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1)

9)

The | main<task of IEC technical committees is to prepare International Standards
excelptional circumstances, a technical committee may propose the publication of a tech

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 9-1: Integrated systems — Micropower systems

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization ¢omg
all national electrotechnical committees (IEC National Committees). The object of IEC is\to pr
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
th|s end and in addition to other activities, IEC publishes International Standards, Technical\Specificg
Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter reféefred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National\Committee inte
in| the subject dealt with may participate in this preparatory work. International, ‘governmental and
gdvernmental organizations liaising with the IEC also participate in this preparation. [EC collaborates c|
with the International Organization for Standardization (ISO) in accordance with lconditions determin
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express, as‘nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical committee has representation frd
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N4
Committees in that sense. While all reasonable efforts are made t0 ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible for¢the way in which they are used or fg
m{sinterpretation by any end user.

In] order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Public
transparently to the maximum extent possible in theirynational and regional publications. Any diver
bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEIC itself does not provide any attestation of _conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

All users should ensure that they have_the latest edition of this publication.

N¢ liability shall attach to IEC or ifsidirectors, employees, servants or agents including individual expert
members of its technical commitiees and IEC National Committees for any personal injury, property dama
other damage of any nature (whatsoever, whether direct or indirect, or for costs (including legal fees
eXpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Aftention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

Attention is drawn\to the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights. {E€ shall not be held responsible for identifying any or all such patent rights.
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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 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 62257-9-1, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.

This second edition cancels and replaces the first edition, issued in 2008. It constitutes a
technical revision.
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The main technical changes with regard to the previous edition are as follows:

Changing the voltage range covered by the technical specification to a.c. nominal voltage

below 1 000 V and d.c. nominal voltage below 1 500 V (introduction)
Defining the rating of the microgrids to be the output of the microgrid (introduction)
Including 240 V 1-B/415 V 3-@, in the voltage levels (introduction)

Specifying Non-separated MPPTs connecting LV d.c. arrays to ELV d.c. battery banks are

not allowed (5.3.1.1)

Noting that systems can now include a.c. bus arrangements and use MPPT's as the solar

controllers thus increasing the internal voltages that occur in systems (5.3.1.2

Increased equipotential bonding for lightning protection from minimum 10 mm? to mifi
16 mm? (6.1.2.2)

Included a new subclause (7.1.6) on battery enclosures including possible arrangen
own as Clause D.6

Rewritten LV Multiple sources (7.2.2.3.1)

Included start-up procedure in documentation (10.2)

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

Full

Enquiry draft Report on voting
82/1028/DTS 82/1087/RVC

nformation on the voting for the approval of this*technical specification can be fou

the report on voting indicated in the above table.

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

This|technical specification is to be used‘in conjunction with the IEC 62257 series and
future parts of this series as and whenthey are published.

A list of all parts in the IEC 62257 ‘series, published under the general titte Recommenda
for renewable energy and hybrid systems for rural electrification, can be found on the
webgite.

Futufe standards in this.series will carry the new general title as cited above. Titles of exi
stanglards in this series)will be updated at the time of the next edition.

The lcommittee_has decided that the contents of this publication will remain unchanged

the

stability . date indicated on the IEC website under "http://webstore.iec.ch” in the

related to the-specific publication. At this date, the publication will be

.

—

ansformed into an International standard,

mum

ents

nd in

with

fions
IEC

sting

until
data

pconfirmed

—

withdrawn,
replaced by a revised edition, or
amended.

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

IMPORTANT - The 'colour inside’ logo on the cover page of this publ
that it contains colours which are considered to be useful

colour printer.

understanding of its contents. Users should therefore print this document using a

ication indicates
for the correct
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INTRODUCTION

The IEC 62257 series of documents 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 1 000 V, and d.c. nominal voltage below 1 500 V.

These documents are recommendations:

e to choose the right system for the right place;

—

. D design the sysiem,

—

. b operate and maintain the system.

Thege documents are focused only on rural electrification concentrating on, but.not specific
to, developing countries. They must not be considered as all-inclusive to ruralyelectrificdtion.
The documents try to promote the use of renewable energies in rural electrification; thgy do
not geal with clean mechanisms developments at this time (CO, emission, carbon credit,
etc.)| Further developments in this field could be introduced in future steps.

This| consistent set of documents is best considered as a”whole with different parts
corrgsponding to items for safety, sustainability of systems and.at the lowest life-cycle copt as
possfible. One of the main objectives is to provide the minimum sufficient requiremgnts,
releant to the field of application, that is, small renewable energy and hybrid off-grid
systems.
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RECOMMENDATIONS FOR RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 9-1: Integrated systems — Micropower systems

1 Scope

Decgntralized Rural Electrification Systems (DRES) are designed to supply electric pows
sites| which are not connected to a large interconnected system, or a national grid, in ord
meel basic needs.

The majority of these sites are:

e igolated dwellings;
llage houses;

pmmunity services (public lighting, pumping, health centres, places of worship or cu
ctivities, administrative buildings, etc.);

00 <

conomic activities (workshops, micro-industry, etc.).
The PRESs fall into the following three categories:

e process electrification systems (for example, for pumping);

e individual electrification systems (IES) for single users;

o cpllective electrification systems (CES):far multiple users.

Process or individual electrification systems exclusively consist of two subsystems:

. T electric energy generation subsystem;
t

° e user's electrical installation.

Collgctive electrification systems, however, consist of three subsystems:

n electric energy(generation subsystem;

g distribution subsystem, also called microgrid;

e User’s electrical installations including interface equipment between the installations
the microgrid.

r for
er to

tural

and

ergy

This| technical specification applies to a micropower plant which is the electric en
gendration sub em associated with a decentralized rural electrification e

It provides general requirements for the design, erection and operation of micropower p
and general requirements to ensure the safety of persons and property.

lants

The micropower plants covered by this specification are low-voltage a.c., three-phase or
single-phase, with rated capacity less than, or equal to, 100 kVA. The rated capacity is at the
electrical output of the micropower plant, that is, the upstream terminals of the main switch
between the micropower plant and the microgrid. They do not include voltage transformation.

The voltage levels covered under this specification are:

o the 240 V 1-@/415 V 3-0, the 230 V 1-@/400 V 3-@, the 220 V 1-@/380 V 3-0J, and the

120 V 1-@/208 V 3-J systems at 60 Hz or 50 Hz; or obeyed by local code.


https://iecnorm.com/api/?name=9e5b08a1f876ec538de11e538a24b0e8

IEC TS 62257-9-1:2016 © IEC 2016 -9-

o the ELV (less than 120 V) d.c. systems.

The requirements cover “centralized” micropower plants for application in:

e p

rocess electrification;

e individual electrification systems and collective electrification systems.

It does not apply to distributed generation on microgrids.

2 Normative references

The
cont
cited
any

IEC

IEC
of el

IEC
elect

IEC
elect

IEC
elect

IEC
elect

following documents are referred to in the text in such a way that some or allhof
bnt constitutes requirements of this document. For dated references, onlythe eq
applies. For undated references, the latest edition of the referenced document’(incld
hmendments) applies.

