
BSI Standards Publication

Renewable energy off-grid systems

Part 9-5: Integrated systems — Laboratory evaluation of stand-
alone renewable energy products for rural electrification

PD IEC TS 62257‑9‑5:2024

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TS 62257-9-5 
Edition 5.0 2024-12 

TECHNICAL 
SPECIFICATION 
 

Renewable energy off-grid systems – 
Part 9-5: Integrated systems – Laboratory evaluation of stand-alone renewable 
energy products for rural electrification 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 27.160   

 

ISBN 978-2-8322-9980-7 
 

® Registered trademark of the International Electrotechnical Commission 

® 
 

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

  

National foreword

This Published Document is the UK implementation of 
IEC TS 62257‑9‑5:2024. It supersedes PD IEC TS 62257‑9‑5:2018, which 
is withdrawn.

The UK participation in its preparation was entrusted to Technical 
Committee GEL/82, Photovoltaic Energy Systems.

A list of organizations represented on this committee can be obtained on 
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no 
representation, warranty, assurance or undertaking (express or 
implied) is or will be made, and no responsibility or liability is or will be 
accepted by BSI in relation to the adequacy, accuracy, completeness or 
reasonableness of this publication. All and any such responsibility and 
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the 
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with 
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are 
responsible for its correct application.

This publication is not to be regarded as a British Standard.

© The British Standards Institution 2025 
Published by BSI Standards Limited 2025

ISBN 978 0 539 06003 4

ICS 27.160

Compliance with a Published Document cannot confer immunity 
from legal obligations.

This Published Document was published under the authority of the 
Standards Policy and Strategy Committee on 31 January 2025.

Amendments/corrigenda issued since publication

Date Text affected

PUBLISHED DOCUMENT

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TS 62257-9-5 
Edition 5.0 2024-12 

TECHNICAL 
SPECIFICATION 
 

Renewable energy off-grid systems – 
Part 9-5: Integrated systems – Laboratory evaluation of stand-alone renewable 
energy products for rural electrification 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 27.160   

 

ISBN 978-2-8322-9980-7 
 

® Registered trademark of the International Electrotechnical Commission 

® 
 

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

  

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 2 – IEC TS 62257-9-5:2024  IEC 2024 

CONTENTS 

FOREWORD ......................................................................................................................... 15 
INTRODUCTION ................................................................................................................... 17 
1 Scope ............................................................................................................................ 18 
2 Normative references .................................................................................................... 19 
3 Terms and definitions .................................................................................................... 20 
4 Product components and characteristics ........................................................................ 26 

4.1 Components ......................................................................................................... 26 
4.1.1 Overview ....................................................................................................... 26 
4.1.2 Component categories ................................................................................... 26 
4.1.3 Lighting parts definitions ................................................................................ 29 
4.1.4 Appliance definitions ...................................................................................... 30 
4.1.5 Additional system elements ........................................................................... 30 

4.2 System measurements and observations .............................................................. 31 
4.2.1 General ......................................................................................................... 31 
4.2.2 Product design, manufacture, and marketing aspects .................................... 31 
4.2.3 Product durability and workmanship aspects .................................................. 34 
4.2.4 Lighting durability aspects ............................................................................. 37 
4.2.5 Battery performance aspects ......................................................................... 38 
4.2.6 PV module aspects ........................................................................................ 39 
4.2.7 Electrical characteristics ................................................................................ 40 
4.2.8 Performance aspects ..................................................................................... 42 
4.2.9 Light output aspects ...................................................................................... 44 
4.2.10 Self-certification aspects ................................................................................ 45 

4.3 Constructions not specifically covered .................................................................. 45 
5 Product specification ..................................................................................................... 46 

5.1 General ................................................................................................................. 46 
5.2 Applications .......................................................................................................... 46 
5.3 Quality assurance principles ................................................................................. 47 

6 Quality test method........................................................................................................ 47 
6.1 General ................................................................................................................. 47 
6.2 Applications .......................................................................................................... 47 
6.3 Sampling requirements ......................................................................................... 48 

6.3.1 General ......................................................................................................... 48 
6.3.2 Consumer-facing product documentation ....................................................... 48 
6.3.3 Exceptions ..................................................................................................... 49 

6.4 Laboratory requirements ....................................................................................... 49 
6.5 Testing requirements ............................................................................................ 50 
6.6 Recommended tests programme ........................................................................... 58 

6.6.1 General ......................................................................................................... 58 
6.6.2 Test preparation ............................................................................................ 61 
6.6.3 Batch A tests ................................................................................................. 61 
6.6.4 Batch B tests ................................................................................................. 61 
6.6.5 Batch C – potentially destructive tests ........................................................... 62 
6.6.6 Report preparation ......................................................................................... 62 
6.6.7 Failures during testing ................................................................................... 62 

6.7 Reporting .............................................................................................................. 63 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 3 –  

7 Renewal test method ..................................................................................................... 63 
8 Market check method .................................................................................................... 64 

8.1 General ................................................................................................................. 64 
8.2 Applications .......................................................................................................... 64 
8.3 Sampling requirements ......................................................................................... 64 
8.4 Laboratory requirements ....................................................................................... 65 
8.5 Testing requirements ............................................................................................ 65 
8.6 Recommended tests programme ........................................................................... 65 
8.7 Report requirements ............................................................................................. 65 

9 Initial screening method ................................................................................................. 65 
9.1 General ................................................................................................................. 65 
9.2 Applications .......................................................................................................... 66 
9.3 Sampling requirements ......................................................................................... 66 
9.4 Laboratory requirements ....................................................................................... 67 
9.5 Testing requirements ............................................................................................ 67 
9.6 Recommended tests programme ........................................................................... 67 
9.7 Reporting .............................................................................................................. 67 

10 Accelerated verification method ..................................................................................... 68 
10.1 General ................................................................................................................. 68 
10.2 Applications .......................................................................................................... 68 
10.3 Sampling requirements ......................................................................................... 69 

10.3.1 General ......................................................................................................... 69 
10.3.2 Verification entry testing ................................................................................ 69 
10.3.3 Follow-up testing ........................................................................................... 69 

10.4 Laboratory requirements ....................................................................................... 69 
10.5 Testing requirements ............................................................................................ 69 

10.5.1 General ......................................................................................................... 69 
10.5.2 Verification entry testing ................................................................................ 70 
10.5.3 Follow-up testing ........................................................................................... 70 

10.6 Recommended tests programme ........................................................................... 70 
10.7 Report requirements ............................................................................................. 70 

11 Pay-as-you-go (PAYG) method ...................................................................................... 71 
11.1 General ................................................................................................................. 71 
11.2 Applications .......................................................................................................... 71 
11.3 Sampling requirements ......................................................................................... 71 
11.4 Laboratory requirements ....................................................................................... 72 
11.5 Testing requirements ............................................................................................ 72 
11.6 Recommended tests programme ........................................................................... 73 
11.7 Reporting .............................................................................................................. 73 

Annex A (normative)  Photovoltaic module wiring inspection ................................................. 74 
A.1 General ................................................................................................................. 74 
A.2 Equipment requirements ....................................................................................... 74 
A.3 Procedure ............................................................................................................. 74 

A.3.1 General ......................................................................................................... 74 
A.3.2 Direct dimensional measurement ................................................................... 75 
A.3.3 Resistance measurement .............................................................................. 75 
A.3.4 Determination of current-carrying capacity ..................................................... 77 

A.4 Pass criteria .......................................................................................................... 78 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 4 – IEC TS 62257-9-5:2024  IEC 2024 

A.5 Reporting .............................................................................................................. 78 
Annex B (normative)  Partial shading test for photovoltaic modules ...................................... 80 

B.1 General ................................................................................................................. 80 
B.2 Equipment requirements ....................................................................................... 80 
B.3 Test prerequisites ................................................................................................. 80 
B.4 Procedure ............................................................................................................. 81 
B.5 Calculations .......................................................................................................... 83 
B.6 Pass criteria .......................................................................................................... 83 
B.7 Reporting .............................................................................................................. 83 

Annex C (normative)  Bending or folding test for photovoltaic modules ................................. 85 
C.1 General ................................................................................................................. 85 
C.2 Equipment requirements ....................................................................................... 85 
C.3 Test prerequisites ................................................................................................. 85 
C.4 Required test conditions ....................................................................................... 85 
C.5 Procedure ............................................................................................................. 85 
C.6 Pass criteria .......................................................................................................... 86 
C.7 Reporting .............................................................................................................. 86 

Annex D (normative)  Company self-reported information ..................................................... 87 
D.1 Background........................................................................................................... 87 
D.2 Outcomes ............................................................................................................. 87 
D.3 Solicited information ............................................................................................. 87 

D.3.1 General ......................................................................................................... 87 
D.3.2 Confidential information (not released publicly) .............................................. 87 
D.3.3 Public information (may be released publicly) ................................................ 89 

D.4 Reporting .............................................................................................................. 90 
Annex E (normative)  Product sampling ................................................................................ 91 

E.1 Background........................................................................................................... 91 
E.2 Test outcomes ...................................................................................................... 91 
E.3 Related tests......................................................................................................... 91 
E.4 Procedure ............................................................................................................. 91 

E.4.1 Retail sampling .............................................................................................. 91 
E.4.2 Warehouse sampling ..................................................................................... 92 

E.5 Reporting .............................................................................................................. 93 
Annex F (normative)  Visual screening .................................................................................. 95 

F.1 Background........................................................................................................... 95 
F.2 Test outcomes ...................................................................................................... 95 
F.3 Related tests......................................................................................................... 95 
F.4 Procedure ............................................................................................................. 96 

F.4.1 Properties, features, and information ............................................................. 96 
F.4.2 Specifications ................................................................................................ 99 
F.4.3 Functionality and quality inspection ............................................................. 101 

F.5 Reporting ............................................................................................................ 106 
Annex G (normative)  Sample preparation .......................................................................... 107 

G.1 Background......................................................................................................... 107 
G.2 Test outcomes .................................................................................................... 107 
G.3 Related tests....................................................................................................... 107 
G.4 Procedure ........................................................................................................... 107 

G.4.1 General ....................................................................................................... 107 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 5 –  

G.4.2 Equipment requirements .............................................................................. 107 
G.4.3 Test prerequisites ........................................................................................ 108 
G.4.4 Procedure .................................................................................................... 108 
G.4.5 Calculations ................................................................................................. 111 

G.5 Reporting ............................................................................................................ 111 
Annex H (normative)  Power supply setup procedure .......................................................... 112 

H.1 Background......................................................................................................... 112 
H.2 Test outcomes .................................................................................................... 112 
H.3 Related tests....................................................................................................... 112 
H.4 Equipment requirements ..................................................................................... 112 
H.5 Setup procedure for photometric measurements and lumen maintenance 

tests ................................................................................................................... 113 
H.5.1 Test setup ................................................................................................... 113 
H.5.2 DC voltage levels......................................................................................... 114 
H.5.3 Stabilization period ...................................................................................... 115 
H.5.4 4-wire power supply measurements ............................................................. 116 
H.5.5 Filtering electronic noise .............................................................................. 116 
H.5.6 Troubleshooting ........................................................................................... 117 

H.6 Reporting ............................................................................................................ 119 
Annex I (normative)  Light output test ................................................................................. 120 

I.1 Background......................................................................................................... 120 
I.2 Test outcomes .................................................................................................... 120 
I.3 Related tests....................................................................................................... 120 
I.4 Luminous flux measurement techniques .............................................................. 121 

I.4.1 General ....................................................................................................... 121 
I.4.2 Calculation for lighting appliances tested in accordance with 

IEC TS 62257-12-1 ...................................................................................... 122 
I.4.3 Luminous flux measurements with an integrating sphere or 

goniophotometer .......................................................................................... 122 
I.4.4 Luminous flux measurements using the multi-plane method ......................... 122 

I.5 Correlated colour temperature (CCT) measurement ............................................ 126 
I.6 Colour rendering index (CRI) measurement ........................................................ 126 
I.7 Calculation of luminous efficacy .......................................................................... 126 
I.8 Reporting ............................................................................................................ 127 

Annex J (normative)  Lumen maintenance test .................................................................... 128 
J.1 Background......................................................................................................... 128 
J.2 Test outcomes .................................................................................................... 128 
J.3 Related tests....................................................................................................... 129 
J.4 Procedure ........................................................................................................... 129 

J.4.1 General ....................................................................................................... 129 
J.4.2 Equipment requirements .............................................................................. 131 
J.4.3 Test prerequisites ........................................................................................ 131 
J.4.4 Test methods ............................................................................................... 131 

J.5 Calculations ........................................................................................................ 132 
J.6 Alternate method for testing lumen maintenance using ANSI/IES LM-80 ............. 132 

J.6.1 Background ................................................................................................. 132 
J.6.2 Equipment requirements .............................................................................. 133 
J.6.3 Test prerequisites ........................................................................................ 133 
J.6.4 Procedure .................................................................................................... 134 

Full document details: PD IEC TS 62257-9-5:2024

https://doi.org/10.3403/30387071U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 6 – IEC TS 62257-9-5:2024  IEC 2024 

J.6.5 DUT preparation and LED thermocouple attachment guidelines ................... 134 
J.6.6 Calculations ................................................................................................. 134 

J.7 Reporting ............................................................................................................ 135 
Annex K (normative)  Battery test ....................................................................................... 137 

K.1 Background......................................................................................................... 137 
K.2 Test outcomes .................................................................................................... 137 
K.3 Related tests....................................................................................................... 137 
K.4 Procedure ........................................................................................................... 137 

