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Table 1 — Maximum power, Pgx, Measured at different rear irradiances, Gy, (double-

sided with G¢ =1 000 Wm'2) or alternatively equivalent front irradiances, Gg, and the

rear irradiance driven power gain yield, BiFi, derived from the slope of the linear fit on
Prnax(Gr) oo
Table 2 — Example of Py ax gNp| derived from the measurement at STC conditions

(Gr = 0 and Gf = 1 000) and the rear irradiance power gain obtained from the bifacial
FEfEreNCE UEVICE, Bilipgf.ruuuururruurriiiiiiiiiiiiiiiet ettt e e e
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 1-2: Measurement of current-voltage characteristics of
bifacial photovoltaic (PV) devices

1

2)

3)

4)

5)

6)

7)

8)

9)

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 promoté internatio

ng
al

co-operation on all questions concerning standardization in the electrical and electronic fields/To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications,~Fechnical Repors,

Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC“Rublication(s)”). Th

eir

preparation is entrusted to technical committees; any IEC National Committee interestedkin the subject dealt wjth

may participate in this preparatory work. International, governmental and non-governmental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely with thexlnternational Organization
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations

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

IEC Publications have the form of recommendations for international” use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made.to ensure that the technical content of |

ng
or

al
all

al
FC

Publications is accurate, IEC cannot be held responsible for-the way in which they are used or for gny

misinterpretation by any end user.

In order to promote international uniformity, IEC Natiémal” Committees undertake to apply IEC Publicatigns

transparently to the maximum extent possible in their national and regional publications. Any divergence betwe
any IEC Publication and the corresponding national¢or regional publication shall be clearly indicated in the latt

en

er.

IEC itself does not provide any attestation of cénformity. Independent certification bodies provide conformiity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for gny

services carried out by independent certification bodies.
All users should ensure that they have thellatest edition of this publication.

No liability shall attach to IEC or its~directors, employees, servants or agents including individual experts &
members of its technical committees’and IEC National Committees for any personal injury, property damage

or

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and

expenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

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

IEC draws attention to the possibility that the implementation of this document may involve the use of
patent(s). IEC takés no position concerning the evidence, validity or applicability of any claimed patent rights|
respect thereof*As of the date of publication of this document, IEC had not received notice of (a) patent(s), wh

is

in
ch

may be reqdired to implement this document. However, implementers are cautioned that this may not represgnt

the latest_information, which may be obtained from the patent database available at https://patents.iec.ch. |
shall-not'be held responsible for identifying any or all such patent rights.

IE

C.I.8 60904-1-2 has been prepared by IEC technical committee 82: Solar photovoltaic ener

FC

Py

systems. It is a Technical Specification.

This second edition cancels and replaces the first edition published in 2019. This edition
constitutes a technical revision.

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

a)

b)

The scope has been updated and refers to IEC TS 63202-3 for the measurement
non-encapsulated solar cells.

The requirements for the non-uniformity of irradiance have been updated and now refer
classifications introduced in IEC 60904-9.

of

to
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c)
d)

e)

Th

The requirement for non-irradiated background has been revised.

Spectral mismatch corrections are no longer mandatory, unless required by another
standard. Spectral mismatch would have to be considered in the measurement uncertainty.

The requirement regarding the calculation of bifaciality has been modified: Equivalent
irradiance shall not be calculated based on the minimum bifaciality value between Ig5- and

Ppax, but on the bifaciality of Ig¢.

Fu

thp above table.

TH

TH
ad
at
dg

TH

stability date indicated on the IEC website Wnder webstore.iec.ch in the data related to t

SH

e text of this Technical Specification is based on the following documents:
Draft Report on voting
82/2278/DTS 82/2309/RVDTS

[l information on the voting for its approval can be found in the report on voting, indicated|in

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

is document was drafted in accordance with ISO/IEC Directives;-Rart 2, and developed |in
cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, [EC Supplement, availaljle
www.iec.ch/members_experts/refdocs. The main document\types developed by IEC are
scribed in greater detail at www.iec.ch/publications.

ist of all parts in the IEC 60904 series, published underythe general title Photovoltaic devicdgs,
n be found on the IEC website.

e committee has decided that the contents of\this document will remain unchanged until the
he

ecific document. At this date, the document will be
reconfirmed,
withdrawn, or

revised.

