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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.
Afterhaving clarified thebasicprinciples and thebasicunderstanding
of terms in the first part, the topic of planning should be considered in
this Part 2. Validation including qualification is characterized by a
strictly systematic, formalistic, and documented, i.e., a planned
procedure. Precisely these characteristics are one of the great
strengths of this quality assurance measure. One does not want to
forget or overlook anything, one wants the necessary testing and
verificationactivities tobecoordinatedwithexperts, andonewants to
have the last verifying check ensured by the binding and responsible
signature.Only suchanapproachguarantees ahigh level of quality, for
technology, processes, and for the product.
Validation or qualification can be highly complex projects when it
comes tonewconstructionoralterationmeasuresor the introduction
of newproducts andassociatedprocesses. Sometimes, however, it can
alsobe a simple action, for example, if only a singlepiece of equipment
is purchasedoronly a re-qualificationor re-validation is required. The
introduced concepts must be correspondingly flexible without com-
promising the systematics and thus the quality of implementation.
The following article deals with these concepts, the planning, and the
essential elements that are at the beginning of each validationproject.
It is deliberately based on the content – what needs to be regulated,
what needs to be described – and only then on the document. If the
term validation is used, it is to be understood as an umbrella term for
qualification and validationmeasures.

Agreement on Rules of the
Game (Validation Concept)

It is not only a regulatory require-
ment [1], but it goes without saying

that structured and systematic pro-
cesses can only be ensured if they
are defined, described, and commu-
nicated to a minimum extent. This
applies in particular to the valida-
tion process. It is important to have
a specific process design that is
aligned with the environment (with
the company). For the introduction
of a validation concept, at least the
following topics and processes must

be considered, defined, and de-
scribed:

n The overall concept
Which elements and which indivi-
dual steps are established with
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which wording (definitions), and
how is the overall process, and the
sequence of steps predetermined?
Are there special breakpoints and
test points (project milestones)?
How is the validation process inter-
locked with other processes (e.g., En-
gineering), and which interfaces ex-
ist? What does the entire document
hierarchy look like (e.g., one or more
master plans)? How are the “gener-
al” competencies and responsibil-
ities e.g., aligned with functions
and/or departments? What is the
basic attitude towards externally
performed activities and their inte-
gration? What is the basic concept
with regard to risk- and life cycle-
based approach? How is the overall
overview (qualification and valida-
tion scope and status) ensured, and
how and where are the annually re-
curring activities planned and docu-
mented? How is “completeness” in
the implementation guaranteed
(e.g., Traceability Matrix)? It does not
matter whether a V-model or a com-
plex flow chart is used as a process
model. The steps must be fixed, the
sequencemust be clearly defined.

n Procedure of qualification
Which single or combined elements
are defined and for which case (e.g.,
IQ, OQ, or IOQ)? How must or may
the individual elements be pro-
cessed (serial, parallel, overlapping)?
Which basic activities are assigned
to the individual phases, and which
basic acceptance criteria? How do
these activities connect to the pro-
curement, installation, or modifica-
tion of a technical system? How are
the documents ( forms) structured
in terms of content, and how are
they numbered? When, by whom,
and how are the documents created,
where are the proof tests and accep-
tance criteria derived from and how
are they cross-checked? How are the
specifications processed, how are
the results evaluated, and by whom
are they cross-checked and ap-
proved? How is a distinction made
between complex systems and sim-
ple standard devices? How are

changes and deviations handled
during qualification, and how are
they documented? According to
which scheme are re-qualification
cycles defined and where are they
documented? What is the archiving
concept?

n Procedure of validation
What are the basic requirements for
starting a validation (software, pro-
cess, cleaning, sterilization, etc.)?
How are the associated plans and
reports designed and structured and
how are they numbered? Who initi-
ates and who creates the docu-
ments?Where are requirements and
acceptance criteria derived from?
Who checks and who approves in
the end? How is the execution and
frequency of execution regulated?
How are evaluations carried out and
on what statistical basis? How are
changes and deviations in the vali-
dation handled, and how are they
documented and evaluated? How
are the necessities for re-validation
determined and where are they
documented? How is archiving car-
ried out? How is a continued long-
term evaluation and assessment
carried out?

