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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: General introduction to IEC 62257 series and rural electrification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of IE is to promote
international co-operation on all questions concerning standardization in the electrigal| and ele ronic flelds To
this end and in addition to other activities, IEC publishes International Standards, \
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; any |
in the subject dealt with may participate in this preparatory work. S

2) The formal decisions or agreements of IEC on technical matters expre

3) IEC Publications have the form of recommendations fgf \n

Publications is accurate, IEC cannot be{held\res
misinterpretation by any end user.

4) In order to promote international uniformit i mittees undertake to apply IEC Publications

transparently to the maximum extent posgi and regional publications. Any divergence
between any IEC Publication and the correspond iona yional publication shall be clearly indicated in
the latter

5) IEC itself does not provide "any attg i 3 ity.N\imdependent certification bodies provide conformity
assessment services and 8 o IEC/marks of conformity. IEC is not responsible for any
services carried out by indep

6) All users should@e

7) No liability shall attac diregtors\employees, servants or agents including individual experts and

members of its techn{cal C¢ i d_[EC National Committees for any personal injury, property damage or

other damage of & whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\o tion,/use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attention is drawn ative’ references cited in this publication. Use of the referenced publications is
indispepSableXor the correct i i icati

9) Attentio 230 t the pogsibility that some of the elements of this IEC Publication may be the subject of

~JEC'shal not\ge held responsible for identifying any or all such patent rights.

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

o the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

o 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 62257-1, which is a technical specification, has been prepared by IEC technical committee
82: Solar photovoltaic energy systems. It was developed in cooperation with other IEC
technical committees and subcommittees dealing with renewable energies and related matters,
namely technical committee 21 (Secondary cells and batteries), subcommittee 21A (Secondary
cells and batteries containing alkaline or other non-acid electrolytes), technical committee 64
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(Electrical installations and protection against electric shock), technical committee 88 (Wind
turbines).

This second edition cancels and replaces the first edition issued in 2003. It constitutes a
technical revision.

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

— Addition of a map and an up to date list of the current IEC 62257 series and a guide “how to
use the IEC 62257 series” in order to implement a rural electrification project or a stand-
alone hybrid system for a remote place in a developed country.

The guide is based on the different phases of an electrification projeet. . explains which
player is in charge of which phase and which technical specification(s) of the series shall be
used for this particular phase. It also includes examples of some<Uusefuftables or figures

— Addition of a list of all the terms and definitions used in the

This technical specification shall be used in conjunctio - documents of the
IEC 62257 series.

The text of this technical specification is based on the following docum

(\ N
Enquiry d{{f\ N\ )ero(t o@ir\g\/
\ 82/779/RVG/

Full information on the voting hl\bhﬂcal specification can be found in the

A list of all parts@\ ; S s, pdblished under the general title Recommendations
for small renewable g 2 f 1 ,
website.

+ transformed. International standard,
* reconfirmed,
« withdrawn,

* replaced by a revised edition, or
+ amended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication
indicates that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Rural electrification is one of the predominant policy actions designed to increase the well-
being of rural populations together with access to clean water, improved healthcare, education,
personal advancement and economic development.

Several strategies can be adopted to implement rural electrification. Rural electrification can be
completed through connection to a national or regional electrification grid. The IEC 62257
series applies to cases where the grid is too far away (too costly) or the individual demand
centres are too small to make grid access economic, where autonomous power systems may
be used to supply these services.

This series |IEC 62257 provides technical specifications to different playe olved in rural
electrification projects (such as project developers, project implemengé
the setting up of renewable energy and hybrid systems with AC

voltage below 750 V and power below 100 kVA.

These documents are recommendations:

a) to choose the right system for the right place,
b) to design the system,

c) to operate and maintain the system.

The documents focus on rural electrification < not specific to developing
countries. They must not be considered a iNg electrification. That means that
they could be used for rural electrification o ification of remote sites in developed
countries also. They try to promote thel use nergies in rural but they do not deal

This consistent set 9 s 15 _best considered as a whole with different parts
corresponding to bility of systems and at the lowest life cycle cost as
possible. One o e.main okhjectives \is Yo provide the minimum sufficient requirements,
relevant to the field @ i is: gmall renewable energy and hybrid off-grid systems.
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 1: General introduction to IEC 62257 series and rural electrification

1 Scope

This part of IEC 62257 first introduces a methodology for implementing rural electrification

using small autonomous hybrid renewable energy systems.

series for

the only difference being the level of quality of service and the s energy that
the customer can afford.

