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Full infor

ipnal electrotechnical committees (IEC National Committees). The object of the IEC js

te in this preparatory work. International, governmental and non-governmental’ organizati
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC SYSTEMS — POWER CONDITIONERS -
PROCEDURE FOR MEASURING EFFICIENCY

FOREWORD

ommission) is a worldwide organization fo andardi

e IEC also participate in this preparation. The I|IEC collaborates closely twith the |

mal decisions or agreements of the IEC on technical matters express, as nearly as p
ional consensus of opinion on the relevant subjects since each technical committee has rep
interested National Committees.

uments produced have the form of recommendations for interiational use and are published
dards, technical specifications, technical reports or guideSyand they are accepted by th
tees in that sense.

to promote international unification, IEC National Cemmittees undertake to apply IEC |
ds transparently to the maximum extent possible™un their national and regional stan
hce between the IEC Standard and the corresponding national or regional standard shall
d in the latter.

C provides no marking procedure to indicatesits approval and cannot be rendered responsi
ent declared to be in conformity with one-of/its standards.

n is drawn to the possibility that some.of the elements of this International Standard may be
t rights. The IEC shall not be held responsible for identifying any or all such patent rights.

nal Standard IEC 61683:has been prepared by IEC technical committee
aic energy systems.

Df this standard iS§ based on the following documents:

FDIS Report on voting

82/229/FDIS 82/233/RVD

voting indicated in the above table.

mation on the voting for the approval of this standard can be found in the
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0 promote
c fields. To
paration is
with may
bns liaising
ternational
Ptween the

pssible, an
resentation

in the form
e National

ternational
ards. Any
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ble for any

the subject

B2: Solar

report on

This publ

Annexes

ication has been drafted in accordance with the ISO/IEC Directives, Part 3.

A, B, C and D are for information only.

A bilingual version of this standard may be issued at a later date.

The committee has decided that this publication remains valid until 2003. At this date, in

accordan

* recon

ce with the committee’s decision, the publication will be

firmed;

¢ withdrawn;
* replaced by a revised edition, or

e amen

ded.
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INTRODUCTION

Among the principal characteristics of power conditioners, efficiency is considered as an
important factor. A standardized procedure for measuring the efficiency of power conditioners
is necessary for their widespread use in photovoltaic systems by increasing the reliability of
their claimed efficiency.

Generally speaking, power conditioner efficiency is affected by the following parameters:

— powe

- inpUUVU:tagc,

— outp
— powe

— harm

— load Ion—linearity;

- temp

These p
explicitly

The purp
power ¢
Thereforg
scope of]
standard

r level;

t voltage;
I factor;

bnic content;

rature.

arameters are considered to be included in the test condition of this
or implicitly.

ose of this standard is to provide the means to evaluate the intrinsic effi
bnditioners by a direct measurement of input and output power in thg

this document. It is expected that thase will be dealt with in future relg
s).

standard

ciency of
factory.

b, indirect items such as maximum power-point tracking accuracy are outside the

vant |[EC
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PHOTOVOLTAIC SYSTEMS — POWER CONDITIONERS -
PROCEDURE FOR MEASURING EFFICIENCY

1 Scope

This standard describes guidelines for measuring the efficiency of power conditioners used in
stand-alone and utility-interactive photovoltaic systems, where the output of the power conditioner
is a stable a.c. voltage of constant frequency or a stable d.c. voltage. The efficiency is
calculated from a direct measurement of input and output power in the factory. An isolation

transforn

2 Norn

The follo

constitut¢ provisions of this International Standard. For dated references, su

amendm
agreeme

of applying the most recent editions of the normative documents.indicated below. Fo

referencs
and 1SO

IEC 6014
converto

3 Defi

For the p

applied to electric power conversion alone and do not consider any heat produc

above ng

In annex|
factor ard

3.1
rated ou
ratio of
output

e s mctudedwhere itis appiicabte:

hative reference

Wwing normative documents contain provisions which, through ieference in

bnts to, or revisions of, any of these publications do not apply. However,
Nts based on this International Standard are encouraged. i@ investigate the

s, the latest edition of the normative document referred to applies. Membe
maintain registers of currently valid International{Standards.

