IEC/TS 62257-9-5:2013(E)

IEC/TS 62257-9-5

Edition 2.0 2013-04

TECHNICAL
SPECIFICATION

colour
inside

RO

\vg
Recommendations for small renewable energy Wd systems for rural

electrification —
Part 9-5: Integrated system — Selec
electrification

t@ stand-alone lighting kits for rural




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2013 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC:
latest edition, a corrigenda or an amendment might have been published.

at prepares. and publishes

gu have the

Useful links:

IEC publications search - www.iec.ch/searchpub

The advanced search enables you to find IEC publications i i dictionary of electronic and
by a variety of criteria (reference number, text, technical ectrica ining”more than 30 000 terms and
committee,...). miti d French, with equivalent terms in
It also gives information on projects, replace 7 Also known as the International
withdrawn publications.

d
IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Pub Ilshe
details all new publications released i i

also once a month by email.

9,

sh to give us your feedback on this publication
e€d further assistance, please contact the
Cusfomer Service Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://webstore.iec.ch/csc
mailto:csc@iec.ch

IEC/TS 62257-9-5

Edition 2.0 2013-04

TECHNICAL
SPECIFICATION

colour
inside

- 67}
hle.energy Wd systems for rural

nd:alone lighting kits for rural

Recommendations for small re
electrification —

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE X H

ICS 27.160 ISBN 978-2-83220-733-8

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission




-2- TS 62257-9-5 © IEC:2013(E)

CONTENTS
FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 9
INTRODUGCTION ..ottt et e e e e e e e e et et e et e e e et e et e e e eanns 12
TS T o0 Yo 13
2 NOIMaAtiVE T EIENCES ..o et 14
3 Terms and definitioNs . ... 15
4 Sy SEEM LML Lot 19
4.1 System deSCriPtioN ...
It B 0701 4 T o Yo =T 0} £ Y A PP
4.1.2 Product categories.......coiiiiiiiiiiiiiineiceecec e T e e N
4.1.3 Lighting Kit parts......cooviiii e e N e e N e e
4.1.4 Additional system elements ..........coooiiii G N N e S N
4.2 System measurements and observations
4.2.1  General cooooviiiiiiiiiiieiee e e NN N e N
4.2.2 Product design, manufacture, and marketi
4.2.3 Product durability and workmanship as
4.2.4 Lighting durability aspects
4.2.5 Battery performance aspect
4.2.6 Solar module aspect
4.2.7 Runtime aspects......—~.....0.0
4.2.8 Light output aspects
4.2.9 Qi
4.2.10
4.2.11 Wat
5 Product specifieati
. comes
5.2 %
5.3
5.4
5.4.4 Quality standards Criteria........ccooouiiiiiiiii 42
5.4.5 Warranty requirements Criteria...........ocooiiiiiiii i 47
5.4.6 Performance targets Criteria .........ccooviiiiiiiii 47
6  Quality test Method ... e 50
L O € 7= o =Y - | S 50
6.2  APPHCAtIONS . e 50
6.3  SampPling reqUITEMENTS . ... e 51
6.4 Laboratory requIiremMents . ... 51
6.5  Testing reqUIremMEn S ... 51
6.6 Recommended tests Programme .. ..o 53
B.6.1  GeNEIAl .. 53
6.6.2  Product Sampling ...ccooie i 54

6.6.3  Test preparation ... 54



TS 62257-9-5 © IEC:2013(E) -3-

6.6.4  BatCh A testS oo 55
6.6.5 BatCh B tests ..iuiiiiii 56
6.6.6 Batch C / potentially destructive tests .......cccoiiiiiiiiii e 56
6.6.7 Report preparation. ... ... 57
TR A = U= o o ] {1 o T 57
7 Market check Mmethod ... e 57
40 T € 7= o =Y - | PP
7.2 APPHCAtIONS . e
7.3  Sampling reqUITEMENES . .ouii e e
7.4 Laboratory requIremMents ...
7.5 Testing requirements.......ccoiiiiiiiiiii e [
7.6 Recommended tests programme
7.7 Reportrequirements.........oooiiiiiiiiii e o N e e N e
8 Initial screening Method..... ... e N N e e e s N e ene
T I € 1= o 1= - | I UPTE S\ WP URR U P
8.2 Applications... ..o e N e e e N
8.3 Sampling requirements..........oooiiiiii T TN N N
8.4 Laboratory requirements
8.5 Testing requirements...........c..ccoeeeeneee.
8.6 Recommended tests prograr
8.7 Reporting .....coooiiiiiii NGO
9 Field screening method ................o NG D
9.1 General ..o
9.2  Applications.....&... 50 A TG N
9.3 Sampling require = T O T LT T LT ST E T r R CrE TT P
9.4 Laboratory requi
9.5 Testin
9.6 Recom

lbattery run time ...