The IEC 62257 series is designed as follows:
e Parts 2 to 6 are methodological supports for (the
projects.

o Parts 7 to 12 are technical specificati
components.

2 Normative references

sferences, only the edition cited applies. For
eferenced document (including any amendments)

electrification — Part4’ System selection and design

IEC/TS 62257-5:2005, Recommendations for small renewable energy and hybrid systems for
rural electrification — Part 5: Protection against electrical hazards

IEC/TS 62257-6:2005, Recommendations for small renewable energy and hybrid systems for
rural electrification — Part 6: Acceptance, operation, maintenance and replacement

IEC/TS 62257-7, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 7: Generators

IEC/TS 62257-7-1, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 7-1: Generators — Photovoltaic arrays

IEC/TS 62257-7-3, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 7-3: Generator set — Selection of generator sets for rural electrification
systems
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IEC/TS 62257-8-1:2007, Recommendations for small renewable energy and hybrid systems for
rural electrification — Part 8-1: Selection of batteries and battery management systems for
stand-alone electrification systems — Specific case of automotive flooded lead-acid batteries
available in developing countries

IEC/TS 62257-9-1, 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: Microgrids

IEC/TS 62257-9-3, Recommendations for small renewable energy and hybrid-systems for rural

electrification — Part 9-3: Integrated system — User interface

electrification — Part 9-4: Integrated system — User installation

IEC/TS 62257-9-5, Recommendations for small renewable e
electrification — Part 9-5: Integrated system — Selection 6
electrification projects

systems for rural
ting kits for rural

rural electrification — Part 9-6: Integrated
Electrification Systems (PV-IES)

3 Terms, definitio

For the purpose@ \

CES

3.2
GS
general specification

3.3
hybrid system
multi-energy sources system

3.4

Individual Electrification System

IES

micropower plant system that supplies electricity to one consumption point usually with a single
energy resource point
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3.5

micropower plant

power plant that produces less than 50 kVA through the use of a single resource or hybrid
system

3.6
microgrid
grid that transfers a capacity level less than 50 kVA and powered by a micropower plant

3.7
RE
renewable energy

4 Methodology for rural electrification using small hybrid
systems

4.1 Rural electrification: which solution to choose?

When developing a policy of electrification for a given co

ta. With this approach, the demand
ent should include possible changes in

the power requirement ture economic development for each village. The
urban development angd aphic characteristics of each village are also important to
determine the b S i i d to assess the amount of capital investment
needed.

GeographicalNnformation/Systems (GIS) are readily available off-the-shelf today and allow a
beneficial and useful graphical presentation of the master plan. In such a representation, each
village can be identified on an appropriate map with colour codes depicting the corresponding
type of power supply.

Furthermore in such a master plan, villages can be prioritized for further scheduling of the
electrification work on a yearly or 5 year basis. In this process, the cost effectiveness of
the electrification per village would be taken as one of the most significant prioritizing criteria.

This criterion is less important in the developed world but is critical in developing countries.
Simulations can also be made by varying all the relevant parameters to allow a comprehensive
financial analysis of the selected system. Figure 1 is an illustration of electrification progress
following such a master plan methodology.
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Year n electrification work progress Year n + 1 electrificatio k\progress

iEC 2690/13
Key

Collective isolated electrification system

Individual isolated electrification system

R KA

Grid line

Figure 1 — Example of electrification progress foll lan methodology

In the same way, the best strategy shd
according to its topography. Figure 2
sparsely populated peripheral zone.

ying a village or a small town,
ensely populated core and a

The economic calculation s

m%conm ¢al solution is to electrify the centre of
the village with Collective st igropower stations and microgrids) and to

Peripheral zone
electrified by

IESs
D\
ense zone _—
electrified by CESs ~ ~
(microgrid and
micropower station) P CES
- \ (Micropower
station and
/ , microgrid)
CES l |
(Micropower
station and “ /
micro grid) I —

iEC 2691/13

Figure 2 — Example of electrification of a village using both CESs and IESs
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4.2 Decentralized electrification requiring a range of systems

Rural electrification using decentralized systems is designed to supply power to demand points
located in rural areas that cannot be easily (economically) connected to national grids.