K.4.1 General ....................................................................................................... 137 
K.4.2 Lead-acid battery test .................................................................................. 138 
K.4.3 Nickel-metal hydride battery test .................................................................. 141 
K.4.4 Lithium-ion battery test ................................................................................ 142 
K.4.5 Lithium iron phosphate battery test .............................................................. 143 

K.5 Reporting ............................................................................................................ 144 
Annex L (informative)  Battery testing recommended practices ........................................... 145 

L.1 Background......................................................................................................... 145 
L.2 Deep discharge protection specifications by battery type .................................... 145 
L.3 Overcharge protection specifications by battery type .......................................... 146 

Annex M (normative)  Full-battery run time test ................................................................... 147 
M.1 Background......................................................................................................... 147 
M.2 Test outcomes .................................................................................................... 148 
M.3 Related tests....................................................................................................... 148 
M.4 Equipment requirements ..................................................................................... 149 
M.5 Test prerequisites ............................................................................................... 149 
M.6 Apparatus ........................................................................................................... 150 
M.7 Definition of full-battery run time endpoint ........................................................... 150 
M.8 Procedure ........................................................................................................... 151 
M.9 Calculations ........................................................................................................ 154 
M.10 Reporting ............................................................................................................ 158 

Annex N (normative)  Full discharge procedure ................................................................... 160 
N.1 Background......................................................................................................... 160 
N.2 Test outcomes .................................................................................................... 160 
N.3 Related tests....................................................................................................... 160 
N.4 Procedure ........................................................................................................... 160 

N.4.1 General ....................................................................................................... 160 
N.4.2 Equipment requirements .............................................................................. 160 
N.4.3 Test prerequisites ........................................................................................ 161 
N.4.4 Procedure .................................................................................................... 161 
N.4.5 Calculations ................................................................................................. 162 

N.5 Reporting ............................................................................................................ 162 
Annex O (normative)  Grid charge test ................................................................................ 163 

O.1 Background......................................................................................................... 163 
O.2 Test outcomes .................................................................................................... 163 
O.3 Related tests....................................................................................................... 163 
O.4 Procedure ........................................................................................................... 163 

O.4.1 General ....................................................................................................... 163 
O.4.2 Equipment requirements .............................................................................. 163 
O.4.3 Test prerequisites ........................................................................................ 164 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 7 –  

O.4.4 Apparatus .................................................................................................... 164 
O.4.5 Procedure .................................................................................................... 164 
O.4.6 Calculations ................................................................................................. 164 

O.5 Reporting ............................................................................................................ 165 
Annex P (normative)  Electromechanical charge test........................................................... 166 

P.1 Background......................................................................................................... 166 
P.2 Test outcomes .................................................................................................... 166 
P.3 Related tests....................................................................................................... 166 
P.4 Procedure ........................................................................................................... 166 

P.4.1 General ....................................................................................................... 166 
P.4.2 Equipment requirements .............................................................................. 166 
P.4.3 Test prerequisites ........................................................................................ 167 
P.4.4 Apparatus .................................................................................................... 167 
P.4.5 Procedure .................................................................................................... 167 
P.4.6 Calculations ................................................................................................. 167 
P.4.7 Modifications for atypical products ............................................................... 167 

P.5 Reporting ............................................................................................................ 168 
Annex Q (normative)  Photovoltaic module I-V characteristics test ...................................... 169 

Q.1 Background......................................................................................................... 169 
Q.2 Test outcomes .................................................................................................... 169 
Q.3 Related tests....................................................................................................... 170 
Q.4 Procedure ........................................................................................................... 170 

Q.4.1 Test programme using a solar simulator ...................................................... 170 
Q.4.2 Outdoor photovoltaic module I-V characteristics test .................................... 174 
Q.4.3 Arrays of PV modules .................................................................................. 178 

Q.5 Reporting ............................................................................................................ 179 
Annex R (normative)  Solar charge test ............................................................................... 181 

R.1 Background......................................................................................................... 181 
R.2 Test outcomes .................................................................................................... 181 
R.3 Related tests....................................................................................................... 181 
R.4 Procedure ........................................................................................................... 182 

R.4.1 General ....................................................................................................... 182 
R.4.2 Test method using a resistor network .......................................................... 182 
R.4.3 Test method using a solar array simulator (SAS) ......................................... 190 
R.4.4 Calculations ................................................................................................. 192 
R.4.5 Alternative method to measure battery-charging circuit efficiency ................ 200 
R.4.6 Maximum solar operation efficiency measurement ....................................... 201 

R.5 Reporting ............................................................................................................ 204 
Annex S (normative)  Charge controller behaviour test ....................................................... 207 

S.1 Background......................................................................................................... 207 
S.2 Test outcomes .................................................................................................... 207 
S.3 Related tests....................................................................................................... 208 
S.4 Procedure ........................................................................................................... 208 

S.4.1 Active deep discharge protection test .......................................................... 208 
S.4.2 Active overcharge protection test ................................................................. 211 
S.4.3 Passive deep discharge protection test ........................................................ 216 
S.4.4 Passive overcharge protection test .............................................................. 218 
S.4.5 Standby loss measurement .......................................................................... 220 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 8 – IEC TS 62257-9-5:2024  IEC 2024 

S.5 Reporting ............................................................................................................ 221 
Annex T (normative)  Light distribution test (optional) ......................................................... 222 

T.1 Background......................................................................................................... 222 
T.2 Test outcomes .................................................................................................... 222 
T.3 Related tests....................................................................................................... 223 
T.4 Substitution of results from IEC TS 62257-12-1 ................................................... 223 
T.5 Approved test methods ....................................................................................... 223 

T.5.1 General ....................................................................................................... 223 
T.5.2 Goniophotometer ......................................................................................... 226 
T.5.3 Multi-plane method ...................................................................................... 226 
T.5.4 Illuminance on a plane method .................................................................... 231 
T.5.5 Turntable method ........................................................................................ 234 
T.5.6 Illuminance on a desktop method ................................................................. 236 

T.6 Reporting ............................................................................................................ 238 
Annex U (normative)  Physical and water ingress protection test ........................................ 242 

U.1 Background......................................................................................................... 242 
U.2 Test outcomes .................................................................................................... 242 
U.3 Related tests....................................................................................................... 243 
U.4 Procedure ........................................................................................................... 243 

U.4.1 General ....................................................................................................... 243 
U.4.2 IP testing at a laboratory that has been accredited to test in accordance 

with IEC 60529 or IEC 60598-1 .................................................................... 243 
U.4.3 Simplified IP inspection for ingress of solid foreign objects .......................... 244 
U.4.4 Simplified IP preliminary inspection for ingress of water with harmful 

effects ......................................................................................................... 246 
U.5 Reporting ............................................................................................................ 249 

Annex V (normative)  Level of water protection ................................................................... 250 
V.1 Background......................................................................................................... 250 
V.2 Test outcomes .................................................................................................... 250 
V.3 Related tests....................................................................................................... 251 
V.4 Laboratory requirements ..................................................................................... 251 
V.5 Procedure ........................................................................................................... 251 

V.5.1 General ....................................................................................................... 251 
V.5.2 Level of water protection for enclosure only ................................................. 252 
V.5.3 Level of water protection from technical aspects .......................................... 252 
V.5.4 Overall level of water protection................................................................... 257 

V.6 Reporting ............................................................................................................ 258 
Annex W (normative)  Mechanical durability test ................................................................. 260 

W.1 Background......................................................................................................... 260 
W.2 Test outcomes .................................................................................................... 260 
W.3 Related tests....................................................................................................... 261 
W.4 Defect categories ................................................................................................ 261 

W.4.1 General ....................................................................................................... 261 
W.4.2 Major defects ............................................................................................... 261 
W.4.3 Minor defects ............................................................................................... 261 

W.5 Procedures ......................................................................................................... 261 
W.5.1 Drop test ..................................................................................................... 261 
W.5.2 Switch and connector test ............................................................................ 263 
W.5.3 Gooseneck and moving part test .................................................................. 265 

Full document details: PD IEC TS 62257-9-5:2024

https://doi.org/10.3403/30387071U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/00013268U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 9 –  

W.5.4 Strain relief test ........................................................................................... 266 
W.6 Reporting ............................................................................................................ 267 

Annex X (normative)  Screw connections test ..................................................................... 269 
X.1 General ............................................................................................................... 269 
X.2 Equipment requirements ..................................................................................... 269 
X.3 Test prerequisites ............................................................................................... 269 
X.4 Procedure ........................................................................................................... 269 
X.5 Pass criteria ........................................................................................................ 270 
X.6 Reporting ............................................................................................................ 271 

Annex Y (informative)  Photometer box for relative luminous flux measurements ................ 272 
Y.1 Background......................................................................................................... 272 
Y.2 Plans .................................................................................................................. 273 
Y.3 Instructions for construction ................................................................................ 276 

Annex Z (informative)  Guidelines for testing products with multiple power control units ..... 277 
Z.1 General ............................................................................................................... 277 
Z.2 Testing guidelines ............................................................................................... 277 

Annex AA (Void) ................................................................................................................. 279 
Annex BB (normative)  Battery durability test ...................................................................... 280 

BB.1 Background......................................................................................................... 280 
BB.2 Test outcomes .................................................................................................... 280 
BB.3 Related tests....................................................................................................... 280 
BB.4 Procedure ........................................................................................................... 280 

BB.4.1 Failed samples ............................................................................................ 280 
BB.4.2 Durability storage test for valve-regulated lead-acid batteries ...................... 280 
BB.4.3 Durability storage test for flooded lead-acid batteries .................................. 282 
BB.4.4 Durability storage test for nickel-metal hydride batteries .............................. 283 
BB.4.5 Durability storage test for lithium-ion batteries ............................................. 284 
BB.4.6 Durability storage test for lithium iron phosphate batteries ........................... 285 

BB.5 Pass criteria ........................................................................................................ 285 
BB.6 Reporting ............................................................................................................ 286 

Annex CC (normative)  Equipment requirements ................................................................. 287 
CC.1 Overview............................................................................................................. 287 
CC.2 Requirements and recommendations for equipment and materials ...................... 287 
CC.3 Guidelines for electrical power measurements .................................................... 296 

CC.3.1 Background ................................................................................................. 296 
CC.3.2 Overview of DC power measurement ........................................................... 296 
CC.3.3 Aliasing ....................................................................................................... 298 
CC.3.4 Power measurement accuracy recommendations ......................................... 299 
CC.3.5 Additional guidelines and corrective measures ............................................ 300 

CC.4 Alternative apparatus for port loading ................................................................. 301 
Annex DD (normative)  Protection tests .............................................................................. 303 

DD.1 Background......................................................................................................... 303 
DD.2 Test outcomes .................................................................................................... 303 
DD.3 Related tests....................................................................................................... 303 
DD.4 Procedure ........................................................................................................... 304 

DD.4.1 Miswiring protection test .............................................................................. 304 
DD.4.2 Output overload protection test .................................................................... 307 
DD.4.3 PV overvoltage protection test ..................................................................... 311 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 10 – IEC TS 62257-9-5:2024  IEC 2024 

DD.5 Reporting ............................................................................................................ 314 
Annex EE (normative)  Assessment of DC ports ................................................................. 316 

EE.1 Background......................................................................................................... 316 
EE.2 Test outcomes .................................................................................................... 316 
EE.3 Related tests....................................................................................................... 317 
EE.4 Procedure ........................................................................................................... 317 

EE.4.1 Preparation .................................................................................................. 317 
EE.4.2 Measurement of steady-state port characteristics ........................................ 318 
EE.4.3 Pass/fail tests for functionality and truth in advertising ................................. 327 

EE.5 Reporting ............................................................................................................ 331 
Annex FF (normative)  Appliance tests ................................................................................ 333 

FF.1 Background......................................................................................................... 333 
FF.2 Appliance testing requirements ........................................................................... 333 
FF.3 Test outcomes .................................................................................................... 335 
FF.4 Related tests....................................................................................................... 336 
FF.5 Setup and determination of appliance operating voltage ..................................... 337 

FF.5.1 General ....................................................................................................... 337 
FF.5.2 Procedure using the power control unit ........................................................ 338 
FF.5.3 Procedure using a power supply .................................................................. 339 
FF.5.4 Procedure for advertised appliances or appliances with batteries not 

subject to the charging efficiency test .......................................................... 340 
FF.6 Power consumption test ...................................................................................... 340 

FF.6.1 General ....................................................................................................... 340 
FF.6.2 General equipment requirements ................................................................. 340 
FF.6.3 Procedure for appliances that have been previously tested in 

accordance with a recognized test method .................................................. 341 
FF.6.4 Test procedure for LED or CFL lighting appliances without an internal 

battery ......................................................................................................... 342 
FF.6.5 Test procedure for television sets without internal batteries ......................... 344 
FF.6.6 Test procedure for desktop or notebook computers with or without 

internal batteries .......................................................................................... 345 
FF.6.7 Test procedure for radios without internal batteries ...................................... 347 
FF.6.8 Test procedure for fans, motor-driven appliances, and other appliances 

without internal batteries .............................................................................. 348 
FF.6.9 Test procedure for appliances with an internal battery ................................. 349 
FF.6.10 Test procedure for built-in appliances .......................................................... 351 

FF.7 Charging efficiency test (optional) ....................................................................... 352 
FF.7.1 General ....................................................................................................... 352 
FF.7.2 Equipment requirements .............................................................................. 353 
FF.7.3 Test prerequisites ........................................................................................ 353 
FF.7.4 Procedure .................................................................................................... 353 
FF.7.5 Calculations ................................................................................................. 354 

