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Model list
Model AU7KESL- | AU7.6KESL- | AUSKESL- AU10KESL-
G3 G3 G3 G3
PV input ratings
Max.PV input voltage (V) 500
MPPT voltage range (V) 150-425
Max. PV input current(A) 28/28
Max.Short-circuit current (A) 34/34
AC ratings (Grid)
Rated output power (W) 7000 7600 8000 10000
Max. AC output apparent power
7700 8360 8800 11000
(VA)
Rated AC output current (A) 30.4 33.0 34.8 43.5
Max.AC output current (A) 33.5 36.3 38.3 47.8
Rated output voltage (V) L/N/PE 230
Rated output frequency (Hz) 50
Adjustable power factor (cos) 0.8 leading to 0.8 lagging
AC output ratings (Backup)
Rated output voltage (V) L/N/PE 220/230/240
Frequency range (Hz) 50/60
Rated output power (W/VA) 7000/7000 7600/7600 8000/8000 | 10000/10000
Max. output current (A) 30.4 33.0 34.8 43.5
Battery ratings
Battery type Lead-acid or Li-ion
Battery voltage (V) 40-60
Max charge/discharge current (A) 170/170 180/180 190/190 210/210
Environment limit
Weight (kg) 29
Ingress protection (IP) rating IP66
. . -40°C~+60°C, | -40°C~+60°C, | -40°C~+60°C, | -40°C~+60°C,
Operating ambient temperature . . . .
range de-rating > de-rating > de-rating > de-rating >
45 °C 45 °C 45 °C 45 °C
Max. operating altitude (m) 3000
Protective class Class |
Firmware version Master Dsp: V1.1.3  Slave Dsp: V1.0.0 ARM: V1.1.0
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Appendix 1: A2-3 Compliance Verification Report —Tests for Type A Inverter Connected Power
Generating Modules

1. Operating Range: P

Tests should be carried with the Power Generating Module operating at Registered Capacity and
connected to a suitable test supply or grid simulation set. The power supplied by the primary source shall
be kept stable within £ 5 % of the apparent power value set for the entire duration of each test sequence.

Frequency, voltage and Active Power measurements at the output terminals of the Power Generating
Module shall be recorded every second. The tests will verify that the Power Generating Module can
operate within the required ranges for the specified period of time.

The Interface Protection shall be disabled during the tests.

In case of a PV Power Park Module the PV primary source may be replaced by a DC source.
In case of a full converter Power Park Module (eg wind) the primary source and the prime mover
Inverter/rectifier may be replaced by a DC source.

Pass or failure of the test should be indicated in the fields below (right hand side), for example with the
No disconnection occurs”, etc. Graphical evidence is preferred.

statement “Pass”,

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for
HV as required.

Model: AU10KESL-G3 P
Test 1:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (seconds)
195.63 47.00 9972.14 0.999 58.4
Test 2:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
195.53 47.50 9933.38 0.999 92.7
Test 3:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
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253.20 51.50 10009.22 0.999 92.8
Test 4:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
253.10 52.00 10007.74 0.999 15.7
Test 5:
Measured Voltage Measured Measured Power Measured Power Test Time
V) Frequency (Hz) (W) factor (Minutes)
230.11 50.00 10016.58 0.999 92.9
Test 6:
Measured Voltage Test frequency . ) .
Ramp range Test Duration Confirm no trip
(V) ramp
194.98 47.0 Hz to 52.0 Hz +1.0 Hzs™" 5.0 No trip
253.10 52.0 Hzt0 49.0 Hz -1.0 Hzs™! 3.0 No trip
2. Power Quality — Harmonics: P

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) the test
requirements are specified in Annex A.7.1.5. These tests should be carried out as specified in BS EN
61000-3-12, and measurements for the 2" — 13t harmonics should be provided. The results need to
comply with the limits of Table 2 of BS EN 61000-3-12 for single phase equipment and Table 3 of BS EN
610000-3-12 for three phase equipment. For three phase Power Generating Modules, measurements for
all phases should be provided.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC G5.

The rating of the Power Generating Module (per phase) should be provided below, and the Total
Harmonic Distortion (THD) and Partial Weighted Harmonic Distortion (PWHD) should be provided at the

bottom of this section.

Model: AU10KESL-G3

Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase | 10

(rpp)

kVA Harmonic % =

Measured Value (A) x
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23/rating per phase
(kVA)
Single or three phase measurements (for Single phase
single phase measurements, only complete
L1 columns below)
Harmonic At 45-55% of Registered Capacity Limit in BS EN 61000-
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.035 - - 0.08 - - 8% 8%
3 0.103 - - 0.24 - - 21.6% Not stated
4 0.007 - - 0.02 - - 4% 4%
5 0.031 - - 0.07 - - 10.7% 10.7%
6 0.015 - - 0.03 - - 2.67% 2.67%
7 0.024 - - 0.06 - - 7.2% 7.2%
8 0.009 - - 0.02 - - 2% 2%
9 0.163 - - 0.37 - - 3.8% Not stated
10 0.010 - - 0.02 - - 1.6% 1.6%
11 0.022 - - 0.05 - - 3.1% 3.1%
12 0.007 - - 0.02 - - 1.33% 1.33%
13 0.017 - - 0.04 - - 2% 2%
THD - - - 0.47 - - 23% 13%
PWHD - - - 2.47 - - 23% 22%
Harmonic At 100% of Registered Capacity Limit in BS EN 61000-
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.040 - - 0.09 - - 8% 8%
3 0.165 - - 0.38 - - 21.6% Not stated
4 0.020 - - 0.04 - - 4% 4%
5 0.024 - - 0.05 - - 10.7% 10.7%
6 0.020 - - 0.05 - - 2.67% 2.67%
7 0.034 - - 0.08 - - 7.2% 7.2%
8 0.006 - - 0.01 - - 2% 2%
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9 0.016 - - 0.04 - - 3.8% Not stated
10 0.007 - - 0.02 - - 1.6% 1.6%
11 0.015 - - 0.03 - - 3.1% 3.1%
12 0.006 - - 0.01 - - 1.33% 1.33%
13 0.014 - - 0.03 - - 2% 2%
THD - - - 0.41 - - 23% 13%
PWHD - - - 2.95 - - 23% 22%

Model: AUTKESL-G3

Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase | 7.0 kVA Harmonic % =
(rpp) Measured Value (A) x
23/rating per phase
(kVA)
Single or three phase measurements (for Single phase
single phase measurements, only complete
L1 columns below)
At 45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.040 - - 0.13 - - 8% 8%
3 0.154 - - 0.51 - - 21.6% Not stated
4 0.013 - - 0.04 - - 4% 4%
5 0.028 - - 0.09 - - 10.7% 10.7%
6 0.015 - - 0.05 - - 2.67% 2.67%
7 0.026 - - 0.09 - - 7.2% 7.2%
8 0.009 - - 0.03 - - 2% 2%
9 0.019 - - 0.06 - - 3.8% Not stated
10 0.004 - - 0.01 - - 1.6% 1.6%
11 0.017 - - 0.05 - - 3.1% 3.1%
12 0.007 - - 0.02 - - 1.33% 1.33%
13 0.012 - - 0.04 - - 2% 2%
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THD - - - 0.55 23% 13%
PWHD - - - 4.29 23% 22%
Harmonic At 100% of Registered Capacity Limit in BS EN 61000-

Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.017 - - 0.06 - - 8% 8%
3 0.124 - - 0.41 - - 21.6% Not stated
4 0.013 - - 0.04 - - 4% 4%
5 0.016 - - 0.05 - - 10.7% 10.7%
6 0.007 - - 0.02 - - 2.67% 2.67%
7 0.016 - - 0.05 - - 7.2% 7.2%
8 0.007 - - 0.02 - - 2% 2%
9 0.186 - - 0.61 - - 3.8% Not stated
10 0.004 - - 0.01 - - 1.6% 1.6%
11 0.014 - - 0.05 - - 3.1% 31%
12 0.003 - - 0.01 - - 1.33% 1.33%
13 0.065 - - 0.21 - - 2% 2%
THD - - - 0.77 - - 23% 13%
PWHD - - - 2.98 - - 23% 22%
Note:
THD = Total Harmonic Distortion of 15t ~ 13t harmonics
PWHD = Partial Weighted Harmonic Distortion of 14t ~ 40t harmonics
3. Power Quality — Voltage fluctuations and Flicker: P

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) these
tests should be undertaken in accordance with Annex A.7.1.4.3. Results should be normalised to a
standard source impedance, or if this results in figures above the limits set in BS EN 61000-3-11 to a
suitable Maximum Impedance.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC P28.
The standard test impedance is 0.4 Q for a single phase Power Generating Module (and for a two phase
unit in a three phase system) and 0.24 Q for a three phase Power Generating Module (and for a two
phase unit in a split phase system). Please ensure that both test and standard impedance are completed
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on this form. If the test impedance (or the measured impedance) is different to the standard impedance, it
must be normalised to the standard impedance as follows (where the Power Factor of the generation

output is 0.98 or above):

d max normalised value = (Standard impedance / Measured impedance) x Measured value.
Where the Power Factor of the output is under 0.98 then the X to R ratio of the test impedance should be

close to that of the standard impedance.

The stopping test should be a trip from full load operation.
The duration of these tests needs to comply with the particular requirements set out in the testing notes for

the technology under test.

The test date and location must be declared.

Model: AU10KESL-G3
Test start date 2026-06-08 Test end date 2026-06-08
Test location No.16, Lane 1288, Luoning Road, Baoshan District, Shanghai, 200949, China
Starting Stopping Running
Pt
P
d(max) d(c) d(t) d(max) d(c) d(t) st 2 hours
Measured
Values at
testu 0.51% 0.07% 0.00% 0.46% 0.06% 0.00% 0.14 0.13
impedance
Normalised
to standard 0.51% 0.07% 0.00% 0.46% 0.06% 0.00% 0.14 0.13
impedance
Normalised
to required N/A N/A N/A N/A N/A N/A N/A N/A
maximum
impedance
Limits set
under BS 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
EN 61000- 0 . 0 . (o] 0 . 0 . (o] . .
3-11
Test
es R 0.4 Q XI 0.25 Q
Impedance
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Standard 0.24* 0.15*
R Q Xl Q
Impedance 041 0.2547
Vaxi
aximum - g N/A Q XI N/A Q
Impedance
Model: AU7KESL-G3
Test start date 2026-06-08 Test end date 2026-06-08
Test location No.16, Lane 1288, Luoning Road, Baoshan District, Shanghai, 200949, China
Starting Stopping Running
P
d(max) d(c) d(t) d(max) d(c) d(t) Ps !
2 hours
Measured
Values at
test 0.39% 0.07% 0.00% 0.43% 0.14% 0.00% 0.14 0.13
impedance
Normalised
to standard 0.39% 0.07% 0.00% 0.43% 0.14% 0.00% 0.14 0.13
impedance
Normalised
to required
! N/A N/A N/A N/A N/A N/A N/A N/A
maximum
impedance
Limits set
under BS 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
EN 61000- 0 . 0 . 0 0 . (0] . 0 . .
3-11
Test
R 0.4 Q Xl 0.25 Q
Impedance
Stand 24 * 15 *
andard R 0 o x| 0.15 Q
Impedance 04" 0257
Maximum
R N/A Q Xl N/A Q
Impedance

* Applies to three phase and split single phase Power Generating Modules.
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A Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system. Delete as appropriate.

4. Power quality — DC injection:

P

The tests should be carried out on a single Generating Unit. Tests are to be carried out at three defined
power levels +5%. At 230 V a 50 kW three phase Inverter has a current output of 217 A so DC limit is 543

mA. These tests should be undertaken in accordance with Annex A.7.1.4.4.

The % DC injection (“as % of rated AC current” below) is calculated as follows:

% DC injection = Recorded DC value in Amps / Base current

where the base current is the Registered Capacity (W) / Vphase. The % DC injection should not be

greater than 0.25%.

Model: AU10KESL-G3

Test power level 10% 55% 100%
Recorded DC injection

, 0.026 0.026 0.016
value in Amps
as % of rated AC current | 0.059% 0.060% 0.038%
Limit 0.25% 0.25% 0.25%
Model: AUTKESL-G3
Test power level 10% 55% 100%
Recorded DC injection

, 0.019 0.024 0.021
value in Amps
as % of rated AC current | 0.061% 0.079% 0.070%
Limit 0.25% 0.25% 0.25%

5. Power Factor:

The tests should be carried out on a single Power Generating Module. Tests are to be carried out at
three voltage levels and at Registered Capacity and the measured Power Factor must be greater than
0.95 to pass. Voltage to be maintained within £1.5% of the stated level during the test. These tests should

be undertaken in accordance with Annex A.7.1.4.2
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Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for

HV as required.

