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The |main task of IEC technical committees is to prepare International Standards

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

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

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
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
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter.referred to as
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
in| the subject dealt with may participate in this preparatory work. Internatiomal; governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates ¢
with the International Organization for Standardization (ISO) in accordanCe ‘with conditions determin
agreement between the two organizations.

ThHe formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an interng
cqnsensus of opinion on the relevant subjects since each techniéal committee has representation frg
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 to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible“or the way in which they are used or fg
misinterpretation 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 “\their national and regional publications. Any diver
bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indicd
the latter.

IE[C 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 fd
sgrvices carried out by independent certification bodies.

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

members of its technical committees and IEC National Committees for any personal injury, property dam
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.

N¢ liability shall attach to IEC\or its directors, employees, servants or agents including individual exper%s and
i

Attention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
inflispensableffor-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. IEC shall not be held responsible for identifying any or all such patent rights.
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5. In

exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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 62257-7-3, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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This second edition cancels and replaces the first edition, issued in 2008. It constitutes a
technical revision.

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

e Increased the voltage and power levels to which this TS applies.

e Added descriptions of four different types of micropower systems and their relevant
requirements.

This technical specification is to be used in conjunction with other parts of this series or future

parts
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as and when they are published.

ext of this technical specification is based on the following documents:
Enquiry draft Report on voting
82/1329/DTS 82/1383A/RVDTS

nformation on the voting for the approval of this technical specification can be fou
eport on voting indicated in the above table.

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

of all parts in the IEC 62257 series, published under‘the general title: Recommenda
enewable energy and hybrid systems for rural €lectrification, can be found on the
ite.

committee has decided that the contents,of this publication will remain unchanged
stability date indicated on the IEC website under "http://webstore.iec.ch” in the
bd to the specific publication. At this date, the publication will be

ansformed into an International standard,
bconfirmed,

ithdrawn,

bplaced by a revised edition, or

mended.

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

The IEC 62257 series of documents intends to provide to different players involved in

rural

electrification projects (such as project implementers, project contractors, project supervisors,
installers, etc.) documents for the setting up of renewable energy and hybrid systems with AC

voltage below 1 000 V, and DC voltage below 1 500 V.

These documents are recommendations:

— to choose the right system for the right place;

— todesignmthe systerm,

—

b operate and maintain the system.

Thede documents are focused only on off-grid rural electrification concentrating, on, but not

spedffic to, developing countries. They are not considered as all-inelusive to
elecﬂrification. The documents try to promote the use of renewable “eriergies in
elecfrification; they do not deal with clean development mechanismsVvat this time
emission, carbon credit, etc.). Further developments in this field could be*introduced in f
steps.

This| consistent set of documents is best considered as, (@a)whole with different

corrgsponding to items for safety, sustainability of systemsand at the lowest life-cycle
possible. One of the main objectives is to provide thexXminimum sufficient requirem
releant to the field of application, that is, renewable energy and hybrid off-grid systems.

rural
rural
Co,
uture

parts
cost
ents,
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RECOMMENDATIONS FOR RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

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

Scope

s|part of IEC 62257 specifies the general requirements for the selection, sizing;\ere

and pperation of generator sets in decentralized rural electrification systems.

It applies to all low voltage combustion engine electricity generator sets' energize
renewable energy such as biomass gasifier or biogas, or fossil fuel such_asygasoline or d
fuel,| and designed for supplying electrical power to isolated sitesused in system
desdfribed in IEC TS 62257-2.

Thi
ma
on

ele

s| document is not an exhaustive resource for the design, installation, operatig
intenance of generator sets, but is more focused on recommendations to provide strate
s]election and criteria which may affect the use of stch generation systems in a
ctrification project.

Four| cases of micropower plant will be considered as illustrated by Figure 1 to pow
collective electrification system (microgrid) or an individual electrification system.

ne micropower plant is composed of one-generator set;

ne micropower plant is composed of\multiple generator sets, which may have a s
nergy source or multiple energy sources;

ower Conditioning Sub-system (PCS) which is powered by other energy source incly
bnewable energy source or_energy storage;

—

ne micropower plant which is a hybrid energy system between multiple generator sets
multiple Power Conditioning Sub-systems (PCSs) which are powered by other er
spurces includingrenewable energy sources or energy storage systems.

t
t
€
the micropower plant which is a\hybrid energy system between one generator set and a
F
r

ction

by
iesel
5 as

n or
pgies
rural

er a

ngle

ding

and
ergy
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Generator set |

o

{ Main load switch

Micropower plant type B

Generator set

|—o

+ Individual electrical system (IES)
or
+ Collectif electrical system (CES)

Generator set:

—_—f

L o

Main load switch

Micropower plant type C

Generator set:

Power conditioning
sub-system

—0

5

Main load switch

Micropower plant type D

Generator set

n sets

Generator set

n sets

)/

Main load switch

+ Individual electrical system (IES)
or
+ Collectif electrical system (CES)

+ Individual'gleetrical system (IES)
or
+ CollgChif electrical system (CES)

¢ Individual electrical system (IES)
or
* Collectif electrical system (CES)

IEC

Figure 1 — General functional configuration of micropower plant
in micropower system

The aim of this document is to provide users with the appropriate guide to select generator
sets for using in micropower plant with different configurations and levels of reliability and
safety of the equipment during its estimated service lifespan.

It describes the minimum requirement of generator set functionality and safety requirements
and does not claim to be an exhaustive instruction manual or design specification.
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Compliance with this document does not exempt any person, organization or corporation from
the responsibility to comply with all other relevant requirements including what is indicated in
maker user manuals and local electrical regulations.

This

document gives recommendations for the following types of generator sets:

a) single phase;

b) three phase;

c) L

V range up to 500 V — 50/60 Hz (see IEC TS 62257-9-2).

2

The
cont
cited
any

IEC

IEC

IEC
com

IEC ¢

IEC

IEC
for h

IEC
elect

IEC
elect

IEC

electrification<<Part 6: Acceptance, operation, maintenance and replacement

IEC

Normative references

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

50034-1, Rotating electrical machines — Part 1: Rating and performance
50034-9, Rotating electrical machines — Part 9: Noise limits

50034-22, Rotating electrical machines — Part 22: AC generators for reciprocating int
bustion (RIC) engine driven generating sets

0364 (all parts), Low-voltage electrical installations
50529, Degrees of protection provided bycenclosures (IP code)

51009-1, Residual current operated-circuit-breakers with integral overcurrent prote
pusehold and similar uses (RCBOs)— Part 1: General rules

TS 62257-2:2015, Recommeéndations for renewable energy and hybrid systems for
rification — Part 2: From_reguirements to a range of electrification systems