50364 (all parts), Low-voltage electrical installations

50364-5-53:2001, Electrical installations of buildings — Part 5463: Selection and ere
pctrical equipment — Isolation, switching and control

TS 62257-2:2015, Recommendations for renewable enéergy and hybrid systems for
rification — Part 2: From requirements to a range of electrification systems

TS 62257-4:2015, Recommendations for renewable energy and hybrid systems for
rification — Part 4: System selection and design

TS 62257-5:2015, Recommendations for.trenewable energy and hybrid systems for
rification — Part 5: Protection against electrical hazards

TS 62257-6:2015, Recommendations for renewable energy and hybrid systems for
rification — Part 6: Acceptanceé,-operation, maintenance and replacement

IEC
for r

IEC [TS 62257-7-3:2008, Recommendations for small renewable energy and hybrid sys

for

elecftrification systems

IEC 'S 62257-9-2:2016, Recommendations for renewable energy and hybrid systems for
electrification — Part 9-2: Integrated systems — Microgrids

TS 62257-7-1:2010, Récommendations for small renewable energy and hybrid sys
ral electrification — Part 7-1: Generators — Photovoltaic generators

ral electrification — Part 7-3: Generator set — Selection of generator sets for

their

ition

ding

ction

rural

rural

rural

rural

fems

fems
rural

rural

IEC TS 62257-9-4:2016, Recommendations for renewable energy and hybrid systems for rural
electrification — Part 9-4: Integrated systems — User installation

IEC 62548:2016, Photovoltaic (PV) arrays — Design requirements

3 Terms and definitions

For t

he purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

generator set
equipment producing electricity from a fossil fuel; it consists basically of an internal
combustion engine producing mechanical energy and a generator which converts the
mechanical energy into electrical energy and mechanical transmission, support and assembly
components

3.2

refefence earth
refefence ground (US)
conductive part of the earth, considered as conductive, the electric potential of which is
conventionally taken as zero, being outside the zone of influence of any earthing arrangement

[SOURCE: IEC 60050-826:2004, 826-13-01]

3.3
skilled person
perspn with relevant education or experience to enable him/her

—

e tp perceive risks and to avoid hazards which eleegtrical, chemical or mechanical equipment

nay create;

—

. b perform or supervise correctly the required task

3.4
instqucted person
perspn adequately advised or supervised by skilled persons to enable him/her

e {0 perceive risks and to avoid hazards which electrical, chemical or mechanical equipment
npay create;

o tp perform correctly the required task

3.5
ordipary person
perspn who is neither a skilled person nor an instructed person

3.6
licenced-péerson
perspn/who is authorized to perform electrical work under the appropriate state or territory
statutes’and requlations

Note 1 to entry: Only skilled or instructed persons can be licenced.

3.7

microgrid

subsystem of a DRES intended for power distribution, the prefix “micro” being intended to
express the low level of transmitting capacity

3.8

micropower plant

subsystem of a DRES for power generation, the prefix “micro” being intended to express the
low power level generated


http://www.iso.org/obp
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3.9

protective conductor

identification: PE

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

[SOURCE: IEC 60050-826:2004, 826-13-22]

3.10

PEN conductor

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

[SOUYRCE: IEC 60050-826:2004, 826-13-25]

3.1
power line
overhead or underground line installed to convey electrical energy for anyvpurpose other|than
communication

3.12
renewable energy
RE
energy generated from natural resources such as sunlight, wind, rain, waves, tjdes,
geothermal heat (list not exhaustive), which are renewable-(naturally replenished)

Note || to entry: Renewable energy technologies include solaw/power, wind power, hydroelectricity, micro hydro,
biomgss, biofuels (list not exhaustive).

3.13
selegtivity of protection
ability of a protection to identify the faultyssection and/or phase(s) of a power system

[SOURCE: IEC 60050-448: 1995, 448-11-06]

3.14
lightning arrester
surge diverter
surge arrester
devi¢e intended to(protect the electrical apparatus from high transient overvoltages and to
limit the duration and frequently the amplitude of the follow-on current

[SOURCE: {EC 60050-811: 1991, 811-31-09]

3.15
techhicatroom
cabinet

room or cabinet in which are located devices and apparatus dedicated to inter-connection of
the different generators, protection of the different circuits, monitoring and control of the
micropower plant and interfacing with the application

4 General

4.1 Boundary of a micropower plant

The micropower plant is defined as illustrated in Figure 1.
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Electrification system
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subsystem i subsystem i subsystem

i i
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Micropower i Microgrid i For ?;(:trgﬁ;?i‘ofer S
system | |
i
!
— Loads
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Figure 1 — Micropower system limits
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The |physical limits of the micropower plant are the upstream terminals of the main syitch
between the micropower plant and the microgrid.

4.2 | Composition of a micropower plant
A micropower plant includes:

e One or several generators;

[ ]
(7]

torage devices (if needed) and associated charge controller;

°
Q

ther equipment, such as

- energy management device;

- energy converter;

- telecommunication equipment (if any);

- main board;

- interfaces:

e between generators;

¢ between'the micropower plant and the microgrid or the application;
e between the micropower plant and the operator;
- switehes;

- protection devices;

e eguipotential hnnding;
e earthing system;

e civil works.
4.3 General functional layout of a micropower plant

Figure 2 illustrates an example of the general functional layout of a micropower plant
combining the different equipment listed in 4.2.
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Figure 2 — Example of functional layout for a micropower plant supplying a.c. energy

5 Pesign

5.1 | Design criteria

The design of any system should be guided by a number of criteria, determined by the prpject
implémenter (for example, user’s affordable needs, lowest economic life-cycle cost, logwest
envifonmental impact, site constraints). Some of the major areas to be considered are:
. erage daily design d.c~ldad energy and average daily design a.c. load energy;

. aximum and surge power demand;

system bus bar voltage and service (output) voltage;
. nergy resources/(sun, wind, hydro, fuel, biomass, etc.);

udget constraints;

o wer guality (for example, waveform quality or continuity of supply);

nviconmental impact (for example, trimming or removal of trees for a PV system,| civil
orks and diversion of water in a hydro system);

e use of existing equipment;

e acceptable extent of generator set running versus renewable energy contribution;
e acceptable noise levels;

e availability of spare parts and maintenance service;

e site accessibility;

e acceptable level of reliability and maintenance;

e level of automation versus direct user control;

e aesthetics.

The level of reliability should be determined in order to match the quality of service which is
intended to be provided to the user in the general specification.
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NOTE The necessity for special design techniques to achieve very high levels of reliability will depend on the
application and on the willingness to pay of customers for high quality of service.

The provision of electrical energy should be dealt with in the context of provision of all energy
services to the dwelling or group of buildings. Such an integrated approach to the provision of
energy services should yield the lowest cost outcome and can ensure lower overall energy
consumption from non-renewable sources.

The design process performance specifications shall take into account the considerations
above and shall be based on renewable energy resource data including adjustments for site
conditions and design parameters (for example, PV array tilt angle and orientation, wind
turbine tower height).

Majgr system parameters which shall be provided by the design process (for annual,~seagonal
or mpnthly periods, as appropriate to the basis of the design) are:

e Ipad management strategies or conditions necessary for performance as specified;
e design d.c. load energy and design a.c. load energy;

° aximum and surge demand;

o erage daily energy output of each renewable energy generatorunder design conditipns;
o pected contribution to the load from each generator unhder design conditions, ps a
ercentage;

. ominal generator set run time under design conditions;

[ ]
(7]

stem voltage;

e ratings of major components.
5.2 | Power generation mix
5.2.1 General

Enengy sources to be used in the micropower plant should be chosen on the basis of:

o sessment of affordable energy needs (see IEC TS 62257-2);

quality of service as defined in the general specification (see IEC TS 62257-2:4015,
nnex C);

pability of the different technologies to match the electrical needs, the affordable
services cost and'the user’s preferences IEC TS 62257-2:2015, Annex D;

Ipcal availability -of energy sources (see IEC TS 62257-4);

installed 0st, maintenance costs and business plan of the project (see IEC TS 62257-
:2015,"Anhex D);

lpcal “regulations or constraints regarding use of the resource or installation of the
enerator and associated equipment;

e aesthetic and environmental impacts.

The project implementer shall determine the proportion of power and energy to be provided by
the different energy sources.

NOTE See also the calculations of renewable energy fraction in Annex E.