Model: AU10KESL-G3

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 0.999 0.999 1.000

Power Factor Limit >0.95 >0.95 >0.95

Model: AUTKESL-G3

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 0.999 0.998 0.998

Power Factor Limit >0.95 >0.95 >0.95

6. Protection — Frequency tests:

P

These tests should be carried out in accordance with the Annex A.7.1.2.3. For trip tests, frequency and

time delay should be stated. For “no trip tests”, “no trip” can be stated.

Model: AU10KESL-G3

Function Setting Trip test “No trip tests”
F Time del E Time del Frequency Confirm no
requenc ime dela requenc ime dela
quency y quency y /time trip
47.7 Hz )
U/F stage 1 47.5 Hz 20s 47.50 Hz 20.83 s 30s No trip
47.2 Hz )
U/F stage 2 47.0 Hz 05s 47.00 Hz 0.57 s 195 s No trip
46.8 Hz No tri
i
0.45s P
51.8 Hz )
O/F 52.0Hz 0.5s 52.00 Hz 0.58s No trip
120 s
52.2 Hz .
No trip
0.45s

Note: For frequency trip tests the frequency required to trip is the setting + 0.1 Hz. In order to measure the

time delay a larger deviation than the minimum required to operate the projection can be used. The “No
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trip tests” need to be carried out at the setting £ 0.2 Hz and for the relevant times as shown in the table
above to ensure that the protection will not trip in error.

7. Protection — Voltage tests: P

These tests should be carried out in accordance with Annex A.7.1.2.2. For trip tests, voltage and time

”

delay should be stated. For “no trip tests”, “no trip” can be stated.

Note that the value of voltage stated below assumes a LV connection This should be adjusted for HV
taking account of the VT ratio as required.

Model: AU10KESL-G3

L1-N
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time Confirm no trip
0.8 pu 188 V ,
unN 25s 184.02 V 252s No trip
(184 V) 5.0s
180 V No
r
245 ° P
ONstage 1 | - +PU 10s 262.11 V 1135 | 2282V No tr
. . . |
g (262.2 V) 50s P
ONstage2 | - 12PY 05s 273.76 V 0555 | 2007V No tri
. . . |
g (273.7 V) 0.95s P
277.7V No tr
o tri
0.45's P

Note: for Voltage tests the Voltage required to trip is the setting +3.45 V. The time delay can be measured
at a larger deviation than the minimum required to operate the protection. The No trip tests need to be
carried out at the setting +4 V and for the relevant times as shown in the table above to ensure that the
protection will not trip in error.

8. Protection — Loss of Mains test: P

These tests should be carried out in accordance with BS EN 62116. Annex A.7.1.2.4.
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For test condition A, EUT output = 100 % Pn, test condition B, EUT output = 50 % to 66 % Pn, and test
condition C, EUT output = 25 % to 33 % Phn.

Model: AU10KESL-G3

The following sub set of tests should be recorded in the following table.

Test Power 33% 66% 100% 33% 66% 100%
and -5% Q -5% Q -5% P +5% Q +5% Q +5% P
imbalance Test 22 Test 12 Test 5 Test 31 Test 21 Test 10
Trip time.

. 134.0 ms 157.0 ms 260.9 ms 123.0 ms 162.0 ms 231.9 ms
Limit is 0.5s

Loss of Mains Protection, Vector Shift Stability test

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip under positive / negative vector shift.

Model: AU10KESL-G3

Start Frequency Change Confirm no trip
Positive Vector Shift 49.5 Hz +50 degrees No trip
Negative Vector Shift 50.5 Hz - 50 degrees No trip
Positive Vector Shift

Loss of Mains Protection, RoCoF Stability test:

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip for the duration of the ramp up and ramp down test.

Model: AU10KESL-G3

Ramp range

Test frequency ramp:

Test Duration

Confirm no trip

49.0 Hzto 51.0 Hz

+0.95 Hzs™"

21s

No trip

51.0 Hzt0 49.0 Hz

-0.95 Hzs™!

21s

No trip

9-1. Limited Frequency Sensitive Mode — Over frequency test

The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10%.

This test should be carried out in accordance with A.7.1.3, which also contains the measurement

tolerances.
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Active Power response to rising frequency/time plots are attached if frequency injection tests N/A

are undertaken in accordance with Annex A.7.2.4

Model: AU10KESL-G3

Alternatively, simulation results should be noted below:

T —— Mee?sured | Active

Registered Capacity Active Frequency Calculated Primary Power Pow¢lar

>80% Power (Hz) droop (%) Source Gradient
Output (W) (%Pas)

Step a) 50.00 Hz £0.01 Hz | 9988.47 50.00 - -

Step b) 50.45 Hz £0.05 Hz | 9891.73 50.45 10.38 -

Step ¢) 50.70 Hz £0.10 Hz | 9398.26 50.70 10.17 -

Step d) 51.15 Hz +0.05 Hz | 8500.11 51.15 10.08 Photovoltaic -

Step €) 50.70 Hz +0.10 Hz | 9397.86 50.70 10.16 array simulator |

Step f) 50.45 Hz £0.05 Hz | 9896.55 50.45 10.92 -

Step g) 50.00 Hz £0.01 Hz | 9985.39 50.00 11.30 0.103%Pn/S—

Test.sequence at ] Z/Ij:i]\slzred Frequency Calculated Primary Power :za:

:(«)aozlstered Capacity 40- Power (Hz) droop (%) Source Gradient
Output (W) (%Pas™)

Step a) 50.00 Hz £0.01 Hz | 5001.15 50.00 - -

Step b) 50.45 Hz +0.05 Hz | 4907.83 50.45 10.75 -

Step c¢) 50.70 Hz £0.10 Hz | 4407.37 50.70 10.11 -

Step d) 51.15 Hz £0.05 Hz | 3508.73 51.15 10.05 Photovoltaic -

Step ) 50.70 Hz +0.10 Hz | 4405.26 50.70 10.07 array simulator | _

Step f) 50.45 Hz £0.05 Hz | 4908.70 50.45 10.85

Step g) 50.00 Hz £0.01 Hz | 5001.25 50.00 10.84 (1).03%Pn/8-

The frequency at each step should be maintained for at least one minute and the Active Power reduction
in the form of a gradient determined and assessed for compliance with paragraph 11.2.3. The Droop
should be determined from the measurements between 50.4 Hz and 51.15 Hz. The allowed tolerance for

the frequency measurement shall be + 0.05 Hz. The allowed tolerance for Active Power output

measurement shall be £10% of the required change in Active Power.
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The resulting overall tolerance range for a nominal 10% Droop is +2.8% and — 1.5%, ie a Droop less than
12.8% and greater than 8.5%.

9-2. Power output with falling frequency test (For PV Inverter)

P

Tests should prove that the Power Generating Module does not reduce output power as the frequency

falls. These tests should be carried out in accordance with 11.2.3.1, 12.2.3.1, 13.2.3.1.

Model: AU10KESL-G3

Measured Active Acceptable Active | Frequency Primary power
Test sequence
Power Output (W) | Power (Hz) source
100% Registered Photovoltaic
50.5 Hz for 5 minutes | 10036.92 o hegl 50.50 voral
Capacity array simulator
i 100% Registered Photovoltaic
50.0 Hz for 5 minutes 10026.84 . 50.00 .
Capacity array simulator
i 100% Registered Photovoltaic
49.5 Hz for 5 minutes 10028.27 . 49.50 .
Capacity array simulator
99% Registered Photovoltaic
49.0 Hz for 5 minutes | 10025.11 o real 49.00 vota
Capacity array simulator
i 97% Registered Photovoltaic
48.0 Hz for 5 minutes 10016.57 . 48.00 .
Capacity array simulator
i 96.2% Registered Photovoltaic
47.6 Hz for 5 minutes 10024.64 . 47.60 .
Capacity array simulator
% Regi Ph Itai
47.1 Hz for 20 s 10029.97 95% Registered |,/ 15 otovoltaic
Capacity array simulator

9-3. Power output with falling frequency test (For Electricity Storage Device)

9-4. Power output with increasing frequency test (For Electricity Storage Device)

This test should be carried out in accordance with clause 11.2.3.3, 12.2.3.3, 13.2.3.2 and A.7.1.7

Model: AU10KESL-G3

Test 1: 50 Hz to 49.0 Hz, from 100% Prated-import

Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source
AC grid / St
50.0 -9996.76 50.00 - grid>lorage
Battery
AC grid / Storage
49.5 -9997.05 49.50 --
Battery
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AC grid / Storage
49.2 -4000.67 49.20 1.00

Battery

AC grid / Storage
49.0 10.61 49.00 1.00

Battery

A i t
49.2 10.62 49.20 . C grid / Storage

Battery

AC grid / Storage
49.5 10.62 49.50 -

Battery

AC grid / Storage
49.8 -5999.48 49.80 1.00

Battery

AC grid / St
50.0 -9996.55 50.00 1.00 gnd/storage

Battery
Test 2: 50 Hz to 48.8 Hz, from 100% Prated-import
Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source

AC grid / Storage
50.0 -9999.52 50.00 --

Battery

AC grid / St
49.5 -0995.54 49.50 . gnd/>torage

Battery

AC grid / Storage
49.2 -4001.30 49.20 1.00

Battery

AC grid / Storage
49.0 10.63 49.00 1.00

Battery

AC grid / St
48.9 1999.80 48.90 1.00 gnd/>torage

Battery

AC grid / Storage
48.8 4001.33 48.80 1.00

Battery

AC grid / Storage
48.9 4001.44 48.90 --

Battery

A -
49.2 4001.26 49.20 . C grid / Storage

Battery

AC grid / Storage
49.5 4001.25 49.50 --

Battery

AC grid / Storage
49.8 -1999.64 49.80 1.00

Battery
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AC grid / Storage
50.0 -6004.77 50.00 1.00

Battery
Test 3: 50 Hz to 49.0 Hz, from 40% Prated-import
Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source

AC grid / St
50.0 -4001.20 50.00 . gnid/>torage

Battery

AC grid / Storage
49.5 -4001.02 49.50 -

Battery

AC grid / Storage
49.2 2004.77 49.20 1.00

Battery

AC grid / St
49.0 5995.78 49.00 1.00 gnid/>torage

Battery

AC grid / Storage
49.2 5999.85 49.20 -

Battery

AC grid / Storage
49.5 5999.40 49.50 -

Battery

AC grid / Storage
49.8 9.59 49.80 1.00 o g

Battery

AC grid / Storage
50.0 -4000.60 50.00 1.00

Battery

Test 4: 50 Hz to 48.8

HZ, from 40% Prated-import

Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source
AC grid / St
50.0 -4000.99 50.00 - grid=lorage
Battery
AC grid / Storage
49.5 -4001.10 49.50 -
Battery
A .
49.2 2004.79 49.20 1.00 C grid / Storage
Battery
AC grid / St
49.0 5999.08 49.00 1.00 grid=lorage
Battery
AC grid / Storage
48.9 7999.09 48.90 1.00
Battery
AC grid / Storage
48.8 9999.91 48.80 1.00
Battery
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AC grid / Storage
48.9 10000.27 48.90 --

Battery

AC grid / Storage
49.2 10001.07 49.20 --

Battery

AC grid / St
49.5 10001.54 49.50 - grid>lorage

Battery

AC grid / Storage
49.8 4001.24 49.80 1.00

Battery

AC grid / Storage
50.0 9.52 50.00 1.00

Battery
NOTE:

This paragraph provides a method for demonstrating compliance with the optional performance
characteristic as discussed in the foreword. The tests shall be carried out to demonstrate how the Power
Park Module Active Power when acting as a load (ie replenishing its energy store) responds to changes
in system frequency.

In general four tests are proposed, one set of two at rated import capacity, and one set of two at 40% of
rated import capacity.

In both cases the test is to reduce frequency from 50 Hz at rate of 2 Hz/s. In the first case the lower
frequency reached will be 49.0 Hz and the second case the lower frequency will be 48.8 Hz.

In all cases the response shall meet the requirements of 11.2.3.3.

When returning the frequency to nominal, the ramp rate shall be of the order of 0.1 Hzs™".

