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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 7: Generators

FOREWORD
1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for s ization“eomprising
all |national electrotechnical committees (IEC National Committees). The obje is_‘fo gromote
intdrnational co-operation on all questions concerning standardization in the electfical and & ic fidlds. To
this end and in addition to other activities, IEC publishes International Standard i ifigations,
Teghnical Reports, Publicly Available Specifications (PAS) and Guides e d s “IEC
Puljlication(s)”). Their preparation is entrusted to technical committees; a prested
in fhe subject dealt with may participate in this preparatory work d non-
governmental organizations liaising with the IEC also participate in closely

with the International Organization for Standardization (ISO) in accorda i ined by
agrgement between the two organizations.

2) Theg formal decisions or agreements of IEC on technical matt possible, an international
conisensus of opinion on the relevant subjects since eac ee has representation from all
intgrested IEC National Committees.

3) IEQ ational
Cor of IEC
Pulli or any
mis|

4) In iications
trar rgence
bet iqated in
the

5) IEQ or any
equi

6) All

7) No mployees, servants or agents including individual expefrts and
me ational Committees for any personal injury, property damage or
oth q ,Owhether direct or indirect, or for costs (including legal fegs) and
exp| isi ication,/use of, or reliance upon, this IEC Publication or any otHer IEC
PuRli

8) Attention i 5.4 ative’ references cited in this publication. Use of the referenced publications is
indi 2 i i icati

9) Attgntion~i ibility that some of the elements of this IEC Publication may be the subject of
pat i . EC hall notbe held responsible for identifying any or all such patent rights.

The C technical committees is to prepare International Standards. In
excerigonal circumstances, a technical committee may propose the publication of a technical
specification when

e the required support cannot be obtained for the publication of an International Standard,
despite 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
whether they can be transformed into International Standards.

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

This document is based on IEC/PAS 62111; it cancels and replaces the relevant parts of
IEC/PAS 62111.
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This technical specification is to be used in conjunction with the future parts
and when they are published.

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

Enquiry draft Report on voting
82/492/DTS 82/507/RVC

Full information on the voting for the approval of this technical specification
the report on voting indicated in the above table.

of this series as

can be found in

This gdublication has been drafted in accordance with the ISO/IEC Directivé

A list|of all parts of IEC 62257 series, under the general title: Re€orn
renewable energy and hybrid systems for rural electrification, ce
website.

The committee has decided that the contents of this publficatio
the mjaintenance result date indicated on the IEC website™u A ht
the d3gta related to the specific publication. At this date, the publication w
e trgnsformed into an International standard;
e regonfirmed;

e withdrawn;

e replaced by a revised edition, or

e amended.

A bilingual version of thi d at a later date.

9,

small
IEC

v

ébstore.iec.ch" in
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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;

— to design the system:

— toloperate and maintain the system.

Thesq documents are focused only on rural electrification, concentra ot specific
to, dejveloping countries. They must not be considered as all-inclu a igation.
The documents try to promote the use of renewable energies in_ru e ification;they do
not deal with clean development mechanisms at this time (CO4 emissi credit,| etc.).

Furthg¢r developments in this field could be introduced in futu

This [consistent set of documents is best consideg a i parts

corregponding to items for safety, sustainability of systepn bst as
possibble. One of the main objectives is to p hents,
relevdnt to the field of application, ff-grid
systenns.

The purpose of this part of IEC 622 bneral

information about generators and to h
technplogies that can be u

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

Part 7: Generators

cope
Urpose of this part of IEC 62257 Is 10 specity the general requirementis for generators
mum power = 100 kVA) in decentralized rural electrification systems
im is to point out the main items that must be considered $izing,
ing, operating and maintaining this equipment.
echnical specification is a general introduction followea ments
ted to the generation technologies which are 4 used in| rural
fication projects.

2 Normative References
bllowing referenced documents are indisp ment.

For dated references, only the edition cite dition
referenced document (including
S 62257-2:2004, Re ns for
blectrification — Part
S 62257-4, con F rural
fication —
S 62257-5, F rural
fication = Pa
S 6 dations for small renewable energy and hybrid systems for
ble %-1: Generators — Photovoltaic arrays
S 62257-7- ecommendations for small renewable energy and hybrid systems for
electrification = Part 7-3: Generating set — Selection of generating sets forl rural
ficdtion systems

electr|

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

3 Terms and definitions

For th

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

1 To be published.
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3.1
generator
apparatus that converts one form of energy into electricity

[IEC 61836, 3.3.25, modified]

3.2
dispatchable power system
power system where delivered electricity is available as scheduled

(ex: a fossil-fuelled engine-powered generator is dispatchable. A renewable energy generator

is usuaiiy a o u'iapatuilaluic powet DyDtUIII)

