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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 9-6: Integrated systems — Recommendations for selection
of Photovoltaic Individual Electrification Systems (PV-IES)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi
all national electrotechnical committees (IEC National Committees). The object Of\IEC is to promd
international co-operation on all questions concerning standardization in the electrical and electronic fields.
this end and in addition to other activities, IEC publishes International Standards;yTechnical Specification
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IH
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
in the subject dealt with may participate in this preparatory work. International, governmental and nog
governmental organizations liaising with the IEC also participate in this¢preparation. IEC collaborates closd
with the International Organization for Standardization (ISO) in accordance with conditions determined
agreement between the two organizations.

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

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

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

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

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

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

Attention isndrawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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

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

w
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2008. It constitutes a technical revision.
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standards’in this series will be updated at the time of the next edition.

thie report on voting indicated\in the above table.

| P ] H F'H | 4 H HEY o £ bl ' 4+ <l H
potrirmmoedar opuouliivativiio  darc OUUJU\JL U TOVITVW vWILTTITT triree yUﬂIO Ul puvivatult 1oy UUUI\.e

hether they can be transformed into International Standards.

C 62257-9-6, which is a technical specification, has been prepared by IECCtechnicpl
mmittee 82: Solar photovoltaic energy systems.

nis second edition of IEC TS 62257-9-6 cancels and replaces the first edition published fn

ne main technical changes with respect to the previous edition are.@s 'follows:

Removal of the term "small" from the title of the publication“and from description of rurl
electrification systems.

Removal of the limits on system voltage and power;{these recommendations apply fo
systems of all sizes.

nis part of IEC 62257 is to be used in conjunction/with the IEC 62257 series.
ne text of this technical specification is basedyon the following documents:
Enquiry draft Report on voting
82/1279/BIS 82/1533A/RVDTS

i1l information on the voting far'the approval of this technical specification can be found jn

his document has been drafted in accordance with the ISO/IEC Directives, Part 2.

list of all parts~Qf/IEC 62257 series, under the general title: Renewable energy and hybnid
stems for rural €lectrification, can be found on the IEC website.

iture standards in this series will carry the new general title as cited above. Titles of existing
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

The IEC 62257 series intends to provide-te different players involved in rural electrification
projects (such as project implementers, project contractors, project supervisors, installers,
product suppliers, etc.) documents for-the setting up@f renewable energy and hybrld systems
with a.c. voltage below-5 ; < A ;

and d.c. voltage below 1 500 V

SA,

These documents are recommendations:

¢ [ to choose the right system for the right place;
e | to design the system;
e | to ensure product quality and installation quality;

¢ | to operate and maintain the system.

F'hese documents are focused-onlhvon rural electrification-concentratinaon-but not snecificto
Hiese-gocHmemsSaret+tocusea—oty-ohRrurar—etrectiHcation—cohcentathRg o-But ROt SPeciHE{o
ddvaloninag ountria na m NO a¥a aoncidarad in na a) alp [Fa¥a e
N e - 7 - o—B s £ e e o atHohR-

ad aaValVal ) a alaa¥a' Q ala’ a ) ‘alaVall! allal ala¥al A . H al alfal 1fi . ol ala’ a0 al
apcy Lo oro e U O wad e Lra ation; V- ao bt
e withelosn oo dovnlosrnes St Co—omrleticneorben el ole
geai—Ww a a develop a GO - :

D
]
»

These documents are focused on offsgrid electricity access, concentrating on, but not limitgd
ta, areas with a significant fraction.@f the population living without reliable electric grid accesf.
They should not be considered @s providing complete coverage of all issues related to rurfal
ellectrification.

This set of documents is ‘best considered as a whole, with different parts covering topics su¢h
a$ safety, system design, product quality, installation and maintenance, and the sustainability
off systems aiming™at the lowest life cycle cost possible. One of the main objectives is fo
pfovide minimuin jfequirements relevant to renewable energy and hybrid off-grid pow
systems.

1%
P
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RECOMMENDATONS FORSMALL RENEWABLE ENERGY
AND HYBRID SYSTEMS
FOR RURAL ELECTRIFICATION -

Part 9-6: Integrated systems — Recommendations for selection
of Photovoltaic Individual Electrification Systems (PV-IES)

T
C¢
id
1=

stibmitted for test.

Scope

ne purpose of this part of IEC 62257 is to propose simple selection procedure~and cheap,
mparative tests which can be performed in laboratories of developing countries, in order fo
entify the most suitable model of-smal Photovoltaic Individual Electrification Systems (PY-
S) up to 500 Wp for a particular rural electrification project from a, number of producks

It

indoor and outdoor tests in order to evaluate the performance* of PV systems including RV

g

T
a
=

T

2

T
C¢

a

varification, which provides guidance for verifying the design of-stand-alone PV systems and

peérformed locally, as close as possible to the real site operating conditions.

gliidelines and does not replace any existing IEC standard on PV systems.

cilted applies. For undated references, the latest edition of the referenced document (including

is different from the scope of IEC 62124, Photovoltaic (PV) stahd ‘alone systems — Design

nerator, battery storage and loads such as lights, TV sets,~anhd refrigerators.

ne tests provided in this document allow assessment of the performance of PV-IHS
cording to the requirement of the General ~Specification (GS) of the project (sge
C TS 62257-2) and to verify their ability to provide the required service. They-should-be afe

his document is not a type approval standard. It is a technical specification to be used as

Normative references

ne following documents_are’ referred to in the text in such a way that some or all of their
ntent constitutes requirements of this document. For dated references, only the edition

y amendments) applies.

C 61215 (all\\parts), Crystalline silicon terrestrial photovoltaic (PV) modules — Design
halificationcsand type approval

IEC 61730-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
construction

IEC 61730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing

IEC TS 62257-2:20042015, Recommendations for—small renewable energy and hybrid
systems for rural electrification — Part 2: From requirements to a range of electrification
systems

IEC TS 62257-4, Recommendations for-small renewable energy and hybrid systems for rural

el

ectrification — Part 4: System selection and design
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IEC TS 62257-5, Recommendations for-small renewable energy and hybrid systems for rural

electrification — Part 5: Protection against electrical hazards

IEC TS 62257-6, Recommendations for-smal renewable energy and hybrid systems for rural

electrification — Part 6: Acceptance, operation, maintenance and replacement

IEC TS 62257-7-1, Recommendations for small renewable energy and hybrid systems for

rural electrification — Part 7-1: Generators — Photovoltaic-arrays generators

rural electr/flcatlon Part 8- 1 Selection of batteries and battery management systems for stand-a/o
electrification systems — Specific case of automotive flooded lead-acid batteries available
developing countries

IHC TS 62257-9-3, Recommendations for—small renewable energy and hybrid/systems fi
rdral electrification — Part 9-3: Integrated system — User interface

IHC TS 62257-9-4, Recommendations for—small renewable energy and hybrid systems fi
rdral electrification — Part 9-4: Integrated system — User installation

IHC TS 62257-12-1, Recommendations for—small renewable énefgy and hybrid systems fi
rdral e/ectrlflcat/on — Part 12 1 %e%rpe#se#ﬁba#asteeklamp&(@ﬂ:}fe#a#al—elee%eaﬂe

S Selection of lamps a
lighting app//ances for off-gr/d e/ectr:c:ty systems

3| Terms, definitions and abbreviated terms

31 Terms and definitions

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

I§0 and IEC maintain terminological databases for use in standardization at the followin
adldresses:

o | IEC Electropedia: available at http://www.electropedia.org/

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

3{1.1

cycle

sgquence of<a‘discharge followed by a charge or a charge followed by a discharge of
battery under-specified conditions

31.2
duration of service

g

a

) £ L 1 (- !
numper-ornours-wnemn a roaa 1S pUWCEITTU

3.1.3
fulfilment of service
ratio of a measured provided service to a required service

3.1.4
initial charge
commissioning charge given to a new battery to bring it to the fully charged state

3.1.5
period of service
part of the day when a load is powered



https://iecnorm.com/api/?name=0839ae3bdb62a4c1e396e2335f17262c

-10—- IEC TS 62257-9-6:2019 RLV © IEC 2019

3.1.6

reference irradiation

value of irradiation taken in consideration for the design of the system, approved by the
project implementer and specified in the GS of the project

3.1.7
service ratio
extent in which the service required by the GS is fulfilled by the system

3

G general specification for the project

Q quality of service index

TWQIy  total weighted quality of service

DWwQIy  daily weighted quality of service

Sdood service ratio under favourable conditions
Si,a service ratio under unfavourable conditions
S daily service ratio

4| System boundaries

A|PV-IES comprises the following elements:

o [ a PV generator including PV modules and suppoft structure;
e | a charge controller;
o | a storage system (including battery and associated casing);

o | adequate wiring, switches and  pfotective devices (see IEC TS 62257-9-3 and
IEC TS 62257-9-4);

loads relevant for the required sefvice (such as lamps, TV set, radio set, and refrigerators

~

5| System pre-selection

1 Services to be provided by the system

5

The preliminary socio-economic studies shall provide the project developer with informatign
on the ability of the-customers who will benefit from the project to pay for the service providgd.
Then, the project-developer shall define within the GS the range of services to be provided as
described inf/EC TS 62257-2 as well as the relative priority of the services to be provided (TV,
hting, etc,)

J

5J2 /,‘Specification of a model

5.2.1 General operating conditions

The project implementer shall define the operating conditions to which the PV-IES can be
subjected. Examples of such conditions are given in Table 1.
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Table 1 — Climatic conditions (example)

Nominal operating range Storage — Transport
Temperature -10 °C to +50 °C -40 °C to +80 °C
Humidity at 28 °C 5% to 95 %
Atmospheric pressure 860 hPa to 1 060 hPa

522 |)esign

For the part of the project which will be implemented through Individual Electrificatiq
Systems, the project developer shall size a range of PV IES able to provide the_ require
errvice under the specified operating conditions (see IEC TS 62257-2). The) proje
implementer could either:

o | specify complete integrated systems, or

o | specify the different components for PV-IES in order to realize the\ihtegration of thes
components through its own system design.