In selecting renewable energy generators, the following additional factors shall be taken into
account:

e time and cost for obtaining reliable resource data;

e adequacy of the renewable resource based on measured or estimated data;
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e where more than one renewable energy generator is used, the seasonal and short-

complementarity of the energy sources.

Recommendations for the use of small renewable energy generators are provided in
TS 62257-7.

term

IEC

The methodologies for assessing the renewable energy resources are provided in the specific

documents dedicated to each generation technology (see IEC TS 62257-7-3).

5.2.2 Internal combustion generator sets

Seleftion should be based on consideration of the following additional factors:

. timated monthly run time;
o fliel costs;
e use of the fuel on site for other purposes;

e npise levels emitted by the set, and required noise levels for the instdllation.

Recgmmendations for the use of generator sets are provided in IEC-TS62257-7-3.

5.3 | Electrical design
5.3. System voltage selection
5.3.11 Output voltage

The power system shall be able to provide the following low-voltage a.c. levels for 60 K

50 Hiz systems, as specified in [IEC TS 62257-9-2:
. 0V1-@/415V 3-O;
30 V 1-@ / 400 V 3-@;
0V 1-@/380V 3-@;
120 V 1-@ / 208 V 3-9;

r obeyed by local code

or ELV d.c. levels, especially 12 V or 24 V as specified in IEC TS 62257-9-4.

Non-{separated MRPTs connecting LV d.c. arrays to ELV d.c. battery banks are not allowed.

5.3.1.2 Internal voltages

Voltages\at the output of generators or components may be different from the voltages a

1z or

t the

outpptof'the power system.

The maximum levels of voltages shall be chosen in accordance with the maximum lev
skill of the local operating staff. Levels of skill are defined in IEC TS 62257-6.

el of

The different voltage domains and the operation rules are also defined in IEC TS 62257-6. If

the local level skill is relatively low, it is recommended that the ELV domain be chosen.

Consideration should be given to the fact that many arrays are now using the a.c.

bus

configuration or using MPPTs where the array is LV d.c. and that appropriate additional

training might be required to provided if the local skill level is low.
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5.3.2 Interconnection of generators

Several cases may be considered depending on the type of energy sources and the type of
application of equipment to be supplied. Where more than one generator is used, their outputs
may be connected in common at an a.c. or a d.c. bus. The following Figure 3 and Figure 4
provide examples of generators interconnection schemes.

DC DC AC
G1 G2 G3
_ | (if necessary)

i DC bus

' I
l ACbus
\ 4
G generator IEC

Figure 3 — Interconnection configuration#ith d.c. bus and a.c. bus

DC DC AC
G1 G2 G3

Figure-4- Interconnection configuration with a.c. bus only

IEC

Examples of architectures of complete systems are provided in IEC TS 62257-2:4015,
Annex E.

Attention~shall be paid to the synchronization of a.c. generators which may be manugl or
automatic. Generally it is the most powerful and the longest running time a.c. generator which

form- tha arid and thae other adenerators hava to he svynchronized with it whan ritnnina
s—tHe-gHa—ahatHe-oher—geheratorsHae+toobe- Sy oRLe e WiR—t—Whaeh-+HdhRHHRg-

54 Mechanical and civil works
5.4.1 Civil works

All structures shall be constructed to appropriate local statutory requirements and standards.

All civil works should be carried out in such a way as to minimize the environmental impacts,
especially with regard to soil erosion and damage to vegetation.

5.4.2 Technical room

Some equipment, such as energy management device, charge controller, energy converter,
main board, switches and protective devices as well as interconnection of the different circuits
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shall be installed in a technical room. For small systems, this technical room may be a
cabinet.

This technical room shall be designed and installed in accordance with the requirements of
IEC TS 62257-5 and IEC TS 62257-6.

5.4.3 Battery room

Special requirements for the battery room are given in Annex D.

NOT Methodology for the selection of batteries and batteries management systems for stand-alone
electr|fication systems — specific case of automotive flooded lead-acid batteries available in developing countfies is
provided in IEC TS 62257-8-1.

5.4.4 Specific requirements

Spegific requirements for PV arrays, wind turbine, generator sets and microhydro turbine$ are
provided in the related documents (IEC 62548, IEC TS 62257-7-1, IEC TS®2257-7-3).

6 Pafety issues

6.1 Electrical issues
6.1.1 General

All ipstallations shall comply with IEC TS 62257-5%and more generally with IEC 6p364
congerning the following items:

e protection against electric shock

- requirements on the d.c. side;

-1 requirements on the a.c. side;
pfrotection against overcurrent;
pfrotection against overload currents;
e protection against short gircuits;
pfrotection against effects of lightning;
wiring;

e igolation and switching;

e sprge protective devices.

6.1. Specific requirements

6.1.4.1 Selectivity of the protection

Attention shall be paid to the selectivity of the protection; an example of a complete protection
scheme taking account of selectivity is addressed in Annex A.

6.1.2.2 Protection against effects of lightning

For most stand-alone power systems, lightning risk is often low, and protection is usually not
needed. The exceptions are installations on high ground and in lightning-prone areas, wind
generator towers or masts, and aerial wiring where any part is exposed to a lightning risk.

In order to asses the necessity of providing protection to micropower plants against effects of
lightning methodologies are provided in Annex B. As the cost of installing surge protection
devices could be high, this assessment shall be made carefully.
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If the risk assessed is quoted as being higher than 14 (Clause B.3) or if the number of
thunderstorm days per year is higher than 25 days per year (Clause B.2), special provision
shall be made in order to protect the micropower plant from the effect of lightning.

In any case, an equipotential bonding shall be made using a copper conductor (or conductor
of other material e.g. aluminium and stainless steel, which has the resistivity equivalent to
16 mm? copper) with a sectional area of at least 16 mm? installed between the different
generators and the “technical room”. This conductor shall be installed direct in the earth, in
the same ditch as the power cable as close as possible to it. One of the ends shall be
connected to the earthing electrode of the external generator and the other shall be
connected to a special terminal provided for this purpose in the technical room. This creates
an equipotential bonding system as shown in Figure 5.

- ’
G1 1 ; ? 1
1 1 | :
condyctive g _____". T T Tola
part (.CP. )1 @--m oo oo & ---- micrqgrid
- Equipotential bonding (e.b.) 1 -E or 3?1
" lc.2>15m X applidation
1 4 4 L Technical |—e@
G2 [—* . » room —e
] 1 ) 1 1
] 1 1 1 1
]
J :
elc.p.2 |
! -T- -7 1
b Suiuie R SN o
1
; eb.2 : :
— ]
lc.3<15m! E
; |
G3 : :
! |
| ]
! |
gcp.3 | I bommmmoo- e.c.p.d
X L o o 'y p
@ - e P e
! eb.3 %

IEC

=

Figure 5 — Example of protection against effects of lightning and over-voltage fo
generators with two live conductors output (d.c. or a.c.) TNS P+N

If the distance between the external generators and the technical room is less than 15 m, no
addifional special measure is required.

If the 'distance between the external generators and the technical room is greater than 15 m,
surge arresters shall be installed according to Figure 5.

Surge protective devices shall be installed between each live conductor (a.c. or d.c.) and
between each live conductor and the earth at the two ends of the bonding conductor.

Another example is given in Figure 6 for a three phase a.c. (TNS P+N) system.


https://iecnorm.com/api/?name=9e5b08a1f876ec538de11e538a24b0e8

IEC TS 62257-9-1:2016 © IEC 2016 -19 -

M

ph
For 9

Whe
equi

e (

:[stallation of a rod or a protecting wire to capture the lightning;

Live conductor (l.c.), /> 15m |

‘ |

|

® |

G1 .

|

® !