[IEC 41836, 3.3.64, modified]

3.3
non-dispatchable power system

non-djspatchable system is resource dependent; power might
time

bcified

3.4
collegtive electrification system

small jelectric generating system and minigrid th
pointg from a single or multiple energy

ption

[IEC 41836, 3.3.10]

3.5
individual electrification s
small [electric generating s
housghold, usually fro

[IEC 61836, 3.3.@

3.6
interfpce
boundary between
systeqns

nas a

f two

3.7
genset
colloquial term_m
an elgctric-generato

led to

[IEC 1836, 3.3.26]

3.8
microgrid
grid that operates at less than 100 kVA of capacity and is electrified by a micropower system

3.9

micropower system

generating system that produces less than 100 kVA through the use of a single source or a
multi-source system

3.10

user installation

electrical installation located in the user’s house, powering the user’s appliances and
connected to the interface with the microgrid
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4 General

In an electrification system, a generator is a part of the energy production subsystem.
Different architectures of energy production subsystems are provided in IEC/TS 62257-2
along with some recommendations for selecting the relevant energy production subsystems
matching both sources and demand requirements. (IEC/TS 62257-2, Annex D).

An energy production subsystem may include one or several generators of the same
technology or of different technologies (hybrid production). Recommendations to configure
hybrid power systems are provided in IEC/TS 62257-9-1. According to the availability of the
primary resource, the generators can be classified as dispatchable or non-dispatchable.

5 Generator boundaries

Figure 1 illustrates the position of the generator in an electrification‘syste

Electrification system

—
Energy production Distribution
subsystem subsystem
Micropower Microgrid : ers installations
system i

\‘.'
Generators C

! IEC 443/08

Higure 1 cal configuration of a collective electrification system

NOTE |1 S i C/TS 62257-4, a collective electrification systems is composed of 3 parts as sfiown in
Figure [1; an Indivi |'Electrification System does not include a distribution subsystem, but could be powergd by a
microppwer systée

NOTE |2 Micropower systems are addressed in IEC/TS 62257-9-1.

The dgererator—embeodies—everythingreededto—produce—electrie—power—eorrespending—to the
necessary characteristics of voltage, frequency, harmonics, power and consumption of the
customers, according to the needed quality of service.

In the IEC 62257-7 series, “generator” means “installed generator”. Are included in a
generator:

— The generator itself, able to produce electricity from a primary source of energy (sun,
wind, fuel, water).

— The associated internal control devices.

— The associated protective devices.

— The associated connecting devices with other equipment of the micro power system
(busbars, etc.).

— The necessary infrastructure and civil engineering.
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6 Generators requirements

6.1

General requirements

When defining the generator characteristics the following “inputs” and “outputs” shall be taken
into consideration as indicated in Table 1:

Table 1 — General inputs and outputs to be considered for generator specification

Input requirements

Generator characteristics

Output requirements
(results)

(co 1<frainf<)

Signals
(start/stop, pynchronization)

Assessmen
quality requirements

Primary engrgy resources
(sun, wind, water flow/head,
fuel)

Environmental conditions
(air pressurp/humidity/
temperaturg)

Regulationg / Standards

Assessmen
demand

of energy

of energy

Technology
Size
Weight

Volume
Protection

Housing

Civil engineering

@NX

(AL,

Safety
eople, equipmept)

ances
power,

Environmental impacts
(exhaust, heat, ngise)

6.2
6.2.1
Table issues that have to be addressed concerning the site
chara s whether the generator is relevant to the requirements |of the
Gene

Input requirements relative to the generator technology

Issues to be addressed

Input fequirements

(cdnstraints)

P\L arrav
Y

Wind-turbine.

Genset

Micro hydro

turbine

Resource
availability

Only during daylight
and variable
according to the
season

High short-term
variability;
seasonality and
extreme conditions
(storm)

Linked to site
accessibility and
local storage
capabilities

Day and night
availability;
seasonality and
extreme conditions
(overflow)

Resource
assessment

Possibility of
extrapolation of
existing data
concerning a
neighbouring area

Extrapolation of
existing data
requires the use of
dedicated software
and a thorough
assessment of the
site configuration

Easy evaluation of
sourcing and of
possibility of
transportation and
recycling drums

In most cases, no
existing data
available; on site
measurement of
flow and
observation of
seasonal variations
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Input requirements

Issues to be addressed

(constraints) PV array Wind turbine Genset Micro I_'lydro
turbine
Resource level Production of a A minimum wind Specific A minimum water

given array could
vary by a factor of 4
depending on site
solar irradiation and
temperature
characteristics

speed is required to
start production

Production is
strongly dependant
on wind resource,
theoretically on a

consumption (I/kWh)
varies with load
factor and altitude

flow or head is
required

cubic law

Possibllity to install
the gerjerator as
close af possible to
the endrgy
utilisatipn

Yes, if room
available

Not always practical

The wind resource
is dependant on the
location

In a few cases small
wind turbines can
be installed directly
on roofs

Consider also nolse
problems

ctical

he

Room gvailability for
installing the
generajor

The ratio surface /
power installed is
high for PV arrays
compared to other

e ratjo surface /
power is the
smallest

Additional space for
fuel storage is
needed

The infrastrucfure is
very dependart of
the technology and
of the necessgry
head

Site chpracteristics
to be cpnsidered

Roughness,
tacles, etc.

