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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEMS -
POWER CONVERSION EQUIPMENT PERFORMANCE -
ENERGY EVALUATION METHOD

FOREWORD

1) The rrtermatiomatEtectrotechmicat-Commission \iEu[ Ts—awortdwide wgallicaiiuu forstamdardizationrT nprising
all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote_intefnational
co-operation on all questions concerning standardization in the electrical and electronic fields. Tq this|end and
in adfition to other activities, IEC publishes International Standards, Technical Specifications, Technical |Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)[). Their
preparation is entrusted to technical committees; any IEC National Committee interested in(the/subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizationp liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International OrganiZation for
Stanglardization (ISO) in accordance with conditions determined by agreement between' the two organizptions.

2) The formal decisions or agreements of IEC on technical matters express, as nearly-as possible, an intefnational
consgensus of opinion on the relevant subjects since each technical commitiee has representation|from all
interg¢sted IEC National Committees.

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

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

5) IEC {tself does not provide any attestation of conformity. Independent certification bodies provide cgnformity
assepsment services and, in some areas, access tovIEC marks of conformity. IEC is not responsiblg for any
serviges carried out by independent certification bodies.

6) All ugers should ensure that they have the latést edition of this publication.

7) No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exgerts and
mempers of its technical committees and IEC National Committees for any personal injury, property dgmage or
othel damage of any nature whatsdever, whether direct or indirect, or for costs (including legal fg¢es) and
expehses arising out of the puplication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

9) Attention is drawn to the.possibility that some of the elements of this IEC Publication may be the subject pf patent
rightg. IEC shall not.bé held responsible for identifying any or all such patent rights.

The mdin task of IEC technical committees is to prepare International Standards. In excgptional
circumsgtancés; a technical committee may propose the publication of a Technical Specification
when

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

e 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 TS 63156, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
82/1755/DTS 82/1801A/RVDTS

C 2021

Full information on the voting for the approval of this Technical Specification can be found in

the report on voting indicated in the above table.

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

The committee-has-decided-that the contents of this - documentwill remain ||nr~h9ngnr’l L

ntil the

stability date indicated on the IEC website under webstore.iec.ch in the data related| to the

specifi¢ document. At this date, the document will be

e recpnfirmed,
e withdrawn,
o replaced by a revised edition, or

e ameénded.



https://iecnorm.com/api/?name=33b78092f286de6d1f1a5d6954cb5385

IEC TS 63156:2021 © IEC 2021 -5-

INTRODUCTION

The performance of a photovoltaic power generation system is influenced by various factors,
such as meteorological conditions, installation environment (e.g. shade sources, soiling),
design, and so on. The performance of a power conversion equipment is one of the significant
indices for evaluating the performance of a PV system. IEC 61683 and IEC 62891 describe
procedures for measuring the static (constant) conversion efficiency of power conversion
equipment and MPPT efficiency, respectively. However, the standards do not define conversion
efficiency under dynamic changes in factors such as meteorological changes, installation
environment changes or temporal changes.

Q an o) nrotoeco a¥a A

The CEGC—efficiencytest protocol—=

procedpres partially, but do not define a calc
energy|produced by a PV system. IEC TS 61724-3 describes a procedure for measuring and
analysing the energy production of a specific photovoltaic system relative to_the profuction
expected for the same system from actual weather conditions for a certain peried, but dpes not
define [the procedure for measuring the performance of power conversiomequipment under
actual gnvironments.

Since there are areas where meteorological conditions, especially irradiance, change |greatly
and copld affect the performance of power conversion equipment,/a performance evdluation
method under dynamic conditions needs to be defined. This document describes the procedure
for evajuating the dynamic performance and energy production efficiency of power conyersion
equipment in a particular location using site-specific solariprofiles.
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PHOTOVOLTAIC SYSTEMS -
POWER CONVERSION EQUIPMENT PERFORMANCE -
ENERGY EVALUATION METHOD

1 Scope

This document descrlbes the procedure for evaluatmg the energy conversron performance of

systemls. This evaluation method is based on standard power efficiency calculation-pred
for PCE found in IEC 61683 and IEC 62891, but provides additional methods for evaluat

defineq§ a procedure for evaluating a PV system’s actual energy production relative
modeldd or expected performance.