6-1-1:1991, Semiconductor convertors — General requirements and line cof
s — Part 1-1: Specifications of basic requirements

nitions
urposes of this standard, thefollowing definitions apply. All efficiency defin

rmative references contain other definitions.

b explained in annex B.

[put efficiency
butpat,power to input power when the power conditioner is operating at

this text,
bsequent
barties to
ossibility
undated
rs of IEC

nmutated

tions are
tion. The

A, the definitionJof  power conditioner is given. Power efficiency and cgnversion

its rated

3.2

partial output efficiency
ratio of output power to input power when the power conditioner is operating below its rated

output

3.3

energy efficiency

ratio of o

utput energy to input energy during an identified period
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3.4

efficiency tolerance

permissible tolerance between the manufacturer's specified efficiency and the measured
efficiency

3.5

PV array simulator

simulator which has I-V characteristics equivalent to a PV array

3.6

no-load loss
input power of the power conditioner when its load is disconnected or its output power is zero

3.7

standby
for a util
condition
the powe

3.8
maximu
control 9

loss

ty interactive power conditioner, power drawn from the utility grid~when t
er is in standby mode. For a stand-alone power conditioner, d¢clinput poy
r conditioner is in standby mode

h power point tracking (MPPT)
trategy whereby the power conditioner input voltage is always at or

maximun) power point of the PV array

4 Effid

Efficienc

iency measurement conditions

shall be measured under the matrix-of conditions as described in the

clauses and table 1. Specific conditions maysbe excluded by mutual agreement wh

condition
be prese

NOTE Fo
cantly abo
performang
provide mag
test docum

4.1 DC

For powsd
storage q

For powyg

s are outside the manufacturer's \allowable operating range. The resulting d
hted in tabular form and may alSo be presented graphically.

example, stand-alone power_ca@nditioners are typically designed to handle short-term overl
e the rated power. The testhat 120 % of rated capacity is included to give an indica
e of the power conditioner~dnder these conditions. Some power conditioners are not d
re than their rated output and might be damaged if operated at 120 % of rated capacity. In g
entation shall note that'the test was excluded due to limitation in the power conditioner.

power sourcefor testing

br conditioners operating with fixed input voltage, the d.c. power source s
attery or-constant voltage power source to maintain the input voltage.

br conditioners that employ maximum power point tracking (MPPT) and s

he power
ver when

near the

following
en those
ata shall

pad signifi-
tion of the
esigned to
uch cases,

hall be a

nunt-type

power c
utilized.

TAHtioTeTS, eftier a photovoitaic array or a photovoitaic array simatator

4.2 Temperature

shall be

All measurements are to be made at an ambient temperature of 25 °C + 2 °C. Other ambient
temperatures may be allowed by mutual agreement. However, the temperature used must be

clearly st

ated in all documentation.

4.3 Output voltage and frequency

The output voltage and frequency shall be maintained at the manufacturer's stated nominal

values.
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Table 1 — Efficiency recording sheet
Input voltage: (x V)

Total load, % of rated VA 5 10 25 50 75 100 120
Grid-connected Resistive load - 0O* 0O 0 0 0 0O
Stand-alone Resistive load 0O 0 0O 0 0 0 0

Reactive load
PF = 0,25 or minimum - - 0 0 - 0 -
PF = 0,50 (> minimum) - - 0 0 - 0 -

PF="0,75 (> MITiTum) = = U V) = U

Non-linear load

NL = 25 % of rated VA - - 0 0 - 0 -
NL = 50 % of rated VA - - - 0 2 0 -
Complex load - - - 0 = 0 -

* The sympol () denotes a condition to be tested.

4.4 Input voltage

Measure

conditionjer input voltages:

a) manufacturer's minimum rated input voltage;

b) the inverter's nominal voltage or the average'of its rated input range;

c) 90 %

In the ca
only the

of the inverter's maximum input voltage.

nominal or rated input voltage may be applied.

