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This contribution is part of a 4-part series of articles. Part 1 deals with
basic principles, Part 2 with planning, Part 3 with implementation,
and Part 4 is about comparison with the regulations.
The article “Qualification 4.0 – Unused Potential” [1, 2] reported
that organizations remain stuck on the topic of qualification –
which means documented proof of the reliability of technical
systems that is required in the pharmaceutical industry. Also that
this quite costly, labor-intensive, and time-consuming quality
assessment often fails to have the desired effect, and frequently
prevents the timely completion of new construction projects.
Reasons and initial possibilities for improvements have already
been addressed. In the following article, the problems are explored
in more detail and concrete proposals are offered for possible
solutions regarding especially critical topics. Basic principles that
promise a success if they are followed are discussed. This includes
proceeding with common sense just as much as focusing on the
contents – as opposed to concentrating on forms. Special
emphasis must be placed on establishing user requirements and
on risk assessments. Both topics are crucial to success or failure
early on in a project. The goal-oriented structuring, design, and
handling of qualification documents as well as the intelligent
integration of documentation from equipment suppliers doing
preliminary work are addressed as well. As always, the suggestions
still leave room for optimization.

What Really Matters

Before detailed suggestions for im-
plementation with examples are dis-
cussed, this first part of a planned 4-
part series of articles is intended to
create a basic understanding of the

topic of qualification and the gener-
al procedure. This is even more im-
portant because today the experts
are increasingly losing themselves in
discussions about terminology in-
stead of concentrating on the neces-
sary contents and goals. It some-
times seems to be more important
to argue about abbreviations like
URS (User Requirements Specifica-
tion), FAT (Factory Acceptance
Test), SAT (Site Acceptance Test)
and their assignment to GMP and

qualification than to think about
what should be described in these
“content containers” and for what
purpose. In the following chapters
and articles, we will try to explain
the main activities and specific re-
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cords related to qualification. Which
activity is required, why, and what
must be recorded and documented?
A deliberate attempt is made to use
as few terms as possible that are
common in this field to avoid the
discussions described above. The fo-
cus should be on the activity, the
reason (why), and the “how-to-do”
(how). Only at the end, in Part 4 of
the series of articles, the activities
are then compared with the “usual”
terms. First, however, the focus is on
the basic understanding of the topic
of qualification.

Qualification or Testing

Qualification as a sub-item of valida-
tion is a documented evidence
firmly anchored in the Good Manu-
facturing Practice (GMP) regula-
tions, which is intended to support
pharmaceutical quality assurance
and ensure that technical systems,
including premises and utilities,
function reliably and as required
and provide the planned perfor-
mance. The emphasis here is on
“documented evidence”, as this is by
definition an activity that is in-
tended to demonstrate the reliability
of a technical system after success-
ful installation or successful com-

missioning. Although various checks
or tests are carried out or reference
is made to them, these activities are
not "testing" in the usual sense.

A look at the relevant definitions
and their exact wording may clarify
this. For example, the EU GMP
guideline in its Annex 15 [3] begins
the definitions for the qualification
of the phases Installation Qualifica-
tion (IQ) and Operational Qualifica-
tion (OQ) with: “The documented
verification that the facilities, sys-
tems, and equipment, as installed or
modified [...].” In the corresponding
EU-Glossar [4], the definition for
qualification is: “Action of proving
that any equipment works correctly
and actually leads to the expected
result […].” Also in the Guidelines on
Qualification of the World Health
Organization (WHO) [5], the defini-
tions OQ and Performance Qualifi-
cation (PQ) are preceded by “Docu-
mented verification [...]” and only in
the case of IQ is the term “perfor-
mance of tests to ensure” used,
whereby the word “ensure” refers to
the verification activity. None of the
definitions, therefore, speaks of
checking whether something is ok
or not, as usual. Rather it shall be
proved, that something is ok.

The understanding of this differ-
ence is essential since a mixture of

the activities – one of the most fre-
quent problems at present – drives
the expenditure for the qualification
extremely up without a recognizable
increase in value (see following
chapter). Testing in the usual sense
is carried out after a construction or
installation process. The activity
takes place for the examination of
the actual condition, i.e., for the
identification of possible still exist-
ing defects. If such defects occur,
they must be eliminated, and the
testing process must be repeated.
The qualification (the proof) is car-
ried out after the defect removal –
after a completed successful test
procedure. Qualification is basically
based on the assumption of a fault-
less technical system, but this must
be demonstrated. This additional
activity, the qualification, is the
“add-on” of pharmaceutical quality
assurance. It is designed to produce
quality in all elements of pharma-
ceutical production and not to de-
termine it in the final product by
means of analysis.