~

MPORTANT - The:"colour inside"” logo on the cover page of this document indicates
hat it contains.colours which are considered to be useful for the correct understanding
f its contents.-Users should therefore print this document using a colour printer.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=91170131b98c59810b9494653ea19145

-6 - IEC TS 60904-1-2:2024 © |IEC 2024

PHOTOVOLTAIC DEVICES -

Part 1-2: Measurement of current-voltage characteristics of
bifacial photovoltaic (PV) devices

1 Scope

This part of IEC 60904 describes procedures for the measurement of the current-voltage (I-[)
cHaracteristics of single junction bifacial photovoltaic devices in natural or simulated sunlight.
It js applicable to encapsulated solar cells, sub-assemblies of such cells or entire, PV, modulgs.
Far measurements of [-V characteristics of non-encapsulated solar cells, IEC'TS 632023
applies.

The requirements for measurement of /-V characteristics of standard (nmenofacial) PV devices
are covered by IEC 60904-1, whereas this document describes the additional requirements for
the measurement of I-V characteristics of bifacial PV devices.

This document can be applicable to PV devices designed for use under concentrated irradiatipn
if they are measured without the optics for concentration/and irradiated using direct normal
irmadiance and a mismatch correction with respect to a.direct normal reference spectrum |is
pgrformed.

2| Normative references

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

IE|C 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections |to
measured I-V characteristics

IE|C 60904-1, Photoyoltdic devices — Part 1: Measurement of photovoltaic current-voltage
cRharacteristics

IEIC 60904-2,<Rhotovoltaic devices — Part 2: Requirements for photovoltaic reference device$

IEIC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial photovoltgic
(AV),solar devices with reference spectral irradiance data

IEC 60904-4, Photovoltaic devices — Part 4: Photovoltaic reference devices — Procedures for
establishing calibration traceability

IEC 60904-7, Photovoltaic devices — Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a
photovoltaic (PV) device

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

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols


https://webstore.iec.ch/publication/61766
https://webstore.iec.ch/publication/32004
https://webstore.iec.ch/publication/3874
https://webstore.iec.ch/publication/61084
https://webstore.iec.ch/publication/31500
https://webstore.iec.ch/publication/65654
https://webstore.iec.ch/publication/3879
https://webstore.iec.ch/publication/28612
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IEC 62788-1-4, Measurement procedures for materials used in photovoltaic modules — Part 1-4:
Encapsulants — Measurement of optical transmittance and calculation of the solar-weighted
photon transmittance, yellowness index, and UV cut-off wavelength

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the
following apply.

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

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

¢ | ISO Online browsing platform: available at https://www.iso.org/obp

31
bifacial PV device
PV device, both surfaces of which (front and rear sides) are capable of pewer generation

3.p
front side
sifle of the PV device declared by the manufacturer as the front’side, which is the side design¢d
to[be oriented toward the sun

Ndte 1 to entry: If no declaration is provided, the front side is_the side with the higher maximum power measured
under standard test conditions (STC).

3.B
rejar side
sife of the PV device declared by the manufacturer as the rear side, that is the side design¢d
to[point away from the sun

Ndte 1 to entry: If no declaration is provided, the rear side is the side with the lower maximum power measured
ungder STC.