FF.8 Appliance operating voltage range test ............................................................... 354 
FF.8.1 General ....................................................................................................... 354 
FF.8.2 Equipment requirements .............................................................................. 355 
FF.8.3 Test prerequisites ........................................................................................ 355 
FF.8.4 Simultaneous testing for multiple products and applicability of previous 

test results ................................................................................................... 356 
FF.8.5 Procedure for removable appliances without batteries that have been 

tested in accordance with a recognized test method .................................... 356 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 11 –  

FF.8.6 Procedure for removable appliances without batteries using a power 
supply .......................................................................................................... 359 

FF.8.7 Procedure for removable appliances with batteries using a power supply .... 360 
FF.8.8 Procedure for built-in appliances or removable appliances without 

batteries using the power control unit .......................................................... 361 
FF.8.9 Procedure for removable appliances with batteries using the power 

control unit .................................................................................................. 361 
FF.9 Appliance full-battery run time test with deep discharge protection 

measurement ...................................................................................................... 362 
FF.9.1 General ....................................................................................................... 362 
FF.9.2 Equipment requirements .............................................................................. 362 
FF.9.3 Test prerequisites ........................................................................................ 362 
FF.9.4 Apparatus .................................................................................................... 362 
FF.9.5 Procedure .................................................................................................... 363 
FF.9.6 Calculations ................................................................................................. 366 

FF.10 Reporting ............................................................................................................ 367 
Annex GG (normative)  Energy service calculations ............................................................ 369 

GG.1 Background......................................................................................................... 369 
GG.2 Test outcomes .................................................................................................... 370 
GG.3 Related tests....................................................................................................... 371 
GG.4 Procedure ........................................................................................................... 372 

GG.4.1 Full-battery run time energy service calculations ......................................... 372 
GG.4.2 Solar run time energy service calculations ................................................... 388 
GG.4.3 Grid or electromechanical run time energy service calculations ................... 408 
GG.4.4 Solar charging time calculation .................................................................... 409 

GG.5 Reporting ............................................................................................................ 411 
Annex HH (normative)  Generic appliances ......................................................................... 412 

HH.1 Background......................................................................................................... 412 
HH.2 Test outcomes .................................................................................................... 412 
HH.3 Related tests....................................................................................................... 412 
HH.4 Equipment requirements ..................................................................................... 412 
HH.5 Procedures ......................................................................................................... 413 

HH.5.1 Constructing generic appliances .................................................................. 413 
HH.5.2 Appliance reference values .......................................................................... 415 

HH.6 Reporting ............................................................................................................ 415 
Bibliography ........................................................................................................................ 416 
 
Figure 1 – Fixed indoor components and PV module – Example ........................................... 27 
Figure 2 – Fixed outdoor components with an indoor light point – Example ........................... 27 
Figure 3 – Portable separate components – Example............................................................ 28 
Figure 4 – Portable integrated components – Example ......................................................... 28 
Figure 5 – Division of a product into subsystems – Illustrative example................................. 29 
Figure 6 – Recommended sequence of testing for QTM for products without ports ................ 59 
Figure 7 – Recommended sequence of testing for QTM for products with ports .................... 60 
Figure G.1 – Connections with secondary set of wires to avoid battery disconnection ......... 111 
Figure H.1 – Power supply setup for powering a power control unit ..................................... 113 
Figure H.2 – Power supply setup for directly powering an appliance ................................... 113 
Figure H.3 – 4-wire test configuration with input filter capacitors ......................................... 116 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 12 – IEC TS 62257-9-5:2024  IEC 2024 

Figure I.1 – Conceptual schematic of the light output test setup, including the 11 × 11 
grid, Cartesian coordinate axes for rotation reference, and the DUT ................................... 123 
Figure J.1 – Example lumen maintenance plot .................................................................... 136 
Figure M.1 – Interior view of photometer box with suspended light ...................................... 150 
Figure M.2 – Plot of example results for a product with lighting appliances ......................... 155 
Figure M.3 – Example plot of power vs. time for a product that turns off before the low-
voltage disconnect occurs ................................................................................................... 157 
Figure Q.1 – PV module I-V curve testing rack .................................................................... 175 
Figure R.1 – Schematic of the power supply and DUT connection for the solar charge test . 185 
Figure R.2 – Example "true" and simulated I-V curves plotted with the deviation ratio ......... 189 
Figure R.3 – Example plots of current vs. time for four different batteries............................ 194 
Figure R.4 – 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 ................................................................... 205 
Figure R.5 – Example time series plot of the solar charging cycle showing the 
instantaneous battery-charging circuit efficiency and solar operation efficiency .................. 206 
Figure S.1 – Schematic of the DC power supply-DUT connection using a series 
protection resistor ............................................................................................................... 212 
Figure T.1 – Horizontal plane for determining FWHM angle and radial illuminance 
distribution, for an omnidirectional light point ...................................................................... 225 
Figure T.2 – Horizontal plane for determining FWHM angle and radial illuminance 
distribution, for a directed light point ................................................................................... 225 
Figure T.3 – Radial illuminance distributions in the horizontal plane for two example 
products, showing the calculation of the horizontal FWHM angle ........................................ 230 
Figure T.4 – Radial illuminance distribution in the vertical plane for an example 
omnidirectional ambient light with vertical FWHM = 108° .................................................... 231 
Figure T.5 – Schematic of a task light suspended above an illuminance meter .................... 232 
Figure T.6 – Schematic of turntable setup, with the DUT shown .......................................... 235 
Figure T.7 – Side view of desktop light measuring setup ..................................................... 237 
Figure T.8 – Example plot of usable area as a function of minimum illuminance .................. 239 
Figure T.9 – Example of resulting surface plot of light distribution from the brightest 
“face” of the multi-plane method or illuminance on a plane method ..................................... 240 
Figure T.10 – Example of a polar plot of the radial illuminance distribution ......................... 241 
Figure U.1 – Side view of the apparatus for testing an external PV module for 
protection against water ingress ......................................................................................... 248 
Figure W.1 – Three-dimensional Cartesian coordinate system for drop test reference ......... 262 
Figure W.2 – Cable strain angle (γ) schematics for a PV module junction box (left) and 
a separate light point (right) ................................................................................................ 267 
Figure Y.1 – Interior view of a completed photometer box ................................................... 272 
Figure Y.2 – Exterior view of completed photometer box ..................................................... 273 
Figure Y.3 – Photometer box dimensions ............................................................................ 274 
Figure Y.4 – Photometer box assembly pieces and list of materials .................................... 275 
Figure CC.1 – Example of aliasing in data acquisition of a PWM signal ............................... 299 
Figure EE.1 – Schematic of the example DUT with DC port and USB port and variable 
resistors connected for the measurement of steady-state port characteristics ..................... 320 
Figure EE.2 – Example of the plots of port characteristics................................................... 327 
Figure EE.3 – Illustration of functionality assessment ......................................................... 329 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 13 –  

Figure FF.1 – Illustration of calculation of minimum and maximum values of port 
voltage for the appliance operating voltage range test ........................................................ 358 
Figure GG.1 – Conceptual energy flow diagram for energy service estimates ..................... 370 
 
Table 1 – Applications of product specifications .................................................................... 46 
Table 2 – Applications of QTM results ................................................................................... 47 
Table 3 – QTM testing requirements ..................................................................................... 51 
Table 4 – Applications of MCM results .................................................................................. 64 
Table 5 – Applications of ISM results .................................................................................... 66 
Table 6 – Applications of AVM results ................................................................................... 68 
Table 7 – Applications of PAYG method results .................................................................... 71 
Table 8 – PAYG testing requirements ................................................................................... 73 
Table A.1 – Resistivity values for cross-sectional area calculation ........................................ 77 
Table A.2 – Current-carrying capacity for two-conductor cables ............................................ 77 
Table D.1 – Company self-reported information outcomes .................................................... 87 
Table E.1 – Product sampling outcomes ............................................................................... 91 
Table F.1 – Visual screening test outcomes .......................................................................... 95 
Table G.1 – Recommended minimum conductor sizes for copper wire used for sample 
preparation ......................................................................................................................... 108 
Table H.1 – Power supply setup test outcome ..................................................................... 112 
Table H.2 – Standard operating voltage for several common battery types ......................... 114 
Table H.3 – Voltage and current reporting requirements ..................................................... 119 
Table I.1 – Light output test outcomes ................................................................................ 120 
Table I.2 – Area represented by each illuminance measurement in the multi-plane 
method ............................................................................................................................... 125 
Table I.3 – Area represented by each illuminance measurement on the first surface 
when additional measurements are made for narrow light distributions ............................... 126 
Table J.1 – Lumen maintenance test outcomes ................................................................... 128 
Table J.2 – Measurement schedule for 1 000 h test and optional 2 000 h extension ............ 130 
Table J.3 – Measurement schedule for 500 h screening test ............................................... 130 
Table K.1 – Battery test outcomes ...................................................................................... 137 
Table K.2 – Recommended battery testing parameters ....................................................... 138 
Table L.1 – Recommended battery deep discharge protection voltage specifications .......... 146 
Table L.2 – Recommended battery overcharge protection voltage and temperature 
specifications ...................................................................................................................... 146 
Table M.1 – Full-battery run time test outcomes .................................................................. 148 
Table O.1 – Grid charge test outcomes ............................................................................... 163 
Table P.1 – Mechanical charge test outcomes .................................................................... 166 
Table Q.1 – Photovoltaic module I-V characteristics test outcomes ..................................... 169 
Table R.1 – Solar charge test outcomes ............................................................................. 181 
Table R.2 – Simulated solar day power supply settings ....................................................... 189 
Table S.1 – Charge controller behaviour test outcomes ...................................................... 208 
Table T.1 – Light distribution test outcomes ........................................................................ 222 
Table T.2 – Summary of testing options for characterizing lamp distributions ...................... 223 

Full document details: PD IEC TS 62257-9-5:2024

http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


 – 14 – IEC TS 62257-9-5:2024  IEC 2024 

Table T.3 – Table of example illuminance measurements on the brightest “face” of the 
1 m2 grid and usable area as a function of minimum illuminance ........................................ 239 
Table U.1 – Water exposure and physical ingress protection test outcomes ........................ 242 
Table V.1 – Level of water protection assessment outcomes ............................................... 251 
Table V.2 – Enclosure-only level of water protection requirements ...................................... 252 
Table V.3 – Adjusted level of water protection for products with additional technical 
water protection .................................................................................................................. 253 
Table V.4 – Example detailed assessment supporting technical level of water 
protection ........................................................................................................................... 257 
Table V.5 – Overall level of water protection requirements .................................................. 257 
Table W.1 – Mechanical durability test outcomes ................................................................ 260 
Table X.1 – Torque tests on screws per IEC 61730-2 .......................................................... 270 
Table BB.1 – Battery durability test outcomes ..................................................................... 280 
Table CC.1 – Symbols used in the tables of Clause CC.2 ................................................... 287 
Table CC.2 – Equipment and materials for sample preparation, visual screening and 
general laboratory use ........................................................................................................ 288 
Table CC.3 – Specifications for general electrical and thermal test equipment and 
materials ............................................................................................................................. 289 
Table CC.4 – Specifications for photovoltaic module test equipment ................................... 292 
Table CC.5 – Specifications for photometric test equipment ................................................ 293 
Table CC.6 – Specifications for battery test equipment ....................................................... 294 
Table CC.7 – Specifications for appliance test equipment and materials ............................. 294 
Table CC.8 – Specifications for all water and physical ingress protection and 
mechanical durability test equipment .................................................................................. 295 
Table DD.1 – Protection test outcomes ............................................................................... 303 
Table DD.2 – Allowable port voltage limit by nominal voltage .............................................. 312 
Table DD.3 – Example table of miswiring protection test results ......................................... 315 
Table DD.4 – Example table of PV overvoltage protection test results ................................ 315 
Table EE.1 – DC ports assessment outcomes. .................................................................... 316 
Table EE.2 – Recommended voltage and current ranges for port functionality 
assessment ........................................................................................................................ 328 
Table FF.1 – Appliance testing requirements ...................................................................... 334 
Table FF.2 – Appliance test outcomes ................................................................................ 336 
Table FF.3 – Example table of appliance operating voltage, measured voltage, 
measured current, and calculated power ............................................................................. 368 
Table GG.1 – Energy service calculations outcomes ........................................................... 371 
Table GG.2 – Examples of advertised combinations involving mobile devices ..................... 375 
Table GG.3 – Required inputs to estimate the full-battery run time(s) ................................. 377 
Table GG.4 – Example usage profile ................................................................................... 380 
Table GG.5 – Required inputs to estimate the solar run time .............................................. 390 
Table GG.6 – Representative case for appliance usage when solar charging ...................... 391 
Table HH.1 – Power consumption chart for generic appliances ........................................... 413 
Table HH.2 – Energy capacity of generic appliances with internal batteries ........................ 415 

  

Full document details: PD IEC TS 62257-9-5:2024

https://doi.org/10.3403/30042209U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024
http://www.avadocuments.com/doc/pd-iec-ts-62257-9-5-2024


IEC TS 62257-9-5:2024  IEC 2024 – 15 –  

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RENEWABLE ENERGY OFF-GRID SYSTEMS –  

 
Part 9-5: Integrated systems –  

Laboratory evaluation of stand-alone  
renewable energy products for 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 IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC TS 62257-9-5 has been prepared by IEC technical committee 82: Solar photovoltaic energy 
systems. It is a Technical Specification. 