4.5 Ripgple and distortion

current d

stortion (if a.c)or'ripple (if d.c.). Ensure that these measurements remain

Record i]vput voltage and current ripple for each measurement. Also record output vo

manufac
power le

4.6 Re

urer's specified-values. Note that ripple and distortion may not be specifig
els, but readings shall be recorded.

sistiveTfoads/utility grid

At unity power factor, or at the intrinsic power factor of grid-connected inverters withg

factor ad

ments performed in each of the following tests. shall be repeated at thr¢e power

5e where a power conditioner js,to be connected with a battery at its input terminals,

tage and
within the
bd at low

ut power

ustment, measure the efficiency for power levels of 10 %, 25 %, 50 %, 75 %, 100 %

and 120 % of the inverter's rating. Stand-alone inverters shall also be measured at a power
level of 5 % of rated. The power conditioner test should be conducted with a specified

resistive

and reactive grid impedance.

4.7 Reactive loads

For stand-alone inverters, measure the efficiency with a load which provides a power factor
equal to the manufacturer's specified minimum level (or 0,25, whichever is greater) and at
power levels of 25 %, 50 % and 100 % of rated VA. Repeat for power factors of 0,5 and 0,75
(do not go below the manufacturer's specified minimum PF) and power levels of 25 %, 50 %,

and 100

% of rated VA.
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4.8 Resistive plus non-linear loads

For stand-alone inverters, measure the efficiency with a fixed non-linear load (total harmonic
distortion (THD) = (80 = 5) %) equal to (25 = 5) % of the inverter's rated VA plus sufficient
resistive load in parallel to achieve a total load of 25 %, 50 % and 100 % of rated VA. Repeat
the measurements with a fixed non-linear load equivalent to (50 £+ 5) % of the inverter's
rated VA plus sufficient resistive load in parallel to achieve a total load of 50 % and 100 %
of rated VA. The type of non-linear load must be clearly stated in all documentation.

4.9 Complex loads

When a non-linear plus a sufficient reactive load condition is specified for stand-alone inverters,
tet i i i t 5) % of
e a total
load of 50 % and 100 % of rated VA. The type of complex load shall be clearly;’stated in all
documenitation.

5 Effigiency calculations

5.1 Rated output efficiency

Rated output efficiency shall be calculated from measured data-as follows:

Nr = (Po /P;)*100 )

where
Nr is the rated output efficiency (%);
P, is the rated output power from power ¢conditioner (kW),

P; is the input power to power conditioner at rated output (kW).

NOTE Any auxiliary input power (kW),.such as for the inverter's control system (or gate driver) shall be included
in P; in equation (1).

5.2 Pairtial output efficiency

Partial oditput efficienGy shall be calculated from measured data as follows:
Npar = (Pop /Pjp) X100 (2)

where

Npar is the partial output efficiency (%);

Pop is the partial output power from power conditioner (kW);
Pip is the input power to power conditioner at partial output (kW).

NOTE Any auxiliary input power (kW) such as for the inverter's control system (or gate driver) shall be included
into P; in equation (2).
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5.3 Energy efficiency

Energy efficiency shall be calculated from measured data as follows:

Ne =(Wo /W) x100 (3)

where

Ne is the energy efficiency (%);

W, is the output energy during a specified operating period (kWh);
W; is the input energy during a specified operating period (kWh).

NOTE 1 Ihe operating period and the load profile shall be determined by mutual agreement between user and
manufactuner.

NOTE 2 $ome auxiliary input energy (kWh) such as for the inverter's control system (or gate~drivegr) shall be
included in|W; in equation (3).

NOTE 3 Hee annex C for an explanation of weighted-average energy efficiency n,, which“gan supplant|the energy
efficiency.

5.4 Effjciency tolerances

When an|efficiency value has been guaranteed, the tolerance of this value shall be ithin the
value at rated conditions indicated in table 2.

Table 2 — Efficiencyolerances

Item Tolerance Remarks

Efficienty of power conditioner =0,2(1%1)n (%) n : guaranteed efficiency

NOTE Thie efficiency tolerance is derived in annex D. See 4.3 of IEC 60146-1-1. The tolerance c¢rresponds
to +0,2 pef unit of the losses with a minimum efficiency tolerance of —0,002 per unit.

6 Effigiency test circuits

6.1 Test circuits

Figure 1 [shows recommended test circuits for power conditioners which have a single-phase
a.c. output or d.c. output. It can as well be regarded as a single-phase representatior] of a test
set-up fof multiphase power conditioners.

