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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization fo rising
all national electrotechnical committees (IEC National Commlttees) The bmote
infernational co-operation on all questions concerning standardization in the e{ectrica and s. To
th|s end and in addition to other activities, IEC publishes International tions,
Technical Reports, Publicly Available Specmcatlons (PAS) and Guijdes “IEC
Publication(s)”). Their preparation is entrusted to technical committees; aR ested
in| the subject dealt with may participate in this preparatory wqg non-
gqvernmental organizations liaising with the IEC also part|0|pate i osely
with the International Organization for Standardization (ISO ined by
adreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters tional
cdnsensus of opinion on the relevant subjects since m all
inferested IEC National Committees

3) IE|IC Publications have the form of recom and are accepted by IEC Ndtional
Committees in that sense. While all reasonable effqrts \ t re that the technical content gf IEC
Piblications is accurate, IEC cannot be the way in which they are used or fofr any
m|sinterpretation by any end user.

4) In| order to promote internatiopal uniformit ittees undertake to apply IEC Publicgations
trgnsparently to the maxirfum i ir natipnal and regional publications. Any divergence
bgtween any IEC Publication gna{ng nationalor regional publication shall be clearly indicated in
the latter.

5) IEIC provides no jnarkiQg proce s approval and cannot be rendered responsible fofr any
equipment decl j i ication.

6) Al users should e re 2 s iti i ication.

7) N¢ liability shall atta employees, servants or agents including individual experts and
members of its teChnicakcom and |EC National Committees for any personal injury, property damdge or
other damage,. of any wattwe whatsoevef, whether direct or indirect, or for costs (including legal fees|) and
expenses arisingn oWt of the\ publication, use of, or reliance upon, this IEC Publication or any other IEC
Pdblications

8) Attent wn\te_the Normative references cited in this publication. Use of the referenced publicatipns is
inflispensable Tex th

9) Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
pdtent rights. IE ot be held responsible for identifying any or all such patent rights.

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

excelptional circumstances, a technical committee may propose the publication of a techjnical

specification when

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

d

espite repeated efforts, or

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

Technical specifications are subject to review within three years of publication to decide

whet

her they can be transformed into International Standards.

IEC 62257-7-3, which is a technical specification, has been prepared by IEC tech
committee 82: Solar photovoltaic energy systems.

nical
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This document is based on IEC/PAS 62111; it cancels and replaces the relevant parts of
IEC/PAS 62111.

This technical specification is to be used in conjunction with the future parts of this series as
and when they are published.

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

Enquiry draft Report on voting
82/493/DTS 82/508/RVC
Full jnformation on the voting for the approval of this technical specifica an be-found in

the report on voting indicated in the above table.

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

A list of all parts of IEC 62257 series, under the general Aitles RNME ogns for $mall
renewable energy and hybrid systems for rural electrif aund on the| IEC
webgite.

The committee has decided that the contents of t uhlication will>€main unchanged |until
the maintenance result date indicated qon the I i "http://webstore.iec.ch" in
the data related to the specific publica isation will be

t
reconfirmed;
* withdrawn;
replaced by a revised
*+ amended.

A biljngual versi@th

ssued 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
a.c. voltage below 500 V, d.c. voltage below 750 V and power below 100 kVA.

These documents are recommendations

— to choose the right system for the right place;

-t
-t

Theg

designm the systen;

b operate and maintain the system.

to, developing countries. They must not be considered as all-inclug

The
not ¢
Furth

This
corre
poss
reley
systg

consistent set of documents is best considg
sponding to items for safety, sustainability of
ible. One of the main objectives is to proxi

ant to the field of application, that is, | ' le epergy and hybrid off
PMmSs. < i

e with different
the Mowest life-cycle
stUfficient requirem

pcific
tion.
y do
ptc.).

barts
cost
bnts,
-grid
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

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

1 Scope

The purpose of this part of IEC 62257 is to specify the general requireme ts foxthecselegtion,
sizing, erection and operation of generator sets in decentralized rural trification systems.
It applies to all low voltage combustion engine electricity generator ets Wi ated power up
to 100 kVA, and designed for supplying electrical power to isq ed insystems as

desdribed in IEC/TS 62257-2.