This fifth edition cancels and replaces the fourth edition issued in 2018. This edition constitutes 
a technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) Decreased the sample size to 2 for QTM tests and changed the minimum stock for 
warehouse sampling to 150 units regardless of the number of samples selected. 

b) Defined a new renewal test method that is distinct from the market check method. 
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c) Removed the example product specification template. 
d) Added the PV module wiring inspection, partial shading test, bending or folding test, and 

visual inspection steps for PV modules.  
e) Simplified the visual screening procedure by removing requirements to measure or record 

unnecessary information and convey information using photos when possible. 
f) Made the light distribution test, charging efficiency test, and continuation of the lumen 

maintenance test to 2 000 h optional. 
g) Improved accuracy of the solar operation efficiency calculation for products that do not fully 

utilize the PV module energy generation capacity. 
h) Added steps to S.4.2.5 to minimize battery discharge before the full-battery run time test. 
i) Added a detailed procedure for assessment of conformal coatings on printed circuit boards. 
j) Removed the PV overvoltage protection test procedure for products with batteries that 

cannot be disconnected in normal operation. 
k) Removed the dynamic measurement for DC ports; added procedures for steady-state 

measurement of USB ports supporting fast-charging protocols such as USB Power Delivery. 
l) Added power consumption measurement for computers; modified television set power 

consumption test conditions to better match typical use. 
m) Corrected the energy service calculations for appliance combinations including lights that 

automatically step down to a lower setting. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

82/2289/DTS 82/2312/RVDTS 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this Technical Specification is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 62257 series, published under the general title Renewable energy 
off-grid systems, can be found on the IEC website. 

Future standards in this series will carry the new general title as cited above. Titles of existing 
standards in this series will be updated at the time of the next edition. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 
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INTRODUCTION 

The IEC 62257 series provides support and strategies for institutions involved in rural 
electrification projects. It documents technical approaches for designing, building, testing, and 
maintaining off-grid 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 to support buyers who want to connect with good 
quality options in the market:  

• to choose the right system for the right place, 

• to design the system, and 

• to operate and maintain the system. 

These documents are focused only on technical aspects of rural off-grid electrification 
concentrating on, but not specific to, developing countries. They are not considered as all 
inclusive to rural electrification. The documents do not describe a range of factors that can 
determine project or product success: environmental, social, economic, service capabilities, 
and others. Further developments in this field could be introduced in future steps. 

This consistent set of documents is best considered as a whole, with different parts 
corresponding to items for safety, sustainability of systems, and costs. The main objectives are 
to support the capabilities of households and communities that use small renewable energy and 
hybrid off-grid systems and inform organizations and institutions in the off-grid power market. 

The purpose of this document is to specify laboratory test methods for evaluating the quality 
assurance of stand-alone renewable energy products. This document is specifically related to 
renewable energy products that are packaged and made available to end-use consumers at the 
point of purchase as single, stand-alone products that do not require additional system 
components to function. 

The term "stand-alone renewable energy product" is used in this document to describe this 
class of products. Other equivalent terms, including "off-grid solar" or "rechargeable," are often 
used by manufacturers, distributors, and other stakeholders to describe these products. Many 
of these systems meet the definition of type T2I (individual electrification systems with energy 
storage) in IEC TS 62257-2. 

The intended users of this document are: 

• Market support programmes that support the off-grid lighting market with financing, 
consumer education, awareness, and other services;  

• Manufacturers, distributors, and other companies in order to verify the quality and 
performance of products; 

• Bulk procurement programmes that facilitate or place large orders of products; and, 

• Trade regulators such as government policymakers and officials who craft and implement 
trade and tax policy. 

This document establishes the framework for creating a product specification, the basis for 
evaluating quality for a particular context. Product specifications include minimum requirements 
for quality standards and warranty requirements. Products are compared to specifications 
based on test results and other information about the product. The product specification 
framework is flexible and can accommodate the goals of diverse organizations and institutions. 
The tests and inspections are designed to be widely applicable across different markets, 
countries, and regions. 
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RENEWABLE ENERGY OFF-GRID SYSTEMS –  
 

Part 9-5: Integrated systems –  
Laboratory evaluation of stand-alone  

renewable energy products for rural electrification 
 
 
 

1 Scope  

This part of IEC 62257, which is a Technical Specification, applies to stand-alone renewable 
energy products having the following characteristics: 

• All components required to provide basic energy services are sold and installed as a kit or 
integrated into a single component, including at a minimum: 
– A battery, batteries or other energy storage device(s) 
– Power generating device, such as a solar panel, capable of charging the battery, 

batteries or other energy storage device(s) 
– Cables, switches, wiring, connectors and protective devices sufficient to connect the 

power generating device, power control unit(s) and energy storage device(s) 
– Loads (optional), such as lighting, load adapter cables (e.g. for mobile devices), and 

appliances (television, radio, fan, etc.). 

• The PV module maximum power point voltage and the working voltage of any other 
components in the kit do not exceed 35 V. Exceptions are made for AC-to-DC converters 
that meet appropriate safety standards. 

NOTE This voltage limit corresponds to the definition of decisive voltage classification A (DVC-A) for wet locations 
in Table 6 of IEC 62109-1:2010. 

• The peak power rating of the PV module or other power generating device is less than or 
equal to 350 W. 

• No design expertise is required to choose appropriate system components.  

This document was written primarily for off-grid renewable energy products with batteries and 
PV modules with DC system voltages not exceeding 35 V and peak power ratings not exceeding 
350 W. The tests contained herein are capable in many cases of adequately assessing systems 
at either higher voltages or power ratings, or both. In situations where the specifying 
organization agrees to apply these tests to products with higher voltages and power ratings, 
the test laboratory is responsible for ensuring that adequate safety measures are employed to 
protect technicians and test equipment. The specifying organization is also responsible for 
defining the consumer safety requirements of these products.  

This document includes provisions related to safety; however, it is not intended to be a 
comprehensive safety standard. In particular, this document is not intended to be used as an 
alternative to safety standards such as IEC 62368-1 or IEC 60335 (all parts) for appliances 
such as radios and televisions that are included with stand-alone renewable energy products. 
Nor is it intended to replace the safety requirements of IEC 62281 or UN 38.3 for battery safety 
during transport, or safety requirements of IEC 61730-1 and IEC 61730-2 for PV modules 
intended for use outside the context of stand-alone renewable energy products. 

This document does not address electromagnetic compatibility (EMC). Field experience has not 
shown EMC to be a major concern in typical applications of stand-alone renewable energy 
products within the scope of this document. In applications where EMC is a concern (e.g. 
systems that include medical devices), the standards relevant to the specific application should 
be referenced.  
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2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 60598-1, Luminaires – Part 1: General requirements and tests 

IEC 60891:2021, Photovoltaic devices – Procedures for temperature and irradiance corrections 
to measured I-V characteristics 

IEC 60904-1:2020, Photovoltaic devices – Part 1: Measurement of photovoltaic current-voltage 
characteristics 

IEC 60904-9, Photovoltaic devices – Part 9: Classification of solar simulator characteristics 

IEC 61056-1:2012, General purpose lead-acid batteries (valve-regulated types) – Part 1: 
General requirements, functional characteristics – Methods of test  

IEC 61215-1, Terrestrial photovoltaic (PV) modules – Design qualification and type approval – 
Part 1: Test requirements 

IEC 61215-2, Terrestrial photovoltaic (PV) modules – Design qualification and type approval – 
Part 2: Test procedures 

IEC 61427-1:2013, Secondary cells and batteries for renewable energy storage – General 
requirements and methods of test – Part 1: Photovoltaic off-grid application 

IEC 61951-2:2017, Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Secondary sealed cells and batteries for portable applications – Part 2: 
Nickel-metal hydride 

IEC 61960-3:2017, Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Secondary lithium cells and batteries for portable applications – Part 3: Prismatic 
and cylindrical lithium secondary cells and batteries made from them 

IEC 62087-2:2023, Audio, video, and related equipment – Determination of power consumption 
– Part 2: Signals and media 

IEC 62087-3:2023, Audio, video, and related equipment – Determination of power consumption 
– Part 3: Television sets 

IEC 62087-6:2015, Audio, video, and related equipment – Determination of power consumption 
– Part 6: Audio equipment 

IEC TS 62257-12-1, Recommendations for renewable energy and hybrid systems for rural 
electrification – Part 12-1: Laboratory evaluation of lamps and lighting appliances for off-grid 
electricity systems 

IEC 62509:2010, Battery charge controllers for photovoltaic systems – Performance and 
functioning 

IEC 62623, Desktop and notebook computers – Measurement of energy consumption 
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CIE 13.3, Method of measuring and specifying colour rendering properties of light sources 

CIE 15, Colorimetry 

CIE 084, The measurement of luminous flux 

CIE 127, Measurement of LEDs 

CIE 177, Colour rendering of white LED light sources 

ANSI/IES LM-78, Approved method: total luminous flux measurement of lamps using an 
integrating sphere photometer 

ANSI/IES LM-79, Approved method: Optical and electrical measurements of solid-state lighting 
products 

ANSI/IES LM-80, Approved method: measuring lumen maintenance of LED light sources 

JCGM 100, Evaluation of measurement data – Guide to the expression of uncertainty in 
measurement 

3 Terms and definitions 

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

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

• IEC Electropedia: available at http://www.electropedia.org/ 

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

3.1  
luminous flux 
time rate of flow of radiant energy, evaluated in terms of a standardized visual response 

Note 1 to entry: The luminous flux of a light source represents the total radiant power emitted in all directions, 
weighted by a standardized function representing the response of the human eye to different wavelengths, and is 
measured in lumens (lm). In this document, the term “luminous flux” refers to the total luminous flux calculated using 
the CIE photopic luminous efficiency function, V(λ). For further details, refer to IEC 60050-845, 845-21-035, or 
ANSI/IES LS-1-22, 3.2. 

[SOURCE: ANSI/IES LS-1-22, 3.2, modified – Note 1 has been added, and the formula and 
paragraph describing photopic and scotopic luminous flux have been omitted.] 

3.2  
illuminance  
Ev 
areal density of the luminous flux incident at a point on a surface 

Note 1 to entry: In the SI system of units, illuminance is expressed in lux (lx) or lumens per square metre (lm/m2). 

[SOURCE: ANSI/IES LS-1-22, 3.3.1, modified – The note is taken from IEC 60050-723:1997, 
723-08-30] 
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3.3  
capacity  
<for cells or batteries> electric charge which a cell or battery can deliver under specified 
discharge conditions 

Note 1 to entry: The SI unit for electric charge, or quantity of electricity, is the coulomb (1 C = 1 A·s) but in practice, 
capacity is usually expressed in ampere hours (Ah). 

[SOURCE: IEC 60050-482:2020, 482-03-14] 

3.4  
DUT 
device under test 
particular item that is being measured or observed 

Note 1 to entry: Depending on context, the DUT can be an entire product or a subset such as an individual 
component (e.g. an appliance, main unit, or PV module), a group of components (e.g. a PV module supplying power 
to a main unit), or a part of a component (e.g. a battery). 

3.5  
lux  
lx 
SI unit of illuminance 

Note 1 to entry: 1 lx is equal to the illuminance produced on a surface of area 1 m2 by a luminous flux of 1 lm 
uniformly distributed over that surface 

[SOURCE: IEC 60050-845:2020, 845-21-085, modified – Notes 2 and 3 have been omitted.] 

3.6  
colour rendering index 
CRI 
measure of the degree to which the psychophysical colour of an object illuminated by the test 
illuminant conforms to that of the same object illuminated by the reference illuminant, suitable 
allowance having been made for the state of chromatic adaptation 

[SOURCE: IEC 60050-845:2020, 845-22-109, modified – The notes have been omitted.] 

3.7  
correlated colour temperature 
CCT 
absolute temperature of a blackbody whose chromaticity most nearly resembles that of the light 
source 

Note 1 to entry: The correlated colour temperature is expressed in kelvin (K). 

[SOURCE: ANSI/IES LS-1-22, 4.6.4.2, modified – Note 1 has been added.] 

3.8  
full width half maximum 
FWHM  
range of a variable over which a given characteristic is greater than 50 % of its maximum value 

Note 1 to entry: FWHM may be applied to characteristics such as radiation patterns, spectral linewidths, etc. and 
the variable may be wavelength, spatial or angular properties, etc. as appropriate. 

[SOURCE: IEC 60050-731:1991, 731-01-57] 
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3.9  
multimeter  
multi-range multi-function measuring instrument intended to measure voltage, current and 
sometimes other electrical quantities such as resistance 

[SOURCE: IEC 60050-312:2001, 312-02-24] 

3.10  
illuminance meter 
instrument for measuring illuminance 

[SOURCE: IEC 60050-845:2020, 845-25-020, modified – The note has been omitted.] 

3.11  
photometer  
instrument for measuring light 

[SOURCE: IEC 60050-845:2020, 845-25-019, modified – The term “photometric quantities” has 
been replaced by “light,” and the note has been omitted.] 

3.12  
pyranometer 
radiometer normally used to measure global irradiance on a horizontal plane 

Note 1 to entry: A pyranometer can also be used to measure diffuse irradiance when used with a shade ring or disc. 

Note 2 to entry: A pyranometer can also be used to measure total irradiance on an inclined plane, which would 
include radiation reflected from the foreground. 

[SOURCE: IEC TS 61836:2016, 3.5.7.2] 

3.13  
integrating sphere  
Ulbricht sphere 
hollow sphere, the interior of which is formed from, or coated with, a diffusely-reflecting material 
that is as spectrally neutral and as spatially uniform as possible 

Note 1 to entry: Owing to the internal reflections within the sphere, the illuminance on any part of the inside surface 
of the sphere for which the direct flux is hidden is theoretically proportional to the luminous flux entering the sphere 
or produced inside the sphere. The illuminance of the internal sphere wall can be measured via a small window. 