The Importance of Good
Engineering Practice (GEP)

If the qualification simply is “evi-
dence”, then it is self-evident that
this requires a high-quality technical
product if the qualification is to be
carried out quickly and successfully.
If this is not the fact, and the techni-
cal system shows several errors,
then the qualification process will
not only be bumpy but also expen-
sive and lengthy successful

This relation is illustrated by
fig. 1. Defects that are not discov-
ered as part of normal engineering
or that are not even tested for in the
first place cannot easily be elimi-
nated and closed with a new test
once you get to the qualification
phase. Within the qualification
phase, every defect becomes a devia-
tion and must be extensively docu-
mented, discussed, evaluated, and
followed up with appropriate mea-
sures. In addition to engineering,

n Figure 1

Influence of GEP on costs (source of fig. 1–2: the author).
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the pharmaceutical manufacturer
with its quality unit now also comes
into play. There is no need to point
out that this means that simple
technical defects get into a treadmill
of the formalism required in the
qualification process with circula-
tions, reviews, signatures, etc. The
more activities are shifted from the
GEP area to the GMP area, the
greater the additional expenditure
(see red bars in fig. 1).

But what characterizes GEP,
especially in connection with pro-
jects in the pharmaceutical or GMP
environment? The following list of
requirements does not claim to be
complete, but contains topics that
have proven to be essential in prac-
tice:
• Processes should be defined ac-
cording to fixed specifications (e.g.,
in an engineering manual) and fol-
low the usual phases such as Con-
ceptual Design (CD), Basic Design
(BD), and Detailed Design (DD).

• The technical documents to be
created in each phase should be
defined and provided with sam-
ples. Usual technical documents
such as Piping and Instrumenta-
tion Diagrams (P&IDs) should be
based as far as possible on exist-
ing standards, in which the scope
and content of such documents is
described (e.g., ISO 10628, flow
diagrams for process plants).
Documents should then also be
produced in this quality.

• Engineering companies active in
the GMP environment must be
able to create a project schedule
that integrates GMP-relevant ac-
tivities (e.g., execution of GMP risk
assessments, qualification activ-
ities) in addition to the usual engi-
neering activities. The company
must be as familiar with these ac-
tivities as is expected e.g., in con-
nection with safety requirements.

• There must be a change and de-
viation management for the
technical area, which clearly
traces changes and deviations as
well as associated corrective
measures. This is not necessarily

a multi-page and time-consum-
ing form with countless signa-
tures. The documentation can
also be done pragmatically and
directly in technical documents
(drawings) but in a clearly regu-
lated and consistently implemen-
ted manner.

• The established test procedures
and their documentation are of
enormous importance. GEP is
characterized by clearly defined
breakpoints (gates) outlined in
project schedules, at which de-
fined construction and comple-
tion tests are carried out and
documented in a meaningful/
traceable way. In the GMP envi-
ronment, it is essential that test
specifications exist for the
planned engineering tests, which
define the scope and procedure in
detail. The completed documents
must be checked by at least one
expert. The involvement of the
pharmaceutical manufacturer's
quality unit is a case-by-case deci-
sion. Technical test documents
that do not meet these require-
ments are worthless for a GMP
project.

• Another important feature is com-
munication and the underlying
documentation. Since construc-
tion projects in the pharmaceuti-
cal environment are often very
complex, extensive, and extremely
dynamic, important information
and agreements are quickly lost in
the hectic pace of everyday life. It
is therefore important that a sys-
tem exists within the framework
of GEP, how agreements or meet-
ing results are documented, and
open points are followed up
(pending lists). Depending on the
size of the project, professional
companies work here with so-
called "Project and Quality Plans",
documents in which communica-
tion, documentation, numbering
systems, and much more are regu-
lated in detail for a specific pro-
ject.

Besides these points there would be
surely still substantially more as-

pects, like e.g., the construction ma-
terials management, the construc-
tion site management, dealing with
subcontractors, good documenta-
tion practices, and others that could
be addressed but would go beyond
the scope of this article.