Where an Electricity Storage Power Generating Module was importing before the fall in frequency and has
responded in accordance with the requirements of 11.2.3.3.1, its performance, once the system frequency
starts to rise above the minimum reached, shall be in accordance with Figure 11.3 in respect of the Active
Power output and Active Power import. For example, Figure 11.3, illustrates the four operating points W,
X, Y and Z. If points W, X,

Where an Electricity Storage Power Generating Module is exporting Active Power (including zero) to
the Total System and the system frequency falls below 49.5 Hz the requirements of 11.2.3.3.1 and
11.2.3.3.2 shall apply.

10. Protection — Re-connection timer. P

Model: AU10KESL-G3

Test should prove that the reconnection sequence starts after a minimum delay of 20 s for restoration of
voltage and frequency to within the stage 1 settings of Table 10.1.
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Time delay Measured Checks on no reconnection when voltage or frequency is brought to
setting delay just outside stage 1 limits of Table 10.1.
At 1.16 pu At 0.78 pu
30s 70.0s At47.4 Hz At 52.1 Hz
(266.2 V) (180.0 V)
Confirmation that the Micro- No No No No
generator does not re-connect. reconnection reconnection reconnection reconnection
Recover to normal operation
range after confirmation of no Yes Yes Yes Yes
connection
Confirmation that the Power . . . .
. Reconnection Reconnection Reconnection Reconnection
Generating Module shall
after 93.6 s after 105.6 s after 82.4 s after 70.0 s
reconnect
11. Fault level contribution: P

These tests shall be carried out in accordance with EREC G99 Annex A.7.1.5. Please complete each

entry, even if the contribution to the fault level is zero.

Model: AU10KESL-G3

For Inverter output

Time after fault Volts Amps
20ms 51.88 50.27
100ms 47.86 41.67
250ms 48.00 40.30
500ms 47.47 30.24
Time to trip 0.520 In seconds

12. Self-Monitoring solid state switching: No specified test requirements. Refer to Annex A.7.1.6.

It has been verified that in the event of the solid state switching device failing to
disconnect the Power Park Module, the voltage on the output side of the switching
device is reduced to a value below 50 volts within 0.5 s.

N/A

13. Wiring functional tests: If required by para 15.2.1.
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Confirm that the relevant test schedule is attached (tests to be undertaken at time of N/A
commissioning)
14. Logic interface (input port).
Confirm that an input port is provided and can be used to shut down the module. Yes

Logic interface marked ‘COM’ on inverter, the logic interface will take the form of a simple binary output
that can be operated by a simple switch or contactor. When the switch is open the inverter can operate
normally. When the switch is closed, the inverter will reduce its output voltage to below 30V within 30s.

Provide high level description of logic interface, e.g. details in 11.1.3.1 such as AC or Yes
DC signal (the additional comments box below can be used)
15. Cyber security
Yes
Confirm that the Power Generating Module has been designed to comply with cyber Manufacturer’s
security requirements, as detailed in 9.1.7. declaration
provided

Additional comments.

An external emergency stop switch is required. The pins 6 and 7 need to be connected to the normally
open contacts of the emergency switch. When the switch is turned on,the power generation module will
reduce its active power to zero immediately.

—-End---
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Copy of marking plate:

"The artwork below may be only a draft. The use of certification marks on a product must be authorized by
the respective certification body' s that own these marks”.

austo’

Hybrid Inverter
Model:AU7KESL-G3

(Osda

Hybrid Inverter

Model:AU7KESL-G3

PV Input PV Input

Man Input Power 10500W Ma Input Power 10500W

Max Input Voltage 500Vd.c. Ma Input Voltage 500vd.c.

MPPT Voltage Range 150-426Vd.c. MPPT Voltage Range 150-425Vd.c.

Max Input Current 28/28Ad.c. Ma Input Current 28/28Ad.c.

Max Short-Circuits Current 34/34Adc. Man Short-Circuits Current 34/34Ad.c.

Battery Battery

BatteryType Lead-acid or Lithium-ion BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60vd.c. Voltage Range 40-60Vd.c.

Max Charge Current 170Ad.c. Max Charge Current 170Ad.c.

Max Discharge Cument 170Ad.c. Max Discharge Current 170Ad.c.

AC Input/Output AC Input/Output

Rated AC Output Power 7000W Rated AC Output Power 7000W

Rated AC Output Current 30.48ac. Rated AC Output Current 30.4Rac.

Max AC Inp put Power 14000/7700VA Max AC Inp put Power 14000/7700VA

Max AC InputfOutput Current 60.9/335Aac. Max AC Input/Qutput Current 60.9/33.58a.c.

Rated AC Voltage 220/230/240Va.c. Rated AC Voltage 220/230/240Vac.

Rated AC Frequency 50/60Hz Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading - 0.8 Lagging Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output EPS Output

Rated Active Power Tooow Rated Active Power T000W

Peak Output Power 14000W@20s Peak Output Power 14000W@20s

Rated AC Voltage 230Vac. Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz Rated AC Frequency 50/60Hz

Max Qutput Current 30.4Aa.c. Max Qutput Current 30.48a.c.

General Data General Data

Ingress Protection IP&& Ingress Protection IP&&

Operating Temperature -40~+60°C Operating Temperature -40-+60°C

Protective Classe Class| Protective Classe Class|

Topologye PV: Non-isolated BAT: Isolated | Topologye PV: Non-isclated BAT: |solated

This Grid support interactive inverter complies
IEC 621091, IEC 62109-2

AA AT ECE

This Grid support interactive inverter complies
IEC 62109-), IEC 62109-2

A MDA E T8 ECE

CAUTION:
-High voltage, warning electric shock!
-The capacitors store hazardous energy. Do not touch the terminal

or remove the shell within & minutes after all power is disconnected.

-Keep the equipment well ventilated.
-To avoid electric shock and warranty void, do not remove covers.
-No operator serviceable component inside.

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty veid, do not remove covers.
-No operator serviceable component inside.

SIN:

SIN:

Address: 3rd Floor, Building FO005, NO.77, Zhuangxing Road,

Jiangbei District Ningbo,Zhejiang PR.China

Manufacturer: NingBO AUSTA Solar TECH CO.LTD.
LWabsitB: www.austasolar.net

Made in Chip.g,"]'\_}.f{ebsﬂs! www.osdasol.com

Address: Building FOOO0I, No. 77, Zhuangxing Road, Jiangbei
District, Ningbo City, Zhejiang Province, China
Manufacturer: NINGBO QSDA SOLAR CO.LTD.
Made in China/

TRF No. G99/2_V1.0
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austo’

Hybrid Inverter

Model:AU7.6KESL-G3

PV Input

Max Input Power 11400W

Max Input Voltage 500Vd.c.

MPPT Voltage Range 150-428Vd.c.

Max Input Current 28/28Ad.c.

Max Short-Circuits Current 34f34Ad.c.

Battery

BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60Vd.c.

Max Charge Current 180Ad.c.

Max Discharge Cument 180Ad.c.

AC Input/Output

Rated AC Output Power 7600W

Rated AC Output Current 33Aac.

Max AC Inp put Power 15200/8360VA

Max AC InputfOutput Current 661/36.3Rac.

Rated AC Voltage 220/230/240Va.c.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output

Rated Active Power T600W

Paak Output Power 15200W@20s

Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz

Max Output Current 33hac.

General Data

Ingress Protection IP&&

Operating Temperature -40~+40°C

Protective Classe Class|

Topologye PV: Non-isolated BAT: Isolated

(Osda

Hybrid Inverter

Model:AU7.6KESL-G3

PV Input

Max Input Power 1400w

Max Input Voltage 500vd.c.

MPPT Voltage Range 150-425Vd.c.

Max Input Current 28/28Ad.c.

Max Short-Circuits Current 34/34Adc.

Battery

BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60Vd.c.

Max Charge Current 180Ad.c.

Max Discharge Current 1804d.c.

AC Input/Output

Rated AC Qutput Power 7600W

Rated AC Output Current 33Aac.

Max AC Inp put Power 15200/8360VA

Max AC Input/Output Current 66.1/36.38ac.

Rated AC Voltage 220/230/240Vac.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output

Rated Active Power 7600W

Peak Output Power 15200W@20s

Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz

Max Qutput Current 33hac.

General Data

Ingress Protection IP&é

Operating Temperature -40~+60°C

Protective Classe Class|

Topologye PV: Non-isolated BAT: Isolated

This Grid support interactive inverter complies
IEC 62109, IEC 62109-2

A A AE O E

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers.
-No operator serviceable component inside.

SIN:

Address: 3rd Floor, Building FO00B, NO.77, Zhuangxing Road,
Jiangbei District.Ningbo,Zhejiang PR.China
Manufacturer: NingBO AUSTA Solar TECH CO,LTD.

Eﬂl‘absite: www.austasolar.net Made in China /-I

This Grid support interactive inverter complies
IEC 62109-), IEC 62109-2

ANAMD AT T8 ECE

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers.
-Mo operator serviceable component inside.

SIN:

Address: Building FOOO0!, No. 77, Zhuangxing Road, Jiangbei
District, Ningbo City, Zhejiang Province, China
Manufacturer: NINGBO OSDA SOLAR CO,LTD.

L\f{ebsﬂai www.osdasol.com Made in Chiplq /

TRF No. G99/2_V1.0
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austo’

Hybrid Inverter
Model:AUBKESL-G3

PV Input

Max Input Power 12000W

Max Input Voltage 500Vd.c.

MPPT Voltage Range 150-425Vd.c.

Ma Input Current 28/28Ad.c.

Max Short-Circuits Current 34/34Ad.c.

Battery

BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60vde.

Max Charge Current 1904d.c.

Max Discharge Cumrent 190Ad.c.

AC Input/Output

Rated AC Output Power 8000W

Rated AC Output Current 348Rac.

Max AC Inp put Power 16000/8800VA

Max AC InputfOutput Current 69.6/38.3Aa.c.

Rated AC Voltage 220/230/240Vac.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading - 0.8 Lagging
EPS Output

Rated Active Power 8000W

Peak Output Power 16000W@20s

Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz

Max Output Current 34.8Rac.

General Data

Ingress Protection IPés

Operating Temperature -40~+60°C

Protective Classe Class|

Topologye PV: Non-isolated BAT: |solated

This Grid support interactive inverter complies
IEC 62109, [EC 62109-2

A A A& T8 E CE

CAUTION:
-High voltage, warning electric shock!
-The capacitors store hazardous energy. Do not touch the terminal

or remaove the shell within & minutes after all power is disconnected.

-Keep the equipment well ventilated.
-To avoid electric shock and warranty void, do not remove covers.
-No operator serviceable component inside.

SIN:

Address: 3rd Floor, Building FO005, NO.77, Zhuangxing Road,

Jiangbei District. Ningbo,Zhejiang PR.China

Manufacturer: NingBO AUSTA Solar TECH CO.LTD.
[-\_stsite! www.austasolar.net

(Osda

Hybrid Inverter

Model:AUBKESL-G3

PV Input

Max Input Power 12000W

Max Input \Voltage 500vd.c.

MPPT Voltage Range 150-425Vd.c.

Max Input Current 28[28Ad.c.

Max Short-Circuits Current 34f34Ad.c.

Battery

BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60vVd.c.

Max Charge Current 190Ad.c.

Max Discharge Cument 190Ad.c.

AC Input/Output

Rated AC Output Power 8000W

Rated AC Output Current 34BAac.

Max AC Inp put Power 16000/8800VA

Max AC InputfOutput Current 69.6/38.3Ra.c.

Rated AC Voltage 220/230/240Vac.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output

Rated Active Power 8000W

Peak Output Power 16000W@20s

Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz

Max Qutput Current 34.80ac.

General Data

Ingress Protection IP&&

Operating Temperature -40~+60°C

Protective Classe Class |

Topologye PV: Non-isolated BAT: Isolated

Made in Chi["ﬁ/t‘.ﬁebsﬂa: www.osdasol.com

This Grid support interactive inverter complies
IEC 62109-), IEC 62109-2

A MDA E 0D ECE

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers.
-No operator serviceable component inside.

S/N:

Address: Building FO001, No. 77, Zhuangxing Road, Jiangbei

District, Ningbo City, Zhejiang Province, China
Manufacturer: NINGBO OSDA SOLAR CO.LTD.
Made in China/

TRF No. G99/2_V1.0
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austo’

Hybrid Inverter

Model: AUIOKESL-G3

PV Input

Mat Input Power 15000W

Max Input Voltage 500vd.c.