Figures laand 1b shall be applied to stand-alone and utility-interactive power conditioners
respectivigly:

The proposed test circuits in figure 1 are not mandatory, but together with the test descrip-
tions, are intended to establish a base for mutual agreement between user and manufacturer.

The type of power source shall be indicated on all tests and shall adhere to the requirements
of 4.1.
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6.2 Measurement procedure

a) Efficiency is calculated with equation (1) or (2) using measured Pj, P or Pjp, Pop. DC input
power Pj, Pj, can be measured by wattmeter Wy, or determined by multiplying the d.c.
voltmeter Vi and d.c. ammeter A; readings. Output power Pq, Pop is measured with
wattmeter Wo.

b) DC input voltage, which is measured by d.c. voltmeter V1, shall be varied in the defined
range where the output current, which is measured with a.c. ammeter A,, is varied from
low output to the rated output.

c) An average indicating instrument shall be used for the d.c. voltmeter and d.c. ammeter. A
true r.m.s. type of indicating instrument shall be used for the a.c. voltmeter and a.c.

ammyd
be an

d) Powe
from

e) Each
be bd

Pfer. The d.c. wauimeter Wy shall be a d.c. measuring type. 1he wauameter
a.c. or d.c. measuring type according to the output.

r factor (PF in per cent) can be measured by a power factor meter PR, or ¢
he readings of V,, Ay, W5 and as follows:

PF = (W5/(Vo X A>5)) %100

meter may be an analogue type or a digital type. The.measurement accur

instru

f) An MPPT dynamically adjusts the input voltage sosas/to maximize the output
principle, the monitoring equipment shall sample all of the electrical parameters

input
If the
the in

7 Losq

7.1 No

No-load |
If the poy
and freq

adjusted

The no-I

tter than +0,5 % of the full-scale value for each poweéer measured. Digit
ments for W, and W, are also recommended.

voltage and current, output power and current, within the update period of t
MPPT and input source (PV array or PVcarray simulator) interact in such a

b measurement

load loss

oss shall be measured as follows.

ver conditioner is a stand-alone type, the reading of d.c. input voltage, outpl
llency is given with meters V41, Vo and F respectively in figure la, and

to the rated values.

W shall

alculated

(4)

acy shall
al power

bower. In
such as
e MPPT.
way that

put voltage varies by less than 5 %, then averaging of readings is acceptable. The
averaging period shall be 30 s or longer.

t voltage
shall be

disconne

pad- loss is thus the indicated value of d.c. input wattmeter, W1, when thre load is

If the power conditioner is a utility-interactive type, the reading of d.c. input voltmeter V4, a.c.
output voltmeter V, and frequency meter F in figure 1b shall be adjusted to meet the specified

voltages

and frequency.

No-load loss is thus the indicated value of d.c. input wattmeter, W, when a.c. wattmeter, W5,

indicates a zero value. For the measurement, allow the power conditioner time to transfer to
its no-load operating state, if applicable.
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7.2 Standby loss
Standby loss shall be measured as follows.
If the power conditioner is a utility-interactive type, standby loss is defined as the consumption of

utility power when the power conditioner is not operating but is under standby condition.
Standby loss is indicated with a.c. wattmeter, W5 in figure 1b at the rated a.c. output voltage.

If the power conditioner is a stand-alone type, standby loss is defined as the consumption from
the d.c. source when the power conditioner is not operating but is under standby condition.
Standby loss is indicated with d.c. wattmeter, W1 in figure la (without a.c. or d.c. output voltage).

OOH HOO®
| TolE|c L

) IEC 1566/99
Figure 1a — Stand-along type
Utility
grid
PF
RC -
under F < AV,
test
IEC 1567/99

Figure 1b — Utility-interactive type

PC powe¢r.conditioner L load
PS varimemmmmmw—W

A1 DC ammeter V. DC voltmeter
A, AC or d.c. ammeter V, AC or d.c. voltmeter
W1 DC wattmeter PF power factor meter

W, AC or d.c. wattmeter

NOTE 1 The d.c. input voltage or current ripple will vary according to the d.c. power supply's internal impedance,
and should be defined by mutual agreement between user and manufacturer. For example, the impedance might be
selected as the current-voltage ratio AV/Al at the operating point on the PV array |-V curve. When the power
conditioner includes the MPPT, a PV array simulator is recommended as the d.c. power source.