3.?

bifaciality
prpperty expressing the ratio between the main characteristics of the rear side and the frgnt
sifle of a bifacial PVdevice quantified by specific bifaciality coefficients

Ndte 1 to entry: Wnless otherwise specified, the bifaciality refers to standard test conditions (STC). The bifaciality
of the performan€e\parameters is expressed as:

— | Short-circuit current bifaciality: VIge

— | Open=circuit voltage bifaciality: Poe

— Litaximum-powerbifactatity:
4 T P BnaxBiFi -
3.5
equivalent irradiance
Gg

irradiance required to illuminate the front of the device under test, so that it produces the same
power output as if it were illuminated from the device front with irradiance 1 000 Wm-2 and from
the rear with irradiance G,

3.6

rear face irradiance

GI’

irradiance arriving at the rear face of the DUT


https://webstore.iec.ch/publication/25942
https://webstore.iec.ch/publication/28612
https://www.electropedia.org/
https://www.iso.org/obp
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3.7

bifacial nameplate irradiance
BNPI

irradiance at which nameplate characteristics are reported for bifacial modules, specifically
1 000 Wm-2 on the module front and 135 Wm-2 on the module rear

3.8
maximum power at BNPI

Prhax,BNPI

maximum power output of the DUT under BNPI

Ndte 1 to entry: The quantity can be measured or calculated.
3.p

short-circuit current at BNPI

Isic BNPI

sHort-circuit current of the DUT under BNPI

Ndte 1 to entry: The quantity can be measured or calculated.
3./10

open-circuit voltage at BNPI

Voc,BNPI

open-circuit voltage of the DUT under BNPI

Ndte 1 to entry: The quantity can be measured or calculated.
3.1

refar irradiance power gain

BilFi

gyantity which indicates the power gain, imaddition to that obtained at STC conditions, per u
oflrear irradiance

Ndte 1 to entry: Rear irradiance power gainis the slope derived from the linear fit of the P versus rear irradian
Gr

Ndte 2 to entry: BiFi is expressediin W/(Wm2) or m2,

3.12

rellative rear irradiance power gain

BlFirel

re
at

Ng

ar irradiance_power gain, BiFi normalized by front-side irradiance and maximum power outp
STC

te 1 fo entry:  BiFi_ is unitless.

3.

t

N

13

Bi
re

Firef
ar irradiance power gain of the bifacial device used as a reference
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General considerations

The final performance of bifacial PV devices in a power plant depends not only on the spatial
distribution of the irradiance incident onto the front surface, but additionally on that incident
onto the rear surface of the device, which is strongly affected by site-specific conditions, such
as albedo, reflective surface size, the racking system, the device's elevation and its tilt angle.
Owing to these dependences and in order to obtain comparable measurement results, I-V
characterisation is extended to quantify the bifaciality of the device and the rear irradiance
power gain. Bifaciality is an intrinsic property of the device, unlike the site-specific conditions

Su

ch as albedo. The measurement conditions for bifacial devices should strive to generate ext

ph
S
Si
H

reference conditions. This document sets limits on the permissible deviations for obtaining va

m
CQ

In
de
de

5.

A
th

cl

uniformity of irradiance, the spectral distribution and the temporal instability of irradiance sh
bg measured at the irradiance(evels used for the characterisation of bifacial devices.

5.
A
ill
di

irmadiance amthe opposite side of the device under test is eliminated by appropriate measur
ag descrilfed"in 5.5. In cases where a contribution larger than 5 Wm2 on the opposite side
presents—this contribution shall be corrected and incorporated into the evaluation

m
Si

A General

aljove 1 000 Wm2 (typically up to 1,200 Wm2). The solar simulator's non-uniformity
irmfadiance shall be Class B or betters;in accordance with IEC 60904-9 and shall maintain

otocurrent proportional to their bifaciality. In general, this can be achieved with a g
ectrum close to the reference spectrum such as provided by natural sunlight or with_a sol
mulator whose irradiance level is adjustable, a high albedo and minimal near object(shadin
pwever, in practice, measurement conditions differ from the ideal and will deviate from t

basurements. In any case, the deviations of the measurement conditions framythe referen
nditions shall be accounted for in the analysis of measurement uncertainty:

Apparatus

addition to the apparatus requirements described in IEC460904-1, one of the equipment sg
scribed in 5.2, 5.3 and 5.4 meeting the requirements for a non-irradiated background
scribed in 5.5 is necessary for the characterisation, of bifacial devices.