MPPT Voltage Range 150-425Vd.c.

Max Input Current 28/28Ad.c.

Max Short-Circuits Current 3434nd.c.

Battery

BatteryType Lead-acid or Lithium-ien
Voltage Range 40-60Vd.c.

Max Charge Current 210Ad.c.

Max Discharge Current 210Ad.c.

AC Input/Qutput

Rated AC Output Power 1000w

Rated AC Output Current 435Rac.

Max AC Inp put Power 16000/1D00VA

Max AC Input/Output Current 69.6/478Rac.

Rated AC Voltage 220/230/240Va.c.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output

Rated Active Power 10000W

Peak Output Power 20000W@20s

Rated AC Voltage 230Vac.

Rated AC Frequency 50/60Hz

Max Qutput Current 435Aac.

General Data

Ingress Protection IP&&

Operating Temperature -40~+60°C

Protective Classe Class |

Topologye PV: Non-isolated BAT: Isolated

(Osda

Hybrid Inverter

Model:AUIOKESL-G3

This Grid support interactive inverter complies
IEC 621091, IEC 62109-2

A AL C O E CE

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers.
-No operator serviceable component inside.

SIN:

Address: 3rd Floor, Building FO008, NO.77, Zhuangxing Road,

Jiangbei District Ningbo, Zhejiang PR.China

Manufacturer: NingBO AUSTA Solar TECH CO,LTD.
J-;Wabsitef www.austasolar.net

Mada in Chipg,-“'_

PV Input

Max Input Power 15000W

Max Input Voltage 500Vd.c.

MPPT Voltage Range 150-425Vd.c.

Max Input Current 28/28Ad.c.

Max Short-Circuits Current 34/34Ad.c.

Battery

BatteryType Lead-acid or Lithium-ion

Voltage Range 40-60vd.c.

Max Charge Current 210Ad.c.

Max Discharge Cumrent 210Ad.c.

AC Input/Output

Rated AC Output Power 10000W

Rated AC Output Current 4358ac.

Max AC Inp put Power 16000/11000VA

Max AC InputfOutput Current 69.6/47 8hac.

Rated AC Voltage 220/230/240Va.c.

Rated AC Frequency 50/60Hz

Power Factor 0.8 Leading ~ 0.8 Lagging

EPS Output

Rated Active Power 10000W

Peak Qutput Power 20000W@20s

Rated AC Voltage 230Vac.

Rated AC Fregquency 50/60Hz

Max Output Current 435hac.

General Data

Ingress Protection IP&é

Operating Temperature -40~+60°C

Protective Classe Class|

Topologye PV: Non-isolated BAT: |solated
This Grid support interactive inverter complies

IEC 62109-], IEC 62109-2

AN MDA E T8 E CE

CAUTION:

-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remaove covers.
-Mo operator serviceable component inside.

S/N:

Address: Building FO001, No. 77, Zhuangxing Road, Jiangbei
District, Ningba City, Zhejiang Province, China
Manufacturer: NINGBO QSDA SOLAR CO.LTD.

\ }._HBbsila: www.osdasol.com Made in Chinlq,

As Great Britain public Low Voltage Distribution Networks grid code G99 required, only 230 Vac (phase to
neutral conductor voltage) / 50Hz output setting was verified in this test report.

TRF No. G99/2_V1.0
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Test item particulars:

Equipment mobility ..........ccccceiiiiiiiii ... movable hand-held stationary
fixed transportable for building-in
Connection to the Mains..........cccociiiiiiiei . pluggable equipment direct plug-in
permanent connection for building-in
Environmental category ..., . outdoor indoor indoor
unconditional conditional
Over voltage category Mains.........c.cccooeeiriiiencennnnn : ovCl ovcC i ovce il ovC IV
Over voltage category PV ... : ovCl ovCl ovC ovC IV
Mains supply tolerance (%) .......ccoovvvrerenennneeenee . According to the specified supply range
Tested for power systems .........cccoccvevveveeic e : TN
IT testing, phase-phase voltage (V) .....ccccccvevvvrennnn. : N/A
Class of equipmeNt........cccccvviiiie e : Class | Class Il Class llI
Not classified
Mass of equipment (KG) ......cccvverriiniiiinieeee : 29
Pollution degree.........ccovveiiiiiiiiiii e . Outside PD3; Inside PD2
IP protection Class..........ccocvveiiiiiiniiii . 1P66

Possible test case verdicts:

- test case does not apply to the test object ................ : N/A

- test object does meet the requirement ...................... . P (Pass)

- test object does not meet the requirement ................ : F (Fail)

- this clause is information reference for installation....: Info.

Testing:

Date of receipt of testitem........ccccoevciiiiiiii : 2026-5-20 (samples provided by applicant)
Date (s) of performance of tests.........ccccocovviinieennn. : 2026-5-20 to 2026-6-12

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

The information provided by the customer in this report may affect the validity of the results, the test lab is not
responsible for it.

This report is not used for social proof function in China market.

"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a [] comma / [X] point is used as the decimal separator.

Use of uncertainty of measurement for decisions on conformity (decision rule):

No decision rule is specified by this standard, when comparing the measurement result with the applicable
limit according to the specification in that standard. The decisions on conformity are made without applying
the measurement uncertainty (“simple acceptance” decision rule, previously known as “accuracy method”).

Name and address of factory (ies):
AUSTA(JIAXING) SOLAR TECH CO., LTD.
No. 168, Cuijialu, Haiyan County, Jiaxing City, Zhejiang , P.R., China

TRF No. G99/2_V1.0
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General product information:

1.The equipment covered by this report are single phase nonisolated type Hybrid Inverter which will be
installed and connected to the grid network or standalone. The equipment shall be fixed to suitable manner
as specified in the installation instruction.

2.The EUTs contains filters for smoothing the output voltage and for EMC, switching and control circuits.
Electronic circuits are mounted on a number of PCBs interconnected by appropriate connectors and wires.
Power board including electronics components is mounted on the grounded heat sink by metal screw and
spring washe.

3.Electronics components of EUT are mounted on a number of PCBs interconnected by appropriate
connectors and wires. Power board including electronics components is mounted on the metal case which
earthing by metal screw and spring washer.

4.For all models the PV input combiner 2 string MPPT tracers, each MPPT tracer including 1 pair of PV
input terminals. DC battery terminals connected to Battery. AC output direct connected to grid or load and
protective Earthing are provided by dedicated earthing terminals. Grid is protected combination with a two
series of relays as redundant build for ensure the inverter can independent disconnected from gird while a
relay was fault.

5.During fault condition defined in this standard, after the DSP (Digital Signal Processor) receives the
abnormal signal from the relevant protective detection circuit, the relays will operate to disconnect the DC
active lines from grid automatically.

6.The master DSP and slaver MCU have capacity independently to disconnect from gird, when any grid
fault had happened.

7.The maximum ambient temperature permitted by the manufacturer’s specification is 60°C and derate the
output power from 45°C.

Block Diagram

DC/DC Bus capacitor DC/AC

%..

Driver

1]
! 4

Model difference:

The models AU7TKESL-G3, AU7.6KESL-G3, AUSKESL-G3 are identical to model AU10KESL-G3 in
hardware and software except for model name and ratings.

The product was tested on:

Unless otherwise specified, all the tests were performed on model AU10KESL-G3 and also applicable for
all other models stated in this report.

TRF No. G99/2_V1.0
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Firmware version

ARM:31700000801
LCD:31700000802
LLC:31700000803
Control:31700000804
Power:31700001001
1/0:31700001002
Master Dsp: V1.1.3
Software version Slave Dsp: V1.0.0
ARM: V1.1.0

Hardware version
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Ratings of products:

Model list

Model

AU7KESL-
G3

AU7.6KESL-
G3

AUBKESL-
G3

AU10KESL-
G3

PV input ratings

Max.PV input voltage (V)

500

MPPT voltage range (V)

150-425

Max. PV input current(A)

28/28

Max.Short-circuit current (A)

34/34

AC ratings (Grid)

Rated output power (W)

7000

7600

8000

10000

Max. AC output apparent power
(VA)

7700

8360

8800

11000

Rated AC output current (A)

30.4

33.0

34.8

43.5

Max.AC output current (A)

33.5

36.3

38.3

47.8

Rated output voltage (V)

L/N/PE 230

Rated output frequency (Hz)

50

Adjustable power factor (cos)

0.8 leading to 0.8 lagging

AC output ratings (Backup)

Rated output voltage (V)

L/N/PE 220/230/240

Frequency range (Hz)

50/60

Rated output power (W/VA)

7000/7000

7600/7600

8000/8000

10000/10000

Max. output current (A)

30.4

33.0

34.8

43.5

Battery ratings

Battery type

Lead-acid or Li-ion

Battery voltage (V)

40-60

Max charge/discharge current (A)

170/170

180/180

190/190

210/210

Environment limit

Weight (kg)

29

Ingress protection (IP) rating

P66

Operating ambient temperature
range

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

Max. operating altitude (m)

3000

Protective class

C

lass |

Firmware version

Master Dsp: V1.1.3

Slave Dsp: V1.0.0 ARM: V1.1.0

TRF No. G99/2_V1.0




Page 12 of 116 Report No.: 6266862.50A

G99/2
Clause Requirement - Test Result - Remark Verdict
6 CONNECTION APPLICATION -
6.1 General -
6.1.1 This document describes the processes that shall be Info.

adopted for both connection of a single Power
Generating Module and installations that comprise of a
number of Power Generating Modules.

6.1.2 Type A Power Generating Module(s) < 16A per phase Type A Power Generating| N/A
and EREC G98 compliant Module(s) > 16A.
6.1.2.1 A connection procedure to facilitate the connection and N/A

operation of Fully Type Tested Power Generating
Modules with aggregate Registered Capacity of less than
or equal to 16 A per phase in parallel with public Low
Voltage Distribution Network is given in EREC G98 and
is not considered further in this document. These are
referred to as micro-generators.

6.1.3 Power Park Modules

6.1.3.1 Where an installation comprises a single Generating
Unit, the application process, technical and
commissioning requirements are based on the
Registered Capacity of that Generating Unit. Where an
installation comprises multiple Generating Units the
application process, technical and commissioning
requirements will generally be based on the Registered
Capacity of each Power Park Module, and also on the
extent to which each Power Park Module is Type Tested.

6.1.3.2 Where a new Generating Unit is connected to an existing P
installation the treatment of the addition will depend on
the EREC under which the existing installation was
connected. If the existing installation was connected
under EREC G59 or EREC G83 then the new
Generating Unit will be treated as a separate Power Park
Module and managed for compliance with this EREC
G99 as a separate Power Generating Module. If,
however, the existing installation was completed in
compliance with EREC G98 or EREC G99, then the new
Power Park Module must be added to the aggregate
capacity of the complete installation which shall be used
to determine which EREC is applicable.

6.1.4 Synchronous Power Generating Modules N/A
6.1.4.1 Where an installation comprises a single Synchronous Not Synchronous Power N/A
Power Generating Module or multiple Synchronous Generating Modules.

Power Generating Modules, the application process,
technical and commissioning requirements are based on
the Registered Capacity of each Synchronous Power
Generating Module.
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6.1.4.2 Where one or more new Synchronous Power Generating N/A
Module(s) is to be connected to an existing installation
then each new Power Generating Module will be treated
as a separate Synchronous Power Generating Module.
Only the new Power Generating Module will be required
to meet the requirements of this EREC G99 or EREC
G98 if applicable. However, note that if the aggregated
capacity of all the Power Generating Modules in the
Power Generating Facility (ie the Registered Capacity of
the Power Generating Facility) reaches the threshold for
large as defined in the Grid Code (ie 10 MW in the north
of Scotland; 30 MW in the south of Scotland, 100 MW in
England and Wales), then the Generator will have to
ensure compliance with relevant parts of the Grid Code.
Similarly if the Registered Capacity of a Power
Generating Facility in England and Wales is 50 MW or
more, the Generator will have to comply with paragraphs

6.4.4 and 13.8.
6.1.5 lllustrative examples Info.
6.1.5.1 Table 6.1 is provided to illustrate some of the connection Info.

scenarios and the EREC requirements.

6.1.5.2 In respect of Table 6.1 the aggregate Registered Info.
Capacity of all the Power Generating Modules in the
Power Generating Facility will be taken into account
when the DNO considers the effect of the connection on
the Distribution Network.

