is identified from stakeholder as releasing and dissolving the
the indicators under nano-characteristics, manufacture process/ma

envirorimental conditions and suppliers and workers measurement grouping are the

correla

irrelevdgnt inter-relation \matrix is marked as

live indicators, and\*a “v"” is marked in the inter-relation matrix. The rest
“~". Two common methods for determin

inter-rellation betweentindicators are listed in Annex B.

for the
ble will
of the

ement indicators, i.e. specific measures for the technology and customer and b{siness

etween
5 for a
der the
ardous
olders.
hinated
d CNT

en  the
b inter-

. The same

1, the
rate of
chines,
highly
of the
ng the
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Table 1 — The relation between measurement indicators
of customer and business results and technology indicators

Technical measures indicators

Nano-enable General Management Measurement
performance| performance category
2
E 2 8 % o« gﬁ % 2 g @
28|t g 2 g ‘g@ éé ?), o 2|5 €| Measurement
S < @ = @ = <= = .
S 2 i) 2|e L2 5 S <
Customer and business results indicators = 5| £ § e =
>
Measurement Measurement Measurement s ‘gzn Measurement
cgtegory grouping indicator = indlicator
5| 8
o »n
Potential Inter-relation
. CNT | — | v === =] ===l
hazardous material
. Inter-relation _ — — — —
Nanolmaterials Releasing/ interrelation [ — [ v [~[v[v[-[v[-I{=]
EH$ control Safety ] 7
P dissolving rate
Supply chain Traceability
Gendral quality | Grade of product | Transparency
dontrol Reliability Life

Gerjeral risk
dontrol

Mitigate risks

Eliminate or
minimise the
risks plan

Plan for
emergencies

Recover plan

The relationship between input and output indicators helps stakeholders to visual
measures and stakeholder needs. The
the impact of achieving the technical measures on achieving one or more
blder needs. The relation evaluations shall be based on expert experience, stakg

pattern
shows
stakeh

of the relation between technical

IEC

ze the
elation
of the
bholder

responges and tabulated data from statistical studies or controlled experiments. Numbegrs and

symbols can be used to establishsthe strengths of these relationships. The highly cor
prs can be determined by-thé preferred methodology of the stakeholders.

indicat

4.3 Analysis methods

The in

quality

methog
groupir

terfunctional

communication between
(customer and business results) measurement indicators can be analysed and fulfil the
and riskCassessment. There are many analysis methods for such interfurn
communication_relation. A simple method and a conceptual “House of Quality” me
providgd in-Clause C.3 for illustration purposes. In this document, it only provides a
for—general step-by-step methodology to construct the measurement categ
gs-and indicators for the assessment model and the inter-relation between "tech

input

(technology measures)

and

elative

output
goal of
ctional
thod is
routine
gories,

nology

measures" indicators and "customer and business results" indicators. The methodology
selection should be based on stakeholders’ discretion and their technical preference.

5 General quality and risk assessment requirements for NE products

5.1 General

The procedures to assess the quality and risk requirements for NE products are depicted in
Annex D. Detailed descriptions are given in Clauses 5 and 6.

5.2

Conditions for application to NE products

Unless otherwise specified, the requirements of this document shall apply in normal use and

reasonably foreseeable misuse.
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5.3 Risk management process for NE products

A risk management process complying with ISO 31000 shall be performed. Standard(s)
governing other specific product category risk management processes will also be applicable,
e.g. for medical device products ISO 14971 [7] also applies in addition to ISO 31000.

5.4 Essential performance

The manufacturer shall identify which functions of the NE products are essential performance.
These functions shall be used and compliance shall be checked by inspection, or functional
test. Compliance is checked by inspection of the quality management document.

5.5 prected service life

The manufacturer shall state the expected service life of the NE products in the_riskfquality
management document.

5.6 $afety for NE products
The NE products shall comply with the safety requirements of the pcoduct category standard,

e.g. if the NE product is a cell phone battery, the product safety shall conform to the |battery
standard.

5.7 NE product parts that contact person

The rigk management process shall include an assessment of whether parts can come into
contac{ with the person.

5.8 omponents of NE products

All components shall be used in accordance with their specified ratings. The reliability of
components shall comply with one of the\following:

a) thelapplicable safety requirements of a relevant IEC or ISO standard;
b) whgre there is no relevant JEC-0r ISO standard, the requirements of this document.

5.9 General test requirement

The tegts to be performed are determined taking into consideration the requirements of 5.2 to
5.8. The test resultstmight necessitate a revision of the risk analysis.