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

TS 62257-6;"Recommendations for renewable energy and hybrid systems for

elect|rification — Part 9-2: Microgrid

TS 62257-9-2, Recommendations for renewable energy and hybrid systems for

their
ition
ding

brnal

ction

rural

rural

rural

rural

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

ISO 8528-1, Reciprocating internal combustion engine driven alternating current generating

sets

— Part 1: Application, ratings and performance

ISO 8528-5, Reciprocating internal combustion engine driven alternating current generating

sets

— Part 5: Generating sets

ISO 8528-7, Reciprocating internal combustion engine driven alternating current generating

sets

— Part 7: Technical declarations for specification and design
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3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1
envi
envi

perfgrmance

3.2

gengrator set

equi
com
mec
com

3.3
iden
IF

docyment provided by the manufacturer which guarantees the conformity of the equip
supplied with that which has undergone the type tests

3.4
lifes

effedtive period of functioning taking into;account the probability of a catastrophic failure

3.5

non-routine maintenance
maintenance necessary in addition to that pre-planned

3.6

ratedl frequency
freqyency at which the generator set is designed to operate

3.7
rout
prev

3.8

ronmental conditions
onment characteristics (altitude, temperature, humidity, etc.) which may_affect

bment producing electricity from a fossil fuel; it consists baSically of an int
pustion engine producing mechanical energy and a generatér which converts
hanical energy into electrical energy and mechanical transmission, support and asse
bonents

tification file

pan

ne maintenance
bntive/maintenance carried out to an established plan

the

brnal
the
mbly

ment

rated electrical power

nom

inal power

rated capacity
maximum continuous power supplied by a generator set in compliance with its specifications,

and

under standard operating conditions

Note 1 to entry: This is expressed in VA (volt-ampere), or more usually in kVA.

3.9

rated rotation speed

alter

nator rotation speed necessary to produce the voltage at the rated frequency
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3.10
rated voltage
voltage between phases on the alternator terminals at the rated frequency and rated power

3.1

extra low voltage

ELV

voltage not exceeding a limit which is generally accepted to be 50 V a.c. and 120 V d.c. ripple
free

3.12
safety extra-low voltage
SELY
extrd-low voltage system which is electrically separated from earth and from other systems in
such| a way that a single fault cannot give rise to the risk of electric shock

3.13
protected extra-low voltage
PELY
extrg-low voltage system which is not electrically separated from, €arth, but which othefqwise
satisfies all the requirements for SELV

3.14
live ponductive part
conductor or conductive part intended to be energized.im normal operation, including a ngutral
conductor, but by convention not a PE or a PEN conductor

3.15
power factor
ratio|of real power to apparent power in an’a:c. circuit

3.16
real power
for ajc. circuits, the product of vgltage, current and power factor, also equal to the rate of| flow
of electrical energy

Note | to entry: Real power is,measured in watts (W).

3.17
apparent power
for alc. circuitsythe product of voltage by current

Note ] to entry:® Measured in volt-amperes (VA).

3.18
nominal power of the generator set

maximum apparent power that can be provided by the generator set according to the
manufacturer’s specification

3.19
minor fuel storage
fuel storage located in the generator set room

3.20

main fuel storage

fuel storage located outside the generator set room and able to provide fuel filling the minor
fuel storage
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3.21

voltage
differences of potential normally existing between conductors and between conductors and
earth as follows:

a) Extra-low voltage: not exceeding 50 V a.c. or 120 V ripple-free d.c.

b) Low voltage:

1000V a.c.or1500V d.c.

c) High voltage: exceeding upper limits of low voltage

3.22

protective conductor

(ide
cond

[SOL

3.23
PEN
cond
cond

[SOL

3.24
gen

multi
oper

3.25
indiy
IES

micr

singlle energy resource point

3.26

collgctive electrification system

CES
micr
a sin

3.27
pow
com

tification: PE)
uctor provided for purposes of safety, for example protection against electric shock

JRCE: |EC 60050-195:1998, 195-02-09]

conductor
uctor combining the functions of both a protective earthing<céonductor and a neg
uctor

JRCE: IEC 60050-195:1998, 195-02-12]

rator power plant
ple generator sets operate together to provide higher power than single generato
tion or provide higher reliability of electrical power generation

yidual electrification system

bpower plant system that supplies electricity to one consumption point usually w

bpower plant.and micro-grid that supplies electricity to multiple consumption points U
gle or multiple*energy resource points

br conditioning sub-system
ponient(s) that convert(s) electricity from one form into another form that is suitable fo

exceeding upper limits of extra-low voltage, but not exceeding

utral

r set

sing

r the

inten

ded application. such a sub-system could include the charge regulator that converts

d.c.

to d.c., the inverter that converts d.c. to a.c., or the charger or rectifier that converts a.c. to

d.c.

3.28

micropower system
electrical power system that consists of micropower plant, distribution network and load which
is not part of national utility grid network

3.29

micropower plant
electrical power generator plant that supplies stable voltage and frequency to micropower
system
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4 Introduction to generator sets

4.1 Generator set system

In the present document a generator set system includes the installed generator set itself, the
related civil works or prefabricated enclosure if any and all relative ancillaries, such as fuel
tank, pipes, earthing systems, etc., necessary for the operation of the generator set.

4.2 Generator set application in rural electrification systems

4.2.1 General

The usage of generator sets in rural electrification systems application, are described ‘il IEC
TS 62257-2 for T3, T4, T5 and T6 categories of systems.

In tHese system categories the generator sets are used to supply a.c powér with stable
voltage and frequency to distribution system, recharge batteries and/or“provide a balckup
powgr supply to all or part of the a.c. distribution system, or to supply a.c. dedigated
equipment.

The type of use of the generator set shall be identified by the project developer and notifigd to
the qupplier.

For fural electrification the generator set can be operated(as a single unit or can be opefated
in mpltiple units. Multiple generator sets known collectively as the generator power planf are
operpted in order to increase total power or increase reliability of micropower plant.| The
gendrator set or generator power plant can also.operate with other power conditioning [sub-
systeém(s) to form hybrid power/energy system in.picropower plant.

Power generation in micropower plant with>\generator set(s) can be in one of the following
configurations.

4.2.2 Single generator set (micropower plant Type A)

This|type of micropower plant.(refer to Figure 2) has one generator to supply power to|user
whether it is IES or CES.

—

. he selection of geferator set is based on peak load of IES or CES. The starting/stopping

f the generator/is.set by manual or an automatic control device.

(o]

Mieropower plant type A

Generator set « Individual electrical system (IES)

o - o

Main load switch » Collectif electrical system (CES)

IEC
Figure 2 — Micropower plant Type A: single generator set

4.2.3 Multiple generator sets (micropower plant Type B)

This type of micropower plant (refer to Figure 3) has more than one generator set in
micropower plant and the generator sets can operate as follows:

e One generator set is put to operate at any time. The selection of generator set is based on
peak load of IES or CES. The starting/stopping of the generator is set by manual or an
automatic control device.
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4.2.4 Single generator set with a power conditioning sub-system (micropower pl3

This|type of micropower plant (refer to Figure 4) has a geherator set operating with a p
conditioning sub-system which can be a.c power source,such as PV converter, converter
energy storage system (ESS), wind turbine, hydrgl turbine or other energy sources
convierter to condition a.c. at output. The micropowér plant can operate as follows:

Parallel a.c. operation of more than one generator set to supply larger load of IES or CES.

