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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEMS -
POWER CONVERSION EQUIPMENT PERFORMANCE -

ENERGY EVALUATION METHOD

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IECis to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, |EC 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 commitiees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the |EC also participate in this preparation. I|EC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

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

Publications is accurate, I[EC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

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

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

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

Mo liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees forany personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |IEC
Publications.

Attention is drawn to the MNormative references cited inthis publication. Use ofthe referenced publications is
indispensable for the correct application of this publication.

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

The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a Technical Specification
when

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

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

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

IEC TS 63156, which is a Technical Specification, has been prepared by I|EC 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 wvoting
82/1755/DTS 82/1801A/RVDTS

Full information on the voting forthe 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 document will remain unchanged until the
stability date indicated on the |IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

« reconfirmed,

* withdrawn,

* replaced by a revised edition, or
« amended.
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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. I[EC 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.

The CEC efficiency test protocol and EN 50530 define dynamic performance tests and
procedures partially, but do not define a calculation procedure for evaluating the quantity of
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 production
expected for the same system from actual weather conditions for a certain period, but does not

define the procedure for measuring the performance of power conversion equipment under
actual environments.

Since there are areas where meteorological conditions, especially irradiance, change greatly
and could affect the performance of power conversion equipment, a performance evaluation
method under dynamic conditions needs to be defined. This document describes the procedure

for evaluating the dynamic performance and energy production efficiency of power conversion
equipment in a particular location using site-specific solar profiles.
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PHOTOVOLTAIC SYSTEMS -
POWER CONVERSION EQUIPMENT PERFORMANCE -
ENERGY EVALUATION METHOD

1 Scope

This document describes the procedure for evaluating the energy conversion performance of
stand-alone or grid-connected power conversion equipment (PCE) used in PV systems. This
procedure includes the calculation of inverter performance to anticipate the energy yield of PV
systems. This evaluation method is based on standard power efficiency calculation procedures

for PCE found in IEC 61683 and IEC 62891, but provides additional methods for evaluating the
expected overall energy efficiency for a particular location given solar load profiles. This
document can be used as the energy evaluation method for PCE in IEC TS 61724-3, which
defines a procedure for evaluating a PV system’'s actual energy production relative to its
modeled or expected performance.

2 Normative references

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

For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61683, Photovoltaic systems — Power conditioners — Procedure for measuring efficiency

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

IEC 62891, Maximum power point tracking efficiency of grid connected photovoltaic inverters

3 Terms and definitions

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

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

« |EC Electropedia: available at http://www.electropedia.org/

* IS0 Online browsing platform: available at http://www.iso.org/obp

3.1

irradiance

G

electromagnetic radiated power per unit area

Note 1to entry: Unit: Wem -2

3.2
in-plane irradiance

Gl
total irradiance on the plane of a PV cell or module

Note 1to entry: Ynitt Wem -2.
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3.3
rate of change of irradiance

R
change in irradiance amount during 1 s

Mote 1to entry: Unit: Wem -2+5-1.

3.4
rated input voltage

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

Note 1to entry: Unit: V.

3.5
rated input power

PDC,r
rated input power of the power conversion equipment, which can be converted under continuous
operating conditions

Mote 1to entry: Unit: W.

3.6
rated output voltage

VAC,r
utility grid voltage to which other data sheet information refers

Note 1to entry: Unit: V.

3.7
rated output power

PAC r
active power that the power conversion equipment can output during continuous operation

Note 1to entry: Unit: W.

3.8
PV simulator MPP-Power

PMPP PVS
MPP power provided by the PV simulator

Note 1to entry: Unit: W.

3.9
input power

PDC
measured input power of the device under test

Mote 1to entry: Unit: W.

3.10
PV simulator MPP voltage

FMPP,PVS
MPP voltage provided by the PV simulator

Note 1to entry: Unit: V.



3.1
input voltage

FbC
measured input voltage of the device under test

Mote 1to entry: Unit: V.