This| technical specification is not an exhaustive

ign, installgtion,

operption or maintenance of generator sets but is d on\recommendations to

provide strategies on selection and criteria whi wse of such gener
systeéms in a rural electrification project

Two|cases will be considered as illust er a collective electrific
system (microgrid) or an individual electri 3

o t

o t e\geherator set is only part of it. This cal
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Figure 1 — General functional configuration of a generator set powered system
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The aim of this technical specification is to provide users with the appropriate levels of
reliability and safety of the equipment during its estimated service lifespan.

It describes the minimum safety requirements and does not claim to be an exhaustive
instruction manual or design specification.

Compliance with this technical specification does not exempt any person, organization or
corporation from the responsibility to comply with all other relevant regulations.

This technical specification gives recommendations for the following types of generator sets:

a) slingle phase;
b) three phase;
U

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

2 Normative references

The [following referenced documents are essential for th i of this document| For
datef references, only the edition cited applies. For latest editipn of
the referenced document (including any amendment

IEC 60034-1, Rotating electrical machipes — P3
IEC p0034-9, Rotating electrical machins

IEC $0034-22, Rotating electrical machine brnal

compustion (RIC) engine dfixen gemnera

IEC 60529, Degrees of prote

IEC 61009-1, Ra
for hpusehold and Simila

CivCuit-breakers with integral overcurrent proteftion
Part 1: General rules

IEC/TS 62257-2: 3 mmendations for small renewable energy and hybrid systems for
rurall electrifigation 2 om requirements to a range of electrification systems

IEC/TS 6225%5, Res endations for small renewable energy and hybrid systems for |rural
electrification — R : tection against electric hazards

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

IEC/TS 62257-9-11, Recommendations for small renewable energy and hybrid systems for
rural electrification — Part 9-1: Micropower systems

IEC/TS 62257-9-2, Recommendations for small renewable energy and hybrid systems for
rural electrification — Part 9-2: Microgrid

ISO 8528-1:2005, Reciprocating internal combustion engine driven alternating current
generating sets — Part 1: Application, ratings and performance

ISO 8528-3:2005, Reciprocating internal combustion engine driven alternating current
generating sets — Part 3: Alternating current generators for generating sets

1 To be published.
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ISO 8528-5, Reciprocating internal combustion engine driven alternating current generating
sets — Part 5: Generating sets

ISO 8528-7:1994, Reciprocating internal combustion engine driven alternating current
generating sets — Part 7: Technical declarations for specification and design

3 Terms and definitions

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

3.1
environmental conditions

envifonment characteristics (altitude, temperature, humidity, etc.) the
perfarmance

3.2

gengrator set

equipment producing electricity from a fossil fuel; ernal
combustion engine producing mechanical energy and the
mechanical energy into electrical energy and mecha mbly

components

3.3
identification file
IF
docyment provided by the manufacturer which™g

g ces the conformity of the equipment
supplied with that which has undergone th g\tests

3.4

lifespan

effeqtive period ojun C
3.5

nond{routine mai

3.6
rated fre
frequency a

3.7
rout{ne maintenance
preventive maintenance carried out to an established plan

3.8

rated electrical power (nominal power or rated capacity)

maximum continuous power supplied by a generator set in compliance with its specifications,
and under standard operating conditions. This is expressed in VA (volt-ampere) or more
usually in kKVA

3.9
rated rotation speed
alternator rotation speed necessary to produce the voltage at the rated frequency

3.10
rated voltage
voltage between phases on the alternator terminals at the rated frequency and rated power
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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
live conductive part

conductor or conductive part intended to be energized in normal operation, including a neutral
conductor_but h\l/ convention nota PE or a PEN conductor