NOTE 2 Frequency meter F* and power factor meter PF* are ignored in the case of d.c. output.

Figure 1 — Power conditioner test circuits
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Annex A

Power conditioner description

A power conditioner is defined in IEC 61277.

61683 © IEC:1999(E)

Some types of photovoltaic system configurations relate to their purpose and size. Figure A.1
shows the generic system configuration proposed in IEC 61277. In figure A.1, the power

conditioner (PC) is inside the dotted line. The power conditioner may consist of on

or more

of the fgllowing: d.c. conditioner, d.c./d.c. interface, inverter, a.c./a.c. interfaceg

interface
indicated

figures A

d.c. utility

and a part of master control and monitoring (MCM) subsystem. The poewer fflows are
by the arrows. When a PV system has a d.c. storage subsystem, it is assymed that
the storage is connected to the input of the power conditioner in parallel with the array (see

2 and A.3).

Under nprmal conditions, the power conditioner a.c. output valtage and frequency are
constant|value when the system is connected to the utility grid (ifiva utility-interactive type) or

to the ajc.

loads (in a stand-alone type). However, when a‘c. ‘loads consist of pumps or

blowers With variable speed induction motors, the a.c. voltage and frequency may be |variable.

In this gtandard, systems with a constant a.c. output. voltage and frequency ag

well as

systems jwith a d.c. output are discussed. Figures A.2vand A.3 show the configuratipn of the
PV system and the power conditioner described in_this standard.

(PC)

Polver conditioner

T

Masteicontrol and monitoring (MCM)

DC R R
PV array > Condltloner A7 A A
y Y A\
DC/DC AC/AC AC utility
interface interface interface
Y
DC storage
device
v \ \
Auxiliary DC Auxiliary AC AC
d.c. supply load a.c. supply load utility

Figure A.1 — Major subsystems and power flow diagram for a PV system

IEC 1568/99
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(PC)
Power conditioner Master control and monitoring (MCM)
PV array x Inverter x 7
Y Y
AC/AC AC Utility
interface interface
A
A\
DC storage
device
\ 4 Y
AC AC
load utility
IEC 1569/99
Figure A.2 — Power conditioner configuration\with a.c. output assumed for
the efficiency measurement
(PC)
Power conditioner Master ¢ontrol and monitoring (MCM)
Al DC
PVlarray 1 "| conditioner
Y
DC/DC
interface
A\
DC storage
device
Y
DC
load I[EC 1570/99

Figure A.3 — Power conditioner configuration with d.c. output assumed for

the efficiency measurement
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Annex B
(informative)

Power efficiency and conversion factor

There are two types of efficiencies shown in IEC 60146-2; one is a power efficiency, the other
is a conversion factor. Power efficiency is defined as the ratio of active output power and
active input power. Conversion factor is the ratio between output and input fundamental
power levels. The formulae for these two parameters:

TIp =FaacFapc ) X 1UU (70)
Nc = (Psac /Pipc) X100 (%)
where
Np is|the power efficiency;

Paac is|the a.c. active power;

Papc is|the d.c. active power;

Ne is| the conversion factor;

Piac  is[the a.c. fundamental power;

Pipc is[the d.c. mean power (mean voltage X meanycurrent).

Active pdwer P, is calculated as

1T _1 g
P, _?J;v(t)l(t)dt or _?J:) p(t)dt

where
v(t) is the time-varying voltage;
p(t) is the time-varying power;

i(t) is the time-varying eurrent;
T is the duration of one cycle.
The diffegrence between the above two efficiencies is due to the evaluation of the harmonic
componegnts. IEC 60146 unifies them into power efficiency. Their differences depend on their
voltage and, edrrent waveforms as shown in table B.1 and are only meaningful in case 5.

Considerjng“the purpose of IEC standards and the illustration in table B.1, the power
efficiency is used as the efficiency of power conditioners.