2 Ndrmative references

The following documents are referred to in the text in such a,way that some or all of their
constitlites requirements of this document. For dated references, only the edition cited &

s. This
i of PV
edures
ing the
5. This
which
to its

content
pplies.

For urldated references, the latest edition of the/réferenced document (including any

amendments) applies.
IEC 61p83, Photovoltaic systems — Power conditioners — Procedure for measuring effic
IEC TY 61836, Solar photovoltaic energy~systems — Terms, definitions and symbols

IEC 62B91, Maximum power point.tracking efficiency of grid connected photovoltaic inv

3 Terms and definitions

For the purposes of thisrdocument, the terms and definitions given in IEC TS 61836 as
the follpwing apply.

ISO and IEC maintain terminological databases for use in standardization at the fo
addrespes:

ency

priers

well as

llowing

e |E(Q Electropedia: available at http://www.electropedia.org/

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

3.1

irradiance

G

electromagnetic radiated power per unit area

Note 1 to entry: Unit: Wem™2

3.2

in-plane irradiance

G

total irradiance on the plane of a PV cell or module

Note 1 to entry: Unit: Wem™2
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3.3
rate of
R

change of irradiance

change in irradiance amount during 1 s

Note 1 to entry: Unit: Wem™2es™"-

3.4

rated input voltage

Vbe,r

rated input voltage specified by the manufacturer, to which other data sheet information refers

Note 1 tq

3.5
rated i

Ppcr
rated in
operati

Note 1 tq

3.6
rated g

Vac,r
utility ¢

Note 1 tq

3.7
rated g

Ppc
active

Note 1 tq

3.8
PV sim

Pympp p
MPP p

Note 1 tq

3.9

entry: Unit: V.

hput power

put power of the power conversion equipment, which can be converted under con
hg conditions

entry: Unit: W.

utput voltage
rid voltage to which other data sheet information refers

entry: Unit: V.

utput power
bower that the power conversion equipment can output during continuous operat

entry: Unit: W.

ulator MPP-Power

S
bwer provided\by the PV simulator

entry: Unit: W.

input g

ower

Ppc

measured input power of the device under test

Note 1 to entry: Unit: W.

3.10

PV simulator MPP voltage

YmpPP PVs
MPP voltage provided by the PV simulator

Note 1 to entry: Unit: V.

inuous

on
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3.1
input voltage

Vbc
measured input voltage of the device under test

Note 1 to entry: Unit: V.

3.12
PV simulator MPP current

Impp pvs
MPP current provided by the PV simulator

Note 1 tg entry: Unit: A.

3.13
input qurrent

Ipc
measufted input current of the device under test

Note 1 t¢ entry: Unit: A.

3.14
output|power

Pac
measuted AC output power of the device under test

Note 1 tg entry: Unit: W.

3.15
output|voltage

Vac
measufed AC voltage of the device under test

Note 1 tg entry: Unit: V.

3.16
output|current

Inc
measuted AC output ¢urrent of the device under test

Note 1 tg entry: UnitiA.

3.17
MPPT egfficiency

MPPT
ratio of the energy drawn by the device under test within a defined measuring period T\, to the

energy provided theoretically by the PV simulator at the maximum power point (MPP):

Ty
[ Poc(t)ee
MPPT = T;)i (1)
I Rupp (1)dt
0

where

IMPPT is MPPT efficiency;
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Ppc(t) is the instantaneous value of the power drawn by the device under test, in kW;

Pypp(t) is the instantaneous value of the MPP power provided theoretically by the PV
simulator, in kW.

Note 1 to entry: Unit: dimensionless, usually expressed as a percentage, %.

