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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 9-4: Integrated system — User installation

EFOREWAORD
T TN VV  UT N\

1) TRhe International Electrotechnical Commission (IEC) is a worldwide organization for s atiop~camgrising
all national electrotechnical committees (IEC National Committees). The obje bmote
infernational co-operation on all questions concerning standardization in the electfical and s. To
th|s end and in addition to other activities, IEC publishes International Standard tions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; a ested
in| the subject dealt with may participate in this preparatory work. non-
ggqvernmental organizations liaising with the IEC also participate in thi osely
with the International Organization for Standardization (ISO) in accorda ined by
adreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt possible, an interndtional
cdnsensus of opinion on the relevant subjects since eac ee has representation frgm all
inferested IEC National Committees.

3) IE tional
C f IEC
P r any
m

4) In icptions
trg pence
bg ted in
the

5) IE r any
edui

6) Al

7) N mployees, servants or agents including individual experfs and
me ational Committees for any personal injury, property damgge or
ot whether direct or indirect, or for costs (including legal fees)) and
ex tion,/use of, or reliance upon, this IEC Publication or any other IEC
P

8) Af ¢ references cited in this publication. Use of the referenced publicatipns is
indi

9) Attention~ o ibility that some of the elements of this IEC Publication may be the subject of
pgtent rights: EC shal notBe held responsible for identifying any or all such patent rights.

The | maintask of C technical committees is to prepare International Standardsg. In

exceptiohal circumstances, a technical committee may propose the publication of a techjical

specification when

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

d

espite 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

whet

her they can be transformed into International Standards.

IEC 62257-9-4, which is a technical specification, has been prepared by IEC tech
committee 82: Solar photovoltaic energy systems.

This

nical

part of IEC 62257-9 is based on IEC/PAS 62111 (1999); it cancels and replaces the
relevant parts of IEC/PAS 62111.
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This part of IEC 62257-9 is to be used in conjunction with the IEC 62257 series.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/414/DTS 82/441/RVC

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

This|publication has been drafted in accordance with the ISO/IEC Directive

A lisf of all parts of the IEC 62257 series, under the general title Reg
renewable energy and hybrid systems for rural electrification,
webgite.

The [committee has decided that the contents of this publi

the data related to the specific publication. At this date

ansformed into an international standard;
bconfirmed;

ithdrawn;

bplaced by a revised edition, or

*+ amended.

[ ]
= < 5 =+

A bilingual version of this¢ublication ma b%.‘ed at a later date.

unthanged
bstore.iec.c

small

IEC

until
h" in

DA Qe
RO

IMPORTANT — T/\h:?‘c lour i
that|it contains ¢ i

of its contents. U/sg 3

ates
ding
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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 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 td design the sysiem,

e tg operate and maintain the system.

Thege documents are focused only on rural electrification concentrating S ific to
devdloping countries. They should not be considered as all inclusive\to rura ficdtion.
The documents try to promote the use of Renewable energies jn > ification; y do

not deal with clean mechanisms developments at this time (CO% emis . it, etc.).
Further developments in this field could be introduced in future steps.

barts
corrg 5t as
poss e \ bnts,
reley j e gy and hybrid off-grid systems.

This| consistent set of documents

is best considered
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 9-4: Integrated system — User installation

1 Scope

The jpurpose of this part of IEC 62257 is to specify the general requirements for the (dgsign
and the implementation of a user's installation.

This|part of IEC 62257-9 applies to single phase user's electrical ins
power of 500 VA, in Decentralized Rural Electrification Systems (DR

imum

NOTH For installations above 500 VA in decentralized electrification systems\IEC 6

This|part of IEC 62257-9 is applicable to installations supplied~b
230 |V a.c.) and to installations encompassing their own single-uhi
a.c. pr230 Va.c.or12Vd.c.or 24V d.c.)

ov

er production and distriblition

ants|and microgrids, nor to [user
sign and construction of consumer’s

The |part of IEC 62257-9 applies nei
installations described in the section
elecfrical equipment. It details the rules

electrical installations for the purpose, o and
satis ned.
It ap

2 |

The For
date bn of
the r

IEC

IEC n of
electri

IEC 2257 (all parts), Recommendations for small renewable energy and hybrid systemls for
rurallelectrification

3 Terms and definitions

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

31

protective conductor

(identification: PE)

conductor provided for purposes of safety, for example protection against electric shock

NOTE In an electrical installation, the conductor identified PE is normally also considered as protective earthing
conductor.