3.13
protected extra-low voltage
PELY
extrd-low voltage system which is not electrically separated from
satisffies all the requirements for SELV

herlwise

3.14
power factor
ratio|of real power to apparent power in an a.c. circuj

3.15
real power
for alc. circuits, the product of voltage,s a , also equal to the rate of| flow
of electrical energy. Real power is meagd )

3.16
appdrent power

for a easured in volt-ampere (VA)

3.17
nom
maxi
man

provided by the generator set according tq the

3.18
safe
SEL
extrg stemvhich is electrically separated from earth and from other systems in
such a_single fault cannot give rise to the risk of electric shock

3.19
minorfuel 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: exceeding upper limits of extra-low voltage, but not exceeding 1 000 V

a.c.or 1500 Vd.c.

c) High voltage: exceeding upper limits of low voltage

3.22
pro:fctive conductor (identification: PE)
con

[IEV|195-02-09]

3.23
PEN|conductor
conguctor combining the functions of both a protecii
conductor

[IEV[195-02-12]

4 Introduction to generator sets

41 Generator set system

In the present document angenerator se
related civil works or prefabricated-en
tank| pipes, earthing s 7 ¢

4.2 Generato@ 3

The |usage of ge
IEC/TS 62257

In these s
backlup powe PRy
equipment.

The ftype_of-use of
notifled-te.the supplier.

uctor provided for purposes of safety, for example protection agaiy

e generator set shall be clearly identified by the project developen

or and a ne

4.3 Resource assessment

utral

, the
fuel

din

de a
ated

and

Before choosing a generator set as the generator in an electrification system, it is important to
check the availability of the fuel supply on the installation site. It is important to check if the
supply is possible all throughout the year. For example in some countries it could be

impossible to deliver fuel to the site during the rainy season.

The project implementer also shall take into account that the cost of fuel may vary with the

price of the oil market and also with changes in local subsidies.
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5 Selection and erection

5.1

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.

Otth fuels can be used such as oil, or ethanol.

The
(gen

Othdr technologies like small fuel turbines may be also available.

The
level

avaihable at the malntenance centre the spare parts

spedji
of di

5.2
5.2.1

Typsg
the

Theg

engines are designed either for 3 000 rpm (generally for small 500
erally for larger machines) at 50 Hz case.

Selection requirements

Power quality

ét shall be able to provide information necessa
ice provided is in accordance with the requiremen
frequency).

hat the-alterna
VA);

of is capable of supplying the continuous and surge load apparent p

rrm

lired

ipment

d all
ation

ts of

x C.

ry to
ts of

pwer

hat the nnginn is napnhln of lr\rm/ir'iing the power rpquirpmnntc of the alternatar andg

| the

mechanical losses of the whole system (alternator + coupling system).

It is for the project developer to precisely define the generator set minimum operating

cond

itions:

e the environmental conditions;

e the maximum nominal outputs, the corresponding durations and load factor;

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

C

ontent, high starting currents, etc.).

The selection and sizing of generator set should be done with consideration of the supplied
electrical load and the structure of the microgrid (single phase / three phase,
IEC/TS 62257-9-2).

see
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Important rating of the generator set shall be considered:

e rated voltage;

e rated frequency;

e rated power and corresponding operating speed in conformity with ISO 8528-1;
e the application class, as defined in ISO 8528-1, Clause 7) (see Annex A);

e rated current;

e rated power factor.

NOTH— Vhen considering the power rating It 1s important 1o consider the application Class and the service|to be
provided. Refer to ANNEX A.

Carg needs to be taken with respect to application classes defined ip
classes of operation take into account only predominantly linear loags.
hybrld system applications, considerable harmonic current flow
charger loads) may cause excessive voltage distortion if not tak
design and specification.