P Solar simulator with adjustable irradiance levels for single-side illumination

b /- characterisation of bifacial devices,.Simulators shall be able to provide irradiance levs

hssification at irradiance levels used for the characterisation of bifacial devices. The no

B  Solar simulator with adjustable irradiance levels for double-side illumination

solar simulator, astdefined in IEC 60904-9, with the additional capability to simultaneous
iminate the bifacial device on both sides shall be used. The non-uniformity, the specti
stribution andithe temporal instability of irradiance shall be measured on both sides while t

basurément uncertainty. In cases where a contribution lower than 5 Wm-2 from the oppos
je.is present, it is recommended that the contribution also be corrected (see 5.5) if

ra
st
ar
g.
he
id
Ce

solar simulator, as defined in IEC 60904-9xwith adjustable irradiance level shall be used for

Is
of
ts
n-
Al

ly
al
he
bS
is
of
te
ts

magnitude is known. For individual measurements the non-uniformity of irradiance shall be
Class B or better in accordance with IEC 60904-9 and shall maintain its classification on both
sides, at the irradiance levels used for the characterisation of bifacial devices.
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Reflective cloth

N(
no

5.4 Natural sunlight

In
ad
cq
P
TH
S{
cdg
m
ne
1(
th
te

5.p Non-irradiated background

Td
th
5

oF:
pq
b3

h-uniformity of irradiance at the rear face.

ectral mismatch corrections shall be applied according to IEC 60904-7. If spectral mismatgh

IEC

TE A reflective cloth can be positioned directly under the device under test to minimise artefacts arising from

igure 1 — Two reference devices (described in IEC 60904-2) to measure irradiance on
front and rear sides of device under test during outdoor measurements

addition to the general measurement requirements described' in IEC 60904-1, at least two
ditional PV reference devices shall be used. The first additional PV reference device shall
mply with IEC 60904-2 to measure the irradiance level on‘the rear side. The second additional

reference device shall be used to measure the non-uniformity of irradiance of the rear side.
eir spectral responsivity should be as close as pesSible to that of the devices under test, jor

rrections are not made, a specific component shall be considered in the evaluation of

pasurement uncertainty. In addition, the frentrside non-uniformity of irradiance is practically

gligible and can be assumed to be 0 %.he rear side non-uniformity of irradiance shall be
% or better in accordance with IEC 60904-9. To minimize the non-uniformity of irradiance |at

e rear side, a reflective cloth should.be optionally positioned directly under the device under
5t (Figure 1).

measure the individual 7:7V characteristics of both front and rear surfaces of bifacial devicds,

e contribution from the light incident on the opposite side of the device under test shall be
Wm-2 or less dufing the measurement by creating a non-irradiating background. The

ckground is considered to be non-irradiating if the irradiance does not exceed 5 Wm2, at apy
int, on the mon-exposed side of the device under test. The contribution of remaining
ckground_ illumination shall be compensated during /-V corrections.
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Aperture
Bifacial module I/
Front side ' Rear side

/

L

In
of

reflective materials may be placed against the non-exposed side to reduce the non-irradiat¢

bs

Tq
ng
S§
at
pq
ng
cd
th
m
bq
of|
ill
TH
te

TH
m

Non-reflective
Front side material

/

Aperture

/

IE@

Figure 2 — Scheme of a bifacial PV module and the required
non-irradiated background and aperture

order to fulfil this requirement, in the case of PV modules, it is recommended to limit the si
the test area to that of the device under test using baffles as illustrated in Figure 2. Lg

ckground irradiance.

