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Table 1 — Maximum peak power, Pmax, measured at different rear irradiances, G,

(double-side with Gr= 1 000) or alternatively equivalent front irradiances, Gg, and the

rear irradiance driven power gain yield, BiFi, derived from the slope of the linear fit on
Pmax(Gr). Also calculated values Pmax,BiFi100 8N Pmax,BiFi200. «vvueerueernersneerneerneesneeeneeenaesnaeenaeennns 14

Table 2 — Example of Pmax,sirit00 and Pmaxsirizoo derived from the measurement at STC
conditions (Gr = 0 and Gf = 1 000) and the rear irradiance driven power gain obtained
from the bifacial reference device, BiFi,ref. ... 17
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

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

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh_comgrising

all national electrotechnical committees (IEC National Committees). The object of IEC_is|to pr
infernational co-operation on all questions concerning standardization in the electrical and elecironic fiel

bmote
s. To

th|]s end and in addition to other activities, IEC publishes International Standards, Technical Specificdtions,

Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National’‘Committee inte
in| the subject dealt with may participate in this preparatory work. International}~’governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation) IEC collaborates c|
with the International Organization for Standardization (ISO) in accordance-~with' conditions determin
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical¢{committee has representation frdg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N4
Committees in that sense. While all reasonable efforts are madé to ensure that the technical content d
Pyblications is accurate, IEC cannot be held responsible.for) the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
bdtween any IEC Publication and the corresponding‘national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation pf-conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

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

“IEC
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non-
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tional
m all

tional
f IEC
r any

htions
jence
ted in

brmity
r any

N¢ liability shall attach to IEC of«its directors, employees, servants or agents including individual experts and

members of its technical committees and IEC National Committees for any personal injury, property damg3
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the "publication, use of, or reliance upon, this IEC Publication or any othe]
Pyblications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

Attention is dfawn to the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ge or
) and
r IEC

bns is

ect of

In

nical

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

IEC TS 60904-1-2, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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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 |(/-V)
chargcteristics of bifacial photovoltaic devices in natural or simulated sunlight. It is appligable
to simgle PV cells, sub-assemblies of such cells or entire PV modules.

The fequirements for measurement of /-V characteristics of standard (monofacial) PV deyYices
are dovered by IEC 60904-1, whereas this document describes the additional requirementis for
the measurement of I-V characteristics of bifacial PV devices.

This| document may be applicable to PV devices designed for_use under concentrated
irradjation if they are measured without the optics for concentration, and irradiated dsing
diregt normal irradiance and a mismatch correction with respect'to a direct normal refergnce
spectrum is performed.

2 Normative references

The ffollowing documents are referred to in the text in such a way that some or all of jtheir
contgnt constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the lafest edition of the referenced document (inclyding
any amendments) applies.

IEC 60891, Photovoltaic devices —, Procedures for temperature and irradiance correctiops to
measgured I-V characteristics

IEC $0904-1, Photovoltaic (devices — Part 1: Measurement of photovoltaic current-voltage
characteristics

IEC 60904-2, Photavaltaic devices — Part 2: Requirements for reference devices

IEC 60904-3, <Photovoltaic devices — Part 3: Measurement principles for terrektrial
photpvoltaic(PV) solar devices with reference spectral irradiance data

IEC $0904-4, Photovoltaic devices — Part 4: Reference solar devices — Procedure$ for
esta l'l'ol'u'uy catibration tlaucabfl'l'fy

IEC 60904-5, Photovoltaic devices — Part 5: Determination of the equivalent cell temperature
(ECT) of photovoltaic (PV) devices by the open-circuit voltage method

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: Solar simulator performance requirements
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IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC TS 62446-3, Photovoltaic (PV) systems - Requirements for testing, documentation and
maintenance - Part 3: Photovoltaic modules and plants - Outdoor infrared thermography

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

ISO pnd IEC maintain terminological databases for use in standardization .at the follogwing
addresses:

. FC Electropedia: available at http://www.electropedia.org/

. 50 Online browsing platform: available at http://www.iso.org/ebp

3.1 bifacial PV device

PV device, both surfaces of which (front and rear sides) are used for power generation

3.2 | bifaciality

property expressing the ratio between the maif>characteristics of the rear side and the [front
side jof a bifacial PV device quantified by spegific bifaciality coefficients

Note [I to entry: Unless otherwise specified, the\bifacialities are typically referred to Standard Test Conditions
STC. [The main bifacialities are:

Short-circuit current bifaciality: ¢q¢
- (Qpen-circuit voltage bifaciality: ¢/5¢
M

aximum power bifaciality: ¢p_
3.3 | rearirradiance driven power gain yield
BiFi

quantity which‘indicates the power gain, in addition to that obtained at STC conditions| per
unit of reacdrradiance

Note [ to'entry: It is expressed in W/(Wm'z).