The [sizing of the generator set shall be made such a
80 9% of its maximum nominal power in normal operg

of fupctioning.

The [project implementer shall draw the dai
ordef to determine the maximum and mini

nominal power of the engine to en
maximum nominal power.

f its

The project implement briod

during the year which |duratio
install two genera:r S8
— g main generator g
— g secondary gehn

In th|s configufatiol, i i peak period, it is possible to use the secondary generatgr set
in order to provide he.a iongl necessary power. This second generator set shall be sized
accofrding't i ional neCessary power. In the same way, if there is a low power pdgriod,

Locql conditions shalf be taken into account to size the generator set (altitude, humjdity,
tempgerature, etc.) according to 5.2.3.

e—in—the—esall for

The lee
tender t

o9

Technical declarations for the specification and design of the generator sets recommended by
ISO 8528-7 are to be carried out as follows:

— the project implementer expresses his requirements in a technical questionnaire in
conformity with Annex A of 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 Annex C of ISO 8528-7.
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Generator set type
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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;

— noise level;

— etc.

5.2.4 Derating factors

The [site conditions under which the generator set is called upon to op e its
mode of installation, may affect certain of its characteristics. They shs ount
by tHe project implementer and the manufacturer.

Whe

-t
- g
- r

—

As tbL
is th

inten

The

|
Q

Tabl

h the site conditions are unknown and unless otherwis
conditions shall be used according to ISO 8528-1.
btal barometric pressure 89,9 kPa;

ir temperature 25 °C;
elative humidity 30 %;

ninal

the standard reference conditions, it
0 account climatic conditions af the

of derating factors for generator sets

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

Altitudle 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

Humidity Air temperature

between 40 °C and
50 °C

Derate 1,0 % for every 10 % above 60 % humidity

Air temperature
above 50 °C

Derate 1,5 % for every 10 % above 60 % humidity

NOTE when performing genset sizing calculations, the derating factors should be 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.
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5.2.

5 Starting system

The GS shall define the starting system of the generator set: manual or automatic, remote or
not. The choice of the starting system impacts the design of the generator set site and the

ope

rating conditions.

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

star

5.2.

The

outplit power, temperature of air, water, engine, etc.

Freguency and voltage adjustments can be either automat

by t

5.2.

The

ting battery is kept at an acceptable state of charge.

6 Control systems

GS shall define the parameters to be surveyed during ope

He GS.

1 Noise issues

prodjuced under worst case operating sondition

The

itted noise levels

Gepecatorx electri utp Permitted noise level
(BB P dBA

AN "

Comppliance hese\limits may require the use of a soundproofing casing.

The [ge r noise levels shall be in conformity with IEC 60034-9, deper
on its cooli its rated rotation speed.

5.2.8 Environmewntal issues

The

pfeject implementer shall inform the manufacturer of the environmental conditions

Ency,

fined

level

orne

ding

that

££ ) ! H ! et e 4 4
may difcLl UITc UTSIyIT artu Tiairitetiaricc Ur uic ycolici dlul STt.

5.3
5.3.

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

marine environment (generator set operating on costal sites);
shock and vibrations (earth tremors, presence of another rotating machine, etc.);

presence of chemical pollution.
Erection

1 Shipping

Shipping to the site, installation and commissioning of the generator set are carried out in
conformity with the generator set supplier's recommendations.
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Access and transport to the site shall be taken into consideration:

— quality of roads;

— maximum size for trucks;

— local available handling devices;

— on-board-the-truck handling devices.

Attention shall be paid to the fact that it is sometimes necessary to move the generator set to
another site when heavy maintenance is required. It is thus sometimes more efficient to install

several smaller generator sets than a single large generator set.

Before handling, the attachment points and handling devices shall be insp
they| are adequate for the weight and size of the generator set tg
attadhment points and handling gear of the generator set shall be usg
this purpose.

Position and angle of slings shall conform to correct handling
paid|to the condition of the slings.

