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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 282, Water reuse, Subcompmittee SC 4,
Industrial water reuse.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Climate change impacts on water availability have industries across the globe seeking ways to drought-
proof their operations. One of the key water conservation methods is to implement water treatment
and reuse practices, simultaneously reducing demands on potable water resources and on industrial
wastewater effluent discharges, and associated residual contaminants, to the environment. The
greatest challenge to this approach lies in the characteristics of industrial wastewater and the water
quality requirements for reuse, which vary significantly between industries and processes and are
unique for each industrial operation. This variation depends on the type of process, raw materials,
reagents and additives used, all resulting in a unique set of circumstances for each location, even within
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e this challenge, following a review of source control measures and watertreat
industries can choose to evaluate novel technologies using a scale-up study to trans
h-based laboratory-scale or bench-scale proof-of-concept treatment“process in
emonstration or full-scale process. The use of a pilot plan for testing and evaluatior
logy or process is the focus of this document.

acility is a relative term in the sense that it is typically smaller than a full-scale produ
t is built in a range of sizes and does not necessarily infer’a Small-scale application
hducted at demonstration-scale or full-scale and often ifivolves a significant invest
equipment and labour resources; therefore, the term{pilot’ is relative. For new {
echnologies emerging from laboratory and bench-scale development, pilot-testing i
Inity to establish or demonstrate commercial potential.

can be used to check, on a reduced scale, a water treatment process developed thrj
esearch. The experience gained by operating'a pilot plant/facility can assist in mak
to whether or not to proceed with the full-scale plant by determining the likelihood
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Wl wastewater treatmerit pilot plan is a specific case of a chemical, physical and biold
pilot plan. However,(this type of treatment poses many unique challenges that ne¢
by the pilot plan..For example, because some industrial wastewater characteristics
pbr are based on7changes in industrial processing and product generation, it coul
adjust or test'different operating conditions and control strategies and settings to ac
bfficienciesiand determine the most suitable economic operating conditions.

of sefiyiceability limit state (SLS) could be useful to determine these stress condit
.S «criferion, a facility ought to remain functional for its intended use (subject to ro
nditions) after achieving SLS. A typical range of aratio between the critical parameterv
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characterizing SLS and routine operation conditions (e.g. concentration of treated target contaminants,
flow of wastewater stream, stream temperature) is 1,2/2, although it could be significantly higher for
the modern robust wastewater treatment technologies.

The transition from laboratory-scale to a pilot-scale study requires detailed knowledge about the
critical design and operating parameters, which initially does not exist and could include assumption
making within an iterative process of refinement. The inability to replicate laboratory-scale research
findings is often caused by failure to adequately scale-up critical process parameters. It is necessary
that the principles of similitude to correlate model and prototype behaviour are carefully observed.
Hydraulic similitude, commonly based on the Froude Number Law, is important, as it affects physical
attributes such as energy dissipation, as well as dimensional analysis, thus establishing the basic
relationship of the physical quantities involved in the dynamic behaviour of the treatment process. The
physical, chemical and biological behaviour of the pilot process can simulate, in a known manner, the
behaviour of the laboratory or bench-scale prototype, and similarly the behaviour of the pilot process
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can simulate that of a full-scale application. All scalability criteria and specific similitude requirements
ought to be carefully defined prior to pilot planning.

Similarity assessment: since the similarity concept implies checking if the laboratory results are to be
applicable to the real-life situation, as a rule, the initial conditions for the simulation correspond to the
conditions of the performed laboratory research, whereas the boundary conditions correspond to the
expected 'typical’ future conditions. In some cases, the boundary conditions also include design limit
states [e.g. SLS, fatigue limit state (FLS)] defined as the boundary conditions beyond which the tested
technology/process/system fails (or could fail) to perform the function that is expected of itl3].

This document, with some necessary modifications and adjustments, can be used for comparative
'i;'G;';v"i re-sttabiityo "'iS'G Frovercoeretat-sottons .fiCSitesand
applications (given, for example, operational conditions or specific requirements).

By tHe nature of dealing with the unexpected, any pilot plan represents a big challenge| Even|a successful

partial relevance of pilot conditions and environment to real full-scalecconditions and gnvironment
(e.g. scale-up effects);

partial coverage of tested pilot conditions of a spectrum of al] possible full-scale states

short-term pilot performance (long-term effects, such as progressive failures as well a4 equipment-
degraded performance due to ageing or seasonal effects;could hardly be evaluated in th¢ framework
of a pilot plan);

incertainty of statistical conclusions derived froem'rather limited collected pilot data;

it could be that testing conducted at a single @ite of specific conditions will not represent the entire
fange of possible conditions characterizingother sites.

This|document is not oriented towards a-specific type of industrial process; use of rayv materials,
reagents and additives; or to a particular kind of wastewater. Rather, it provides comprehensive
genefal guiding principles for pilot planning and performance to verify laboratory-scale findings and
potential for commercialization, This document includes the critical considerations, methpds, criteria
and processes which need to beya part of every pilot plant study, from the initial planning through to
the gost-pilot analysis of theldata collected during the pilot study.

A decision about perforniing a pilot plan ought to be made directly by all relevant dtakeholders
and nterested parties,*This document is therefore intended to provide the critical guidelines and
cons]derations forsuccessful implementation of a pilot plan.