!

|

|

Exposed N :
conductive I
part I
|

|

|

|

i

’

--9

Equipotential bonding

- IEC

gure 6 — Example of protection against effects of lightning over-voltage for thre
ase generators with four live a.c. conductors (TNS(P+N scheme) — Generator si

re protection against direct lightning is required, the following additional provision t
botential bonding shall be made:

stallation of down conductors betwéen the rod and the earth termination;
pnstruction of a crow’s foot earth termination as illustrated in Figure 7.

Lightning rod and
Lightning capture wire and
Down conductor

Loop in
the ground

__________________ -

7
’
’

7/
Measurement
terminal

Equipment to
be protected

pecific requirements for generators, refer to the appropriate clause of IEC TS 622577.

e

b the

IEC

Figure 7 — Example of a simplified lightning protection including
a crow’s foot earth termination

The minimum cross-section of the conductors shall be as indicated in Table 1.
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Table 1 — Minimum dimensions for lightning protection wires

Material Lightning capture Down conductor Earth termination
mm?2 mm?2 mm?
Cu 35 16 50

As the lightning current is a high-frequency current, the down conductors shall be preferably
ribbons or flat braided wires.

The following provisions apply.

e | the case of wind-powered generation, the lightning rod should be installed atthe summit

the mast.

here PV generation coexists with wind-powered generation, protection”against direct

lightning is generally achieved by placing the panels inside the pick-up,zone of the Wind-
wered generator mast.

bove the PV panel with an appropriate pick-up area.

here PV generation is alone, the panels can be protected by ,installing a protective|wire

. rotection should be completed by the installation of SPDs between conductors|and
etween conductors and earth, with appropriate characteristics (see IEC 60364-5-53:4001,

34).

An ekample of a configuration of protection for a photovoltaic array is given in Figure 8.

PV array

Protective wire

Figure 8 — Protection of a photovoltaic array

IEC

The protection of electronic equipment within the technical room is ensured by high-quality

equipotential bonding.

e Equipotential links as short as possible.

e No loops in equipotential links as illustrated in Figure 9.
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Figure 9 — Wiring arrangement for equipotential link
Mechanical issues

pmponents including mechanical parts, fuel systems, wiring, switches, instruments|
ols shall be adequately protected against mechanical damage.

entional personal contact with such parts. The protectien.shall be provided by gu

Thermal and fire issues

bt parts which operate at temperatures in excess of 80 °C shall be out of reach or la
5 to prevent accidental personal contact.

void any risk of destruction due to fire caused by an earth fault in an electrica
een a generator and the technicalroom, a residual current protective device shoul
ded at least at the entry to the technical room. Its rated operating residual current sh
BO0 mA. Such a device should switch all live conductors.

decision whether to install’ the residual protective device or not is left to the pr

t current systems*and photovoltaic systems, in particular, pose various hazarg

lice and sustain electrical arcs with currents that are not much greater than nd
hating currents.

fighting equipment (at least sand bin and preferably extinguishers) shall be provided.

and

vent

ards,

pged

link
d be
ould

pject

s in

ion to those derived from conventional a.c. power systems, for example, the ability to

rmal

The

6.4

echnical room doors shall open outwards and be fitted with anti-panic devices.

Noise issues

Steps should be taken to ensure that noise produced by any of the system components is of
an acceptably low level. The components of most concern in this respect are

e g

enerator sets;

e wind turbines;

e inverters and other electronic equipment using high-frequency power conversion
techniques.

In critical situations, the advice of a specialist should be sought.
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Some recommendations for noise control are given in Annex F.

6.5 Access security

After commissioning, access to the different parts of the micropower plant shall be defined by
the operator according to the operation plan.

Access should only be granted to skilled authorized staff. The necessary levels of skill shall
be defined according to the part of the system to which they have to access and the kind of
operation to be carried out (see levels defined in IEC TS 62257-6).

Any relevant provision shall be made to avoid access to unauthorized persons.

7 Erection of equipment

7.1 | Siting
71.1 Photovoltaic array

The [ siting of the photovoltaic (PV) array shall comply “with the requirements of
IEC 62548:2016 and IEC TS 62257-7-1.

The photovoltaic array should be located where it will be ugshaded for at least 4 h beforg and
after| solar noon (the time when the sun is highest iQ the sky) during all seasons. Where
apprppriate, vegetation causing significant shadingishould be removed. Where this ig not
possible or desirable, allowance should be madeS for reduced irradiation in array obtput
calcylations.

Congideration should also be given to minimizing the length of cable run to the batteny, in
particular with d.c bus systems using standard charge controller (that is no MPPT).

7.1.2 Wind turbine

Provjding that the general location has an adequate wind resource, factors to be considered
in the selection of the wind turbine site include

e shitable geography«{for example, siting on flat or raised land);

e distance from the dwelling (for example, typically within several hundred metres);
e terrain clearofiobstacles (trees and built structures);

e sufficientroom for erection and any operation and maintenance action.

If there are obstacles in the vicinity then the tower should be high enough to raise the tufbine
above\turbulence caused by the obstacles.

71.3 Micro-hydro turbine

In selecting a site for a micro-hydro turbine the following points should be considered:

e obtaining the maximum static head and/or the maximum flow according to the technology
of the turbine;

e being within a suitable distance for transmission of electrical power to the dwelling;

e accessibility of the site.

The likely flood level for the site should be assessed, in order to either locate the turbine

above flood level, or, where the turbine-generator will withstand flooding, make provision for
adequate protection from floodwaters and flood-borne debris.
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Any |

7.1.4

ocal regulations regarding diversion of water from the watercourse should be met.

Generator set

Generator set accommodation should meet the following requirements.

e Generator set accommodation should allow for an adequate air flow for combustion and
cooling sufficient to maintain the air temperature around the generator set within the
manufacturer’s specified operating temperatures, during normal operating conditions.

o T
o T

For

7.1.5 Technical room

Each
accol
gens

In or]
the s

—

o the total length of the electrical links between the technical room and the microgri

Whe
gene

If th

example, for a microhydro turbine), it could be necessary to use a medium-voltage link.

7.1.4

All |
unay

he generator set should be easily accessible for maintenance purposes.

mission to an acceptable level.

ttention should be given to the orientation of the air discharge outlet with respect tg
revailing wind. Exhaust gas should be vented to the atmosphere so’that no
cumulates inside a building.

here should be adequate clearance between the exhaust outlet and'any flammn
aterial.

complete specification of a generator set, refer to IEC TS 6225%-7-3.

RE generator has specific siting constraints in¢order to maximize its produ
rding to the renewable energy available resource.This means that the distance bet
rators and the technical room may be not optimdm/from an electrical point of view.

der to minimize losses and to reduce the sensitivity of the whole system to perturbat
iting of the technical room shall be chosen;in order to minimize:

e total length of the electrical links between generators and the technical room;

pplication circuit).

re possible the technical\room should be installed as close as possible to the la
rator which requires the_largest cross-section of power cables.

b distance between a generator and the technical room is difficult to minimize

Battery-bank (battery enclosure)

atteries shall be located in an area that shall be designed to prevent acces
thorized persons.

joise

any
gas

able

ction
veen

ons,

d (or

fgest

(for

Batteries should be installed in one of the following:

a) a

dedicated equipment room or battery enclosure; or

NOTE 1 See examples in Clause D.6.

b) a fenced off section in a larger room where the room does not have restricted access, for

e

xample part of a larger shed.

Ventilation shall ensure that there is airflow across the batteries and that there is no

poss

ibility for the formation dangerous gas-pockets.

NOTE 2 Example of acceptable arrangements of battery equipment and ventilation are shown in Annex D.
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A minimum horizontal separation of 500 mm shall be provided between the battery and all
other equipment from 100 mm below battery terminals except where there is a solid
separation barrier.

NOTE 3 See example in Figure D.1.

