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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 3: Project development and management

FOREWORD

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
all [national electrotechnical committees (IEC National Committees). The object of IEC cisscto {
international co-operation on all questions concerning standardization in the electrical and electronic fig
this| end and in addition to other activities, IEC publishes International Standards, Technical Specifi

prising
romote
Ids. To
ations,

Teghnical Reports, Publicly Available Specifications (PAS) and Guides (hereafters referred to ap “IEC

Pullication(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee int
in fhe subject dealt with may participate in this preparatory work. International,) governmental an
governmental organizations liaising with the IEC also participate in this preparation) IEC collaborates
with the International Organization for Standardization (ISO) in accordance, Wwith conditions determi
agregement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as.pearly as possible, an intern
consensus of opinion on the relevant subjects since each technical «Ccammittee has representation f
interested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are mdade“to ensure that the technical content
Pullications is accurate, IEC cannot be held responsible{forvthe way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publi
tranisparently to the maximum extent possible in their national and regional publications. Any dive
betyveen any IEC Publication and the corresponding{national or regional publication shall be clearly indidg
the|latter.

IEQ itself does not provide any attestation -of/conformity. Independent certification bodies provide cor
asspssment services and, in some areas, -access to |IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [iability shall attach to IEC orits directors, employees, servants or agents including individual expe|
meinbers of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq
expenses arising out of the" publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

isers should ensure that they have-the latest edition of this publication.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publica
indispensable forthe correct application of this publication.

Attgntion is drawn to the possibility that some of the elements of this IEC Publication may be the su
patent right$\ MEC shall not be held responsible for identifying any or all such patent rights.
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closely
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The Eain task of IEC technical committees is to prepare International Standarg

excepti
specification when

hnical

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there
future but no immediate possibility of an agreement on an International Standard.

is the

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

IEC 62257-3, which is a technical specification, has been prepared by IEC tec
committee 82: Solar photovoltaic energy systems.

hnical
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This second edition cancels and replaces the first edition issued in 2004. It constitutes a
technical revision.

The main technical changes with regard to the previous edition are as follows:

redefine the maximum AC voltage from 500 V to 1 000 V, the maximum DC voltage from
750 V to 1 500 V;

removal of the limitation of 100 kVA system size. Hence the removal of the word “small” in
the title and related references in this technical specification.

This technical specification is to be used in conjunction with the latest editions of the
IEC 6

The tg

Full inf
the re

This g

A list
for re
websi

aVa¥ i H
roJ il SCTIITS.

xt of this technical specification is based on the following documents:
Enquiry draft Report on voting
82/948/DTS 82/999A/RVC

ublication has been drafted in accordance with the ISQ/IEC Directives, Part 2.

pf all parts in the IEC 62257 series, published ufider the general titte Recommend|

fe.

Futurg standards in this series will carry the*new general title as cited above. Titles of e
stand

The ¢
the s
relate

trg
re
Wi

re

ards in this series will be updated at.the time of the next edition.

ability date indicated on the“IEC website under "http://webstore.iec.ch" in thg
i to the specific publication. At this date, the publication will be

nsformed into an International standard,

confirmed,

hdrawn,

blaced by@.revised edition, or

amended:

A bilin

formation on the voting for the approval of this technical spécification can be foyind in
port on voting indicated in the above table.

ations

hewable energy and hybrid systems for rural ‘€lectrification, can be found on the IEC

isting

ommittee has decided that the~contents of this publication will remain unchanged until

data

gtial version of this publication may be issued at a later date.



https://iecnorm.com/api/?name=e590a435f4483f3e2beb881000ec183f

IEC TS 62257-3:2015 © IEC 2015 -7 -

INTRODUCTION

The IEC 62257 series intends to provide to different players involved in rural electrification
projects (such as project implementers, project contractors, project supervisors, installers,
etc.) documents for the setting up of renewable energy and hybrid systems with AC voltage
below 1 000 V and DC voltage below 1 500 V.

These documents are recommendations:

— to choose the right system for the right place;

— to design the system;:

— toloperate and maintain the system.

Thesq documents are focused only on rural electrification concentrating on, but not specific
to, depeloping countries. They should not be considered as all-inclusive to rural electrifidation.
The documents try to promote the use of renewable energies in rural electrification; they do
not deal with clean mechanism developments at this time (CO, emission,’ carbon credit,| etc.).
Further developments in this field could be introduced in future steps.

This ponsistent set of documents is best considered as a- whole with different| parts
corregponding to items for safety, sustainability of systems aiming’at the lowest life-cyclp cost
as popsible. One of the main objectives is to provide the minimum sufficient requirements,
relevgnt to the field of application, that is, renewable energyand hybrid off-grid systems

The purpose of this part of the |IEC 62257 series(is¥to propose a framework for groject
develppment and management and includes recommended information that should be |taken
into cpnsideration during all the steps of the electtification project.
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RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 3: Project development and management

1 Scope

This War 0 provides information on € responsibilities involved, ih the
implementation of rural power systems.

In Clguse 5, this technical specification presents contractual relationships to berbuilt befween
the different participants to a project. Throughout the project, responsibilities"afe to be glearly
defingd and contractual commitments controlled.

Clausg 6 provides relevant tests to be applied to renewable energycand hybrid electrification
systems.

Clausg 7 provides proposed quality assurance principles to beximplemented.
In Clajuse 8, requirements are proposed for recycling and{protection of the environment.

In Annex A of this technical specification, further:technical considerations for contrpctual
liabilities are provided.

2 Normative references

The fgllowing documents, in whole ©t)in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applieg. For
undated references, the latest edition of the referenced document (including any
amen@ments) applies.

IEC 6P060-2, High-voltage test techniques — Part 2: Measuring systems
IEC 6p068-1, Environmental testing — Part 1: General and guidance

IEC 6P068-2-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 6D068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-5, Environmental testing — Part 2-5: Tests — Test Sa: Simulated solar radiation at
ground level and guidance for solar radiation testing

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-10, Environmental testing — Part 2-10: Tests — Test J and guidance: Mould
growth

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h
+ 12 h cycle)


https://iecnorm.com/api/?name=e590a435f4483f3e2beb881000ec183f

IECT

S 62257-3:2015 © |IEC 2015 -9-

IEC 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks,
primarily for equipment-type specimens

IEC 60068-2-52, Environmental testing — Part 2: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60076-10, Power transformers — Part 10: Determination of sound levels

IEC 6

N364 R-’)nna, L o \/nlfagn electrical installations Part 6: \/erification

IEC 6

IEC 6
Glow-

IEC 6
Glow-

IEC 6
and tH

IEC 6
condi

IEC 6
of eny

IEC 6
of eny

IEC 6
envirdg
locati

IEC 6
of en
locati

IEC 6
levels|

D529, Degrees of protection provided by enclosures (IP Code)

D695-2-10, Fire hazard testing — Part 2-10: Glowing/hot-wire based\test meth
wire apparatus and common test procedure

D695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wiré-based test meth
wire flammability index (GWFI) test method for materials

D721-1, Classification of environmental conditions — Part’1: Environmental paran
eir severities

D721-2-1, Classification of environmental <onditions - Part 2-1: Environn
ions appearing in nature — Temperature and fumidity

D721-3-1, Classification of environmental-conditions — Part 3-1: Classification of g
ironmental parameters and their severities — Storage

D721-3-2, Classification of envirohmental conditions — Part 3-2: Classification of g
ironmental parameters and thejr severities — Transportation

D721-3-3, Classification of environmental conditions — Part 3: Classification of gro
nmental parameters and their severities — Section 3: Stationary use at weatherpro
DNS

D721-3-4, Classification of environmental conditions — Part 3-4: Classification of g
ironmental,'parameters and their severities — Stationary use at non-weatherpro
DNS