In addition, the project developer shall set up the requirements for-the loads relevant for th
sgrvice to be provided (such as lamps, TV set, radio set, and refrigerator).

512.3 Components requirements

The components of the PV-IES shall comply withs the relevant IEC standards and/or tH
rdlevant local regulations if any.

For the selection of batteries, tests recommended in IEC TS 62257-8-1 shall apply and for th
s¢lection of lamps, tests recommended in IEC TS 62257-12-1 shall apply.

5j2.4 Safety issues

The project developer shall define“the IP degree and IK code of the expected products.
Table 2 gives some values.that could be considered as a minimum.

Table 2 — Suggested minimum values for IP and IK

Protection degree Minimum suggested value
IP 34
IK 8

Safety rules shall comply with IEC TS 62257-5.

e

e

e

e

5.2.5 Installation rules

The complete installation shall comply with IEC TS 62257-7-1 and IEC TS 62257-9-4 and any

local wiring codes.

5.2.6 Operation and maintenance rules

The systems shall be designed in order that operation and maintenance may be performed
accordance with the specifications given in IEC TS 62257-6.

in
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5.2.7 Documentation and marking

A manual shall also be provided including PV-IES installation and operating guidelines such
as:

e initial operations before first use;

e instructions to use the PV-IES properly;

e mounting the PV module;

e _charging instructions;

¢ | maintenance and troubleshooting instructions.

5]3 Pre-selection process

543.1 Elements of the GS to be provided to potential suppliers

The project implementer shall supply the annual locally available solar irradiation curve.

NOTE This information could be provided through available laboratory data or #thfough local measuremer|ts
pgqrformed with a reference cell that will be used afterwards for the comparative tests)

This information as well as the requirements defined in 5.1 and 5.2 shall be provided }o

T

C(

A
P

potential suppliers in order to receive proposals for relevant products.

3.2 Answers to be provided by’ potential suppliers

{3.3 Pre-selection criteria

he project implementer could:

provide load requirements and let the suppliers provide systems to supply the load, or

provide a complete PV-IES system specification, in order to source complete integratad
PV-IES, or

provide components requirements in order to source separately the different components
of a PV-IES and realize the integration of these components.

he supplier of the PV-IES and/or of the components shall prove that the PV-IES and/or the
mponents comply with the relevant IEC standards and IEC 62257 technical specifications.

technical sheet shall.be” provided by the supplier in order to demonstrate the ability of ifs
oduct to match the.requirements defined in 5.1 and 5.2.

he performances claimed by the manufacturer shall be compared to the performancegs
quired‘by‘the GS in order to make a pre-selection of available products.

ne following general criteria can be used as an initial help for product pre-selection:

A
th

services characteristics claimed by the manufacturer (duration of service and fulfillment of
service);

conformity of the modules with the following IEC standards: IEC 61215 series, tEC-61646;
and IEC 61730-1 and IEC 61730-2;

conformity of the batteries, lamps, etc., with the relevant IEC standards and pre-selection
process of potential products as recommended in the IEC TS 62257 series;

battery casing characteristics.

short list of products potentially able to match the requirements of the GS shall be set up by
e project implementer.
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6

Comparative tests

6.1 General

After the pre-selection process, samples of products of the short list shall be processed
through comparative technical tests.

IMPORTANT: All the pre-selected systems shall be tested simultaneously in the same local
conditions in order to ensure that they are tested under the same environmental parameters

(i

T

6.

P
m

A

A

conditions (on future customer homes for instance). The systems installation rules previded jn
the GS are also applicable to test installations.

J3  Service quality index

bsts could be performed either in outdoor conditions, in local laboratories or{invsite

2 Service requirements

e-selected models shall be examined to ensure that they will provide_the required servicgs
lentioned in the GS according to the load profile used for the design.of the system.

service is defined by:

The types of appliances/loads powered by the system (stich as lamps, TV set, etc.);
For each type of appliance:

— the number of appliances that can be simultaneously powered;

— the daily duration of the power supply;

— the fulfilment of the provided service.

Quality of service Index (Ql) of a system is based on one of these two terms:

d = duration index, d, is the ratio of the measured daily duration of service compared to the

required daily duration of.service;

f = fulfilment index, f-Nis“the ratio of the measured performance (illuminance for lampg,

temperature for refrigerator, etc.) compared to a reference level required by the GS.
br the different considered services the Ql takes into account either, d, or, f:

for lightingxyf;
for radiosd;
for A,

for-refrigeration: f.

The systems shall be compared through a Total Weighted Quality of service Index (TWQI;)
calculated on the basis of observations and measurements performed during, 7, days of
comparative tests.

The TWQI; and service ratio (S) are calculated as follows:

a) Step 1: for each service, calculation every day of either “duration” or “fulfilment”

indexes

The following Tables 3 to 5 illustrate the necessary index evaluation data and calculation
rules.
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Table 3 — Lighting service indexes

Service Lighting
Requirements Number of lamps N,
Daily duration of service per lamp (h) D,
Illuminance (lux) (0]
Duration index Fulfilment index
Measured Total Fulfilment index
illuminance for
every hour of
service
lux lux
see Note 1 see Note 2
Not relevant
For lamp 1:
qri
For lamp 2: i=n lf-i:”
q;
qr> Zq._, == i
i=1 Lighting nxQ
For lamp i:
qLi

IOTE 1 n =number of iluminance measurements at each hour of service; n < N

OTE 2 In order to limit the number of measurements, if N >3, n-could be limited to n = 3.

=0, i=3
qu—i

In this case the formula becomes: fLighting: = it

3xQ

Inf this example only 3 lamps out ofi N| are measured every hour. Generally it is preferable o
emnsure that all the lamps have béen equally monitored at the end of the test.

Alcomplete example for thelighting service is given in Table D.2.



https://iecnorm.com/api/?name=0839ae3bdb62a4c1e396e2335f17262c

IEC TS 62257-9-6:2019 RLV © [EC 2019 - 15—

Table 4 — Radio / TV service indexes

Service Radio (or TV) (see Note)
Requirements Number of radio sets Ng
Daily duration of service per set (h) Dg
Duration index Fulfilment index
Total required Measured daily | Total measured | Duration index
daily duration of duration of daily duration of
h h h
For set 1: Not relevant
d i=NR
R1 i=N] z
dR.
'r < Dg ZdRi Aoy = =1 '
i=1 Radio NR ><DR
For set N:
dr
NOTE In the TV set case, subscript R should be changed to T.

Table 5 — Refrigeration service indexes

$ervice Refrigeration
Requirements Number of refrigerators Ng (Ng=1in most cases)
Daily duration of service (h) Not relevant
Temperature (°C) Temperature reference: T°
Duration index Fulfilment index
Measured Average Fulfilment inde
temperature: © measured
temperature
Not relevant deviation
°c oc
See Note+
measure 1 )
40=0,-T i <
1 1 =n AO;
measure 2 ZAei fo1o ; I
46, i=1 nxT
n
measure n
A0,

NOTE n = number of temperature measurements.

b) Step 2: for each tested system, calculation of a DWQIT
For a given service X, the Quality of service Index (Ql) is:

Qly = dy
or
Qly = fy.

If the project implementer does not give the same priority to the services, he could
determine some “weighting coefficients”, k, reflecting the relative importance assigned to
the different services provided.
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The relative priority of the different services shall be determined by a socio-economic
study (see 5.1).

Using these weighting coefficients, a Daily Weighted Quality Index (DWAQI) shall be
calculated for a system, as given in the following formula (1). For a given day, t, and for X
types of services:

i=X
DWOIL = Y ki xQl; (1)
i=1

— Forlamps: k;;.ping = ki

— Forradios: kp, i, = kg

— For TVs: kyy = kyp

— For refrigerators: k40, = kp
Using this hypothesis, for a system providing all the mentioned services the DWQI for|a
day, ¢, is:

DWOIL= (kp x Ol iopsing) + (kg X Qlpggio) + (kg x Olry) + (kg% Olp,i400)

It is the project developer’s responsibility to determine the k-coefficients according to the
importance he gives to each service.

—

NOTE As an example, a convenient rule to determine «altues for the weighting coefficier]
k, may be based on the daily required duration of sefvice (see Table D.6).

Step 3: for each tested system, calculation of@a TWQI;

On the complete duration of the test, a TWQI; shall be determined according to the
following formula (2). For a test performed on,*T, days:

t=T
TWEI, = Y DWQI, (
t=0

NJ
~

i=X
with TWQIpmax = T x Zk,- (case where all service quality indexes are equal to 1)
i1

Step 4: for each tested system, calculation of a service ratio, S

The laboratory operator shall calculate the maximum value of the TWQI,in the conditions
of the test.

Then he shall calculate for each system the service ratio by the following formula (3):

~ TWQIT ot
~ TWQIT max

6.4
6.4

where

TWOIp 40t results of TWQI,

and TWQIy,,,,; maximum value of TWQI,

'I;}hisGrgtio expresses to what extent the system is able to provide the service required by
the .

Testing programme

.1 General

The comparative tests include a set of 4 tests as indicated in Table 6.
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The complete set of tests is intended to be performed within a period of 90 days during the
appropriate season as identified during the project preliminary studies and according to the

quality of service specified by the project developer (see IEC TS 62257-2:2015, Annex C).