© 1S0 2020 - All rights reserved vii
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Pilot plan for industrial wastewater treatment facilities in
the objective of water reuse

1 Scope

This document provides the fundamental principles and guidelines for industrial wastewater treatment

techiology pitotstudies:

It do
not ¢

This

2 Normative references

The
cons
undg

ISO 4

3.1

Fort
ISO 3
— 1
— 1

3.1.1
pilot
plan
prog
smal

prop

bs not address laboratory research and development, study or testing of a given teehnd
over reuse applications or operations, such as irrigation.

document applies to a wide range of industrial water treatment systems forythe purpo

following documents are referred to in the text in such a wa§)that some or all of t
Fitutes requirements of this document. For dated referenees, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

0670, Water reuse — Vocabulary

[erms, definitions and abbreviated terms

Terms and definitions
he purposes of this document, the terms and definitions given in ISO 20670 and the foll
nd IEC maintain terminological databases for use in standardization at the following g

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

EC Electropedia: available at http://www.electropedia.org/

plan

ramme
| (rediiced) representative scale preliminary study, or a trial implementation and

logy. It does

ses of reuse.

heir content
applies. For
hts) applies.

bwing apply.

ddresses:

testing of a

psed solution (technology/process/processing chain), limited by some timeframe and ¢

pred

onducted in

efined special conditions, in order to evaluate feasibility, effectiveness, efficiency, conppliance and

sustainability of this solution in an attempt to reveal all possible deficiencies and address them prior to
performance of a full-scale project

Note

1 to entry: A pilot plan is a framework in which verification can be executed.

Note 2 to entry: For the purposes of this document, the terms pilot plan, plan and programme are used
interchangeably.
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3.2 Abbreviated terms

BoD base of design

CSP continuous sampling plan

DCS distributed control system

DoE design of experiments

DR design review

FLS fatigue limit state

FMEA failure mode and effect analysis
HLD high-level design

HSE health, safety and environment
1Q installation qualification

IT information technology

LLD low-level design

LLI long lead items

NDCS non-distributed control system
0Q operational qualification

P&l piping and instrumentation
PMBoK project management body af’knowledge
PMI project managementinstitute
PQ performance qualification

QA quality assurarce

QC qualityleentrol

RFP request for proposal

R&R repeatability and reproducibility
SLS serviceability limit state

SOP standard operating procedure
WBS work breakdown structure

4 Lifecycle of a pilot study

4.1 General
To achieve the desired objectives, a pilot study requires a substantial investment, often including a

long-term operation. A thorough analysis of the intended objectives and potential outcomes should
be carried out before pilot-testing is carried out. The appropriate cost of constructing, operating and

2 © IS0 2020 - All rights reserved
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maintaining the pilot system should be weighed against the expected advantages to be gained in
completing and meeting the pilot plan’s objectives.

The decision about the performance of a pilot plan should be made directly by all relevant stakeholders
and interested parties.

The knowledge and the experience obtained during performance of a pilot plan can be used for the
design of full-scale water treatment systems and commercial products, as well as to identify further
research objectives and to assist in reducing technical and financial risks associated with investment
decisions. Pilot-testing of reclaimed water processes can also be used to demonstrate the effectiveness
and robustness of the technology in protecting public and environmental health and safety and can also

£..1 2 L 1.l + £ i L. 1 ' Tl 1 L. Ao 4
be ugefutn gammmgpuorc-supportror new-—rrecmMmorogresmey-catrarsopeuseatotratrpe sonnel for a

full-gcale plant.

4.2 | Pilot plan lifecycle phases

4.2.1 General

In itd lifecycle, a pilot plan may go through some or all of the phases depieted in Figure 1.

© IS0 2020 - All rights reserved 3
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Validation and approval
of laboratory-scale
process/technology

Pilot study Possible reiteration as needed
g planning
%
= A
) Plan v Pilot operational phase?®
review and -
approval Operatlona_l framework ‘Reduced’
establishment performance
Approval Pilot plant/facility y
Rilot plant/facility procedure manual ‘Nornmal
development and v perfofmance
construction Sampling and A
b asis of design measurement IStressed’
" erformance
{ y P
‘o.nc.eptual an.d Pilot plant/facility
preliminary design commissioning
\|/_ Pilot summary, assessment
D‘?talle‘_i ‘Dry’ run of pilot results and —
engineering :
I g reporting
Contracting and “Wet’ run
construction
U Shutdown and
Acceptance decomi.ssioning
testing (optional)
5
Handover to
¢ommissioning
T
a  Referto]l1.2,11.3 and 11.4 for-an explanation of the terms ‘reduced’, ‘normal’ and ‘stressed’ performance.
Figure 1 — Block-diagram of pilot plan phases
4.2.2 Statement-of pilot plan goals
Pilot plan gdals/scope and boundaries may be stated, based on the laboratory R&D outcomes, industrial

wastewater characteristics and analysis of all relevant regulatory requirements, technology needs and
constraints.

4.2.3 Pilot study programme

A pilot study (experiment) comprehensive programme may be established to ensure that the pilot plan
results can be extrapolated and used for full-scale design purposes while minimizing the potential for
process failure.

As an extension to laboratory research, the pilot plan should start with a study of the laboratory research
findings and recommendations, and the process parameters determined during lab testing, with
particular emphasis on critical aspects that have a significant impact on capital and operating costs.
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This includes, but is not limited to, consideration of the following questions:

The

Which aspects of the process need to be verified and optimized?