1000-2-2, Electromagnetic compatibility (EMC) — Part 2-2: Environment — Compa
for low-frequency conducted disturbances and signalling in public low-voltage

Dds —

bds —

heters

hental

roups

roups

ps of
ected

roups
ected

tibility
ower

supply systems

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
current emissions (equipment input current < 16 A per phase)

IEC 61000-3-5, Electromagnetic compatibility (EMC) — Part 3-5: Limits — Limitation of voltage
fluctuations and flicker in low-voltage power supply systems for equipment with rated current
greater than 75 A

IEC 61000-4-1, Electromagnetic compatibility (EMC) — Part 4-1: Testing and measurement
techniques — Overview of IEC 61000-4 series

IEC 61000-4-2, Electromagnetic compatibility — Part 4-2: Testing and measuring techniques —
Electrostatic discharge immunity test
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IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 6[1000-6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standafds -
Emisgion standard for residential, commercial and light-industrial environments

IEC 6[1140, Protection against electric shock — Common aspects fot~ installation and
equipent

IEC 6[1180-1, High-voltage test techniques for low-voltage equipment — Part 1: Definjtions,
test apd procedure requirements

IEC TP 62257-2, Recommendations for renewable energy_and hybrid systems for| rural
electrification — Part 2: From requirements to a range of eleetrification systems

IEC TP 62257-5, Recommendations for renewableenergy and hybrid systems for| rural
electrification — Part 5: Protection against electricalkhazards !

IEC TS 62257-6, Recommendations for renewable energy and hybrid systems for| rural
electrification — Part 6: Acceptance, operation, maintenance and replacement 1

IEC 6R262, Degrees of protection_provided by enclosures for electrical equipment apainst
external mechanical impacts (IK code)

CISPR 22, Information technelogy equipment — Radio disturbance characteristics — Limits and
methdds of measurement

ISO 14000 (all parts), Environmental management

3 Terms and'definitions

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

3.1

general specification

specification prepared by the project developer using the present series of IEC 62257
documents which mainly defines the level and cost of services to be reached and project
conditions including the administrative frame and techno-economic context of the project as
well as of the project timetable

3.2

identification file

IF

document describing the equipment in terms of detailed technical specification, design and
associated performance
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3.3

project developer

organization, company or person who defines and promotes the rural electrification project,
assigns the project implementer, determines compliance with the specifications and is also
responsible for obtaining resources for financing the project

3.4

engineering consultant

organization, company or person responsible for translating the needs of the potential user
into technical requirements, in accordance with the relevant IEC technical specifications, and
preparing the call for tenders

3.5
project implementer
genenal contractor

organjzation, company or person entrusted by the project developer to perform the wprk or
have |this work performed pursuant to the general specification (possibly through [some
subcontractors)

3.6
subcontractor
organjzation, company or person in charge of the execution<{of-a selected part of thg work
relative to the project

3.7
operator
organjzation, company or person in charge of> system operations, managemen{ and
maintgnance

3.8
mainfenance contractor
organjzation, corporate company, operator or person contracted by the operater for
perfoming maintenance operations<on the installation

3.9

user
persoh or organization that makes use of the installation service(s) to satisfy their gnergy
demapd

3.10
trainihg provider
organjzation,~company or person contracted by the project developer to provide training fto the
differgnt panticipants in charge of using, operating and maintaining the system

3.1

owner

organization, company or person financially responsible for the whole system and maintaining
titles of all the equipment. The owner could have also another role, such as project developer
or operator, but may be a completely separate organization

4 Responsibilities of the participants

4.1 Overview

The participants mentioned in this clause refer to the terms defined in Clause 3.

The responsibilities described herein are intended to indicate function. They may be combined
into different parties depending on the structure and participants in the implementation
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programme. In some cases, such as government-implemented programmes, many of the
different roles may actually be fulfilled by the same institution. If this is the case, it does not
dispense with the need for the different development steps discussed in this technical

specification.

Table 1 summarizes the main responsibilities to be achieved by the different participants
involved in a project.
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Table 1 — Responsibilities of the different participants

Participants

Responsibilities

Project developer

To obtain resources for financing the project

To define the general specification

To define environmental constraints, requirements and decommissioning plan
To designate a project implementer

To decide if a quality assurance plan is necessary and to launch it

To prepare a warranty plan

€I haock tha comnlionca of tha inctallation \aith th aaneral-sn. ification
y T 1t Hprah —Re-Hstarra e Wir—re-geRefrar5p HeatHeh

Enginegring consultant

To translate user needs into technical requirements

To prepare the call for tenders

Project|/implementer or
genera| contractor

To perform the sizing of the system complying with the general specification
To build the project on behalf of the project developer

To achieve the whole installation or to achieve appropriate parts of the latter pursgant to
the general specification

[

To implement the quality assurance process with the subcontractors decided by th
project developer

Responsible to the project developer for the confermity of the installation with the
following parts of the general specification:

— locally available materials and local skills:

— local laws

— time schedule

— system level specifications aceording to what has been written in the tender
— warranty

— quality assurance planx(if specified), including acceptance requirements

— commissioning plan;*maintenance plan, decommissioning plan (including respongibility)
— training initialjoperators

— educationof-initial users

— delivering documentation as described in the quality assurance plan
— otRer information as required

To negotiate the best possible warranty for system and components

To check the conformity of all or part of the installation-related work performed by |other
subcontractors involved with the project

Responsible to the project implementer for the satisfactory execution of the selectgd part

Subcorntractor of the work as agreed with the project implementer or satisfactory supply of the
equipment lot under the project implementer’s supervision
TU UUIII’J:y vv;th thv qua:;ty doourdarnive '.I:GII
To operate the system in accordance to safety rules for assets and persons
To provide the quality of service as contractually agreed by the user
Operator

To collect the fees
To plan the renewal of parts and components

To manage connection of new customers

Maintenance contractor

To manage maintenance and repair pursuant to the contract with the operator including
the supply of spare parts

Training provider

To organize and implement the training supports and courses for operating and main-
tenance agents and for users

User

To use the installation according to the contract with the operator
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4.2 General specification
The general specification provided by the project developer should include:

e agreed level of service to the users;
o system specification which can be done by defining:
the level of service; or

energy required; or

full sizing of systems;

e financial plan (capital, recurrent, replacement);

e abjility, willingness to pay;

e chlecking of the local energy resources (renewable or not), locally available materials and
lo¢al skills;

e lo¢al regulations (standards, laws, etc.);

e time schedule;

e quality assurance plan (if specified), including acceptance requiréments;
e commissioning plan, maintenance plan, decommissioning plan (including responsibility);
e ownership transition plan when applicable (including responsibility);
e operation, training of operators and users (including responsibility);
e digpute resolution including contract or disagreement}

e provisions for warranty;

e other information as required.

Relevanlt documents of this general specification shall be attached to the tender or requgst for
propogal.

5 Clontractual relationship between participants

5.1 Overview

This g¢lause deals with~eontractual relations between the different participants. It is degigned
to define the mutual(tesponsibilities with regard to design, construction and operation pf the
electr{fication system.

5.2 Notion'of contract

During the-progress of such phases as the request for proposal, construction, handing-gver of
the inttallation to an operator or utilization of this installation, provisions shall be made for the
various participants to check that the other parties duly adhere to the commitments they have

made. These commitments and the resulting lines of responsibility are represented by a
contract or contracts between the parties designated by the letter “C” in Figure 1.

The notion of a contract can cover both written contracts and implicit contracts (for example,
keeping to standard practice). Each contract will require certain data that will be needed for
implementation and verification of contractual commitments.