As shown in table B.1, case 1 or case 4, the difference between 1. and np is only 0,1% when
the d.c. voltage and current ripple are 10 %p, or when a.c. 5th r.m.s. voltage content is 2 %

and the 5th current content is 5 %. This means that the conversion factor is practically the
same as the power efficiency. It shall, however, be noted that in the case of a square wave,
as in case 5, the power efficiency shall be used because the difference is large, i.e.,

Nec/np = 0,81.

The integration time (duration of one cycle) T shall be 30 s or more and the resultant mean
power efficiency value shall be used as the efficiency of the power conditioner.
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Annex C
(informative)

Weighted-average energy efficiency

The energy of a power conditioner depends on both the irradiance profile and the load profile.
The energy efficiency of a power conditioner shall be calculated by the ratio of the output to
the input energy actually measured over a certain period (such as a month or a year).

For reference, a method of estimating the energy efficiency using a weighted-average energy
efficiency is described.

The weig
each pow

When th
coefficiern

When thg
depend d

Clauses
and stan

C.1 ny

Utility-int
accepted
into the |
power. A

The wei
efficiency
irradianc
level, Py;
follows:

hted-average energy efficiency, nyr, is calculated as the sum of the @
er level efficiency and related weighting coefficient.

e system is a utility-interactive type without a storage subsystem, the
ts depend on a regional irradiance duration curve.

b system is a stand-alone type with a storage subsystem,the weighting co
n the load duration curve.

C.1 and C.2 show the calculation procedures for np for utility-interactive
j-alone systems.

r of power conditioner for utility-intetactive PV systems

practive PV systems, which have nog*storage and for which reverse-powg
, are described. In this case, d.c. power generated by the PV array is suppl
power conditioner (PC). Almost allof the input power to the PC is convertg
part of it is dissipated as the PE€ loss.

phted-average energy efficiency, nyg, is an index to evaluate annug
in which a weighting ‘coefficient, K;, is used for each input power level.
b is divided into several discrete levels. By using a duration time T;, d.c. ing

output power levetl, Po; and PC efficiency, n;, for each level i, ny is d

o z Poi i _ Py Oy g+ -+ +Pyy Oy 0

bducts of

weighting

efficients

systems

r flow is
ed direct
bd to a.c.

| energy
Here, the
ut power
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(C.1)

If the irr
rewritten

(o Z P T, Py g+ - +Py Oy
=K, [y + Ko (ot - +K, [h,

where

Ki =Pj |:ri/zpn T

and

ZKizl and i=1,23....

adiance duration curve is given as shown in figure C.1, equation (C.1) can be

as follows:
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T 2T 3T 4T
MWt = = Nya +—2-Noja + —>Naja + —Naja = Ner (C.2)
Twr Twr Twr Twr
TWT =II'1+2TZ +3T3 +4T4
where ngg is the specified energy efficiency;
Nya, - is the power conditioner efficiency when its d.c. input power is 1/4,... of
the rated value respectively.
4/4
Q 3/41
Q
3
E 2/4
=]
o
= 1/4}
W B TodTh
Duration IEC 1571/99

Figure C.1 — An example oftan irradiance duration curve

C.2 ny of power conditioner forstand-alone PV systems

In stand-alone PV systems with/a storage subsystem, power generated from the P\ array is
stored amd stabilized by the batteries. DC power is converted into regulated d.c. jpower or
constant{voltage and constant-frequency a.c. power by a power conditioner (PC) and supplied
to the load. In this case, ‘saome fraction of the generated power is dissipated as a Igss in the
batteries|and power conditioner.

The calcplation of'the weighted-average energy efficiency, n,, for stand-alone PV| systems
requires eighting coefficients for respective load levels.

By usingla load duration time Ti, d-c- |np||f power Dlil -G ﬁllfpllt power Dui and PC _/ff|C|ency

for respective load level 1, Ny is defined as follows:

) Poi I zpm Oy + - +Pop [Ty
fwr = z P T;  Pio 0o +Po1 M4/ + Poy My/ny,
1
Ko + Kyl + -+ + Ky,

(C.3)



https://iecnorm.com/api/?name=43ece5ae4e5bca67640f0f0e7ee1ef0b