Which parameters should be measured or assessed and how will the collected data be analysed,

processed and ultimately used?
Which range of operating conditions have to be covered by the pilot plan?

Which experiments and tests have to be performed?

What is the scope for each experiment and how can it be determined when the objectives of each

Xperiment have been reached?

ow long should each experiment be, and what should be the overall duration of a pilot s
into account possible temporal variability?

What sequence of tests should be carried out?

From which locations should samples be collected to account for spegial and common

(cusfomized solution), the tested technology, the relevant regulatory requirements, t
equipment and the environment. The guiding principle shetld be based on cost-¢

cons

derations; the pilot plan should be as effective and comptehensive as reasonably pracf

Impqrtant characteristics for consideration in establishing a pilot study programme
physical, biological and chemical properties, and constituent concentrations of the wastej

ofter]

vary significantly over time. If possible and relevant, the pilot testing plan should covel

the seasonal changes in wastewater flow, such as-flowrates, concentrations and temperat

ofter]

not practical to carry out lengthy testing during which such variations can be experi

be n¢cessary to create extreme characteristig conditions as stress tests or stress conditio
the gilot testing plan. A pilot plan should detérmine all pre-treatment and post-treatment r¢

(e.g.

Priofq

removal of floatables).

to programme finalization, all implicit and explicit assumptions should be expose

documented and carefully examined (their correctness and possible impact on pilot f

guid
stati

4.2.4

The
envii
need

ng principles of the pilot programme should correspond with the concepts and pring
stical methodologyl12],

Pilot plant/facility design and construction

pilot plant/facility should be designed and constructed taking into consideration tH
onmentyfor example the area available for pilot plant/facility, site feasibility and
for site-adaptation, access to this area and operating conditions. This includes decid

the pilot<testing will comprise the whole system of unit processes or separate unit proces

with

r-the system, as well as the size and capacity of the pilot plant/facility.

tudy, taking

ariability?

hnswers to all these questions strongly depend on many factors, including the specific pilot plan

he available
ffectiveness
icable.

are volume,
water which
- or simulate
ires. As it is
bnced, it can
s as part of
bquirements

d, clarified,
esults). The
iples of DoE

e operating
the possible
ing whether
5 operations

The first step in a pilot plant/facility design should be the preparation of a block diagram, consisting of
a series of connected rectangular blocks, each representing a unit process component, and connected
by arrows in order of flow sequence. Such a diagram can be a useful tool in the initial stages of pilot
programme planning, as it provides an overview of the stages and can incorporate external inputs such
as flocculants, coagulants and anti-scaling chemicals.

Consideration should also be given to whether the process is to be batch or continuously fed. In
conjunction with the preparation of the block diagrams during the design phase, the different streams
that enter or leave the process can be used to prepare preliminary mass and energy balance diagrams.

Particular attention should be paid to flexibility in the design of a pilot plant/facility, which is critical
for adapting the pilot facility operation to different field circumstances.
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Potential modifications should be considered at the stage of the pilot plant/facility design such that
changes can be made during testing, in relation to uncertain aspects or elements of the process
being tested.

The plant should be designed taking into consideration that changes in equipment might be required
or that new components could be introduced. For example, if the expected results of a particular unit
process are not achieved, or the component is found ineffective, then it is possible that an alternative
component needs to be installed.

The scale-up factor from the pilot plant/facility to a commercial plant should be carefully considered.
Alarger pilot plant/facility will provide more reliable information and reduce technical and associated

financial ris
flow rates a
and pipe bl
space in the

Once the b
particular p
details whig

) fUl thC lJl UjCLt, but \AY4 i}} bC ITIUT'T CA}JCIID;VC tU bui}d aud UPCI CltC- A}tcl llqt;VC}y, \,Ulltl U
nd chemical feed rates can be difficult in a small plant/facility and result in process,fai
ckages. The pilot plant/facility layout should be compact and simple, allowing suffi
operating area for access to operate and maintain the plant.

ock diagrams are complete, a process diagram, including all relevantfequipment
rocess section, should be prepared for each block, typically omittingipes and elect
h are, instead, addressed through the preparation of P&I diagrams.

A basic engineering document should then be produced to establish the criteria for the project, tz

into considg
engineering
to prepare d

4.2.5 Opd
The pilot pls
be directly f]
operating c(

Operations

instrumentation and electrical engineering aspects of thedesign. This should then be
etailed engineering project documents, including drawingsfor construction purposes

ration and maintenance procedures and protocels

int location should be considered. It should also be decided if raw water for treatment
ed to the pilot plant in the field or transported to a laboratory that can offer more contr
nditions (e.g. a cold room to evaluate climate conditions on operation).

should also include consideration forlsiting and the supply of water and electricity, ag

as overall facility access. This is of particular-eancern where the pilot plant/facility is to be operat

a country w|

4.2.6 Acti

Capital and
programme

Programmij
intended oh
includes re
determine

ith limited infrastructure.