6.1.6 Interaction with the ISOP N/A

6.1.6.1 It should be noted that if the aggregate Registered N/A
Capacity of all Power Generating Module (synchronous
together with asynchronous) on one or more sites in
common ownership is >50 MW, then the Generator
becomes licensable.

6.1.6.2 Generators with an agreement with the ISOP may be N/A
required to comply with applicable requirements of the
Grid Code. Where Grid Code requirements apply, it is
the Generator’s responsibility to comply with the relevant
parts of both the Distribution Code and Grid Code.

6.1.6.3 In the case where the Generator has a Bilateral N/A
Embedded Generation Agreement (BEGA) with the
ISOP, the Generator shall demonstrate compliance with
this EREC G99 to the DNO, and any additional Grid
Code compliance requirements shall be demonstrated by
the Generator to the ISOP. In these cases the Generator
will make the Generator’s interim and final PGMD, and/or
the Generator’s FON, available to the ISOP on request.
The ISOP may seek confirmation from the DNO of the
compliance status of the Power Generating Module as
recorded on the Generator's PGMD.
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6.1.6.4 In some cases the Grid Code requirements may be N/A
different to those in Sections 12-13 of this EREC G99. In
these cases the DNO and the ISOP may agree to apply
the Grid Code requirements in substitution for the G99
requirements. In these cases, the DNO will record these
exceptions in the Connection Agreement, and the
compliance with those requirements will be assessed by
the ISOP.

6.1.6.5 In the case of an embedded large power station, the N/A
ISOP will be responsible for confirming the Generator’s
compliance with all Grid Code requirements. In general
this will mean that the requirements of Sections 12-13,
17, 18 and parts of Section 19 of this EREC G99 will be
superseded by the equivalent requirements in the Grid
Code. The DNO will remain responsible for ensuring the
Generator’s compliance with the remaining parts of this

EREC G99.
6.1.6.6 See also section 6.2.4.6 regarding the issuing of FONs N/A
6.2 Application for Connection P
6.2.1 Information about the Power Generating Module(s) is P

needed by the DNO so that it can assess the effect that
a Power Generating Facility may have on the Distribution
Network. This document details the parameters to be
supplied by a Generator wishing to connect Power
Generating Module(s) that do not comply with EREC
G98 to a Distribution Network. This document also
enables the DNO to request more detailed information if

required.
6.2.2 Small Generation Installation procedures N/A
6.2.21 Where, typically in a domestic, or similarly small Low N/A

Voltage installation, the Generator wishes to install one
or more small Generating Units where the Intrinsic
Design Capacity of all existing and intended Generating
Units is not greater than 32 A per phase, the provisions
of the appropriate Small Generation Installation
procedure can be followed provided that the Generator’s
Installation meets the appropriate conditions set out
below. Different connection procedures apply depending
on the exact capacities and capabilities of the
Generating Units and control equipment installed, as
summarised in the table below:

o EREC
Aoplication A':r:rt‘:‘i'r“";i'ﬁa' Allindividual | Aggregate of | G100
P‘:gce e Desian Registered | Registered | limitation

Capac?ﬁ "< | Capacities | Capacities | scheme
required?

EREC G98 10 <16 A <16 A No

EREC G99 SGI-1 =32A 16 A =18 A No

EREC G99 SGI-2 <32A <16 A <32A 16 A

EREC G99 SGI-3 =32A =32A <60 A 32A
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6.2.2.2 Small Generation Installation Procedure-1 N/A

(a) This procedure SGI-1 applies where the following
conditions are met:

1. The new and existing Generating Units are located in
a single Generator’s Installation;

2. All of the Generating Units (including Electricity
Storage devices) are connected via EREC G98 or G99
Fully Type Tested inverters;11

3. The Intrinsic Design Capacity of each Generating Unit
is no more than 32 A;

4. Any Generating Unit with an Intrinsic Design Capacity
of greater than16 A has its Registered Capacity limited to
16 A; and

5. The total aggregate Registered Capacities of all
Generating Units (including Electricity Storage devices)
is no more than 16 A per phase;

(b) If all the conditions above are satisfied, the Generator
can install and commission all the Power Generating
Modules and shall submit notification in the format as
shown in Form A3-3 (Annex A.1). Note that the DNO
may provide a method of submitting this information
electronically on line etc.

(c) If the Generator wishes to increase the Active Power
output of one or more Generating Units comprising the
Power Generating Module from its current Registered
Capacity such that condition 4 above is no longer
satisfied, ie to change or remove the limitation on output,
an application in a format as shown in Form A1-1 or
Form A1-2 (as applicable and included in Annex A.1)
shall be submitted to the DNO.
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6.2.2.3 (a) This procedure SGI-2 applies where the Generator N/A
wishes to install one or more Generating Units and the
following conditions, which are essentially the conditions
that were applicable for the “Integrated Micro Generation
and Storage” procedure in previous versions of EREC
G99, are met:

1. The new and existing Generating Units are located in
a single Generator’s Installation;

2. All of the Generating Units (including Electricity
Storage devices) are connected via EREC G98 or G99
Fully Type Tested inverters;12

3. The Intrinsic Design Capacity of each new and
existing Generating Unit is no more than 32A per phase;

4. The Registered Capacity of each new and existing
Generating Unit is no more than 16A per phase;

5. The total aggregate Registered Capacities of all the
Generating Units (including Electricity Storage devices)
is less than 32 A per phase; and 6. An EREC G100 Fully
Type Tested export limitation scheme is present that
limits the export from the Generator’s Installation to the
Distribution Network to no more than 16 A per phase.

(b) If all the conditions above are satisfied, the Generator
should complete an application in a format as shown in
Form A1-2 (Annex A.1). Note that the DNO may provide
a method of submitting this information electronically on
line etc.

(c) The DNO will assess the application. No Power
Generating Modules should be installed or
commissioned before this DNO assessment is

complete and the Generator has been advised of the
outcome of this assessment. The DNO will provide the
results of the assessment within 10 working days of
receiving the application in (b) above. Given the lower
limit of Registered Capacities allowed in this procedure
SGI-2 compared to that of SGI-3, the DNO will generally
apply less complex checks than in

procedure SGI-3.

(d) The planned commissioning date stated on the
application form shall be between 10 working days and 3
months from the date that the application is submitted to
the Distribution Network Operator. Confirmation of the

commissioning of each Power Generating Module shall
be made no later than 28 days after commissioning
(where tests and checks are not withessed in
accordance with 16.3.1). Confirmation shall be provided
in a format as shown in Form A3-2 (Annex A.3).

(e) If, at (c) above, the DNO determines that further
analysis is required before a connection offer can be
made, the DNO will confirm this. This confirmation
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ends the SGI-2 process for this application which will
then be progressed in line with the DNO’s standard
application process. No Power Generating Modules
should be installed or commissioned before the standard

application process completes.
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6.2.2.4 (a) This procedure SGI-3 applies where the following N/A
conditions are met:

1. The new and existing Generating Units are located in
a single Generator’s Installation;

2. All of the Generating Units (including Electricity
Storage devices) are connected via EREC G98 or EREC
G99 Fully Type Tested inverters;13

3. The Intrinsic Design Capacity of each new and
existing Generating Unit is no more than 32 A.

4. The total aggregate Registered Capacities of all the
Generating Units (including Electricity Storage devices)
is less than 60 A per phase; and

5. An EREC G100 Fully Type Tested export limitation
scheme is present that limits the export from the
Generator’s Installation to the Distribution Network to 32
A per phase.

6. Condition 5 above can be waived if the aggregate of
the Registered Capacities of the Power Generating Units
is no more than 32 A.

(b) If all the conditions above are satisfied, the Generator
should submit an application in a format as shown in
Form A1-2 (Annex A.1). Note that the DNO may provide
a method of submitting this information electronically on
line etc.

(c) The DNO will make an initial assessment of the
application. No Power Generating Modules should be
installed or commissioned before this initial DNO
assessment is complete and the Generator has been
advised of the outcome of this initial assessment. The
DNO will confirm within 10 working days of the
submission whether it is necessary for the DNO to
undertake site specific analysis of the application, taking
into account the Intrinsic Design Capacities, the
aggregated Registered Capacities of the Generating

Units and the local network conditions. Where the DNO
has identified there is a need for further analysis, no
further submission of information is required, but
installation and commissioning must not proceed until
the DNO has established if it is necessary to upgrade the
network, and whether such work may be chargeable to
the Generator, if the Generator wishes to go ahead

with the installation.

(d) The planned commissioning date stated on the
application form shall be between 10 working days and 3
months from the date that the application is submitted to
the DNO. Confirmation of the commissioning of each
Power Generating Module shall be made no later than
28 days after commissioning (where tests and checks
are not witnessed in accordance with 16.3.1).
Confirmation shall be provided in a format as shown in
Form
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A3-2 (Annex A.3).
6.2.3 Power Generating Facilities which include Type A Power P
Generating Modules
6.2.3.1 For Type A Power Generating Modules the compliance, |Type A Power Generating P

testing and commissioning requirements are detailed in | Modules.
Section 16 of this EREC G99.

6.2.3.2 The Generator should apply to the local DNO for P
connection using the DNO’s Standard Application Form
(available from the DNO'’s website). On receipt of the
application, the DNO will assess whether any Distribution
Network studies are required and whether there is a
requirement to witness the commissioning tests. In some
cases studies to assess the impact on the Distribution
Network may need to be undertaken before a firm
quotation can be provided to the Generator. On
acceptance of the quote, any works at the connection
site and any associated facilitating works will need to be
completed before the Power Generating Module can be
commissioned. On successful completion of the
commissioning tests, the DNO will sanction permanent
energisation of the Power Generating Module in
accordance with Section 16 of this EREC G99.

6.2.4 Power Generating Facilities which include Type B, Type |Type A Power Generating N/A
C or Type D Power Generating Modules Modules
6.2.4.1 The connection process is similar to that described in N/A

paragraph 6.2.2 above, although detailed system studies
will almost certainly be required and consequently the
Generator might need to provide additional information.
The information should be provided using the Standard
Application Form (generally available from the DNO’s
website). The data that will generally be required is
defined in the Distribution Code, Data Registration Code
(DDRC), Schedules 5a, 5b and 5c.

6.2.4.2 For Type B and Type C Power Generating Modules the N/A
compliance, testing and commissioning requirements are
detailed in Sections 17 and 18 respectively of this EREC
G99. On successful completion of a Type B or Type C
Power Generating Module Document the DNO will issue
a Final Operational Notification to the Generator.

6.24.3 For a Type D Generating Unit, once all the relevant N/A
documents have been provided to the DNO to its
satisfaction, the DNO will issue an Energisation
Operational Notification to the Generator followed by an
Interim Operational Notification and a Final Operational
Notification. This staged process is described further in
Section 19 of this EREC G99.

6.24.4 Generators who own Type B and Type C Power N/A
Generating Modules do not have permanent rights to
operate their Power Generating Modules without a valid
Final Operational Notification which will be issued by the
DNO following completion of the commissioning tests
and process, refer to paragraphs 17.4.3 and 18.4.3.
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6.2.4.5

Generators who own Type D Power Generating Modules
do not have rights to operate their Power Generating
Modules without either:

(a) avalid Final Operational Notification, refer to
paragraph 19.5.4;

(b) an Interim Operational Notification, refer to
paragraph 19.3.6; or

(c) a Limited Operational Notification, refer to
paragraph 19.6.4.1.

N/A

6.3

System Analysis for Connection Design Type A, Type B, Type C and Type D

Info.

6.4

Provision of Information

Info.

CONNECTION ARRANGEMENTS

71

Operating Modes

7.1.1

Power Generating Modules may be designed for one of
three operating modes. These are termed long-term
parallel operation, infrequent short-term parallel
operation and switched alternative-only operation. In the
case that a Power Generating Module is designed to
switch between these modes of operation, it must be
designed to comply with the requirements for each
mode.

Long-Term Parallel
Operation.

Equipment other than Generating Units (eg traction
loads, lift motors etc) may act as a short term source of
energy, and inject electrical energy into the Customer’s
Installation when they operate in a regenerative mode. In
general EREC G99 will not apply as there will be no
need to make any specific design accommodation for
such equipment as it is unlikely that they will support any
possible power island for a significant length of time.
Where such equipment can act as a source of electrical
energy for more than a few seconds (say typically 20 s),
the DNO will advise the Customer if the Customer’s
Installation requires any special consideration such as
reverse power protection on a case by case basis.