This list is certainly not complete,
but each of the questions listed must
be answered specifically and concre-
tely for a company or organization in
order to map a useful validation con-
cept. General descriptions (prose)
should be reduced to what is abso-
lutely necessary for basic under-
standing. It is important to define
who specifically triggers a process
when and how and what exactly are
the activities to be performed. State-
ments like “After the IQ comes the
OQ. An OQ plan is created for this.”
are unspecific and not concrete in-
structions, because e.g., it is not de-
scribed how OQ is triggered and who
actually creates the plan.

As the topic of validation remains
existing even after an initial project
(e.g., a new building), it is recom-
mended to describe these proce-
dures in individual documents (e.g.,
Standard Operating Procedures,

SOPs) within the quality assurance
system and to maintain and opti-
mize the documents and processes
continuously.

Procedures validation concept

• Execution of a validation pro-
ject

• Qualification of equipment

• Qualification of devices

• Validation of computerized sys-
tems

• Validation of manufacturing
processes

• Validation of cleaning processes

• Validation of analytical meth-
ods

• Validation of transport pro-
cesses

• …

• Implementation of risk assess-
ment

• Change control C&Q

The first green box lists typical ti-
tles that are at least required to de-
scribe a validation concept. The di-
vision of topics into individual docu-
ments should be based here on the
working method and organization
(e.g., qualification of laboratory
equipment is carried out by labora-
tory staff and is therefore ideally a
separate instruction). However, a
warning is given against too detailed
a division, as it makes the docu-
ments difficult to read and carries
the risk of duplication.

The Allocation of Roles
(Validation Team)

The definition of responsibilities
broken down to the assignment of
tasks by name is essential for a func-
tioning system, not only in valida-
tion. Responsibilities at different le-
vels must be named as follows:

n Superior responsibility
The superior responsibility lies
purely legally with the Production
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Management and the Quality Unit
and should also be described as
superior in the concept instructions
described above or in a site-specific
master plan. Additional units and
functionaries can be named and
listed, depending on the organization
and their involvement. This can ex-
tend to a separate department for
qualification and/or validation. How-
ever, the concrete mention of names
should not bemade in the documents
themselves. It is better to refer to cur-
rent company organization charts be-
cause this provides greater flexibility
and easier maintenance.

n Project specific
responsibility
The project-specific responsibility is
usually assigned to a team or indivi-
duals, depending on the size of the
project, and includes the higher-lev-
el managers. The naming is typically
and correctly done in a project-spe-
cific master plan or a higher-level
validation plan. Here, too, it is re-
commended not to list the names
explicitly in the document, but to re-
fer to a project organization chart or
a simple list of names, which is also
easier to handle.

n Responsibility for execution
Execution responsibility lies with
the persons at the execution level
who create documents, execute in-
structions and evaluate results and
summarize them in reports. Every
person involved in the actions –
whether internal or external to the
company – must be identifiable.
Here, too, it is recommended to dis-
pense with naming them by name
directly in the documents and in-
stead work with an attached signa-
ture list that is filled out and signed
after processing. It makes only limit-
ed sense to specify people by name
in advance, as changes in staffing
can quickly occur for a wide variety
of reasons. In the end, the decisive
factor is the identification of the
performers and the assurance that
these persons were instructed in the
activity before the performance.

n Test and release
responsibility
The responsibility for testing and ap-
proval clearly lies with the produc-
tion and/or laboratory management
and quality unit but can include any
other specialist departments. These
persons are usually listed in advance
by name on the cover sheets of the
qualification and validation docu-
ments. It should be noted that
• the number of signatories is re-
duced to the absolute minimum,
e.g., a political “security culture” is
to avoid.

• ideally it is specified for what a
person is signing for (e.g., check
for formal criteria, check for tech-
nical feasibility, check for compli-
ance with acceptance criteria).

