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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 6: Acceptance, operation, maintenance and replacement

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for s ization eomprising
all |national electrotechnical committees (IEC National Committees). The obje is_to gromote
intdrnational co-operation on all questions concerning standardization in the electfical and & ic figlds. To
this end and in addition to other activities, IEC publishes International Standarg Wi ifi¢ations,
Teghnical Reports, Publicly Available Specifications (PAS) and Guides e d s “IEC
Puljlication(s)”). Their preparation is entrusted to technical committees; any prested
in fhe subject dealt with may participate in this preparatory work d non-
governmental organizations liaising with the IEC also participate in . closely
with the International Organization for Standardization (ISO) in &ccorda W ined by
agrgement between the two organizations.

2) Theg formal decisions or agreements of IEC on technical matt 3s possible, an international
conlsensus of opinion on the relevant subjects since eac s representation from all
intdrested IEC National Committees.

3) IEQ Publications have the form of recommsg i i 2l ational
Committees in that sense. While all reasghable effdrts are i of IEC
Puljlications is accurate, IEC cannot be j or any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity i i ications
trarjsparently to the maximum extent possi i rgence
betyeen any IEC Publication 2 igated in
the|latter.

5) IEQ provides no marking pre S or any
equipment declared to be\ 2

6) All psers should ensure (that

7) No [liability shall v rts and
members of its teshpics age or
othér damage of any s) and
expenses arising Nt \o er IEC
Puflications.

8) Attgntion is dra Q e references cited in this publication. Use of the referenced publicajions is
indispensabie for the K 3

9) AttgntiorN he possibifity that some of the elements of this IEC Publication may be the subject of
patenti p 3 e held responsible for identifying any or all such patent rights.

The main ta C technical committees is to prepare International Standards. In

exceptionalcircu ces, a technical committee may propose the publication of a technical

1dard,

despite repeated efforts, or

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

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

IEC 62257-6, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.

This technical specification is based on IEC/PAS 62111(1999); it cancels and replaces the
relevant parts of IEC/PAS 62111.
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This technical specification is to be used in conjunction with

IEC 62257-1: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 1: General introduction to rural electrification

IEC 62257-2: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 2: From requirements to a range of electrification systems

IEC 62257-3: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 3: Project development and management

IEC §2257-4: Recommendations for small renewable energy and hybrj rural
electrification — Part 4: System selection and design (to be published)

IEC 6 rural
electrifi d)
IEC 6 rural
electrifi

IEC 6 " rural
electrfi

IEC 6 energy and hybrid systems for rural
electrifi
IEC 6 ~ energy and hybrid systems for rural
electriffication — Part 9-3: ihterface (under consideration)
IEC 62257-9-4: Rg S alkrenewable energy and hybrid systems for rural
electrification — P Y ser's installation (under consideration)
The t¢ i5’based on the following documents:

Report on voting

82/384/RVC

Full in ting for the approval of this technical specification can be folind in

the report on\veo indicated in the above table.

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

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

+ transformed into an International Standard;
* reconfirmed;

* withdrawn;

» replaced by a revised edition, or

*+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

The IEC 62257 series intends to provide to the 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 a.c. nominal
voltage below 500 V, d.c. nominal voltage below 750 V and nominal power below 100 kVA.

These documents are recommendations:

e to choose the right system for the right place;

e todesign the system;

* toloperate and maintain the system.

Thesq documents are focused only on rural electrification concentrafifig S ific to
develpping countries. They must not be considered as all inclusive{o al elegtrification. The
documents try to promote the use of renewable energies in rura IXi {o)) o not

deal With clean mechanisms developments at this time (CO, emissi it,| etc.).

This Eonsistent set of documents is best consid parts
corregponding to items for safety, sustainability of syste Dst as
possibple. One of the main objectives is to prowde +t hents,
relevgdnt to the field of application that tems.

The purpose of this technical specification is\to
technical and economic conditions for acce;ftane, ope

méthodology to achieve th¢ best
tion, maintenance and replacement
of eqyipment and complete system life\cyc

®
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 6: Acceptance, operation, maintenance and replacement

The majority of these sites are:

« isplated dwellings;
« village houses;

e cdmmunity services (public lighting, pumpm
aqtivities, administrative buildings, e

plac&s of worship or ctltural

« edonomic activities (workshops, mis

It proposes a methodology to achieve Apical and economic conditions for agcept-
ance,|operation, maintenance and repl& : ycle.

It doe igment.