The micropower plant shall have measuring instruments to indicate that electrical

a.c.

output of the running generators are synchronized before they enter into parallel operation

together. The combination of a.c. output can be done by manual or automatic co
devices.

Micropower plant type B

Generator set
o
-/ « Individual electrical system (IES)

N sets —_—— o

Main load switch « Collectif electrical system (CES)
\ Generator set
o

Figure 3 — Micropower plant Type B: multiple generaton sets
in micropower plant

1EC

Type C)

Tlhe generator set or power conditioning sub=system with ESS is alternately operate
anual or an automatic control device. \Mhén the generator set is operating it may ch
the ESS through the power conditioning ‘sub-system..

he generator set and power conditioning sub-system are operated in parallel on
utput by manual or an automatic control device. To operate in parallel the generato
nd the power conditioning sub=system need to have capability to synchronize their
utput together. The powerconditioning sub-system may have power sources such as
ind turbine, ESS, or energy sources. To operate in this mode the micropower plant
e capable of preventing electrical current back feed to the alternator of the generator

o s O

Micropower'plant type C

Generator set
« Individual electrical system (IES)

_Q/— or
Main load switch « Collectif electrical system (CES)

Power conditioning

ntrol

nt

pwer
with
with

d by
arge

a.c.
r set
a.c.
PV,
shall
set.

sub-system

J

IEC

Figure 4 — Micropower plant Type C: single generator set with
a power conditioning sub-system in micropower plant

4.2.5 Multiple generator sets with multiple power conditioning sub-systems

(micropower plant Type D)

This type of micropower plant (refer to Figure 5) has more than one generator set operating
with more than one power conditioning sub-system. It also covers the cases where single
generator set works with multiple power conditioning sub-systems, or where multiple
generator sets are working with a single power conditioning sub-system. The power
conditioning sub-system may be AC power sources such as PV converters, converters with
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energy storage systems (ESS), wind turbines, hydro turbines or other energy sources with
converters to condition a.c. at output. The micropower plant can operate as follows:

e One or multiple generator sets and one or multiple power conditioning sub-systems are
either operated by manual or an automatic control devices.

In this operation a bus tie switch is not required.

e One or multiple generator sets and one or multiple power conditioning sub-systems are
operated in parallel on a.c. output by manual or an automatic control device. In this
operation the bus tie switch is required when a group of multiple generator sets

Q\I/nr‘hrnni7pd tngpthpr bhefore it is tied with the bus which has a group of mlllfiplp power

cpnditioning sub-systems that are synchronized together.

Micropower plant type D

erzior set

n sets

Generator set
)/ * Individual electrical system (IES
I —— or

Main load switch * Collectif ®léctrical system (CES)

]

Bus tie switch
(if required)

Power conditioning
sub-system

n sets

Power conditioning
sub-system

IEC

Figure 5 — Micropower'plant Type D: Multiple generator sets with
multiple powercconditioning sub-systems micropower plant

4.3 Resource assessment

Befofe choosing a generator set as the generator in an electrification system, it is importgnt to
check the availability/of the fuel supply on the installation site and whether it is possible {o be
supplied throughout the year. For example in some countries it could be impossible to deliver
fuel {o the site.during the rainy season.

The |project implementer also shall take into account that the cost of fuel may vary with the
pricg of\the oil market and also with changes in local subsidies.

5 Selection and erection

51 General

A lot of technologies are available on the market for engines, from the most simple to the
most sophisticated.

For small size (~below 5 kVA) the most commonly used technology is gasoline engines.

For larger size, the most commonly used technology is diesel engines while the biofuel engine
and biomass gasification engine in the range of lower than 1 000 kVA are also used.
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Other fuels can be used, such as fuel oil, or ethanol.

The engines are designed either for 3 000 rpm (generally for small machines) or 1 500 rpm
(generally for larger machines) at 50 Hz and 3 600 rpm or 1 800 rpm for 60 Hz.

Other technologies like small fuel turbines may also be available.

The project implementer shall select the appropriate technology corresponding to the required
level of quality of the service, the skill of the maintenance staff, the level of equipment
available at the maintenance centre, the spare parts than can be easily sourced, and all

spe
of different types of generator sets as they are available on the market.

5.2
5.2.1 Power quality

Typq and configuration of generator set shall be selected in relation with|the requiremen
the gower supply to the end user as given in the General SpecificationA(GS) of the project

Thege requirements shall refer to the different figures expressed in IEC TS 62257-2:2
Anngx C.

The |control system of the generator set shall be able te’ provide information necessa
assefss that the level of quality of service provided is-in accordance with the requiremen
the denerator set (at least voltage, current and freqdency).

5.2.2 Generator set sizing

Gengrator set sizing has two primary requirements:

It is|for the project developer to precisely define the generator set minimum oper
conditions:

The sefection and sizing of generator set shoutd be done with consideration of the sup

nic of tha neaia~ 4 bt tha ~Alo

ation

N A~ atrad a Annay A e ~e onmaA Tnf e b~ 1 acifin
o CUTTSt AT ItS UT e PTUJC O 7T iCA7 v PTOVIGC S SOTIT O T o atoOT aoOUUtT O rio- CrasSSTiTo

Selection requirements

that the alternator is capable of supplying the continuous and surge load apparent p
(VA);
t
n

nechanical losses of the-whole system (alternator + coupling system).

ne environmental conditions;

ne maximim-nominal outputs, the corresponding durations and load factor;

o~ ~ ~

ontent, high starting currents, etc.).

ts of

015,

ry to
ts of

pwer

hat the engine is capable of-providing the power requirements of the alternator and the

ating

ne electrical load characteristics (power factor, permitted voltage range, current harmonic

lied

electrical load and the structure of the microgrid (single phase / three phase, see IEC
TS 62257-9-2).

Important rating of the generator set shall be considered:

rated voltage;

rated frequency;

rated power and corresponding operating speed in conformity with ISO 8528-1;
the application class, as defined in ISO 8528-1(see Annex A);

rated current;

rated power factor.
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NOTE When considering the power rating it is important to consider the application class and the service to be
provided. Refer to Annex A.

Care needs to be taken with respect to application classes defined in ISO 8528-1 as these
classes of operation take into account only predominantly linear loads. In many microgrid and
hybrid system applications, considerable harmonic current flows (particularly in battery
charger loads) may cause excessive voltage distortion if not taken into account early in the
design and specification.