3.18

energy conversion efficiency

ncoNv

ratio of the energy delivered by the device under test at the AC terminal within a defined
measuring period T\, to the energy received by the device under test at the DC terminal:

Ty
| Pac(var
lconv =7%7 )
J.'DDC(t)dt
0
where
Nconvy is the energy conversion efficiency;
Ppc(t) is the instantaneous value of the delivered power at the AC terminal of the|device
under test, in kW;
Ppc(t) is the instantaneous value of the received power at the DC terminal of the|device

under test, in kW.

Note 1 tg entry: Unit: dimensionless, usually expressed*as a percentage, %.

3.19
total energy conversion efficiency

U
producf of the energy conversiofnefficiency and MPPT efficiency:

Mt = Nconv < IMPPT (3)

where

ny is the total engrgy conversion efficiency.

Note 1 tg entry: \ Unit: dimensionless, usually expressed as a percentage, %.

3.20
weighted static energy conversion efficiency

Ns

efficiency calculated by using a ratio of irradiance and the results of static performance
evaluation:

Ns = Finyy + Fotg + -+ i (4)

where
N> Mo My, are the total energy conversion efficiency values at rated power values of
IEC 61683 defined;

Fy, Fy,---F, are the weighting factors of each power level that are defined from the

distribution rate of the static state data at the location where the PV system is
installed.
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Note 1 to entry: Unit: dimensionless, usually expressed as a percentage, %.

3.21

weighted dynamic energy conversion efficiency

N4

efficiency calculated by using a rate of change of irradiance and the results of dynamic
performance evaluation:

Nd = J1id +J2l2d -+ Inlitnd (5)

where

Ni1d> Mibd”"Ming are the total energy conversion efficiency values at rate of change of
irradiance (slope) values of IEC 62891 defined;
J1. o4 are the weighted factors of each rate of change of irradiance that are ¢lefined
from the distribution rates of the dynamic state data at the,lecation whiere the
PV system is installed.

Note 1 tg entry: Unit: dimensionless, usually expressed as a percentage, %.

3.22
weightled energy conversion efficiency
e
efficiency calculated by using the sum of two products, static energy conversion efficierlcy and
dynamic energy conversion efficiency:

g = ang .+ Pilg (6)
where
o, are the appearance rates of static_state data points and dynamic state data points.

Note 1 tg entry: Unit: dimensionless, usuallynéxpressed as a percentage, %.
4 Workflow of energy conyersion efficiency evaluation method

4.1 General

Clause|4 describes the workflow for the energy conversion efficiency evaluation method. This
method consists of two parts. Part one (4.2) addresses the conversion efficiency measurgments
accord|ng to the“procedures in IEC 61683 and IEC 62891. Part two (4.3) addresges the
subsequent energy conversion efficiency calculations provided by this document using tgst data
and solaroad profiles.

Both steps have the option for evaluating the impact of dynamic energy conversion efficiency.
For projects where there are not significant dynamic irradiance fluctuations, standard solar
profiles can be used without including the dynamic energy efficiency measurement or
calculation.
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4.2 Flow of energy conversion efficiency evaluation test

( Start )

A

Static energy conversion
efficiency measurement

|

Figure
equipm
input
necess|
other (¢
suppli
(see A

Include
dynamic
state or not?

Yes _| Dynamic energy conversion
efficiency measurement

No

End <
IEC

Figure 1 — Flowchart of energy conversion.efficiency evaluation test

nd output voltages based on the desgription of IEC 61683 (see Annex B). T

rs. The dynamic energy conversion efficiency method should be based on IEG
nex C).

1 shows the flow of the energy conversion-gfficiency evaluation for power conyersion
ent. First, the static energy conversion gfficiency should be measured with the rated

hen, if

ry, the dynamic energy conversion efficiency should be measured for meteorological or
onditions; the necessity should.be determined by agreement between usefs and

62891
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4.3 Flow of energy conversion efficiency calculation

Provide or calculate weighing factors F7,, F,
etc. for static energy conversion efficiency

!

Calculate static energy
conversion efficiency ;_

|
y

Include
dynamic
state or not?