on planning
operation budgets, (ppogrammes and schedules should be planned for the pilot-te
g and scheduling as well as tracking whether the data collection has addresseq

jectives williminimize the time required for testing and, inherently, reduce costs.
erencing.and tracking the experimental design and appropriate statistical analys

lling
lures
cient

in a
rical

king

bration physical, chemical and microbiological processes, civil engineering, mechanical

used

is to
olled

well
ed in

sting

| the
This
Ps to

hen.a*hypothesis has been sufficiently investigated to arrive at a conclusion for t

set

e
objective. Properly established experimental design and selection of appropriate statistical an;}yses
will reduce th€&leffects of human bias, identify when a line of testing has reached a conclusion or|dead
end, eliminate less productive experimentation and generate maximum information at minimum cost.
Appropriate statistical tests belonging to either parametric or non-parametric statistics should be used
for examination of all underlying statistical assumptions related to the measures of central tendency
and spread[13],

4.2.7 Pilot plant/facility commissioning

Pilot plant/facility commissioning should be performed to ensure that all systems and components of
the pilot facilities (e.g. equipment, instrumentation, control systems) as well as infrastructure systems
and elements are designed, installed, tested, operated and maintained according to the operational
requirements.
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plant/facility commissioning should include the following:

nspections during construction;

— supervision of installation and testing unit components;

— overall process to establish that the pilot facility functionality is as designed.

4.2.8 Pilot plant/facility operation and management

Depending upon the size and extent of the pilot plan's objectives, its management may range from an

informaltoa rn]nfivn]y r‘nmp]nv nrgnni7nfinn al structure

Manggement functions should include planning, staffing and controlling of the operatien.
should follow a set routine of field measurements, sample collection and equipfiient
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composite samples, field measurements and calibration protocols, sampling design, QA/|

field
proc

Lab
Wh
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The
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4.2.1

Data

techpology/process/facility could be recommended for use in industrial wastewater treatm

in th

il

ing sensor calibration and an overall QA/QC programme.

nding on the operating environment and size of the operations group,ohgoing train
red throughout the testing programme, particularly where there are-rotating shifts.

Hule delays caused by equipment malfunctions and breakdownsjer other mechanic
he most frequent causes of exceeding budgets and cost overruns;and should thus be c

availability of spare parts and an effective programmeé\of preventive/predictive 1
Id be taken into account to control costs and budget.

Sample collection plan

mple collection plan includes appropriate use of grab samples and time or flow [

treatments and preservation, sample /handling and delivery, sample storage time
bdures and resolution requirements, and analytical laboratory coordination.

atory test results may be used to establish design and operating parameters for

the parameter values established by laboratory or bench-scale testing (e.g. rea
ent doses, temperatures) shetild be considered, basic values and adjustments should |
termine the most favourable values for the process.

bilot plant/facility désign and construction should have adequate flexibility to allow
fications of these parameters, whereby every stage should be similarly analysed.

0 Pilot plan'summary

analysis;vpilot plan summary and reporting should be made to capture whethei

e objective of water reuse.

|

The operation

aintenance,

ng could be

hl problems,
nsidered.

naintenance

roportional
QC samples,
5, analytical

the project.
ction times,
e evaluated

for possible

the tested
ent facilities

A pilot plan report should present estimations of the uncertainty associated with all data-based critical
conclusions concerning pilot plan results for a chosen confidence level (by default, a confidence level of
95 % is used).

4.2.11 Pilot plant/facility shutdown and decommissioning

Permanent pilot plant shutdown and decommissioning (total or partly) should be performed, for
example disassembly of installations and equipment, cleaning and waste disposal.
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5 Programme and project management

5.1 General

A pilot plan should be managed as a programme. 5.2 to 5.6 describe key components to make the pilot
plan run properly and accomplish its goals.

5.2 Oversight committee

In relatively large and/or complicated projects, it is typical that an oversight committee is appointed,
though it ispeta—cempulseryreguirementineverypiotplan—The eversishtcommitteemayalso be

referred to 4s a steering committee or an authorized committee.

A pilot plan|oversight committee should be established for decision-making and follow-up‘onthe|pilot
plan executjon, from the approval of a pilot plan to its termination. The pilot plan oversight commnjittee
should sumimarize the pilot plan's intermediate and final results and present thém"to a supjrior
authority.

In situation§ where a superior authority is required, the pilot plan oversight coniniittee may occasionally
deal with pi]ot plan decision-making escalated by the pilot team.

Whether an|oversight committee is appointed or not, the following procéss owners should be invglved
in the prepajration of the pilot plan:

— Investofs: being the main stakeholders, investors should beurépresented in order to be sufficiently
informgd about opportunities and risks as the pilot plan proceeds, as well as to be part of critical
decision-making during the pilot plan.

— R&D experts: as most pilot plans deal with new unproven technologies, it is especially critical that
R&D experts are represented.

— Adminigtrators: administrators should be-represented to support all administrative pilot|plan
requirements.

— Enginedrs: engineers should be represented to provide the technological expertise, insight and
support needed during the pilot.

— Operatqgrs (including QA operators): the operation and QA activities are a critical part of gvery
pilot plan.

— Regulatprs: the involvement of a regulatory representative should be considered if the pilot plan is
related fo any regulatory requirements.

5.3 Pilotstudyteam

5.3.1 General

A multidisciplinary team should be established to include representatives from all relevant departments
(e.g. R&D, engineering, maintenance, human safety, environmental safety, quality). The team members
should participate in, for example, the pilot planning, preparation, performance, data collection, results
analysis and report preparation.