The sizing of the generator set shall be made such as the engine works between 50 % and
80 % of its maximum nominal power in normal operating conditions. Functioning at maximum

nomihal power shall not exceed manufacturer’'s recommendations as well as overload pn'iods

of fuhctioning.

The [project implementer shall draw the daily load curve and its variation along-the yepr in
ordef to determine the maximum and minimum power. This makes it possible to .determing the
nominal power of the engine to ensure that it operates between 50 % and 80 % qf its
maximum nominal power.

The project implementer shall also assess if there is any peak power orvery low power pgeriod
durirlg the year whose duration may affect the generator set lifespan. A solution could be to
install multiple generator sets (micropower plant Type B or Type D) and operate them ir] two
optigns:

[0)]

ingle generator set operation.
— Multiple generator set operation.

In single generator set operation, from all generator sets in micropower plant a generatiop set
which has alternator power rating and engine“power rating in the range to supply |load
between 50 % and 80 % of maximum nominal power shall be selected to supply load.| The
selec¢tion and starting the selected generator:set can be done by manual or automatic conrol.

Multiple generator sets may be operated in parallel in order to increase electrical ppwer
gendration during moments of pedk demand. In multiple generator set operation, genefrator
sets [whose combined output cah.supply the loads should be switched in and out of th¢ AC
bus, lin such a way that each.individual generator set is working between 50 % and 80 % pf its
powegr rating. This switching/operation may be either by manual or automatic control.| The
gendrator sets can all be of the same power rating or they may be different power rat|ngs.
Locdl conditions shallxbe taken into account to size the generator set (altitude, humjdity,
tempgerature, etc.) according to 5.2.3.

The [local conditions shall be checked by the project developer and indicated in the call for
tendgr to manufacturers.

Technieal declarations for the specification and design of the generator sets recommended by

ISO =0 X o Milw 4 ra—t 1N reiad t falloaia:
UJZLZU™T diC TU VO UdAITTTCU UUl do TUINTUVWO.

— the project implementer expresses his requirements in a technical questionnaire in
conformity with ISO 8528-7;

— the specifications approved by the generator set manufacturer and the project
implementer shall be set out in a technical form as per ISO 8528-7.

5.2.3 Generator set type

There are different kinds of generator sets available on the market. Annex A gives the main
guidelines to choose the right type of generator set according to the type of use which is
expected, in conformity with ISO 8528-1:

— indoor or outdoor use;

— service duration;
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— noise level;

- etc.
5.2.4 Derating factors

The site conditions under which the generator set is called upon to operate, whatever its
mode of installation, may affect certain of its characteristics. They shall be taken into account
by the project implementer and the manufacturer.

When the site conditions are unknown and unless otherwise specified, the following nominal
conditions shall be used according to ISO 8528-1.

—

ptal barometric pressure 89,9 kPa;

— air temperature 25 °C;

— relative humidity 30 %;

— témperature coolant for the supercharging air 25 °C.
As tlLe generator set magnitudes are usually defined for the standard-reference conditiops, it

is therefore necessary to clearly define and to take into account.climatic conditions af the
interlded site.

The generator set shall be rated to operate over:

—

ne range of expected temperatures, and

— hlumidity conditions, and
— altitude prevailing at the application site.

Tablg 1 provides some examples of derating factors taking into account local conditions.

Table 1 — Examples of;derating factors for generator sets

Aif temperature Derate 2,5 % for every 5 °C above 25 °C

Altitude Derate 3 % for every additional 300 m above 300 m altitude

Air temperature
between 30 °C and Derate 0,5 % for every 10 % above 60 % humidity
40 °C

Air_temperature
between 40 °C and Derate 1,0 % for every 10 % above 60 % humidity
50 °C

Humidity

Air temperature

above 50 °C Derate 1,5 % for every 10 % above 60 % humidity

Whehm—performmimggenerator set—sizing catcutations, the deratinmg factors—shoutdbe—added to
the required size specification.

In particular, it should be noted that beyond the reference conditions (temperature 25 °C and
pressure < 89,9 kPa) engine power oversizing should be considered. Special attention shall
be paid to the cooling system in relation with the environmental conditions.

5.2.5  Starting system

The generator set maker shall define the starting system of the generator set: manual or
automatic, remote or local. The choice of the starting system impacts the design of the
generator set site and the operating conditions.
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The starting battery shall be installed as close as possible to the engine. The cables shall be
sized according to the starting current but also according to the distance between the battery
and the engine.

Where the generator set is seldom used (back-up systems) attention shall be paid that the
starting battery is kept at an acceptable state of charge. The batteries should be suitable for
continuous float charging and of suitable voltage and current rating (Ah) for starting duty of
the generator set.

The charging of engine starting battery can be done when:

—

a)

he generator set is operating; or

b) auxiliary power supply with rectifier when the generator set is not operating.

Suita

pow
start
the 4

5.2.4

The
volta

Freq
by th

5.2.7

The
prod

The
level

ble battery types include lead-acid and nickel-cadmium batteries.

In thf micropower plants Type B, C and D which have multiple generatorsets or hybrid

r conditioning sub-systems, the a.c. input power to the battery charger of each er
ng battery should be connected to main a.c. bus to maintain reliable electrical supq
attery, even when the generator sets are not called to operate for long time.

Control systems

generator set maker shall define the parameters(to be surveyed during operd
ge, frequency, output power, temperature of air, water, engine, etc.

uency and voltage adjustments can be eitheriautomatic or manual. This shall be de
e generator set maker.

Noise issues

generator set shall be rated appropriately taking into consideration the noise
iced under worst case operating conditions.

generator sets shall be inseonformity, with regard to noise emitted, with the airborne 1
limits as set out in Table’ 2.

Table 2 — Generator set permitted noise levels

Generator electrical output Permitted noise level
P dBA
P <2 kVA 102
2 kVA < P < 240 kVA 100

with
gine
ly to

tion;

fined

evel

oise

Com

pliance with these limits may require the use of a soundproofing casing.

The generator set alternator noise levels shall be in conformity with IEC 60034-9, depending
on its cooling methods and its rated rotation speed.

5.2.8 Environmental issues

The project implementer shall inform the manufacturer of the environmental conditions that

may

affect the design and maintenance of the generator set:

— presence of sand, dust or other physical pollutants of the atmosphere of the generator set;

— marine environment (generator set operating on costal sites);
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- S
- P
5.3

5.3.1

hock and vibrations (earth tremors, presence of another rotating machine, etc.);
resence of chemical pollution.

Erection

Shipping

Shipping to the site, installation and commissioning of the generator set are carried out in
conformity with the generator set supplier's recommendations.

Access and transport to the site shall be taken into consideration:

- 0

quality of roads;

aximum size for trucks;
cal available handling devices;
n-board-the-truck handling devices.