In most cases, these consumption points would consist of the following types of demand:

— specific processes (for example public pumping, battery charging center),
— isolated homes,

— collective facilities (for example public lighting, schools, health and care center, places of
worship, administrative buildings, etc.),

— business activities (for example workshop, micro industry, trade, etc.).

CES systems may be appropriate for rural, relatively highl
villages whereas the IES may be appropriate for more
isolated households.

Individual Electrification Systems (IES) for singl

— one electrical power production subsystem
— one subsystem for utilizing this electrical power:

Collective Electrification Sye
three subsystems:

— an electrical power |pr
by conventioy i d as “micropower plant” where ‘micro’ refers to a
modest produstio ) few kVA to a few tens kVA),

solutions and “salculating the discounted costs. Such an analysis, however, shall take into
account the pertinent gociological and cultural aspects.

The final decision may also be influenced by other considerations, for example, the daily
operating time. Simply designed systems making use of small gensets and a microgrid are
required for sharing and distributing power among the users. Typically, gensets often are run
for limited periods of time during the day, for example between 7 p.m. and 10 p.m.

The use of hybrid micropower plants can allow for a better reliability of the supply. Power is
produced by renewable energy sources when available and stored in batteries. Power can be
made available to the microgrid during a greater part of the day or even all day. Additional
power may be supplied from the gensets when renewable energies are insufficient.

In many developing countries, there is often a very low demand of electricity in rural
households and a concurrent limited capacity for payment. The individual users requirements
typically range between a few tens and a few thousands Wh/day. In developed countries,
energy requirements may be larger as is the expected quality of service.



TS 62257-1 © IEC:2013 -11-

With very scattered houses, the IES solution may be the obvious choice. If the individual
electricity demand is low, the cost of such small systems can also be relatively low — provided
the systems can be produced in large quantities. Table 1 shows some of the advantages and
disadvantages of collective and individual systems.

Table 1 — Some advantages and disadvantages
of the proposed single and multiple user systems

Advantages Disadvantages
e Power consumption is user managed. e In case of inadequate management of the
Consumption will be user determined from power, the user will be self-impaired.

one day to another. .
. Failures.

Individual e Systems failures imply only one user. L
Electrification e  Monitoring indiy,
Systems (IES) e Systems can be exchanged and returned expensive and(difficult:

to manufacturer. .
. Maintenance a

commonly anized\i
espegiallyN i

e Power saving can be practiced (possibly)
using improved management tools without
impairing the reliability of power supply.

Collective

Electrification e Telemetry can be economic for monitorin

Systems (CES) system status. (\(}

In both cases the electrical appliances/used sh be of the low power/energy efficient type,
for example high efficiency fluorescent li . [ ch appliances can be a drawback
because this type of egudipren standard electrical appliances. For
example, low consumptic i iderably more expensive than tungsten
incandescent lamps.

4.3 The use ¢ i fficient loads should be compulsory in these projects.
This means that supp - s, as far as possible, may be best included as part
of the energy supp ‘ is shedld include as a minimum low consumption lamps but

The summary of the” series is given in Table 2. The different parts have been designed
following the main topics about rural decentralized electrification. The documents are classified
accordingly.

Through the following information the reader is guided and assisted for finding the right
information needed for each phase of the project.

This guide is organized following the phasing of the setting up of a rural electrification project.
Table 3 gives a presentation of the documents and establishes links between the phases of the
projects and the content of the documents.
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Table 2 — Content of the 62257 series

Introduction to IEC 62257 series and decentralized rural electrification

IEC/TS 62257-1 (2013) Ed. 2.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 1: General
introduction to IEC 62257 series and rural electrification

Management of project — rules for designing, managing and operating rural electrification systems

IEC/TS 62257-2 (2004-05) Ed. 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 2: From
requirements to a range of electrification systems

IEC/TS 62257-3 (2004-11) Ed. 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — 3: PrOJect
development and management