The system shall be tested under two daylight conditions:

o Daylight favourable conditions: in this configuration local irradiation is at least 90 % of the

reference value given in the GS.

o Daylight unfavourable conditions: in this configuration, the irradiation taken into account

lo Ul alat H ol 4l H R 1 + 4 £ 4+l £ 1
S11all VT UTICTITITTIITTCU Uy uic }JIUJUUL IMITYICTITCTIICT do  d PUIMCIILGHU Ul UIc TCITITIIVT  vVdly

given in the GS (such as for example the irradiation during the rainy season).

Table 6 — Testing programme

e

Test 1 Test 2 Test 3 Test 4
Initial inspection Ability to provide Ability to recover Final inspection
and Commissioning the required the required
service under service under
daylight daylight

Favourable Unfavourable

conditions conditions

See 6.4.2 See 6.4.3 See 6.4.4 See 6.4.5

4.2 Test 1: initial inspection and commissioning
4.2.1 General

6

6

The purpose of the different inspection tests (Test 1 and Test 4) is to assess the evolution
de¢gradation of the conditions of the~different parts of the product during the test perio
especially casings, lamps, cables and PV modules.

The initial inspection is intended to record all necessary details of each sample of each pr
s¢lected model and identifysxthe sample for the duration of all tests. It will also verify that th
sample has been supplied-with all necessary items and components required by the GS.

Inf Test 1, after thelinitial inspection, the system shall be commissioned.
Ap much infermation as possible concerning each sample to be tested should be recorded.

6{4.2.2 Sampling

Thiree”’samples of each model are required. For small projects, if the cost of the testing is td

(0]

high, the sampling could be limited to two samples of each model.

A test item number shall be assigned to each sample and used in all data sheets and records

to avoid confusing sample results. It is recommended that the unit should be photographed
such a way that all major accessible components are recorded.

6.4.2.3 Operation
The initial inspection shall be performed in two steps:

e unpacking step; and

e installation step.

in


https://iecnorm.com/api/?name=0839ae3bdb62a4c1e396e2335f17262c

A

-18 - IEC TS 62257-9-6:2019 RLV © IEC 2019

list (non comprehensive) of items to be checked and recorded during these two periods is

provided as an example in Annex A.

After the initial inspection and installation of the system, commissioning shall be performed

(a

n example of a commissioning sheet is given in Annex B).

6.4.2.4 Results

The pass criteria is based on the following:

For each sample:

The fail criteria is based on the following:

For each sample:

Ol

6.
T

A

6.
E

4.3 Test 2: ability to provide the required service under daylight favourable

sg¢rvice under daylight sunny.conditions considered as favorable.

the GS. Some examples-of such load profiles are given in Annex C.

14.3.3 Equipment

there shall be no visual evidence of a major defect on any component; and
the sample is complete; and

the installed system has been commissioned satisfactorily.

there is evidence of a major defect; or
some components are missing or incorrect; or

the system cannot be installed properly according to‘the GS requirements.

is up to the project implementer to determine whether he will accept a certain model if one
more samples have failed this initial visual inspection.

conditions
4.3.1 General

ne purpose of this test is to check the ability of a PV-IES product to perform the required

reference load profile shall be established for the tests according to the service required jn

4.3.2 Sampling
ach model’for which-the-three all samples passed Test 1 shall go through to Test 2.

D perform Test 2 the following equipment shall be necessary:

A power system to supply energy to all test instruments.

NoTE+ If the testing is performed in a laboratory connected to a grid, no additional power
system is necessary. If the testing is performed on site, a dedicated power system is
necessary to supply energy to testing devices.

A reference device (such as a reference PV module, pyrheliometer, etc.) to assess and
record the daily irradiation.

NOTE2 This device may also be initially used to assess the value of the irradiation to be
taken in account for the design of the systems.
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e Test instruments:

— Programmable controllers to monitor the load profiles. If not, the loads may be

switched on/off manually.
— One (or several) illuminance measurement box(es) (see IEC TS 62257-12-1).
— A thermometer, preferably electronic.

6.4.3.4 Operation
6.4.3.4.1 General

Tést 2 shall be performed according to the following phases:

614.3.4.2 Phase A: initial preparation

This phase is dedicated to charge the battery before testing the ability of .the system
pérform the required service.

intervention. During the initial charge, all the loads shall be switchedroff:

The initial charge shall be performed for, x days (x = 5) until 5{"good sunny days" have beg
rgcorded. A "good sunny day" is defined as a day when irradiation is equal to or greater tha
90 % of the reference irradiation defined in the GS (considered as favourable conditions).

The following Figure 1 illustrates the Phase A cycles:

START Test 2,
Phase A

t=0

ﬂ Sunrise
f
1 Charge battery

|
1
( ﬂ under daylight

without any load

J

t = x days

)8 STOP Test 2, o .,
Phase A Repeat X days the cycle (until 5 “good sunny days”)

\ ( Wait until next j
morning without

any load

Sunset

IEC

The initial charge is controlled by the charge controller of the PV-IES) without any manugl

Figure 1 — Test 2, Phase A: initial charge cycles

6.4.3.4.3 Phase B: operating conditions

o]

This phase is dedicated to run the system over a long period in order to check its ability to

provide the required services under local operating conditions.
Phase B shall be performed immediately after Phase A.

Figure 2 illustrates the cycles to be performed.
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The time for start is chosen a short while before sunrise.

The charging of the battery is controlled by the charge controller provided within the system.

9

The loads are switched on and off according to the load profile, either manually by the

la

boratory operator or automatically by a programmable controller.

Between sunrise and sunset, the system is intended to be both able to charge the battery and

to

supply energy to loads (according to the load profile).

A
pi

T

ter sunset, the system is intended to be able to supply the loads according to the 04
ofile which reflects as close as possible the way of life of the future customers.

e sunrise-sunset cycle shall be repeated, y, days (y 2 30) until 30 "good sunny.days" ha

béen recorded.

N¢
th
it

T
a

A

A
pf

DTE It is better to perform the test during the sunny season and to_ensure that, y, is le
an or equal to 40 days. This is intended to shorten the duration of the’test and thus redug
cost and ensure good quality records.

ne laboratory operator shall observe and record the starthand the end of the servig
cording to each step of the load profile.

n example of an instruction sheet for the operator isCgiven in Annex D. For the duration

thie test, the laboratory operator will live at the sameirhythm as the future customers.

5 a debugging period, a preliminary cycle will be performed in order to verify that th
ogrammable controller (if any) and all the test facilities are functional.

START Test 2,

Phase B / \

t=0

ﬂ Sunrise Charge battery
1 i under daylight
L] ||

AND
/ ﬂ power the loads according
to the load profile

t =y days
STOP-Test 2,
+ Phase B \ j

Repeat y days the cycle (until 30 “good sunny days”)

4 )

d

e

bS
e

e

pf

e

Power the loads according
to the load profile

Sunset
\_ J

IEC

Figure 2 — Test 2, Phase B: operating cycles

All along the test, the characteristics of the service provided shall be recorded. Examples of
record sheets are given in Annex D.
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6.4.3.5 Results

The different tested systems shall be compared through the different quotations based on the
total weighted quality of service index (see 6.3) and also on economic considerations (see
IEC TS 62257-4).

a) Pass criteria

actual TWQl
maximum TWQl ¢

For each tested systems, the service ratio Syqo4 = shall be 2 0,70.

b] Fail criteria
If the service ratio S < 0,70 the concerned system models shall be rejected.

IfInone of the tested products match the pass criteria the project implementer has_two’option

77

Change the GS requirements (if acceptable) and select the tested products:which are abje
to match the new requirements; or

Go back to the manufacturers for the selection of a new range of products to be tested.

614.4 Test 3: ability to provide the required service under daylight unfavourable
conditions

4.4.1 General

6

The purpose of this test is to check the ability of a PV-IES product to perform the requirgd
sgrvice under daylight sunny conditions considered(as unfavourable (as it could be fpr
example during rainy seasons).

The systems shall be tested under the same reference load profile as used in Test 2.

6/4.4.2 Sampling

All the samples of each model whichcpassed Test 2 shall go through to Test 3.

614.4.3 Equipment

The same as used for Test2:

6{4.4.4 Operating\conditions

Test 3 shall be performed immediately after Phase B of Test 2.
Figure 3 illustrates the cycles to be performed.

The timé for start and stop is chosen a short while before sunrise.

It is the responsibility of the project developer to specify the procedure to simulate a daylight
unfavourable condition as close as possible to the unfavourable conditions of the project.

It is suggested that a method of achieving reduced irradiation close to the unfavourable
conditions described in the GS is to cover the PV modules for a part of the day. The
laboratory operator may ensure the same irradiation conditions for the tests systems.

The charging of the battery is controlled by the charge controller provided within the system.

The loads are switched on and off according to the load profile, either manually by the
laboratory operator or automatically by a programmable controller.
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Between sunrise and sunset, the system is intended to be both able to charge the battery and
to supply energy to loads (according to the load profile).

After sunset, the system is intended to be able to supply the loads according to the load
profile which reflects as close as possible the way of life of the future customers.

The sunrise-sunset cycle shall be repeated z days (z = 30) until 30 "bad sunny days" have
been recorded.

mem'e
clstomers.

The laboratory operator shall observe and record the start and the end of the) servige
ag¢cording to each step of the load profile.

Instruction sheets and record sheets for the operator are the same as those used in Test|2
(Annex D).

START Test 3 4 N\ 4 N\

t=0
. Charge battery
ﬂ Sunrise Power the loads according Noon under daylight afternoon
] ] to the load profile ! AND
[ (PV modules covered) power the loads \
ﬂ according
t =y days to the load profile

A STOP Test 3 \ / \ /

Repeat z days the cycle (untii"\30 “bad sunny days”)

4 )
\ Power the loads according /
to the load profile i -t
Sunset
\_ J

IEC
Figure 3 — Test 3, operating cycles

64.4.5 Results

The different tested systems shall be compared through the different quotations based on the
togtal, weighted quality of service index (see 6.3) and also on economic considerations (sge
IHCTS 62257-4).