Attention shall be paid to the fact that it is sometimes necessary to move'the generator s

anot
seve

Befo
they
attag
this

Posi
paid

5.3.2

5.3.2

The

In c4
shall

ral smaller generator sets than a single large generator set.

re handling, the attachment points and handling devices‘shall be inspected to ensureg
are adequate for the weight and size of the generator set to be handled. Bu

purpose.

ion and angle of slings shall conform to correct handling rules. Special attention she
to the condition of the slings.

Design of the erection site
A General

generator set can be installed either in the open air or in a dedicated building.

se of use as an individual electrification system (see IEC TS 62257-2), the generatg
be installed outside\the house to avoid noise and exhurst.

In al
mov¢{

5.3.2

The

| situations, ¢he’floor of the site shall allow the generator sets to be restrained
ement duringsnormal operation.

.2 Civil works (if any)

et to

her site when heavy maintenance is required. It is thus sometimes.-more efficient to install

that
ilt-in

hment points and handling gear of the generator set shall be used wherever possiblle for

Il be

r set

from

civi‘works may be conventional masonry work, or pre-fabricated. Their lifespan shs

Il be

at least equal to the generator set lifespan.

— The floor shall be able to bear the weight of the generator set and its accessories.

— Provision shall be made to avoid any pollution of the soil by oil or fuel leaks.

— It shall enable easy installation and removal of the equipment.

— The wiring trays (cables) and mechanical trays (fluids) shall be separate.

— Metal frameworks shall be connected to the earth.

— A water supply point and drain shall be provided if necessary.

— The generator set premises shall not be used for storage of fuel or spare parts.
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5.3.2.3 Safety provisions

5.3.2.31 Access space for generator sets

Adequate space shall be provided around a generator set on all sides where persons are to

pass

, to enable all equipment to be safely and effectively operated and adjusted.

NOTE Attention is drawn to additional requirements that may be specified by relevant regulatory authorities.

5.3.2.3.2 Setting up of the generator set

All g

enerator sets shall be restrained from movement during normal operation.

5.3.2

Whe
shall
the

prov
main

5.3.2

5.3.2

At g
age

not |

5.3.2

All B
or er
set v
of be

5.3.2

Door
a he
less

3.3 Automatic starting

e a generator set is capable of automatic or remote manual starting, a, warhing n
be clearly visible on approach to, and located within 1 m of the generator set, be
words “danger; this equipment starts automatically”. The generator\engine sha

tenance is carried out.

3.4 Exit from generator set area
.3.4.1 Number of openings

ast one door or opening shall be provided to enable a person to leave the vicini
herator set. However, where any generator set:

as a rated power exceeding 25 kVA; or

i$ driven by a petrol engine;

.3.4.2 Opening and locking of doors

arriers or doors provided-to prevent the entry of unauthorized persons to any

ing locked from the‘outside.

.3.4.3 Size.of doors and openings
s and openings providing entrance to and exit from a generator set area shall

than 0,75 m.

bss than two generator set openings or doorways, spaced well apart, shall be providgd.

ght of\not less than 1,98 m from the floor or walked-on surface and a width of

ptice
aring
| be

ded with a device to prevent the starting of the generator when(inspection, repdir or

fy of

oom

closure containing a ,generator set shall open outwards away from the generator
ithout the use of a key 'of tool on the generator set side of the door, and shall be capgable

have
not

5.3.2.375 tighting

Adequate lighting shall be provided to enable equipment and controls to be effectively
and safely operated.

5.3.2.3.6 Earthing

The earth connection shall be in conformity with the requirements of IEC TS 62257-5.

All metal assemblies are to be connected to the installation earthing terminal:

— the generator set;

— it

s cabinet, if any;

— the tanks and piping;


https://iecnorm.com/api/?name=482db7f4155c32fb5a7ac41528461919

IEC TS 62257-7-3:2018 © IEC 2018 -23 -

— the cable trays, metal roof decking;

— hardware.
5.3.3 Installation requirements
5.3.3.1 General

Means shall be provided to prevent the entrance of, or interference by, unauthorized (see IEC
TS 62257-6) persons by the erection of suitable fences, screens, partitions, walls or similar
barriers. Such barriers shall not impede the access required for authorized persons for
maintenance, testing or inspection.

This|shall not preclude the installation of a generator set in an enclosure or room with-other
equipment for which access is similarly restricted to authorized persons.

5.3.3.2 Ventilation

Ventjlation shall be as far as possible from the gas exhaust of the engine;‘especially the fresh
air admission. The extraction of hot air shall be made through the upper ventilation and the
fresh air admission through the lower one.

Ventjlation grates shall be kept clean.

For @ generator set installed in an enclosed and soundpreafed room, the room should enable
proper supply to the engine of combustion and cooling@ir and also maintain the generatdr set
withip the ambient temperature limits for which it was,specified.

The generator set air consumption is notified by the manufacturer. If not, the following values
may |be used as a reference.

The pir intake cross-section shall be thessame as that of delivery and determined as follows:

hdiator or air cooler 80 m3/h perkVA,
dditional fan 40 m3/h per kVA,
peed in ducting 4 m s~

| |
[O

|
(7]

XAMI?LE Generator sethof 30 kVA: flow 30 x 80 = 2 400 m3h = 0,67 m3s~", cross-section = 0,67 mPs~" /
ms~1=0,17 m2.

S m

Ventjlation of the‘geherator set installation room shall be dimensioned in order to comply|with
the Ijmit ambient\temperatures permitted by the generator set, engine and alternator, Under
the gpecified operating and environment conditions.

For this; the generator set supplier shall provide the project implementer with all of the
information necessary for dimensioning the room housing the generator set:

— exhaust losses (in spite of lagging);

— engine losses removed by the radiator or radiation;

— losses emitted directly into atmosphere (alternator and engine convection).

Any room or enclosure containing a permanently connected generator set shall be adequately

ventilated so that the room or enclosure temperature rise, associated with the running of the
generator set, is limited to 10 °C.

5.3.3.3 Water cooling

For water cooled generator sets, the exhaust of hot water shall be made in the upper part of
the water tank and the intake of fresh water shall be made in the lower part of the tank. The
water tank shall be level with the generator set.
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The water level in the tank shall be checked regularly. Only clean water shall be used for
cooling the engine.

5.3.3.4 Combustion gas exhaust

Combustion gases shall be expelled directly to the outside of the room.

The cross-section of the combustion gases exhaust pipe may be dimensioned using the
following formula:

D= 4Px12

Where
D
P

$ the diameter in cm;

$ the power in kVA.

The Hiameter chosen shall be as close as possible to a standard diameter:
This|piping may be lagged or not and be in stainless steel or mild“stéel.

The minimum diameter of the bends of the pipes shall be two\times the diameters.
To reduce the noise, a silencer shall be installed on theexhaust pipe.