5.3.2 Design of the erection site
5.3.2.1 General

The penerator set can be installed eitler In

In cgse of use as an individual electrification s
shall be installed outside the house.

— Metal-frameworks shall be connected to the earth.

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

that
ilt-in
le for

Il be

r set

from

be at

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

5.3.2.3.1 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 generator sets shall be restrained from movement during normal operation.
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5.3.

2.3.3 Automatic starting

Where a generator set is capable of automatic or remote manual starting, a warning notice
shall be clearly visible on approach to, and located within 1 m of the generator set, bearing
the words “danger; this equipment starts automatically”. The generator engine shall be
provided with a device to prevent the starting of the generator when inspection, repair or
maintenance is carried out.

5.3.
5.3.
At |

a geperator set. However, where any generator set

a)
b)

not

5.3.

All
ore

set without the use of a key or tool o

of b

5.3.

234 Exit from generator set area

2341 Number of opening

gast one door or opening shall be provided to enable a person to |

Has a rated power exceeding 25 kVA; or

5 driven by a petrol engine;

Iess than two opening generator set or doorways, spaced

4.3.4.2 Opening and locking of doors

harriers or doors provided to prevent the entfy df
nclosure containing a generator set shal

ging locked from the outside.

4.3.4.3

Doofns and opening providing itNfrom a generator set area shall

a he|ght of not less than
less fthan 0,75 m.

5.3.

Adeq

and

5.3.

The

5.3.
5.3.

walked-on surface and a width o

L,
4

3.5 Li@g

-
4.9.

e the vicini|ty of

oom
rator
able

have
not

60 enable equipment and controls to be effeciively

the tanks and piping;
the cable trays, metal roof decking;
hardware.

3 Installation requirements

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

mai

ntenance, testing or inspection.
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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
Ventilation 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.

Ventilation grates shall be kept clean.

For éli generator set installed in an enclosed and soundproofed room, the raom shoulderjable
proper supply to the engine of combustion and cooling air and also mainta e generatgr set
within the ambient temperature limits for which it was specified.

The generator set air consumption is notified by the manufacturer.
may [be used as a reference.

g vdglues

The pir intake cross-section shall be the same as that of dé ined as follows:

— rpdiator or air cooler 80 m3/h per kVA,
dditional fan 40 m3/h per kVA,
— gpeed in ducting 4 m s~ ,

|
)

Ventjlation of the generator set install 5 with
the limit ambient temperatures permitt e afor set, engine and alternator, under
the s

For the

infor

Any roo ving a permanently connected generator set shall be adequately
vent a y or enclosure temperature rise, associated with the running of the
gens isSHM 1% 0’10 °C.

5.3.3.3 Water co6ling

For yatef cooled generator sets, the exhaust of hot water shall be made in the upper part of
the water tank and the intake of iresh water shall be made In the lower part of the tank. The
water tank shall be level with the generator set.

The water level in the tank shall be checked regularly. Only clean water shall be used for
cooling the engine.

5.3.34 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 calculation:
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D= Px12

where

D=
P =

diameter in cm;
power in kVA.

The diameter 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 steel

The minimum diameter of the bends of the pipes shall be two times the dia

To reduce the noise, a silencer shall be installed on the exhaust pipég.

5.3.3.5 Fuel storage

The [capacity of the minor fuel storage installed in the g gom Shall be sufficient

for tvo or three days of autonomy of the generator sek inYuehkstorage shall be made

in another building or tank located at least three metgrs g gnerator set roon).

The [capacity of the main tank shall be ble to i ry autonomy according to

the pize of the generator set, the <dura ervi vd the local possibilitigs of

refuglling. For example in some locations itNisN\ i gfuel during the rainy segson.