N/A

In general the technical requirements in EREC G99 will
not apply for non-controllable storage technology such
as synchronous compensators and synchronous
flywheels. This is because there will be no need to make
any specific design accommodation for such equipment
as it is unlikely that they will support any possible power
island for a significant length of time. Where such
equipment can act as a source of electrical energy for
more than a few seconds (say typically 20 s), the DNO
will advise the Customer if the Customer’s Installation
requires any special consideration, such as reverse
power protection or short circuit current contribution
assessment, on a case by case basis.

N/A

7.2

Long-Term Parallel Operation
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7.2.1 This refers to the frequent or long-term operation of P
Power Generating Modules in parallel with the
Distribution Network. Unless otherwise stated, all
sections in this EREC G99 are applicable to this mode of

operation.
7.3 Infrequent Short-Term Parallel Operation N/A
7.4 Switched Alternative-Only Operation N/A
7.5 Phase Balance of Type A Power Generating Module output at LV P
7.5.1 Connection of single phase Power Generating Modules N/A

may require Distribution Network reinforcement and
extension before commissioning for technical reasons
(such as voltage issues and unacceptable phase
imbalance) depending on the point of connection and
Distribution Network design.

7.5.2 A solution to these voltage issues and phase imbalance | Single-phase grid- N/A
issues may be to utilise 3-phase Power Generating connected PV inverter.
Modules or to use multiple single phase Power

Generating Modules connected across three phases.

7.5.3 Where single phase Power Generating Modules are N/A
being used the Generator should design the installation
on a maximum unbalance output of 16 A between the
highest and lowest phase.

754 In order to illustrate this requirement examples of Info.
acceptable and unacceptable connections have been
given in Annex A.5.

7.6 Type A Power Generating Module capacity for single and split LV phase P
supplies
7.6.1 The maximum aggregate capacity of Power Generating N/A

Modules that can be connected to a single-phase supply
is 17 kW. The maximum aggregate capacity of Power
Generating Modules that can be connected to a split
single-phase supply is 34 kW.

7.6.2 There is no requirement to provide intertripping between N/A
single phase Inverters where these are installed on multi-
phase supplies up to a limit of 17 kW per phase (subject
to balance of site output as per Section 7.5). A single
phase 17 kW connection may result in an imbalance of
up to 17 kW following a Distribution Network or Power
Generating Module outage. However, the connection
design should result in imbalance under normal
operation to be below 16 A between phases as noted
above.
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7.6.3 Power Generating Facilities with a capacity above 17 kW P
per phase are expected to comprise three phase units.
The requirement to disconnect all phases following a
fault in the Generator’s Installation or a Distribution
Network outage applies to three phase the Power
Generating Modules only and will be tested as part of the
compliance testing of the Power Generating Module. In
some parts of the country where provision of three phase
networks is costly then the DNO may be able to provide
a solution using single or spilt phase networks for Power
Generating Facilities above the normal limits as set out

above.
7.7 Voltage Management Units in Generator’s premises P
7.71 Voltage Management Units are becoming more popular Info.

and use various methods, in most cases, to reduce the
voltage supplied from the DNO’s Distribution Network
before it is used by the Generator. In some cases where
the DNQ'’s Distribution Network voltage is low they may
increase the voltage supplied to the Generator. Some
technologies are only designed to reduce voltage and
cannot increase the voltage.

7.7.2 The use of such equipment has the advantage to the Info.
Generator of running appliances at a lower voltage and
in some cases this can reduce the energy consumption
of the appliance. Some appliances when running at a
lower voltage will result in higher current consumption as
the device needs to take the same amount of energy
from the system to carry out its task.

7.7.3 If a Voltage Management Unit is installed between the N/A
Connection Point and the Power Generating Module in a
Generators Installation, it may result in the voltage at the
Generator side of the Voltage Management Unit
remaining within the limits of the protection settings
defined in Table 10.1 while the voltage at the Connection
Point side of the unit might be outside the limits of the
protection settings. This would negate the effect of the
protection settings. Therefore, this connection
arrangement is not acceptable and all Power Generating
Modules connected to the DNO’s LV Distribution
Network under this Engineering Recommendation must
be made on the Connection Point side of any Voltage
Management Unit installed in a Generator’s Installation.
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7.7.4 Generators should note that the overvoltage setting P
defined in Table 10.1 is 4% above the maximum voltage
allowed for the voltage from the DNO’s Distribution
Network under the ESQCR and that provided they have
designed their installation correctly there should be very
little nuisance tripping of the Power Generating Module.
Frequent nuisance tripping of a Power Generating
Module may be due to a fault in the Generator’s
Installation or the operation of the DNO’s Distribution
Network at too high a voltage. Generators should satisfy
themselves that their installation has been designed
correctly and all Power Generating Modules are
operating correctly before contacting the DNO if
nuisance tripping continues. Under no circumstances
should they resort to the use of Voltage Management
Units installed between the Connection Point and the
Power Generating Module.

7.8 Power Generating Module Sharing System N/A

7.8.1 This section describes the additional requirements where N/A
a Generator provides Active Power to two or more
independent Customers connected at Low Voltage via
equipment designed to share the power generated by
Power Generating Module(s) under a sharing
arrangement.

7.8.2 In such a sharing arrangement the Power Generating N/A
Module(s) are connected to each separate Customers’
Installation and power flow through these connections is
arranged such that output from the Power Generating
Module(s) is shared between them.

7.8.3 The owner of the Power Generating Module is, for the N/A
purposes of this EREC G99, the Generator. The
Generator need not have a direct electrical connection to
the DNOQO’s Distribution Network. In some cases the
connection will only be via the relevant Customers’
Installations. In all cases the Generator shall have a
suitable contract with the DNO for the installation and
operation of the Power Generating Module.

7.8.4 All Customers served by a Power Generating Module N/A
sharing arrangement must be connected to the same
section of the DNQO'’s Distribution Network (ie supplied
via a single set of Low Voltage fuses at the DNO’s
substation or equivalent) and also have the same
earthing arrangements (eg all be PME or all be SNE).
Normally all the Customers’ Installations will be within a
single building. Any use of a sharing arrangement
outside of a single building must be specifically agreed
with the DNO.

7.8.5 Where Power Generating Module output sharing is N/A
intended, the following requirements apply:
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7.8.5.1 The Generator is responsible for ensuring compliance N/A
with all the relevant requirements of this EREC G99,
including specifically the requirements of this section
7.8.5.

7.8.5.2 The equipment/installation shall be designed and N/A
constructed such that all protection in each Customers’
Installation and the Generator’s Installation will operate
correctly by design for faults anywhere on the
Generator’s Installation and Customers’ Installations.
Such protection shall also comply with the requirements
of BS 7671. Particular attention should be paid to ensure
that all parts of the Customer’s Installation and the
Generator’s Installation that are within the protection
zone of the DNO’s cut-out fuse are adequately protected.

7.8.5.3 The equipment/installation shall be designed such that N/A
no Active Power can flow from any Customer’s
Installation towards the Power Generating Module, ie to
prevent Active Power flowing from one Customer’s
Installation to another or from one Customer’s
Installation to the Generator’s Installation. This restriction
does not include any Active Power flow that is used
purely for maintaining the equipment implementing the
sharing arrangement in an operational state when the
Power Generating Module is generating insufficient
Active Power, ie the sharing arrangement equipment's
parasitic demand: for example that required by a PV
sharing arrangement in its quiescent state at night.

7854 An exception to section 7.8.5.3 is allowed where the N/A
Generator has incorporated Electricity Storage into the
Power Generating Module. In this case the Generator
will arrange, and demonstrate, that the Active Power flow
into the Electricity Storage component matches the
aggregate Active Power flowing from the Generator’s
Installation and all the relevant Customer’s Installations
at all times. Under these circumstances all Active Power
flows between the components of the sharing
arrangement and the Customers’ Installations shall be in
the same direction, ie towards the Electricity Storage
component. If there is a mismatch in aggregate flows or
direction the charging of the Electricity Storage shall
cease immediately and an alarm raised.

7.85.5 If a Customer’s Installation becomes de-energized from N/A
the DNO’s Distribution Network the equipment shall
detect this condition and disconnect the Power
Generating Module from that Customer’s Installation.

7.8.5.6 Synchronizing facilities shall be in place and N/A
synchronising checks carried out that check for correct
phasing each and every time a Customer’s Installation is
to be connected to the Generator’s Installation. The
detection of incorrect phasing shall trigger an alarm.
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7.8.5.7 In situations where the power sharing arrangement N/A
results in export of Active Power from the Customers’
Installations to the DNO'’s Distribution Network, the
exported Active Power flows to the DNO’s Distribution
Network shall be arranged to be balanced between the
relevant Customers’ Connection Points. The
characteristics of the distribution of exported Active
Power shall be specified in the application, and the
export per phase per Customer must not exceed 32A.

7.8.5.8 All communication channels, ie those between the N/A
components of the equipment used to implement the
sharing arrangement, and between those components
and any part of Customers’ Installations, shall be actively
monitored, and failure of communication channels shall
lead to the appropriate failsafe action, ie disconnection of
the Power Generating Module from the relevant
Customer’s Installation or the complete shut down of the
Power Generating Module as appropriate, together with
triggering an alarm.

7.8.5.9 If any of the following are detected: N/A

(a) An Active Power flow from any Customer’s
Installation towards the Power Generating Module (apart
from the parasitic demand referred to in 7.8.5.3 above);

(b) A mismatch between the aggregate Active Power
flow from the Generator’s Installations to the Customers’
Installation and to any Electricity Storage component of
the Power Generating Module as described in section
7.8 5.4,

(c) An out of phase condition, as described in section
7.8.5.6; or

(d) A failure of any communication channel as described
in section 7.8.5.8 an alarm shall be raised and
communicated to the Generator.

7.8.5.10 [Earthing arrangements shall be in accordance with BS N/A
7671.
7.8.5.11 [The Power Generating Module sharing arrangement N/A

shall be capable of being switched off by the Generator
and disconnected via lockable isolation devices from all
Customers’ Installations.
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7.8.5.12 [In addition to the requirements of Section 14 ownership N/A
and operational boundaries, and the means of isolation
of the Power Generating Module(s) and the connections
between the Generator’s Installation and the Customer’s
Installation, shall be clear for every Customer, the
Generator, the DNO and for any operator of the network
in a shared building. Appropriate labels shall be affixed
at each Customer’s service position. A single line
diagram of the overall installations shall be posted in the
Generator’s Installation and at each Customer’s service
position. As well as the standard signage requirements
of section 14.2 the following provisions shall apply:

(a) The generation sharing equipment itself should be
clearly labelled.

(b) There should be a specific warning label affixed at
each Customer’s metering position, each Customer’s
consumer unit. These labels shall make it clear that the
equipment is supplied from more than one source of
energy.

(c) Depending on the Manufacturer’s instructions and
installation design additional labels may be required to
identify generation sharing neutral connections and any
current transformers installed for the generation sharing
installation.

(d) Where there is more than one set of generation
sharing equipment within the installation, cross-
referencing shall be used on relevant labels to identify
which generation sharing equipment supplies each

Customer.
8 EARTHING
8.1 General
8.1.1 The earthing arrangements of the Power Generating

Module shall satisfy the requirements of DPC4 of the
Distribution Code.
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8.1.2 The figures included in section 8 are summarised here: P
Connection | Operating | Typical Installation Type Figure
Voltage Mode
HV om4 Industrial/commercial HV generation 8.1
HV OM1 Industrial/commercial HV generation 8.2
HV oM2 Industrial/commercial HV generation 83
HV OoM2 Industrial/commercial HV generation 8.4
HV oM2 Industrial/commercial LV generation in HV 85
system
HV om2 Industrial/commercial 8.6
LV omM4 Industrial/commercial 8.7
Lv OoM1 Industrial/commercial 88
Lv omM2 Industrial/commercial 89
LV OoM2 Industrie_ll/commercia\ non-synchronous 8.10
generation
LV oM2 Industrial/commercial single phase non- 8.1
synchronous generation
LV OM1 Domestic single phase non-synchronous 8.12
LV oM2 Domestic single phase non-synchronous — 8.13
all Demand islanded
LV oM2 Domestic single phase non-synchronous — 8.14
only essential Demand islanded
Lv OoM3 Industrial/commercial 8.15
8.2 Power Generating Modules with a Connection Point at HV N/A
8.3 Power Generating Modules with a Connection Point at LV P
8.3.1 LV Distribution Networks are always solidly earthed, and P

the majority are multiple earthed. Design practice for
protective multiple earthing is detailed in the Energy
Networks Association publications including Engineering
Recommendation G12, and in the references contained
in those publications.