5.3.3.5 Fuel storage

The [capacity of the minor fuel storage installed in the generator set room shall be sufficient
for tyvo or three days of autonomy of the generator set. The main fuel storage shall be made
in another building or tank located at least'three metres away from the generator set roonj.

The [capacity of the main tank shall_be able to provide the necessary autonomy according to
the pize of the generator setjlthe duration of the service and the local possibilitigs of
refuglling. For example in some’ locations it is impossible to refuel during the rainy segson.
The fapacity of the main tank/shall be calculated accordingly.

The fuel storage shall comply with the local regulations if any. If no local regulation existg, the
following requirements shall be complied with:
. he quantity-of diesel fuel stored in the generator set room shall not exceed 500 I. [f the
uantity.stored is over 500 |, storage shall be in a special room or in a separated area

he, Quantity of petrol stored in the generator set room shall not exceed 25 | according to
ne fact that the recommended maximum power of such generator set is limited to 5 kYA.

-9 o 4

For a capacity of C | of the minor fuel storage, a drip tray with a capacity of (C + 20 %) litres
shall be installed in the generator set room which means a 600 | tray for a 500 | storage.

The main fuel storage tank shall comply with the following:

— double-sided if the tank is buried;

— storage site ground shall be hydrocarbon leak proofed (coating, sheet, etc.);
— vent at top point;

— generator set fuel supply cut-off equipment located outside the room;

— generator set fuel supply by electric or manual pump;

— pump and alarm trigger switch (if electrically-powered);
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— tank earthed and equipotentially bonded with the exposed-conductive parts of the

9

enerator set room.

Both minor and main fuel storage tanks shall be at least 1 m away from any heat source or
equipment that may emit arcs sparks or hot particles. The position of the tanks shall be such
as to avoid any spilling or leakage of fuel on hot parts.

In case of gravity supply of fuel to the engine, the minor fuel storage tank shall be installed in
an elevated position to ensure the right supply pressure.

Refueling of the minor fuel tank shall be made with appropriate pipes (according to the

man
and

6

6.1

The

electrical, mechanical, thermal and fire risks.

6.2
6.2.1

The o
be c

Toe

Iifacturer’'s recommendations) and provisions shall be made to avoid any spilling-of
bny pollution of the soil during the refueling operation.

Bafety

General

fuel

safety issues that shall be addressed by the project implementer’are notably related to

Electrical issues
General requirements

equirements of IEC 60364 and IEC TS 62257-5 shall be applied, and local regulations
bmplied with.

nsure the safety of workers, the followingprovisions shall be made:

rotection of persons against direct gontacts;
rotection of persons against indirect contacts.

Mmain problems to be addressed are:

ne design of the neutralsystem;
ne design of the earthing system;
ne connection of all the exposed conductive parts to the earthing system.

good condition of all these devices shall be checked regularly (see IEC TS 6225
ionally,the following provisions shall also be made:

eep(allaccessible parts clean.

shall

eplace defective or damaged parts.

Detect abnormal heating parts.
Detect defective connection.

Adequate means shall be provided to ensure the safe starting, running and shutting down of
the generator set. They can be either an automatic starting device or a detailed operation
instruction sheet.

6.2.2 Connection system to the application

Two kinds of connection systems can be used to connect the generator set either to the
micropower plant or to the utilization system:

— plugs and sockets;
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— hardwired connection.
Plugs and sockets present several disadvantages and introduce questions such as:

— Is the socket on the generator set side or on the application side?

— Are there several kinds of voltages and so risks of misconnections?

— Are there both a.c. and d.c. currents in the micropower plant and so risks of
misconnections?

For all these reasons, hardwired connections are recommended, especially in cases where
the generator set is part of a hybrid micropower plant.

As f3r as possible the generator set shall be shipped pre-hardwired so a simple conneetipn of
the denerator set to the main power circuit and a connection of the exposed conductive part to
the garthing system is all that is required on site.

6.2.3 Power cables

Power cables shall be thermally dimensioned (the short-circuit power,'6f a generator set is
only| three times its nominal power) in accordance with Table 3, which shows| the
crosg-section of connecting cables for a three-phase 230/400 V_generator set, a cable Igngth
of 10 m and an ambient temperature of 40 °C.

Table 3 — Cross-section of power cables

Power Cross-section / phase

kVA mm?

20 and 30 6
40 16
50 16
60 25
80 35
100 35

6.2.4 Neutral system

The [generator set ‘neutral mode shall be that of the installation it supplies. Refer to| IEC
TS 62257-9-2 forthe recommended neutral system for microgrids.

6.2.5 Earthing

The |fellowing parts of the generator set shall be electrically bonded together to form the
generator set bonding system:

— the engine frame;

— the alternator frame;

— all exposed conductive parts enclosing electrical equipment or wiring;

— the earth terminals of any connecting devices;

— all the metallic parts of the housing of the generator set including metallic doors.

The connection of the generator set to the exposed conductive parts circuits shall be

identified by the following symbol (marked ,J—, or ‘FRAME’).

All these provisions are made in order to create an equipotential bond between all exposed
conductive parts listed above.
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6.2.6 Overcurrent protection

All outgoing circuits from a generator set shall be provided with overcurrent protection devices
located as close as possible to the alternator output.

The alternator electrical protection system shall be sized to be able to interrupt the short
circuit current of the application circuit.

6.2.7 Residual Current Protection Device (RCD)

IEC TS 62257-9-2 recommends the use of TNC system for the earthing of the neutral wire of
the microgrid. IEC TS 62257-9-4 recommends the use of TNC-S system for the earthing, df the
neutfal wire of the user’s installation.

This|allows the use of a 30 mA RCD in order to protect the user against electric Sshocks.

A combined 500 mA residual current protection device and overcurrent circuit-breaker shall be
installed on the main switch between the generator set (or the micrepower plant) and the
application circuit in order to protect the generator set (or the micropower plant) against an
insuILation fault on the application side or microgrid side (see FigureA). These devices comply
with |[EC 61009-1.

6.2.§ Isolating devices

Every engine shall be provided with an isolating devicés which may be a shutdown devige, to
prevent the starting of the generator set when inspection, repair or maintenance is bheing
carripd out. An emergency shutdown device may alsoe be necessary under certain conditigns.

The |isolating device shall prevent the generator set from being started by any automatic
devige or remote control mechanism. Wherera switch located in a control or starting circpit is
used for this purpose, it shall disconnect-all live conductors of the circuit.

The Jsolating device shall be readilyyaccessible to maintenance or other authorized persgnnel
and pe:

installed adjacent to or on*the generator set so that a person operating the device has a
lear view of any person working on the machine; or

[
o

b) provided with a means of securing the device in the isolated position that requires a
deliberate action to"engage or disengage it.