In some cases, independent third-party testing is favoured. Testing by a third-party team can contribute
to robust and objective testing, and therefore should be considered.

5.3.2 Team members

As the pilot plan progresses, the roles and responsibilities of the pilot team should be clearly defined.
The team members should be familiar with the pilot plan. They should be trained in the relevant areas
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and have all the relevant skills and experience. Requirements of the team members should be defined at
the stage of pilot planning.

5.3.3 Team leader

A team leader (pilot plan manager) should be appointed and given the authority and responsibility to:

The

hum

deci

ensure the technical quality of the testing programme;

monitor and control project costs;

ensure the prnjnrf is qu‘n]y r‘nmp]nfnd on-schedule

team leader should be skilled in a range of disciplines including engineering, finaneial i
hn resources and training skills, have strong leadership skills and the ability to) makd

ions in critical situations. The team leader should be responsible for the overalbpilot pl:

9

including pilot planning, pilot plan preparation, pilot plan initiation, transitién,to the ne

phas

and
facil

5.34

The

unfo
team

5.3.5
Tech

techalE

situ
exp

5.3.4

Peri

team

mee

5.4

The
com
thre

5.5
The

€|

e, pilot plan stoppage, pilot plan changes (if needed) and repetitionsdn ithe course (
thould have primary technical and administrative responsibility forthe performancg
Ity.

Additional team members

pilot plan should account for situations where team members have to leave the pilot
Feseen reason (e.g. illness, moving onto another project or business). A list of potentij
members (capable of substituting the team members if needed) should be prepared i

Technical experts

hical experts with specialized knowledgé~in certain areas may be requested to assi
ions or to solve complicated problems”arising during pilot plan execution. Releva
ts should be readily available to assist the team. The pilot plan should be sent to
ical experts prior to the pilot planinitiation and they should approve their potential a

Team meetings

ddical team meetings-may be arranged during pilot plan execution, in accordance w
leader's directives-in-respect to meeting frequency, timing and duration. The first ¢

ting should be held‘before the initiation of the pilot plan.

Quality management system

ly with a quality management system guideline and comprise both the concept and
“stage process/system qualification:

1

lanagement,
the correct
N activities,
kt pilot plan
f pilot plan,
of the pilot

due to some
] additional
advance.

5t in critical
nt technical
all relevant
ssistance.

ith the pilot
oordination

pilot ptan”should deploy best practices of quality management. QA and QC procedures should

brinciples of

1Q: documented objective evidence that process equipment, measuring and control
ancillary systemshavebeen provided and installed in accordance with the established sp

devices and
ecifications;

0Q: documented objective evidence that the installed equipment operates within predetermined

limits when used in accordance with its SOP;

PQ: documented objective evidence thata process/system consistently produces the resu

the predetermined specifications and requirements.

Risk management

pilot plan should deploy best practices of risk management(2l,
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5.6 Schedule planning

5.6.1 General

A detailed pilot plan schedule and its WBS should be prepared. In a project, WBS visually breaks the
scope down into manageable work segments that a project team can understand, as each level of the
WBS provides further definition and detail. Assigned personal responsibilities for every pilot plan
phase should be prepared. Boundaries of responsibility should be clearly defined.

5.6.2 Time reserve

tion.
n the

Jot plan schedule time reserve is between 10 % and 30 % of overall programme durg
s are based on good engineering practice in the broad area of risk managementy i1
bf different industrial projects[ZI[8112][11];

A normal pi
These valud
framework

10 %: fd
process

r a simple project (this amount of reserve is relevant when a 'used and proven technology/

is being implemented/tested);

30 %: fi vant

when a

br a riskier project characterized by large uncertainty (this amount-ef reserve is relg
major technology breakthrough' is being implemented/tested).

6 Statement of pilot plan goals, scope and boundaries

6.1 Goals

The primar
commercial
the required
use(s)]. The
technology
effluent qug
performanc
the differen
(“relative d
plan are saf
economic vi
factors for 3

6.2 Safet

Installation
in physical §
surrounding

y goal of every pilot plan should be to prove‘either that a technology has merij
zation or thata particular commercial unit precess or a system of unit processes can ac
overall water treatment objectives [e.g. reclaimed water quality for the intended indu
pilot plan should provide reasonable confidence that the full-scale implementation ¢
will perform acceptably, demonstrating consistency and stability of both the proces;
lity, i.e. effluent concentrations fe¥’ specific wastewater quality parameters. Treat
e should be measured by removal efficiencies for these parameters, calculated thr
ce between the influent andteffluent concentrations divided by the influent concentr
fference”). Other critical-aspects that should be positively demonstrated during a
ety (for humans and fof the environment), compliance and sustainability, operability
hbility, as described in6:2 to 6.5, as well as the establishment of the key design and sca
successful full-scaleimplementation.

y

operation) maintenance and disassembly of a full-scale industrial facility should not f
larmtochumans, direct facility personnel, other organization employees or members
y community, and it should also prove to be safe for the environment.

t for
hieve
strial
f the

and
ment
ough
htion
pilot
r and
e-up

esult
f the

6.3 Sustainability

The design of the full-scale industrial facility should allow adaptation to relevant regulation, law,

standard an

d different/additional customer requirements that could apply.

For the purpose of sustainability, two types of characterizations may be made for a given pilot plan,
depending on the treated wastewater:

a) Regulated/non-regulated water: does the treated effluent need to comply with any regulation?

b)
wastew

10

ater or another that will establish regulatory requirements?