3.12
PV simulator MPP current

IMPP,PVS
MPP current provided by the PV simulator

Note 1to entry: Unit: A.

3.13
input current

Ibc
measured input current of the device under test

Note 1to entry: Unit: A.

3.14
output power

PAC
measured AC output power of the device under test

Note 1to entry: Unit: W,

3.15
output voltage

VAC
measured AC voltage of the device under test

Mote 1to entry: Unit: V.

3.16
output current

IAC
measured AC output current of the device under test

Note 1to entry: Unit: A.

3.17
MPPT efficiency

HMPPT

ratio of the energy drawn by the device under test within a defined measuring period

IEC TS 63156:2021 © |IEC 2021

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

Iy

JPDC(:‘ )t

HMPPT = I0)

M
I Pwvprp(t )dt

0

where
HMPPT Is MPPT efficiency;

M to the

(1)
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PDC (1) is the instantaneous value of the power drawn by the device under test, in kW;

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

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

3.18
energy conversion efficiency

HCONV
ratio of the energy delivered by the device under test at the AC terminal within a defined
measuring period 7M™ to the energy received by the device under test at the DC terminal:

iy
J'P.qc(: Jdt
HCONV = El (2)
JF’DC(I )dt
0
where
Hconv Is the energy conversion efficiency;
PAC (1) is the instantaneous value of the delivered power at the AC terminal of the device
under test, in kKW;
PDC (1) is the instantaneous value of the received power at the DC terminal of the device

under test, in kW,

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

3.19
total energy conversion efficiency

7l
product of the energy conversion efficiency and MPPT efficiency:

1t = HCONV xiMPPT (3)

where
nt is the total energy conversion efficiency.

Note 1to 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 = Fingt1 + Fantz + - - + (4)
Fnatn
where
nt1, yt2- - pin are the total energy conversion efficiency values at rated power values of
IEC 61683 defined;
F1, F2,--- Fn  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 1to entry: Unit: dimensionless, usually expressed as a percentage, %.

3.21
weighted dynamic energy conversion efficiency

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

nd = Jgtid + J2it2d + - -+ Jniytnd <)

where
ntid, nt2d---ntnd are the total energy conversion efficiency values at rate of change of
irradiance (slope) values of IEC 62891 defined;

J1 Ja.. 4 are the weighted factors of each rate of change of irradiance that are defined

from the distribution rates of the dynamic state data at the location where the
PV system is installed.

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

3.22
weighted energy conversion efficiency

HE
efficiency calculated by using the sum of two products, static energy conversion efficiency and
dynamic energy conversion efficiency:

1E = ans + pind (6)

where

a, i  are the appearance rates of static state data points and dynamic state data points.

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

4 Workflow of energy conversion efficiency evaluation method

41 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 measurements
according to the procedures in |EC 61683 and I|EC 62891. Part two (4.3) addresses the
subsequent energy conversion efficiency calculations provided by this document using test data

and solar load 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.



IEC TS 63156:2021 © IEC 2021 -11 -

4.2 Flow of energy conversion efficiency evaluation test

o
|

Static energy conversion
efficiency measurement

Include
dynamic
state or not?

Yes Dynamic energy conversion
efficiency measurement

MNo

¥

( End ><
IEC

Figure 1 — Flowchart of energy conversion efficiency evaluation test

Figure 1 shows the flow of the energy conversion efficiency evaluation for power conversion
equipment. First, the static energy conversion efficiency should be measured with the rated
input and output voltages based on the description of IEC 61683 (see Annex B). Then, if
necessary, the dynamic energy conversion efficiency should be measured for meteorological or

other conditions; the necessity should be determined by agreement between users and
suppliers. The dynamic energy conversion efficiency method should be based on IEC 62891

(see Annex C).
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4.3 Flow of energy conversion efficiency calculation

«—»
i

Provide or calculate weighing factors F_, F,

etc. for static energy conversion efficiency

l

Calculate static energy
conversion efficiency

Include
dynamic
state or not?