[IEV 195-02-09]
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3.2
PEN conductor

conductor combining the functions of a protective earthing conductor and a neutral conductor

[IEV 195-02-12]

3.3
equipotential bonding

provision of electric connections between conductive parts, intended to achieve

equipotentiality

NOTE The role of the equipotential bonding is to decrease the difference in potential that can exists between two

2l 2l 1i ) f i tallati
expoged-conductivepartsof aninstallation-

3.4
surge arrester

devig¢e designed to protect the electrical apparatus from high transi es af
limit{the duration and frequently, the amplitude of the follow-on curré

3.5

supply point

contractual limit between the grid and the user’s installation

NOTH In rural electrification systems, it is generally located o grogrid side) of the

interface.

3.6
Surge Protective Device
SPD
devi
divel

4

4.1

User
com

Spegifi
prov

4.2

Instg

Production Distribution User

d to

Lser’s

and

ntin

are

sub-system sub-system sub-system

Micropowerplant Microgrid Installation

.

: \ User interface

IEC 1909/06

Figure 1 — Installation limits

4.3 User interface

See |IEC 62257-9-3.
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5 Protection against electric shock

5.1

Requirements for d.c. parts of installation

Simple separation, at least, shall be provided between the d.c. side and the a.c. side of a
stand-alone installation (for a PV array, see also IEC 62257-7-1).

5.2 Requirements for a.c. parts of installation
5.21 General
The |characteristics of the protective devices shall be such that if a fault of negligible
impgdance occurs anywhere in the installation between a phase conducto d a protective
conductor or exposed conductive part, automatic disconnection of the suj oeccur within
0,4 9.
A repidual current protective device, with a rated operating re : ¢ ot ‘exceeding
30 mA shall be provided as additional protection for each insta jaced ip the
userls interface housing.
5.2.2 Neutral earthing system
5.2.2.1 Installation supplied from a microgric
encompassing a micropowe 2
Usen's electrical installation should be prefe
NOTH 1 The TT system is not recommended for the user’ssinstallation, because for the TT system, each hopse is
equipped with an earth electrode. For the electrification«of\remote villages, it could be difficult to insta|l and
mainthin an effective earth electrgde in each_ho .
Figufe 2 illustrates the faultcurrent ci ion in TNZC-S systems.
NOTH 2 The “grey b
User interface I
T l ~ Ph
\ L )
Microgrid I User
a.c| source i N /\
/. ] \
| PE loadd
\ L . 4 ®
B
= =
<l <1 A4
~ ~
A Fault current circulation IEC 1946/06

Figure 2 — Protection of persons in an installation supplied
from a microgrid according to a TN-C-S system
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5.2.2.2 Standalone installation with a.c. and d.c. electrical circuits, encompassing
d.c. micropowerplant (ex: PV generators)

IEC 62257-5 provides provisions to apply on d.c. and a.c. circuits.

For combined systems in which a part of the installation is 12V / 24 V d.c. and the other part
is 120 V or 230 V a.c., through a d.c./a.c. converter, a TN-S system shall be created for the
a.c. part. The PE conductor shall be earthed.

Figure 3 shows the fault current circulation and the principles for protection of persons in a

ana

Com JIIIUd d A% LEA ] U . OyQtUIII
————— —
User interface
! N Use
| < .C.
ad$
Micro |
ppwerplant ] Ph
d.f. and a.c. N an
\) N 7 User
a.g.
......................... I > PE Ioaos
| [ )
=
o 4
/\| Fault current circulation EC 194706
6 |
The |i i C one single circuit or be divided in several sub-circuits. Each
circui Where the mstallatlon compnses only| one
circuit, the overcu
NOTH v€ the same cross sectional area as the main supply circuit (see 8.1.3), protgction
may He prowded by~a smgl device on the main supply circuit.
Table 1 shows the maximum design current of the circuits in a 500 VA installation.

Voltage Maximum design current
120 V a.c. 5A
230 V a.c. 2A
12V/ 24 V d.c. 40A /20 A

NOTE 2 Protection against fire is also performed by RCD’s defined in 5.2.1. for a.c. circuits.
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7 Protection against effect of lightning

71 Installation supplied from a microgrid

The overvoltage protection, where necessary, is provided on the microgrid side.

7.2 Standalone installation

If the distance between the external generator and the user’s installation is less than 15 m:

no special measure is required.