The laboratory operator shall calculate the maximum value of the TWQIt in the conditions of
the test.
a) Pass criteria

For each tested systems, the service ratio, S; under unfavourable conditions S, 4 shall be
20,35.

b) Fail criteria
If the service ratio S < 0,35 the concerned system models shall be rejected.


https://iecnorm.com/api/?name=0839ae3bdb62a4c1e396e2335f17262c

IEC TS 62257-9-6:2019 RLV © [EC 2019 -23 —

If none of the tested products match the pass criteria the project implementer has two options:

e Change the GS requirements (if acceptable) and select the tested products which are able
to match the new requirements; or

e Go back to the manufacturers for the selection of a new range of products to be tested.
6.4.5 Test 4: final inspection

6.4.5.1 General

The Tinal inspection will be used o defermine any physical degradation and the durability pf
thie product over the period of testing.

6]4.5.2 Products submitted to the final inspection

All the models which passed successfully Test 3 shall be inspected.

6/4.5.3 Operation

The final inspection will refer to the records of the initial inspection(Test 1) to determine any
eyidence of degradation of the accessible components.

The initial data sheet shall be completed.

Apnex A contains examples of defects that may occuri This is not a complete list and the
pfoject implementer may discover other possible defects’due to the individual model design.

64.5.4 Results

a) Pass criteria

For all samples:

o there shall be no deterioration-6f*samples which impairs their functionality.
b] Fail criteria

For all samples:

e there is evidence of.@-major defect; or

e any deterioration which impairs the functionality of the sample.
6.4.6 General ¢onclusion
6/4.6.1 Pass. / fail criteria

The modégls)of which-the-3 all samples have passed the 4 tests are accepted.

6/4.6:2 Classification of the accepted models

To choose among the accepted models, the project implementer should weight the results of
Test 2 and Test 3 according to an annual simplified irradiation profile.

It is the responsibility of the project developer to establish this annual simplified irradiation
profile.

EXAMPLE

k; could be the number of expected annual "good sunny days" (irradiation equal to or greater than 90 % of the
irradiation specified in the GS).

k, could be the number of other days, with (k, = 365 — k).

With this hypothesis, a global service ratio evaluation is given by the following formula (4):
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(k1><S d+k2><de)
Sglobal = o0 2 (4)
365

The project implementer shall choose among the accepted models, those which propose the

best compromise between economic considerations and acceptable service ratio Sg;py)-

NoTE To discriminate between two systems with similar global service ratio a comparison of
the remaining capacity of the batteries at the end of the test period may be performed. Two
methodologies may be used:

o | to measure the battery voltage (simple but not accurate);
e | to use the procedure described in IEC TS 62257-8-1:2018, 4.2.23.2.2.4.
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Annex A
(informative)

Data record sheet for visual inspection

An example of a data record sheet for visual inspection is given in Table A.1.

Table A.1 — Data record sheet for visual inspection (example)

PV-IES comparative tests

Tests 1 and 4: visual inspection

1

Model tested: expected brand name,

hanufacturer’s name

Sample tested: Code used for identification of each sampfe

TEST 1

Initial inspection

TEST 4

Final inspection

f

ame of the manufacturer/supplier

type or model number (for the whole
system or for all the components)

date of manufacture of unit / or
manufacture date of battery

serial or batch number

user documentation detailing usage
and maintenance requirements

all the necessary components (as

defined in Clause 4) and associate
hardware (including spare parts-if

relevant)

physical condition (e.gspresence of

damage or other marks.etc. before
installation)

NSTALLATION

connecting points for the incoming
conductors

corrosion of any part of the
component, inside or outside

dust, water or fungus intrusion into
the electrically active interior of the
component

loss of mechanical integrity, to the
extent that the operation of the
sample is impaired

failure of any system component,
including lamp

broken, cracked, bent, misaligned or
torn external surface of any
component

deterioration of wiring insulation

electrolyte leakage from the batteries

signs of overheating

ate: Date:
I[[wspector: Inspector:
Item to be checked Record Iltem to be"checked Record
WNPACKING OK, not OK | Evolution, degradation, major defects, YES, NO,
such as: Where

physical condition during installation
(e.g. all relevant screws are
provided, there is enough
electrolyte to fill the batteries, etc.)

commissioning (see commissioning
sheet)
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Annex B
(informative)

Commissioning records sheet
An example of a commissioning records sheet is given in Table B.1.

Table B.1 — Commissioning records sheet (example)

Conformity to the GS design requirements

C s Conform Remarks and/or
Characteristic Reference value . 3
Yes/No corrective actions
UNPACKING
Conformity of the PV-IES to the identification file
All components See clause of the GS Everything expected is supplied or
(GS) not ?

Conformity of the PV-IES with marking requirements

PV modules

PV generator
support structure

charge controller

Storage system battery

battery casing

cables
Adequate - See clausesofithe GS
circuitry switches
protective devices
lamps
Adequate v
loads/appliances radio set

refrigerators

Conformity of the PV-IES to documentation requirements

installation manual

operation manual See clauses of the GS

maintenance manual

INSTALLATION

Commissioning-inspection of the PV-IES / visual inspection

Items to be checked See Annex B of
IEC TS 62257-9-6

Commissioning inspection of the PV-IES / controls

Electrical part IP levels Installation according to

- - the GS
connections tightness

appliances

surge arrester

Mechanical part

Commissioning inspection of the PV-IES /| measurements

Electrical part equipotential bonding ggasure / value of the
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earth resistance

Measure / value of the
GS

Mechanical part

tilt angle of the PV
modules

Measure / value of the
GS
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Annex C
(informative)

Examples of load profiles for comparative tests

C.1 Examples of loads

Examples of loads are given in Table C.1.

Table C.1 — Example of loads

Loads Unit power
W
Lamps 10
Dim light 5
Radio set 20
TV set 70
Refrigerator 80

Cl2 Examples of systems

Table C.2- Example of small PV-IES loads (~50 Wp)

Examples of systems are given in Table C.2, Tablé.C.3 and Table C.4.

Loads Unit power Quantity Operating duration Daily energy
per day
W h/d Wh/d
Hamps 10 3 3 90
Total 90
Table'C.3 — Example of medium PV-IES loads (~200 Wp)
Loads Unit power Quantity Operating duration Daily energy
per day
W h/d Wh/d
Hamps 10 3 6 180
Radio set 20 1 5 100
TV set 70 1 3 210
Total 490
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Table C.4 — Example of large PV-IES loads (~500 Wp)

Loads Unit power Quantity Operating duration Daily energy
W per day

h/d Wh/d

Lamps 10 3 6 180
Dim light 5 1 6 30
Radio set 20 1 5 100
TV set 70 1 4 280
efrigeratar 20 1 8 480

Total 1070

Cl3 Examples of load profiles
Table C.5 gives examples of system load profiles.
Cploured cells in this table indicate the hours when the service is required.

Table C.5 — Example of system load profile to perform test on PV-IES

Hours PSVn-‘IaE"S Medium PV-IES Large PV-IES
(~50 Wp) (~200 Wp) (~500 Wp)

Start | End | Lamps Lamps TV Radio Lamps TV Radio Refrig. [Dim light

0 1

1 2

2 3

3 4

4 5

5 6

6 7

7 8

8 9

9 10

10 11

11 12

12 13

13 14

14 15

15 16

16 17

17 18

18 19

19 20

20 21

21 22

22 23

23 24
NOTE 1 Coloured cells represent periods when lamps, TV and radio are operating and consuming energy; for the
fridge, the cells are differently coloured to highlight that the refrigerator is operating all the time but it is not known
when it is consuming electricity.
NOTE 2 X represents a sequence of opening/closing the door of the refrigerator.
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Annex D
(informative)

Instruction and data record sheet models
(according to a load profile as proposed in Annex A)

Examples of instruction and data record sheet models are given in Tables D.1 to D.6.

PV-IES comparative tests oV
™ . . X N
Tests 2 and 3: ability to provide the required service kO_)
Dpte: Inspector: AQ\
Model tested: brand name, manufacturer’s name Sample tested: Code used for identificQ'gJ[Vof each
sample AC
- - )
Configuration of the system A’
- - - \ T
Appliances Lamp TV set Radio set Refrlgp‘s@;r Dim light
Quantity N Nt Ng o, |4 NpL
Hours Actions to perform during active periods,c@tp\e)load profile
gtart | end start end start end start end ;rt end start end
0 1 <
2 x\v
2 3 / o
3 | 4 OF
4 5 Check 7] check ChecK
“lamps \\ “radio “dim light
on” Q\ set on” still onf’
5 6 Measure \QQ Check
llluminan b\ “radio
ceonn $ set still
lamps R Z) on”
6 7 | Check ~N Check
“lamps \O “radio
off” N~ set still
‘_Q‘(.) on”
7 8 ) Check
T “radio
Q\& set off”

10
A

10 @J Check

(' “radio

) ]
X« set on
AA\V 490 Lol 1 L P
LIL T4 UITCUN vpTIHI
“radio /close
A1/ the door
on”
12 13 Check
“radio
set off”
13 14 Measure
Te
14 15
15 16
16 17 Check
“radio

set on”
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PV-IES comparative tests

Tests 2 and 3: ability to provide the required service

Date:

Inspector:

Model tested: brand name, manufacturer’s name

Sample tested: Code used for identification of each

sample

Configuration of the system

Appliances Lamp TV set Radio set Refrigerator Dim light
Quantity N Nt NR Ng NpL
Hours Actions to pnrfnrm rlllring active pnrindc of the load prnfiln
gtart | end start end start end start end start end start ‘eﬂh
17 | 18 Check Check | el Q)/
“lamps “radio /close O\
on” CEIEIH the door
on”
18 19 Measure Check Check
Illuminan “TV set “radio
ceonn on” set still
lamps on”
19 20 Measure Check Check Open
llluminan “TV set | “radio /close
ceonn still on” | set off” the docr
lamps
20 21 Measure Check ‘
Illuminan “TV set Q/
ceonn still on” AN\
lamps ‘\
21 22 Measure Check L
llluminan “TV set Q‘
ceonn still on” Q
lamps N
22 23 Measure Check &\\) Measure ChecH
Illuminan “TV sét) T° “dim ligpt
ceonn sti@" on”
lamps R\
7“
23 24 | Check Check.{ Check
“lamps “TV “dim light
off” still on/’
@ | Opening / closing of the door‘i?»h&e" nded to simulate picking up or storage operation; it shall be short (~10 s).
™
%
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Table D.2 — Record sheet for lighting service (example)

PV-IES comparative tests

Tests 2 and 3: ability to provide the required service

Date: Inspector:

PV-IES Model tested: brand name, Sample tested: Code used for identification of each sample
manufacturer’s name

Lighting service
(According to a load profile as proposed as example in Annex A)

Lighting service daily duration

Illuminance reference value
reference value

Number of lamps

(hours of daily lighting per lamp (iluminance of the lamps required\if
required in the GS ) the GS)
NL.=4 D. =6 h per lamp Q =110 lux
Hours Actions Fulfilment of service
Records Calculation
(q lux) (see‘Note)
sfart| end start end Lamp 1 | Lamp 2 | Lamp 3 | Lamp 4 Formula Result
q1 q2 93 94
0 1
1 2
2 3
3 4
4 5 Check
“lamps on”
5 6 Measure 70 70 75 =n 215
llluminance ;qh
6 7 Check
“lamps off”
7 8
8 9
9 10
0| 1
1112
2 | 13
3|14
4 | 15
5|16
6 | 17
7|18 Check
Jdamps on”
8 | 19 Measure 90 90 90 = 270
llluminance ;qh
9 | 20 Measure 85 90 85 = 260
llluminance ;qh
20 | 21 Measure 83 88 85 = 256
llluminance ;qh
21\ 22 Measure 81 80 78 ’:Y” 239
“iulll;lldllbc gal’
22 | 23 Measure 78 70 80 = 228
llluminance £
23 | 24 Check
“lamps off”
Number of measurements n 18
Average measured fulfilment lighting service per lamp (lux) 'iq 81
L
I:1n
Required fulfilment lighting service per lamp (lux) Q 110
J=D_i=n
Daily quality index of lighting service = fulfilment index f = flighting = Hqu 0,74
nxQ

NOTE n = number of illuminance measurements.
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Table D.3 — Record sheet for radio service (example)

PV-IES comparative tests

Tests 2 and 3: ability to provide the required service

Date: Inspector:
PV-IES Model tested: expected brand name, Sample tested: Code used for identification of each
manufacturer’s name sample
Radio service
(According to a load profile as proposed as example in Annex A)
Number of radio set I?fdlo se‘t"se_lrwcti_dally dLl_ratlon rt_efe:e_ncs vilgfe
thotrsef-datyradio-operatonreguirediathe-GST
NR =1 DR =5h
Periods Actions Duration of radio service
for radio Records Calculation
sfart| end start end Radio1 Formula Result
0 1
1 2
2 3
3 4
4 5 Check “radio set
on”
5 6 Check “radio still Yes = i=Ng 1
on” ZYes
i=1
6 7 Check “radio still No =0 i=Ngr 0
on” D Yes
i=1
7 8 Check “radio set
off”
8 9
9 10
0| 11 Check “radio set
on”
1] 12 Check “radio.still Yes = i=NRr 1
on’, D Yes
i=1
2 | 13 Check “radio set
off”
3| 14
4 | 15
51| 16
6 | 17
7 | 18 Check ‘radio set Optional: check Yes =1 i=NR 1
on? “Radio still on” D Yes
i=1
8 | 19 Check “radio still Yes =1 i=NR 1
on” ZYeS
i=1
9 | (20 Check “radio set
off”
924
21 | 22
22 | 23
23 | 24
J=DRi=NRr 4
Measured radio duration service (h) z ZYGS
j=1 =1
Required radio duration service (h) Dg 5
j=Dri=NRr
. . . . - D, D Yes
Daily quality index of radio service = duration index d = dradio| 3 5 0,80
Dgr
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Table D.4 — Record sheet for TV service (example)

PV-IES comparative tests
Tests 2 and 3: ability to provide the required service

Date: Inspector:
PV-IES Model tested: expected brand name, Sample tested: Code used for identification of each
manufacturer’s name sample

TV service

(According to a load profile as proposed as example in Annex A)
TV service daily duration reference value
(hours of daily TV operation required in the GS)

Numberof-T\L cot

NT =1 DT =4h
Periods Actions Duration of TV service
for TV Records Calculation
sfart| end start end TV 1 Formula Result
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
9 10
0|11
1] 12
2 |13
3|14
4 | 15
5| 16
6 | 17
7|18
8 | 19 Check “TV set on”
9 | 20 Yes =1 i=Nt 1
> Yes
i=1
20 | 21 Yes =1 i=Nt 1
> Yes
i=1
21 | 22 Yes =1 i=Nt 1
D Yes
i=1
22 | 23 No= 0 i=Nt 0

23 | 24,\| Check “TV set off”

Measured TV duration service (M1 Y TYP,S
2o 2=

Required TV duration service (h) D+ 4
J=Dt i=NT
. - - . . . Z ZYes
Daily quality index of TV service = duration index d = drv oo 0,75
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Table D.5 — Record sheet for refrigeration service (example)

— 35 —

PV-IES comparative tests

Tests 2 and 3: ability to provide the required service

Date: Inspector:
PV-IES Model tested: brand name, manufacturer’'s | Sample tested: Code used for identification of each
name sample
Refrigeration service
(According to a load profile as proposed as example in Annex A)
Number of refrigerators TAMFMW
(required in the GS)
Ng =1 T=5°C
Hours Actions Fulfilment of service
Records Calculation
(Temperature, ©°C)
sfart| end start end Fridge 1 Formula Result
©1
0 1
L 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
¢] 10 Measure 7 46; = ©j-T 2
temperature
0| 11
12 | Open/close
the door
2 [ 13
3|14 Measure 5 46; = ©;-T 0
temperature
4 | 15
5| 16
6 | 17
7 | 18 | Open/closé
the dobr
8 | 19
9 | 20 | Open/close
the door
20 | 21
214,22
2 23 Measure Q AL)I. = r.\l. T 4
temperature
23 | 24
Number of measurements n 3
i=n 2
Average measured temperature deviation HA&,-
n
Daily quality index of refrigeration service = fulfilment index f = figge 0,60
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Table D.6 — System daily quality index of service evaluation (example)

PV-IES comparative tests

Tests 2 and 3: ability to provide the required service

Date: t Inspector: X
PV-IES Model tested: brand name, manufacturer’s Sample tested: Code used for identification of each
name sample
Configuration of the system
Appliances Lamp Radio set TV set Refrigerator
Quantity N =4 N =1 N =1 N =1
| L4 L K | E
Ibaily quali?y index QII_ighting = 0,74 Qlgagio = 0,80 Qlyy, = 0,75 QIFridge = 0,60
of services
Weighting K ignting = 6 Kradio = © kry=4 Kerigge, =0
coefficient (see
Note)
NIOTE In this example the weighting coefficients, k, are based on the daily duration of each service for lighting,
rgdio and TV. kc.i.o = Klignting Means that the importance given to the refrigeration service)is the same as the
. . . ge Lighting
lighting service.
Quality index of service
Weighted daily
quality index of _ e all
service of the pwaly = Zk’ x Ql 15,04
system
Max. weighted
Haily quality index _ o
of service of the DWQlt max = ZK, X1 21
system
Daily service ratio: _ DWQl;
s 4= pwal 0.72
d t,max
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RENEWABLE ENERGY AND HYBRID SYSTEMS
FOR RURAL ELECTRIFICATION -

Part 9-6: Integr ms - R mmendations for selection
of Photovoltaic Individual Electrification Systems (PV-IES)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi
all national electrotechnical committees (IEC National Committees). The object of ¢ECYis to promg
international co-operation on all questions concerning standardization in the electrical and,efectronic fields.
this end and in addition to other activities, IEC publishes International Standards, ,Technical Specificatior]
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “If
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
in the subject dealt with may participate in this preparatory work. Internafional, governmental and nqg
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closg
with the International Organization for Standardization (ISO) in accordapee with conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters expre'ss) as nearly as possible, an internatior
consensus of opinion on the relevant subjects since each technigal committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for intérnational use and are accepted by IEC Natior
Committees in that sense. While all reasonable efforts are\made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held respongible’ for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, IEC%“National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possiblecin their national and regional publications. Any divergen
between any IEC Publication and the correspgnding national or regional publication shall be clearly indicated
the latter.

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

All users should ensure that theylhave the latest edition of this publication.

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

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

Attentiop~is\drawn to the possibility that some of the elements of this IEC Publication may be the subject
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ne/main task of IEC technical committees is to prepare International Standards.
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ceptional circumstances, a technical committee may propose the publication of a technic

specification when

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

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62257-9-6, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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This second edition of IEC TS 62257-9-6 cancels and replaces the first edition published in
2008. It constitutes a technical revision.

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

Removal of the term "small" from the title of the publication and from description of rural
electrification systems.