Accessibility for fuel
transportation

Accessibility tg the

water resourcq

Civil engineering
constrdint level

Medium to high
depending on the
configuration of the
ground, the
consistency of the
soil or the quality of
the roof

Depends on the size
and technology of

the-wind-turbine.

Low

Could be high
depending on the
slope and width of
the river

Needed operation
skill

Low

Low, but high for
maintenance
operation

Low, but high for
heavy maintenance
operation

Low, but medium for
maintenance
operation

Operation
constraints

Batteries storage or
hybridation needed
to adapt the
production to the
demand

Batteries storage or
hybridation needed
to adapt the
production to the
demand

To operate between
50 % and 80 % of
the rated power to
ensure the nominal
lifetime of the
engine

Fuel storage needed

To adjust the
settings of the
turbine in relation to
the available flow
and the electricity
demand

NOTE Different levels of accuracy to collect resources and demand data are given in IEC/TS 62257-4.
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6.2.2 Output requirements

Table 3 highlights the issues that have to be solved for each type of generator regarding the
different output requirement listed in the General Specification (GS).

Table 3 — Output requirements relative to the generator technology

Output Issues to be solved
requirements Micro hvd
. . ydro
(results) PV array Wind turbine Genset turbine
Electrical Voltage forming Voltage and Internal voltage and | Voltage and
perforn dlces needed (D4tlery, requerncy reguiation Irequernicy reguiation Irequerlicy reguy lation
(loads and quality of | hybridation) by an external mean low or_demjand
service] regulation
Storage to adapt Storage needed to
production to adapt production to needdd in
demand demand
Energy conversion Energy conversion nergy convergion
needed if a.c. needed when using eded when yising
demand wind turbines for battery charging
battery charging ,7
Safety |ssues Electrical Electrical Ie@cal Electrical
Mechanical Moving s Moving parts
(wind effect on PV H Water pressure
array)

Fire hazard

Enviror Vis \l\-) Noise Visual (especiglly
impact \ ) . due to the weif and

ise S_0|| pollution due to | 4o penstock, {f any)

) oil and fuel
ttery recycling A vollution due to Fauna and flofa
| utl u H
if battery storage) eth’:)lust impact
Heat

Electn Il be defined in order to supply the quality level as required|in the
GS off . ly quality indicators are given in IEC/TS 62257-2, Annex C, Tablg 6.

Safety recommendations include general electrical safety requirements from IEC/TS 62257-5
(common-to all generators) but attention shall be paid to the specific aspects related tq each
technology (mechanical hazards, moving parts, fire hazards, high temperature, etc.).

The design of the generator shall take into account the characteristics of the appliances to be
supplied (e.g. a poor power factor implies the oversizing of the generator).

6.2.3 Specific requirements for different generator technologies

Specific requirements for different technologies are addressed in the following technical
specifications as indicated in Table 4:
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Table 4 — Specific generators requirements considered in the IEC 62257 series

Designation IEC 62257 reference
PV array IEC/TS 62257-7-1
Wind turbine a
Generating set IEC/TS 62257-7-3
Micro-hydro turbine b

@ Standard to be developed.

b Standard to be developed.

7 Generator design and sizing

Powef and energy can be supplied by one or several combined generato
The generator or a hybrid micropower system including severahgene e sizgd and
designed to provide the peak power and the energy requir
The main architectures of micropower systems are pyovided in_J
Severjal strategies may be developed.to en action of customers and
profitability of the project. The over crease the satisfactjon of
custofers but can also endanger the profita to the
fact fhat for generating sets oversizi technical risk (refer to
IEC/T]S 62257-7-3).
In order to help optimizing ¢ calculations of systems, refler to
IEC/T]S 62257-4.

supply for voltage and current supplied [to the

The GS require D
customer. Therefore;

5 S

lected, designed and sized in order to be gble to

proviﬂg the required at purpose, important parameters shall be taken in
account such as nces. to be powered, the length of the microgrid, the architecfure of
the m|cropower s al generators, mix of technologies, storage, etc.).

8 Hly 1a~ge

Specific requirements\for the combination of different generators in a micropower system are

addre

5sed.in-tEC/TS 62257-9-1.
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