8.3.2 The winding configuration and method of earthing P
connection shall be agreed with the DNO.

8.3.3 In addition, where the Power Generation Facility’s P
Connection Point is at Low Voltage the following shall
apply: Where an earthing terminal is provided by the
DNO it may be used by a Power Generation Facility for
earthing the Power Generating Module, provided the
DNO earth connection is of adequate capacity.

9 NETWORK CONNECTION DESIGN AND OPERATION
9.1 General Criteria
9.1.1 As outlined in Section 5, DNOs have to meet certain

statutory and Distribution Licence obligations when
designing and operating their Distribution Networks.
These obligations will influence the options for
connecting Power Generating Modules.

TRF No. G99/2_V1.0



Page 28 of 116 Report No.: 6266862.50A

G99/2

Clause Requirement - Test Result - Remark Verdict

9.1.2 The technical and design criteria to be applied in the P
design of the Distribution Network and Power Generating
Module connection are detailed in this document and
DPC 4 of the Distribution Code. The criteria are based
upon the performance requirements of the Distribution
Network necessary to meet the above obligations.

9.1.3 The Distribution Network, and any Power Generating P
Module connection to that network, shall be designed:

(a) to comply with the obligations (to include security, P
frequency and voltage; voltage disturbances and
harmonic distortion; auto reclosing and single phase
protection operation).

(b) according to design principles in relation to P
Distribution Network’s plant and equipment,
earthing, voltage regulation and control, and
protection as outlined in DPC4, subject to any
Modification to which the DNO may reasonably
consent.

9.1.4 Power Generating Modules should meet a set of P
technical requirements in relation to its performance with
respect to frequency and voltage, control capabilities,
protection coordination requirements, Phase (Voltage)
Unbalance requirements, neutral earthing provisions,
islanding and Black Start Capability as applicable. The
technical connection requirements in this chapter are
common to all Power Generating Modules.

9.1.5 In addition requirements for Type A Power Generating Type A Power Generating P
Modules are detailed in Section 11. Requirements for Modules fulfil with Section
Type B Power Generating Modules are detailed in 11.

Section 12. Requirements for Type C and Type D Power
Generating Modules are detailed in Section 13.

9.1.6 The Reactive Power and voltage control requirements P
are given in Section 11, Section 12 and Section 13 for
Type A Power Generating Modules, Type B Power
Generating Modules, and Type C and Type D Power
Generating Modules respectively. They are summarised
in Table D.4 for information.

9.1.7 Every Power Generating Module and any associated Compliance of cyber P
equipment must be designed and operated appropriately |security is responsible for
to comply with cyber security requirements. The client and evaluated by
Generator shall consider all cyber security risks manufacturer.

applicable to the Power Generating Module in terms of
the communication between any energy management
system etc and also in terms of interaction with any
system of the Manufacturer for product management.
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9.1.8 The Generator shall provide information describing the Manufacturer’s declaration P
high level cyber security approach, as well as the provided for ETSI EN 303

specific cyber security requirements complied with. The |645.
statement will make appropriate reference to the Power
Generating Facilities compliance with:

e ETSIEN 303 645;

e relevant aspects of PAS 1879 “Energy smart
appliances — Demand side response operation —
Code of practice”;

e relevant aspects of “Distributed Energy Resources —
Cyber Security Connection Guidance” published by
BEIS and the ENA;

e Any other relevant standard that has been
incorporated in the design of the Power Generating
Module.

9.2 Network Connection Design for Power Generating Modules

9.3 Step Voltage Change and Rapid Voltage Change

9.4 Power Quality

9.41 Introduction

TU|V|T| T[T

94.1.1 The connection and operation of Power Generating
Modules may cause Phase (Voltage) Unbalance and/or
a distortion of the Distribution Network voltage waveform
resulting in voltage fluctuations and harmonics.

9.4.2 Flicker

94.2.1 Where the input motive power of the Power Generating
Module may vary rapidly, causing corresponding
changes in the output power, flicker may result. The
operation of a Power Generating Module including
synchronisation, run-up and desynchronisation shall not
result in flicker that breaches the limits for flicker that is
non-compliant with EREC P28.

9.4.22 The supply impedance of the Distribution Network needs P
to be considered to ensure that the emissions produced
by the Power Generating Module do not cause a
problem on the Distribution Network.

9423 For Power Generating Modules up to 17 kW per phase P
or 50 kW three phase voltage step change and flicker
measurements as required by BS EN 61000-3-11 shall
be made and recorded in the test declaration form A2-1
or form A2-3 as applicable for the Power Generating
Module. The DNO will use these declared figures to
calculate the required maximum supply impedance
required for the connection to comply with EREC P28.
This calculation may show that the voltage fluctuations
will be greater than those permitted and hence
reinforcement of the Distribution Network may be
required before the Power Generating Module can be
connected. Detailed testing requirements are described
in Annex A.7.

TRF No. G99/2_V1.0



Page 30 of 116

Report No.: 6266862.50A

G99/2

Clause

Requirement - Test

Result - Remark

Verdict

9.4.3

Harmonic Emissions

9.4.3.1

Harmonic currents produced within the Generator’'s
system and modification of the harmonic impedance
caused by the addition of the Generator’s installation
may cause excessive harmonic voltage distortion in the
Distribution Network. The Generator’s Installation must
be designed and operated to comply with the planning
criteria for harmonic voltage distortion as specified in
EREC G5. EREC G5, like all planning standards
referenced in this recommendation, is applicable at the
time of connection of additional equipment to a
Generator’s Installation.

9.43.2

For Power Generating Modules of up to 17 kW per
phase or 50 kW three phase harmonic measurements as
required by BS EN 61000-3-12 shall be made and
recorded in the test declaration form A2-1 or form A2-3
as applicable for the Power Generating Module. The
DNO will use these declared figures to calculate the
required maximum supply impedance required for the
connection to comply with BS EN 61000-3-12 and will
use this data in their design of the connection for the
Power Generating Module. This standard requires a
minimum ratio between source fault level and the size of
the Power Generating Module, and connections in some
cases may require the installation of a transformer
between 2 and 4 times the rating of the Power
Generating Module in order to accept the connection to a
DNO'’s Distribution Network. Detailed testing
requirements are described in Annex A.7

9.43.3

Where the Power Generating Module is connected via a
long cable circuit the likelihood of a resonant condition is
greatly increased, especially at 132 kV. This arises from
the reaction of the transformer inductance with the cable
capacitance. Resonance is likely in the low multiples of
the fundamental frequency (8th-11th harmonic). The
resonant frequency is also a function of the Total System
fault level. If there is the possibility that this can change
significantly eg by the connection of another Power
Generating Module then a full harmonic study should be
carried out.

N/A

9.4.4

Voltage imbalance
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94.4.1 EREC P29 is a planning standard which provides limits P
for voltage unbalance caused by uneven loading of three
phase supply systems. Power Generating Modules
should be capable of performing satisfactorily under the
conditions it defines. The existing voltage unbalance on
an urban Distribution Network rarely exceeds 0.5% but
higher levels, in excess of 1%, may be experienced at
times of high load and when outages occur at voltage
levels above 11 kV. 1% may exist continuously due to
unbalance of the system impedance (common on remote
rural networks). In addition, account can be taken of the
neutralising effect of rotating plant, particularly at 11 kV
and below. BS EN 50160 contains details of the
variations and disturbances to the voltage which shall be
taken into account in selecting equipment from an
appropriate specification for installation on or connected
to the Distribution Network.

9.4.4.2 The level of voltage unbalance at the Point Of Common P
Coupling should be no greater than 1.3% for systems
with a nominal voltage below 33 kV, or 1% for other
systems with a nominal voltage no greater than 132 kV.
Overall, voltage unbalance should not exceed 2% when
assessed over any one minute period. EREC P29, like
all planning standards, is applicable at the time of
connection.

9.4.4.3 For Power Generating Facilities of 50 kW or less Section P
7.5 of this document specifies maximum unbalance of
Power Generating Modules. Where these requirements
are met then no further action is required by the
Generator.

9.4.5 Power Factor correction equipment is sometimes used P
with Power Park Modules to decrease Reactive Power
flows on the Distribution Network. Where the Power
Factor correction equipment is of a fixed output, stable
operating conditions in the event of loss of the DNO
supply are extremely unlikely to be maintained, and
therefore no special protective actions are required in
addition to the standard protection specified in this

document.
9.4.6 DC Injection
9.4.6.1 The effects of, and therefore limits for, DC currents See appended table.

injected into the Distribution Network is an area currently
under investigation. Until these investigations are
concluded the limit for DC injection is less than 0.25% of
the AC rating per Power Generating Module.

9.4.6.2 The main source of these emissions are from P
transformer-less Inverters. Where necessary DC
emission requirements can be satisfied by installing a
transformer on the AC side of an Inverter.

9.5 System Stability P

TRF No. G99/2_V1.0



Page 32 of 116 Report No.: 6266862.50A

G99/2

Clause Requirement - Test Result - Remark Verdict

9.5.1 Instability in Distribution Networks may result in P
unacceptable quality of supply and tripping of
Generator’s plant. In severe cases, instability may
cascade across the Distribution Network, resulting in
widespread tripping and loss of demand and generation.
There is also a risk of damage to plant.

9.5.2 In general, System Stability is an important consideration P
in the design of Power Generating Module connections
to the Distribution Network at 33 kV and above. Stability
considerations may also be appropriate for some Power
Generating Module connections at lower voltages. The
risks of instability generally increase as Power
Generating Module capacity increases relative to the
fault level infeed from the Distribution Network at the
Connection Point.

9.5.3 System Stability may be classified into several forms, P
according firstly to the main system variable in which
instability can be observed, and secondly to the size of
the system disturbance. In Distribution Networks, the
forms of stability of interest are rotor angle stability and
voltage stability.

9.5.3.1 Rotor angle stability refers to the ability of synchronous N/A
machines in an interconnected system to remain in
Synchronism after the system is subjected to a
disturbance.

9.56.3.2 Voltage stability refers to the ability of a system to P
maintain acceptable voltages throughout the system
after being subjected to a disturbance.

9.5.3.3 Both rotor angle stability and voltage stability can be P
further classified according to the size of the disturbance.

9.5.34 Small-disturbance stability refers to the ability of a P
system to maintain stability after being subjected to small
disturbances such as small changes in load, operating
points of Power Generating Modules, transformer tap-
changing or other normal switching events.

9.5.3.5 Large-disturbance stability refers to the ability of a P
system to maintain stability after being subjected to large
disturbances such as short-circuit faults or sudden loss
of circuits or Power Generating Modules.

9.5.3.6 Traditionally, large-disturbance rotor angle stability (also N/A
referred to as transient stability) has been the form of
stability predominantly of interest in Distribution
Networks with synchronous machines. However, it
should be noted that the other forms of stability may also
be important and may require consideration in some
cases.

954 It is recommended that a Power Generating Module and P
its connection to the Distribution Network be designed to
maintain stability of the Distribution Network for a defined
range of initial operating conditions and a defined set of
system disturbances.
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9.54.1 The range of initial operating conditions should be based P
on those which are reasonably likely to occur over a year
of operation. Variables to consider include system loads,
system voltages, system outages and configurations,
and Power Generating Module operating conditions.

9.54.2 The system disturbances for which stability should be P
maintained should be selected on the basis that they
have a reasonably high probability of occurrence. It is
recommended that these include short-circuit faults on
single Distribution Network circuits (such as
transformers, overhead lines and cables) and busbars,
that are quickly cleared by main protection.

955 With the system in its normal operating state, it is P
desirable that all Power Generation Modules remain
connected and stable for any of the following credible
fault outages;

i. any one single circuit overhead line, transformer
feeder or cable circuit, independent of length,

ii. any one transformer or reactor,

iii. any single section of busbar at or nearest the point
of connection where busbar protection with a total
clearance time of less than 200ms is installed,

iv. if demand is to be secured under a second circuit
outage as required by EREC P2, fault outages (a) or
(b), overlapping with any pre-existing first circuit
outage, usually for maintenance purposes. In this
case the combination of circuit outages considered
should be that causing the most onerous conditions
for System Stability, taking account of the slowest
combination of main protection, circuit breaker
operating times and strength of the connections to
the system remaining after the faulty circuit or
circuits have been disconnected.