Note 2 to entry: An integrating sphere is used to determine the total luminous flux (lumen output) of a lighting 
device. 

[SOURCE: IEC 60050-845:2020, 845-25-028, modified – Notes 2 and 3 have been omitted and 
a new note 2 has been added.] 

3.14  
goniophotometer  
photometer for measuring the directional light distribution characteristics of sources, luminaires, 
media or surfaces 

[SOURCE: IEC 60050-845:2020, 845-25-026, modified – The note has been omitted.] 

3.15  
power supply  
electric energy converter which draws electric energy from a source and supplies it in a 
specified form to a load 

[SOURCE: IEC 60050-151:2001, 151-13-76] 
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3.16  
overvoltage protection  
protection intended to operate when the power system voltage is in excess of a predetermined 
value 

[SOURCE: IEC 60050-448:1995, 448-14-32] 

3.17  
IP code 
coding system to indicate the degrees of protection provided by an enclosure against access to 
hazardous parts, ingress of solid foreign objects, ingress of water and to give additional 
information in connection with such protection 

Note 1 to entry: In this document, certain IP Codes can be estimated using procedures in IEC TS 62257-9-5, which 
provides a simplified and lower-cost alternative to IEC 60529. The procedure in IEC TS 62257-9-5 evaluates 
protection against ingress of solid foreign objects and water, but not protection against access to hazardous parts. 

[SOURCE: IEC 60529, 3.4, modified – note 1 has been added.] 

3.18  
portable 
connected in a way that makes a product or subsystem easy for an individual to carry 

Note 1 to entry: Products or subsystems are portable when two or more of the main components (energy source, 
energy storage, and light source) are connected in this way. 

3.19  
fixed 
designed for permanent or semi-permanent mounting and use in place 

Note 1 to entry: Products or subsystems are fixed when the main components (energy source, energy storage, and 
light source) are designed in this way. 

3.20  
separate 
without PV module or with a PV module connected to other components via a cable that is 
sufficiently long to allow the PV module to collect energy outdoors while the other product 
components remain indoors 

3.21  
integrated 
with a PV module incorporated into another component or connected to another component 
(other than a fixed outdoor component) via a cable that is too short to allow the PV module to 
collect energy outdoors while the other product components remain indoors 

3.22  
metadata 
information that relates a test result to a specific sample and provides context about the result 
(e.g. specific test method used) 

3.23  
LED 
light emitting diode 
solid-state device embodying a p-n junction, emitting incoherent optical radiation when excited 
by an electric current 

[SOURCE: IEC 60050-845:2020, 845-27-050, modified – The notes have been omitted.] 
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3.24  
low-voltage disconnect 
LVD 
battery voltage at which the load terminals of the charge controller are switched off to prevent 
the battery from reaching a problematically low state of charge (SOC) 

Note 1 to entry: This is a specific case of a "load disconnect point" as defined by IEC 62509:2010, 3.11. 

3.25  
standby loss 
current drawn from a product’s battery with the product switched off 

3.26  
appliance 
device that performs a specific function providing service to an end user, such as a light, radio, 
mobile device, or television set 

3.27  
mobile device 
basic mobile phone, feature phone, smartphone, tablet computer, or similar portable 
communication or computing device having an internal rechargeable battery  

Note 1 to entry: Larger portable devices, such as laptop computers, can also be considered mobile devices, but 
some provisions (e.g. related to charging current and ports) may not be applicable. 

Note 2 to entry: A mobile device is an appliance. 

3.28  
port 
connector (typically a socket) on a component that can supply power to an appliance 

Note 1 to entry: This definition applies when the word "port" is used without qualification in this document. The word 
"port" can also be used more generally to refer to any socket (receptacle). 

3.29  
power control unit 
component of a stand-alone renewable energy product that includes a battery and one or more 
ports plus, typically, the associated battery management, voltage regulation and overload 
protection components 

Note 1 to entry: In the case of a product with a single power control unit, the power control unit is often referred to 
as the "main unit" or "control box." A power control unit can include appliance functionality such as a light or built-in 
radio. A portable appliance (such as a light) with internal battery is a power control unit if it includes a port. 

3.30  
main unit 
component or assembly including an input for connecting the primary energy source (e.g. solar, 
grid or mechanical charger), a battery, and one or more built-in appliance(s) or port(s).  

Note 1 to entry: A power control unit can be a main unit, though a main unit does not necessarily have a port. 

Note 2 to entry: A product can contain more than one main unit. 

3.31  
standard operating voltage 
standardized voltage corresponding to a typical battery operating point during discharge 
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3.32  
typical battery discharge voltage 
battery voltage corresponding to the "typical operating point" (e.g. the operating point resulting 
in the average value of power) during discharge 

Note 1 to entry: The typical battery discharge voltage is an outcome of the full-battery run time test, while the 
standard operating voltage depends only on the battery chemistry and number of cells. 

3.33  
appliance operating voltage 
voltage supplied to an appliance by a port when the appliance is operating at a particular setting 
and the power control unit battery is at the typical battery discharge voltage 

3.34  
product specification 
document containing quality and warranty requirements 

Note 1 to entry: IEC TS 62257-9-8 is an example of a product specification. Throughout this document, “product 
specification” can refer to IEC TS 62257-9-8 or to any other product specification. 

Note 2 to entry: A product specification can be developed by a national or international standards body, a market 
development programme, a distributor or other organization making a bulk procurement, or any other entity using 
this document.  

3.35  
foldable module 
PV module that is separated into distinct PV sections nominally of the same size and connected 
by a section that can be folded and does not contain cells, but has the interconnecting busbars 

[SOURCE: IEC TS 63163:2021, 3.2, modified – the phrase “that can be folded” has been added] 

3.36  
component 
<of a product> constituent part of a product which cannot be physically divided into smaller 
parts as part of normal installation and use 

Note 1 to entry: Examples of components include main units, power control units, appliances, PV modules, external 
batteries, and cables. 

[SOURCE: IEC 60050-151:2001, 151-11-21, modified – "device" has been replaced with 
"product" and "without losing its particular function" with "as part of normal installation and use," 
and the note has been added.] 

3.37  
company 
entity who provides the product for testing (who can be the maker of the product or a supplier, 
importer, distributor, reseller, etc.) 
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4 Product components and characteristics  

4.1 Components 

4.1.1 Overview 

A stand-alone renewable energy product typically comprises: 

• The main components: 
– one or several energy sources: 

a) solar photovoltaic module (integrated, supported by or completely separate from the 
casing), 

b) electromechanical charger (hand crank, pedal power, or other), or 
c) general DC power input (normally used with a central charging station or AC-DC 

converters to charge via grid power). 
– one or several light sources (typically compact fluorescent light (CFL) or LED), 
– power control unit(s) (see 3.29), which can be integrated into the same casing as the 

light sources or in a separate enclosure, 
– battery or batteries, and 
– loads (optional), such as appliances (lighting, television, radio, fan, etc.), and load 

adapter cables (e.g. for mobile devices). 

NOTE In more complex products, some loads can include their own battery and power control unit. 

• The enclosure and other components: 
– casing or several casings (including some translucent parts in many cases), 
– circuits (battery charge and discharge controller, regulated voltage and current sources), 
– wiring to connect the circuits to each other and the main components, 
– fasteners to secure components in the casings, 
– switches for light control or selection, 
– cables and connectors,  
– protective devices, 
– status indicators or user feedback, 
– accessories (auxiliary power outlet, mobile device charging or other appliance interface, 

radio, fan, television set, etc.), or 
– hardware for mounting. 

Throughout this document, the terms "product" and "stand-alone renewable energy product" 
refer to the complete product or kit as described in 4.1.1. 

4.1.2 Component categories 

Components of stand-alone renewable energy products can be placed into five categories 
based on the arrangement of components. The four general categories are fixed indoor, fixed 
outdoor, portable separate, and portable integrated; photovoltaic modules are in an additional, 
separate category. It is important to categorize components because components in different 
categories have different inherent utility to the user and will encounter different environmental 
conditions based on their design.  

Different quality standards may apply to different categories.  

Each product can contain components from multiple categories. Appliances included with the 
product may also be categorized with this same system. 
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The first word in each category name refers to the portability of the system.  

• Fixed components are designed for permanent or semi-permanent mounting and use in 
place. In addition to many large battery packs and installed light points, certain appliances, 
such as television sets, are typically considered to be fixed. 

• Portable components are inherently portable and generally contain an internal energy 
source. For example, a stand-alone renewable energy product can include a portable light 
with a battery that can be charged from the PV module or from another battery in a fixed 
enclosure. 

Fixed components are further classified based on the expected use location: 

a) Fixed indoor components are not inherently portable and are used indoors. If a fixed indoor 
component is connected to a component that is intended to be used outdoors (such as a PV 
module), the cable connecting the two components shall be sufficiently long to place the 
outdoor component outdoors in an appropriate location while the indoor component remains 
indoors. Otherwise, the fixed outdoor category shall apply. See Figure 1 for an example. 

 

Figure 1 – Fixed indoor components and PV module – Example 

b) Fixed outdoor components are not inherently portable and are intended to be used outdoors 
or are connected to components intended to be used outdoors by a cable that is too short 
to allow the component in question to be placed indoors. Fixed outdoor components may 
contain integrated PV modules; however, PV modules without additional components form 
their own category. See Figure 2 for an example. 

 

Figure 2 – Fixed outdoor components with an indoor light point – Example  
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Portable components are further classified by the presence or absence of an integrated PV 
module: 

a) Portable separate components are portable, with a battery and load permanently or 
temporarily joined. If the component is intended to be connected to a fixed outdoor or 
portable integrated component or a PV module, the cable connecting the two components 
shall be sufficiently long to place the outdoor component outdoors in an appropriate location 
while the indoor component remains indoors; otherwise, the portable integrated category 
shall apply. See Figure 3 for an example. 

 

Figure 3 – Portable separate components – Example 

b) Portable integrated components are portable and are charged with a PV module that is 
integrated in the casing or is otherwise designed so that the whole component is left 
outdoors to charge via the PV module. This includes portable components that are intended 
to be connected to fixed outdoor or portable integrated components, or a PV module, by a 
cable that is too short to allow the component in question to be placed indoors. Portable 
integrated components may contain PV modules; however, PV modules without additional 
components form their own category. See Figure 4 for an example. 

 

Figure 4 – Portable integrated components – Example 

PV modules may be subjected to different standards for durability (including physical and water 
ingress protection), and are therefore considered a separate category: 

a) PV modules include one or more PV cells surrounded by encapsulating or laminating 
materials with a transparent glass or plastic covering, plus a junction box mounted on the 
back of the module for electrical connections. A PV module can be surrounded by a frame, 
typically of metal or plastic, and can include mounting brackets or other hardware. This 
category applies only to PV modules; assemblies containing one or more PV modules plus 
additional electrical or electronic components, such as circuit boards or batteries, shall be 
considered fixed outdoor components. 

NOTE The requirement regarding assemblies containing PV modules is not intended to apply to PV modules with 
small circuit boards or discrete electronic components such as diodes installed in their junction boxes. 
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4.1.3 Lighting parts definitions 

The portion of the product which provides lighting can also be divided into several subsystems, 
as defined in the following. The subsystems are nested beginning with the smallest subsystem 
and working up to a complete product. 

a) Light source(s): individual LED, CFL, or other light emitting components. 
b) Array(s): single or grouped light sources that can be controlled independently from other 

arrays. 
c) Light point(s) or lighting appliance(s): house one or more arrays and can be moved with 

respect to other light points, if there are more than one. 
d) Stand-alone renewable energy product: the overall package of integrated components, 

including one or several energy sources (e.g. PV modules), main units, and potentially other 
components such as light points and other appliances. 

Figure 5 illustrates how a hypothetical product can be subdivided. The levels of division are 
labelled with letters, corresponding to the descriptions above. There are six light sources (A) in 
this product divided among four arrays (B). Two of the three light points (C) have one array; the 
third light point (in the middle – C2) has two arrays. Note that one of the arrays – the one with 
three light sources – is turned off and the other is on. Both units are included in a single product 
(D). Note that although only lights are illustrated below, other appliances are often included as 
part of the product. 

 

Figure 5 – Division of a product into subsystems – Illustrative example 
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4.1.4 Appliance definitions 

Some products may include or advertise compatibility with one or more appliances, such as 
lights, radios, and mobile devices. Two categories of appliances are addressed in this document: 

• Included appliances are packaged with and sold as part of the product, so their performance 
(e.g. power consumption) can be measured directly by the test laboratory. 

• Advertised appliances are not included as part of the product but are mentioned in the 
accompanying advertising material, such as the product packaging or the company’s 
website. This advertising can be a simple statement that the appliance can be used with the 
product, or an estimate of the run time or service provided by the appliance with a full battery 
or after a day of solar charging. Methods are provided for evaluating these claims even 
though the appliances are not provided to the test laboratory. 

In addition, appliances can be categorized by how they are connected to the other components 
of the product: 

• Removable appliances can be powered or charged from the product by plugging a cable 
into a port and can be disconnected when not in use. 