If the
and

(gen
area

distance between the external generator and the user’s installation is

It sh
poss|
ends
be ¢
shall

For
serigs.

8 3

8.1 | Wiring system

Genera@

The jnumber of subec

8.1.1

greater than

15 m
high
onal
ser’'s

e as
f the
shall
PDs
t the

57-7

btion

poin{ load.
Sepa N conductors shall be provided for each subcircuit.
The |cros [ ea pf conductors is chosen to provide for a satisfactory lifetime of

nd) insu
ormal service (See tables in IEC 60364-5-52).

conductors a
periqds of timé

Othelr considerations that affect the choice of cross-sectional area of conductors are:

tion' subjected to the thermal effects of carrying current for prolo

hged

e to fulfill maximum acceptable voltage drop,

e to withstand the electro-dynamic stresses which can occur in the event of a short-circuit,

e to withstand the other mechanical stresses to which the conductors may be subjected,

e to ensure an impedance value compatible with operation of the short-circuit protection

devices.

8.1.2 Voltage drops

The maximum voltage drops in the installation shall not be greater than those indicated in

Table 2.
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Table 2 - Maximum acceptable voltage drop values in installations

Type of installation Lighting and socket-
outlets
Installation supplied from a 120 V or 230 V distribution 3%

microgrid or standalone installation with an a.c. source

Standalone installation with a d.c. source 5%

8.1.3 Cross sectional area of conductors

The [cross-sectional area of line conductors in a.c. circuits and live
shall be chosen among the values given in Table 3.

dic. cirncuits

The |smallest value given fulfills the main design requweme C on thgrmal
effeqts. It is possible to select a larger cross-sectional apé If||| other require-
ments such as voltage drop and/or mechanical stresses™o C al considerations
suchf as the harmonization of conductors.

Protective conductors shall be made of the sam 3rjal A all have at least the game
cros$ section area as the line conduc of the same cable of are
locafed in the same enclosure as line ‘con rotect| e conductor is not part df the
supply cable, the minimum cross section\area. st ¢ ;this is to ensure an acceptable
levell of mechanical durability.

Table 3 - Cross-@ﬁ’a‘ma\or\ nductors in fixed installations
nal

area
mm?2

Tyge of system \_/ Cross-sectid
YH Y Material se of the circuit Voltage
wiring

0,75

\Q

120 Vor 230 V a.c.

1

1,5

2,5

Gables an Lighting or/and power 12V dc.

4

insulgted conducto Copper outlet

6

10

2,5

24V d.c.

4

6

8.1.4 Connections

Connections between conductors and between conductors and other equipment shall provide

durable electrical continuity and adequate mechanical strength and protection.

The selection of the means of connection equipment shall, as appropriate, take into account:

e the material of the conductor and its insulation,
e the number and shape of the wires forming the conductor,
e the cross-sectional area of the conductors,
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the number of conductors to be connected together.

TS 62257-9-4 © IEC:2006(E)

Where necessary, precautions shall be taken so that the temperature attained by the
connections in normal service shall not impair the effectiveness of the insulation of the
conductors connected to them or supporting them, the following requirements shall be
followed:

All connections shall be accessible for inspection, testing and maintenance.
Soldered connections and splices shall not be used.
The connections shall have a protection degree of IP2X by construction or assembly.

he connections shall not be subject to any tension, torsion, or vibration.

e Multiple conductors joined on the terminals of a device, will be allowed\ provided the
following two conditions are satisfied:
— the terminals are specially designed for this purpose and arg iventhe [total
cross-sectional area of all the conductors concerned,
— the rated current of the terminals is not lower than the the upstream
circuit is designed.
8.1.5 Installation method
The method of installation of a wiring system in r, of conductor or cable used
shallf be in accordance with Table 4 i ences are covered by the
requjrements of the relevant product stan
Table 4 -
Condlictors and cables /\ /\ \Meth‘gd of installation

Nth&ktfix g Clihie\d\direct \({onduit Cable trunking | Support vire
Insulatgd conductors boh)en\ﬂ\e\%j nél\ger})it\tar/ permitted permitted not permitted
f::le;tshed single core<> nét permitted W permitted permitted permitted
Sheathed multicore cabl permijtte \/\\p\Mtted permitted permitted permitted

The

method of installation

system wiring shall be completed in accordance with Table §.
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Table 5 - Installation of wiring systems

Method of installation

Situations

Without fixing

Clipped direct

Conduit

Cable trunking

Support wire

Buried in earth

E:

1]

Not applcable

%

/

IEEEEEN

Not applicable

Not applicable

1T

TLIT
.