4 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 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.
Due 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
driven power gain yield it can yield. Bifaciality is an intrinsic property of the device, unlike the
site-specific conditions such as albedo. The measurement conditions for bifacial devices
should strive to generate extra photocurrent proportional to their bifaciality. In general, this
can be achieved with a test spectrum close to the reference spectrum such as provided by
natural sunlight under suitable conditions or with a solar simulator whose irradiance level is
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adjustable. However, measurement conditions will never be perfect and will deviate from the
reference conditions. This document sets limits on the permissible deviations for obtaining
valid measurements. Smaller deviations are preferable, but may not be achievable in all
cases. In any case, the deviations of the measurement conditions from the reference
conditions shall be accounted for in the analysis of measurement uncertainty.

5 Apparatus

5.1 General

In agditton—to—the—apparatus—requirements—described—mHEC66904=tonme—ofthe—equipment

sets| described in 5.2, 5.3 and 5.4 and that described in 5.5 is necessary ,for| the
charfcterisation of bifacial devices.

5.2 | Solar simulator with adjustable irradiance levels for single-side illumination

A solar simulator, as defined in IEC 60904-9, with adjustable irradiance level shall be useld for
the [-V characterisation of bifacial devices. Simulators shall be able~t®’ provide irradiance
levels above 1000 Wm-2 (typically up to 1200 Wm-2). The simulator's non-uniformity of
irradjance shall be below 5 % and shall remain below this value at7rradiance levels used for
the [characterisation of bifacial devices. The non-uniformity.- of irradiance, the sp¢gctral
distribution and the temporal instabilities of irradiance shall’ be’ measured at the irradipnce
levels used for the characterisation of bifacial devices and those values used for corrections
(such as spectral mismatch correction) and uncertainty evaluation.

For {rradiances used above STC (>1 000 Wm-2), thevspatial uniformity, spectral distriblition
and femporal instability at 1 100 Wm-2 and 1 200 Wm-2 shall be measured.

5.3 | Solar simulator with adjustable irradiance levels for double-side illumination

A sojar simulator, as defined in IEC 60904-9, with the additional capability to simultanegusly
illumjnate the bifacial device on both\sides shall be used. Such simulators shall be abje to
provide irradiance at different leyvels on both sides. The non-uniformity of irradiance| the
spectral distribution and the temporal instabilities of irradiance shall be measured on [both
sides when the test area is simultaneously illuminated on both sides. The non-uniformity of
irradjance shall be belowl 5 % on both sides, at the irradiance levels used forl the
chargcterisation of bifacial .devices and those values used for corrections (such as spgctral
mismatch correction) and uncertainty evaluation.

5.4 | Natural sunlight

In agldition _to)the general measurement requirements described in IEC 60904-1, at |east
2 additional-PV reference devices, as described in IEC 60904-2, are required to measur¢ the
irradjance level on the rear side and the rear-side irradiance non-uniformity. Their spgctral
respphsivity should be as close as possible to the one of the device under test.

Care shall be taken to minimize the shadowing if placing sensors to measure the temperature
of bifacial devices under natural sunlight or using double-side illumination. This needs to be
considered in the measurement uncertainty analysis. Alternatively, contactless (IRT) or
equivalent cell temperature calculation can be used as described in IEC TS 62446-3 and
IEC 60904-5 respectively.

5.5 Non-irradiated background and background compensation

To measure the I-V characteristics of both front and rear surfaces of bifacial devices, the
contribution from the light incident on the opposite side of the device under test shall be
eliminated completely during the measurement by creating a non-irradiating background. The
background is considered to be non-irradiating if the irradiance on the surface under test does
not exceed 3 Wm-2, at any point, on the non-exposed side of the device.
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Figure 1 — Scheme of a bifacial PV module and the required
non-irradiated background and<aperture

In order to fulfil this requirement, in the case of PV modules, it is highly recommended to|limit
the qize of the test area to that of the device under fest using baffles as illustrated in Figure 1.
Matdrials with minimized reflection in the wavelength range corresponding to the spqgctral
resppnsivity of the test specimen, placed at a“stitable distance from its non-exposed kide,
shallfbe used to reduce the irradiance level (néh-reflective material).