The partners shall seek reliable data. The best way is usually to get data from existing
reputable and reliable sources, and, if not possible, the required information shall be agreed
to by all relevant parties. The quality assurance plan should provide for verification devices as
necessary (see Clause 7).

The source of the data shall be documented.
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C Provision
Provision for training
for training
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IEC

Key

C reprgsents a potential contractual arrangement between two connecting parties.

Figure 1 — Contractual relationship between project participants

5.3 |Contractual commitments
5.3.1 Contract between the project developer and the project implementer

The pgroject implementer is contracted by the project developer to build the installatjon in
accorflance_with the general specification. The latter will check the installation for compliance
with this general specification.

The project developer entrusts the project implementer with the responsibility of contractually
binding contracting companies, i.e., the subcontractor and major component manufacturers, in
order to clearly define their individual responsibilities.

To summarize, and for each project achieved within the framework of the present
specifications, the project implementer shall be responsible for the quality of the installation
and the application of the said guidelines.

Before signing any contract, the project implementer shall make sure that the project
developer and all participants have duly obtained all administrative authorizations as required.

5.3.2 Contract between the project implementer and subcontractors

The project implementer remains responsible for the basic design and suitable sizing of the
system pursuant to the general specification, regardless of subcontracts with subcontractors.
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The subcontractors in charge of the installation (or parts of it) shall give proof of the
conformity of the installation they have built pursuant to the general specification. They are
also responsible to give proof of the conformity to the requirements of the local accreditation
organization, local standards and rules for the project implementer’s satisfaction, with regard
to performances and quality. These can be drawings, diagrams, calculation notes of the
installed equipment, measurement results, etc.

The project implementer shall check that the work executed by various subcontractors comply
with the general specification.

If decided as relevant for the project, the project implementer shall implement a quality
assurf@nce process with the subcontractors.

5.3.3 Contract between the owner and the operator
NOTE | In some cases, the project developer can be the owner.

The owner shall transfer the responsibility of the system at the time of the transaction fo the
operator with the agreed performances, pursuant to the general spécification. On hgnding
over, [the operator shall verify that the actual installation performances correspond to [those
stated by the owner.

There| shall be an agreement between the owner and the operdtor about the operation fof the
system.

5.3.4 Contract between the operator and the user

With fegard to the user, the operator of the ‘installation commits to keep to the dgreed
charagteristics of energy availability as defineddn IEC TS 62257-2.

There| shall be a contract between the .operator and the user in order to prevent a use ppf the
installation that would exceed the specified limits.

Convgrsely, the user shall make-use of the installation in conformity with the spegcified
clausg¢s. He/she shall not make.use of power in excess of the amount stated before sizipg the
system. In case of an outage;-provisions shall be made to allow the operator to check if such
failurg was generated by the'system itself or by clients over consumption.

The cpntract may include the entire clauses specific to the local legislation.

5.3.5 Contract between the owner and the project developer

In some cases the project developer and the owner can be two different bodies. The groject
develppelsis entrusted by the owner to carry out an electrification project matching an agreed
level of performmances anmdmvestmentas defimed by the tatter:

5.3.6 Contract between the owner and the user
The user and the owner contractually commit:

o to keep the power requirements within the specified limits;

e to use the installation in accordance with the project developer’s, operator’s and
maintenance authority’s guidelines and instruction notes;

o to keep to their financial commitments.
5.3.7 Contract between the project developer and the engineering consultant

The engineering consultant shall provide the project developer with the general specification
of the project and its related justifications.
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5.3.8 Contract between the project developer and the training provider

The project developer defines the training requirements. The training provider commits itself
to achieve the objectives of the training programme.

5.4 Contractual commitment verification procedures

The general specification shall provide the necessary criteria enabling the project developer
to assess the conformity of the installation. The system may have a metering or measuring
system that, if available, shall provide system performance, possible alarm and fault signals.

DepenAinn an—thao ciza of tha inctallatinn And ~c Ancirad Wby tha nraiact mnlam antar or the
neirg-en—the-size—ofthe—installation—and—as—desired—bythe—projestimplementer _

operator, provisions shall be made to check system sizing, operation and performances|using
a rec¢rding instrument capable of supplying the information specified in the aforementioned

document.

If avallable, this information may be collected by the operator or communicated to him by the
maintenance contractor at such frequency and in such format as specified by the maintepance
contrgct.

This Will allow performing a preliminary analysis of the installation operation, in part|cular,
system over-/under-utilization coefficient.

Dispute resolution will be used to substantiate the system sizing and instrumentation data
reporf, allowing determination of the cause for failure. This could be, for example:

e ingorrect sizing;

e client over consumption versus forecast copsumption.
5.5 [Consequences of non-adherence to the commitments
The cpntract shall make provision for the following situations:

o digpute resolution between any.of the parties;
e ndn-adherence to warranties;

e situation resulting from “force majeure”.
5.6 |Technical considerations
Techr]ical considérations on the following items are provided in Annex A:

e technical'guarantees;

e sizing,

o desigm

e procurement items;

e installation;

e system commissioning;

e operator or technician training;
e user training syllabus;

e contractual warranty;

e maintenance contract;

e maintenance organization;

e replacement of components.
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5.7 Documentation
5.7.1 General

After commissioning, the project implementer should forward the documents indicated below,
prepared in the project developer specified language, to the attention of the project developer.

The project developer should further provide these documents to the operator to whom he has
handed over the installation.

If the installation is later modified, either through extension, expansion or other modification,

the cQ ntractar chould pndata tha doaniimantatian
o CtoT— oo TUTo—uptote—trre— oo e oo

5.7.2 Project implementation documentation
The fgllowing contractual documents are required for the project developer and,operator

e prpcurement documents;

e teghnical specifications including normal operating limits of the ‘system and assgmbly
ingtructions, sizing data sheet including the retained number<of/days of autonoml and
esftimated number of days of outage without the use of a standby generator;

e commissioning report including a guide for technical acceptance and system testing with
additional information about the specific conditions that-were locally prevailing at th¢ time
oflinstallation commissioning;

e trdining manual,;
e safety manual;
e warranty contracts;

e legal documentation.
5.8 |Operational/technician documeéntation
5.8.1 General

The pfoject developer, intended for the operator and/or the system technician, should pfovide
the fallowing contractual documents. It should be noted that, depending on the projeg¢t and
suppdrt structure, the break-up of the following list could differ.

5.8.2 System installation manual

This document will be used by technicians and system integrators in the installation process
and thus sheuld provide instruction for the installation of the power system. The depth ¢f this
documentiwill depend on the type and number of systems being implemented. A single|large
hybrid power system will require a document that provides very specific details on gritical
items.Th a programme to impiement many hybrid home systems, the document will be more
general with regard to the site layout but very specific with regard to design, connection and
equipment specification. Manuals should include, when appropriate, the following:

e appropriate safety considerations for system installation, including safety information on
any specific components or actions that may cause personnel injury or damage to the
system;

e layout drawing;

e detailed one-line schematics;

e component installation directions and schematics;

e design of foundations for towers and/or other fixed equipment;

e parts list for system including specification of the amount, length and size of all wire that
may be required;
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o list of special tools and materials required for the assembly, installation and adjustment of
equipment;

e system control specification that describes any system controls settings that shall be
made;

e site documentation forms which document the site and ownership of the system and which
should be filled out at the time of initial investigation or installation and be kept on record
for the life of the system. These forms should also include the project name, site
description, information on land ownership, photo of the owner and/or installed equipment
and any other site-specific information. They can also be constructed to provide initial
assessment of resource, load requirements and system layout;

e in - date
and time of installation, a description of major components including part, model and|serial
numbers and any notes on system installation. This document may be imbedded jn the
sygtem commissioning forms;

e system commissioning forms which provide a checklist of proper system, installation and
operation and include items specific to each installation, suchds certain design
parameters or possibly compliance with existing building codes. The form also inclydes a
number of tests to be carried out by the system installer to ensure that the system is
operational prior to its approval. An example of a commissioning ferm is provided in Annex
A.