The papacity of the main tank shall be ¢ v

The fuel storage shall co i vlati it any. If no local regulation existg, the

following requirements shs '

e The quantity of diese . If the
quantity stora}

e The quantity 3 gnerator set room shall not exceed 25 | according to
the fact that the iraxiium power of such generator set is limited to 5 kYA.

For a capacit fre’s inor fuel storage, a drip tray with a capacity of (C+20(%) I

shall be insta in Y W set room which means a 600 | tray for a 500 | storage.

The mai orage tank\shall comply with the following points

— double sjdedf the\tank is buried;

— gtoragecsite ground shall be hydrocarbon leak proofed (coating, sheet, etc.);

— Jentat top point;

generator set tuel 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);

tank earthed and equipotentially bonded with the exposed-conductive parts of the

generator set room.

Both minor and main fuel storage tanks shall be at least one meter 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.
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Refueling of the minor fuel tank shall be made with appropriate pipes (according to the
manufacturer’s recommendations) and provisions shall be made to avoid any spilling of fuel
and any pollution of the soil during the refueling operation.

6 Safety

6.1 General

The safety issues that shall be addressed by the project implementer are notably related to
electrical, mechanical, thermal and fire risks.

6.2 | Electrical issues
6.2.1 General requirements

The fequirements of IEC/TS 62257-5 shall be applied, and local regt
with,

| mplied

To epsure the safety of workers the following provisions shs

— protection of persons against direct contacts;
— protection of persons against indirect contac

The main problems to be addressed

— the design of the neutral system;

The [good condition of °g
Additionally, the follow

— HKeep all acc

- A

- 0

- 0

Adeq a . yn of
the generatar set: , ation

instr

6.2.2 Connection system to the application

TWO i’\;lldb Uf bUIIIICbt;UII bybtclll odll IUU uacd tU bUIIIIUbt tilc gcllmth bct C;tilcl tb the
micropowersystem or to the utilization system:
— plugs and sockets;

— hard wired 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 micropowersystem and so risks of
misconnections?
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For all these reasons, hard wired connections are recommended, especially in case where the
generator set is part of a hybrid micropowersystem.

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

6.2.3 Power cables

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

Table 3 — Cross-section of power cables

Cross-section
Power hase
KVA phas,
mm
20 and 30 6\
40 /16

6.2.4 Neutral syste

The [generator set neg to
IEC/TS 62257-9@t

6.2.5

The |following parts of the i the

gengrator sef bondi

|
—

he alternatorsframe;

|
Q

Il exposed conductive parts enclosing electrical equipment or wiring;

|
—

ne/earth’ terminals of any connecting devices;

Il the metallic pnrfq of the hmming of the gpnpmtnr set inrluding metallic doaors

Q)

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 ahead.

6.2.6 Overcurrent protection

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

neutral wire of the user’s installation.

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

A combined 500 mA residual current protection device and overcurrent circui

application circuit in order to protect the generator set (or the micropoWwe
insulation fault on the application side or microgrid side (see Figure
with [EC 61009-1.

6.2.8 Isolating devices

Everly engine shall be provided with an isolating device, wk
prevent the starting of the generator set when inspectio
carripd out.

NOTH An emergency shutdown device may aJgo Qe necess

The [isolating device shall prevent th
devi¢e or remote control switch. Wherea

for this purpose, it shall disconnect all live $ fie circuit.
The Jsolating device shall™e readily aceessib intenance or other authorized persg
and pe:

a) ipstalled adjacen
lear view of s

achine; or

b) provided with a 3 ing”the device in the isolated position that requir

eliberate ac gage it.
6.3 [ Mechdnica

6.3.1

The whole sysiem (erngine — coupling — generator — chassis — exhaust) when installed

not gxceedthe vibratign level as defined in the GS.

If the vibration level may be a problem for the immediate environment of the generato

d_in a control or starting circuit is

et so that a person operating the device h

Il be
the
5t an

mply

ide, to

eing

natic
used

nnel

as a

shall

I set

HPZ bhall kb Aol 4 B v 4 [N eatiaon.
prOV SOIVITTO ollidiT VT TITautT U TTHTouTt a LUINTTULl AVoSUT YLIUTT.