It should not be left unmentioned
that all the comments on GEP must
take into account different areas
and levels of application in engi-
neering, which must be considered
in the scope and depth of the estab-
lished quality systems.

For example, engineering, which
is active in the area of active ingre-
dients (typically chemical plants),
is set up and structured comple-
tely differently compared to engi-
neering, which deals with plants
for pharmaceutical finished prod-
uct production. While in the first
case the plants are composed of
many individual components and
there are specialized engineers for
different areas (machines and ap-
paratus, pipelines and fittings,
pumps, automation, electrical,
measurement and control technol-
ogy) and correspondingly establish-
ed processes, in the second case it
is essentially the architects, clean-
room builders, engineers for tech-
nical building equipment and me-
chanical engineers who act rather
independently of each other and
therefore often lack the necessary
structured overall and interface co-
ordination.

Regardless of the field or scope of
a technical project, it is an irrefuta-
ble fact that GEP is a basic require-
ment for successful qualification. It
is a fact that errors or quality defects
in the field of GEP can only be cor-
rected in the field of qualification at
great expense or not at all. Unfortu-
nately, it is also an irrefutable fact
that due to the enormous time pres-
sure in such projects today, post-
poning GEP deficiencies to the qua-
lification stage is not the exception
but the rule – and not a single pro-
ject pushed in this way has really
met the time and cost line in the
end.
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Efficient Qualification Requires
Efficient Documents

Qualification documents are evi-
dence documents and not only serve
the pharmaceutical manufacturer as
quality documents but are also used
in audits and inspections. Corre-
spondingly high demands are placed
on Good Documentation Practice,
including requirements for trace-
ability and signatures by persons in-
volved in the process.

However, good documentation
practice does not necessarily mean
complicated and costly documents.
Nevertheless, especially in the area
of qualification, documents are be-
coming visibly bloated, formalistic,
complex, and increasingly difficult
to understand. The involvement of
various disciplines (engineering,
production, IT, quality, etc.) as well
as the results of audits and inspec-
tions, which lead to quick, often ill-
considered adjustments, contribute
to this situation significantly. How-
ever, the more complicated such
documents become, the more con-
fusing the associated processes be-
come, and the error rate increases.

When creating a qualification
concept and the associated docu-
ments, the following basic rules
should therefore be considered:
• First you should start from the
content and ask yourself what in-
formation it needs and for whom I
have to compile this information
and for whom this information
needs to be compiled. Only in a
second step, you should decide in
which container (document) you
put this information. If it is neces-
sary to describe the procedure for
qualification with the individual
steps, it would be possible to do
this either in a superordinate mas-
ter document or in individual
standard operating procedures.
Considering that the qualification
of process plants and laboratory
equipment is carried out by differ-
ent persons, it is advantageous to
choose the standard operating
procedure and divide the topic ac-

cordingly so that each party only
has to read what they are inter-
ested in. The usage essentially de-
termines the document structure.

• Duplication of content should be
avoided as far as possible. This is
not only to keep the size of the
documents small but also to facil-
itate the maintenance of the docu-
ments. Updates then only need to
be carried out at a single location.
A typical example is the descrip-
tions of technical systems, which
are often repeated in different
qualification documents at differ-
ent levels. A change in the descrip-
tion results in the modification of
several documents. An individual,
single system description, which
is then only referenced, is cer-
tainly a much better solution here.

• Descriptions in the documents
should be short, concise, and spe-
cific. Attributes that one would ex-
pect to find in a technical environ-
ment, but which are not necessa-
rily present during qualification. It
is not uncommon to encounter
lengthy, textbook-like descrip-
tions, especially when it comes to
concept and process descriptions,
often simply a copy from the lit-
erature or rules and regulations.
Instead of “The employee from
department XY creates the plan
with at least the following test
points”, one finds the explanation
“The qualification is the docu-
mented evidence that [...] It usual-
ly includes the test for [...].” If a
sentence does not describe who,
what, when, and how something is
performed, and how and where it
is documented, then it is not ne-
cessarily useful and does not sup-
port efficient documentation.
Ok – sometimes it can be neces-
sary and helpful to give a short
background explanation to the
employees in order to also in-
crease the acceptance of the mea-
sures. However, this should be
well-considered and reduced to
what is necessary.