measure the irradiance on the non-expdsed side, measurements shall be performed at t
n-illuminated side. The minimum point:density is six points per square meter. The poin
lected for measurement of non-unifetmity of irradiance shall be placed in the middle of a ¢
the module's rear face. Furthermare, for c-Si PV modules the distance between neighbouri
ints horizontally and vertically shall not exceed the area covered by four full-size cells. It
ted that the area covered by, two half-cut cells counts as the area of a full-size cell. The ar
vered by three third-cut cells counts as a full-size cell and so on. For thin film technologig
e maximum distance between the two nearest points shall not exceed 840 mm. For t
pasurement of non-illuminated background, the PV reference device shall be position
tween the non-reflective surface and the rear side of the module. Figure 3 shows an examp
the location of-measurement points on a 72-cell PV module. For the measurement of no
iminated backgreund, the detector shall be positioned against the rear surface of the modu

51.

e criterion for non-irradiated background shall be verified once per optically equivalg

re
w
bd

he
ts
Al
ng
is
ba
S,
ne
bd
le
n_
e.

e size of the-detector shall be at least half the size of the solar cells used in the module under

nt
bs

pbdule design or when the optical configuration of the measurement system undergo

modifications. Module designs can be considered as optically equivalent i all of the following

ar

e the same:

transparent area fraction,
total module area, number of cells and cell spacing,

encapsulation package: this includes the glass (type, thickness, texturing, and spectral
transmission), anti-reflective coatings, encapsulant, and backsheet (type, colour, and

spectral back-reflection).

The measurement shall be repeated only for devices with higher fraction of transparent areas.
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5

Care shall be taken to minimize the shadowing if placing sensors to measure the temperatu
of| bifacial devices under natural sunlight or using) double-side illumination. When conta
sgnsors are used, sensors should be placed preferably along the solar cell busbars and fixs
with transparent thermal tape. Wires shall be«placed in such a way that shading on the H

m
th

IE[C TS 62446-3 and IEC 60904-5, respectively.

The procedure for thesmeasurement of the /-1 characteristics of a bifacial PV device is bas
or] the same basic-principles as in IEC 60904-1 but requires some additional consideratio
arjd also provides supplementary characteristics specific to bifacial devices. For instance, t

bi

dgvice under‘test at BNPI| shall be characterised.

The measurement conditions for I-V characteristics of bifacial devices require more attenti

th
m

.p Temperature sensors

A General

Measurement
point P1

P4 —

e — i -

[ e [

Po— [ I

IEC

Figure 3 — Suggested points to measure the irradiance at
the rear face of a PV module with 72'cells

bdule is minimized (i.e. shortest route“to edge). Alternatively, contactless infrar
ermometer (IRT) or equivalent cell temperature calculation can be used as described

Additional I-V characterisations for bifacial devices

aciality, ¢, rélative rear irradiance power gain, BiFi,, and the maximum power output of t

biivfor monofacial devices as the measurement results for bifacial devices are prone
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reference conditions. For instance, the parasitic reflections towards the rear side of the device
under test can significantly increase the measurement uncertainty.

The measured [-V characteristics shall be corrected for spectral mismatch, background
irradiance and temperature, wherever possible. As the spectral responsivity of the device may
vary between front and rear, it is advisable to measure separately the spectral responsivity from
the front and rear side of the device according to IEC 60904-8 and apply separate spectral
mismatch corrections for the front and rear. Corrections of measured /-V characteristics are
allowed within a range of £10 % of the target irradiance. The uncertainty of the corrections and
furthermore the uncertainty arising from corrections which are not possible or have been omitted
shall be considered in the evaluation of measurement uncertainty.
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6.2 Determination of bifaciality

In order to determine the bifaciality of the test specimen, the main I-V characteristics of the
front and the rear sides shall be measured at STC, as schematised in Figure 4 (with
G =1 000 Wm~2). A non-irradiated background, as described in 5.5, shall be used in order to
avoid the illumination of the non-exposed side. Ideally a spectrally matched device should be
used to determine the irradiance for measurements of front and rear.