The A\OMR

docun

2 N

The f ment.
dition

of the

IEC 6 ns for

rural ¢

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

31
AOMR actions
acceptance, operation , maintenance and replacement actions

3.2

implementation contract

contract between project developer and project implementer usually the result of a
competitive sollicitation for proposals developed by the project developer on the basis of the
general specification
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3.3

electric equipment

item used for such puposes as generation, conversion, transmission, distribution or utilization
of electric energy, such as electric machines, transformers, switchgear and controlgear,
measuring instruments, protective devices, wiring systems, current-using equipment

[IEV 826-16-01].

3.4
REN
renewable energy

4 (Jeneral aspects

4.1 Introduction to AOMR actions

Isolated electrification systems are designed to supply ¢pow f duals,
communities or loads located in remote areas not connected.to

Thesqg systems can be broken down into three categori

e prpcess electrification systems (for instance fo
e individual electrification systems (It

e cdllective electrification systems (

In ord Ly, six

types
AOMEH

A bas
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Table 1 — AOMR actions

Acceptance |. checking process to ensure that the system installation meets the requirement set forth in the
implementation contract between the project developer and the project implementer
« testing process to ensure that the micropower system operates according to the functional part
of the implementation contract
« once the parties have come to agreement, transfer the responsibility of the system
Operation ¢ managing business of system operation

¢ monitoring «<normal» system operation

("normal" operation = system supplies power complying with all the characteristics of the expected

service, with the original designed configuration)

< managmg syst =
changes)

* response to abnormal operating conditions = to provide service outgitg sundarie]

implementation contract (prolonged absence of REN sources)
* response to abnormal system operation
corrective actions (manual or automatic), troubleshooti

* guaranteeing safety while performing (servicing) acti

« performing analysis and retrofit of the system

uration

s of the

system
restore

Maintgnance

« preventive maintenance: keeping and maintdinin e system ts «pormal» operating dtate

« corrective maintenance: adJustlng flxm oK rgplacing mpo ents after fault recognition

Replagement

« conducting periodic tests d| spe [6)

« replacing the equipment on Ietlon

¢ replacing the equipment for

&



https://iecnorm.com/api/?name=ac0ef5b5f061d1a6aa0003a112de04f8

2005(E)

TS 62257-6 O IEC

Jaumo
/1ojesado
/ladojanap
J181uswa|dwi
ajueidgoop4o”iayeT] jo8loid Alljiqisuodsal o Jajsuel | uawoaalby |  aseyd
wajlsAs
aauibus Jadojanap ajoym ay} Jo saouewlopad Buiyse) eouewlopad
aq 0} seouewloyiad pajabie} yjiA e}nsuo) 109loid Buijesado ayj |6 3o8Yd O 3 days Buluoissiwwon
/4 VAN
paule}qooeq 0} )
saouewlopiad pajabie] yyum sisal jo }si| :uoijesado Jado
sjuiod Aay Jo 11| Yoayp :uole|eisul ‘_wao‘_n_A Q
1S1] }]Ing se ay} o0} Buipioooe aouafejal pue adAy Jadoid
SubUe Jdadojanap | Apoeuioo ejesado sjusuodwod s1s9} Aleuiwijaid
:uonjeoijidan ‘yuauddwos Aq Jusuodwo) JUBINISUOY jo8loid walsAs ay) jey} 1sa) o ¢ deys Buluoissiwwo)
uoliejjejsul ayy
dojuawa|diul pajelado aq 0} Apeal 1q uoneosyjenb jo uonenjeay
JsneT \Vow._o d S| walsAs ay) jey} ¥o08yo o] :z days Buluoissiwwo)
A\ paule|dxa ale S8dUaldyIp ubisap pajdadoe
SJUBLIWOD/SI| INd| Se/AsI| UBISap [enu| Aue pue ubisap paydasoe alj} yum waisAs pajjeisul ay}
SEEV/([SVE) dofansp |emoeu0o ay) 0} saljdwoo | jo Ahiwiojuod sy} Jo uolien|ea]
2181 Juswdinbg jue}n uomR UE) M\_.uﬁw ay) 1ey} 3o8yo o 11 days Buluoissiwwon ¢ aseyd
s "0} ‘S]0BJJU0D
ellpm ‘sainpasold
‘sjed aleds
liejuswnooQ
Jinbau sasne|o
J98uibus Jadojsxsp 5 Jeuoyesado 10BJJUOD ‘Uol}BlUBWNIOP
papinold aq 03 sjuswnopp |BN}OBIJUOD JO 1SIT juejnsuon 10 m\r_v\mﬁ Bunsixa jo y0ayy | g aseyd
Jojoeayuoogns A\ \
J19juswa|dwi Jojuswaldwi wélghs U}
papiaold ag 0} sjuswnopp |BNJOBIIUOD JO 1SIT jo8loid jo8loid uo uoljew oE_E\m\,WN‘_o 0] uoneledalid | @seyd
Ayed
joays ejep pajsabbns e j¢ Juajuo)n sidjuawajdwy a|qisuodsay annoal ssaooud aouejdasoy
4
uoTdTIo = T