6.3 Mechanical issues

6.3.1 Vibration

The whole system (engine — coupling — generator — chassis — exhaust) when installed [shall
not exceed the vibration tevetas definedin the GS:

If the vibration level may be a problem for the immediate environment of the generator set
provisions shall be made to ensure a correct absorption.

6.3.2 Protection from mechanical damage

All components of a generator set including mechanical parts, fuel systems, wiring, switches,
instruments and controls shall be adequately protected against mechanical damage.


https://iecnorm.com/api/?name=482db7f4155c32fb5a7ac41528461919

-28 - IEC TS 62257-7-3:2018 © IEC 2018

6.3.3 Protection from moving parts

All moving parts that may cause injury to persons shall be protected by barriers to prevent
unintentional personal contact with such parts. The protection shall be provided by guards,
enclosures, railing or fences.

6.4

Thermal issues

All hot parts of a generator set which operate at temperatures exceeding 80 °C shall be out of
reach or lagged so as to prevent accidental personal contact.

6.5

Fire

The

7.1

The

Sang
coIrreg

7.2

The
iden

IMP(
oper

7.3

The
gene

Fire risk

fighting equipment (at least a sand bin and preferably extinguishers) shall be provide

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

Acceptance

General
hcceptance procedure comprises:

erification of the supplied generator set with the identification file;

xamination of the conformity of the whole instdllation with the GS (housing, geneg
et, fuel storage, etc.);

xecution of the acceptance tests.

cted.

Conformity of the generator.set to the identification file

equipment supplied by the-manufacturer shall be checked to verify its conformity t
ification file (see AnnexBY:

DRTANT: This conformity shall be verified before shipping the generator set tg
ption site.

Conformity of the generator set system to the generator set specification (GS

generator set system shall be checked to verify its conformity to the GS. It include
rator_set installation and all the ancillaries (civil works, fuel tank, pipes, safety isg

rator

tions: Any difference between the required and the measured performances shall be

b the

the

5 the
ues,

etc.)

Attention shall be paid to the conformity of earthing arrangements.

7.4
7.41

Acceptance process

Preparation of the generator set for commissioning

Before starting the generator set and according to the manufacturer’'s specification
pre-operation actions shall be performed in order to prepare the generator set for operation.

— Fill the fuel tank.
— Fill the engine lubricant tank.

— Verify that the starting battery is fully charged.
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— Perform all the preliminary actions specified by the manufacturer.
- Etc.

7.4.2 Commissioning inspection of the generator set system

According to the GS, the following controls shall be performed on the civil works, ancillaries
and electrical installation:

— Mechanical: Visual inspection on civil works and equipment (fuel tank, exhaust pipes,
etc.).

— Electrical (power off):

o[ visual control of the electrical installation and wirings;
o[ IP codes (for all parts);

o[ control of connections;

o[ test of the equipotential bonding;

o measure of the earth resistance;

o[ test of the mechanical operation of the switches (main and‘“secondary if any,| see
Figure 1).

All npn-conformity to the identification file or the requirements’of-the GS shall be fixed.
7.4.3 Commissioning tests of the generator set system
7.4.3.1 General

Thege tests are performed with the generator set.running.
Perform the operation procedure as recommended by the manufacturer.

If loads of the application circuit canibe connected, perform the procedure completely |(see
7.4.3.1 and 7.4.3.2). If not, stop ‘the procedure temporarily. The final part of the procgdure
shalll be performed when the application circuit is ready to be powered.

7.4.3.2 Main switch off

The penerator set overall tests are to be performed in conformity with ISO 8528-5.

The pasic operating parameters to be checked are:

— vloltage and frequency stability in stable operation;

jlternator overheating;

ngihe fuel consumption;

engine, alternator and chassis vibration.

The operating tests shall also be carried out in order to check the correct functioning of the
protection and monitoring systems.

If possible, tests are to be performed at the limits of the environment conditions specified for
the generator set.

Check according to the GS:

— ventilation;
— leakages in the exhaust pipes;
— leakage of fuel, oil;
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— temperature (engine and ambient air in the housing);
— noise emission level of the generator set system;

- etc.
7.4.3.3 Main switch on

The generator set overall tests are to be performed in conformity with ISO 8528-5.

The basic operating parameters to be checked are:

Iternator overheating;
— ¢ngine fuel consumption;

— engine, alternator and chassis vibration.

The loperating tests shall also be carried out in order to check the cofrect functioning of the
protgction and monitoring systems.

If pogsible, tests are to be performed at the limits of the environment conditions specified for
the denerator set.

Chegk according to the GS:

— ventilation;

akages in the exhaust pipes;
— lg¢akage of fuel, oil;

temperature (engine and ambient air ifythe housing);

noise emission level of the generator'set system;

- c.
7.4.4 Test file

Measures and observations shall be recorded.

Relejant actions shall'be performed to fix all the disfunctioning modes.

8 Operation'and maintenance

8.1 | Access to the generator set

The generator set can be installed in open air or in a classical masonry work or in a
pre-fabricated civil work. In any case access to the generator set shall be restricted to
qualified and authorized skilled personnel.

8.2 Operation process

The actions that shall be performed by the operator during the normal operation of a
generator set are:

— starting;

— monitoring;

— adjustment of voltage and frequency;

— switching;
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shutdown.

These may be fully or partly manual or automatic.

8.3

Monitoring

The parameters that have to be monitored shall be identified in the GS according to the
manufacturer's recommendations and also according to the quality of service to be provided
to the end user.

To allow the operator to perform all necessary corrective actions in order to keep the

par

arl:eters within the specified limits, the following measurement shall be made
mini

um:

(@]

utput voltage;

—h

equency;
output current;
temperature of the engine;
operation duration.

The pccurrence and the level of automation of the measurement) shall be adapted to the
of the installation, and to the daily and yearly duration of serviCe.

8.4

Programmed maintenance operations (type and.interval) are defined by the generatof

Maintenance schedule

suppliers and notified to the operator.

The [skill of the maintenance staff shall bexadapted to the technology that has been chg
Part|of the maintenance operation may.be performed on site. For some heavy mainten
operption it may be necessary to move.the generator set to an operation centre.

A maintenance file shall be designed by the operator according to the maintenance hand
prov|ded by the generator set.ftnanufacturer. All maintenance operation shall be recorde
this file.

For

aintenance purpese overall running time and running time period shall be recordé

possjble these recofds“will be correlated to load profiles on the same periods.

An ekample ofimaintenance schedule is given in Annex D.

9

eplacement

AS a

size

set

sen.
gnce

book
d on

ed. If

Every generator set is specified for a given lifespan under given operation conditions,
according to its manufacturer. The operator shall survey and record the operating conditions
and also check the condition of the generator set and also of all its components in order to
assess that the specified lifespan will be reached. For this purpose the main data to be

coll

ected are:

operation duration;
output power;
voltage;

current.
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According to these operating conditions, the lifespan may be shortened or lengthened. The
operator shall be able to gather all the necessary data to assess correctly the real lifespan
and plan the replacement in time to avoid any blackout.