IEC/TS 62257-4 (2005-07) Ed. 1.0
Recommendations for small renewable energy and hybrid systems for rural electrifi — Pait 4: 'Syste
selection and design

against electrical hazards

IEC/TS 62257-5 (2005-07) Ed. 1.0 \ \\;
Recommendations for small renewable energy and hybrid systems for ruragkelestrificatio otection

IEC/TS 62257-6 (2005-06) Ed. 1.0
Recommendations for small renewable energy and hybrid system’s for(:7ral ectrification Part 6: Acceptance,

operation, maintenance and replacement
Tecyglcal sp/e\élfléﬁ}lo/% /\\ \

IEC/TS 62257-7 (2008-04) Ed. 1.0
Recommendations for small renewable energy and\ hybri tem for rural_electrification — Part 7: Generators

IEC/TS 62257-7-1 (2010-09) Ed. 1.0

Recommendations for small renewable energy d hybritksystemsNor rural electrification — Part 7-1: Generators —
Photovoltaic arrays

IEC/TS 62257-7-3 (2008-04) Ed. \(
Recommendations for smallMe enemh ms for rural electrification — Part 7-3: Generator set

— Selection of generatgr sets foryur ectrification sysiems

IECITS 62257-8-1 (@

Recommendations for ¥m and hybrid systems for rural electrification — Part 8-1: Selection of
batteries and battery m nd-alone electrification systems — Specific case of automotive
flooded lead-acid batgeri vailable inNdeveloping countries

IEC/TS 62257-9-

Recommendati le gnergy and hybrid systems for rural electrification — Part 9-1: Micropower
systems

IEC/TS 62 w

Recommendations_for sma|l reflewable energy and hybrid systems for rural electrification — Part 9-2: Microgrids
IEC/TS 62257-9-3 (20 Ed 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 9-3: Integrated
system — User interface

IEC/TS 62257-9-4 (2006-10) Ed. 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 9-4: Integrated
system — User installation

IEC/TS 62257-9-5 (2013-04) Ed. 2.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 9-5: Integrated
system — Selection of stand-alone lighting kits for rural electrification projects

IEC/TS 62257-9-6 (2008-09) Ed. 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 9-6: Integrated
system — Selection of Photovoltaic Individual Electrification Systems (PV-IES)

IEC/TS 62257-12-1 (2007-06) Ed. 1.0

Recommendations for small renewable energy and hybrid systems for rural electrification — Part 12-1: Selection of
self-ballasted lamps (CFL) for rural electrification systems and recommendations for household lighting equipment
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Table 3 — Utilization of the different parts of the IEC 62257 series
according to the main project phases

Reference Phases of a Phases of a rural Player involved Deliverable IEC 62257
No. project electrification project pertinent part
5.2.1 Opportunity - Master plan of - Owner/ - Master plan Part 1
study electrification Project )
developer - Time t_a_ble_of
(Where to develop the electrification
national grid - Engineering (taking into
consultant account economic
Where to develop off or political

grid electrification)

5.2.2 Specification - Target definition - Project - /ﬁ’art 2
(location, size of the developer
project) ] ) Part 3
- Engineeri
consultaqt
5.2.3 Feasibility - Feasibility N\ Reqewasfe Part 2
. enekgies resource )
(Technlc_:al and ssment socio
economical) economic
-\, Socio economical study
study

<

- Business plan

5.2.4 Detailed
technical studies

O

riting of the
cificatio

enexal - General Part 2
deyeloper specification
Part 3

- | Engineering

consultant Part 4

Part 5
Parts 7 to 12

5.2.5 Implement&tion i - Project - Electrical Part 5
issioni implementer installations
Part 6
- Suppliers - Commissioning
sheets
- Sub-
< contractors
\/ - Training

providers
5.2.6 VaIidembn\/ Assessment: does the - Project - Quality of service Part 6
service provided comply developer assessment report
with the General ) .
Specification - Engineering
consultant
- Project
implementer
5.2.7 On field - Operation - Owner/Project | - Quality of service Part 5
operation developer
P - Maintenance P - Quality of Part 6
- Operator management
- Replacement P g and relevant
- Customer technical
- Management relationship specification

- Recycling