• Built-in appliances are integrated into another component of the product so that they are 
not intended to be removed by the end user. These appliances include built-in radios and 
lights. The following are also considered built-in appliances for the purposes: 
– appliances (such as light points) connected to the product by a permanently attached 

cable that is not intended to be removed by the end user; 
– appliances (such as light points) that can be removed, but that depend on a circuit or 

assembly internal to another part of the product for their functionality. For example, a 
light point where some or all of the driver or ballast circuit is internal to the power control 
unit of the product is considered a built-in appliance. In some cases, such appliances 
can be tested as removable appliances with some modifications to the test procedures; 
see EE.4.2.5. 

In some cases, an appliance can be considered both "built-in" and "removable." For example, 
a product could have external lights that can be plugged into specially designated ports with 
brightness controls or into general-purpose appliance ports. These appliances may be tested 
as built-in appliances or removable appliances; the decision should be made based on how the 
appliance is likely to be used most often. It is not necessary to test such appliances using both 
sets of test methods (for built-in and removable appliances). 

Removable appliances can be further divided into appliances with and without internal batteries. 
Different test methods for power consumption and voltage compatibility apply to these two 
categories. (The term "appliance with internal battery" in this document does not refer to built-
in appliances.) 

4.1.5 Additional system elements 

In addition to technical elements, a system can also include: 

• packaging with information about the product, 

• user manual(s),  

• various advertising for the product across media: print, radio, television, internet, and 
others, 

• warranty support from the company, and 

• hardware for mounting the PV module and other components. 
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4.2 System measurements and observations 

4.2.1 General 

Subclause 4.2 describes aspects of an off-grid lighting product that can be measured or 
observed to ascertain its quality and performance. The aspects are grouped into categories, 
and each aspect begins with a description of its relevance. The description of each aspect 
concludes with a description of the result from the test procedure, the units, and an example 
result. In some cases, multiple pieces of information are grouped in a single aspect for clarity 
and concision.  

4.2.2 Product design, manufacture, and marketing aspects 

4.2.2.1 Arrangement of components 

The arrangement of components is a critical aspect to observe because it determines the 
product category. Different arrangements will offer different utility to the end user.  

a) Test procedure(s): Annex F: visual screening. 
b) Result: qualitative description of each separate electronic enclosure and what is housed in 

or mounted on each. 
c) Units: qualitative description. 

EXAMPLE Enclosure A contains the battery and has a gooseneck light point protruding from the top. Enclosure B 
is a remote lighting point with ambient, omnidirectional LEDs mounted on the outside; it is connected to Enclosure A 
with a 5 m cable. A PV module with a 6 m cable powers Enclosure A.  

4.2.2.2 Charging system information 

This notes all the available options for charging the product or component. The key items to 
note are whether the product or component can be charged by "central" charging (e.g. via 
electric grid connection or at a central charging station), "independent" charging (e.g. via an 
included photovoltaic or electromechanical generator), or both. The available charging options 
can help determine the utility of the product for users based on the performance aspects (see 
4.2.8). 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result (for each charging option): charger type; central or independent. 
c) Units: qualitative type. 

EXAMPLE Two charging options: independent solar charging via the included module, and central grid charging via 
an auxiliary input designed for use with mobile phone chargers (not included). 

4.2.2.3 Lighting system information 

This describes the types of light sources used in the product and their arrangement. This is 
important for understanding the general product design. 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: qualitative description of the type, number, and arrangement of light sources. 
c) Units: qualitative description. 

EXAMPLE See 4.1.3.  
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4.2.2.4 Energy storage system information 

This describes the type and number of energy storage systems included in the product.  

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: the type and number of batteries in the system. 
c) Units: qualitative description. 

EXAMPLE Unit A has a 3,7 V lithium-ion battery with a rating of 2,0 Ah; Unit B has a 3,7 V lithium-ion battery with 
a rating of 1,0 Ah. 

4.2.2.5 Battery easy replaceability 

This is an assessment of whether a low-skill technician can easily replace the battery with only 
a screwdriver (i.e. no soldering). It is important for considering the relevance of battery 
replacement information. 

a) Test procedure(s): Annex F: visual screening. 
b) Result: a yes or no result on whether it is "easy" to replace the battery. 
c) Units: yes/no. 

4.2.2.6 Battery general aspects 

These are the aspects of the battery(-ies) that are important for understanding selection of 
replacement batteries. 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information 
or reference component rating. 

b) Result (for each battery present): battery chemistry; nominal voltage; package type; 
package size; connection type. 

c) Units: qualitative type. 

EXAMPLE A sealed lead-acid 4 V prismatic package, 20 mm × 20 mm × 60 mm, wire lead connections. 

4.2.2.7 Packaging and user manual information 

Information about the packaging, user manual, and other consumer-facing information helps 
establish a baseline for comparing measured values in truth-in-advertising assessments. 
Certain programmes require particular information to be included in the manual, such as 
instructions for end-of-life disposal, particularly for batteries and other potentially hazardous 
components; thorough documentation of the packaging, user manual, and other consumer-
facing information allows compliance with these requirements to be assessed. 

a) Test procedure(s): Annex F: visual screening. 
b) Result: there are five types of result: 

1) photographic documentation of the packaging and manual (or digital copies of the 
original proofs); 

2) notes on the type of manual and which languages are included; 
3) description of the method or pathway for replacing components, including the battery; 
4) specifications of components that could require replacement (fuses, batteries, PV); 
5) instructions for PV and product installation and operation. 

c) Units: qualitative type and photographs. 
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4.2.2.8 Warranty information 

The terms and duration of warranty coverage provided to end users are important factors for 
engendering confidence in stand-alone off-grid lighting and trying to prevent early failure. In 
practice, servicing warranties is highly variable depending on the structure of supply and service 
chains.  

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: detailed warranty terms and a "concise" version that highlights the key points of 

coverage and duration. 
c) Units: qualitative description. 

EXAMPLE Detailed warranty terms are documented in scanned attachments to test report. Coverage is against 
manufacturing defects or under normal use conditions. The product in general is covered for 24 months from the time 
of purchase; the PV module is warranted for 5 years.  

4.2.2.9 Auxiliary outlets, ports and adapters information 

This notes all the auxiliary outlets and ports present on the product. The inclusion of USB ports, 
outlets or mobile device adapters can be an important purchasing factor for a consumer. 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: list of included auxiliary outlets, ports and adapters, including receptacle type and 

nominal voltage. 
c) Units: qualitative description. 

EXAMPLE The product includes two 12 V ports with barrel jacks (5,5 mm outer diameter; 2,5 mm pin diameter) and 
three 5 V USB ports (type A receptacle). 

4.2.2.10 Appliances information 

This notes all the appliances included with the product and all appliances the product is 
advertised to support. Some products include appliances such as radios. Others include 
advertising stating that they support certain appliances or making claims as to how long they 
can power certain appliances. 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: list of included appliances and list of claims related to supporting appliances. 
c) Units: qualitative description. 

4.2.2.11 Other visual screening results 

This incorporates various other important results obtained from visual screening (Annex F), 
including, but not limited to, component dimensions, component masses, the number of light 
settings, and provided specifications. 

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information. 
b) Result: various results including qualitative descriptions and quantitative measurements. 
c) Units: qualitative descriptions and quantitative measurements. 
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4.2.3 Product durability and workmanship aspects 

4.2.3.1 Functionality and workmanship 

This encompasses whether the product can perform its basic functions, and whether there are 
any easily identified safety issues or other deficiencies of workmanship. External and internal 
aspects are considered, including the durability and function of certain mechanical parts and 
connectors, safety and durability of PV modules, and the quality of electronic components, 
wiring, and batteries. 

a) Test procedure(s): Annex F: visual screening. 
b) Result: a quantitative workmanship score and qualitative notes about observed deficiencies, 

safety concerns and functionality issues. 
c) Units: The deficiencies score and workmanship score are unitless.  

4.2.3.2 Water protection – enclosure 

This provides a description of the product enclosure’s ability to keep out water in terms of IP 
code. For components intended to be either used or charged outside, or both, water protection 
is important for product function as well as user safety. 

a) Test procedure(s): Annex U: Physical and water ingress protection test in accordance with 
IEC 60529 or the alternative methods if the alternative method results are unequivocal. 

b) Result: pass or fail for IP code (second digit) and a description of degree of water protection 
provided by enclosure. 

c) Units: pass or fail and qualitative description. 

EXAMPLE The portable lamp included with the product passes IPX3. The lamp’s enclosure contains tight fitting 
components, all of which have gaskets to prevent water intrusion. The battery, charge controller and TV are all fixed 
indoor components that do not require water ingress protection. 

4.2.3.3 Water protection – circuit protection and drainage 

This provides a description of either any drainage means incorporated into a product or circuit 
board, any protection methods used in the product, or both. The incorporation of drainage or 
circuit board protection is crucial for products intended to be portable or used outdoors that 
have enclosures providing little to no water intrusion protection. 

a) Test procedure(s): Annex F: visual screening combined with Annex D: company self-
reported information. 

b) Result: qualitative description of drainage or circuit protection methods used. 
c) Units: qualitative description. 

EXAMPLE The product has a conformal coating on its circuit board as well as drainage holes in the base of the 
enclosure to allow drainage of collected water. 

4.2.3.4 Water protection – overall 

This combines the protection afforded by the enclosure, circuit protection, and consumer 
labelling to assess the overall protection from water exposure. 

a) Test procedure(s): Annex V: level of water protection. 
b) Result: descriptive assessment of exposure protection by enclosure only, technical means, 

and overall system. The assessment categories are "no protection," "occasional rain," 
"frequent rain, "permanent rooftop installation for PV modules," and "permanent outdoor 
exposure." 

b) Units: qualitative type.  

EXAMPLE Enclosure only: no protection. Technical means: occasional rain. Overall: occasional rain. 
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4.2.3.5 Water protection – PV module 

This provides a description of an external PV module’s ability to keep out water in terms of IP 
code. (If the PV module is integrated into the product enclosure, then 4.2.3.2 already covers 
the PV module.) It is necessary to leave PV modules outside to collect solar energy; therefore, 
water protection is important for PV module function as well as user safety. 

a) Test procedure(s): Annex U: Physical and water ingress protection test in accordance with 
IEC 60529 or using the alternative methods (U.4.4) if the alternative method results are 
unequivocal. 

b) Result: pass or fail for IP code (second digit) and a description of degree of water protection.  
c) Units: pass or fail and qualitative description. 

EXAMPLE The product’s PV module passes IPX4; the PV module is well sealed, providing an adequate level of 
protection against water ingress.  

4.2.3.6 Physical ingress protection 

This provides a description of the degree of protection from the intrusion of foreign objects a 
component’s enclosure provides in terms of IP code. Physical ingress protection is important 
for user safety as well as product functionality. 

a) Test procedure(s): Annex U: Physical and water ingress protection test in accordance with 
IEC 60529 or using the alternative methods (U.4.3) if the alternative method results are 
unequivocal. 

b) Result: pass or fail for IP code (first digit) and description of degree of physical ingress 
protection. 

c) Units: pass or fail and qualitative description. 

EXAMPLE The product components pass IP 2x; the product enclosure’s components fit together well, with vents 
smaller than 12,5 mm. 

4.2.3.7 Physical ingress protection – PV module 

This provides a description of an external PV module’s ability to prevent the intrusion of foreign 
objects in terms of IP code (if the PV module is integrated into the product enclosure, then 
4.2.3.6 already covers the PV module). It is necessary to leave PV modules outside to collect 
solar energy; therefore, physical ingress protection is important for PV module function as well 
as user safety. 

a) Test procedure(s): Annex U: Physical and water ingress protection test in accordance with 
IEC 60529 or using the alternative methods (U.4.4) if the alternative method results are 
unequivocal. 

b) Result: pass or fail for IP code (first digit) and description of degree of physical ingress 
protection. 

c) Units: pass or fail and qualitative description. 

EXAMPLE The product’s PV module is estimated to pass IP 3x; the PV module is well sealed so that only small 
particles could intrude. 
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4.2.3.8 Drop resistance 

This provides an evaluation of a product’s robustness and ability to withstand being dropped. 
Drop resistance is important for product functionality and user safety and satisfaction in portable 
components. 

a) Test procedure(s): Annex W: mechanical durability test. 
b) Result: pass or fail for functionality, damage, and the presence of user safety hazards. 
c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented 

a safety hazard to the user. 

EXAMPLE When dropped, the product stopped working and its glass LED cover shattered, presenting a safety 
hazard to the user. Functional: fail. Damage: fail. Safety hazard: fail. 

4.2.3.9 Gooseneck and moving part durability 

This provides an evaluation of a product’s gooseneck or other moving part’s robustness and 
ability to withstand being torqued through its expected range of motion. Gooseneck and moving 
part durability is important for product functionality and user safety and satisfaction. 

a) Test procedure(s): Annex W: mechanical durability test. 
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards. 
c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented 

a safety hazard to the user. 

EXAMPLE After the gooseneck and moving part test, the LEDs worked properly but there was visible damage (a 
cracked housing) that did not pose a hazard. Functional: pass. Damage: fail. Safety: pass. 

4.2.3.10 Connector durability 

This provides an evaluation of a product’s connectors’ robustness and ability to withstand plug 
cycling. Connector durability is important for product functionality and user safety and 
satisfaction. 

a) Test procedure(s): Annex W: mechanical durability test. 
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards. 
b) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented 

a safety hazard to the user. 

EXAMPLE After 400 cycles in the connector test, the PV module’s barrel plug socket detached from the enclosure, 
rendering the PV module connector unusable. Functional: fail. Damage: fail. Safety: pass. 

4.2.3.11 Switch durability 

This provides an evaluation of a product’s switches’ robustness and ability to withstand switch 
cycling. Switch durability is important for product functionality and user safety and satisfaction. 

a) Test procedure(s): Annex W: mechanical durability test. 
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards. 
c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented 

a safety hazard to the user. 