6 STcial assessment requirements for NE products

6.1
a) Potential hazardous material

anomaterials environment, health and safety (EHS) control

The manufacturers shall establish, implement and maintain a process to identify and
document the relevant environmental aspects of nanomaterials across all life-cycle stages.
Examples include: use of nano-objects, emissions to air, releases to surface water and
ground water, waste, information about packaging/EHS impact for normal use/end of life
management, etc. Compliance is checked by inspection of the relevant test documents or
by giving a process description of the highly correlative indicators.

b) Safety

The manufacturers shall establish, implement and maintain a process to qualitatively or
quantitatively determine and document the safety aspects that can have significant EHS
impact during all life-cycle stages of the nanomaterials. Compliance is checked by
inspection of the relevant design documents and by giving a process description of the
highly correlative indicators.
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c)

6.2

a)

6.3

a)

b)

Supply chain

The manufacturers as the key stakeholders shall establish, implement and maintain

procedures to identify, access and use the information on the aspects of EHS

of the

nanomaterials intentionally added to their NE products. Such a process will identify all

suppliers (including service providers). Compliance is checked by inspection

of the

relevant design documents and by giving a process description of the highly correlative

indicators.

General quality control

Grade of product

The manufacturers shall establish, implement and maintain a process to identify and

p p g
usel but enabled by nanomaterials across all life-cycle stages. Compliance is cheqg
inspection of the relevant test documents or by giving a process description-of) the
corfelative indicators.

Reliability

Thg manufacturers shall establish, implement and maintain a process” to qualitati
qugntitatively determine and document the ability of the NE, products to perf
reqpired functions under stated conditions for a specified period of time enabled
nanomaterials. Compliance is checked by inspection of the\rélevant design doc
and by giving a process description of the highly correlativenindicators.

eneral risk control

Mit{gate risks

Thg manufacturers shall establish, implementiand maintain a process to ident
dogument the systematic reduction in the extent’of exposure to a risk and/or the lik
of [its occurrence which is enabled by~fanomaterials across all life-cycle

Plah for emergencies

Thg manufactures shall establish; implement and maintain a process to qualitati
quantitatively determine andf(document targets for the significant EHS aspects
narjomaterials to minimizel as far as reasonable the adverse EHS impacts across

ctional
ked by
highly

vely or
brm  its
by the
Lments

fy and
elihood
stages.
rocess

vely or
of the
all life-

cycle stages. Compliance .is checked by inspection of the relevant design documents and

by giving a process déscription of the highly correlative indicators.
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Annex A
(informative)

General approach and rationale

C 2016

Nano-enabled electrotechnical products carry a particular risk of being detrimental to human
health and the environment. Basic safety, essential performance and the environmental
impact reduction of NE products are required for normal use and for reasonably foreseeable
misuse as well as under normal conditions. For consistency with conventional practice, the
basic safety, performance and risk management standards and ISO/IEC/ITU guides are
considered. In addition, the special safety, performance and risk management standards

associé

referre

More s

becifically, Table A.1 provides the rationale for specific clauses in this decument

Table A.1 — Rationale related to specific clauses in this document

ftedspecificatty with manotechnotogies and products (ISO/TC 229 and tEC TC 11 3) are
j to for the purposes of developing a reference model for quality and risk assess|

ment.

Clayse No. Title Rationale

1 Scope This document does not apply to any,other electrical products unlgss it

falls under the definition of NE products” This document recognizgs that

avoiding damage to the environmeht is part of basic safety and egsential
performance.

2 Normative This clause provides a list @f documents indispensable for the
references application of this docunfent."However, conformance with this list |s

required only to the extent of implementing the normative requirerpents

of this document.

3 Terms, This clause containé definitions for terms that are necessary for the
definitions and understanding‘efsthe requirements in this document. Many of thesg
abbreviated terms are inherited from the ISO/TC 229/IEC TC 113 JWG1 documents.
terms

4 Quality, and risk | The usge of simplified PRM models is to provide a common methodology
assessment for imiproving strategic and daily decision-making, Improving the

alighment of inputs to outputs and outcomes, Identify performancg

improvement opportunities, providing NE products’ quality and ris
information assessment from the stakeholders. The general
requirements consideration example for a medical device containipg
nanomaterials is given in Figure 1. A hypothetical CNT product exfample

is used to illustrate the measurement indicators relation in Table 1{.

General guidance examples for correlative indicators determinatign are

illustrated in Annex C.

5 General quality 5.2 The manufacturer identifies foreseeable misuse as part of the risk
and risk analysis.
assessment
requirements for 5.3 The manufacturer is responsible for ensuring that the design and
NE product construction of the NE product renders it suitable for its intepnded

purpose and that any risks associated with its use are accepgtable.

5.5 The expected service life needs to be determined by the
manufacturer, as part of the risk management process.

5.7 Since this document requires a risk management process to be
followed, it is appropriate to use this process to establish whether
such parts should be subject to the requirements.

6 Special NE products are intended to have beneficial effects for the user;
assessment however, if the damage to the environment caused by the NE products

requirements for
NE products

outweighs the benefits, this is counterproductive to the intended function
of the NE products. The special assessment requirements are to reduce

the environmental impacts of the NE products taking into account
products life-cycle stages. An example of a special requirements

declaration form for a CNT-coated touch panel is illustrated in Table B.1.

all NE
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Annex B
(normative)

General guidance for stakeholder’s declaration

The NE product example is a hypothetical CNT-coated touch panel. The general declaration
items can follow Clause 5 using existing standards. The special requirements in Clause 6 for
the CNT-coated touch panel can be described as in the example shown in Table B.1.