5.8.3 Users’ basic operation manual
5.8.3.11 General

The ¢perating manual is designed for the operator, the owner or possibly the slystem
technician. The manual will include information an basic system operation and limited trpuble-
shooting and repair that can be performed prior;to calling in more experienced personngl. It is
usuallly written from the perspective of someone who has little or no skill in electrification
systems although technicians with more understanding may still use it. The type and lgvel of
complexity of the system will decide thé content of this manual. Generally, the document
should be written using very simple_language and make liberal use of simple diagramls and
figurep to illustrate points or servicé.issues. Consideration should be given to the fact that any
repair, made by a local owner orioperator, results in an expense not incurred in sendling a
technician to the site to conduct the same repairs. Such a manual should include, [when
appropriate, the following:

e appropriate safety €onsiderations for the operation. These should include instructigns on
methods to discannect loads, power-generation devices and how to shut the syst¢gm off
completely. Safety information should also be provided on any specific components or

ions thaténay cause personal injury or damage to the system;

sic instruction on electricity and energy safety;

[ ]
o T T 9

si¢ instruction on energy management and energy efficiency;

e expanded power diagram including all inter-component fuses, disconnects and relays;
e component description and details on basic operation;

e description of basic system operation and control;

e description of system and interface between components;

e description of any visual display of system status or operation and the level of system
capacity if applicable;

e common failure diagnosis instructions;
e service contact information;

e service schedule for major components;
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e explicit description of any service or maintenance items that can be provided by the owner

and/or technician;

e list of special tools or equipment and materials required for the assembly, adjustment/

setting, operation and maintenance of the equipment;

e a possibly pre-printed operations log book to record the following events:

periodical measurements (voltage, density of battery cells),

possible incidents,

useful comments of any nature.

5.8.3. l

The maintenance manual should provide all information required regarding. rég
scheduled service and maintenance to specific components of the power system(TThe m
shouldl be written with the system technician in mind. Such manuals should inclUde:

e appropriate safety considerations for operation. These should include instructio
methods to disconnect loads, power-generation devices and how tolshut the systg
completely. Safety information should also be provided on any-specific compone
actions that may cause personal injury or damage to the systems

e lis} of all routine maintenance requirements and detailed servicing instructions;
o lis} of spare parts required for each level of service specified in the maintenance man

o lisf of special tools or equipment and materials €equired for the maintenance
equipment;

ularly
anual

NS on
m off
hts or

uals;

of all

e timetable of maintenance based on system operation hours, kWh operation and/or sgason;

e maintenance log book. This record should be kept for each system to note and log
service issue or maintenance conducted:"This book will be invaluable in detern
component issues or chronic system problems, either associated with the technolg
operation;

require. This log may also be ‘used to justify operational expenses passed on
copsumer.
5.8.3. Shop manual

e simglé-line diagram;

g any
nining
gy or

stems
o the

ns for
umed
each

e expandedpower diagramnm,

e description and data sheets for each component;

e detailed trouble shooting instructions for each component;
e detailed repair instructions for each component;

e instructions on the assembly of each system component;

e part and model number for each component including manufacturer contact information.

6 Relevant tests for renewable energy electrification systems

6.1 Purpose

This clause concerns all the general functional and environment tests to be applied to

electrification systems of isolated sites and their constituent equipment. Each installat

ion or
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equipment specification shall indicate the tests to be performed from amongst this list, their

severi

ty level and the requisite measures to be applied.

This specification referring to IEC 60068 is applicable to independent installations using
renewable energies for supplying power to isolated sites and their constituent equipment.

6.2

References to standards

Project implementers shall verify that all equipment used in their project comply with the IEC
tests. This can be verified by obtaining certificates from the different manufacturers. If the
manufacturer has not tested the equipment, the following document describes which test shall

be pe

rformed before the equipment can be used. Some of the tests are applicable

o the

whole
and [H

6.3
6.3.1

The ¢
envirg
rating
transy

6.3.2

IEC 6
preva
(abov

system. Although identified here, the tests are described in the future IEC TS ®2
EC TS 62257-6 as they pertain to the complete power system.

Conditions of environment

General

nmental conditions. IEC 60721-1 lists the environmental /factors and their se

ort, storage, installation, and use.

Climatological/environmental conditions

propriate temperature and humidity severity ratings for a given application. The

perate cold;

perate hot;
hot;

hot temperate;

a) “restricted” outdoor climate limited to temperate hot climate;

257-5

quipment items described in this document are expected to-operate in a varipty of

verity

5 within the limits of the conditions to which this equipment is subjected d¢uring

D721-2-1 defines statistics on outdoor climates in terms of temperature and humidity
ent in every region of the world, except for.central Antarctica and high-altitude gones
e 5 000 m). These climate types provide part of the basic information needed to choose

e are

ions:

b) “moderate” outdoor climate comprising temperate cold, temperate hot, dry hot and dry hot
temperate;

c) “general” outdoor climate comprising all statistics concerning climates except extremely

Cco

Id and extremely hot;

d) “worldwide” outdoor climate comprising all climate statistics.

These groups enable equipment to be defined for use in regions with a variety of climates.

6.3.3

Environmental conditions affecting equipment service life

Standards in the IEC 60721-3 series define categories of environmental factors and their

levels

of severity for the following equipment applications:
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e storage (IEC 60721-3-1);
e transport (IEC 60721-3-2);

e use as a fixed installation, protected against the weather (IEC 60721-3-3);

e use as a fixed installation, without protection against the weather (IEC 60721-3-4).

These categories are defined by the following means:

o a figure defining the application (1 for storage, 2 for transport, 3 for fixed installation
applications, protected against the weather, etc.);

o a letter:
K E conditions of climate (cold, hot, humidity, pressure, rainfall/snowfall, radiationy-gtc.);
B F biological conditions (flora, fauna);
CF chemically active substances (marine salt, ice-protection salt, other chgmical
compounds, etc.);
S F mechanically active substances (sand, dust, mud, etc.);
F £ fluid contaminants (oils, greases, hydrocarbons, etc.);
M|= mechanical conditions (vibrations, dropping, impacts, overturning, etc.);
P F electrical and electromagnetic interference;

e another figure indicating the severity, for example,

The d
purpo

The e

e th
e th
e th

Requi
assig

tegory 2K3, where

F transport,

= conditions of climate,
F severity.

[fferent parts of IEC 60721-3 define-the real-life extreme conditions of environmen
se of this data is to characterize thée“tests to be performed.

hvironmental tests prescribed are described by the following items:

b environmental factor;
b test procedure;

b test severities:

rements arevindicated for the equipment tested — for instance, the operating cong
ed, operating requirements, acceptable degradation, etc.