Indoor/outdoor reuse: who is the intended user of the effluent; is it the same body that treated the
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In either of the above cases, it has to be taken into consideration that regulatory considerations can

apply to other aspects of the treatment process, such as disposal of sludge.

The ability for sustainable and eco-friendly operation (and decommissioning, if needed) of the facility
should be considered as part of the criteria for success, by which the technology will be evaluated.

6.4 Effectiveness

A full-scale industrial facility should perform all its intended functions, yielding the intended results,

while avoiding any adverse effects on the system and the environment.

6.5 | Efficiency

A full-scale industrial facility can require a reasonable amount of resources, such)as ray
watefr, reagents, energy, labour and any other related cost drivers. An efficiency, consider
also ftake into account sustainable operation costs related to the fully compl§ing proces;s
disposal and environmental rehabilitation, if and where needed.

7 Pilot plan study programme

7.1 | General

The pilot plan study programme should be the cornerstone:of the entire pilot plan. The pild
progframme should be the most fundamental document, defining the principles for the pilot
pilot[plan study programme has a critical impact on allphases of the pilot plan, the purpos
plan ctivities, technical effort and expertise should be to serve it.

The pilot plan study programme should defing*which experiments should be performed
expefriments are important, how they should)be planned and designed as well as in whicl
should be performed. The priority of thése experiments should also be established. Th

v materials,
htion should
es of waste

t plan study
plan. As the
e of all pilot

, why these
1 order they
e pilot plan

study programme should define guidelines for the duration of each experiment and all aspects of

meagurement and sampling, including’sampling frequencies and sizes. Success/failure cr
experiments should also be defined.

A pilot plan study programmie should take into account the consequences of all
requjrements, so as to allow.allocation of resources for development and operation, which
consjderable investment~T'he pilot plan requirements should be carefully reviewed by mul
to mpke sure all reqliifements are justified and reasonable. A technical authority, such
engineer, should parficipate in the planning and the review of the experimental programn
that |ts requiremeénts are tailored in accordance with the ‘real-life’ constraints.

Mod¢
Roby

ern methodologies should be applied in experiment planning, such as DoE and principlg
st Designl12], to ensure the most efficient programme is being developed.

iteria for all

experiment
can involve

kiple parties

S a process
ne to ensure

s of Taguchi

NOTH
on response variable of interest. DoE implies:

1 Dokisa-statisticalmethodologirusing a-systematicway to-study the effectsof experin

...... Terery

preliminary planned change(s) of the system under investigation;

statistically assessing the effect of such change(s) on the system;

comparative analysis - all assessments of the effects are made against some prescribed standa

NOTE 2
statistician, in the early 1980s for designing products and processes which are insensitive to

ental factors

rd.

Taguchi Robust Design is an approach developed by Genichi Taguchi, Japanese engineer and

unavoidable

variation of uncontrollable factors (so-called noises) such as raw materials, manufacturing processes, operating

and environmental field conditions (usually the biggest source of variation).

© IS0 2020 - All rights reserved

11


https://standardsiso.com/api/?name=6d40bb525b06bf8324c0bd5f70ab351b

ISO 22524

:2020(E)

7.2 Pilot plan study programme contents and structure

7.2.1 Gen

eral

The contents and structure of the pilot plan study programme should be as described in 7.2.2 to 7.2.5.

7.2.2 Background and pilot plan goals and objectives

A brief background (project description) as well as a statement of clear and achievable pilot plan goals
should be presented. Comparative importance of all defined goals and objectives should be explained.

7.2.3 Pri(Lr project history, current project state and post-pilot-plan planned activities

The pilot pld

a brief d

project
pilot pl3

— post-pil
results.

7.2.4 Pilg

The pilot pl3
covered (iny
which issue
excluded (ir

7.2.5 Pild

The pilot plg
(measurablg
references,
should be ajj

7.3 Desci
The pilot pl

used technd
drawings arj

7.4 Desc)

n study programme should include:
escription of the performed lab research/feasibility study and a summary,efits result

ctivities performed in parallel with the pilot plan that could affect-ortbe affected b
n execution results;

bt decision-making, process adjustments, plans and activities*dependent on pilot

t plan scope (within/beyond)

n coverage should be clearly defined, i.e. it should be explained which critical issues wj
restigated/checked/tested/analysed) during thépilot plan ('within pilot plan’s issues’
5 will not be covered ('beyond pilot plan's issuies’) with a brief explanation of why the
relevant/insignificant/postponed issues).

t plan success/failure criteria

n study programme should include a definition of the qualitative (pass/fail) or quantit
) success criteria, derived from the relevant regulatory requirements and/or approp
for decision-making in the\course of pilot plan execution and at its termination. Crij
proved by the oversight committee, if such a committee has been appointed.

ription of technelogy and facilities

hn study programme should include a brief description of the purpose and abilities g
logy, equipment, instrumentation, control systems, P&I diagrams, process flow diagj
d layout'diagrams.

[72)

y the

plan

ill be
and
y are

ative
riate
teria

f the
ams,

"iption of pilot facility environment and site

The pilot plan study programme should include a description of a selected site for pilot facility and a
detailed influent wastewater characterization covering all critical parameters for a given wastewater
treatment process (e.g. flowrate, pH values, chemical composition, temperature) and their average,
peak and minimum values. Its environment should also be described (if relevant).