Yes Calculate weighting
coefficent a and g

A 4

No
Calculate weighting factors J,, J, etc
for dynamic energy efficiency
a=1
p=0 :
Calgulate’dynamic conversion

efficiency n,

Calculate weighted energy conversion efficiency |
ny = ang * Py

End
IEC

Figure 2 — Flowchartof energy conversion efficiency calculation

The flow of calculating the energy conversion efficiency is shown in Figure 2. If the dynamic
energy| conversion efficiency is measured, weighting coefficients for the static state and
dynamic state are deterimined as « and f, respectively. See Annex A for a practical example of
determjning the weighting coefficients. If it is judged that the dynamic energy conyersion
efficienlcy measurement is unnecessary, the static energy conversion efficiency,| 5, is

calculated using-weighting factors for the static energy conversion efficiency, Fy, F,, efc. (see
Annex ). 7¢ dis~equivalent to the weighted energy conversion efficiency, ng. If it is judged that
the dyrfamic-energy conversion efficiency measurement is necessary, the weighting factors, F,
F,, etc i i ifi i i i ent and

other conditions after calculating a and g (see Annex A). Then, the static energy conversion
efficiency is calculated. Next, the weighting factors for dynamic energy conversion efficiency,
J4, Jo, etc., are calculated (see Annex A). After that, the dynamic energy conversion efficiency,

ng, is determined. Finally, the weighted energy conversion efficiency, #g, is calculated using #s,
ng, o and g determined in the previous steps based on Formula (6).
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5 Energy efficiency measurement conditions

5.1 Energy efficiency test circuit

PV-Simulator
(A
N

RCE under test
()
NV

[

|

Vi pv Tvpp pvs IEC

Figure 3a — Stand-alone type

ility
prid

\PAC AC

PV-Simulator
®)
(@]
PCE under test
@
(@]
C

[

v, I
MPPRVs  ‘MPP,PVS IEC

Figure 3b — Grid-connected type

Key
PCE [power conversionh equipment Iyeipce  AC ammeter
Inc DC ammeter Vac AC voltmeter
Voc DC Voltmeter Pac AC wattmeter
Ppe DC.wattmeter L load

Figure 3 — Power conversion equipment test circuits

Figure 3 shows recommended test circuits for power conversion equipment, which are basically
the same as the test circuits described in IEC 61683. The test circuits in Figure 3a and 3b are
applied to stand-alone and grid-connected power conversion equipment, respectively. The PV
simulator, which is a DC power supply for the tests, shall meet the requirements described in

IEC 62891.

Vmpp,pvs and Iypp pys are provided by the PV simulator. MPPT efficiency, nyppT, is calculated
using Formula (1). Ppc is integrated over period T);, and may be calculated from the product of

DC ammeter Ipc and DC voltmeter Vpc.
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Energy conversion efficiency, ncony, is calculated using Formula (2). Pac is integrated over
the period T),;.

5.2 Test conditions
Test conditions are described in IEC 61683 and IEC 62891.
6 Static energy conversion efficiency evaluation

The evaluat|on of static energy converS|on eff|C|ency should foIIow IEC 61683. After the test,
S cula A A ure 2 and

7 Dynamic energy conversion efficiency evaluation

The evpluation of dynamic energy conversion efficiency should follow the procedure degcribed
in Anngx C with the rated input voltage of the power conversion equipment and the rated output
voltagqg to the load or grid side. After the test, the dynamic energy conversion efficiengy 74 is
calculated based on the flow shown in Figure 2 and Formula (%)\Dynamic energy conyersion
efficiency can be evaluated using the procedure described in [EC62891.

8 Weighted energy conversion efficiency calculation

Finally] weighted energy conversion efficiency«yg is calculated using the static |energy
conversion efficiency ng (from Clause 6), the dynamic energy conversion efficiency »j (from

Clause|7), and the weighting coefficients a and-f (calculated using Formulas (A.3) and {A.4) in
Annex A, as an example) based on Formutfa (6). Table 1 shows an example of the tgble for
recordipng the weighted energy conversion-efficiency. See Annex D.