https://iecnorm.com/api/?name=ac0ef5b5f061d1a6aa0003a112de04f8

- 10 - TS 62257-6 © IEC:2005(E)

4.2 Conditions impacting AOMR actions and guidelines
4.21 Characteristics of the project/systems to be managed

Characteristics of systems and their installation environment will have an influence on the
organizational schemes to perform AOMR actions.

Among these influence factors the following are highlighted:

e geographical layout: number of systems, their location and dispersion will determine spare
parts and tool requirements, technician and equipment transportation means, mean time

el of technician, and final user’s involvement;

« thp degree of multiple system standardization will impact tra Is for

ogerators and maintenance staff;

« the importance of specific applications (health, water pump ale ) can
bg considered more critical and managed more careful

4.2.2 Organization of AOMR personnel and resp

The following different parties to be involved in bed in

the ADMR activities:

* owner
e prpject developer

e enlgineering consultan
e prpject implemente

* subcontractor

e operator Q

* maintenance co 0)
e trgining provi

as shown In

©
Q
=
=
[¢)
12

gble 3, considering that one person may have several roles.
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Table 3 — AOMR participant involvement

AOMR actions
Nat_ur_e of Responsibilities versus AOMR concerns
participant A o M R

Owner | | Long term financial and contractual responsibility for the
system.

Project developer C C C Responsible for defining operating rules, maintenance
policy and replacement time schedule

Engineering C C C On the basis of a service to be supplied and under the

consultant project developer’s responsibility, defines AOMR rules
and levels which will allow the Ir'\rr'\\/iv:ir'\n of this service.

Project|implementer May provide information relevant to AGBMR to-the’project
developer

Subcontractor | | Specific to warranty of egmé\\ent K

Operatpr | | | Upon acceptance of the work i hd
declares the micro tion".
Is then responsible\for the les on
site
Responsible forjnsuri aintenance ¢f the
productjegh, distribuii subsystems
includjhg e/a.Kthin arr. .

Maintepance itted to vigit'th sysMat regular intervals for

contragtor ing th ct@tion those components subjefcted to

> e and reconditioning operatigns.
itted to inform the participants and mainly the
t major events regarding the operatipn of
(\\{he syst

Traininp provider T \( T ~|3ro ides relevant knowledge and related training fctions

to make people able to perform their allocated AOMR
[\ (\ fons.

User | | \) By applying instructions provided, the user can supply
feed back to the operator and may perform simple|
operation and maintenance actions depending on fthe
system design.

Reports any maintenance issues to the operator.

C=co
| =imp

T = trai

ceptual pOle

ementation role

hingole \
Y

N\

As d
subs

scribeN62257-2, a system is structured into three subsystems (prod

tem,/distribution subsystem and demand subsystem).

lction

The different subsystems may be owned by the same or different bodies or individuals. The
different functional roles described here are the responsibility of and may be performed by or
delegated to other participants designated by the owner

All the functional roles shall be defined for all parts of the system and covered by contractual
arrangements.

Each participant category represented in Table 3 shall be fulfilled although more than one
category may be fulfilled by the same individual or group. An important example of this is that
the user and the operator may be the same in many small systems.
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4.2.3 Needed technical capabilities of AOMR participants
Two kinds of skill levels are defined:

» skill level necessary for safety considerations

< skill level for management and technical issues

It may occur that a number of operating features will be provided for using logic control. This
may be the case for monitoring, operating and diagnostic tasks.

Table 4 gives the level of skill necessary for safety considerations.

Table 4 — Levels of skill for safety

Level 1 Skilled person Person with relevant education or experie nab her perceive
risks and to avoid hazards WhICh elec ica chanical
equipment may create

Level % Instructed person Person adequately advised or supe |sed b ski ed rsons to [enable
him/her to perceive risks and to@d\ which’electrical, cherical or

mechanical equipment may crea

Level 3 Ordinary Person who is neither a %Ied p&sg\hor\an |n\s\ructed person

Table|5 gives the level of skill necessapnfor managenie a@tech ical issues.