| Yes \ Calculate weighting
coefficent « and //

|

Calculate weighting factors ./, J, etc
for dynamic energy efficiency

i = l
=0

Calculate dynamic conversion
l efficiency 1y

Calculate weighted energy conversion efficiency L

Ny = ang +

l
(e )

Figure 2 — Flowchart of energy conversion efficiency calculation

The flow of calculating the energy conversion efficiency is shown in Figure 2. If the dynamic
energy conversion efficiency i1s measured, weighting coefficients for the static state and
dynamic state are determined as « and S, respectively. See Annex A for a practical example of

determining the weighting coefficients. |If it is judged that the dynamic energy conversion
efficiency measurement is unnecessary, the static energy conversion efficiency, #s, is

calculated using weighting factors for the static energy conversion efficiency, F1, 2, etc. (see
Annex A). s is equivalent to the weighted energy conversion efficiency, yE. If it is judged that
the dynamic energy conversion efficiency measurement is necessary, the weighting factors, F1,
F2, etc., are determined based on the meteorological conditions, installation environment and

other conditions after calculating « and f (see Annex A). Then, the static energy conversion
efficiency Is calculated. Next, the weighting factors for dynamic energy conversion efficiency,
J1, J2, etc., are calculated (see Annex A). After that, the dynamic energy conversion efficiency,

nd, is determined. Finally, the weighted energy conversion efficiency, )E, Is calculated using s,
nd, @ and S determined in the previous steps based on Formula (6).



IEC TS 63156:2021 © IEC 2021 -13 -

5 Energy efficiency measurement conditions

5.1 Energy efficiency test circuit

AC

IM_: L

PV-Simulator
D
)

PCE under test

|

4 1

MPP,PVS MPP,PVS IEC

Figure 3a - Stand-alone type

Utility

grid
]
(=) ARG

AC

DC

PV-Simulator
FPCE under test

|

!

V,
MPF,PVS MPF, FPVS EC

Figure 3b - Grid-connected type

Key
PCE power conversion equipment Iacioc AC ammeter
jpc ~ DCammeter VAC AC voltmeter
¥oc  DC voltmeter Pac AC wattmeter
PDC  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.

'mMPP,PVS and /IMPPPVS are provided by the PV simulator. MPPT efficiency, #MPPT , is calculated
using Formula (1). PDC is integrated over period 7™M, and may be calculated from the product of

DC ammeter /DC and DC voltmeter 1DC.
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Energy conversion efficiency, nCONv, is calculated using Formula (2). PAC is integrated over
the period T7w.

5.2 Test conditions

Test conditions are described in IEC 61683 and |IEC 62891.

6 Static energy conversion efficiency evaluation

The evaluation of static energy conversion efficiency should follow IEC 61683. After the test,
the static energy conversion efficiency s is calculated based on the flow shown in Figure 2 and

Formula (4). See Annex B.

7 Dynamic energy conversion efficiency evaluation

The evaluation of dynamic energy conversion efficiency should follow the procedure described

in Annex C with the rated input voltage of the power conversion equipment and the rated output
voltage to the load or grid side. Afterthe test, the dynamic energy conversion efficiency nd Is
calculated based on the flow shown in Figure 2 and Formula (5) Dynamic energy conversion
efficiency can be evaluated using the procedure described in IEC 62891.

8 Weighted energy conversion efficiency calculation

Finally, weighted energy conversion efficiency #E is calculated using the static energy
conversion efficiency #s (from Clause ©6), the dynamic energy conversion efficiency »d (from

Clause 7), and the weighting coefficients a and p (calculated using Formulas (A.3) and (A.4) in
Annex A, as an example) based on Formula (6). Table 1 shows an example of the table for
recording the weighted energy conversion efficiency. See Annex D.