EXAMPLE After 600 cycles in the switch test, the light switch stopped turning on the DUT. Functional: fail. Damage: 
fail. Safety: pass. 
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4.2.3.12 Strain relief durability 

This provides an evaluation of a product’s strain reliefs’ robustness and ability to withstand 
being pulled. Strain relief durability is important for product functionality and user safety and 
satisfaction. 

a) Test procedure(s): Annex W: mechanical durability test. 
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards. 
c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented 

a safety hazard to the user. 

EXAMPLE The strain reliefs all withstood the strain relief test without incurring any damage. Functional: pass. 
Damage: pass. Safety: pass. 

4.2.3.13 Battery protection strategy 

This provides a quantitative evaluation of a product’s battery discharge-recharge protection 
strategy or algorithm, which is important for battery longevity as well as user safety. 

a) Test procedure(s): Annex S: charge controller behaviour test or Annex FF: appliance tests. 
b) Result: deep discharge and overvoltage protection voltages. 
c) Units: quantitative description. 

4.2.3.14 Robustness of screw connections 

Non-plug-and-play products can have screws that are intended to be tightened during 
installation. These screws are tested to confirm they can be screwed and unscrewed without 
damage. 

a) Test procedure(s): Annex X: Screw connections test.  
b) Result: a pass or fail for each applicable test and photographs of any damage. 
c) Units: n/a. 

4.2.4 Lighting durability aspects 

4.2.4.1 LED lumen maintenance 

This is a measure or estimate of the amount of light degradation after constant operation for a 
specified duration, which can provide valuable insight into the quality of the LEDs and the 
product’s circuit design. The value can be assessed by direct measurement for  500 h, 1 000 h, 
or 2 000 h, or through estimation using ANSI/IES LM-80 data, a 500 h test, and product 
measurements. 

a) Test procedure(s): Annex J: lumen maintenance test. 
b) Result: percentage of lumen output maintained after 500 h, 1 000 h, or 2 000 h of constant 

operation. 
c) Units: percentage (%). 

4.2.4.2 Fluorescent light durability  

These are additional checks of durability for fluorescent lights that account for their unique 
characteristics. 

a) Test procedure(s): Cycling test of IEC TS 62257-12-1. 
b) Result: a pass or fail for the cycling test of IEC TS 62257-12-1.  
c) Units: pass or fail.  
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4.2.5 Battery performance aspects 

4.2.5.1 Battery capacity 

This is a measure of the quantity of electricity (electric charge), usually expressed in ampere-
hours (Ah), which a fully charged battery can deliver under specified conditions, which affects 
the run time of products. 

a) Test procedure(s): Annex K: battery test (all chemistries), Annex D: company self-reported 
information or reference component rating. 

b) Result: capacity of the battery at a particular discharge rate. 
c) Units: ampere-hours (Ah) at a discharge rate expressed in terms of It A (as defined in K.4.1). 

EXAMPLE 3,5 Ah at 0,2 It A. 

4.2.5.2 Battery round-trip energy efficiency 

This is a measure of how efficient the battery is at storing energy to deliver for later use.  

a) Test procedure(s): Annex K: battery test. 
b) Result: storage efficiency of the battery pack.  
c) Units: percentage (%). 

4.2.5.3 Battery storage durability 

This is a measure of battery capacity degradation from storage, which can indicate batteries 
that could degrade prematurely under typical use.  

a) Test procedure(s): Annex BB: battery durability test. 
b) Result: percent capacity loss from storage. 
c) Units: percentage (%). 

4.2.5.4 Battery nominal voltage 

This is important for matching to the other components and determines, along with the battery 
ampere-hour capacity, the energy capacity of the battery. It depends on the battery chemistry 
(what materials are used to store energy) and the number of electrochemical cells that are in 
series.  

a) Test procedure(s): Annex F: visual screening, Annex D: company self-reported information 
or reference component rating. 

b) Result: nominal voltage of the battery pack. 
c) Units: voltage (V).  
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4.2.6 PV module aspects 

4.2.6.1 Solar I-V curve parameters 

These are the key parameters describing PV module performance at standard test conditions 
(STC: AM 1,5, 25 °C ± 2 °C cell temperature, 1 000 W/m2 irradiance) and typical module 
operating temperature (TMOT: AM 1,5, 50 °C ± 2 °C cell temperature, 1 000 W/m2 irradiance). 

a) Test procedure(s): Annex Q: photovoltaic module I-V characteristics test, IEC 60904-1. 
b) Result (for both STC and TMOT):  

1) Open circuit voltage (Voc). 

2) Short circuit current (Isc). 

3) Maximum power voltage (Vmpp). 

4) Maximum power current (Impp). 

5) Peak power (Pmpp). 

6) Voltage temperature coefficient (relative to the open-circuit voltage at STC). 
c) Units: volts (V), amperes (A), watts (W), percent per degree Celsius (%/°C).  

EXAMPLE STC values: Voc = 7,5 V, Isc = 0,55 A, Vmpp = 5,8 V, Impp = 0,50 A, and Pmpp = 2,9 W. The module’s 
voltage temperature coefficient is -0,42 %/°C. 

4.2.6.2 Cable length 

The length of PV module cables and other cables connected to fixed outdoor components are 
important because it is one aspect that determines the product category; a minimum length is 
typically specified for products to "qualify" as having separate PV modules to ensure that a user 
can place the PV module, or other component, outdoors while the other components remain 
indoors. This has implications for the degree of water protection in quality standards.  

a) Test procedure(s): Annex F: visual screening.  
b) Result: There are two main outputs:  

1) the length of any cables that connect a portable component or fixed indoor component 
to a PV module; and  

2) the length of any cables that connect any fixed outdoor or portable integrated component 
to any other component (other than another fixed outdoor component). 

c) Units: metres (m).  

4.2.6.3 PV safety and durability 

Basic safety and durability testing of PV modules helps confirm that PV modules are safe and 
appropriate for use in off-grid solar products. Testing covers key issues that can be identified 
during the visual inspection including inspecting the PV module for burrs or sharp edges.  

a) Test procedure(s): Annex F: visual screening.  
b) Result: identification of any safety hazards and a workmanship quality rating of “good”, “fair” 

or “poor” with a focus on safety issues. 
c) Units: n/a. 
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4.2.6.4 PV wiring 

The PV cable is measured to confirm it can safely carry the current produced by the PV module.  

a) Test procedure(s): Annex A: Photovoltaic module wiring inspection.  
b) Result: a pass or fail result along with metrics used to determine the result: 

1) Maximum short-circuit current (A). 
2) Conductor material. 
3) Insulation type or temperature rating (°C). 
4) Diameter of single strand (mm), number of strands, measured cross-sectional area 

(mm2) or resistance per unit length (Ω/km). 

c) Units: amperes (A), degrees Celsius (°C), millimetre (mm), millimetres squared (mm2), ohm 
per kilometre (Ω/km). 

4.2.6.5 Partial shading of photovoltaic modules 

When an individual cell of a PV module is shaded, that cell no longer generates power and 
instead acts as a load which can cause thermal damage and lead to a safety hazard. PV 
modules with a rated maximum PV power greater than 100 W are tested under partial shading 
conditions. 

a) Test procedure(s): Annex B: Partial shading test for photovoltaic modules. 
b) Result:  

1) The infrared images used to select the tested cells. 
2) Visual images documenting the location of the shading applied. 
3) The percent shading applied to each of the selected cells (%). 
4) Any damage that occurred during the test, with photos if applicable. 
5) The power degradation (%). 

c) Units: percentage (%). 

4.2.6.6 Bending and folding PV modules 

Modules that are intended to be bent or folded during use are tested to confirm that bending or 
folding does not result in damage to the module. 

a) Test procedure(s): Annex C: Bending or folding test for photovoltaic modules.  
b) Result: a pass or fail result, percent of power degradation, and note of any intermittent 

faults. 
c) Units: percentage (%). 

4.2.7 Electrical characteristics 

4.2.7.1 Appliance voltage compatibility  

This provides an assessment of whether an included appliance can safely and properly operate 
over the entire set of operating conditions of the DUT, including discharging with a deeply 
discharged battery and charging with a nearly full battery. 

a) Test procedure(s): Annex FF: appliance tests. 
b) Result: pass or fail for functionality, damage, and safety. 
c) Units: pass/fail; qualitative description. 
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4.2.7.2 Power consumption 

The power consumed by an appliance or lighting appliance in use is an important metric for off-
grid applications in which the supply of energy is limited. The power consumption is measured 
in order to calculate the run time for systems with included appliances. Appliances with internal 
batteries will have a power consumption when in use, and a different power consumption when 
charging; the latter is measured in the appliance charging efficiency test. 

a) Test procedure(s): Annex FF: appliance tests. 
b) Result: DC power. 
c) Units: watts (W).  

4.2.7.3 Circuit and overload protection 

This provides an assessment of the system’s PV overvoltage protection, output overload 
protection, and safeguards against miswiring in systems that include ports or outlets.  

a) Test procedure(s): Annex DD: protection tests, Annex D: company self-reported 
information. 

b) Result: a pass or fail result on whether the unit had adequate protection, functioned, or 
showed damage or safety hazards after tests. Tables with quantitative and qualitative 
results of the overvoltage, overload, and miswiring protection tests. 

c) Units: volts (V), pass or fail results on whether the unit had adequate protection, functioned, 
or showed damage or safety hazards after test. 

EXAMPLE The DUT uses appropriately sized fuses to provide adequate circuit protection. Spare fuses are included, 
and the fuse size is noted on the product casing. 

4.2.7.4 Battery-charging circuit efficiency 

The battery-charging circuit efficiency, or generator-to-battery charging efficiency, is a measure 
of how efficient the electronics are at feeding generated energy into the battery. 

a) Test procedure(s): Annex R: solar charge test,  
b) Result: battery-charging circuit efficiency. 
c) Units: percentage (%). 

4.2.7.5 DC ports 

This provides an assessment of the system’s DC ports.  

a) Test procedure(s): Annex EE: assessment of DC ports. 
b) Result: minimum and maximum port voltages, tables and plots of voltage, current, power 

and efficiency of each port. 
c) Units: volts (V), amperes (A), watts (W), percentage (%). 

4.2.7.6 Appliance charging efficiency 

The charging efficiency and power consumed by an appliance during charging is an important 
metric for use in off-grid applications in which the supply of energy is limited. Unless estimated 
with default values, the charging efficiency is measured for appliances with internal batteries 
charging from the main unit and the power consumption during charging is measured in order 
to calculate the run time for systems with included appliances that have internal batteries. 

a) Test procedure(s): Annex FF: appliance tests. 
b) Result: appliance charging efficiency, DC power. 
c) Units: percentage (%), watts (W).  
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4.2.8 Performance aspects 

4.2.8.1 General 

Energy availability, component run times and light output characteristics are key elements of 
performance for stand-alone renewable energy products. Some of the aspects listed in the 
following will be different for different light settings and appliance combinations. 

4.2.8.2 Daily energy service  

The daily energy service is the quantity of energy provided to end users after one day of solar 
charging and depends on the system-level performance for a particular setting. The standard 
solar charging day is defined as an incident solar resource of 5 kWh/m2. This is an important 
metric because it is an estimate of the day-to-day services users can expect in ideal charging 
conditions. The daily energy service depends on the system-level performance for a particular 
light setting and combination of appliances.  

a) Test procedure(s): Annex M: full-battery run time test, Annex R: solar charge test, 
Annex FF: appliance tests, Annex GG: energy service calculations. 

b) Result: watt-hours per day of energy available after a battery is charged from a fully 
discharged state of charge, as defined in Annex N, for one standard solar day. 

c) Units: watt-hours (Wh). 

4.2.8.3 Solar-day lighting run time 

The solar-day run time is the duration of service provided to end users from one day of solar 
charging and depends on the system-level performance for a particular setting. The standard 
solar charging day is defined as an incident solar resource of 5 kWh/m2. This is an important 
metric because it is an estimate of the day-to-day services users can expect in ideal charging 
conditions. It is important to note that variations in available solar energy (due to climate, 
weather, or user behaviour) will result in commensurate differences in actual run time from solar 
charging.  

a) Test procedure(s): Annex R: solar charge test; or Annex M: full-battery run time test, 
Annex R: solar charge test, and Annex GG: energy service calculations. 

b) Result: hours of operation to 70 % of the initial brightness after the battery is charged for 
one standard solar day.  

c) Units: hours (h). 

4.2.8.4 Solar-day appliance run time 

The solar-day run time is the duration of service provided to end users from one day of solar 
charging and depends on the system-level performance for a particular setting. The standard 
solar charging day is defined as an incident solar resource of 5 kWh/m2. This is an important 
metric because it is an estimate of the day-to-day services users can expect in ideal charging 
conditions. It is important to note that variations in available solar energy (due to climate, 
weather, or user behaviour) will result in commensurate differences in actual run time from solar 
charging.  

a) Test procedure(s): Annex R: solar charge test; or Annex M: full-battery run time test, 
Annex R: solar charge test, Annex FF: appliance tests, and Annex GG: energy service 
calculations. 

b) Result: hours of operation after the battery is charged for one standard solar day.  
c) Units: hours (h). 
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4.2.8.5 Solar charging time 

The solar charging time is the duration of solar charging required for the product to receive a 
full charge. The standard solar charging day is defined as an incident solar resource of 
5 kWh/m2. This is an important metric because it is an estimate of the day-to-day services users 
can expect in ideal charging conditions. It is important to note that variations in available solar 
energy (due to climate, weather, or user behaviour) will result in commensurate differences in 
actual run time from solar charging.  

a) Test procedure(s): Annex R: solar charge test; or Annex M: full-battery run time test, 
Annex R: solar charge test, Annex FF: appliance tests, and Annex GG: energy service 
calculations. 

b) Result: hours of solar charging required for a product’s fully discharged battery(-ies), as 
defined in Annex N, to receive a full charge. 

c) Units: hours (h). 