Table 1 — Weighted energy conversion efficiency

Ny Ny a B g

Equipment
under test
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Annex A
(informative)

Rate of change of irradiance

A.1 Analysis of irradiance profile

Conduct irradiance change analysis. First, obtain the irradiance data (G)) of the location where

the PV system is installed. The data sampling rate should be set to less than 1 s to allow for
the dynamic performance test. Next, calculate the rate of change of irradiance (R4, R,, etc.) of

in-plang irradiance (G4, G|y, etc.) at each time (4, 5, etc.). Classify into two classes, static

state apd dynamic state, by the rate of change of irradiance, and calculate the appearande rates
(weighiing coefficient) from the distribution of the two classes.

G2 =Gl _AGIH _ |q3_@2|:AG12:R2,etc. (A.1)

th —14 Ay OV -t Aty

where

R4, Ry,|etc.  are the rate of change of irradiance at time ¢4,(2,, etc., in Wem~=2.s~1;
G,1, G|}, etc. are the in-plane irradiance at time ¢4, t,,-8t¢., in Wem~2;

Atq, Atg, etc. are the time interval, in s.
R1 > C1, R2 > C1 , etc. (A2)

where

Cq is the threshold value that separates the static state and the dynamic state, in
Wem~2.s~1, C; is'détermined based on clear day as the static state.

The dafa points that satisfyzFormula (A.2), i.e., the data R4, R,, etc. that exceed C4, are gefined
as dynamic state data, While the data points that are less than C, are defined as stat|c state
data.

The appearance-rates a and S are defined as follows:

_ M
REE (A.3)
_ M
N1+N2 (A4)

where
N, is the number of static state data points;

N, is the number of dynamic state data points.

It is recommended to select the irradiance pattern that represents the actual irradiance change
at the location. Calculate the static energy conversion efficiency n4 and the dynamic energy
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conversion efficiency n4 using the results of each total energy conversion efficiency and the
results of the appearance rates as follows:

where

Nt5s Mt10> Mt20> €tC.,

Fy, Fp, Fa, efc.,

s = Fyns + Fonpo + Fampo + Fanzo + Fsmso + Falitzs + 771100

are the total energy conversion efficiency values at rated power

(A.5)

values

of 5 %, 10 %, 20 %, etc., measured during the static energy conversion

efficiency evaluation;

are the weighting factors of each power level that are defined from the

where

Nt10d: 71

J1, Jgs

distribution rate of the static state data at the location where
system is installed.

Nd = J1m10d +J2714d T J3M20d +Jam30d + 5504 + Jemt100d

k144> 204> €1C. are the total energy conversion efficiency values at rate of chg

43, etc.

irradiance, e.g. 10 Wem™2es™1, 14 Wem©2ss~1, 20 Wem=2.571,

the PV

(A.6)

nge of
etc.,

measured during the dynamic energy cenyersion efficiency evaluation;

are the weighted factors of each raté)of change of irradiance t

defined from the distribution of~rates at the location where
system is installed.

hat are
he PV

The welighted energy conversion efficiency is derived'from the calculation results of Formula (6).

Figure
pyrano
irradiarn
irradiarn
examp
point o
of the

data pd
as Fp -1

A.1 shows an example of an irradianee profile, measured with a photodiode
meter. The rate of change of irradiance is explained using the example of a g
ce profile. Firstly, obtain the irradiance profile to be analyzed. This exampl
ce data recorded every second) From Formula (A.2), Cy = 2 Wem~2¢s~1 js used
e analysis. Then, calculate‘ef-the rate of change of irradiance R4, R,, etc., for ea
the irradiance profile, and'classify the data as static or dynamic state. In this cas
Hata points are classified as dynamic state. The remaining points, i.e. the stat
ints, are shown in.Figure A.2. Table A.1 shows the weighted factors for the stat

to7-

-based
ne-day

e uses

for this
ch data

B, most
c state
c state
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Figure A.1 — Example of irradiance prafile
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Figure A.2 — Histogram of the irradiance in Figure A.1 (< 2 Wem™2¢s1)
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Table A.1 — Weighted factor ratios for F, -4 ¢, 7