7.5 Pilot plan correctness and coverage

A comprehensive pilot plan should be capable of verifying and validating the application of all posed
requirements, evaluating both effectiveness and efficiency of the proposed solution and revealing all
possible deficiencies in the design of the proposed technology/process.

If possible, the pilot plan should address deficiencies during the pilot plan before time and resources
are expended on a large-scale facility/plant.
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7.6 Pilot plan flexibility

Due to an inherent uncertainty of all pilot plans, a pilot plan should have enough resilience to allow
changes in response to problems occurring in the course of the pilot plan's execution. Moreover, the
plan should imply the programme tracking and feedback (when it is needed).

7.7 Plan review

As any pilot plan tests an unproven process/technology and/or site-specific application of an
established process/technology, it is normally involved with some uncertainties which could affect its
performance. The pilot plan should therefore be reviewed before finalization and approval, to allow for

an ed
The ]

NOTH
possi
(Prod

the specified failures as well as development of risk reduction/mitigation plan for{fmpst critical issues

7.8
The

techpiques for an analysis of results in a pilot plan summary format. This should includ

desc
resu

Aded
valid

7.9

The

prog
deve
elem|
ONws:

8 1

8.1

Apil
such

FMEA technique may be used for risk identification and characterization.
FMEA is one of the well-known risk-assessment methodologies. The main purpos¢ of FMEA

ble failure modes and determine the impact of these failures on a product (Design&MEA - DFMEA
ess FMEA - PFMEA). FMEA procedure implies ranking and prioritization of thé relative risks as|

Statistical measures, tools and techniques

pilot plan testing programme should include a description)of all statistical measurg

fiption and deviations from plan during performance; events and their root cause
ts, conclusions and recommendations.

uate budget and time allowances are required to ensure sufficient data were colled
conclusions using appropriate and valid statistical techniques.

Pilot plan study programme approval

pversight committee, if such a(€ommittee was appointed, should approve the pilot
ramme. Once the study's experimental programme has been approved, the pilot p
opment phase may be initiated. The approved experimental programme, includ
ents, such as success/failure criteria, should be considered a binding document froj
ird and set the criterja for the interpretation of later findings.

Pilot plant/facility development and construction

General

pt plant/facility development should be considered a development project and follow b

rly identification and analysis of all possible risks in the course of pilot plan executien|

is to examine
) or a process
sociated with

s, tools and
e pilot plan
5, pilot plan

ted to draw

plan study
lant/facility
ing its key
m this point

st practices,
lineslel,

aSthe PMI guidelines for project management, the PMBoK and other supporting guide|

NOTE

standards within the project management industry.

The PMBoK is a collection of processes, best practices, terminologies, and guidelines accepted as

As a development project, the pilot facility should follow the following phases, which are part of the
basic components of every development project:

© ISO

basis of design;

conceptual and preliminary design;
detailed engineering;

contracting and installation (construction);

acceptance testing;
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— handover to commissioning and operational team.

8.2 Basis of design (BoD)

As a first step of pilot plant/facility development and construction, established objectives and technical
requirements should-be converted into a technical document incorporating all the information that
needs to be used as input to the team that will work on the conceptual and preliminary design. This

BoD file should be a comprehensive document addressing all relevant aspects of design.

8.3 Conceptual and preliminary design

In the conce
version of th
will conforn
the followin|

industr
instrun

control
control
NDCS u
comput

contain

IT, cont

The final p
reviewed by
be performsd

pilot plan g(T

oversight c

8.4 Detailed engineering desigh

A full, high
department

The final pr
design pacKk
detailed eng
such asade

The high-re

19

ptual and preliminary design phase, a design team should prepare an early, non-det
e proposed design (HLD). This version should include the design approach and cencep
1 to all terms and requirements defined in the BoD. It should include, but not be|limitg

al services and infrastructure (e.g. power, water, steam);
entation;

philosophy (control approach based on either DCS or NDCS: DES\implies a large numH
loops, in which autonomous controllers are distributed thkoughout the system, whg
se the centralized controllers usually located at a centralyjeontrol room or within a ce
er);

ment of wastewater that may have escaped the proeess;
Fol, instrumentation, communication.

foduct of the conceptual design step shauld be a design package that will typical
an oversight committee before being r€leased. Review by an overseeing committee s}

als. To facilitate such review, a multidisciplinary team is needed. The key members
mmittee that may review the coneeptual design are detailed in Clause 5.

-resolution design.process (LLD) may either be performed by internal engine
5 within the organization or outsourced to an independent engineering body.

oduct of theigh-resolution design process should be an approved full-scale pilot fa
age that can*be used for RFPs or any other bidding and contracting process. How
ineering.design can also be relevant in cases where the pilot system is of a smaller §
monstration scale pilot system.

solution design can be a lengthy process that requires some control and management

hiled
that
ed to,

er of
breas
ntral

y be
jould

d to detect any potential deficiencieslof the conceptual design that could risk achievinlg the

of an

bring

cility
ever,
cale,

DRs

may be used to ensure an effective and efficient design process.

8.5 Contracting and construction

This phase should include all activities related to erecting the facility on site. A contractor should be
nominated for the installation of the project by tender/bid or RFP. Once the contractor is nominated,
the process of construction may proceed.