According to the size and the budget of the project, it could be necessary or useful to keep
spare generator sets locally or in the maintenance centre in order to maintain the service
during the maintenance or repair operations.

It could also be necessary to replace the generator set because of the increase of the
subscribed power. Different strategies can be implemented such as:

Closg attention shall be paid to the recycling of dead generator set. Proyisions shall be
to stpre safely the latter and avoid any pollution before sending for scrap.

10

10.1| General

All denerator sets shall be fitted with the following ig@éntification plates, in conformity
ISO B528-5.

10.2| Generator set

replace the existing generator set by a more powerful one (and reinforce the microgrid
d more generator sets to work in parallel with existing generator set;

split the existing microgrid or rearrange the existing ones and create a newrone pow
a new generator set .

arking

ne wording: "Generator set in conformity’with standard, etc.";
ne manufacturer's name or brand name;

t

t

the product number and name;

the serial number, date and pJace of manufacture;
t

ne rated power of the generator set in kW giving the corresponding type of oper
mode;

ne application class in conformity with ISO 8528-1;
ne rated power factor;
ne maximum operating altitude;

ne ratedvoltage per phase;

t
t
t
the maximum ambient temperature;
t
t

erated frequency;

~

ered

hade

with

ating

therated current;
the weight.

10.3 Engine

the brand name and serial number;
the date and place of manufacture;
the rotation speed;

the type of fuel;

the type of lubricant.
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10.4 Alternator

The alternator shall have an identification plate in conformity with IEC 60034-1
IEC 60034-22 carrying at least the following information:

manufacturer's name or brand name;

machine serial number and code;

year of manufacture;

reference standard;

casing protection rating (IP code)(see |IEC 60529);

thermal classification or overheating limit;

—

hted power;

—

bted voltage;

—

hted frequency;

—

hted current;

—

hted rotation speed;

—

hted power factor;
:l:aximum operating altitude;
aximum ambient temperature;

—

btation direction (if single).

10.5( Shutdown apparatus

11

ellectrical characteristics.

PDocumentation

11.1| General

The pgenerator set manufacturershall provide with each machine:

he identification file (seé Annex B);

ne operator instructions manual,;

ne documents, which include the general drawings, wiring diagrams, specifications
mstructiong’for assembly and installation, list of components used and their origin, {
parts list@nd their location drawings.

t
t
the maintenance.manual which sets out the maintenance requirements;
t
i

The manuals shall be in a language which can be read and understood by the local opera

The documentation shall include information relative to the following situations:

11.2 Installation

and

and
pare

tors.

details of the specific tooling, apparatus and anchoring devices and other equipment to

enable installation in complete safety;

the instructions to enable proper lubrication and the conditions prior to putting into service

all of the components;
the assembly procedures recommended by the manufacturer;

identification of critical attachment points and procedures relating to tightening torques

and other recommendations;
a set of drawings for final assembly on site and installation;

a complete wiring and connection diagram.
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The installation project implementer shall supply the operator with the technical documents

relating to installation of the generator set:

— room drawing;

— generator set installation drawing (chassis, ventilation ducting, etc.);

— generator set connection wiring diagrams;

— installation servicing and maintenance manual (cleaning and replacement of room filters, if
necessary, servicing of accumulator batteries, etc.).

11.3 Operation

— the safe operating limits and descriptions, including the starting and shutdown procedlres;

— the procedure for functional checking of all the protection subsystems;
— a description of the generator set system, of all its parts and their functioning:

11.4( Inspection and maintenance

|
—

he maintenance and inspection intervals and procedures;

|
—

ne lubrication intervals, giving the frequency, types of oil and other special fluids fo be
used;

— npn-routine and emergency maintenance procedures;
— diagnostic procedures and a troubleshooting guide.
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Annex A
(informative)

Generator set classification criteria

A.1 General

Selection of the appropriate type of generator set for the right project shall be made according
to a list of criteria. The main ones are described in the following clauses.

A.2| Functioning mode

Sevgral generator set functioning modes could be considered, in conformity wijth,ISO 8528-1:

o sfand-alone: the generator set operates without direct connection(t0 another ppwer
spurce;

e cpupled (sets in parallel): in this operating mode, two or ,more generator sets are
cpnnected electrically.

Services provided

The |generator sets are classified on the basis of the'service they provide. These seryices
defirle a permitted power output for operating hours,per'year. These are set out in Table A.1.

Table A.1 — Classification‘of'generator set services

Service A B Cc D
Power continuous max. continuous variable variable variable
Opetating hours/year (unlimited) 4 000 2 000 500
(up to)
Overload no, 10 % single hour 10 % single hour no
Opdrating hours/day 24 24 12 a
@ Tlo be studied case by case, (backup, peaking, etc.).

A.4 | Application classes

The ppplication classes are defined in ISO 8528-1.

Class G 1 Uses tmwhitch the equipment powered 15 such that onty minor voftage or frequency
constraints need to be specified. General use (lighting, and other simple electrical loads).

Class G2: uses in which the voltage characteristic requirements are more or less the same as
those of the public grid. When load variations occur, temporary voltage and frequency
fluctuations may be accepted. Lighting systems, pumps, fans and lifting apparatus.

Class G3: uses in which the equipment powered may necessitate strict frequency, voltage and
wave form requirements. Telecommunications and thyristor regulated loads (battery
chargers).

NOTE Class G4, the most stringent applicable to computer systems, is not included.

For rural electrification projects the application classes G1 or G2 are most appropriate.
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The choice of the generator set according to the kind of service that the project implementer
intends to provide to the customer depends on:

e nominal power (to be maintained between 50 % to 80 % level to optimize the lifetime of
the generator set);
e quality of supply:
— targeted THD on the supply system;
— stability of the frequency;
— voltage stability.

A.5| Lifespan

The |ifespan of a generator set depends on:

°
—

ne generator set technology (e.g.: rotation speed);
environmental conditions;
e Operating and servicing conditions;

t

e fuel and oil characteristics.

Examples of common lifespan values are given in Table A.2.

Table A.2 — Common lifespan values

Class of power of the generator set Common lifespan
kVA h
<5 1 000 up to 4 000
5upto 10 4 000 to 10 000
>10 > 10 000

A.6 | Generator set components design

A.6. Engine
A.6.1.1 General-design
Therg are 2 typ€s of reciprocating internal combustion engines:

— cjpmpression ignition engines;

(7]

park’ignition engines.

The type of engine may be specified by the project implementer, for example, on the basis of
technical-economic criteria.

A.6.1.2 Fuel

The type of fuel to be used is specified by the generator set supplier.

If the project developer wishes to impose or exclude a particular type of fuel, he shall inform
the generator set supplier.

NOTE ISO 8528-7 covers fuels used by generator sets.
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