If a battery is separately enclosed in a battery box with no other equipment installed in the
box there is no need for 500 mm clearance from the battery to the walls of the battery box.

NOTE 4 No equipment is installed in the same enclosure, as the batteries is the preferred option.

sure

where all of the following apply:

NOTH 5 See Annex D for example.
sealed (valve regulated) battery is installed in the battery enclosure~

A

A gas proof horizontal barrier is in place between the battery enclosure and the equipment
enclosure.
1
1
S

he battery and equipment enclosures are accessed sepdrately (e.g. via separate dodrs).

he ventilation paths for the battery enclosure and the equipment enclosure| are
ecifically designed to minimize the possibility'zof air exhausted from the bdttery
nclosure entering the air inlets on the equipment'enclosure

7.2 | Equipment installation
7.2. Mechanical

Spegific requirements for each technology are given in IEC 62548, IEC TS 62257-7-1| and
IEC 'S 62257-7-3.

7.2. Electrical
7.2.21 Wiring

All ELV and LV wiring:*shall be installed by an instructed person (see Table 5 of| IEC
TS 62257-6:2015) and-shall be in accordance with the local regulations and IEC 60364.

7.2.4.2 Cables

The putputivoltage of the power system shall be such as to guarantee the voltage level for all
the ¢ustomers connected to the microgrid or for all the loads connected to the microppwer
plan{ in‘accordance with the recommendations of IEC TS 62257-9-2.

The project implementer shall make any necessary provision to ensure the correct output
voltage of the micropower plant taking into account the voltage drops in the internal power
cables. This can be achieved by choosing the relevant output voltage of the internal sources
or by implementing any relevant solution for voltage adjustment.

Minimum cross-sections for power cables within the micropower plant are indicated in
Table 2.
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Table 2 — Cross-section of 230 V a.c. power cables

Power Number of phases Conductor material Minimum cross section
kVA mm?
0,1 1 Cu 1,5
0,5 1 Cu 1,5

1 1 Cu 2,5
5 1 Cu 4

10 3 Cu 4

20 3 Cu 6

30 3 Cu 6

40 3 Al 16
50 3 Al 16
60 3 Al 25
80 3 Al 35
100 3 Al 35

NOTH
handl
9-4:2

7.2.2
7.2.2

Con

The

using fixed wiring.

The
on th

7.2.2
With

the 4
to sy

7.2.2

Some information about the maximum possible length of circuits\with different cables and conduct
P maximum voltage drops is provided in Annex B of IEC TS 62257-9-2:2016 and in Annex A of IEC TS 6
16.

.3 Connections and accessories (see Tables 3 to 5)
.31 Multiple LV sources

necting a generating set in parallel with an interactive inverter

electrical output of a generating sét shall only be connected with an interactive iny

use of plug connected generating sets is not permitted due to the possibility that the
e connection cord maylbgecome live due to ‘back feeding’ from the inverter.

3.2 Isolatiomand switching devices

n the systemy.isolation of the different parts of the micropower plant shall be made
ppropriateitype of circuit-breakers (a.c. or d.c.) or disconnecting devices sized to be
itch off the nominal current of each generator or circuit.

.33 Overcurrent protection devices

prs to
2257-

erter

pins

sing
able

Within the system, wiring shall be protected from short circuit and overload by high rupturing
capacity (HRC) fuses or appropriate type of switchgears (a.c. or d.c.), sized to limit the
current below the maximum current-carrying capacity of any part of the connected circuit.

Attention is drawn to the possibility of the battery providing high currents due to faults in
renewable inputs or associated wiring.
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Table 3 — Fuse ratings for protection from short-circuiting in 230 V/400 V a.c. circuits

Power Fuse rating Fuse type
kVA A
0,1 0,5 gG 8,5/23
0,5 2 gG 8,5/23
1 5 gG 8,5/23
5 25 gG 10,3/31,5
10 3x15 gG 10,3/38
20 3 x 30 gG 10,3/38
30 3 x50 gG 22/58
50 3 x 80 gG 22/58
100 3 x 160 gG, size 00

Table 4 — Fuse ratings for protection from short-circuiting in 120-V/208 V a.c. circdits

Power Fuse rating Fuse type
kVA A
0,1 1 gG 8,5/23
0,5 5 gG 8,5/23
1 10 gG 8,5/23
5 15 gG 10,3/38
10 3.x" 30 gG 10,3/38
20 3 x 60 gG 22/58
30 3 x 100 gG 22/58
50 3 x 160 gG Size 00
100 3 x 315 gG Size 2

Table 5 — Circuit-breaker ratings for protection from short-circuiting

230 V/400 V a.c. 120 V/208 V a.c.
Power
Number of phases 1 Rating | Rating
kVA
A A A A
0,1 1 0,4 1 1 2
05 + 2 3 %4 19}
1 1 4 6 8 10
5 1 21 25 42 63
10 3 14 16 28 32
20 3 29 32 55 63
30 3 44 50 83 100
50 3 73 100 139 160
100 3 145 160 278 320

For d.c. systems, rules for ratings of protection against overcurrent and short-circuiting are

provided in IEC TS 62257-7-1.
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8

8.1

Acceptance process

General

An acceptance process shall be performed to ensure that the system installation meets all the
requirements of the general specification.

A general system acceptance process description is given in IEC TS 62257-6:2015, Table 2,
4.1, in which actions and responsibilities of the different parties involved in this process are
defined. Specific issues for the acceptance of the different generators are addressed in the
document specific to these generators.

Oncg¢ the parties have come to an agreement, the responsibility of the whole syste
trangferred to the operator.

The pcceptance date shall be clearly confirmed as it is a starting-point for the warranty.

All

the operating actions described in the operating procedure shall |bé tested before

commissioning of the micropower plant.

8.2

Phase 1: Preparation

The |project implementer shall collect all contractual documents that have to be supplie

the

8.3

different manufacturers and subcontractors.

Phase 2: Documentation

The [project developer shall verify (through_a "consultant engineer) that all the req
documents (manuals, spare parts, drawings;\procedures (including the operating proced
warrgnty contracts, list of tests, etc.) have been provided and comply with the contra
requ|rement of the general specification;

8.4
8.4

A

Phase 3: Commissioning

design

The project developer-shall verify that all generators, components, technical parts, etc.,
beer supplied and ifistalled in compliance with the list specified in the general specificatid

8.4

.2 Step 2:-Evaluation of qualification of the installation

The |projectimplementer shall provide to the project developer the certificates from
subcontractors declaring that the concerned components are ready to be operated.

8.4

m is

the

d by

lired
ure),
ctual

Step 1: Evaluation-of.the conformity of the installed system with the accepted

have
n.

the

3 Step 3: Preliminary tests

Before starting the production of electricity, pre-operation actions shall be performed in order
to prepare each generator and other equipment for operation according to the general
specification, the manufacturer’s specifications, and the operating procedure.

Pre-operation actions for each generator are given in the specific documents.

The project developer shall verify, possibly through an impartial engineer consultant,
component by component:

the proper type and reference according to the as-built list;

the proper installation through a check list of key points such as:
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e mechanical: visual inspection on civil works and equipment, etc.;

e electrical (power off):

visual control of the electrical installation and wirings;
IP levels (for all parts);

control of connections;

test of the equipotential bonding;

measure of the earth resistance;

test of the mechanical operation of the switches (main and secondary if any);

- etc.

e electrical (power on);

e the proper operation of each component according to the specific test list\collected in
phase 2.

All components shall pass the tests. All nonconformity shall be fixed beforg.going to step #.