The progedures for most of the climate and mechanical tests indicated in Table 2 form g

the |

6.4
6.4.1

60068 series.

t. The

itions

art of

Tests

General

Table 2 lists the tests to be performed on the equipment. As far as possible, the order
indicated shall be complied with. If a power system is designed and marketed as a self-
contained unit, the whole system may be considered as a component, in which case all IEC
standards may be applicable.
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Table 2 — List of tests

Test Reference Application

Designation Type See standard Component | System
Safety
Grounding continuity 6.4.3.1 X X
Operation 6.4.3.2 X X
Dielectric shock 6.4.3.3.2 IEC 60060-2 X X
50/60 Hz frequency dielectrics 6.4.3.3.3 X
Differential current device 6.4.3.6 X X
Efivironment
Cold Ab, Ad 6.4.4.1 IEC 60068-2-1 X
Dty heat Bb, Bd 6.4.3.2 IEC 60068-2-2 X
Te¢mperature rise 6.4.4.3 X
Piotection against physical impacts 6.4.3.4 IEC 62262 X
(cpde IK)
Shocks Ea 6.4.4.5 IEC 60068-2-27 X
Sinusoidal vibrations Fc 6.4.4.6 IEC 60068-2-6 X
Damp heat, cyclic Db 6.4.4.7 IEC 60068+2-30 X
Salt mist, cyclic Kb 6.4.4.8 IEC 60068-2-52 X
Pénetration of water (IP code) 6.4.4.9.2 IEC. 60529 X Yes
Pénetration of solid bodies (IP 6.4.4.9.3 IEC 60529 X Yes
cqde)
Fire behaviour: incandescent wire 6.4.3.10 IEC 60695-2-10 X X
O}erturning 6.4.414 X Yes
Noise 643 12 IEC 60076-10 X Yes
Fiee fall Ed 6.4.4.13 IEC 60068-2-31 X
Simulated solar radiation at ground Sa 6.4.4.14 IEC 60068-2-5 X
lepel
Mpuld growth J 6.4.4.15 IEC 60068-2-10 X
EMC
Pewer-supply voltage fluctuations 6.4.5.2 IEC 61000-4-1 X
Frlequency variation 6.4.5.2.2 IEC 61000-4-1 X
Voltage imbalance 6.4.5.2.3 IEC 61000-4-1 X
Harmonics 6.4.5.2.4 IEC 61000-2-2 X Yes
Undervoltages-and transient cut- 6.4.5.3 IEC 61000-4-11 X Yes
offs
Rapid bugsttransients 6.4.5.4 IEC 61000-4-4 X
Shock waves 6.4.5.5 IEC 61000-4-5 X
Electtomagnetic field 6.4.5.6 IEC 61000-4-3 X
Electrostatic discharges 6.4.5.7 IEC 61000-4-2 X
Emission of low-frequency 6.4.5.8 IEC 61000-3-2 and X
interference IEC 61000-3-5
Emission of high-frequency 6.4.5.9 X
interference
Emission of electric fields 6.4.5.10 CISPR 22 X
* If applicable, given the design of the power system.
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6.4.2 General information on tests

6.4.2.1 General verifications

General verification consists of checking that the equipment complies with the identification
file, IF, the document describing the equipment. All discrepancies in relation to the IF are

recorded. The supplier shall give written justification of the discrepancies and the steps to be
taken to remedy them.

The results of the verification are noted in the test report.

6.4.2.2— Neormalatmospheric-conditions

IEC 6p068-1 defines normal atmospheric conditions.

Unlesp otherwise stipulated, the tests shall be performed under the following conditions:

e W|de tolerances: as indicated in the IEC test.

THe special specification indicates whether some tests are to be‘performed undef tight
atimospheric conditions defined as follows.

o Tight tolerances
— | ambient temperature: 23°C+1°C
— | relative humidity: 48 % t0 52 %
— | atmospheric pressure: 86 kPa to 106 kPa (860.mbar to 1 060 mbar)

If poskible, tight tolerances are conditions for revision and overhaul for the equipment|tests.
They fre also the reference criteria for atmospheric conditions.

6.4.2.8 Preparation of equipment fortesting
The efjuipment is prepared for testing.in' the following ways:

a) Preparation 1 (equipment off-line)

The equipment is preparedin compliance with the IF installation manual. The voltage is
switched off.

b) Preparation 2 (equipment in service)
The equipment,isssupplied at its nominal voltage and puts out its nominal current agdinst a
resistive load.

Implementation/shall comply with the application description provided by the manufacturer.

6.4.3 Safety tests

6.4.3.1 Continuity of grounding circuits (first trial)

Measuring the resistance between all the accessible parts of the grounds and the general
connecting system, grounds or earth of the equipment checks the electrical continuity of the
grounding and protection circuits. It is recommended to use a source with an e.m.f. of 12V
capable of passing a current of 2 A as a minimum.

For this test, the equipment is mounted in accordance with preparation 1.
Result sought:

The resistance of the grounds shall be less than, or equal to, 0,1 Q.
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6.4.3.2 Equipment functional test

The purpose of this test is to check that the equipment operates in compliance with its special
specification by checking the functions it shall perform and the safety features it shall ensure.

For this test, the equipment is connected in accordance with preparation 2.

Result sought:

The equipment preparation is declared correct provided:

6.4.3.
6.4.3.

The d

The
conne
groun

NOTE
externs
metal g

For th

6.4.3.

A sho
The g
For each test, 5 negative waves and 5 positive waves are applied in succession.

Sever

all
[

a

x K
ot

x K
an

the Ttunctions detined In the special specitfication are ensured,

the safety devices defined operate correctly.
¢ Dielectric tests
B.1 General

electric tests are performed in accordance with IEC 61180-1.

est voltage is applied between each galvanically independent circuit (tern
cted together) and ground, with all the other circuits intérconnected and connec
i via their terminals.

If necessary, grounding can take the material form of a{metal sheet connected to earth applied
| envelope of the equipment and its supporting surface. This'‘mmetal sheet will be connected electrical
arts of the equipment accessible from the outside.

ese tests, the equipment is connected in @accordance with preparation 1.

3.2 Dielectric test at shock voltage

enerator puts out a pulse;every 10 s.

ty:

V between_the terminals of the 230/400 V power-supply circuit and ground, wi
ner circuits‘connected together and grounded;

V between the terminals of all the circuits (other than the 230 V power-supply @

ck voltage generator with positive and negative polarities is used (see IEC 60060-3).

hinals
fed to

to the
y to all

~

h the

ircuit)

d ground with the terminals of the other circuits connected together and grounded.

The values x shall be indicated in the relevant section of the general specification.

Result sought:

Should no disruptive discharge occur, the tests are satisfactory.

Should a disruptive discharge occur, 10 additional shock waves shall be applied (with the
same polarity) without any resulting in a disruptive discharge, for the equipment to be

co

nsidered correct.

Following the tests, the equipment shall meet all the operating requirements.

6.4.3.3.3 Dielectric test at industrial frequency (50 Hz)

The test voltage is applied for 1 min.
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Severity:

e x kV between the terminals of the 230/400 V power-supply circuit and ground, with the

oth

er circuits connected together and grounded;

e x kV between the terminals of all the circuits (other than the 230 V power-supply circuit)
and ground with the terminals of the other circuits connected together and grounded.

The va

lues x shall be indicated in the relevant section of the general specification.

Results sought:

Neithgr perforation nor flashover shall be observed during the tests.

Coronla discharges that occur unrelated to voltage drops are to be ignored for thig test.

6.4.3.4 Insulation resistance

end df

volta

the dielectric test. It is measured at the same application-points as the die

The iﬁ\sulation resistance is measured in accordance with IEC 61140cimmediately aft

e test.

The ejguipment is mounted in the normal service configuration~and the measurement is
after applying a d.c. voltage of 500 V for 1 min.

NOTE
surface

If necessary, the ground takes the material form of a metal sheet connected to earth applied to the &
of the envelope and the supporting surface. This metal sheet is connected electrically to all met

access|ble from the outside.

For thlis test, the equipment is mounted in aceordance with preparation 1 (see 6.4.2.3).

Results sought:

The insulation resistance shall be at\east:

e C

e C

ISS | insulation equipment: 2 MQ;

ss Il insulation equipment: 7 MQ.

6.4.3.p Leakage current between ground and local earth

Meast

rements.are made in accordance with the method described in IEC 61140.

For thiis testy'the equipment is mounted in accordance with preparation 2 (see 6.4.2.3).

pr the
ectric

made

xternal
| parts

Results sought:

The maximum leakage current measured shall not exceed 3,5 mA.