Table 1 - Weighted energy conversion efficiency

s nd a 1] HE

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 | (1) of the location where
the PV system is installed. The data sampling rate should be setto less than1s to allow for
the dynamic performance test. Next, calculate the rate of change of irradiance ( R1, R2, etc.) of

In-plane irradiance (GI1, Gl2, etc.) at each time (11, r2, etc.). Classify into two classes, static

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

612~ Git = AG,, =R1, 1|2 =80, _Ro , etc. (A.1)
2 - 11 At GB-G |  Ap
13 =12
where
R1, R2, etc. are the rate of change of irradiance at time 11, 12, etc., in Wem -2+5-1;

GI1, G12, etc.  are the in-plane irradiance at time 1, 2, etc., in Wem -2;

A1, A2, etc. are the time interval, in s.

R1> C1, R2> (1, etc. (A.2)

where

C1 is the threshold value that separates the static state and the dynamic state, in
Wem-2+s-1. C1 is determined based on clear day as the static state.

The data points that satisfy Formula (A.2), i.e., the data R1, R2, etc. that exceed (1, are defined
as dynamic state data, while the data points that are less than (1 are defined as static state
data.

The appearance rates « and f are defined as follows:

u = E,N‘l A

(A.3)
B = “NE A

(A.4)

where
N1 is the number of static state data points;

N2  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 »s and the dynamic energy
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conversion efficiency »d using the results of each total energy conversion efficiency and the
results of the appearance rates as follows:

ns = FAmts + F2nt10 + F3qt20 + F4Ant30 + F5yt50 + FEnt75 + F7yt100 (A.5)
where

nts, yt10, 20 |, etc., are the total energy conversion efficiency values at rated power values
of 5 %, 10 %, 20 %, etc., measured during the static energy conversion
efficiency evaluation;

F1, F2, F3, etc., 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.

nd = Jigt10d + J2it14d + J3yt20d + Jant30d + Jsyt50d + J6#t100d (A.6)
where

nt10d, nt14d , yt20d , etc. are the total energy conversion efficiency values at rate of change of
irradiance, e.g. 10 Wem -2+s-1, 14 Wem -2es-1, 20 W+*m -2+s-1, eflc,,
measured during the dynamic energy conversion efficiency evaluation;

J1,J2, J3, etc. are the weighted factors of each rate of change of irradiance that are

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

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

Figure A.1 shows an example of an irradiance profile, measured with a photodiode-based
pyranometer. The rate of change of irradiance is explained using the example of a one-day

irradiance profile. Firstly, obtain the irradiance profile to be analyzed. This example uses
irradiance data recorded every second. From Formula (A.2), C1 =2 W+*m -2+s-1 is used for this

example analysis. Then, calculate of the rate of change of irradiance R1, R2, etc., for each data

point of the irradiance profile, and classify the data as static or dynamic state. In this case, most

of the data points are classified as dynamic state. The remaining points, i.e. the static state
data points, are shown in Figure A.2. Table A.1 shows the weighted factors for the static state

as Fn=1 to 7.
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A.2

Rate of change of irradiance

Table A.1 - Weighted factor ratios for Fn=1to 7
Weighted factor for Fi F2 F3 Fa Fs Fé F1
static state
Power level (%) - Oto 10 10to 20 20 to 30 30 to 50 50to 75 75to 100
points
Rate (%) - 21,3 17,2 21,1 33,9 5,7 0,8

Next, create a histogram of the absolute rate of change of irradiance using the data points
classified as dynamic state data points in Clause A.1. Figure A.3 shows the histogram of rate

of change of irradiance more than 2 W+m

-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 case, J2 is
neglected.
g A A
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Rate of change of Irradiance (Wsm2:s7")
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Figure A.3 — Histogram of rate of change of irradiance (>2 Wem ~205-1)
Table A.2 — Weighted factor ratios for J1, J2, etc.
Weighted'factur for 7 I J3 Ja J5 J6
dynamic state
range of ﬁﬁ;g?25?1fj 2to0 10 . 10to 20 20 to 30 30 to 50 over 50
Rate of change (%) 57,1 - 24,9 12,4 3.2 2,5




IEC TS 63156:2021 © IEC 2021 -19 -

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 nt100 , nt75, nt50 , etc., 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 #s is calculated using the total energy

conversion efficiencies yt100, #t75, 50, etc. and the weighted factors F1, F2, F3, etc. from the
irradiance histogram by using Formula (A.5).