8.4.4 Step 4: Performance testing

The project developer shall test through an engineer consultant?

e off load:

the operating procedure for the whole system_(especially coupling of the diff
generators);

n load:

the operating procedure for connecting the micropower plant to the microgrid o
application circuit;

on a short time basis: the performances of the micropower plants as defined ir
general specification, especially“the quality of power supply (see Table C.1 of]

brent

r the

the
IEC

TS 62257-2:2015):

on a long time basis (seasonal, annual if relevant):

system voltage;

ratings of major gomponents;

d.c. energy and a.c. energy supplied to the loads;
etc.

same-parameters as before;
lead management strategies or conditions necessary for performance as specifjed;

expected contribution to the load from each generator under design conditiong, as
a pnrr‘nntagn;

nominal generator set run time under design conditions;
maximum and surge demand;

average daily energy output of each renewable energy generator under design
conditions;

etc.

Any under performance of the system shall be assessed by the engineer consultant. Proposal
for correction shall be made to the project developer who shall decide whether to implement
the corrective actions or not.
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8.5

Phase 4: Agreement

A letter of agreement shall be signed by the different parties: the project developer/project
implementer, owner/operator.

This
e a
e a

8.6

agreement could be confirmed through two steps:

provisory agreement signed immediately after the short-term performance testing;

final agreement signed after the long-term performance testing.

Commissioning records

Exan

9

All o
IEC

An 0o
nece
proc
oper

The
shall

Prov|
pers

All L

All H
pers

10 Marking and documentation

10.1
10.1
A sk

hples of commissioning records are provided in Annex G.

Dperation, maintenance and replacement

peration, maintenance and replacement actions shall be conducted"ih compliance
'S 62257-6.

perating procedure written by the project implementer shall proVide the operator with
ssary information on how to operate the micropower plant; starting procedure, shutq
bdure, coupling procedure, isolation and switching fofmaintenance or replace
ption, etc.

evel of skill of the person authorized to have access to the different parts of the sy
be thoroughly described.

sion shall be made to forbid access to any part of the micropower plant to unautho
bn (and also to animals).

V parts of the micropower plant shall be operated and maintained by a licenced persd

LV parts of the micropower plant shall be operated and maintained by a comp
DN,

Marking

1 Information for emergency services

with

any
lown
ment

stem

rized

ptent

LV

etch_shall be prominently displayed in, or immediately adjacent to, the mair

switd

hboeard indicating the location, in relation to the main LV switchboard, of the emergency

de-energization procedure to isolate the system, including the location(s) of all isolation
devices.

10.1.2 Information for maintenance

Other signs shall include information sketches for maintenance shutdown procedure such as:

e isolation of the battery bank by disconnecting battery fuses or opening battery circuit-

b

reakers;

e isolation of the generator set (if any) and prevention of operation by automatic or remote

S

tart;

e isolation of the renewable power inputs.
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10.1.3 Information for batteries

Safety signs in accordance with existing IEC standards shall be provided and fixed in position
where they will be seen when the battery is approached.

A sign bearing the following words shall be mounted above the batteries or located on the
battery enclosure.

“WARNING: SPARK HAZARD. Follow shutdown procedure before connecting or
disconnecting any equipment.”

10.1]4 Signs

Signp shall be indelible. They shall be legible from a distance of 2 m except where otheqwise
statdd and shall comply with the existing IEC standards.

10.2|] Documentation
The following documentation shall be provided.

e Jystem manual

A manual complete with the following.

List of equipment supplied

— list with model description and serial numbers/for future reference.
System performance estimate/guarantee

— including daily energy consumption forboth a.c. and d.c. loads, design load energy
requirement, maximum and surge power demand, an estimate of each renewable
energy input, showing expected:xseasonal variation and an estimate of genefrator
run time.

Operating instructions (systems.and components)

— a short description of the) function and operation of all installed equipment. More
detailed information should be available from the manufacturer’'s documentation.

Shutdown and isolation.procedure for emergency and maintenance

— copy of the shutdown procedure.

Start up procedure

— copy of the start up procedure after the system has been shut down.
Maintenance procedure and timetable

— _aumaintenance checklist for the installed equipment.

Cemmissioning records and installation checklist

>~ a record of the jinitial system enﬂinge at the time of system installation! and

commissioning checklists for quality assurance.

Warranty information

— a statement of the system warranty period and limitations complete with period and
limitation of supplied equipment warranties.

Original energy usage estimate

— a copy of the initial energy usage estimate supplied by the customer and used to
design the power system.

System connection diagram

— a diagram showing the electrical connection of the power system. In larger
installations separate schematic (circuit) and unit wiring diagrams might be
required.
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Equipment manufacturer’s documentation and handbooks for all equipment supplied.

o Battery record logbook
A separate logbook for ongoing recording of battery operating parameters, such as battery
voltage, ambient temperature and cell specific gravity, voltage and temperature.

o Generator set record manual
A separate logbook to record periodic generator set maintenance.
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Annex A
(informative)

Selectivity of protection

Figure A.1 gives an example of the selectivity of protection against overcurrent, lightning and
overvoltages.
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Figure A.1 — Example of the selectivity of protection
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Annex B
(informative)

Risk assessment of lightning stroke

General

Where it is desired to minimize all avoidable risk, a lightning protection system should be
installed. Given the value of equipment and potential for personal injury with stand-alone

pOW SYSteS;a C LR LIRA® S

Two

B.2

A b3
year
light

B.3

A ris

methodologies are proposed hereinafter.

Risk assessment simplified methodology

sic assessment of the lightning risk can be made by counting the) number of days

hing is only envisaged if the number of thunder days is over 25.

Risk assessment multi-criteria methodology
k index, R, is obtained as follows:

R=A+B+C+D+E

in a

when thunder is heard. This information may be obtained from.locals. Protection agpinst

where
A i the “stake” index;
B ig the “construction” index;
C ig the “height” index;
D ig the “situation” index;
E ig the “lightning prevalence” index.
The lindex values A to E are obtained from Table B.1 to Table B.5. After obtaining theg risk
index, the risk assessment and need for protection can be obtained from Table B.6.
Table B.1 — Stake index values
Usage and contents of the building or equipment Valug of
indelx A
Strutture and contents inert, n{‘r‘llp:finn infrnqllnni, for nvnmpln, domestic nllfhll“l’“ng’ farm shed, ﬂl
roadside hoarding
Structure containing ordinary equipment or a small number of people, for example, domestic 1
dwelling, store, shop, small factory, railway station, tent or marquee
Structure or contents of fair importance, for example, water tower, store with valuable contents, 2
office, factory or residential building
Collective buildings: cinema, church, school, meeting hall 3
Stadium, entertainment complex, telephone installation, aircraft hangar, light house, industrial plant, 4

power station

Fuel

storage, health centre 5
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Table B.2 — Construction index values

Construction (structure and material) Value of
index B
Fully metallic structure, electrically continuous 0
Reinforced concrete or steel frame with metallic roof 1
Reinforced concrete or steel frame with concrete or other non-metallic roof 2
Cottage or small building of timber or masonry with metallic roof
Large area building of timber or masonry with metallic roof 3
Smgttbuitdimgoftimberor mmrasonTy witir mor=metattic Toof
Large area building of timber or masonry with non-metallic roof 4
Ten{ or marquee of flammable material
Table B.3 — Height index values
Height of structure Value of
m index €
Exceeding Not exceeding
0 6 0
6 12 2
12 17 3
17 25 4
Table B.4 — Situation index values
Situation Valug of
index D
On the flat, at any elevation 0
Hillsjde up to three-quarters of th€ way up, or mountainous country up to 1 000 m 1
Mouhptain top above 1 000 m 2
Table B.5 - Lightning prevalence index values
Average thunder-days per year Value of
index E
Exceeding Not exceeding
0 4 0
2 4 1
4 8 2
8 16 4
16 32 4
32 64 5
64 — 6
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Table B.6 — Assessment of risk and need for protection

(R = E'ka":dg):_% +E) Assessment of risk Need for protection
<12 Negligible Not needed
12 to 14 Small Might be advisable
>14 Great Essential
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Annex C
(normative)

Voltage domains
Voltage domains are listed in Table C.1.