To measure the irradiance on the nonzexposed side, choose at least 5 points as shown in
Figufe 1, with symmetrical distributien, for instance, P1-P3-P5-P7-P9, P2-P4-P5-P6-H8 or
P1-H2-P3-P7-P8-P9.

In the case of PV bare cells, the use of non-reflective materials to manufacture cell holders
may|be insufficient to reach irradiance values below 3 Wm2. In that case, backgrpund
compensation may be performed by extrapolating the short-circuit current as a function of the
backiground irradiance.

6 Additional-I-V characterisations for bifacial devices

6.1 General

The nrr\ﬁarhurn for measurement of the I I characteristiceof standard /mr\nnfar-ugl PV

dewces is described in IEC 60904-1 and its provisions are also valid for the measurement of
bifacial PV devices except where explicitly amended by this document. The procedure for the
measurement of the -V characteristics of a bifacial PV device is based on the same basic
principles as in IEC 60904-1, but requires some additional considerations and also provides
supplementary characteristics specific to bifacial devices.

The measurement conditions for |-V characteristics of bifacial devices require more attention
than for monofacial devices as the measurement results for bifacial devices are more prone to
effects due to the measurement conditions deviating from the reference conditions. For
instance, the parasitic reflections from the rear side of the device under test can increase
significantly the measurement uncertainty. The measurement results should be corrected for
the deviations of the measurement conditions from the reference conditions wherever
possible. The uncertainty of this correction and furthermore the uncertainty arising from
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corrections which are not possible or have not been made need to be considered in the
uncertainty analysis.

The parameters calculated as described below shall adhere to the specified limitations, which
define the permissible measurement conditions. The calculated parameters shall also be
reported with the measurement results as indicated in Clause 0.

Proper selection of measurement conditions avoids or minimizes the magnitude of the
correction that shall be applied to the measured characteristics. In any case, a detailed
analysis of measurement uncertainties is required.

6.2 Determination of bifacialities

In order to determine the bifacialities of the test specimen, the main |-V characterisiics of the
front| and the rear sides shall be measured at STC, as schematised in Figure|2 (with|G =
1000 Wm~2). A non-irradiated background, as described in 5.5, shall be used in ordgr to
avoid the illumination of the non-exposed side.

Front-side Rear-side
characterization charactetization

| <1

T |

G = TkWm2 G =1kwWm
IEC

Figure 2 — Front- and rear-side characterization for bifaciality

In the case\ of PV modules, when the rear side of the device is being measured] the
recojmmendations of the manufacturer about the handling of the cables shall be applied. |If no
specific.recommendation has been made, each cable shall follow a path that minimize$ the
shadaw on the cells

Short-circuit current bifaciality, ¢, is the ratio between the short-circuit current generated
exclusively by the rear side of the bifacial device and the one generated by the front side.
Both currents are measured at STC (1 000 Wm=2, 25 °C, with the IEC 60904-3 reference solar
spectral irradiance distribution AM1.5G):

_ fser (1)

where

¢1sc 1S the short-circuit current bifaciality. It is usually expressed as a percentage.
Iscr is the short-circuit current when the device is illuminated only on the rear side, at STC.
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Iscr is the short-circuit current when the device is illuminated only on the front side, at STC.

Other bifacialities shall be reported and are calculated as described below:

VOC]" (2)
Pvoc = E
R
@PpPmax = PmaXl” (3)
maxf

where

Pvoc lis the open-circuit voltage bifaciality. It is usually expressed as a percentage.
Pprmak 1S the maximum power bifaciality. It is usually expressed as a percentage.

\/

Vocr Is the open-circuit voltage when the device is illuminated only on the rearside, at ST
Vocr Is the open-circuit voltage when the device is illuminated only on the-front side, at ST[.
Praxd|is the maximum power when the device is illuminated only on the rear side, at STC.
P.xdis the maximum power when the device is illuminated only.on the front side, at STC.

The [spectral mismatch correction shall be applied, according.to IEC 60904-7, for the apove
men{ioned calculations, unless it is known that the front and rear of the bifacial device have
idenfical spectral responsivity.