Statutory and licensing processes, for example building permits, operating license, budgeting and
ordering of LLIs and other actions which can be handled by the owner, should be completed at the very
beginning of the project.

Following the completion of this phase, a facility may be installed and be considered ready for testing.
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8.6 Acceptance testing

To ensure that the nominated contractor has delivered a conforming facility in all aspects of its
specified scope, an acceptance testing stage should take place. The acceptance testing may involve
some completion and correction tasks given to the contractor.

The acceptance testing should also include a performance test and a verification covering reliability
and availability testing. This testing phase should be completed before the pilot plan is progressed to
the next phase.

The last check of system readiness should be its activation, which should include checking and ensuring
instaHation—is—as—per—design—and—specifications—and—a—visualinspecton—ofallpiotfacilities and
equipment. Special attention should be given to all rotating equipment, piping, vessels, inStrfjumentation,
structure (including IT), control systems, needed materials and lubricants. All*defi¢iencies and
ts should be carefully reported and fixed. Approval of wavers by the team leader pr oversight
cominittee (for serious wavers) should be conditioned by an engineering analysis)of'their effect on pilot
planjexecution.

All piilot plan documentation (e.g. diagrams, drawings, specifications, chiegklists, instructjons) should
be cllecked at this phase. The pilot team training should be completed.dtthis phase.

8.7 | Handover to commissioning and operational team

Oncdq the facility has been approved, it may be handed over<to the operational team. In [some cases,
mairlly big and complex projects, the commissioning teamyis a separate team. In most ordinary pilot
plansg, the operational team will undertake the commissioning process. After this phase, no further
involvement of the construction contractor is needed; although the construction contractpr should be
availpble for technical service/troubleshooting andany service covered by the warranty.

9 Operational framework establishment

9.1 | General

The pperational framework should include all necessary organizational infrastructure and resources
that fare not part of the physical equipment, infrastructure and machinery of the pilot facility. This
should include:

— o¢rganizational chart/staffing, roles and responsibilities, job definitions;
— $0Ps;
— ¢mergency)procedures and plans;

— 1nainteniance policy, procedures and plans;

J— ra
I~

— training and qualification requirements and programme;

— procedures related to collaboration or services given by external contractors and suppliers.
9.2 Pilot plant/facility procedure manual

9.2.1 General

A pilot plant/facility manual should be prepared before the initiation of the pilot plan. The pilot plant/
facility study procedures presented in the pilot facility manual should be:

— brief and concise;
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— geared to the educational level of the user;

— expressed in the appropriate language (understandable by the pilot team).

9.2.2 List of procedures
The list of pilot plant/facility procedures should include, but not be limited to, the following:

— Process monitoring and control procedures covering all critical parameters for a given wastewater
treatment process (e.g. flowrate, pH values, chemical composition, temperature), usage rates and
concentration of all used chemicals during pilot plan study and power consumption.

— Sampling and analysis procedures: all procedures used for sampling, sample preparation and
analysig should be carefully defined. If some analyses and/or tests are to be performed hy an
externall laboratory, its procedures and tools should be presented as well. All these' procedures
should Ipe validated prior to the initiation of the pilot plan.

— Industry standard techniques and procedures, for example, USEPA (United States Environmgntal
Protectlon Agency) Standard Methods for the Examination of Water and Wastewater, should be
used forf the samples collection, labelling, preservation, storage, transportation and analysis[4][2],

— Safety ipstructions: since a pilot plan should be carried out without anyincidents, all issues re|ated
to the safety instructions coverage and correctness should be implethented.

— Washing procedures should be included in the pilot plant/facility'manual (special attention should
be devoted to the solutions used for facilities washing).

— Maintenance procedures should be included in the pilotplant/facility manual. It should be speg¢ified
how magintenance procedures and check-ups should-be performed in the safest, most efficient
and effgctive way in the course of the performance'of the pilot. Format for the maintenance ¢vent
reports|should be presented while providing full traceability (date, time, operating condifions,
event d¢scription, name of person completing the work and report, work performed and the results
of the wjork).

— Pilot plpn logbook defining data logging and analysis: the procedures of data collection| and
reporting, as well as statistical tools.and techniques used for ongoing analyses, should be descrjibed.

— Procedyres for calibration of instruments and sensors.

providing prompt response to these troubles/problems should be presented. Every recommended
solution] should potentjally solve a notable problem; it should not create new problems ajnd it
should be feasiblesynder the existing constraints of, for example, HSE considerations, regulatory
requirements, résources availability, budget limitations, required time for its implementation and
quality pnd reliability requirements.

— Troubleshooting guide: a listiof possible (expected) troubles/problems and recommended solquns

9.3 Sam lingand measurement

9.3.1 Sampling and analysis planning

The sampling and analysis plan should completely correspond to the pilot plan execution at every
phase. During pilot planning it should be taken into account that sampling, sample preparation and
laboratory load during pilot plan execution will usually be three to four times more than the normal
routine operating. Increased sampling is typically carried out once the pilot system has attained pseudo
steady-state conditions, after a defined period of time following a change in applied process conditions
(i.e. for a representative characterization of process performance at the applied process conditions), in
accordance with an experimental plan.

NOTE CSP developed by H.F. Dodge in the 1940s represents a recommended basis for sampling procedures
planning[10l,
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