• it is clear who is ultimately re-
sponsible for releasing the docu-
ment for execution or storage
(multiple signatures should be
avoided here, alternatively the
meaning of the release or approval
should be defined accordingly).

If it concerns smaller measures (e.g.,
procurement of an individual de-
vice), then the responsibilities are
stated in the specific qualification
and/or validation plan, whereby the
before-made remarks apply also
here.

The complexity of processes and
technical equipment today makes it
necessary for technical specialists to
sit around the table and round off
the “validation team”. This is correct
and important, but it requires that
• specialists are only called in when
it is really necessary (efficiency of
the meeting).

• especially suppliers of technical
systems are included (the actual
specialists who know the finer
points).

• sessions in the larger circle are
used exclusively to obtain com-
ments and clarify open questions,
since elaborations in the large cir-
cle are inefficient and basically
not possible.

• it is clarified that there is exactly
one decision maker, all others only
have the right to comment.

It should be pointed out again at
this point that the actual responsi-
bility ultimately lies with produc-
tion, the quality unit has a control
function, and the specialists must
cover the professional and technical
background. A comparison with mo-
torists (person responsible), traffic
policemen (monitoring), and car re-
pair shops (technical expertise) may
illustrate this clearly.

The Project Takes Shape
(Master Planning)

The master plan topic is not new
and not specific to validation. Every
major urban development project
starts with a master plan in which
the project is comprehensively re-
corded, explained, and roughly
planned. It is a basic document on
which further detailed planning and
implementation is built. This is also
the case with validation. Especially
for larger and more complex under-
takings (new construction or recon-
struction), the project must be de-
scribed, structured, and pre-planned
as a whole (e.g., milestone plan). The
persons responsible for the project
must be named and the necessary
resources must be provided. It has
to be determined according to
which concepts is proceeded con-
cretely and – as the core element of
the master plan – which project
scope is to be discussed, which then
has a direct effect on the necessary
resources. This and more can and
should be the content of a validation
master plan.

Today, however, the subject is
somewhat more complex in that
there are not only master plans for
projects but also site-specific master
plans. Figure 1 shows an example of
how different information can be
maintained in a structured way.

For a site or an individual facility,
it must e.g. be specified who is re-
sponsible for the topic of validation
– independent of ongoing projects.
The basic concept according to
which validation is carried out at
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the site must be defined. And there
must be overviews for the site that
show which technical equipment ex-
ists, which processes and products
are established, and what the asso-
ciated qualification and validation
status is. The list of content items in
Annex 15 of the EU GMP Guide to
the Validation Master Plan (VMP)
should be understood in this direc-
tion [2]. Depending on the organiza-
tional structure, this superior VMP
can contain subordinate master
plans, e.g., a qualification master
plan (with the list of the technical
systems to be qualified) and/or an
IT master plan (with the list of the
IT systems to be qualified or vali-
dated).

In the life cycle of a site or facility,
there will be smaller and larger pro-
jects which, depending on their
character, may also involve qualifi-
cation and validation activities,
usually triggered and evaluated by a
change control program. If these are
larger projects (e.g., installation of a
new production line), it makes sense
to describe the project in a project-
specific validation master plan
(fig. 1). If it is a smaller project (e.g.,
procurement of a laboratory device),
it will be sufficient to define the pro-
ject in a validation plan (VP) only. In
both cases, it is important that after
completion of the project or the in-
dividual action the systems and/or
processes are included in the site-
specific lists, i.e., in the site-specific
VMP.

Within the framework of a life cy-
cle model, the recurring actions
must also be planned, ideally an-
nually. Here it has proven to be use-
ful to derive a separate annual VMP
or corresponding action lists from
the site-specific VMP and/or its
superior master plans.

Regardless of how you design the
model and how you use the VMP
document, you should always be
careful not to duplicate information.
Referencing is explicitly allowed in
Annex 15 [2]. For example, you can
refer to the Standard Operation Pro-
cedures (SOP) described above for

the validation concept. The same
applies to a project description that
may already have been prepared in
connection with other official ap-
provals.

