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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MAXIMUM POWER POINT TRACKING EFFICIENCY
OF GRID CONNECTED PHOTOVOLTAIC INVERTERS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is 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, 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 organizations liaising with the IEC also participate in this preparation. IEC 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 on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC 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, IEC 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, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent{-possible«in-their national and \regional publications. Any divergence
between any IEC Publication and the-cofresponding natiohalor regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of lconformity.)lndependent certification bodies provide conformity
assessment servicesiand,..in,some;areas, access, to.|EC.marks of) conformity., dEC7is_not responsible for any
services carried out by independent certification bodies.

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

No 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 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 IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the 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.

International Standard IEC 62891 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

The text of this standard is based on the following documents:

FDIS Report on voting

82/1723/FDIS 82/1736/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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MAXIMUM POWER POINT TRACKING EFFICIENCY
OF GRID CONNECTED PHOTOVOLTAIC INVERTERS

1 Scope

This document provides a procedure for the measurement of the efficiency of the maximum
power point tracking (MPPT) of inverters used in grid-connected photovoltaic (PV) systems.
Both the static and dynamic MPPT efficiency are considered. Based on the static MPPT
efficiency calculated in this document and steady state conversion efficiency determined in
IEC 61683 the overall efficiency can be calculated.

The dynamic MPPT efficiency is indicated separately.

NOTE This document addresses PV inverters connected to an AC grid. However, this procedure may also be
used for other power conversion devices with MPPT functionality used in PV systems, such as charge controllers
or optimizers.

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| ofi 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

EN 50160, Voltage characteristics of electricity supplied by public distribution networks

3 Terms and definitions

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

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1 Inverter input (PV generator)

3.11
maximum input voltage

Vbcmax ) . )
allowed maximum voltage at the inverter input

Note 1 to entry: Exceeding of V' may destroy the equipment under test.

Cmax
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3.1.2
minimum input voltage

Vbcmin
minimum input voltage for the inverter to energize the utility grid, independent of mode of

operation

3.1.3
rated input voltage

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

3.14
maximum MPP voltage

VMPPmax
maximum voltage at which the inverter can convert its rated power under MPPT conditions

3.1.5
minimum MPP voltage

VMPPmin
minimum voltage at which the inverter can convert its rated power under MPPT conditions

Note 1 to entry: The actual minimum MPP voltage may depend on the grid voltage level.

3.1.6
rated input power

Ppc,r
rated input power of the invertery, which jcan: be converted under continuous operating

conditions

3.1.7
maximum input current

IDC max
maximum input current of the inverter under continuous operating conditions

Note 1 to entry: At inverters with several independent inputs, this value may depend on the chosen input
configuration.

3.2 Inverter output (grid)

3.2.1

rated grid voltage

Vacr . . .

utility grid voltage to which other data sheet information refers

3.2.2
rated power

Pac,r
active power the inverter can deliver in continuous operation

3.3 Measured quantities

3.3.1
PV simulator MPP-Power

Pypp, pvs _ _
MPP power provided by the PV simulator

3.3.2
input power

Ppc
measured input power of the device under test



3.3.3
PV simulator MPP voltage

Vvpp, Pvs , :
MPP voltage provided by the PV simulator

3.3.4
input voltage

Vbe
measured input voltage of the device under test

3.3.5
PV simulator MPP current

Iyipp, Pvs , .
MPP current provided by the PV simulator

3.3.6
input current

Ipc
measured input current of the device under test

3.3.7
output power
Ppc

measured AC output power of the device under test

3.3.8

output voltage

Vac

measured AC voltage

3.3.9
output current

Inc

measured AC output current of the device under test

3.4 Calculated quantities

3.4.1
MPPT efficiency, energetic

NMPPT

IEC 62891:2020 © IEC 2020

ratio of the energy drawn by the device under test within a defined measuring period Ty, to the
energy provided theoretically by the PV simulator at the maximum power point (MPP):

Ty
[ Poc(t)-at
0

Mvepr = 7,

_[pMPP(t)'dt

(1)

Ppc(t) is the instantaneous value of the power drawn by the device under test;

Pypp(t) is the instantaneous value of the MPP power provided theoretically by the PV

simulator.
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3.4.2
conversion efficiency, energetic

Mconv
.ratio of the energy delivered by the device under test at the AC terminal within a defined

measuring period T,, to the energy accepted by the device under test at the DC terminal:

TM
_[ Dac()-dt
Meow =7 (2)
[ Poc()-d
0

where

Ppc(t) is the instantaneous value of the delivered power at the AC terminal of the device
under test;

Ppc(t) is the instantaneous value of the accepted power at the DC terminal of the device
under test.

3.4.3
overall efficiency, energetic

Nt
ratio of the energy delivered by the device /under itest at the /AC<terminals within a defined
measuring period T\, to the energy provided theoretically by the PV simulator:

Tw
[ pac(r)-dt
Ui =T,\S|J— respectively, m = iconv " IMPPT (3)

[ ompe (¢)-t
0

3.5

photovoltaic array simulator

current source emulating the static and dynamic behaviour of a PV array, in particular the
current-voltage characteristic (see IEC TS 61836).

Note 1 to entry: The requirements are outlined in Clause A.1.

4 MPPT efficiencies

4.1 General description

The MPPT efficiency describes the accuracy of an inverter to set its operating conditions to
match the maximum power point on the characteristic curve of a PV generator. The overall
MPPT efficiency is divided into static and dynamic efficiency components.

Because inverters with poor MPPT performance operate at a DC input voltage that is different
from MPP voltage, and static power conversion efficiency depends on DC input voltage, the
measurements of static MPPT efficiency and static power conversion efficiency according to
4.3 shall be performed simultaneously.

a) Static MPPT efficiency
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The static MPPT efficiency is determined by means of measurement as follows:

1
IMPPTstat = ——— 2. Vbc,i “Inci ‘AT (4)
Rapp,pvs T
where
Vbc,; is the sampled value of the inverter’s input voltage;
Ipc; is the sampled value of the inverter’s input current;
Ty is the overall measuring period;
AT is the period between two subsequent sample values.

The static MPPT efficiency describes the accuracy of an inverter to regulate on the maximum
power point on a given static characteristic curve of a PV generator.

Vbc,; and Ipg ; shall be sampled at the same time.
b) Dynamic MPPT efficiency

Variations of the irradiation intensity and the resulting transition of the inverter to the new
operation point are not considered with the static MPPT efficiency. For the evaluation of this
transient characteristic the dynamic MPPT efficiency is specified. The dynamic MPPT
efficiency is defined a$:

1

IMPPTdyn = 2. Voc.i *Ipci - AT; (5)
N Repppys, AT, S0 T
J
where
AT; is the period in which the power Pypp pyg ; is provided;
AT; is the period in which the power V¢ ; and Ipc ; are sampled.

4.2 Test set-up

The generic test set-up for single phase grid connected inverters is depicted in Figure 1. The
diagram can also be considered as a single-phase representation of a test-circuit for multi
phase inverters.
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