Front-side characterization Rear-side characterization

W
ag
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sh
ex
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m
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m

A

I
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I
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]

G =1000 Wm™ G =000 Wm™

IEC
Figure 4 — Front and rear-side characterization of bifaciality

hen the rear side of PV modules is measured, care shall be taken to reduce (as practicah
possible) any shading caused from temperature sensors, cables, nameplate, junction b

e measurement setup shall be verified by visual inspection to ensure that no addition

ternal objects.

hen the rear I-V curve is\measured, the module frame can cause a deviation between t
pasurement plane and the reference plane. If the reference plane and the measurement pla
nnot be brought inte, alignment, the offset in irradiance intensity shall be determined a
rrected. It is noted\that the reference plane of irradiance is determined based on the positi
solar cells contained in the module, and not its frame.

Short-circuit‘current bifaciality, PIgc » is the ratio between the short-circuit current generat

clusively by the rear and front side of the bifacial device respectively. Both currents a
basured at STC (1 000 Wm=2, 25 °C, with the IEC 60904-3 reference solar spectral irradian

d frame. Manufacturers are responsiblefor positioning of junction box, frame and nameplafe.

ly
DX

al

ading is introduced, for example 'by temperature sensors (see also 5.5), cables or other

re
ce

di

stribution AMA1 R)'

_Iscr
Isct

(

Prgc

where

PIgc is the short-circuit current bifaciality. It is usually expressed as a percentage;

Isc, is the short-circuit current when the device is illuminated only on the rear side, at STC;

1)
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is the short-circuit current when the device is illuminated only on the front side, at STC.

The bifaciality, as defined in this document, of the device cannot be determined by double-sided
illumination, due to the influence of series resistance that introduces performance losses when
the device is exposed to irradiance higher than 1 000 Wm2 and performance gains when the
irradiance is lower than 1 000 Wm=2. When double-sided illumination is practiced, it
suggested to report instead the rear irradiance power gain (see 6.3).

is

For certain technologies and applications, it is advisable to measure the bifaciality at different
leyels of irradiance For example it s t\/nir‘nl for c-Si fpr‘hnnlnnipq that the hifnr‘ialit\/ reduc

WIIth reducing irradiance. When the b|faC|aI|ty is measured at a different irradiance, then\t

irm

m

TH
Cc8

CS

where

DC

nax

Vocr

Vact

Pr1axr

W]
irm

bi

maxf

adiance shall be stated in subscripts omitting S| units. For example, the bifaciality of a~devi
pasured at 200 Wm-2 of front and rear irradiance shall be expressed as Plsc 200 °

ne
ce

e bifaciality of open-circuit voltage and maximum power shall be measured @t STC and afe
Iculated as described below:

Vocr

Poc = Voct ®
Pmaxr

Plinax Frfaxt ®)

is the open-circuit voltage bifaciality. It is usually expressed as a percentage;
is the maximum powerbifaciality. It is usually expressed as a percentage;

is the open-circuit voltage when the device is illuminated only on the rear side, at ST
is the open-circuit voltage when the device is illuminated only on the front side, at ST
is the maximum power when the device is illuminated only on the rear side, at STC;

is the.maximum power when the device is illuminated only on the front side, at STC

hen the\bifaciality of open-circuit voltage or maximum power are measured at a differgnt
adiance, the irradiance shall be stated as subscripts omitting Sl units. For example, t
aéiality of maximum power for a device measured at 200 Wm-2 of front and rear irradian

ne
ce

st

dll UU prluabcu as (/JP

max — 200 °

It is recommended to measure the bifaciality on multiple samples and to provide its dispersion.

6.
6.

3
3.1

Determination of the rear irradiance power gain

General

The gain in power generation due to additional rear irradiance on the bifacial device under test
shall be determined as a function of the rear side irradiance level. To this end, outdoor or indoor
measurement procedures shall be applied as described below.
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The bifacial device under test shall be measured at STC, i.e., 1 000 Wm=2 (G, = 0 Wm-2), AM1.5
and 25 °C junction temperature. The front side irradiance shall be within £10 % of the target
irradiance and corrected to this target value (1 000 Wm2) according to IEC 60891. Note that
this irradiance range is more restrictive than that of IEC 60891, which allows for a larger
correction range (£30 %).