Detailed recommendations on
the contents of a VMP can be found
among others also at the PIC/S
(Pharmaceutical Inspection Co-op-
eration Scheme) [3] and from the
WHO (World Health Organization)
[4].

Wishes May be Expressed (User
Requirement)

Every house builder knows this:
Everything begins with wish pic-
tures and first sketches, perhaps
also already with a first quickly
drawn floor plan. Only when the ar-
chitect comes on board do you gra-
dually begin to structure your ideas
and wishes, if necessary, with the
help of a checklist provided by the
architect. And it's the same in phar-
maceutical construction, at least
when it comes to the first big ideas.
You have a product, a process, and
the first necessary equipment in
mind, which the engineers quickly

put down on paper - usually in the
very early concept phase. The first
block and process flow diagrams,
floor plans, and installation draw-
ings are created. This is normal and
quite legitimate but should be more
systematized when moving into the
basic planning phase. Now is the
right time to set down in writing the
user requirements, taking into ac-
count the product and process char-
acteristics as well as the regulatory
framework. In doing so, the user re-
quirements define what one wants
to do, to what extent, and for what
purpose (e.g., one wants to produce
a certain number of painkillers for a
certain market) and not how this
can be achieved in detail. The user
determines the use, the engineers
determine how the technical imple-
mentation is carried out. This does
not exclude that the user also has
some technical wishes and of course
has to formulate these (e.g., certain
stainless-steel claddings or floor
coverings). This should not, how-
ever, result in the user producing a
detailed technical specification at
the end, as otherwise all further ac-
tions derived from the user require-
ments (e.g., risk assessment, change
control C&Q) will be lost in infinity.

n Figure 1

Overview of validation documents (source of all illustrations: the author).
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Content user requirements

• Which products should be man-
ufactured?

• How are these applied later (or-
ally, parentally)?

• What are the product specifica-
tions?

• Are several products manufac-
tured in the plant?

• Is the manufacturing process
open or closed?

• Are critical IT systems in use?

• Where should the products be
sold?

• What are the quality critical
parameters (quality attributes,
process parameters)?

• What are planned quantities,
and production cycles?

• Are special processes in use
(biotech)? etc.

The second green box lists typical
questions that are usually answered
in a superior user requirement spe-
cification (e.g., for new construc-
tions). This can and should be ex-
tended by the user to include specif-
ic requirements derived from the
rules of Good Manufacturing Prac-
tice (GMP) for subsequent operation
(e.g., that certain activities must be
carried out in a specific cleanroom
environment).

Of course, there are also user re-
quirements for individual technical
systems when they are newly ac-
quired or replaced. Since we are al-
ready at the individual system level,
these requirements are more techni-
cal in nature, often mixed directly
with a technical specification or a
manufacturer's datasheet. Here, too,
major problems become apparent in
the further course of validation if
the user requirements go down to
the last technical detail. It goes be-
yond the reasonable scope of any
risk assessment based on the user
requirements. Therefore, the basic
principle of user-oriented questions
also applies here:

• What do I want to do with the sys-
tem?

• Which ease of use (degree of auto-
mation) would I like to have?

• What performance requirements
(capacities, throughput, availabil-
ity) do I have?

• What special requirements are
placed on the system or its design
(e.g., good cleanability, easy to dis-
mantle, smooth surfaces)?

• In which environment should the
system be used (e.g., indoor or
outdoor, high temperatures, hu-
midity, space requirements, acces-
sibility)?

It is ultimately the task of the engi-
neers to transform the user require-
ments into more detailed technical
specifications based on the required
technologies – such as e.g., clean
room technology, sterile technology,
and hygiene design. In doing so, the
engineer makes use of a wide range
of norms and standards that already
offer extensive assistance. It cannot
be the user's task to specify all tech-
nical details and it cannot be the
quality unit's task to check all tech-
nical details for adequacy, just as it
is not the car buyer's task to specify
or check the dimensional accuracy
and tolerances of piston rings. Un-
fortunately, however, this is exactly
what is happening today in the GMP
environment and is one of the basic
causes of the inefficient and ineffec-
tive processes.