6.4.3.6

The o
IEC 60

This te

Figure

Differential-residual current device test

peration of the differential-residual current device is tested in accordance
364-6:2006, Annex B, method 1.

st is performed as follows. It is repeated 5 times.

2 shows the principle of the method, whereby:

with
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e a variable resistor R

an

P
d to earth;

is connected to a live conductor (downstream from the power supply)

e next, the value of this resistor is gradually reduced until the differential current protection

de

vice trips out;

e lastly, the current I, causing trip-out is measured.

Current I, triggering the device shall be 0,5 I, < I, < I,, where I,, is the residual current

assigned.
LV grid ® =
o N
DCD
p
() g
N IEC
Key
DCD Qifferential-residual current device
Figure 2 — Verification of operation of differential current device
Result sought:
The device is rejected-if one or more attempts prove negative.
6.4.4 Climatological and mechanical tests
6.4.4. Cold test
The

used when stored at low temperatures.

to be

The cold test is performed in accordance with IEC 60068-2-1 (test Ab if the equipment
dissipates no energy and test Ad if it does). The information required for this IEC test shall be
specified in the specification of the equipment.

This test is conducted in two phases:

e an initial phase, to check operation of the equipment at the lower limit of its service
temperature range,

e a second phase, to check operation of the equipment after exposure to a temperature
below its storage range.

Result sought:
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The equipment shall satisfy all the operating requirements at the lower limit of its operating
range and on returning to the ambient temperature in the laboratory following a holding period
at a temperature below its storage temperature range.

No visible degradation or damage shall be perceived.

6.4.4.2 Dry heat test

The purpose of the dry heat test is to verify the ability of the components and equipment to be
used or stored under conditions of high temperature.

does hot dissipate energy or Bd if it does). The information required for this IEC test sHall be

The c]:y-heat test I1s performed in accordance with I[EC 60068-2-2 (test Bb it the equipment
specified in the specification of the equipment.

This test is conducted in two phases:

e an initial phase, to check operation of the equipment at the upper, fimit of its sprvice
temperature range;

e a kecond phase, to check operation of the equipment after exposure to a tempefature
exiceeding its storage range.

Resulf sought:

The equipment shall meet all the operating requirements at the top end of its sprvice
tempdrature range and on returning to the ambient temperature of the laboratory folloying a
holding period at a temperature exceeding its staorage temperature range.

No vigible degradation or damage shall be pérceived.

6.4.4.8 Temperature-rise test

The gurpose of this test is to check that the acceptable maximum temperature rise js not
exceegded at an ambient temperature of 40 °C.

The tgst is also used to check that equipment users will not suffer burns should they cdme in
conta¢t with any accessible parts.

This tpst should becarried out only at the conditions indicated in the above specificatipn or,
preferably, at atemperature of 40 °C during the dry-heat test.

6.4.4.4 Protection against physical impacts (code IK)

The t ; ¢ Hmaccordance withtE€ 62262 usingthe pendutar rammerdescribed in
IEC 60068-2-75 (test Eha).

The equipment shall be prepared for 1 h by placing it in a chamber at a temperature of —10 °C;
the tests shall be conducted within 1 min after leaving this chamber at the normal atmospheric
conditions in the laboratory.

The number of impacts on each face exposed shall be:

o 3 for faces the largest dimension of which is less than, or equal to, 1 m;

e 5 for faces the largest dimension of which is greater than 1 m.

The impacts shall be distributed over the faces of the casing as indicated in Figure 3.
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74

L

5 cm from
each edge

B

T

Figure 3 — Distribution of the impacts of an impact test

IEC

The efjuipment is mounted in accordance with preparation 1.
The ipformation required for this IEC test shall be specified ingthe specification ¢f the
equipment.
Severjty:
A profection level of IKx is required, indicating the following caracteristics:
e a shock energy of x J;
e a hammer weight of x kg £ x g;
e a firopping height of x m.
The vhlues of x will be indicated in the relevant special specification.
Table|3 indicates the equivalence between the IK code and the impact energy.
Table 3 - List of tests
Cqde IK IKOO | 4K01 | IK02 | IKO3 | IK0O4 | IKO5 | IKO6 | IKO7 | IKO8 | 1K09 K10
Impadt energy * 0,15 0,2 0,35 0,5 0,7 1 2 5 10 20
(joulep)
*  Npt protected, inder the standard.

Resul

| sought:

The envelope shall show no signs of cracks or distortions detrimental to satisfactory
operations. The initial degree of protection (Code IP: see 6.4.4.9) shall be maintained.

6.4.4.5 Impact test

The impact test is performed with the equipment packed in accordance with IEC 60068-2-27.

The special specification of the equipment tested shall indicate all the necessary information.

Sever

To be

ity:

defined as appropriate for the equipment to be tested.
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Result sought:

After the test, the equipment shall display neither operating faults nor degradation or damage
of its mechanical structure.

6.4.4.6 Sine-wave vibration test

The sine-wave vibration test is performed in accordance with IEC 60068-2-6.

The information required for this IEC test shall be specified in the specification of the
equipment.

Severjty:

To be|defined as appropriate to the equipment to be tested.

The efjuipment is mounted in accordance with preparation 2 see 6.4.2.3):
Resulf sought:

During and after the test, the equipment shall display neithét, any operating faults nqr any
degrafation or damage to its mechanical structure.

6.4.4.7 Damp heat cyclic test

This test is performed in accordance with IEC 60068-2-30.
The epguipment is mounted in accordance with.preparation 1.

The ipformation required for this IEC\test shall be specified in the specification ¢f the
equipment.

Resulf sought:

After the test, the equipment shall show no traces of deterioration that may be detrimental to
satisfactory operation.

In addition, it shalt:successfully pass the following checks:

e the electrical continuity of the grounding circuits (see 6.4.3.1);
o the dielectric tests (see 6.4.3.3);

° maaclraman.
TTTCTOOUT CTITCTIT

These checks shall be made within 3 h following each damp test cycle.

6.4.4.8 Salt mist cyclic test

This test is performed in accordance with IEC 60068-2-52.
The equipment is mounted in accordance with preparation 1.

The initial temperature and relative humidity conditions inside the test chamber are those
prevailing in the laboratory.

The information required for this IEC test shall be specified in the specification of the
equipment.
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Sever

ity:

The testing method comprising exposure to a saline mist should be defined as appropriate for
the equipment to be tested.

Result sought:

On completion of this test, the equipment shall show no traces of deterioration that may be
detrimental to satisfactory operation.

It sha

| nass the followina checks:
T 4

e th
e th

o mg¢

Thessg

e continuity of the grounding circuits (see 6.4.3.1);
p dielectric tests (see 6.4.3.3);

pasurement of the insulation resistance (see 6.4.3.4).

checks shall take place within 3 h after completion of the saline niist'test.

Colour photographs of the parts liable to corrode are taken before and after the test.

6.4.4.
6.4.4.

The tq

The s

D Rating of protection provided by equipment casings (IP)
D .1 General

sts are performed in accordance with IEC 60529 in the following order.

e the requisite IP index*;

e the number of samples to be tested;

o the preconditioning;

e the final measurements.

NOTE | For the points followed by an asterisk, the information is mandatory.

6.4.4.p.2 Penetration by water (code IP, second digit)

The wWater penetration test carried out with the equipment not operating (preparation 1).
Results sought:

The ¢ qnipmnnf shall riieplny no npnrnfing faults or any accumulation of water insi

becification of the equipment shall specify;the following information, where necessary:

de its

casing.