9.6.8  Solar-day rUn tiMe ..o
9.6.9 Water protection assessment..... ... 67
9.6.10 Durability teSting.....c.uiiiiii 67
9.6.11 Results check and report generation...........coooiiiiiiiiiii e, 67
10 Standardized specifications sheets. ..., 67
(O B €= T - Y 68
10,2 APPICAt I ONS . 68
T0.2.1 GENEIAL et 68
{027 € ¥ | o - o o= 68
10.2.3 Framework for SSS guidelines document.............ccoooiiiiiii i, 68

Annex A (informative) Recommended quality standards and performance targets for
off-grid lighting market support programme qualification .................ccooiiiiiii i, 73



-4 - TS 62257-9-5 © IEC:2013(E)

Annex B (informative) Example quality standards, warranty requirements, and

performance targets for bulk procurement qualification (“sample tender”) ................cooiitL 77
Annex C (informative) Recommended SSS guidelines ..........ccooiiiiiiiiiiiii e, 82
Annex D (normative) Manufacturer self-reported information................c.coooiiiiiiiiinn, 91
Annex E (normative) Product Sampling ..o 95
Annex F (normative) Visual SCre@niNg ... ...couuiiiiiiiii e 98

Annex G (normative) Sample preparation ..........ccoiiiiiiiiii i

Annex H (normative) Power supply setup proCedUIe .......cccoiiuiiuiiiiiiiii e
Annex | (normative) Light output test ...
Annex J (normative) Lumen maintenance test............coooiiiiiiiiiinnn.

Annex K (normative) Batterytest .......cocoiiiiiiiiii

Annex L (informative) Battery testing recommended practices
Annex M (normative) Full-battery run time test...........c..co OGN D
Annex N (normative) Full discharge preparation.................ce o e e NG Neeen
Annex O (normative) Grid charge test

Annex X (informative) (Exa
Annex Y (inform

Figure 3 — Portable integrated system—example arrangement of components...................... 21
Figure 4 — Fixed integrated (fixed outdoors) system-example arrangement of

[oZo ] g1 0] 0 T=Y o) £ N 22
Figure 5 — Division of a lighting kit into subsystems—illustrative example ............................. 23
Figure 6 — Recommended sequence of testing for QTM ... ... 54
Figure 7 — Recommended sequence of testing for FSM ... ... 66
Figure 8 — First portion of example SSS ... .o 71
Figure H.1 — 4-wire test configuration with input filter capacitors................cooooiiiiiiiinn . 110
Figure 1.1 — Conceptual schematic of the light output test setup, including the 11 x 11

grid, Cartesian coordinate axes for rotation reference, and the DUT ...............cooiiiiinni. 115
Figure J.1 — Schematic of a photometer tube ..o 120

Figure J.2 — Example lumen maintenance plot ... 125



TS 62257-9-5 © IEC:2013(E) —-5-

Figure L.1 — Battery testing flowchart for the battery test (Annex K)........cooooiiiiiiiiinnnn, 134
Figure M.1 — Interior view of photometer box with suspended light.......................coon 138
Figure M.2 — Plot of example results from the full-battery run time test ............................... 140
Figure Q.1 — PV module |-V curve testing rack..........c.ooieiiiiiiii e 156
Figure R.1 — Schematic of the power supply and DUT connection for the solar charge

I O BN CY 1St e e 162
Figure R.2 — Example “true” and simulated I-V curves plotted with the deviation ratio......... 164

Figure R.3 — Example time series plot of the solar charging cycle showing the
maximum power available from the PV simulator, actual power supplied by the PV
simulator, and power delivered to the batteries ..., 172

Figure R.4 — Example time series plot of the solar charging cycle showing(the
instantaneous battery-charging circuit efficiency and solar operation efficiengy...............