1T

>

Embedfed in R . .
structute Not applicable Not applicgble
L
Surfacqg
mountgd . .
(wooddn, or Not permitted Not applicable
masonfy wall)
Q Run horizontally

/\ and vertically

Overhgad Not icable >bt applicable Not applicable Not applicable

AN

\

Suspendeqd
incorporati
support wi

A my

Multi-core cables and insulated conductors belonging to a single circuit shall be laid in

.

Iti-cor€ cable should only contain the conductors of a single circuit.

the

immediate vicinity of each other. This rule also applies to the corresponding protection

conductor.

For outdoor installation, cables or conduits shall be rated for outdoor use.

The choice of conduit installation method depends on:

e the nature of the facilities and locations,

e the nature of the walls and other construction elements supporting the conduits,

e the accessibility of the conduits to persons and animals,

e the other external conditions,

e other stresses to which the conduits may be subjected during realization of the electrical
installation, or in service.
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Outdoor, cables shall be laid in conduits.

For links between buildings, cables shall be installed in underground conduits or be
suspended from a support wire.

8.1.6 Selection and erection of wiring systems in relation to external influences
8.1.6.1 Ambient temperature

Wiring systems shall be selected and erected so as to be suitable for the highest local
ambient temperature.

be install¢d or
gation or as

Wiring system components including cables and wiring accessories shal
handled at temperatures within the limits stated in the relevant produc
given by the manufacturers.

8.1.6.2 External heat sources
In order to avoid the effects of radiated, convected or cond

n

olar gain of the wiring system or its surrounding

—

e through heat conducting materials,

—h

. om other hot sources,

e internal current direct heating.

One [of the following, or equally effective method be used to protect wiring systems

[ )
[72)

hielding,

imcreasing ventilation,
e placing sufficiently
S

electing a sy n W e’additional temperature rise which may occu

‘_‘

e lIopcal reinforceme S futic insulating material.

8.1.6.3

Wiring syste k gd and erected so that no damage is caused by the ingregs of
water. The co fed W|r|g system shall comply with the IP degree of protection relevant to
the particu 3

Whefe watermay cellect or condensation form in wiring systems, provision shall be made for
its egcape jand ventilation.

8.1.6.4 Presence of solid foreign bodies

Wiring systems shall be selected and erected so as to minimize the danger arising from the
ingress of solid foreign bodies. The completed wiring system shall comply with the IP degree
of protection relevant to the particular location.

8.1.6.5 Presence of corrosive or polluting substances

Where the presence of corrosive or polluting substances, including water, is likely to give rise
to corrosion or deterioration, parts of the wiring system likely to be affected shall be suitably
protected or manufactured from a material resistant to such substances.
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8.1.6.6 Impact

Wiring systems shall be selected and erected so as to minimize the damage arising from
mechanical stress, e.g. by impact, penetration or compression.

8.1.6.7 Vibration

Wiring systems supported by or fixed to structures of equipment subject to vibration shall be
suitable for such conditions, particularly where cables and cable connections are concerned.

Fixed installation of suspended current-using equipment, e.g. luminaires, shall be connected

by ¢
non-

8.1.6.8 Other mechanical stresses

Wiring systems shall be selected and erected so as to preven
maintenance, damage to the sheath and insulation of cables

their

Whe

insullated conductor or cable is drawn in.

The
suffd

Cond
appr
suffd
for th

The
and
accel

Whe
verti
meth
suffd

Wirir
mea

Wirir
verti

bble with flexible core. Where no vibration nor movement can be expected, cable
flexible core may be used.

terminations.

h buried in the structure, conduits for each circui

radius of every bend in a wiring
r damage.

inside dimensions\of the
insulated %

ssories have beege

cable or conductor with appropriate cross-sectional areas

with

e or
and

any

| not

s at
b not
ount

bles
their

applied to the wiring system (e.g. by its own weight in

and
b not

uate

g.Systems that are rigidly fixed and buried in the walls shall be run horizontal
calty or parattelto the Toom edges.

y or

Wiring systems concealed in the structure but not fixed may follow the shortest practical
route.

Flexible wiring systems shall be installed so that excessive tensile stress to the conductors
and connections is avoided.
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8.1.7 Specific rules to wiring systems buried in earth
8.1.71 General

Wiring system buried in earth shall be protected by conduits or sleeves or by equivalent
devices against mechanical deterioration. The diameter of the conduits shall be at least three
times the diameter of the cables. After laying the cable, the ends of the sleeve shall be closed
(for example with plaster) to avoid clogging.