It is| recommended to measure the bifacialityson multiple samples and to provide its
dispérsion.

For indoor measurements with single-side ilumination, care shall be taken to ensure thalt the
same¢ irradiance is applied on both sides of the device. Module framing might geng¢rate
different geometries between the device’and the light source, and with non-parallel irradigtion
this could lead to different irradiance levels between the two sides. When performing the
meagurements on both sides, care’ shall be taken to measure and correct for the irradiance
levelf

6.3 | Determination of the rear irradiance driven power gain yield
6.3.1 General

The gain in power generation yielded by the rear irradiance on the bifacial device undej test
shalll be deterfmined as a function of the rear side irradiance level. To this end, outdopr or
indopr measurement procedures shall be applied as described below.

The |bifdecial device under test shall be measured at STC, i.e. 1 000 Wm=2 (G, = 0 Wm™),
AM1GG dllul 25 DC jullbtiull tb‘lllpb‘ldtulb‘. Tilc fIUIIt biulc illdulidlll.ab‘ bild“ IUC Witilill I1G n/i) fthe
target irradiance and compensated to this target value (1 000 Wm-2) according to IEC 60891.
Note that this irradiance range is more restrictive than that of the IEC 60891, which allows for
a larger compensation 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 different rear side irradiance levels
G,

b) In the case of single sided illumination:
with at least two different equivalent irradiance levels Gg, on the front side according to
formulae (6) and (7);
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with, in both cases (i = 1,2,3,...; for instance 0 < G,, <100 Wm™2, 100 Wm™ < G,, < 200 Wm™?
and 200 Wm™ < Gi,...).

The rear irradiance driven power gain yield, BiFi, is the slope derived from the linear fit of the
Pax Versus G, data series (see the example in Figure 4 and Table 1). This linear least
squares fit shall be forced to cross the P, ,, axis at P ,,s7c and its non-linearity shall be
considered in the uncertainty estimation.

Besides BiFi, two specific P,,, values shall be reported, P, ..giri100 @8Nd PmaxgiFizoo: fOr Gy, =
100 Wm> and G,, = 200 Wm respectively. P, giri100 @nd Pmaxgirizoo Shall be obtained by
linear interpolation of the data series P, versus G, according to formulae (4) and (5).

PraxgiFi100 = Pmaxstc + BiFi- 100 4)

PraxgiFiz00 = Pmaxstc + BiFi- 200 5)

6.3.2 Outdoor rear irradiance driven power gain yield measurement

In onder to perform outdoor measurement of the rear irradiance driven power gain yield] the
non-pniformity of irradiance on the rear side shall be below 10/%=In order to measur¢ the
non-pniformity of irradiance on the rear side, besides the reference device used for the
irradjance measurement on the rear side, another reference device shall be used to megsure
the non-uniformity of irradiance on the rear side on at least 5 points, before and after thg I-V
chargacterization. Choose at least 5 points as shown-in Figure 3b), with symmefrical
distripution, for instance, P1-P3-P5-P7-P9, P2-P4-RP5-R6-P8 or P1-P2-P3-P7-P8-P9. Figure
3a) shows a schematic representation of an outdoor measurement setup. Multiple reference
deviges can also be used for non-uniformity measurement. The measurements shoulfd be
corrgcted for the mean value of the irradianceion the backside. The reference deviceg are
descfibed in IEC 60904-2.

P2 P3

NU measurement

point P1
Reffrc)nt
P4 —P6
\\' Reflective cloth
~—
Ref
rear
X/
P7 — P9
IEC
P8 IEC
a) Two reference devices, as described in IEC 60904-
2, are used to measure the irradiance on the front
and the rear sides of the device under test during b) Proposed points to measure the non-uniformity
outdoor measurements (NU) of irradiance outdoor

The manufacturer’s recommendations about the handling of the cables, when available, shall be applied.

Figure 3 - Outdoor measurement
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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 matt, reflective cloth can also be used to
increase the reflection uniformity of the surface behind the device.

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

In order to perform indoor measurement of the rear irradiance driven power gain yield, 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 lequivalent irradiance levels are determined as functions of the bifaciality coefficignt ¢
accofrding to formulae (6) and (7):

Gg, = 1000 Wm™2+ ¢ -G, 6)

@ = Min(@isc; Ppmax) 7)
where ¢ is the minimum value between the I . and the P, ifaciality coefficients ¢4 and
PpPmdx-

Example: A device with bifaciality of ¢ =80%, shall, be irradiated, on the front side at
Gg, 5 1160 Wm™ to provide the equivalence of G, =200 Wm™>.