6.4.4.9.3 Penetration of solid bodies (code IP, first digit)

The solid bodies penetration test is carried out in compliance with IEC 60529 with the
equipment not operating (preparation 1),

e rating: IP xx for...

e rating: IP xx for...

e rating: IP xx for...
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Result sought:

After the test, the equipment shall display neither faults nor any accumulation of dust
(in accordance with the IP rating) inside the envelope that may prove detrimental to operation.
A check shall also be carried out to ensure that the heat exchange surfaces remain efficient
and that, if the equipment comprises filters, they are not choked to such an extent as to impair
satisfactory operation.

6.4.4.10 Fire behaviour: incandescent wire test

The purpose of this test is to check the fire behaviour of the synthetic materials used in the

equip
This t
The n
Resul

The i
IEC 6

NOTE
equipm

This t
guara

6.4.4.

The €
identif

The p
heigh
to all

The fq

"
LAY

bst is performed in accordance with IEC 60695-2-10, Clause 8, and IEC 60695-2-1

inimum test temperature is 960 °C + 15 °C applied for 30 s + 1 s.
sought:
hcandescent wire test is considered as successful if the- conditions of Clause

D695-2-10 are met.

This test can be performed on test samples taken from each of the different materials encas
ent.

est shall be performed only on synthetic materials, the characteristics of which a
hteed by their manufacturer.

11 Overturning test

quipment is secured under the actual real-life conditions of installation defined

pint on which the force is.applied is situated at the top part of the equipment casi

he faces of the casing.in directions perpendicular to these faces.

rce is applied threugh a flat handling strap about 60 mm in width, as shown in Figy

S 'HF

ication files and the test is conducted in accordance with the following requirements.

NJ

12 of

ng the

e not

n the

[

ng; its

above the ground is limitfed to 1,60 m. This force is applied gradually and in succgssion

re 4.

The for

Top view

IEC

IEC

a=0,0 mmin, b=1,60m max. o = 60° min.
(angle between strap and equipment)

ce F = x N shall be applied for 1 min.

Figure 4 — Layout for overturning test
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Result sought:

On completion of the test, it shall be checked that the equipment has suffered no
deterioration. The highest points of the equipment shall shift by less than 20 mm when a force

of15

6.4.4.

00 N is applied and by only 5 mm after this force is reduced to zero.

12 Noise test

The equipment shall generate an acoustic power level of no more than 49 dB(A), including the
tolerance of 2 dB for measurement errors, by a noise test conducted in accordance with the
requirements of IEC 60076-10.

6.4.4.13 Free fall test

The free fall test is performed in accordance with |IEC 60068-2-31, Procedure 1| The
equipment is mounted in accordance with preparation configuration 1. The specification [of the
equipment shall give all the information required in this IEC test.

Severjty:

e hdight 50 mm, 1 drop on vertical axis.

Result sought:

Neithe¢r operating faults nor degradation of the mech@anical structure of the equipment after
the tept.

6.4.4.14 Simulated solar radiation test at ground level

This test is performed in accordance with IEC 60068-2-5.

The specification of the equipment shall' give all the information required in this IEC test.
Severjty:

e prpcedure A, at 40 °Cyfor 10 days.

Insidg the chamber,the’initial temperature and relative humidity conditions are those pf the
laborgtory.

The olter parts of the casing are photographed in colour before and after the test.

Result seught:

The equipment casing shall have the following caracteristics:

e no degradation;

e no change in appearance;

e no deformation detrimental to satisfactory operation.

The e

quipment IP protection rating shall be maintained.

A mechanical impact behaviour test shall also be conducted (see 6.4.4.4).
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6.4.4.15 Mould growth test
This test is performed in accordance with IEC 60068-2-10 in order to evaluate all unforeseen

causes of deterioration of the equipment, whether they have been built using mould-proof
materials or not.

The information required for this IEC test shall be specified in the specification of the
equipment.

Severity:

e tegtvariant T,

e duration: 28 days.

6.4.5 Electromagnetic compatibility tests (EMC tests)
6.4.5.11 General conditions

6.4.5./1.1 General

Electrpmagnetic immunity tests are listed in IEC 61000-4-1. They are conducted in the
nominal conditions of environment in the laboratory, that is as follews:

e temperature range 15 °C to 35 °C;

o relative humidity 25 % to 78 %, atmospheric pressufre 860 hPa to 1 060 hPa.

The ¢gquipment is connected in its normal operating conditions and mounted in accorflance
with pfreparation 2.

6.4.5.11.2 Performance criteria

Execytion of the immunity tests shall not destroy or inflict permanent damage to the
equipment, nor lead to subsequent deterioration of its performance.

To validate the immunity tests,\the following two criteria are applied.

Criterlon A:  The equipment behaves normally within the limits of its special specificatipns.

Criterlon B:  Temporary  degradation or inability to function, or self-recoverable behgviour;
except_for the equipment control inputs/outputs, where no loss of perforrhance
is_«allowed. In the period during which these disturbances are applied, the
equipment control data can be ignored, but in no case changed or rendered
false, whether they are memorized or not. No modification to the gctive
operating mode or data stored is allowed.

The equipment tested shall never become dangerous or lose its safety functions as a result of
the tests defined in this specification.

6.4.5.1.3 Verification of performance
Performance tests are made under the following conditions:

e under any random conditions within the operating environment range specified for the
equipment and at its nominal supply voltage;

e in all operating modes;

e with the minimum auxiliary equipment necessary.

The operating mode leading to the greatest susceptibility is sought.
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6.4.5.2 Frequency-related disturbances
6.4.5.2.1 Immunity to fluctuating power supply voltages

This test is performed in accordance with IEC 61000-4-1.
Severity:

e power-supply voltage variations in the range 230/400 V — 10 %, + 15 %, 50 Hz.

Result sought:

The gquipment shall withstand fluctuations in its power supply voltage for at least“4| h, in
accor@lance with performance criterion A.

6.4.5..2 Frequency variations
Severjty:
e ndrmal frequency variation range: (f, = 2 %) i.e. 51,0 Hz to 49,0,Hz0r 61,2 Hz to 58,8 Hz,

e extended frequency variation range: (f, f‘é %) i.e. 52 Hz to 47 Hz or 62,4 Hz to 56,4 Hz.
The frequency range will be chosen as appropriate for the eguipment to be tested.
Result sought:

The ¢quipment shall be capable of withstanding power-supply frequency variatigns in
accor@lance with performance criterion A.

6.4.5.R.3 Voltage imbalances

This test applies to three-phase equipment only.
Severjty:

e voltage imbalances gfléss than, or equal to, 2 % (inverse component/direct compongnt).

Result sought:

The Ppquipment® shall withstand voltage imbalances in accordance with performance
criteripn A,

6.4.5.24” Immunity to supply voltage harmonics

Severity:

e voltage harmonics in the 50 Hz to 2 kHz frequency range;

e amplitude equal to the compatibility level indicated in IEC 61000-2-2, corrected by an
immunity factor of 1,7.

Result sought:
The equipment shall withstand voltage harmonics in accordance with performance criterion A.

6.4.5.3 Immunity to undervoltages, transient cut-offs and voltage variations

The test is performed in accordance with IEC 61000-4-11.
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The equipment shall withstand:

For eas

6.4.5. Immunity to fast-burst transients

The fgst-burst transient test is performed in accordance with IEC 61000-4-4.

an undervoltage of 60 % of U,,, lasting 500 ms, in accordance with performance
criterion B;

transient cut-offs of 100 % of Uq,
performance criterion A;

transient cut-offs of 100 % of U
with performance criterion B;

lasting less than, or equal to, 20 ms in accordance with

nom lasting less than, or equal to, 500 ms in accordance

voltage variations of 40 % of U, o,-

According to performance criterion B, the equipment shall withstand the following fast

transient signals:

The tgsts are conducted in the common mode.

6.4.5.p Shock waves

The shock wave tests is performed in accordance.with IEC 61000-4-5.