To compensate for the effects of the settling of the soil, the cables shall be buried at a depth
of at least 60 cm in _areas inaccessible to motor vehicles and at a depth of 1 m in areas
accefssible to motor vehicles. A red plastic grid placed 10 cm above the conduits shall indjcate
the glectrical conduits.

Thege depths can be reduced in rocky terrain or if the sleeves used\are designed>to er{sure

that the cables do not directly withstand the settling effect of the sofl,

8.1.1.2 Presence of fauna, flora and/or mould growth

Whefe conditions experienced or expected constitute a _h
sele¢ted accordingly or special protective measures

t

e the location selected, or

e the provision of additional local or ge
b

. y any combination of the above.

8.1.7.3 Solar radiatio

Where significant sola

conditions shall bisel

8.1.1.4 Flame prd

expected, a wiring system suitable for the
Jequate shielding shall be provided.

Condluits designed

8.1.§

Wheh an’i i > shall
be permanen

8.2 | Isolation and switching

8.2.1_>"Qvercurrent protective devices

Table 6 indicates the fuse rating to be implemented in a 120 V or 230 V a.c. system and in a
12 V or 24 V d.c. system. Circuit breakers with appropriate rating may also be used.



https://iecnorm.com/api/?name=286a290a274eb15e7b823aa0c76e6696

TS 62257-9-4 © IEC:2006(E) -17 -

Table 6 — Fuses/circuit breakers rating and selection for overcurrent protection

Fuses
Circuit breaker type
Design current Type

1A gG 8,5/31,5 1A
120 V a.c. 2A gG 8,5/31,5 2A

5A gG 8,5/31,5 6 A

1A gG 8,5/31,5 1A
230V a.c.

2.4 gP R‘RIQ1’R 2.A
12Vlor24 vde 20 A gG 10/38 AW manufacfurer’s

praducts

Typd of fuses are defined in reference to IEC 60269. < A (\
8.2.2 Residual current devices
See |[EC 62257-5.
8.3 | Surge protective devices
See |[EC 62257-5.
8.4 | Earthing arrangement, protecti ective bonding
See |[EC 62257-5.
8.5 | User interface
A type tested assembl » 5 alled “User interface” shall be provided for
inst ' for stand alone systems supplied from a

micr

The
user

9

9.1
9.1.1

PE protectio
interface ho

onnected to the PEN conductor of the microgrid i
RCD, on a terminal provided for this purpose.

Pre-com ohing checks

General information

n the

The

eleetrical installations shall be verified prior to commissioning and whenever any n

hajor

modi

fications are made to ensure that they comply with the requirements of this part o

62257-9.

The pre-commissioning checks shall be performed by a skilled person.

IEC

All installations, during realization and once completed and prior to turning over to the user,
shall be verified by inspection and tested to ensure, that insofar as possible, the requirements
of this part of IEC 62257-9 have been observed.

The installer shall provide “as installed” diagrams to the consultant engineer in charge of
commissioning under the responsibility of the project developer.

The safety rules shall be observed during the verification procedure to avoid any danger to
persons, animals and property.
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When extensions or modifications are made, all the necessary measures shall be taken to
verify that the extensions or modifications satisfy the requirements of this part of IEC 62257-9
and do not compromise the safety of the existing installation.

9.1

.2 Verification by inspection

The verification is performed prior to the tests with the installation not energized.

This procedure is aimed at verifying that the permanently connected equipment satisfies the
requirements of the standards by which it is governed. This can be verified by examining the
markings or compliance certificate when such a certificate exists.

3.1

recognized c
de,

entification of circuits, fuses, switches, terminals
conductor connections,
dccessibility for verification and mai
correct position of conductors in all

connection of the PE conductor to
the terminal provided for this purpo

A tegt of continuity\of

9.1

3.2

Testg shall

that the voltage
in th|s partef TEC 6

57-9.

they

Dlour

ce at

L'

iring
fined

Additionally, the following shall be checked:

10

phase to neutral voltages,
correct operation of differential protection device,

correct operation of current limiter if any, using an appropriate portable device.

Operation and maintenance

Isolation devices shall be provided to isolate the electrical installation from the circuits or
individual devices to enable servicing, verification, fault isolation and repair procedures.
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