Removal of the limits on system voltage and power; these recommendations apply to
systems of all sizes.

This part of IEC 62257 is to be used in conjunction with the IEC 62257 series.

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

thy

T

A
S)

F

standards in this series will be updated at the time of the next edition.

T

A

Full information on the voting for the approval of this technical specification can be found jn

Enquiry draft Report on voting
82/1279/DTS 82/1533A/RVDTS

e report on voting indicated in the above table.
nis document has been drafted in accordance with the ISO/IEC-Directives, Part 2.

list of all parts of IEC 62257 series, under the general title: Renewable energy and hybnid
stems for rural electrification, can be found on the JEC website.

iture standards in this series will carry the newigeneral title as cited above. Titles of existing

he committee has decided that the contents of this document will remain unchanged until the
bility date indicated on the IEC websité under "http://webstore.iec.ch" in the data related fo
e specific document. At this date, the document will be
reconfirmed,

withdrawn,

replaced by a revised\edition, or

amended.

bilingual versionof this publication may be issued at a later date.

th
u

at, \it) contains colours which are considered to be useful for the corre
nderstanding of its contents. Users should therefore print this document using

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicati[
t

colour printer.
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INTRODUCTION

he IEC 62257 series intends to provide different players involved in rural electrification

projects (such as project implementers, project contractors, project supervisors, installers,
product suppliers, etc.) documents for setting up renewable energy and hybrid systems with

a

T

electrification.

T

ta, areas with a significant fraction of the population living without reliable electric grid accesfs.

a$ safety, system design, product quality, installation and maintenance, and the sustainability
off systems aiming at the lowest life cycle cost possibles,One of the main objectives is o
pfovide minimum requirements relevant to renewable “energy and hybrid off-grid power
systems.

.c. voltage below 1 000 V and d.c. voltage below 1 500 V.

hese documents are recommendations:

+ la 4l H ot ry £ 4l H ot |

U UITUUOT UI1T IIHIII. OyOLUIII TUT U1T IIHIII. plauc,

to design the system;

to ensure product quality and installation quality;

to operate and maintain the system.
nese documents are focused on off-grid electricity access, concentrating onp)but not limitgd

hey should not be considered as providing complete coverage of alldssues related to rurjal

nis set of documents is best considered as a whole, with different parts covering topics sug¢h
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1

The purpose of this part of IEC 62257 is to propose simple selection procedure and cheap,
comparative tests which can be performed in laboratories of developing countries, in order fo
identify the most suitable model of Photovoltaic Individual Electrification Systems (PV-IES) up

t

test.

It)is different from the scope of IEC 62124, Photovoltaic (PV) stand-alone systems — Design
verification, which provides guidance for verifying the design of stand-alone PV systems and
indoor and outdoor tests in order to evaluate the performanceCoef PV systems including RV

g

T
a

lo

T

2

T
C¢

IBC TS 62257-2) and to verify their ability to providethe required service. They are performed

guidelines and does not replace any existing IEC standard on PV systems.

RENEWABLE ENERGY AND HYBRID SYSTEMS
FOR RURAL ELECTRIFICATION -

Part 9-6: Integrated systems — Recommendations for selection
of Photovoltaic Individual Electrification Systems (PV-IES)

Scope

500 Wp for a particular rural electrification project from a number of products submitted fopr

nerator, battery storage and loads such as lights, TV sets, and refrigerators.

he tests provided in this document allow assessment” of the performance of PV-IHS
cording to the requirement of the General Specification (GS) of the project (sqe

cally, as close as possible to the real site operating conditions.

nis document is not a type approval standard. It is a technical specification to be used as

Normative references

ne following documents are(referred to in the text in such a way that some or all of thgir
ntent constitutes requirements of this document. For dated references, only the editign

a

I5
q1

1=
ol

ci'Led applies. For undated references, the latest edition of the referenced document (including

y amendments) applies.

C 61215 (all (parts), Crystalline silicon terrestrial photovoltaic (PV) modules — Design
halification and type approval

C 61730-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements fpr
nstruction

BB t730=2—p tare(PY) L D — ] .

IEC TS 62257-2:2015, Recommendations for renewable energy and hybrid systems for rural
electrification — Part 2: From requirements to a range of electrification systems

IEC TS 62257-4, Recommendations for renewable energy and hybrid systems for rural
electrification — Part 4: System selection and design

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

IEC TS 62257-6, Recommendations for renewable energy and hybrid systems for rural

el

ectrification — Part 6: Acceptance, operation, maintenance and replacement
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IEC TS 62257-7-1, Recommendations for small renewable energy and hybrid systems for

rural electrification — Part 7-1: Generators — Photovoltaic generators

IEC TS 62257-8-1:2018, Recommendations for renewable energy and hybrid systems for rural
electrification — Part 8-1: Selection of batteries and battery management systems for stand-alone

electrification systems — Specific case of automotive flooded lead-acid batteries available
developing countries

in

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

e otrification DPart Q 2 Intaaratad cvuctam Llcar intarfacao
e-GtHHEatHOH T—oHt— o HHOGaHEe6—5)/S5T6H =4

OO 1teT oo

IHC TS 62257-9-4, Recommendations for renewable energy and hybrid systems for>fun
elfectrification — Part 9-4: Integrated system — User installation

IHC TS 62257-12-1, Recommendations for renewable energy and hybrid systems for run
electrification — Part 12-1: Selection of lamps and lighting appliances for.offtgrid electrici
systems

3| Terms, definitions and abbreviated terms

31 Terms and definitions

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

IO and IEC maintain terminological databases fer{use in standardization at the followin
adldresses:

IEC Electropedia: available at http://www:electropedia.org/
¢ | ISO Online browsing platform: available‘at http://www.iso.org/obp

3{1.1

cycle

siquence of a discharge followed by a charge or a charge followed by a discharge of
ttery under specified conditions

3/1.2
duration of service
néimber of hours when'a load is powered

301.3
fylfilment o6f-service
rdtio of a'measured provided service to a required service

3.4

al

a/
ty

g

a

inittat-charge

commissioning charge given to a new battery to bring it to the fully charged state

3.1.5
period of service
part of the day when a load is powered

3.1.6
reference irradiation

value of irradiation taken in consideration for the design of the system, approved by the

project implementer and specified in the GS of the project
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3.1.7
service ratio
extent in which the service required by the GS is fulfilled by the system

3.2 Abbreviated terms

GS general specification for the project
Ql quality of service index

TWQIy  total weighted quality of service

DWQIr  daily weighted quality of service

Sdood service ratio under favourable conditions
Sd,a service ratio under unfavourable conditions
S daily service ratio

4| System boundaries

A|PV-IES comprises the following elements:

o [ a PV generator including PV modules and support structure;
e | a charge controller;
o | a storage system (including battery and associated casifng);

o | adequate wiring, switches and protective ,devices (see IEC TS 62257-9-3 ar
IEC TS 62257-9-4);

¢ | loads relevant for the required service (such as lamps, TV set, radio set, and refrigerator
5| System pre-selection

1 Services to be provided by thé'system

5
The preliminary socio-economic.studies shall provide the project developer with informatid
on the ability of the customers who will benefit from the project to pay for the service providg
T

described in IEC TS 62257:2 as well as the relative priority of the services to be provided (T
ighting, etc.)

2  Specification’of a model
2.1 General operating conditions

ne project implementer shall define the operating conditions to which the PV-IES can K

5
5
T
suibjected. Examples of such conditions are given in Table 1.

hen, the project developer shall define within the GS the range of services to be provided as

n
d.

\/1

e

Table T— Climatic conditions (example)

Nominal operating range Storage — Transport
Temperature -10 °C to +50 °C -40 °C to +80 °C
Humidity at 28 °C 5 % to 95 %
Atmospheric pressure 860 hPa to 1 060 hPa

5.2.2 Design

For the part of the project which will be implemented through Individual Electrification
Systems, the project developer shall size a range of PV IES able to provide the required
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service under the specified operating conditions (see IEC TS 62257-2). The project
implementer could either:
o specify complete integrated systems, or

o specify the different components for PV-IES in order to realize the integration of these
components through its own system design.

In addition, the project developer shall set up the requirements for the loads relevant for the
service to be provided (such as lamps, TV set, radio set, and refrigerator).

52.3 Components requirements

The components of the PV-IES shall comply with the relevant IEC standards andior the
rdlevant local regulations if any.

For the selection of batteries, tests recommended in IEC TS 62257-8-1 shall apply and for the
sg¢lection of lamps, tests recommended in IEC TS 62257-12-1 shall apply.

5j2.4 Safety issues

The project developer shall define the IP degree and IK code of the expected products.
Table 2 gives some values that could be considered as a minimum.

Table 2 — Suggested minimum yvalues for IP and IK

Protection degree Minimum suggested value
P 34
IK 8

Safety rules shall comply with IEC T$/62257-5.

5]2.5 Installation rules

The complete installation_shall comply with IEC TS 62257-7-1 and IEC TS 62257-9-4 and any
lojcal wiring codes.

5]2.6 Operation-and maintenance rules

The systems)shall be designed in order that operation and maintenance may be performed jn
ag¢cordanceywith the specifications given in IEC TS 62257-6.

527 Documentation and marking

A manual shall also be provided including PV-IES installation and operating guidelines such
as:

e initial operations before first use;

e instructions to use the PV-IES properly;

¢ mounting the PV module;

e charging instructions;

e maintenance and troubleshooting instructions.
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5.3 Pre-selection process
5.3.1 Elements of the GS to be provided to potential suppliers

The project implementer shall supply the annual locally available solar irradiation curve.

NOTE This information could be provided through available laboratory data or through local measurements
performed with a reference cell that will be used afterwards for the comparative tests.