A Last Look at Security (Risk
Assessment)

“Risk-based approach” is certainly
one of the most frequently used
terms in the GMP environment to-
day, and not without reason. To ana-
lyze what is critical and to concen-
trate your measures on it is logical
and makes sense and is what autho-
rities today expect from past experi-
ence. A risk assessment is neither a
one-time nor a uniform action.
Especially in connection with new
projects and the associated qualifi-
cation and validation, the necessity

arises to carry out risk assessments
and analyses in different forms at
different times.

n Classification
Classification is a first and very early
type of risk assessment. Already at
the beginning of a project, it can be
decided with simple means and logi-
cal justifications whether a certain
technical system is subject to GMP
requirements at all (e.g., a waste-
water plant) or whether it is quality-
critical in terms of GMP or not and
therefore has to be subjected to qua-
lification (e.g., a secondary heating/
cooling circuit). It would definitely
be exaggerated to use a Failure
Mode and Effect Analysis (FMEA)
for these decisions. A simple discus-
sion among experts based on simple
process diagrams with subsequent
documentation of the decision and
justification in the form of a meeting
note should be sufficient here. This
can be created e.g., as an attachment
to the user requirement specifica-
tion. Of course, there are also tools,
as far as GMP-criticality is con-
cerned, such as a questionnaire [5]
offered by the ISPE in its new base-
line document, which is very useful
for early classification.

n Process risk assessment
The process of risk assessment is
then a further and deeper level of
risk assessment. Here, a distinction
should be made between 2 types of
processes (here with regard to a
typical new construction or recon-
struction project): the logistical pro-
cess and the chemical or physical
manufacturing process. In the first
case, it makes sense, when user re-
quirements and initial planning
documents are on the table, to go
with all experts through all logistical
processes - i.e. material and person-
nel flows - in detail along the pro-
cess flow and check them for risks
of contamination and/or mix-ups.
Experience has shown that direct
documentation in the planning
documents combined with meeting
notes is efficient and effective. The
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results should then be used to up-
date the user requirements. If de-
sired, the meeting points (the dis-
cussed risks, e.g., of a mix-up) can be
listed in tabular form afterward and,
if necessary, evaluated with the help
of key figures. It remains to be seen
whether this provides more security.
At least it makes it possible to classi-
fy similar risks in the same way. This
type of risk assessment is often re-
ferred to as the first “design review”,
which is certainly applicable and
should then be defined as such in
the validation concept described at
the beginning.

For the assessment of the chemi-
cal or physical manufacturing pro-
cesses, FMEA seems to be more suit-
able. Here, every single manufactur-
ing step has to be discussed in
detail, and especially deviations
from quality attributes and process
parameters have to be discussed.
Actually, this information should al-
ready be available at the time of the
creation of a user requirement, e.g.,
from research and development or
from test productions. Not infre-
quently, however, there are changes
in scale and equipment during the
implementation in a commercial

production plant, so that a renewed
"tapping" of especially these critical
and essential values makes absolute
sense. Again, the results should lead
to an update of the user require-
ments.

n System assessment or
technical risk assessment
System assessments or technical
risk assessments are carried out
based on user requirements and de-
tailed specifications for individual
technical systems (e.g., risk assess-
ment tablet press). This is possible
at the earliest when the planning is
more advanced and the equipment
is selected, the supplier and the sys-
tem type are known. Only then will
all the information required for a
successful risk assessment be avail-
able. This process often takes place
in two stages. In the first stage, the
assessment is based solely on the
user requirement, limited to the lev-
el of detail described there. Once
the system type and thus the sup-
plier is known, the supplier is
brought to the table to finalize the
risk assessment that has been
started. An absolutely recommend-
able procedure.