Additionally, the P, of the device under test shall be measured:

a) In the case of double-sided illumination with G; = 1 000 Wm=2 on the front side plus at least

two ditfferent rear side Iirradiance levels GIri ;

b)| In the case of single sided illumination: with at least two different equivalent irradiancel€v¢g
Gg, on the front side according to Formula (6) and Formula (7);

S

with, in both cases (i = 1, 2, ...; for instance, 0 <G, <100 Wm™?, 100 Wm™2 <G < 200 Wm’]

and G, — G, >100 Wm~2).

The rear irradiance power gain, BiFi, is the slope derived from the lipear fit of the P, versys
G| data series (see the example in Figure 5 and Table 1). This lineapleast squares fit shall be
fofced to cross the Pp,, axis at Pp,y g7c and its non-linearity-shall be considered in the
urjcertainty estimation. The relative rear irradiance power)gain BiFi is calculated by
nqrmalizing BiFi by front irradiance, G = 1 000 Wm2 and front P,,,, at STC:

AR
BiFi =
G, #)
-2
BiFig = BiFi 1 000WM ®)
R max,STC

NQTE Itis planned for next edition of IEC 61215-1 to require either ¢, or BiFi , to be reported.

B¢sides BiFi,, the bifacial maximum power, P ,, gnpjs Shall be reported and corresponds [to
the bifacial .fameplate irradiance (BNPI) with front irradiance, G;=1 000 Wm2 and refr
irmadiance; &; = 135 Wm-2. Prax.Npi Shall be obtained according to Formula (6).

Pmax BNPI — Pmax stc + BiFi - Gr (6)

Alternative methods, which can predict the bifacial gain and produce a full I-V curve by means
of translating known [-V characteristics to target irradiance and temperature, are given in
IEC TS 63202-3:2023, Clause A.1 and Clause A.2.

6.3.2 Outdoor rear irradiance power gain measurement

In order to perform outdoor measurement of the rear irradiance power gain, the non-uniformity
of irradiance on the rear side shall be below 10 %.


https://iecnorm.com/api/?name=91170131b98c59810b9494653ea19145

- 16 - IEC TS 60904-1-2:2024 © |IEC 2024

In order to improve the uniformity of irradiance on the rear side, it is recommended to elevate
the device under test to higher positions, e.g. to a distance of 0,5 m to 1,0 m between the bottom
edge of the device and the ground. A diffusely reflective material may be used to increase the
reflection uniformity of the surface behind the device.

6.3.3 Indoor rear irradiance power gain measurement with single-side illumination

In order to perform indoor measurement of the rear irradiance power gain, a solar simulator
with adjustable irradiance levels for single-side illumination, as described in 5.2 can be used.
To this end, a non-irradiated background is required as described in 5.5.

The equivalent irradiance levels are determined as functions of the bifaciality coefficient g

adcording to Formula (7):

Ge =1000 Wm™? +¢; -G )

Example: A device with bifaciality of Orgc = 80 %, shall be irradjated, on the front side |at
Gg = 1160 Wm™2 to provide the equivalence of G, = 200 Wm72,

The same approach may be applied to assess the lowzlight behaviour of bifacial PV devicgs,
e.p. for a measurement at 200 Wm=2 and 40 Wm-2-0n the front and rear side of a devite
respectively with 80 % bifaciality, shall be measufed at G; = 200 Wm~2 and G, = 40 Wm™2 jor

Gf = 232 Wm™2,
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3 * G_=1000 +¢.G (Wm?)
x 1000 1040 1080 1120 1160 1200
£ 380 } } — —— - =
& L
360
340
I BNPI
R L | y=0,264 5x + 296
I )
320 :
:
: BiFi = Slope of
I
300 : the B f(Gr)
)
i PmaxSTC o :
i 5
280 1 1 1 1 I 1 1 1 I 1 1 ! 1 : L 1 1 1 I 1 1 =
0 50 100 180 200 250
G (Wmh
EC

Table 1 - Maximum power;\P,

for a device.of bifaciality I = 89 %

max?’