• According to GMP, it is explicitly
allowed to reference within cer-

tain documents to other docu-
ments in order to avoid duplica-
tion of information and to make
smart documents and mainte-
nance easier. However, there are
also limits. For example, despite
all the love of smart documents,
you should make sure that the
amount of references is such that
the document can be read as a
whole without having to provide
entire libraries of other docu-
ments.

• Transparency is a delicate issue
and not always easy to comply
with. This is especially true for
documents that are thematically
related. For example, if you have a
test plan, in which all essential
test items are listed for an over-
view, it is essential that you can
easily and quickly assign test
items to test descriptions in the
more detailed documents in
which these tests are described in
detail. This is possible if the test
description contains the same ti-
tles and the same sequence of test

Mock Audit, Gap Analysis, 
remediation projects, 
inspection support –  
all from one source!
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items as in the corresponding test
plan.

• Signatures are a key to quality as-
surance in the GMP environment.
People take responsibility. Roles
and responsibilities are clearly as-
signed. But it does not always
work in this sense. Signatures are
often included in the qualification
process in order to get the other
department “on board” without
really defining the scope of re-
sponsibility. It escalates into sig-
nature campaigns that are time
and resource-consuming. In the
worst case, it can lead to renewed
discussions and document revi-
sions if people – who were not
even involved in decisive clarifica-
tions of the content – are forced
to sign documents. It is therefore
essential to think carefully about
who is really responsible in the end,

who was involved in document
creation and who should therefore
sign sensibly. If you then also make
sure that it is clear what a person is
signing for, then GMP require-
ments aremet. With the latter
point, it is not uncommon for a per-
son to sign as a“reviewer” but it is
not clear what exactly he or she
should have checked ( form, con-
tent, plausibility, technical issues).
It is advisable to describe this
clearly below the signature fields so
that those responsible are aware of
their responsibilities when signing.

A final recommendation – in addi-
tion to the above list – is given with
regard to the connection between
qualification and GEP test docu-
ments. Figure 2 symbolically shows
the minimum basic requirements. It
is usual to provide an overview of
planned evidence tests, followed by

the test descriptions. Under certain
circumstances, this may result in
more detailed overview (test) lists.
Once the quality (scope, content,
and depth) of the technical test
documents has been agreed upon
within the framework of GEP, the
qualification documents can be ea-
sily and clearly referenced to the
same. In any case, one should make
sure to keep the interaction between
qualification documents and techni-
cal test documents as simple and
transparent as possible.

Risk Assessment and Risk
Management

Two keywords influence the process
of qualification today – “risk-based”
and “life cycle”. It is expected that
the pharmaceutical manufacturer
knows what he is doing and why he

n Figure 2

Basic structure of qualification documents.
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is doing something, that he knows
his process exactly, has it under con-
trol, identifies possible risks at an
early stage, and eliminates them
with appropriate measures or at
least reduces them to an acceptable
level. One such measure is qualifica-
tion. Accordingly, the scope and
depth of qualification today is no
longer free to decide but should be
defined through appropriate risk as-
sessments. This is also found to a
large extent in today’s implementa-
tion by the firms, but unfortunately
often too complicated and not al-
ways target-oriented. Even if differ-
ent methods are described in the
ICH-Q9-Guide “Quality Risk Man-
agement” [6], the Failure-Mode-and-
Effects-Analysis (FMEA) method
with its number-based evaluation
system has become widely used and
accepted.

There is nothing fundamentally
wrong with this if it were not for the
fact that the people entrusted with
the risk assessment are often only
focused on the corresponding Excel
sheet, on those risks, which are en-
tered in advance, and on the discus-
sions about the numerical evalua-
tion. The view of the essential part
of a risk assessment is lost. Risks are
often discussed at levels that are
neither system-specific nor helpful
(e.g., risk: “The construction materi-
als are not suitable”).

In principle, it should be noted
that in the course of a technical pro-
ject (new construction, re-construc-
tion, expansion or modification)
there are certainly a large number of
risk assessments to be executed at
different times in different forms
and with different objectives. At
least the following should be consid-
ered here:

n 1. Process risk assessment
for manufacturing (synthesis
and logistics)
On the one hand, the manufacturing
process is considered here, i.e., the
chemical-physical processes in the
production of a pharmaceutical
product. The focus is on critical

quality attributes (CQAs), e.g., a cer-
tain impurity, and on critical pro-
cess parameters (CPPs), e.g., tem-
perature, and pressure. FMEA can
be a suitable method here. All con-
ceivable process parameters at all
process stages and possible devia-
tions from setpoint values are dis-
cussed.