Table C.1 — Voltage domains

Voltage domain Voltage
\Y
Alternating current Smoothed direct,current
ELV Uy <50V Uge < 120V
Lv 50 V< U,<1000V 120 V <qUge< 1 500 V

NOTE ELV limits are provided in IEC TS 61201.
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Annex D
(informative)

Battery room

D.1 Administrative formalities

The legal conditions for each country shall be complied with. An inventory of installa
equipped with batteries shall be kept in order to avoid the spreading of material
elec i i i f

At the end of their useful life, the batteries must be recycled by one of the\follo
orgapizations:

o tlhe operator;

e vendor.
The person designated shall be able to store the batteries and then-submit them for recyc
D.2 | Battery siting

The |installation conditions for a set of stationary_storage batteries depend greatly on
emisjsions which may occur during charging (non-sealed and sealed battery).

The jaccess to the battery bank shall be restficted to authorized skilled persons. The ba
banl{ shall be located in a specific room, or‘in a non-metal locker.

Battery accessibility is defined by the-gperator.

D.3 | Characteristics of the battery storage site: specific battery room or loc|

The [room or locker shall be fitted with ventilation at least at the top and bottom to ern
gasgs to escape and-provide a protection rating of IP 24 (see IEC 60529).(See exampl
ventjlation location(in~Clause D.5) It is recommended that the ventilation inlets or od
conslist of a number. of holes spaced evenly or of a slot running along the side of the roo
enclgsure.

The foom-shall be designed in particular with the following characteristics:

tions
and

wing

ng.

gas

ttery

ker

able
bs of
tlets
m or

e chnstruction with incombustible materials:

e the roof shall not have an upper floor (basement forbidden);
e door opening outwards and normally closed;

e preferably the room has no other use;

e impermeable floor;

o walls with leak-proof covering, suitable for the type of battery electrolyte, up to 1 m
the floor (or more, if battery on different levels);

from

e electrolyte-proof drip tray (dump to sewers forbidden) with a capacity of 100 % of the

biggest case, or 50 % of the total case capacity;
o if the room is heated, it shall only be so by a heating utility (air, water, steam);

e water source close at hand in case of need to bathe eyes;
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o fi

re-fighting equipment (at least a sand bin or electrical fire extinguisher).

The batteries may also be located in a locker. This may be installed in a battery room. It shall
be linked to the exterior by sealed ducting connected to openings enabling proper isolation.

The

° Cc

locker shall be designed with the following characteristics:

onstruction with non-electricity conductive materials;

o electrolyte-proof drip tray (drain to sewers forbidden) with a capacity of either 100 % of the
largest case, or 50 % of the overall capacity of the cases;

e it is forbidden to expel toxic or corrosive gases into the atmosphere (suitable conduits).

The—locke
ventilation;

o €
o €
e fj

D.4

The
nece

Q

Q

The
regu

xhaust air should not pass over other electrical devices;
ye bathing equipment close at hand,;

re-fighting equipment close at hand (sand bin, electrical fire extinguishet):
Electrical equipment

electrical equipment installed in the battery room should:vbe Ilimited to the
ssary:

pnnections;

bnnecting cables.

cut-off and protection devices shall be located outside the room. The measuring
ation apparatus shall also be located outside the room. The measuring link prote

systeéms, in particular for voltage measurement; shall be of the spark-free type.

If the

The
a ba

.
W

re is fixed lighting in the room, it shall'be of the flameproof type.

batteries should not have live.bare parts exposed. However, during certain operatio
tery with a voltage over ELV-(120 V) has live parts exposed, one shall:

. ;[stall an isolating floor 6f1 m wide around the battery;

ake it impossible forva person to simultaneously come into contact with the two live
hose voltage differs by over 120 V.

All o
any
con

The

f the electricahinstallation components shall be suitable for use with risk of corrosion
echanicalrisk (no oxidation-prone metal parts such as sheet metal, screened rigid 1
uits, etc.)

table

strict

and
ction

hs, if

barts

and
netal

electrical conduits should not be a possible source of inflammation of a potenltially

H |
explosiveatmosphere:

The battery cut-off device, installed outside the room, but as close as possible to it, shall be

easil

y accessible and marked as such as the emergency cut-off system.

For working on the batteries in a dark room, the worker shall carry a spark-proof autonomous

lighti

ng system.

The layouts of the rooms and lockers shall be designed so that the links between the batteries
and the devices are as short as possible.

Insofar as possible, and due to the peak power of the photovoltaic installation, exceeding

48 V

is not recommended.
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Safety instructions

The following notices shall be posted visibly outside the room or locker:

° a

° n

° n

e €

° a

ccess forbidden to all non-authorized persons;
o0 smoking;

o live flames;

lectric shock first aid;

cid splashes.

D.6

Exan
Figu

Theg
Part

Battery enclosure examples (informative)

hples of acceptable arrangements for housing and ventilation of batteries, are shoy
es D.1 to D.4. This is not an exhaustive set of possible arrangements.

e have been reproduced from AS/NZS4509.1:2010, Stand Alone” Power Syster
1: Safety and Installation, Appendix C.

/n in
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No equipment No equipment
/ in this space /7 in this space

/ // —— Wall
/
|

500 mm
typical all
around

Battery
area

iz

500 mm
typical all
around

Plan Plan

IEC
Copyr|ght for drawing ewned by Standards Australia and Standards New Zealand

NOTHS:

1. THis)is a dedicated equipment room that is secured to prevent unathorised entry

2. The equipment room is ventilated to the outside

Figure D.1 — Two examples of a battery installed in a dedicated
equipment room showing clearances from equipment
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—— —— 500 mm
* 7
No equipment in /
this space _\\%
/ Equipment room
/h\
/ Note 1
Enclosure ] —— 500 mm
for battery Vent
with external oo 7 |— Mo equipment in
ventilation . this space
Elevation

* Space overhead should be unenclosed dc allow no hydrogen pockelts
to accumulate above

Vent
Battery )
enclosure
500 mm
typicallal

arouad

Plan

IEC

Copyright for drawing owned by Standards Australia and Standards New Zealand

Figure D.2 — Example of a battery enclosure within a room
where the battery enclosure is vented to outside the building
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Electronic

requipment Air outlets
: (on rear)

Copyr|

NOTE
1. TH
2. C
3. TH
4. TH

mmsma=mdeaca=== L~

Air inlets :
Baltery enclosure

Mote 1

ght for drawing owned by Standards Australia and Standards New Zealand

S:

e battery enclosure is ventilated externally

oss flow ventilation

e battery vents and electronic vents-are on different sides

e barrier between battery enClosure and electronics is sealed to prevent hydrogen ingress

Figure D.3 — Example of a battery enclosure
with equipment enclosure immediately adjacent
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Sloping internal ceiling
/ of enclosure designed

to ensure all hydrogen

ascaping from the

battery is directed to the

external vent

Le
at
th
fa
lo

Copyr]

ngths of vents
least 75% of

b anclosure

be and centrally
Lated

%

/— Batterywhclosure

withNirWake and
autlet vents on
the same wall

— Depth of enclosure
not greater than
2 rows of cells or
blocks

ght for drawing owned-by Standards Australia and Standards New Zealand

Figure D.4 — Example of a battery enclosure with the intake

and outlet vents on the same wall

IEC
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Annex E
(informative)

Energy fraction calculations

The renewable energy fraction is made up of contributions from each of the renewable energy
generators which are used in the system. For each renewable energy generator, a fraction
can be defined for the design conditions. This is often expressed as a percentage.

