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Efficiency measurement conditions

Efficiency shall be measured under the matrix of conditions as
described in the following clauses and table 1. Specific
conditions may be excluded by mutual agreement when those
conditions are outside the manufacturer's allowable operating
range. The resulting data shall be presented in tabular form
and may also be presented graphically.

4.1

DC power source for testing

For power conditioners operating with fixed input voltage,
the d.c. power source is a storage battery or constant voltage
power source to maintain the input voltage.

For power conditioners that employ maximum power point
tracking (MPPT) and shunt-type power conditioners, either a
photovoltaic array or a photovoltaic array simulator is
utilized.

4.2

Temperature

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
stated in all documentation.

43

Output voltage and frequency

The Output voltage and frequency are maintained at the
manufacturer's stated nominal values.

4.4

Input voltage

Measurements performed in each of the following tests are
repeated at three power conditioner 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% of the inverter's maximum input voltage.

In the case where a power conditioner is to be connected with
a battery at its input terminals, only the nominal or rated input
voltage maybe applied.

4.5

Ripple and distortion

Record input voltage and current ripple for each
measurement. Also record Output voltage and current
distortion (if a.c.) or ripple (if d.c.).Ensure that these
measurements remain within the manufacturer's specified
values.

4.6

Resistive loads/utility grid
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At unity power factor, or at the intrinsic power factor of grid-
connected inverters without power factor adjustment,
measure the efficiency for power levels of 10 %, 25 %, 50 %, 75
%, 100 % and 120 % of the inverter's rating.

Stand-alone inverters are also measured at a power level of
5% of rated. The power conditioner test is 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.

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, measure the efficiency
with a fixed non-linear load (THD = (80 + 5)%) equal to (50 +
5)% of the inverter's rated VA plus a sufficient reactive load
(PF =0,5) in parallel to achieve a total load of 50% and 100 %
of rated VA.

The type of complex load is clearly stated in all documentation.

Efficiency calculations

5.1

Rated output efficiency
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Rated output efficiency shall be calculated from measured
data as follows: R=(Po/Pi)x100

5.2 Partial output efficiency
Partial output efficiency shall be calculated from measured
data as follows: par= (Pop/Pip) x100

5.3 Energy efficiency
Energy efficiency shall be calculated from measured data as
follows: nE= (Wo/Wi)x100

5.4 Efficiency tolerances
When an efficiency value has been guaranteed, the tolerance
of this value shall be within: -0,2(1-n)n(%)

6. Efficiency test circuits

6.1 Test circuits
Figure 1a is applied to standard-alone power conditioners

PC
under L
test
Figure 1a — Stand-alone typs EC taRem
Figure 1b is applied to utility-interactive power conditioners
‘ Utility
grid
HEH)
PC
Ps o under
test
Figure 1b - Utility-interactive type o
PC power conditioner L load
PS variable voltage-current d.c. power supply F frequency meter
Ay DC ammeter V¢ DC voltmeter
Az AC or d.c. ammeter WV, AC or d.c. voltmeter
W, DC wattmeter PF power factor meter
W3 AC or d.c. wattmeter
6.2 Measurement procedure

a) Efficiency is calculated with equation (1) or (2) using
measured Pi, Poor Pip, Pop. DC input power Pij, Pip can be
measured by wattmeter W1, or determined by multiplying
the d.c. voltmeter V1 and d.c. ammeter A1 readings. Output
power Po, Pop is measured with wattmeter W2.
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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 A2,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.
ammeter. The d.c. wattmeter W1 shall be a d.c. measuring
type. The wattmeter W2 shall be an a.c. or d.c. measuring
type according to the output.

d) Power factor (PF in per cent) can be measured by a power
factor meter PF, or calculated from the readings of V2, A2,
W2and as follows: PF=(W2/(V2xA2))x100

e) Each meter may be an analogue type or a digital type. The
measurement accuracy shall be better than £ 0,5% of the full-
scale value for each power measured. Digital power
instruments for W1 and W2 are also recommended.

f) An MPPT dynamically adjusts the input voltage so as to
maximize the output power. In principle, the monitoring
equipment shall sample all of the electrical parameters, such
as input voltage and current, output power and current,
within the update period of the MPPT. If the MPPT and input
source (PV array or PV array simulator) interact in such a way
that the input voltage varies by than 5%, then averaging of
readings is acceptable.

The averaging period shall be 30s or longer.

Loss measurement

7.1

No-load loss

Stand-alone inverters: reading of d.c. input voltage, Output
voltage and frequency is given with meters V1, V2 and F
respectively in figure 1a, and shall be adjusted to the rated
values.

Utility-interactive inverters: reading of d.c. input voltmeter
V1, a.c. output voltmeter V2 and frequency meter Fin figure
1b shall be adjusted to meet the specified voltages and
frequency.

7.2

Stand by loss

Stand-alone inverters: Consumption of utility power when the
power conditioner is not operating but is under standby
condition.

Utility-interactive inverters: consumption from the d.c. source
when the power conditioner is not operating but is under
standby condition.
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Annex A

Power conditioner description (informative)

A power conditioner is defined in IEC61277

Annex B

Power efficiency and conversion factor
(informative)

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.

Annex C

Weighted-average energy efficiency (informative)

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

C1

NWT of power conditioner for utility-interactive PV systems

Utility-interactive PV systems, which have no storage and for
which reverse-power flow is accepted, are described. In this
case, d.c. power generated by the PV array is supplied direct
into the power conditioner (PC). Almost all of the input
power to the PC is converted to a.c. power. A part of it is
dissipated as the PC loss.

C2

nWT of power conditioner for stand-alone PV systems

In stand-alone PV systems with a storage subsystem, power
generated from the PV array is stored and stabilized by the
batteries. DC power is converted into regulated d.c. power or
constant- voltage and constant-frequency a.c. power by a
power conditioner (PC) and supplied to the load. In this case,
some fraction of the generated power is dissipated as a loss in
the batteries and power conditioner.

Annex D

Derivation of efficiency tolerance in table 2 (informative)
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TABLE

Efficiency recording and efficient calculation sheet

Power conditioner type

Model:

Parameters of power conditioner

PV input voltage

Temperature (°C)

Operating period for energy
measurement (min)

Percentage of rated output (VA)

Input voltage (V)

Input voltage ripple (V)

Input current (A)

Input current ripple (A)

Input power (Pi)(W)

Output power(Po) (W)

Output efficiency (%)

Input energy (Wi) (kwWh)

Output energy (Wo) (kWh)

Energy efficiency (%)

PV input voltage

Temperature(°C)

Operating period for energy
measurement (min)

Percentage of rated output VA

Input voltage(V)

Input voltage ripple(V)

Input current(A)

Remarks:
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Input power(Pi)(W)

Output power(Po) (W)

Output efficiency(%)

Input energy(Wi)(kwWh)

Output energy(Wo)(kWh)

Energy efficiency(%)
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TABLE No load loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE No load loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE No load loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE No load loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.
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TABLE

Stand by loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE

Stand by loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE

Stand by loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.

TABLE

Stand by loss:

Power conditioner type

Utility-interactive

Measure input voltage(V)

Measured input power(W)

Remark: No load loss is measured when the power conditioner works at rated input voltage and it’s load is disconnected.
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