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.

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.
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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 risk

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

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

7 Acceptance

71 General

The pcceptance procedure comprises:

erification of the supplied generator set with the identificatio

\
— gxamination of the conformity of the whole installationw 5ing, genset| fuel
S

torage, etc.);
— gxecution of the acceptance tests.

Sangtions: Any difference between thé\requireg |l be
corrgcted.

7.2 | Conformity of the generator se

The [equipment supplied byt 3 b the
identification file (see Anne

IMPORTANT: This ¢ the
opergtion site. <>

7.3 | Conformit

The [generato \ beThecked to verify its conformity to the GS. It includes the
gendrator se&{ installati j the ancillaries (civil works, fuel tank, pipes, safety isgues,

etc.)
Attention shalikbe paid to-the conformity of earthing arrangements.

7.4 | Acceptance process

7.4.1 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.

— Perform all the preliminary actions specified by the manufacturer.

— Etc.
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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

All npn-conformity to the identification file or the requirements

7.4.

Thege tests are performed with the generator se
Perform the operation procedure as re

If loads of the application circuit can

7.4.
sha

7.4.

The

The

The

protgction and monitoring systems.

electrical installation:

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

Electrical (power off):

— visual control of the electrical installation and wirings;

— |IP codes (for all parts);

ipes,

- control of connections;

- test of the equipotential bonding;
- measure of the earth resistance;

- test of the mechanical operation of the switches (main 4
Figure 1).

3 Commissioning tests of the generator set Systein

3.1 and 7.4.3.2). If not, stop the proceduxg i 2

Il be performed when e qpplication\circyit’is ready to be powered.

31

generator seésv performed in conformity with 1ISO 8528-5.
basic operating

ngine,.alternator and chassis vibration.

operating tests shall also be carried out in order to check the correct functioning o

see

(see
dure

f the

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;

temperature (engine and ambient air in the housing);
noise emission level of the generator set system;
etc.
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7.4.3.2 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:

— voltage and frequency stability for different load conditions in stable operation;
— voltage and frequency for different load conditions in transient operation;

— alternator overheating;

— engine fuel consumption;

— gngine, alternator and chassis vibration.

The joperating tests shall also be carried out in order to check the cosf
prot@ction and monitoring systems.

If pogsible, tests are to be performed at the limits of the envir n
the denerator set.

Chegk according to the GS:

— entilation;

bakages in the exhaust pipes;

pakage of fuel, oil;

all the disfunctioning modes.

8

8.1

The set can be installed in open air or in a classical masonry work
fabritated_civil wo n any case access to the generator set shall be restricted

and authorized skilled personnel.

to qua

f the

d for

pre-
Jified

8.2 —Operatlon 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;

— shutdown.

These may be fully or partly manual or automatic.
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8.3  Monitoring

The parameters that have to be monitored shall be identified in the GS according to the
manufacturer 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
parameters within the specified limits, the following measurement shall be made as a
minimum:

output voltage;

— frequency;
— qutput current;
— temperature of the engine;

— qgperation duration.

The pccurrence and the level of automation of the measuremé adapted to the|size

of the installation, and to the daily and yearly duration of serv

8.4 Maintenance schedule

Programmed maintenance operations (type ang- r set
suppliers and notified to the operator.

The [skill of the maintenance staff shall ke ad 2 sen.
Part|of the maintenance operation ma ance
operption it may be necessary to move\the

A maintenance file shall b ig { book
provlded by the generatar se Qr: d on
this file.

For maintenance ; ed. |If

possjible these recexd

An ekxample o

9 epte

Everly generator is specified for a given lifespan under given operation cond|tion,
according- to its manufacturer. The operator shall survey and record the operating condifions
and plso check the condition of the generator set and also of all its components in order to
asseissvthat the specified lifespan will be reached. For this purpose the main data tb be
collected are:

— operation duration;

— output power;

— voltage;

— current.