This information as well as the requirements defined in 5.1 and 5.2 shall be provided to
pnfonfinl Qlllhll’\“nl"Q inorder to receive prnpnenlc for relevant prnr{llr‘fe

The project implementer could:

e | provide load requirements and let the suppliers provide systems to supply the_ load, or

e | provide a complete PV-IES system specification, in order to source complete integrated
PV-IES, or

e | provide components requirements in order to source separately the“different componenfs
of a PV-IES and realize the integration of these components.

513.2 Answers to be provided by potential suppliers

The supplier of the PV-IES and/or of the components shall prove that the PV-IES and/or the
components comply with the relevant IEC standards and IEC-62257 technical specifications.

Altechnical sheet shall be provided by the supplier interder to demonstrate the ability of its
pfoduct to match the requirements defined in 5.1 and"5.2.

5/3.3 Pre-selection criteria

The performances claimed by the manufdcturer shall be compared to the performancegs
rgquired by the GS in order to make a pre-selection of available products.

The following general criteria can be'used as an initial help for product pre-selection:
e | services characteristics claimed by the manufacturer (duration of service and fulfillment pf
service);

e [ conformity of the modules with the following IEC standards: IEC 61215 series and
IEC 61730-1 andilEC 61730-2;

¢ | conformity of the batteries, lamps, etc., with the relevant IEC standards and pre-selectign
process of potential products as recommended in the IEC TS 62257 series;

o [ battery-casing characteristics.

Alshort list of products potentially able to match the requirements of the GS shall be set up by
ti‘1e project implementer.

6 Comparative tests

6.1 General

After the pre-selection process, samples of products of the short list shall be processed
through comparative technical tests.

IMPORTANT: All the pre-selected systems shall be tested simultaneously in the same local
conditions in order to ensure that they are tested under the same environmental parameters
(irradiation, humidity, temperature, etc.).
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Tests could be performed either in outdoor conditions, in local laboratories or in si
conditions (on future customer homes for instance). The systems installation rules provided
the GS are also applicable to test installations.

6.2 Service requirements

te
in

Pre-selected models shall be examined to ensure that they will provide the required services

mentioned in the GS according to the load profile used for the design of the system.

A service is defined hy'

e | The types of appliances/loads powered by the system (such as lamps, TV set, etc.);
e | For each type of appliance:

— the number of appliances that can be simultaneously powered;

— the daily duration of the power supply;

— the fulfilment of the provided service.

6J3 Service quality index

AlQuality of service Index (Ql) of a system is based on one of these two terms:

required daily duration of service;

f = fulfilment index, f, is the ratio of the measuredyperformance (illuminance for lamp
temperature for refrigerator, etc.) compared to a_reference level required by the GS.

For the different considered services the QI takesinto account either, 4, or, f:

—| for lighting: f;

—| for radio: d;

—| for TV: d;

—| for refrigeration: f.
The systems shall be compared through a Total Weighted Quality of service Index (TWQl

calculated on the basis of observations and measurements performed during, 7, days
comparative tests.

The TWQI; and setvice ratio (S) are calculated as follows:
a) Step 1: for'each service, calculation every day of either “duration” or “fulfilmen
indexes

The<following Tables 3 to 5 illustrate the necessary index evaluation data and calculatid
rules.

e | d = duration index, d, is the ratio of the measured daily ddration of service compared to the

)
Of

t”

n
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Table 3 — Lighting service indexes

Service Lighting
Requirements Number of lamps N,
Daily duration of service per lamp (h) D,
Illuminance (lux) (0]
Duration index Fulfilment index
Measured Total Fulfilment index
illuminance for
every hour of
service
lux lux
see Note 1 see Note 2
Not relevant
For lamp 1:
L1 j=DL i=n
For lamp 2: i=n z q
455 an P
; I Lighting n=xQ
For lamp i:
qLi

IOTE 1 n =number of iluminance measurements at each hour of service; n < N

OTE 2 In order to limit the number of measurements, if N >3, n-could be limited to n = 3.

In this case the formula becomes: flighting =

Inf this example only 3 lamps out ofi N| are measured every hour. Generally it is preferable fo
enmsure that all the lamps have beéen equally monitored at the end of the test.

Alcomplete example for thé.lighting service is given in Table D.2.
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Table 4 — Radio / TV service indexes

IEC TS 62257-9-6:2019 © |IEC 2019

Service Radio (or TV) (see Note)
Requirements Number of radio sets Ng
Daily duration of service per set (h) Dg
Duration index Fulfilment index
Total required Measured daily | Total measured | Duration index
daily duration of duration of daily duration of
service service service
h h h
For set 1: Not relevant
i=NR
Irs i=Ng > dg,
N x D ZdR d — i=1
o ia Radio ™ "Nz x Dg
For set N:
drn
NOTE In the TV set case, subscript R should be changed to T.

Table 5 — Refrigeration service indexes

$ervice Reéfrigeration
Requirements Number of refrigerators Ng (Ng=1 in most cases)
Daily duration of service (h) Not relevant
Temperature (°C) Temperature reference: T°
Duration index Fulfilment index
Measured Average Fulfilment inde
temperature: © measured
temperature
Not relevant deviation
°c oc
See Note
measure 1
- I=n
A91— @1 -T i=n ZAQI
measure 2 DAY, PR =
46, =1 B nxT
n
measure n
A0,

IIIOTE n = number of temperature measurements.

b) Step 2: for each tested system, calculation of a DWQIT
For a given service X, the Quality of service Index (Ql) is:

Qly=dy
or
Qly=fy.

If the project implementer does not give the same priority to the services, he could
determine some “weighting coefficients”, k, reflecting the relative importance assigned to
the different services provided.
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The relative priority of the different services shall be determined by a socio-economic
study (see 5.1).

Using these weighting coefficients, a Daily Weighted Quality Index (DWAQI) shall be
calculated for a system, as given in the following formula (1). For a given day, t, and for X
types of services:

i=X
DWOI = Y ki xQl; (1)
i=1

— Forlamps: k;;oping = ki

— For radios: kp, i, = kg

— For TVs: kyy =kyp

— For refrigerators: k40, = kp

Using this hypothesis, for a system providing all the mentioned services the DWQI for|a
day, ¢, is:

DWOI= (kp x Ol iqnsing) + (kg X Qlpgqio) + (kg x OQlry) + (kg X Olp,i400)
It is the project developer’s responsibility to determine the K-coefficients according to the
importance he gives to each service.

As an example, a convenient rule to determine values 4orthe weighting coefficient, k, may
be based on the daily required duration of service (see“Table D.6).

Step 3: for each tested system, calculation of@ TWQl;

On the complete duration of the test, a TWQI; shall be determined according to the
following formula (2). For a test performed on,*T, days:

t=T
TWQIr = Y DWQl,
t=0

—~~
NJ
~

i=X

with TWQIpmax = T x Zk, (ease where all service quality indexes are equal to 1)
i=1

Step 4: for each tested system, calculation of a service ratio, S

The laboratory operator shall calculate the maximum value of the TWQI,in the conditions
of the test.

Then he shallcalculate for each system the service ratio by the following formula (3):

_ TWQIT 50
~ TWQIT max

6.4
6.4

where

TWOIT 4o results of TWQI;

and TWQIy ,.,.; maximum value of TWQI,

'I;}hisGrgtio expresses to what extent the system is able to provide the service required by
the .

Testing programme

| General

The comparative tests include a set of 4 tests as indicated in Table 6.
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The complete set of tests is intended to be performed within a period of 90 days during the
appropriate season as identified during the project preliminary studies and according to the

quality of service specified by the project developer (see IEC TS 62257-2:2015, Annex C).

The system shall be tested under two daylight conditions:

o Daylight favourable conditions: in this configuration local irradiation is at least 90 % of the

reference value given in the GS.

¢ Daylight unfavourable conditions: in this configuration, the irradiation taken into account

| Ul ot H alo +lo H S l + 4 £ 4l £ ]
<Shdih Vo UtTiTlrimmicu Uy Uic PrujecUl TmTTYICTITCTICT "do da PTTuTITtdytc Ul UIlc TTITTTIIUT  vVdiy

given in the GS (such as for example the irradiation during the rainy season).

Table 6 — Testing programme

e

Test 1 Test 2 Test 3 Test 4
Initial inspection Ability to provide Ability to recover Final inspection
and commissioning the required the required
service under service under
daylight daylight

Favourable Unfavouraple

conditions conditions

See 6.4.2 See 6.4.3 See 6.4.4 See 6.4.5

4.2 Test 1: initial inspection and commissioning
4.2.1 General

6

6

The purpose of the different inspection tests (Test 1 and Test 4) is to assess the evolution
degradation of the conditions of the~different parts of the product during the test perio
especially casings, lamps, cables and PV modules.

The initial inspection is intended to record all necessary details of each sample of each pr
s¢lected model and identifysxthe sample for the duration of all tests. It will also verify that th
sample has been supplied-with all necessary items and components required by the GS.

In Test 1, after thelinitial inspection, the system shall be commissioned.
Ap much infermation as possible concerning each sample to be tested should be recorded.

64.2.2 Sampling

Three’samples of each model are required. For small projects, if the cost of the testing is td

(0]

high, the sampling could be Timited to two samples of each model.

A test item number shall be assigned to each sample and used in all data sheets and records

to avoid confusing sample results. It is recommended that the unit should be photographed
such a way that all major accessible components are recorded.

6.4.2.3 Operation
The initial inspection shall be performed in two steps:

e unpacking step; and

e installation step.

in
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list (non comprehensive) of items to be checked and recorded during these two periods is
ovided as an example in Annex A.

After the initial inspection and installation of the system, commissioning shall be performed

(a

6.

n example of a commissioning sheet is given in Annex B).