Weighted factor for F, F, F, F, Fg Fg F,
static state
Power level (%) - 0to 10 10 to 20 20 to 30 30 to 50 50 to 75 75 to 100
Number of data - 7 085 5715 7 031 11 304 1916 270
points
Rate (%) - 21,3 17,2 21,1 33,9 5,7 0,8
A.2 Rateofchangeofirradiance
Next, dreate a histogram of the absolute rate of change of irradiance using the.data| points
classifipd as dynamic state data points in Clause A.1. Figure A.3 shows the histogram|of rate
of charge of irradiance more than 2 Wem~2.s~1. The weighted factors for the dynamic state are
calculated as shown in Table A.2 from the distribution rates in the histogram."In this cade, J, is
neglecied.
) A A
$ 10 004 120 %
o
o
L 9000
s - 100 %
8 000
7 000
8p %
6 000
5 000 6p %
4004 //
4p %
3000
2 000
2D %
1004
Q D % —
0 10 20 30 50 100 over 100
Rate of change of Irradiance (Wem2-s~")
IEC
Figure A.3 — Histogram of rate of change of irradiance (>2 Wem=2¢s~1)
Table A.2 — Weighted factor ratios for J,, J,, etc

Weighted factor for J J J J J J
dynamic state 1 2 3 4 5 6
Range of change of 20 10 - 10 to 20 20 to 30 30 to 50 over 50

Irradiance (Wm™s™")
Rate of change (%) 57,1 - 24,9 12,4 3,2 2,5
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Annex B

(informative)

Static energy conversion efficiency test sequence

Set the rated input voltage, the rated output voltage, and the frequency to the grid side of the
power conversion equipment. Measure the total energy conversion efficiency at each power
level of 100 %, 75 %, 50 %, etc., in Table B.1. The efficiencies #4qq, 7175, M50, €tc., recorded
in the table are obtained from the measured results, Formula (3) and the method described in
Clause A.1. The static energy conversion efficiency 54 is calculated using the total energy
conversion efficiencies guge. 0o neoo etc and the weighted factors 'y Fy Fo, etc. from the

irradiar

ce histogram by using Formula (A.5).

Table B.1 — Static energy efficiency

DC input power level (Py,p pyg) from PVisimulator

5%

N5

10 %

Mt10

20 %

Mt20

30 %

Mt30

50 %

M50

75 %

Nt7s

100 %

Mt100

DC,r

AC, T
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Annex C
(informative)

Dynamic energy conversion efficiency test sequence

Set the rated input voltage, the rated output voltage, and the frequency at the grid side of the
power conversion equipment. Change the power level from 30 % to 100 % to simulate the
irradiance change using the DC input power level against the rated input power from the PV
simulator. Measure the total energy conversion efficiencies #4194, #t14q> Mt20q4. €tC., when
changing the rate of change of irradiance. Table C.2 shows an example of the table for recording
the dynamic energy efficiency. The recorded efficiencies n;104, 71144, Mioad, €C., are calculated
using t

energy

ne measured result Formula (3) and the method described in Clause A.1. Thendynamic
conversion efficiency ng is calculated using the total energy conversion efficiencigs 744,
Ni1ad> Mooqs €tc., the weighted factors for the dynamic states J,, J,, J3, etc. and Formul
100 % jn Table C.1 corresponds to 1 000 Wem~2 at 25 °C. Each parameter inigure C.
using t

(A.6).

1 is set

ne values given in Table C.1. The description in this annex is quoted from IEQ 62891
and is an example of dynamic energy conversion evaluation.

A

Ramp tests (medium - high irradiance)

Dwell time
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R am p II'_nl ) i -
down I\ {
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|

Time considered
for evaluation

== Simulated irradiance

Y
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Dwell time

n Repetitions
waiting

.
|
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IEC

Figure C.1 — Test sequence for fluctuations between
medium and high irradiation intensities
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