Figure 5 — Examples of P ., as a function of irradiance level on the rear side G,
(for outdoor or double-side illumination) or its one-side equivalent irradiance G,

measured at different rear irradiances, G|,
(double-sided with G; =1 000 Wm-2) or alternatively equivalent front irradiances,
GE, and the rear irradiance driven power gain yield, BiFi,

derived from the slope of the linear fit on P, ,,(G,)

Isc G, Ge Prax Prax,BNPI BiFi BiFi,,
Wm_2 Wm-2 w W W/(Wm-2) (unitless)
Q 1 000 296
60 1048 312
100 1080 325
89-% 125 166 334 02645 078935
135 1108 - 331,7
200 1160 349
250 1200 360

The value of P, gnp) C@n be derived from BiFi using Formula (4) as follows:

Prax 8NPl = Praxstc + BiFi -G, =296 W +0,264 5 m? 135 Wm ™2 = 331,7W

(8)
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The same value for P,,,gnp) May be also derived from BiFi., based on Formula (5):

Prnax.sTC 296 W

5 -G, =296 W + 0,893 5 - 5 135 Wm2=331,7 W (9)
1000 Wm® 1000 Wm"

Pmax,BNPI = Pmax,STC + BiFireI .

6.3.4 Indoor rear irradiance power gain measurement with double-side illumination

Double-side illumination, as described in 5.3, can alternatively be applied to determine the refar
irmadiance power gain. In this case, measurements at two different levels at least as describ
in]6.3.1 are used to assess the power gain yield, BiFi.

9%
o

Inforder to avoid unwanted reflections between the two light sources, non-reflective masking
arpund the module is recommended. Possible irradiance non-uniformity\'added by su¢h
unfwanted reflections shall be assessed in the analysis of measurementiuncertainty. The
cqntribution of irradiance on the opposite side determined according to/5!3 can be used to do
sd.

7| I-V characterisation of bifacial PV devices in practice

7.1 General

Two cases are to be considered for the I-V characteristics measurement of bifacial devices. |In
the first case, the bifaciality coefficients of the test §pecimen are not known. This is usually the
cgdse for newly developed or modified devices and{PV test and calibration laboratories perfofm
the measurements. The second case corresponds usually to PV production environmen
wihere reference devices of the same technology as the devices to be tested are available.

[

The determination of the bifaciality cogfficients and the measurement of the rear irradiangce
pqwer gain of the reference devicesZare to be performed in PV laboratories whereas thege
characteristics can be used to assess the PV production output. The main differences are
dgscribed in 7.2.

7.2 I-V measurement ©f bifacial PV devices

In|order to assess bifacial devices, in addition to the measurements described in IEC 609041
arjd the requirements of IEC 60904-2 and IEC 60904-4, the bifaciality coefficients and the rejar
irfadiance power._gain shall be determined according to the procedures described in this
dgcument.

Inforderto determine the bifaciality coefficients and the rear irradiance power gain the following
pgrameters are required:

— o oo and P asfunctions-of-atteasttwo-irradiancetevetstarger-than—zeroon-therear
side G, or its one-side equivalent irradiance Gg.The two rear irradiance levels shall be
chosen so that BNPI (corresponding to front irradiance, G; = 1000 Wm=2 and rear
irradiance, G, =135 Wm=2) is within the range, for instance O < G, < 100 Wm-2,
100 Wm-2 < G, <200 Wm=2 and sufficiently distinct from each other,

G,

., = G, >100 Wm2. For example, G, =50 Wm=2 and G, =150 Wm~2 is adequate.

— The Isegnprs Vocenpl @Nd Prax gnpr @t BNPI shall be either measured at BNPI or calculated

from two different rear irradiance levels combined with the STC measurement.

When measuring the spectral responsivity in accordance with IEC 60904-8, care shall be taken
to limit the illumination of the non-exposed side.
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