Table B.1 — Static energy efficiency

DC input power level (Pmpppvs) from PV simulator

S % 10 % 20 % 30 % 50 % 75 % 100 %

ns §yt10 17t20 130 50 3§75 3Ht100

Foc, r =

Fac, r =
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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 nt10d, nt14d, nt20d, etc., 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 nt10d , nt14d, nt20d, etc., are calculated

using the measured result Formula (3) and the method described in Clause A.1. The dynamic
energy conversion efficiency nd is calculated using the total energy conversion efficiencies nt10d,

nt14d, yt20d , etc., the weighted factors for the dynamic states J1, J2, J3, etc. and Formula (A.6).
100 % in Table C.1 corresponds to 1 000 W+m -2 at 25 °C. Each parameter in Figure C.1 is set

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

N A
é Ramp tests (medium - high irradiance)
: Dwell time I
E 1 000 pmmw == Ramp i uﬁl_,l |
5 /"|l down t ! 3
© \ x Wim?/s I i\
= P up irl i 4 J \
\ . ' § \
} i
\' § i 'f 4
l!‘ i Time considered
¢ for evaluation

| m—— Simulated irradiance

J -
i ¥

't/ \
l"'.....! =

J
300 —,. Y ‘Lf
T" Dwell time
Initial n Repetitions
waiting
time
0 I | _
0t0 tup t dn Test time

[EC

Figure C.1 — Test sequence for fluctuations between
medium and high irradiation intensities
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Table C.1 - Dynamic energy efficiency test with input power from 30 % to 100 %

From-to Delta Dwell time Waiting time
setting setting
Wem -2 Wem -2 5 5
300 to 1000 700 300
# Slope Ramp UP Dwell time Ramp DN Dwell time Duration
Number Wem -2+5-1 S S s S s
10 10 70 10 70 10 1 900
10 14 50 10 50 10 1 500
10 20 35 10 35 10 1 200
10 30 23 10 23 10 960
10 50 14 10 14 10 780
10 100 7 10 7 10 640
Total & 980
01:56:20
NOTE Ramp and dwell times are given as rounded values.
Table C.2 — Dynamic energy efficiency data
DC input power level 30% ->100 % as rate of change
of irradiance from PV simulator
Rate of change of
Irradiance 10 14 20 30 50 100
(VWem -2e5-1)
Dynamic conversion 110d ntidd t20d 130d 504 1t100d
efficiency
Foc, r =

I’r.l"-'kﬂ. r=
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Annex D
(informative)

Weighted energy conversion efficiency

The estimated weighted energy conversion efficiency is compared with the actual measured
efficiency of a tested PCE, see Table D.1, Table D.2 and Table D.3.

Table D.1 — Static energy conversion efficiency

DC input power level (PmMPrpPvs) from PV simulator
5% 10 % 20 % 30 % 50 % 75 % 100 %
s nt10 120 3o 50 Hi7s Ht100
Voc, r= 500V - 0,895 0,917 0,932 0,944 0,949 0,948
Fac, r= 420V

Table D.2 - Dynamic energy conversion efficiency

DC input power level 30% ->100 % as rate of change of irradiance
from PV simulator

Rate of change of Irradiance
10 14 20 30 50 100
(Wemn -2¢5-1)
Dynamic conversion efficiency it10d it14d nt20d t30d 7t50d Ht100d
Voc, r= 500V
0,923 - 0,921 0,889 0,891 0,931
Vac, r= 420V

Table D.3 — Weighted total conversion efficiency

Actual s nd a B HE
Equipment under Test 0,925 0,927 0,917 0,684 0,316 0,924
(92,5 %)
(92,4 %)

Comparing the estimated weighted energy conversion efficiency nE with the actual measured
efficiency value of 92,5 %, a difference of 0,1 % is observed, showing close agreement between

the estimated and measured values.
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