4.2.4 Results

The pass criteria is based on the following:

F

T

Ol

6.
T

A

6.
E

4.3 Test 2: ability to provide the required service under daylight favourable

sg¢rvice under daylight sunny conditions considered as favorable.

the GS. Some examples-of such load profiles are given in Annex C.

14.3.3 Equipment

br each sample:

there shall be no visual evidence of a major defect on any component; and
the sample is complete; and

the installed system has been commissioned satisfactorily.

ne fail criteria is based on the following:

br each sample:

there is evidence of a major defect; or
some components are missing or incorrect; or

the system cannot be installed properly according to‘the GS requirements.

is up to the project implementer to determine whether he will accept a certain model if one
more samples have failed this initial visual inspeetion.

conditions
4.3.1 General

ne purpose of this test is to check the ability of a PV-IES product to perform the required

reference load profile shall be established for the tests according to the service required jn

4.3.2 Sampling

hch modelfor which all samples passed Test 1 shall go through to Test 2.

perform Test 2 the following equipment shall be necessary:

A power system to supply energy to all test instruments.

If the testing is performed in a laboratory connected to a grid, no additional power system
is necessary. If the testing is performed on site, a dedicated power system is necessary to
supply energy to testing devices.

A reference device (such as a reference PV module, pyrheliometer, etc.) to assess and
record the daily irradiation.

This device may also be initially used to assess the value of the irradiation to be taken in
account for the design of the systems.
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e Test instruments:

— Programmable controllers to monitor the load profiles. If not, the loads may be
switched on/off manually.

— One (or several) illuminance measurement box(es) (see IEC TS 62257-12-1).

— A thermometer, preferably electronic.
6.4.3.4 Operation

6.4.3.4.1 General

Test 2 shall be performed according to the following phases:

614.3.4.2 Phase A: initial preparation

This phase is dedicated to charge the battery before testing the ability of.the system fo
pe¢rform the required service.

The initial charge is controlled by the charge controller of the PV-IES) without any manugl
intervention. During the initial charge, all the loads shall be switchedroff:

The initial charge shall be performed for, x days (x = 5) until 5{"good sunny days" have begn
rgcorded. A "good sunny day" is defined as a day when irradiation is equal to or greater than
90 % of the reference irradiation defined in the GS (considered as favourable conditions).

The following Figure 1 illustrates the Phase A cycles;

START Test 2,
Phase A

t=0

ﬂ Sunrise
f
1 Charge battery

|
1
( ﬂ under daylight

without any load

J

t = x days

STOP Test 2, .
Phase A Repeat X days the cycle (until 5 “good sunny days”)

A

\ ( Wait until next j
morning without

any load

Sunset

IEC

NQTE" It would be preferable to perform the initial charge in the season when the probability of having five "gopd
sunny days" consecutively is the highest.

Figure 1 — Test 2, Phase A: initial charge cycles

6.4.3.4.3 Phase B: operating conditions

This phase is dedicated to run the system over a long period in order to check its ability to
provide the required services under local operating conditions.

Phase B shall be performed immediately after Phase A.

Figure 2 illustrates the cycles to be performed.
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The time for start is chosen a short while before sunrise.
The charging of the battery is controlled by the charge controller provided within the system.

The loads are switched on and off according to the load profile, either manually by the
laboratory operator or automatically by a programmable controller.

Between sunrise and sunset, the system is intended to be both able to charge the battery and
to supply energy to loads (according to the load profile).

After sunset, the system is intended to be able to supply the loads according to the load
profile which reflects as close as possible the way of life of the future customers.

The sunrise-sunset cycle shall be repeated, y, days (y =2 30) until 30 "good sunny.days" haye
bg¢en recorded.

—_

is better to perform the test during the sunny season and to ensure that, y, is less than pr
equal to 40 days. This is intended to shorten the duration of the test @and thus reduce its cofst
amd ensure good quality records.

The laboratory operator shall observe and record the starth\and the end of the servige
ag¢cording to each step of the load profile.

Ap example of an instruction sheet for the operator is(given in Annex D. For the duration pf
thie test, the laboratory operator will live at the sameirhythm as the future customers.

A a debugging period, a preliminary cycle will be performed in order to verify that the
pfogrammable controller (if any) and all the test facilities are functional.

START Test 2,

Phase B / \

t=0

ﬂ Sunrise Charge battery
i i under daylight
| | |}

AND
/ ﬂ power the loads according
to the load profile

t = y days
STOP-Test 2,
+ Phase B \ /

Repeat y days the cycle (until 30 “good sunny days”)

4 )

Power the loads according
to the load profile

. J

Sunset

IEC
Figure 2 — Test 2, Phase B: operating cycles

All along the test, the characteristics of the service provided shall be recorded. Examples of
record sheets are given in Annex D.
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6.4.3.5 Results

The different tested systems shall be compared through the different quotations based on the
total weighted quality of service index (see 6.3) and also on economic considerations (see
IEC TS 62257-4).

a) Pass criteria

actual TWQl 1
maximum TWQl 1

For each tested systems, the service ratio Sgpoq = shall be 2 0,70.

b] Fail criteria
If the service ratio S < 0,70 the concerned system models shall be rejected.

IfInone of the tested products match the pass criteria the project implementer has_two’option

L2

¢ | Change the GS requirements (if acceptable) and select the tested products:which are abje
to match the new requirements; or

e | Go back to the manufacturers for the selection of a new range of products to be tested.

614.4 Test 3: ability to provide the required service under daylight unfavourable
conditions

4.4.1 General

6

The purpose of this test is to check the ability of a PV-IES product to perform the requirgd
sgrvice under daylight sunny conditions considered (as unfavourable (as it could be fpr
example during rainy seasons).

The systems shall be tested under the same reference load profile as used in Test 2.

6/4.4.2 Sampling

All the samples of each model which-passed Test 2 shall go through to Test 3.

614.4.3 Equipment

The same as used for Test2:

6{4.4.4 Operating\conditions

Test 3 shall be performed immediately after Phase B of Test 2.
Figure 3 illustrates the cycles to be performed.

The timeé for start and stop is chosen a short while before sunrise.

It is the responsibility of the project developer to specify the procedure to simulate a daylight
unfavourable condition as close as possible to the unfavourable conditions of the project.

It is suggested that a method of achieving reduced irradiation close to the unfavourable
conditions described in the GS is to cover the PV modules for a part of the day. The
laboratory operator may ensure the same irradiation conditions for the tests systems.

The charging of the battery is controlled by the charge controller provided within the system.

The loads are switched on and off according to the load profile, either manually by the
laboratory operator or automatically by a programmable controller.
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Between sunrise and sunset, the system is intended to be both able to charge the battery and

to supply energy to loads (according to the load profile).

After sunset, the system is intended to be able to supply the loads according to the load

profile which reflects as close as possible the way of life of the future customers.

The sunrise-sunset cycle shall be repeated z days (z = 30) until 30 "bad sunny days" have

been recorded.

Ffmmmmmmm 0
customers.

The laboratory operator shall observe and record the start and the end of the) servig
ag¢cording to each step of the load profile.

Instruction sheets and record sheets for the operator are the same as those used in Test
(Annex D).

START_Test 3 4 N\ 4 N\

t=0
. Charge battery
ﬂ Sunrise Power the loads according Noon under daylight afternoon
! ! to the load profile : AND
(PV modules covered) power the loads \
ﬂ according
t = y days to the load profile

STOP Test 3 \ / \ /

Repeat z days the cycle (until"\30 “bad sunny days”)

Power the loads according . /
-t

to the load profile |
L J Sunset

Figure 3 — Test 3, operating cycles

IEC

6.14.4.5 Results

The different tested systems shall be compared through the different quotations based on tH
taotal weighted quality of service index (see 6.3) and also on economic considerations (s¢
IHCTS 62257-4).

e

2

e

The laboratory operator shall calculate the maximum value of the TWQIt in the conditions of

the test.

a) Pass criteria

For each tested systems, the service ratio, S; under unfavourable conditions S, 4 shall be

= 0,35.
b) Fail criteria
If the service ratio S < 0,35 the concerned system models shall be rejected.
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If none of the tested products match the pass criteria the project implementer has two options:

e Change the GS requirements (if acceptable) and select the tested products which are able
to match the new requirements; or

e Go back to the manufacturers for the selection of a new range of products to be tested.
6.4.5 Test 4: final inspection
6.4.5.1 General

TheTinal inspection will be used to determine any physical degradation and the durability pf
thie product over the period of testing.

6]4.5.2 Products submitted to the final inspection

All the models which passed successfully Test 3 shall be inspected.

614.5.3 Operation

The final inspection will refer to the records of the initial inspection(Test 1) to determine any
eyidence of degradation of the accessible components.

The initial data sheet shall be completed.

Apnex A contains examples of defects that may occuri This is not a complete list and the
project implementer may discover other possible defects’due to the individual model design.

614.5.4 Results

a) Pass criteria

For all samples:

e there shall be no deterioration-6f*samples which impairs their functionality.
b) Fail criteria

For all samples:

e there is evidence of.@-major defect; or

e any deterioration which impairs the functionality of the sample.
6/4.6 General conclusion
6.4.6.1 Pass. { fail criteria

The modégls)of which all samples have passed the 4 tests are accepted.

614.6:2 Classification of the accepted models

To choose among the accepted models, the project implementer should weight the results of
Test 2 and Test 3 according to an annual simplified irradiation profile.

It is the responsibility of the project developer to establish this annual simplified irradiation
profile.

EXAMPLE

k; could be the number of expected annual "good sunny days" (irradiation equal to or greater than 90 % of the
irradiation specified in the GS).

k, could be the number of other days, with (k, = 365 — k).

With this hypothesis, a global service ratio evaluation is given by the following formula (4):
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