Figure W.1 — Three-dimensjonal Cartesjan

S
Figure W.2 — Cable strainN\angle (y) schematics-fo
Figure Y.1 — Interior vi
Figure Y.2 — Ex ie

system for drop test reference......... 211

module junction box (left) and

Table 5 — End-user support standards .........ooiiiiiii i 40
Table 6 — End-user support requiremMents ... 40
Table 7 — Run time criteria for performance targets ... 40
Table 8 — Lighting service criteria for performance targets ..............coooviiiiiiicicice e, 40
Table 9 — Additional features criteria for performance targets .............cooeiiiiii i, 41
Table 10 — Truth-in-advertising criteria for quality standards ...............cooiiiii . 43
Table 11 — Notes on common truth-in-advertising aspects ...........ccooooiiiiiiiii e 44
Table 12 — Safety and durability criteria for quality standards ...............coooiiiiiiiiinin, 45
Table 13 — Recommended level of water protection by product category............ccccoeeviiinnin. 46

Table 14 — End-user support criteria for quality standards ..., 47



-6- TS 62257-9-5 © IEC:2013(E)

Table 15 — Criteria for warranty standards ............ooooiiiii 47
Table 16 — Run time criteria for performance targets...........cooiiiiiiiii i 48
Table 17 — Run time benChMarksS ... ..o e 48
Table 18 — Lighting service criteria for performance targets ..., 49
Table 19 — Lighting service benchmarks ... 49
Table 20 — Additional function criteria for performance targets............cocooeiiiiiiiiiiieee, 50
Table 21 — Applications of product specifications .............cccooiiiiiiiii 50
Table 22 — QTM testing reqUIremMENtS ... 52

Table 23 — Applications of product specifications

Table 24 — Typical MCM testing guidelines ............ccooviiiiiiiiiiieeeen
Table 25 — Applications of product specifications
Table 26 — ISM testing requirements............coooviiiiii S0 NG
Table 27 — Applications of product specifications
Table 28 — FSM testing requirements...........ccooiiiiiiiiiiiin e O N e e N e

Table B.1 — Product cla

Table B.2 — Qua@i
Table B.3 — Truthsin- S

Table B.10 — Additional features criteria for performance targets .............cooii. 81
Table C.1 — Requirements for retesting to update SSS ..., 82
Table C.2 — Recommended precision requirements for metrics on a continuous scale .......... 83
Table C.3 — Elements in the header / overall performance SSS section ...l 84
Table C.4 — Elements in the general information SSS section ..., 86
Table C.5 — Elements in the performance details section .............ccooviiiiiiiiiii e, 87
Table C.6 — Elements in the light output SSS section..........cooiiiiiiii i, 88
Table C.7 — Elements in the special features SSS section ..., 88
Table C.8 — Elements in the durability SSS section ..., 88
Table C.9 — Elements in the solar module details SSS section..........c.cooiiiiiiiiiii, 89
Table C.10 — Elements in the battery details SSS section ............ccooiiiiiiii i, 89

Table C.11 — Elements in the marks and certifications SSS section .........ccooiiiiiiiiiiiian... 89



TS 62257-9-5 © IEC:2013(E) -7-

Table C.12 — Elements in the SSS information section ..., 90
Table D.1 — Manufacturer self-reported information outcomes................cooiiiiiiiiiine . 91
Table E.1 — Product sampling OULCOMES .......ouiiiniii e 95
Table F.1 — Visual screening test OUICOMES ... ..o 98
Table H.1 — Standard operating voltage for several common battery types ......................... 111
Table H.2 — Voltage and current reporting requirements ...........ccooiiiiiiiiiiiciiee e, 112
Table 1.1 — Light output test OUtCOMES .. .o 113
Table J.1 — Lumen maintenance test OUtCOMEeS ... ... 118

Table J.2 — Lumen maintenance test minimum frequency of measurement for full

Table M.1 — Full-battery run time test ©
Table O.1 — Grid charge test outcomes.

minance measurements on the brightest “face” of the

function of minimum illuminance ............cc.coviiiiiiinenen. 194

posure and physical ingress protection test outcomes........................ 197

ure and physical ingress protection test outcomes ........................ 202

Zonly level of water protection requirements..............ccccoeviiiiiiinnnn... 203

Table V.3 — Technical level of water protection requirements..............ccccoeeiiiiiiiiiinieenn, 203
Table V.4 — Example detailed assessment supporting technical level of water

010 €= o3 4 o o U 205

Table V.5 — Overall level of water protection requirements.................oo . 206

Table W.1 — Mechanical durability test outCOmMES ........ooeiiiniiii e, 209

Table X.1 — Manufacturer self-reported information test report template ............................. 217

Table X.2 — Product sampling information test report template................ . 219

Table X.3 — Visual screening results test report template ... 219

Table X.4 — Light output test report template..........oooiiii 226

Table X.5 — Lumen maintenance test report template...........cooiiiii i, 227

Table X.6 — Battery test report template ... 228

Table X.7 — Full-battery run time test report template.............ooo 228



-8- TS 62257-9-5 © IEC:2013(E)