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.
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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

subs

cribed power. Different strategies can be implemented such as:

— replace the existing generator set by a more powerful one (and reinforce the microgrid);

— split the existing microgrid or rearrange the existing ones and create a new one powered
by a new generator set .

Clos
to st

e attention shall be paid to the recycling of dead generator set. Provisions shall be, n
bre safely the latter and avoid any pollution before sending for scrap.

Marking

enerator sets shall be fitted with the following identificd 3 i formity
8528-5.

Generator set

he product number and name;
he serial number, date and place of-m

ne rated power of the generator \set i bhe corresponding type of oper
hode;

he brand name and serial number;

heldate and place of manufacture;

nade

with

ating

ne rotation speed,

— the type of fuel;

— the type of lubricant.

10.3

Alternator

The alternator shall have an identification plate in conformity with standards IEC 60034-1 and
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;
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casing protection rating (IP code)(see IEC 60529);
thermal classification or overheating limit;

rated power;

rated voltage;

rated frequency;

rated current;

rated rotation speed;

rated power factor;

maximum operating altitude;
maximum ambient temperature;

rptation direction (if single).

10.4| Shutdown apparatus

11

11.1| General

The

The

The

glectrical characteristics.

Documentation

cific\tooling, apparatus and anchoring devices and other equipme
i _complete safety;

he instructions to enable proper lubrication and the conditions prior to putting into se
Il of thesComponeénts;

the{assembly procedures recommended by the manufacturer;

and
pare

tors.

nt to

rvice

ferttificationof criticat—attachmentpoints—and—procedures retatingtotightemmgtor
and other recommendations;

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

a complete wiring and connection diagram.

ques

The installation project implementer shall supply the operator with the technical documents

rela

ting 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.).
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11.3 Operation

— the safe operating limits and descriptions, including the starting and shutdown procedures;
— 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
— the maintenance and inspection intervals and procedures;

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

— non-routine and emergency maintenance procedures;
— diagnostic procedures and a troubleshooting guide.

@%
S
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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 [fstofcriterta, The main ones are described i the following crauses.

A.2 | Functioning mode

onnected electrically.

A.3| Services provided

The |[generator sets are classified on t c€ they provide. These seryices

define a permitted power output for opérating hougs\p ear. These are set out in Table A.1.
Table(A.N\- Classifi a&f enerator set services

Service lr\ )\ <\ \B/ C D
Power /\ @ntinuo%%{x. Mti@ous variable variable variable
Opefating hours/y}a/ unlimitad) 4 000 2 000 500
(up to) N
Overload < \Qo / 10 % single hour 10 % single hour no
Opdrating hog:fs\lﬂg \ 24 24 12 @
2 Tobes di&kcas\g b aég(b&)&(p, peaking, etc.).

A.4 es

The ppplication clasSes are defined by standard ISO 8528-1, Clause 7.

Clasls G1: uses in which the equipment powered is such that only minor voltage 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 class 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:

e the generator set technology (e.g.: rotation speed);

gnvironmental conditions;

e Jperating and servicing conditions;
the fuel and oil characteristics.

Examples of common lifespan values are given i foll
Table A.ZQK on lifespan
Class of power of the generator set / Common lifespan
< 5 kVA \ "\~ 1000 hupto4000h

D) \> 4000 h to 10 000 h

>10 000 h

— dompressigmNgnition engines;

— dpark-ignition engines.

The type of engine may be specified by the project implementer, for example, on the bagis 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 1SO 8528-7 covers fuels used by generator sets.

A.6.2 Alternator
The generator set alternator shall be in conformity with ISO 8528-3 and IEC 60034-22.



https://iecnorm.com/api/?name=6587ec0499c010c45c7d44eaf53b54de
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