Table 5 -Leve f genera

Mandgomentiasies

Level ( Person with reI du atio xpe\&{?e o enable him/her to conduct management opefations
(staff manage mer ma ment, etd)

(\Te\t\mbal_&s/s ues

Level ( Engln Wevant education or experience to enable himjher to
ela orat tenance plan and comprehend the interaction between
/\ h\gompenen

Level 1 Skilled Persomywith relevant education or experience to enable him/her to ¢gonduct
supervise detailed actions on the system

Level % Instrusted\ person Person adequately advised or supervised by skilled persons to |enable
%im/her to perform specific tasks of operation and maintenance

Level 3 < \l\aN \ Person who has no skill relevant to system operation and maintenange
A

Specific tasKs-orseryvice items that require specific skills should be identified as such |in the
projegt documentation.

4.3 Training

The training plan, defined under the responsibility of the project developer, shall take into
account the different levels of skill described in Table 4 and Table 5. Some specific
considerations are:

* some verification shall be implemented to ensure proper training is being carried out and
that the personnel understand how to perform duties called for;

e training manuals shall be provided in the appropriate languages and quantity to ensure
use;

e training is a continuous process, people shall be periodically retrained and updated as
necessary.
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5 Rules for systems

5.1

System identification and operational data record keeping

The following minimum information shall be prominently and legibly displayed on the indelibly
marked system nameplate that shall be installed on a critical component of the micropower
system:

— manufacturer’s name and/or brand name;

— model and serial number, revision number of power system;

T

conta¢t information.

The general specification shall specify all information needed to

— inItaIIation date.
he

ccompanying documentation shall contain the manufacturer’s

5 and

Em.

During the commissioning process, this information shall b&_tran group
identified by the owner to be responsible for updating this_da esign
changes, replacement, history of failure, history of phaintenance etc.).
This individual or group is likely to be the consulting{endin

5.2 |Organizational issues

5.2.1 System limit definition of the AOM

A clegr definition of the physical limits of th bution,
demapd) in relation to op€ra{ion, Majntena n up.
The i a ‘ Mganizations responsible for the different
subsy i i i

5.2.2
AOMH

c) Maintenance
e{cessary to have an overview of all the expected maintenance actions to be implemented

n

actj¥ities shall be planned for technical and economic reasons.

for thie’life of the system to guarantee its availability

list of

ty.

tually
nduct

It is

Based on information provided by the manufacture and consulting engineer, a table as
illustrated in Table 6 shall be developed by the project implementer and updated by the
operator as needed.
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Table 6 — Maintenance actions planning (example)

System System lifetime
component - - -
Period 1 Period 2 Period N
PV field * Action * Action
¢ Actor e Actor
e Cost ¢ Cost
Batteries * Action * Action » Action * Action
e Actor e Actor e Actor « Actor
e Cost ¢ Cost ¢ Cost ¢ Cost
Chfirge Action
contoller + Actor
¢ Cost
Inverter * Action ction
e Actor e Actor
e Cost /\ C st
Gehset * Action * Action * Action * Action / Actfon
¢ Actor ¢ Actor e Actor ¢« Acfo r e Actpr
+ Cost « Cost « Cost . t N « Codt

)
d) Re¢placement activities shall be planged simiar: fw/

For spme components it is

replagement will be needed. The project

each [piece of equipmen
relevgnt replacement action

5.2.3 Traceabjkit

Informpation on an
technical life of the.S
to sugport any wgrragts

5.3 |Technicali
5.3.1

The equipmentisoncegned
Table|7:

possible t@ determi ss of performance and decide|when
hall provide a recommendatipn for

le
'er tos enable the operator to decide gn the

the systems shall be recorded in order to trage the
tionship with the user. This document will be required
ould be kept in duplicate.

pertains to either of the following voltage domains as indicated in

Voltage domain

Nominal voltage (U, in volts)

Alternating current Smoothed direct current

ELV

U, <50V U, <120 V

LV

50V <U,=<1000V 120 V< U, <1500V
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Operation actions shall be conducted according to the local safety regulations. If these do not

exist,

the following rules should be followed:

e all electrical work or work where there is the potential for electrical shock will be
performed with the power shut off;

e disconnecting supply leads from a terminal strip as the sole procedure for disconnecting
this part of the system is not acceptable;

« all the equipment from which disconnecting device operation must be inhibited shall be
provided with a padlocking or lockout mechanism;

e disconnecting devices shall be located in a secure enclosure accessible by authorized

(o5
pri

5.5

Due

o the int@e
typicdlly found i

ople. It shall be accessible in all circumstances without having enter a _f
pperty.