On the other hand, the logistical
process is also to discuss, starting
with the receipt, sampling, release,
and storage of raw materials and
supplies, through their further lo-
gistical path to processing to
packaging, labeling, and shipping
of the finished product. The overall
material and personnel flow is con-
sidered. Here too, the discussion
could be “forced” into an FMEA
type risk assessment, but this is
not very helpful. Better is the dis-
cussion based on material and per-
sonnel flow plans, documented in
floor plans. A simple record of dis-
cussion results in meeting minutes
and action lists would already
serve the purpose here.

The process risk assessment re-
quires at least a draft document de-
scribing the entire project, the pro-
duct, the process, and the associated
GMP requirements as well as initial
planning drafts. The risk assessment
is used to put the planned protec-
tion concept (protection of the qual-
ity of the final product) to the test
and to improve it if necessary. Per-
forming the risk assessment and
adapting the requirements specifica-
tion (the concept) is therefore inter-
related in several runs.

n 2. System risk assessment
(process equipment and
auxiliary facilities)
With the concretization of the pro-
cess requirements and conditions,
the hardware required for this is
usually also concretized, i.e., the ne-
cessary rooms, process equipment,
and necessary auxiliary facilities
(water, steam, gases, etc.). Risk as-
sessments are also required here
and can be carried out by means of
FMEA. However, one should consid-

er carefully whether such a risk as-
sessment is required for all systems.
For example, an analytical balance
as standard equipment has certainly
passed through many test instances
and topics such as correct and trou-
ble-free installation and initial cali-
bration are actually a matter of
course. To ensure this again by an
FMEA is certainly more than ques-
tionable.

It is probably self-explanatory
that the need for risk assessments
increases with the degree to which
the technical system is individually
designed (i.e. no standard equip-
ment). However, this again only
makes sense if this technical risk as-
sessment is specific to the equip-
ment and the intended use. Instead
of asking what happens when a re-
frigerator's power fails, it would be
more important to question whether
the device can provide the necessary
cooling capacity for the intended
use (e.g., considering the frequency
of door openings, the temperature
of the contents during storage) in
order to quickly set required tem-
peratures and keep them within pre-
defined limits. Since the special
knowledge of the equipment manu-
facturer and/or supplier is often
needed here, a procedure makes
sense, with which a first rough draft
of the risk assessment is provided by
the later user and this is then dis-
cussed in a second round with the
specialist, i.e., the equipment suppli-
er or manufacturer.

n 3. Process Risk Assessments
for supporting Processes
Once the equipment has been dis-
cussed and finally selected, a further
step can be taken to begin risk as-
sessments on topics such as equip-
ment cleaning, disinfection, sterili-
zation, etc. An FMEA is certainly
conceivable, but with certain limita-
tions, since in these processes, the
fundamental deviations (incomplete
cleaning, insufficient sterilization),
as well as the associated effects, are
always the same for all individual
points discussed. The focus here
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should be on what can lead to a de-
viation and how likely this is. How-
ever, these risk considerations pre-
suppose that the associated pro-
cesses are available at least in
written draft form.

The three above-listed areas for
risk assessments are certainly logi-
cal and widely known. In addition,
however, there are other risk consid-
erations that are not always imme-
diately recognized as such and are
therefore often not sufficiently docu-
mented. E.g., it is the preselection, of
which technical systems fall at all
under GMP and which not (e.g.,
GMP starting point in active sub-
stance manufacturing processes, ex-
clusion of wastewater and exhaust
air treatment), as well as the typical
review of technical documents with
a focus on GMP aspects (Design Re-
views) which fall into the category of
a risk assessment and therefore
must be comprehensively docu-
mented.

A critical aspect when conduct-
ing a technical risk assessment is
certainly the question of how far
back the focus should go back to the
risk for the patient, for example, as
often indicated in GMP regulations?