In technical risk assessments, it is
important to focus on the specific
application and less on technical
standards that are already regulated
by norms or the state of the art.
What risks could there be with re-
gard to the intended use and the
mode of operation – e.g., in a water
system? Can connected consumers
and their planned mode of opera-
tion lead to malfunctions – e.g., re-
contamination in the distribution
loop? Can simultaneous excessive
offtake lead to backflow in the dis-
tributor loop? The fact that high-
quality stainless steel with a corre-
sponding surface quality is used as
material for the pipe is an establish-
ed standard and does not have to be
questioned and discussed for the
umpteenth time.

The technical risk assessment
will then be continued in the form
of detailed design reviews, parallel
to the elaboration in the detailed de-
sign. However, this step is already
part of the qualification, specifically
the design qualification, which will
be discussed in the next part of the
series of articles.

Further risk assessment concern
specific processes such as cleaning,
sterilization, or disinfection. Risk as-
sessments are also required in con-
nection with computerized systems
and their software. These all assume
that the processes to be considered
are established and described and
are therefore carried out at a rather
late stage in the project.

Common to all risk assessments
is that they are used to question
existing requirements and their
planned implementation and, if ne-
cessary, to optimize the design
with regard to process and product
quality. The results lead to the
adaptation of the corresponding
user requirements and specifica-
tions. Likewise, critical design attri-
butes are identified, which must be
paid special attention to in the
context of the latter qualification.
Figure 2 shows again the risk as-
sessments that play a role, espe-
cially in validation planning.

n Figure 2

Risk assessments in planning.
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Do Not Lose the Overview
(Traceability)

Of course, the requirements and
measures defined in the validation
planning must not be lost sight of at
the end of a project. This is certainly
not an easy undertaking in the case
of extensive and complex projects. It

is important to ensure that all speci-
fications defined in a user require-
ment are met and implemented at
the end of the project. It is also im-
portant to ensure that all measures
defined in the risk assessments have
been implemented. Especially since
all defined qualification and valida-
tion activities have been incorpo-

rated into the corresponding plans
and protocols. In order to guarantee
this consistency, the tool of the
traceability matrix has been estab-
lished over the last years, in princi-
ple one or more Excel tables, which
connect requirement points with
the points discussed in the risk as-
sessment and checked in the qualifi-
cation. Figure 3 shows exemplarily
such a connection between user re-
quirement, risk assessment, and the
qualification plan.

Basically, there is nothing wrong
with such traceability, but there is
some objection to the way the im-
plementation has degenerated. So,
today enormous, unmanageable Ex-
cel tables are provided, which do
not only contain the points of the
catalog of requirements and the risk
discussions; meanwhile, even details
from technical documents are regis-
tered, in order to manage the cross-
connection. One can hardly assume
that real traceability and transpar-
ency are still given here, not to men-
tion the amount of work involved.

It is certainly more sensible and
advisable to pay attention to the is-
sue of transparency and traceability
already when designing the source
documents – the user requirement
and/or the risk assessment – and to
create the possibility of links by in-
serting one or more columns.

Figure 4 shows the example of a
tabular user requirement, which re-
fers to the appropriate lines of the
risk assessment as well as to the
qualification items. In the risk as-
sessment itself, a column can be
added at the end, in which after im-
plementation of all measures this is
confirmed with date and signature
and thus the complete processing.

The Complete Package
Validation Planning

As with all projects, planning is cru-
cial to the quality of the final result.
In case of validation of a pending
project, the planning includes the
elements:

n Figure 3

Traceability.

n Figure 4

Extended user requirements.
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• Validation concept
• Validation team
• Validation master plan (site/pro-
ject related)

• User requirements (project, tech-
nical system)

• Risk assessments
• Traceability Matrix.
Experience has shown that today
most mistakes are made in connec-
tion with user requirements and risk
assessments, which leads to signifi-
cant time delays and excessive pro-
ject budgets. It makes sense to take
a closer look at these documents,
their meaning, and their design be-
fore starting a project. In the above
explanations, some hints were given

on how this could be done pragma-
tically. Other models are certainly
also possible. In any case, the com-
plete package should be available –
starting with new construction or
reconstruction projects – at the lat-
est by the end of the basic design
phase before moving on to the im-
plementation phase, which will be
examined in part 3 of this series of
contributions.
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