Table X.8 — Grid charge test report template........cooi o 230
Table X.9 — Electromechanical charge test report template..........cccoooiiiii i, 231
Table X.10 — Outdoor photovoltaic module I-V characteristics test report template ............. 232
Table X.11 — Solar charge test report template ... 234
Table X.12 — Charge controller behaviour test report template ...l 235
Table X.13 — Light distribution test report template ..., 236
Table X.14 — Physical and water ingress protection test report template ............................. 237

Table X.15 — Mechanical durability test report template

Table X.16 — Summary test report template ...
Table AA.1 — Field test oUtCOMES........ooiiiiii e

Table AA.2 — Example run time test datasheet
Table BB.1 — Battery durability test outcomes.............cooiiil!

O



TS 62257-9-5 © IEC:2013(E) —9-

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

this end and in addition to other activities, IEC publishes International Standa
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

the latter.

IEC itself does nof_provide
assessment seryi i
services carried out by i

Attention~i v ) ative references cited in this publication. Use of the referenced publications is
indispensab 3 et application of this publication.
Attention is draw possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. 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 62257-9-5, 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 2007. It constitutes a
technical revision.

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

e Overall, shifted from narrow focus on the needs of bulk procurement programmes to a
wider framework for structuring quality assurance using appropriate methods for a range
of stakeholders including governments, manufacturers, buyers, and others.

e Revised structure of document with modular methods (located in annexes) that are applied
using four distinct test regimes.

e Added normative references and definitions to support new document structure.

e Added a framework for categorizing products based on the arrangement of components.

e Expanded the range of aspects that are considered and formadlized (a framework for

guidance for test labs on staging.
e Added a “Market check method” that is a targeted
e Added a description for “Stand ons sheets” that can be used to

— Full battery run

- Durabilityi}
— Water protection

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

— |EC 62257-2:Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 2: From requirements to a range of electrification systems

— |EC 62257-3: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 3: Project development and management

— |EC 62257-4: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 4: System selection and design

— |EC 62257-5: Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 5: Protection against electrical hazards

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

It is also to be used with future parts of this series as and when they are published.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/731/DTS 82/759/RVC

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

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

The committee has decided that the contents of this publication will remain_unchanged until
the stability date indicated on the IEC web site under "http://webstore " in the data
related to the specific publication. At this date, the publication will be

» transformed into an International standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

+ amended.

A bilingual version of this publication may be i;s\u<ed>at I ter@d e.
N__/

IMPORTANT - The ‘'colour inside’

0ogo o ver page of this publication

onsidered to be useful for the correct

indicates that it contains colours which(are c
understanding of its COWW\SPI d\therefore print this document using a
(a>d

colour printer.
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INTRODUCTION

The |IEC 62257 series intends to provide to different players involved in rural electrification
projects (such as project implementers, project contractors, project supervisors, installers,
etc.) guidelines for the setting up of renewable energy and hybrid systems with AC nominal
voltage below 500 V, DC nominal voltage below 750 V and nominal power below 100 kVA.

These documents are recommendations

e to choose the right system for the right place,

e to design the system, and

e to operate and maintain the system.

y—quality assurance strategies for
cations, tests, and a standardized
e selection of products by project
help market support organizations,

stand-alone lighting kits, including /product

specifications sheet format. In additioan t¢ sup i
developers and implementers, quality\as \

manufacturers, and gover

9,
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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

1 Scope

This part of IEC 62257 applies to stand-alone rechargeable electric lighting appliances or kits
that can be installed by a typical user without employing a technician.

This technical specification presents a quality assurance framewerk \that insludes product

— participa
sheets),

often use quality.@Ssurance plans or requirements to

— support quality control processes at a manufacturing plant or upon receipt of goods
from a contract manufacturer, and

— choose products to distribute.

e Bulk procurement programmes facilitate or place large orders for devices from a
distributor or manufacturer. Bulk procurement programmes may use quality assurance to

— provide devices to a particular, relatively small group of end-users whose needs are
understood (e.g., project developers and implementers for an electrification project
may include quality assurance requirements in the GS of an electrification project (see
IEC/TS 62257-3)), and

— organize a subsidy, buy-down, or giveaway programme that will serve a broad set of
users.

e Trade regulators are typically government policymakers and officials who craft and
implement trade and tax policy. Regulators may use quality assurance requirements to

— qualify for exemption from tax or duties, and