Where PV array sizing calculations are based on watt hours, the following formula may be

used:

Solaf fraction = fow =

Whele array sizing calculations are based on ampere hours, the following formula

E pv x 77pvss
E

tot

used:
Solar fraction = f = Linoa X H gy Np X Ve X Negu
pv
Etot
Othgr fractions can be calculated as follows:
. . E_. X% .
Wind fraction = fwind = Zwind X Mwindss

E

tot

Ehyd X nhydss

ca

h be

Hydrp fraction = Jhya = Z
tot

Rengwable energy fraction = f,

=NSov T Swind T fhyd
where
Eyy is the design daily energy from photovoltaic array, in watt hours;
Mpvss is the efficiency of the photovoltaic sub system, dimensionless;
Eiot is the tetal"design load energy demand, in watt hours;
Imod is the*derated output current of the photovoltaic module, in amperes;
Hyy issthie daily irradiation on the tilted plane, in peak sun hours;
Np is the number of parallel strings in the array (an integer), dimensionless;
Vie ts-the-nominat-vottage-of-the-de—businvotis;
Neoul is the coulombic efficiency of the battery, dimensionless;
Eind is the design daily energy from wind turbines, in watt hours;
Nwindss 18 the efficiency of the wind sub system, dimensionless;
Epyq is the design daily energy from hydro-electric sources, in watt hours;
Mhydss is the efficiency of the hydro-electric subsystem, dimensionless.

Fractions of approximately 90 % or above should be treated with some caution, as some
generated energy may not be used and weather variations within the month may reduce the
actual fraction. A calculated solar or wind fraction of greater than 100 % does not guarantee
sufficient energy generated to meet the load at all times.
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Annex F
(informative)

Noise control

General

Any provision made in order to reduce the noise annoyance for inhabitants could be counter-
productive in terms of cost and electrical constraints. For example, it is better to install the

gen
may [be larger and more costly and that in some cases protection against lightning, hia
necgssary due to the larger distance between the generator and the technical room.

F.2

In cases where local authorities have guidelines or by-laws specifyingymaximum accep
nois¢ levels, these should be referred to. Where no such guidelines)or by-laws exist
folloying factors should be considered.

F.3

Appl|cation of the following principles may be of use in attenuating noise to acceptable le

bt th ot thaot % EH
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Assessment of noise annoyance

Hquipment noise levels which are less than 5 dB above,the' background noise leve
nlikely to cause annoyance in any circumstances.

= C

regular or inconsistent noises are generally more annoying than steady noises.

he annoyance value of any noise is subjectivé. and depends on the kind of acti
eing carried out in the area in question and thelistener’s expectations.

o -

Principles of noise attenuation

N

enerally, vegetation provides little sound attenuation whereas 10 m depth of th
ooded forest could proyide a reduction of 10 dB.

olid barriers are most effective. Small openings in walls, around doors and in
arriers allow significant noise to pass through.

ound propagation is affected by wind speed and direction and will be higher in
ownwind direction.

ow-frequency sound diffracts (bends) around corners more than high-frequency soun

C - O T = o

ow-frequency sound can be attenuated only by distance and by the use of massive

-

ound levels are reduced by 6_dB for every doubling of distance from the noise source.

y be

able
the

are

ities

els.

ickly
bther
the

d.
(i

.e.,

Ieavy construction) barriers between the source and the listener.

sound.

The use of sound absorbing material (for example, sound batts) as a lining on wal
other barriers may provide benefit in two ways:

ency

Is or

— by reducing reverberation, especially in enclosures of solid construction such as brick;

and

— by reducing the transmission of sound through the wall or barrier, especially through

walls of lightweight construction.
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Noise reduction methods for specific items of equipment

F.4.1 Generator sets

Generator sets produce noise covering a wide range of frequencies, with low frequencies
predominating. Sound is emitted from two sources — the engine body and the exhaust pipe

outl

et.

Exhaust noise can be reduced by the following means:

using a muffler of adequate noise reduction grade;

jointing the exhaust away from any residence;
nsuring that there is no direct sound path to any residence.

Noisp from the engine body can be reduced by any or all of the followirg means
apprppriate.

=

he residence in the prevailing wind direction.

ny residence (erect a barrier if necessary).

nclose the generator set in a soundproof enclosure aor r0om (taking care to ensure
equate cooling air is available to the engine). Hea\y ‘construction is preferred, or
cpnstruction with sound absorbing lining.

nsure proper sealing around doors and other openings.

or permanent openings in an enclosure (for)example, for cooling air inlet or discha
imcorporate some form of attenuation (for@xample, cowl or louver, preferably acoust
lined, or air attenuator/silencer).

Use a generator set with integral noise reducing enclosure.

NOTH 1 Confining generator set run times-to daytime only will reduce the level of noise attenuation required

NOTH 2 Noise levels are dependent'on fuel type, engine operating speed, and load. Fuel types, in or
incredsing noise levels, are gas, petrol;“and diesel.

, as

ocate the generator set as far as possible from any residence, préeferably not upwind of

Locate the generator set so that there is no direct sound path from the generator set to

that
light

rge),
cally

ler of

F.4.2 Wind turbines

Wind turbines may produce noise from two sources — turbine blades and gearbox. Ther¢ are
few pptions available to reduce noise levels, due to constraints in the system design| and
turbipe siting. Fhe*main considerations when minimizing noise levels are

e choice.of.machine; and

e location of turbine — as far as possible or practicable from the residence, and downwipd in

—

he\prevailing wind direction from the residence, if possible.

NOTE Background noise levels at windy sites will be elevated by the noise of the wind blowing through vegetation

and

F.4

over built structures.

3 Inverters and other electronic equipment

Noise produced by inverters or electronic equipment is generally of mid to high frequencies.
Noise levels may be of concern where equipment is located within a residence. In such a
case, the equipment may be housed in an enclosure of adequate construction to attenuate
noise to the required level. In small enclosures, care should be taken to ensure that the
equipment will have an adequate flow of cooling air.
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Annex G
(informative)

Commissioning record sheet (examples)
SHEET 0: SYSTEM IDENTIFICATION

Proposal for identifying a system type 1, 2 or 3

Site or user’s name:

Site or user’s phone number:

Ownef’s name:

Ownef’s phone number:

System commissioning date:

Battefy commissioning date:

Peak power/installed battery capacity (C100):

Rated voltage:

Installer or assembler:

Installer phone number:

Date ¢f visit:

Inspegtor’'s name:



https://iecnorm.com/api/?name=9e5b08a1f876ec538de11e538a24b0e8

IEC TS 62257-9-1:2016 © IEC 2016 - 49 —

SHEET 1: ACCEPTANCE OF PHOTOVOLTAIC GENERATOR

(see also IEC TS 62257-7-1)

Solar field Reference Remarks Comments
value Conform Nonconform

Forward individual
sheets to the supplier,
indicating Pmax, Imax
and Vmax

Unit peak power

Technology

Quantity
Modules

Manufacturer

Reference

Aspect

Sealing efficiency of junction boxes

Existence of by-pass diodes

Orientation

Assembly Inclined/horizontal

Record masH if

Masks (if any) necessary

Type of structure

Structure material

Mechanical strength

Bolts and nuts material

Structures Resistance to corrosion

Theft prevention device

Quality of attachment fittings

Quality of anchors

Earthing

Cabling Reference Remarks Comments
value Conform Nonconform

Cable type

Cross-section

Interconnect]
ns of modulgs

o

Length

Protectioncof junction

Junctionvattachment

Cable.type

Cross-section

Modules-to- ength
junction boxes -
connections ~ |Quantity

Protection of junctions

Attachment of junctions

Quantity of boxes

Number of strings per box

AR diode specifications

Control of diodes

Junction boxes |Sealing efficiency of cable junction
and penetrations

Torque value for terminal strips

Protection of contacts (grease)

Box attachment quality
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