The pame approach may be applied to assesscthe low-light behaviour of bifacial PV devjces,
e.g. ffor a measurement at 200 Wm™2 on thecfront side of a device with 80 % of bifaciglity,
maxBiFi200-LIC shall be measured at Gr—LIC =40 WI‘l’l_2 or GE—LIC =232 WI‘l’l_2 where| the
subskript LIC refers to Low Irradiance Characteristics.
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= G =1000 + .G (Wm?)
QE 1000 1040 1080 1120 1160 1200
380 o
360
Pmax, BiFi200
340
Pmax, BiFi100
320
y =0,264 5x + 296
BiFi = Slope of the P, =f(G))
300 | )
PmaxSTC
480 -
0 50 100 150, 200 250
G (Wm?)

Figure 4 — Examples of P ,, as a function of irradiance level on the rear side G,
(for outdoor or double-side illumination) or its 1-side equivalent irradiance G;

Table 1 — Maximum peak power, Pmax, measured at different rear irradiances, G,

for a device'of bifaciality ¢ = 80 %

(dpuble-side with Gr=1 000).or alternatively equivalent front irradiances, Geg, and tfhe
real irradiance driven power-gain yield, BiFi, derived from the slope of the linear fi{ on

Pmax(Gr). Also calculated values Pmax,giFi100 aNd Pmax,BiFi200-

6.3.4

0 Gr Gf Pmax Pmax,BiFi BiFi

Wm-2 Wm-2 w W W/(Wm'2)
0 1 000 296

60 1048 312

100 1080 325 322,45

80 % 0,2645

125 1100 331

200 1160 349 348,9

250 1200 360

Indoor rear irradiance driven power gain yield measurement with double-side
illumination

Double-side illumination, as described in 5.3, can alternatively be applied to determine the
rear irradiance driven power gain yield.
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Reflections between the two light sources may add irradiance non-uniformity. This may
generate significant offsets between single-side and double-side measurement methods
results. In this case, double-side illumination results shall be corrected. Using black masking
around the module is recommended to avoid unwanted reflections in double-side
measurements.

7 I-V characterisation of bifacial PV devices in practice

71 General

Two cases are to be considered for the /-V characteristics measurement of bifacial devices. In
the first case, the bifaciality coefficients of the test specimen are not known. This is @sually
the ¢ase for newly developed or modified devices and PV test and calibration laboratpries
perfgrm the measurements. The second case corresponds usually to PV (produftion
envilonments, where reference devices of the same technology as the devices|to be tgsted
are gvailable.

The determination of the bifaciality coefficients and the measurement-ofythe rear irradipnce
drivgn power gain yield of the reference devices are to be perforined in PV laboratpries
wheneas these characteristics are used to assess the PV production output. The main
diffefences are described below.

7.2 | I-V measurement of reference bifacial PV devices

IEC $0904-1 and the requirements of IEC 60904-2 and IEC 60904-4, the bifadjality
coeflicients and the rear irradiance driven power.gadin yield shall be determined according to
the grocedures described in this document.

In orFer to assess reference bifacial devices, in additien to the measurements describgd in

Detefmination of the following parameters is required:

pectral responsivity (or Quantum/Efficiency) of the front side, measured accordinjg to

|
= (D

FC 60904-8.
— 8pectral responsivity (or Quantum Efficiency) of the rear side, measured according to
EC 60904-8.
— I{. Voo and P, as. functions of irradiance level on the rear side G, or its 1iside
equivalent irradiance " Gg, €.9.0< G,; <100Wm™%, 100Wm 2 <G, <200 Wm™? | and
200 Wm™? < G3.

Wheh measuring the spectral responsivities, care shall be taken to minimize the contriblition
of thg non-exposed side, particularly when bare cells are assessed.

Determination of the following parameters is highly recommended but is not obligatory:

— Tlransmittances of the Device UUnder Test Tn...F and the aone of its pnrantulant T.- =-as a

function of wavelength according to IEC 62788 1-4 (see Figure 5).

Bifacial cell

\

b N\
T Bifacial module
@ Tout

IEC

Figure 5 — Transmittances of the device (Tp1) and its encapsulant (Tgyc)
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