4.2.8.6 Main unit full-battery run time 

The main unit full-battery run time is the duration of service provided to end users from a fully 
charged battery and depends on the system-level performance for a particular setting. This is 
an important metric because it is an estimate of the services that can be provided by the 
product’s main battery. If a product is submitted with no lighting appliances, other included or 
generic appliances may be used to determine the main unit’s full-battery run time.  

a) Test procedure(s): Annex M: full-battery run time test, alone or in conjunction with 
Annex GG: energy service calculations. 

b) Result: hours of operation to 70 % of the initial brightness when beginning with a fully 
charged battery; sometimes also known as "autonomous run time."  

c) Units: hours (h). 

4.2.8.7 Appliance full-battery run time 

The appliance full-battery run time is the duration of service provided to end-users from a fully 
charged appliance battery, such as a lantern, radio, fan or TV with an internal battery. This is 
an important metric because it is an estimate of the services that can be provided by the 
appliance once it receives full charge from the main system.  

a) Test procedure(s): Annex M: full-battery run time test or Annex FF: appliance tests 
(measurement in accordance with Clause FF.9 or calculation in accordance with FF.6.9.5). 

b) Result: hours of operation to the run time endpoint after the battery is fully charged. 
c) Units: hours (h) 

4.2.8.8 Grid-charge time 

The grid-charge time is the time required for a full charge of the battery for DUTs that are 
centrally charged (i.e. with a central charging station or the grid). This is an important metric to 
characterize the expected run time from grid charging. 

a) Test procedure(s): Annex O: grid charge test. 
b) Result: grid-charge time. 
c) Units: hours (h). 
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4.2.8.9 Electromechanical charger power or energy output 

The electromechanical charger power output is an important metric because it allows one to 
estimate the duration of user effort required each day for a given level of service for an 
electromechanically charged product (e.g. one with a hand crank or bicycle pedals). In some 
products, as detailed in Annex P, energy is a more appropriate metric than power. 

a) Test procedure(s): Annex P: electromechanical charge test. 
b) Result: power output of the electromechanical charger. 
c) Units: watts (W) or watt-hours (Wh). 

4.2.8.10 Standby loss 

The standby loss measurement quantifies the current drawn by a DUT when not in use. If the 
standby loss is substantial, it can affect the use of the DUT. 

a) Test procedure(s): Annex S: charge controller behaviour test. 
b) Result: average current over 10 min period. 
c) Units: amperes (A). 

4.2.9 Light output aspects 

4.2.9.1 Luminous flux output 

Luminous flux (3.1) is measured when the DUT is operated at the typical battery discharge 
voltage or when an individual lighting appliance is operated at the appliance operating voltage. 
This is a key benchmark for comparison of products. 

a) Test procedure(s): Annex I: light output test. 
b) Result: average luminous flux. 
c) Units: lumens (lm). 

4.2.9.2 Full width half maximum (FWHM) angles 

The full width half maximum angle is a metric used to understand the light distribution of a DUT 
and is the total included angle for which the illumination is greater than half the illumination at 
the brightest point in the plane. 

a) Test procedure(s): Annex T: light distribution test. 
b) Result: vertical and horizontal FWHM angles. 
c) Units: degrees (°). 

4.2.9.3 Average light distribution characteristics 

A light distribution is the illuminance "map" of a DUT. This metric is useful for determining the 
utility with respect to task lighting. The test is done with the DUT operating at the average 
operating point from the full-battery run time test. 

a) Test procedure(s): Annex T: light distribution test. 
b) Result: constant-voltage usable area at a specified distance, and illuminance on a work 

surface of 0,3 m × 0,4 m.  

NOTE The work surface dimensions were selected to correspond to two adjacent sheets of A4 paper. 

c) Units: square metres (m2) and lux (lx). 

EXAMPLE The usable area at a distance of 0,75 m is 0,76 m2 and the work surface illuminance is 40 lux. 
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4.2.9.4 Colour characteristics 

The colour characteristics of light include the colour rendering index (CRI) and the correlated 
colour temperature (CCT). 

a) Test procedure(s): Annex I: light output test. 
b) Result: CRI value and colour temperature. 
c) Units: CRI is unitless and the colour temperature is in kelvins (K). 

4.2.10 Self-certification aspects 

4.2.10.1 Product and company information 

Company-reported product and company information is important for tracking purposes as well 
as for ensuring the test lab has up-to-date product information. 

a) Test procedure(s): Annex D: company self-reported information. 
b) Result: various qualitative and quantitative information. 
c) Units: qualitative and quantitative. 

4.2.10.2 Warranty coverage 

Warranty coverage goes beyond the terms of a warranty and provides detail on coverage in a 
particular location. It is typically only provided in cases where it is necessary to verify coverage 
in a particular town or region. 

a) Test procedure(s): Annex D: company self-reported information.  
b) Result: qualitative description. 
c) Units: qualitative description. 

EXAMPLE The support in [region name] is provided by a small network of technicians who have been trained to 
repair products by [company or distributor name]. For repairs that are beyond the scope of their capabilities, 
replacement products are provided. The consumers in [region name] can access warranty service by dialling a phone 
number that is on a sticker placed on the original packaging. 

4.2.10.3 Third-party marks and certifications 

Third-party marks and certifications (e.g. UL or ISO) can be an important aspect in the eyes of 
consumers and investors, alike. 

a) Test procedure(s): Annex D: company self-reported information. 
b) Result: qualitative marks and certifications. 
c) Units: qualitative description. 

4.3 Constructions not specifically covered 

If it is evident from the design and construction of the stand-alone renewable energy product 
that a particular test is not applicable, the test is either not made or reasonable adjustments 
may be made to apply the test to the product. Any modifications shall provide a level of accuracy 
equivalent to the original method and shall be fit for the intended use. All modifications shall be 
documented in the test report. The need for additional detailed requirements to cope with new 
situations should be brought promptly to the attention of the appropriate committee. 
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5 Product specification  

5.1 General 

Quality and warranty requirements are used to interpret the measurements and observations 
made about a product using the test methods described in this document. Together they form 
a product specification. 

• Quality requirements set a minimum level of durability and protect buyers and users from 
false advertising claims.  

• Warranty requirements set a minimum level of user protection from early failure. 

The test methods in this document are designed to be used with the requirements specified in 
the most recent version of IEC TS 62257-9-8. However, an organization may prefer to refer to 
a different specification or include modifications (additions or deletions) to the requirements in 
IEC TS 62257-9-8. Throughout this document, the phrase “product specification” can refer to 
IEC TS 62257-9-8 or to any other product specification.  

The requirements should be appropriate for the goals of the organization or individual who is 
using them as a framework for quality assurance and should consider the following factors: 

• availability of products on the market with the necessary quality and performance; 

• ability of buyers to pay for the products; 

• diversity of end user needs; 

• tolerance for manufacturing variation. 

5.2 Applications 

Product specifications that include some combination of quality and warranty requirements can 
support a broad range of quality assurance needs. Table 1 lists examples of how they are 
applied depending on the type of quality assurance framework. 

Table 1 – Applications of product specifications 

Type of QA 
framework 

Example(s) of applying Clause 5 

General market 
support 

Use quality and warranty requirements to qualify for institutional market support.  

Use requirements to qualify for "verified product" programs. 

Use requirements to qualify for investment or financing. 

Manufacturing/ 
distribution 

For product manufacturers: incorporate requirements from market support programmes 
or distributors in the design and production QC processes. 

For distributors: set minimum quality and warranty requirements for products to identify 
suppliers. 

Bulk procurement Set minimum quality and warranty requirements for products to qualify in a request for 
offers. If the project is in a specific location, the warranty requirements may also 
include specific levels of service in that particular area.  

Trade regulation Set minimum quality requirements for tax exemption or customs. 
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5.3 Quality assurance principles 

The quality assurance framework presented in this document and IEC TS 62257-9-8 is 
designed to support broad types of programmes and institutions in the off-grid lighting market. 
The following key principles guide the framework. 

• Balance quality and affordability for price-sensitive buyers – it does not matter how well 
products perform if the target users cannot afford them. 

• Encourage innovation and technological diversity. Wherever possible, be open-ended in the 
technical approaches that are allowed.  

• Empower buyers to choose the right product for their needs and budget by focusing product 
specifications and communication on outcomes for end users. 

• Use low-cost, rigorous, targeted tests to match the general affordability requirements for the 
market and accommodate both incremental and innovative changes to product design. The 
tests should be feasible for use by a broad set of potential users. 

• Focus quality standards on elements of a product that are difficult for typical buyers to 
assess themselves, like truth-in-advertising and durability. 

• Focus warranty requirements on providing a baseline of support. 

6 Quality test method 

6.1 General 

The quality test method (QTM) is a rigorous set of tests that uses randomly procured samples. 
It is the most stringent set of tests in this document and is appropriate for: 

• qualification for market support programmes, and 

• generating information for third-party verified specification sheets. 

The QTM is appropriate for all products.  

The required testing also varies depending on the design of the product. For instance, products 
with ports, such as DC power outlets, sockets, jacks, receptacles and USB charging ports, are 
subject to tests that simpler lanterns are not. 

6.2 Applications 

QTM tests can support a broad range of quality assurance needs where rigorous, unbiased test 
results are required. Table 2 lists examples of how they are applied depending on the type of 
quality assurance framework. 

Table 2 – Applications of QTM results 

Type of QA 
framework 

Example(s) of applying Clause 6 

General market 
support 

Require QTM results for qualifying for market support. Accept QTM results from any 
accredited laboratory. 

Use QTM results to produce standardized specification sheets. 

Manufacturing/ 
distribution 

Use QTM results to assess the full production/supply chain. 

Require QTM results for assessing potential business partners. Accept QTM results 
from any accredited laboratory. 

Bulk procurement Require QTM results for assessing potential suppliers. Accept QTM results from any 
accredited laboratory. 

Trade regulation Require QTM results for trade policies such as tax exemption or importation 
requirements. Accept QTM results from any accredited laboratory. 
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6.3 Sampling requirements 

6.3.1 General 

The product samples should be selected and shipped to the test lab in accordance with the 
random sampling guidelines outlined in Annex E.  

The recommended number of samples to procure for QTM testing is 9: two each for two parallel 
batches, one for protection testing, one for IP testing plus three spares. Spares or the “least 
modified” samples at the end of testing may be used for the mechanical durability tests. 

To minimize the in-kind cost of products and shipping costs for larger products, an alternative 
to sampling 9 complete kits is to sample the following numbers of individual components, along 
with the packaging for the kit. The recommended numbers of samples of each individual 
component to procure for QTM testing are as follows: 

• PV module: 5 (2 for general testing, 1 for IP testing and 2 spares).  
– Two additional samples shall be collected if the partial shading test (Annex B) is 

required. 
– One additional sample shall be collected if the bending and folding of PV modules test 

is required (Annex C).  
– If modules meet all requirements of IEC 61215-1 and IEC 61215-2, only 3 samples are 

required – 2 for general testing (I-V characteristics testing and wiring inspection) and to 
provide connectors for the solar charge test, and 1 spare. If modules referencing 
IEC 61215-1 and IEC 61215-2 will also undergo strain relief testing, an additional spare 
sample should be collected. 

• PV mounting material, if applicable: 1 (for IP testing). 

• Control box with battery: 9 (2 for general testing, 2 for lumen maintenance/battery durability, 
1 for protection testing, 1 for IP testing, and 3 spares). 

• Included lighting appliances: select a minimum of 9 of each type, using the following formula 
for cases where more than two lights of a given type are included in with the product: 5 of 
each type, plus an additional 2 multiplied by the number of that light type that are included 
in the kit.  

EXAMPLE 1 If a product includes five light points, three of Type A and two of Type B, select 11 samples of Type A 
and 9 samples of Type B. If a product only includes one of each light type, select 9 samples of each type (2 for 
general testing, 2 for lumen maintenance, 2 for mechanical durability, 1 for IP testing and 2 spares). 

• Included non-lighting appliances (or lighting appliances that are not required to undergo the 
lighting tests): 7 of each type (2 for general testing, 2 for mechanical durability, 1 for IP 
testing, and 2 spares). 

• Included lighting appliance with its own battery: 9 of each type (2 for general testing, 2 for 
lumen maintenance, 2 for mechanical durability, 1 for IP testing and 2 spares). 

These recommendations assume that 2 to 3 spares are sufficient to conduct the potentially 
destructive tests, such as the drop test, miswiring test, output overvoltage protection test, PV 
overvoltage protection test, and switches and connectors test. If additional samples are required, 
they may be procured during the testing process. 

6.3.2 Consumer-facing product documentation 

At least one hard copy of the packaging and other consumer-facing product documentation 
(user manuals, warranty cards, user agreements, data sheets, quick start guides, or similar) 
should be collected when products are sampled. If hard copies of the documentation are not 
available at the time of sampling, digital versions may be submitted to the test lab for evaluation. 
When digital versions are included in a test report, organizations evaluating compliance with 
the product specification may require proof of printing (for instance by sending photos of the 
printed materials or via a warehouse inspection) of the final materials following testing. 
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