Figure 3 illustrates how this re-
course to the patient actually takes
place and what a technical risk as-
sessment should focus on. For ex-
ample, for the direct application of a
drug on a patient, a product risk as-
sessment is carried out in early
phases, the product is tested exten-
sively, and the product specification
is derived from this.

This in turn is the basis for the
development of a suitable process
with the corresponding critical attri-
butes (e.g., homogeneous distribu-
tion of active ingredients) and finally
also the process parameters (e.g.,
pressing force during tableting).
This means that, if the critical pro-
cess parameters are adhered to, cri-
tical process or quality attributes

are also adhered to and, ultimately,
the product specification is met.
The technical risk assessment must
therefore focus exclusively on com-
pliance with the given system-spe-
cific specifications and critical as-
pects derived from the product and
process. Thus, possible risks for de-
viation from the technical specifica-
tions are discussed rather than the
direct impact on the patient. This
recourse results from the causal
chain described above.

One last note is dedicated to the
term “risk management”, which, fol-
lowing the modern age, is used
nowadays on almost every occasion,
including technical risk assessment.
It is to be understood that risk man-
agement is a superior process to be
established at the pharmaceutical
manufacturer and technical risk as-
sessments are a part of it. Technical
risk assessment alone does not con-
stitute risk management. Rather, the
technical risk assessment, which is

n Figure 3

Risk analysis traced back to the patient (source of the illustration: the author; source of the image elements:
AntiMartina_iStockphoto.com, AndrzejTokarski_ stock.adobe.com and agcreativelab_stock. adobe.com).
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created for the first time within the
scope of a newly installed facility,
must be maintained in the pharma-
ceutical company after the end of
the project and, if necessary, supple-
mented with newly identified risks
as experience increases.

Summary – Key Elements for
Efficiency

Efficiency results from the mere fact
that one does not lose sight of the
actual goal – i.e., to prove that tech-
nical equipment is properly de-
signed, installed, and functioning.
All documents generated are merely
aids and containers for information
that support this proof. Accordingly,
one should concentrate on doing
only what is necessary for this pur-
pose and create documents for sup-
port and not as an end in itself. The
previously made statements can be
summarized as follows:
1. Qualification is a documented evi-

dence of a desired condition and
not a checkwhether the condition
has been reached or not. This ba-
sic understanding is essential for
an efficient qualification since
technical tests are not repeated
but referenced to the same. Under
no circumstances should any tech-
nical tests be postponed to qualifi-
cation since technical errors are
thus stylized as GMP deviations. It
would be ideal if there were a for-
mal release for qualification,
which would be issued when the
engineers have completed the
technical tests positively and cor-
rected technical defects.

2. GEP is the basic prerequisite for a
successful, but also efficient qua-
lification. Poor engineering leads
to a costly or even impossible
qualification process. The result
is illustrated in fig. 1. GEP can sig-
nificantly support the qualifica-
tion process and make it efficient
if the technical processes are well
organized and documented, if
there are functioning technical
change and deviation manage-
ment systems and if the technical
design and test documents are of
a quality that allows them to be
easily referenced from the qualifi-
cation documents.

3. Qualification documents them-
selves must be designed in a sim-
ple, easily understandable, trans-
parent way and, if possible, with-
out multiple repetitions. The
simpler the system and the docu-
ments, the less error-prone and
the faster the processing of the
associated activities. Not to forget
that a simple, clear, and compre-
hensible document system scores
correspondingly high in audits
and inspections.

4. Risk assessments – the central
tool, not only to identify critical
aspects for qualification but also
to exclude non-critical aspects
from qualification – must be car-
ried out at the right time with the
right tool. You should think very
carefully about what you are dis-
cussing and have the courage to
move away from the generalities
and towards the specific system
characteristics. FMEA is also not
always the tool of choice and
especially starting with an Excel

sheet is not recommended. A
brainstorming, a general consid-
eration in a team with specialists
and a collection of comments are
often the best start for a valuable
result of a risk assessment.

Certainly, there is a whole range of
other topics and aspects that could
be listed and discussed with regard
to efficient qualification. However,
the statements made in this article
concentrate on the main critical
points and on the basic understand-
ing that is absolutely necessary to
understand the topic of qualifica-
tion comprehensively and to tackle
it efficiently. In Part 2 of the series of
articles, the topic “Conception and
Planning” of qualification will be
dealt with and solutions will be
shown, starting from this basis.
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