2 kV and 5 kHz by direct coupling with the equipment power supply cables;

1 kV and 5 kHz by capacitive coupling with the control and‘eommand cables.

According to performance criterion B, the\ equipment shall be capable of withstandir]g the

followjng shock waves:

The shock generator impedance is chosen as follows:

6.4.5.p Immunity to electromagnetic radiation

The elettromagnetic radiation test is performed in accordance with IEC 61000-4-3.

4 kV in the common mode and'2 kV in the differential mode on the equipment power
supply cables;

2 kV in the common modé& on the control and command cables.

2 © in the differential mode and 12 Q in the common mode on the power supply,
421 O on the other cables.

According to performance criterion A, the equipment shall withstand the following electro-
magnetic radiation flux:

10 V/m generated at a distance of 1 m in the 27 MHz to 1 000 MHz frequency band.

6.4.5.7 Immunity to electrostatic discharges

The electrostatic discharge test is performed in accordance with IEC 61000-4-2.

According to performance criterion A, the equipment shall withstand the following electrostatic
discharges:

6 kV in contact or, should this not prove possible, 8 kV in air.
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6.4.5.8 Release of low-frequency interference by conduction

The limits for harmonic currents generated by the equipment in its power supply network are

given

6.4.5.9

in IEC 61000-3-2 and IEC 61000-3-5.

Release of high-frequency disturbance by conduction (10 kHz to 30 MHz)

To comply with IEC 61000-6-3, the amplitudes of the interference signals emitted on the
equipment power supply line shall not exceed the following levels.

The amplitudes of interference generated by the equipment tested in the power supply

networks-shat-reot-exceed-thefellowinrg:

e frgm 0,15 MHz to 0,5 MHz: 66 dB(mV) in quasi-peak value (56 dB(mV) in mean Jalue),
decreasing linearly with the logarithm of the frequency;

e frgm 0,5 MHz to 5 MHz: 56 dB(mV) in quasi-peak value (46 dB(mV) in mean value);

e frgm 5 MHz to 30 MHz: 60 dB(mV) in quasi-peak value (50 dB(mV)_ ihmean value),

6.4.5;||0 Release of electric field (30 MHz to 1 000 MHz)

The amplitude of the electric field measured at a distance of 10°m from the equipment shall

not e¥ceed the following levels:

e 30 dB (uV/m) in quasi-peak value for the 30 MHz to 230\MHz range;

e 37 dB (uV/m) in quasi-peak value for the 230 MHz-to)1 000 MHz range.

7 Minimum quality assurance provisions:for project implementation

7.1 Purpose

This dlause provides general quality assurance principles to be implemented to decentrplized

rural plectrification systems. This .isynot replacing or competing with other quality slystem

organjzation but intends to recall some basic actions to be managed during the proje¢t and

system life.

7.2 |Quality assuranceytargets

The liffe cycle of asstand-alone power production system (single- or multiple-user|type)

intended for supplying power to an isolated site, includes at least five major phases as

follow:

e analysiscof the requirements and sizing;

e engineefing and design of the plant;

e coRstruction and commissioning of the plant,

e maintenance of the plant, and

e recycling and disposal/salvage of components on life-cycle completion (for example,
batteries).

A quality assurance approach allows control of the quality of the design, construction and
operation of a stand-alone power plant by systematically implementing such actions as
required for prevention, verification, validation and traceability (written documents, follow-up
sheets, etc.) and the provision of evidence of the said actions to project developers, project
implementers and users.

For REN-based, stand-alone production systems, quality assurance is implemented by the
participants defined in Clause 6 of this technical specification which details the roles of each
of them.
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A quality assurance approach allows these participants to provide evidence of the steps made
to ensure the quality of the required services they supply to their partners.

For example, a quality assurance approach allows the project developer responsible for the
quality of the work performed, to reinforce his position by involving the various successful
project implementers or subcontractors of work contracts.

7.3

Quality assurance basic principles

A quality assurance approach is a sequence of scheduled actions related to construction and
verification of the quality. A well-identified participant implements each action. This sequence

of actjornrs—s u'caigllatcd as d qua“ty piall.

A quality assurance approach consists of the following major phases:

anjalysis of users’ requirements;
ddsign and construction follow-up;

syptem units acceptance and commissioning;

e organization of plant maintenance follow-up;

e in

The
differe

ormation feedback as a basis for lessons learned.

executed during one of the phases shall be communi¢ated to the participant in charge

qualit

For e
projed
opera

The
pursu
perfor

The V|
expec

A qua
action

plan for the next phase.

t implementer, forward the construction quality assurance data report to the s
for who is in charge of the maintenance quality plan for this system.

mance shall comply with.{he content of the quality plan.

alidation phase of system commissioning shall ensure that the plan complies wi
tations of the interested parties.

s performied; monitoring, inspection, and verification.

This

ata(report contains all the elements evidencing the execution of the quality a

articipants in charge of implementing the quality (plan can differ according fo the
nt project phases. However, the documents substantiating the quality assurance aftions

of the

kample, concerning the construction of a,system, the project developer shall, vja the

ystem

arious project design, construction and maintenance phases shall be conducted
ant to the clauses defined inithe quality plan. Practices implemented to ensure opegrating

th the

lity assurance data report is designed to ensure the traceability of the quality assyrance

tions
defingdinr the quality plan for each of the design, construction and maintenance pFases

applic

abtetoeachptarnt:

To summarize, the following components of the quality assurance plan shall be accounted for:

[ ve
e sp

e ch

rification that the documentation is complete, readable and traceable;
ecification (in written form) of those actions to be performed;

ecking of the performance of the specified actions;

e tracing of project and quality assurance elements;

e record and track responses.
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7.4 Quality assurance phases and participants
7.41 Implementing a quality assurance procedure

Depending on the importance of the operation to be performed, the project developer decides
whether or not there is a requirement for launching a quality assurance procedure. If there is,
the project developer decides the level of quality assurance to be assigned as a function of
the type of unit concerned.

The project developer will ask the project implementer designated for preliminary sizing or for
sizing, design and construction of this plant unit to propose a quality plan.

Likewjse, the project developer will require from the operator a quality plan for the ‘sygtems
maintgnance and operation. If the operator is known at the time of the design (phasg, the
projedqt developer may ask the project implementer to aggregate the two plans.

The project developer shall be responsible for the QA system and shall warsant that the¢ final
quality of the system is as specified.

For this reason, the project developer validates the quality plan’ and may assigh this
respofnsibility to a competent authority.

The project implementer and operator remain responsible for implementing this quality plan
for the parts with which they are concerned.

7.4.2 Certification of components

If certified components are required by the project developer, the relevant tests shpll be
perforimed by an accredited testing organization:

7.4.3 Design and construction quality assurance
7431 Sizing

The system sizing shall be inclided in the quality assurance process.

7.4.3.p Design and construction

Clausg 4 of this document specifies that the project developer will entrust the project
implementer with.the responsibility of this unit quality. Therefore, the project implementer is
respopsible for building quality into the engineering design and unit construction work.

As requested by the project developer, the project implementer will propose a quality plgn and
imple ent |t ThIS quallty plan should mclude all deS|gn and work phases AII companies

ich 1 A plan.
Likewise, the project |mplementer shall ask equment or component suppllers to fqu|I the
qualifications specified in the quality plan.

It is preferable that suppliers implement a quality plan for equipment manufacturing and
delivery themselves. This plan should be forwarded to the project developer.

For example, the project implementer will ask the suppliers of photovoltaic modules for a
manufacturing specification sheet indicating the class of quality for the supplied modules
including related specifications and specific standards that the product meets.


https://iecnorm.com/api/?name=e590a435f4483f3e2beb881000ec183f
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