Acceptance issues

ommissioning procedure shall verify the technical perfgrma tem i

rivate

n two

):
tation
hnical

ided in

. LV|ces
it is important to carefully consider issues of

component isolatio and construction of the power system. Due t¢ both
the n3ature of rene i and the degree of automated system operation typical
in migropower plangs, \ or devices to start and/or produce energy without warning
A clear 3 plan should be developed to ensure that each component of a
microtpow be safely separated from the power system to allow mainterance,
repairf or replacement. ln6ome cases it may be more appropriate to shut down the complete
system instead of sepagrating individual components.

It is thetresponsibility of the project developer to see that this is completed and will likely be

It should be noted that the presence of capacitors incorporated into any component of the
micro-power system may result in voltage even if completely disconnected from external
sources.

5.6

Maintenance actions

Within most micropower systems maintenance shall be completed on each component as well
as the system as a whole. In most cases, equipment manufacturers will provide maintenance
guidelines for their specific component but no general maintenance guideline will be provided
for the complete system.
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Examples of specific non-component maintenance items include:

e cleaning wire conduits of animal or insect nests;

* maintenance of site access, grounds and buildings;

¢ building cooling system;

» site and systems communications;

« fuel delivery and storage systems.

As discussed previously in this clause, a system wide maintenance plan should be developed
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ially with @ ¥ mpatible component if required to maintain slystem
mance requixe S the emainder of the system will be left unchanged. Although
ally nof the ease, asiopally the complete micropower system may need to undergo
e s are identified as follows

d of th - ifecof the majority of the system: if most of the system componentg have
hched theyend of their useful life it may be more cost effective to replace the complete

wer system Cemripared to replacing each individual component;

allty of the supply is no Ionger suff|C|ent changes in the commumty require a higher

c) Load has grown: the load in the community has grown to the extent that the system is no
longer capable of providing sufficient power. In this instance it may be more cost effective
to replace the whole power system. The old power system may then be moved to another

co

mmunity with lower power needs;

d) Step change in technology: a step change in technology may warrant the replacement of
the complete system with a technology that provides higher quality of service at a lower

Cco

st;

e) Change in plant location: if the plant location must be changed for any reason.
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5.8 Analysis of the conformity of the delivered service to the contractual
commitments

It is necessary to implement a means to assess the adherence of the systems to fulfil the
contractual commitments as defined for the project. Although this may be difficult, some level
of performance criteria should be established.

Contractual commitments between the contractor and the owner (as defined in IEC 62257-3)
are a function of the different types of systems (as defined in IEC 62257-2).

Adhering to the commitments means that provisions shall be made to prepare a balance data
repor of-the—detivered—service (c.u. im—terms—of cergy; upclatillg daya, punlpcd votume of
water] etc.) within the commitment reference period.

This ig carried out with AOMR actions as a function of the system typg us d in|Table
8.

Table 8 — Verification of the adherence to commitments

Actions \ \\S{s)ém types
//\\\N\ T2> 13 | T4 | T5|| T6

Check [hat appliance specifications are identical to those fof’i 'tW X X X X X X
installeld appliances

Check fhat the delivered service at least equals\the servise defined UK/}
the conftract

Compafe measured energies (production and consumption) X X X X X
contradtually defined period. (for this comparls , usler consumed\a.c.and
d.c. engrgies shall be metered)

Compare the fraction produced b the nerator e gamst thievfraction X X
produced by REN if the confr\\ct requires a tial ution/ of the genset.

For collective systemgacheck contrast eters, function (power X X X X X
limiterd, energy Iimi@t\ey.)

6 Rules fore

ctki

6.1 |Gene
Acceqtance aintenance and replacement rules shall be defined for each part of
the system, inse nce with the contractual commitments related to the service prgvided

and also inwelatiom{gthe recommendations of the equipment manufacturers.

S ] L J actical
guidelines on AOMR for different eqmpment are attached in the relevant parts of the
IEC 62257 series. (IEC 62257-7 to IEC 62257-13)

Other technologies may exist and may be applicable but are not included in this technical
specification.

6.2 Specific aspects related to electric equipment

For each piece of equipment, some considerations shall be applied in relation to the
technology.
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