Table B.1 — Special requirements declaration form for the CNT-coated touch panel

Guidance and stakeholder’s declaration — Special requirements for NE products

CNT-coated touch panel

Measurement category Measurement indicators Tests 'orydocuments

Potential hazardous material

Type of CNT
Nanomaterials label EU directives
RoHS compliant

Internal documents

Narfomaterials EHS control Safety

Workplace airborne/water
concentration

Internal documents

Supply chain
ISO/TS 13278 [8]
Impurity of raw material

Grade of product IEC TS 62607-2-1 [9]
Conductivity IEEE 1650 [10]
General quality control
Reliability

Internal documents
Durability

Mitigate risks Internal documents

Suppliers’ performance 1SO 31000

products design
General risk’'control

Plan for emergencies
Internal documents
Recycle plan
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Annex C
(informative)

General guidance for correlative indicators determination

C.1 General

IEC TS 62844:2016 © IEC 2016

In Annex C, two methods are illustrated for general guidance to determine high correlated

indicators:

— routinre-rethed:;

"Hduse of Quality" method.

The meathodology relies on stakeholders’ discretion based on their technical preferénce

C.2

Routine method

Each determined indicator in customer and business results is,a column with all te
measufes’ indicators. The correlation between indicators is/determined by stakeh
methods. Table C.1 shows an indicators relation example for carbon nanotube (CNT).

Table C.1 - Indicators relation example for CNT

chnical
olders’

Measyrement category

Measurement grouping

Measurement indicator

Potential hazar
material, e.g. G

lous
NT?

Nlano-enabled
gerformance

Nano-enabled
functionality

Conductivity

Nano-characteristics

Diameter, length

Raw materials Impurity -
Uniformity v

Processes (test by film)

Gengjral performance
Machines repeatability v
Products interoperability conductivity -
Environmental conditions Release to water v
Policies/regurations EU directives v
Management Suppliers and workers Air concentration v
. Packaging/normal
Information and use/end of life v
knowledge : h
information
a8 V= high correlated indicators; — = irrelevant indicators

C3

House of Quality (HOQ)

House of Quality (HOQ) is a diagram, resembling a house, used for defining the relationship
between customer/user desires/expectations and the product capabilities. It is a part of the
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quality function deployment (QFD) [11]. HOQ is used for defining the relationship between
customer desires and the product capabilities. User expectations include compliance with
legal and other regulations concerning environment/health/safety (EHS) aspects. The house
is a conceptual map that provides interfunctional communication. It utilizes a planning matrix
to relate what the customer wants to how a firm (that produces the products) is going to meet
those wants. It looks like a house with a "correlation matrix" as its roof, and customer needs
versus product technical measures as the main part. The basic structure is a table with
"Whats" as the labels on the left and "Hows" across the top. The roof is a diagonal matrix of
"Hows vs. Hows" and the body of the house is a matrix of "Whats vs. Hows". Both of these
matrices are filled with indicators of whether the interaction of the specific item is a strong
positive, a strong negative, or somewhere in between. Additional annexes on the left side and
bottom hold the "Rankings" (relative importance) and the "How muches". Relative importance
and thp—corretations—cambe—used—to—catcutate—priorittes—forthetHows—House—of uaIity
analysis can also be cascaded, with "Hows" from one level becoming the "Whats",of)a lower
level; gs this progresses the decisions get closer to the engineering/manufacturing fletails.
(Based|lon Wikipedia, House of Quality [12]).

Technical
correlations
Technical ]
Relative g
measures (Hows) ) ? 2
importance ©
j 0}
_ ,g (Ranking) E
[2]
I 'ES' — E 8
25|23 onshi i ;
©
s s s¢ Relationship Matrix S
813> 9
O o O 'g
2 = Customer needs
c
o =%
2
B g anA (204
Technical priorities, 5§ =
=2 ©
target (How muches) ® E
Q
[ }

Technical priorities
(importance)

Basic HOQxstructure HOQ matrix structure B

Figure C.1 — HOQ matrix structures

The ngxt step.is’ the transformation of technical measures (Hows) into requirements [for the
manufgcturing process (see Figure C.2). In HOQ 2 the process becomes a translatiorn| of the
technigals™measures into the parts characteristics. Then, in HOQ 3, the parts charactgristics
get transtated—into—the—key—controt—characteristtes—Amd—fimatty,—mHOQ=4—the—key—control

characteristics are translated into the voice of production requirements.
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Figure C.2 — Cascaded HOQ

Figure [C.3 depicts the HOQ structure based on thel proposed PRM model. It highlights
indicat¢rs inter-relation matrix for materials contro"{CNT) in comparion with the [routine
method in Clause C.2. The inter-relations are expressed as different numbers to represent the
impact|strength of the paired indicators.
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Figure C.3 — HOQ structure based on the proposed PRM model
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