9.5.6 It should be noted that it is impractical and uneconomical P
to design for stability in all circumstances. This may
include double circuit fault outages and faults that are
cleared by slow protection. Power Generating Modules
that become unstable following system disturbances
shall be disconnected as soon as possible to reduce the
risk of plant damage and disturbance to the system.
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9.5.7 Various measures may be used, where reasonably P
practicable, to prevent or mitigate system instability.
These may include Distribution Network and Power
Generating Module solutions, such as:

(a) improved fault clearance times by means of faster
protection;

(b) improved performance of Power Generating Module
control systems (excitation and governor/prime
mover control systems; Power System Stabilisers to
improve damping);

(c) improved system voltage support (provision from
either Power Generating Module or Distribution
Network plant);

(d) reduced plant reactance’s (if possible);

(e) installation of protection to identify pole-slipping;

(f) increased fault level infeed.

In determining mitigation measures which are reasonably
practicable, due consideration should be given to the
cost of implementing the measures and the benefits to
the Distribution Network and Generators in terms of
reduced risk of system instability.

9.6 Island Mode
9.6.1 There are two specific instances of island mode to be
considered:

(a) where the Generator wishes to deliberately move
from the long-term parallel mode of operation to the
situation where the Generator’s Power Generating
Module(s) is arranged to supply just the load
presented by the Customer’s Installation, with the
Customer’s Installation disconnected from the
DNO’s Distribution Network; or

(b) where one or more Power Generating Modules,
belonging to one or more Generators, support an
isolated part of the DNQO’s Distribution Network,
maintaining supplies to other Customers of the

DNO.
9.6.2 Customer’s Installation Island
9.6.2.1 Wherever a Generator’'s Power Generating Module runs

in parallel with the DNO’s Distribution Network for more
than 5 minutes per month, the design of the Power
Generating Module and the Customer’s Installation must
meet the requirements for long-term parallel operation
and comply with all the appropriate requirements of this
EREC G99.

9.6.2.2 Where a Generator intends to operate the Power P
Generating Module so that it supplies just the
Customer’s Installation, it is the Generator’s
responsibility to ensure the safety of the Customer’s
Installation in respect of electrical and general safety.
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9.6.2.3 The arrangements of Figures 8.6 (HV) and 8.9 (LV) will P
generally be appropriate for earthing and switching
arrangements. Exact designs of Customer’s Installations
will vary, but the functional requirements of these figures
should be implemented.

9.6.24 It is the Generator’s responsibility to ensure appropriate P
and safe synchronisation to, and disconnection from, the
DNO'’s Distribution Network, respecting the requirements
of EREC P28 on voltage disturbances on the DNO’s
Distribution Network.

9.6.3 DNO’s Distribution Network Island

9.6.3.1 A fault or planned outage, which results in the
disconnection of a Power Generating Module, together
with an associated section of Distribution Network, from
the remainder of the Total System, creates the potential
for island mode operation. It will be necessary for the
DNO to decide, dependent on local network conditions, if
it is desirable for the Generators to continue to generate
onto the islanded DNQO’s Distribution Network. The key
potential advantage of operating in island mode is to
maintain continuity of supply to the portion of the
Distribution Network containing the Power Generating
Module. The principles discussed in this section
generally also apply where Power Generating Modules
on a Generator’s site is designed to maintain supplies to
that site in the event of a failure of the DNO supply.

9.6.3.2 When considering whether Power Generating Modules P
can be permitted to operate in island mode,10 detailed
studies need to be undertaken to ensure that the
islanded system will remain stable and comply with all
statutory obligations and relevant planning standards
when separated from the remainder of the Total System.
Before operation in island mode can be allowed, a
contractual agreement between the DNO and Generator
shall be in place and the legal liabilities associated with
such operation shall be carefully considered by the DNO
and the Generator. Consideration should be given to the
following areas:

(a) load flows, voltage regulation, frequency regulation,
voltage unbalance, voltage flicker and harmonic
voltage distortion;

(b) earthing arrangements;

(c) short circuit currents and the adequacy of protection
arrangements;

(d) System Stability;

(e) re-synchronisation to the Total System;

(f) safety of personnel.
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9.6.3.3 Suitable equipment will need to be installed to detect that P
an island situation has occurred and an intertripping
scheme is preferred to provide absolute discrimination at
the time of the event. Confirmation that a section of
Distribution Network is operating in island mode, and has
been disconnected from the Total System, will need to
be transmitted to the Power Generating Module(s)
protection and control schemes.

9.6.3.4 The ESQCR requires that supplies to Customers are P
maintained within statutory limits at all times ie when
they are supplied normally and when operating in island
mode. Detailed system studies including the capability of
the Power Generating Module and its control /
protections systems will be required to determine the
capability of the Power Generating Module to meet these
requirements immediately as the island is created and
for the duration of the island mode operation.

9.6.3.5 The ESQCR also require that Distribution Networks are P
earthed at all times. Generators, who are not permitted
to operate their installations and plant with an earthed
star-point when in parallel with the Distribution Network,
shall provide an earthing transformer or switched star-
point earth for the purpose of maintaining an earth on the
system when islanding occurs. The design of the
earthing system that will exist during island mode
operation should be carefully considered to ensure
statutory obligations are met and that safety of the
Distribution Network to all users is maintained. Further
details are provided in Section 8

9.6.3.6 Detailed consideration shall be given to ensure that P
protection arrangements are adequate to satisfactorily
clear the full range of potential faults within the islanded
system taking into account the reduced fault currents
and potential longer clearance times that are likely to be
associated with an islanded system.

9.6.3.7 Switchgear shall be rated to withstand the voltages P
which may exist across open contacts under islanded
conditions. The DNO may require interlocking and
isolation of its circuit breaker(s) to prevent out of phase
voltages occurring across the open contacts of its
switchgear. Intertripping or interlocking should be agreed
between the DNO and the Generator where appropriate.

9.6.3.8 It will generally not be permissible to interrupt supplies to P
DNO Customers for the purposes of re-synchronisation.
The design of the islanded system shall ensure that
synchronising facilities are provided at the point of
isolation between the islanded network and the DNO
supply. Specific arrangements for this should be agreed
and recorded in the Connection Agreement with the
DNO. If no facilities exist for the subsequent re-
synchronisation with the rest of the DNO’s Distribution
Network then the Generator will, under DNO instruction,
ensure that the Power Generating Module is
disconnected for re-synchronisation.

9.7 Fault Contributions and Switchgear Considerations P
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10 PROTECTION
10.1 General
10.1.1 The main function of the protection systems and settings

described in this document is to prevent the Power
Generating Module supporting an islanded section of the
Distribution Network when it would or could pose a
hazard to the Distribution Network or Customers
connected to it. The settings recognize the need to avoid
nuisance tripping and therefore require a two stage
approach where practicable, ie to have a long time delay
for smaller excursions that may be experienced during
normal Distribution Network operation, to avoid nuisance
tripping, but with a faster trip, where possible, for greater
excursions.

10.1.2 In accordance with established practice it is for the P
Generator to install, own and maintain this protection.
The Generator can therefore determine the approach, ie
per Power Generating Module or per installation, and
where in the installation the protection is sited.

10.1.3 Where a common protection system is used to provide P
the protection function for multiple Power Generating
Modules the complete installation cannot be considered
to comprise Fully Type Tested Power Generating
Modules if the protection and connections are made up
on site and so cannot be factory tested or Type Tested. If
the units or Power Generating Modules are specifically
designed to be interconnected on site via plugs and
sockets, then provided the assembly passes the function
tests required in Annex A.2 (Form A2-4), the Power
Generating Modules can retain Type Tested status.
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10.1.4 Type Tested Interface Protection shall have protection P
settings set during manufacture. An Interface Protection
device or relay can only be considered Type Tested if:

(a) The frequency and LoM protection settings are
factory set in firmware by the Manufacturer to those
in Table 10.1 and cannot be changed outside the
factory (except as provided by (e) below).

(b) The voltage protection settings are factory set to
those in Table 10.1 and can be changed by
agreement with the DNO and by personnel
specifically instructed by the Generator to make this
change.

(c) The access by the personnel specifically instructed
shall be controlled by a password, pin or a physical
switch that has the facility to be sealed.

(d) Any Interface Protection device functionality other
than the voltage protection settings (eg such as any
auto reclosing functionality) can only be changed by
personnel specifically empowered to do so by the
Generator.

(e) Any changes to device firmware etc, where Type
Tested status is to be retained, outside of the
original factory environment shall be undertaken by
personnel specifically empowered and equipped for
that task by the Manufacturer.

10.1.5 Once the Power Generating Modules has been installed P
and commissioned the protection settings shall only be
altered following written agreement between the DNO
and the Generator.

10.1.6 In exceptional circumstances additional protection may P
be required by the DNO to protect the Distribution
Network and its Customers from the Power Generating
Module.

10.1.7 Note that where the Generator installs an Export Limiting P
Scheme in accordance with EREC G100 the installation
will also need to comply with the requirements of that
EREC.

10.2 Co-ordinating with DNO’s Distribution Network’s Existing Protection P
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10.2.1 It will be necessary for the protection associated with P
Power Generating Modules to co-ordinate with the
Protection associated with the DNO’s Distribution
Network as follows:

(a) For Power Generating Modules directly connected
to the DNO’s Distribution Network the Power
Generating Module must meet the target clearance
times for fault current interchange with the DNO’s
Distribution Network in order to reduce to a
minimum the impact on the DNO’s Distribution
Network of faults on circuits owned by the
Generator. The DNO will ensure that the DNO
protection settings meet its own target clearance
times.

The target clearance times are measured from fault
current inception to arc extinction and will be
specified by the DNO to meet the requirements of
the relevant part of the Distribution Network.

(b) The settings of any protection controlling a circuit
breaker or the operating values of any automatic
switching device at any point of connection with the
DNO’s Distribution Network, as well as the
Generator’s maintenance and testing regime, shall
be agreed between the DNO and the Generator in
writing during the connection consultation process.

It will be necessary for the Power Generating Module P
protection to co-ordinate with any auto-reclose policy
specified by the DNO. In particular the Power Generating
Module protection should detect a loss of mains situation
and disconnect the Power Generating Module in a time
shorter than any auto reclose dead time. This should
include an allowance for circuit breaker operation and
generally a minimum of 0.5 s should be allowed for this.
For auto-reclosers set with a dead time of 3 s, this
implies a maximum Interface Protection response time of
2.5 s. Where auto-reclosers have a dead time of less
than 3 s, there may be a need to reduce the operating
time of the Interface Protection. For Type Tested Power
Park Modules no changes are required to the operating
times irrespective of the auto-reclose times. In all other
cases where the auto-recloser dead time is less than 3 s
the Generator will need to agree site-specific Interface
Protection settings with the DNO.

10.2.2 Specific protection required for Power Generating P
Modules
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In addition to any protection installed by the Generator to P
meet his own requirements and statutory obligations on
him, the Generator must install protection to achieve the
following objectives:

(a) For all Power Generating Modules:

i. To disconnect the Power Generating Module
from the system when a system abnormality
occurs that results in an unacceptable deviation
of the frequency or voltage at the Connection
Point, recognizing the requirements to ride
through faults as detailed in Sections 12.3 and
13.4;

ii. To ensure the automatic disconnection of the
Power Generating Module, or where there is
constant supervision of an installation, the
operation of an alarm with an audio and visual
indication, in the event of any failure of supplies
to the protective equipment that would inhibit its
correct operation.

(b) For polyphase Power Generating Modules: P

i.  To inhibit connection of Power Generating
Modules to the system unless all phases of the
DNO'’s Distribution Network are present and
within the agreed ranges of protection settings;

ii. To disconnect the Power Generating Module
from the system in the event of the loss of one
or more phases of the DNO'’s Distribution
Network;

(c) For single phase Power Generating Modules: N/A

i.  To inhibit connection of Power Generating
Modules to the system unless that phase of the
DNQO'’s Distribution Network is present and
within the agreed ranges of protection settings;

ii. To disconnect the Power Generating Module
from the system in the event of the loss of that
phase of the DNO'’s Distribution Network;

10.3 Protection Requirements

10.3.1 Suitable protection arrangements and settings will
depend upon the particular Generator installation and the
requirements of the DNO’s Distribution Network. These
individual requirements must be ascertained in
discussions with the DNO. To achieve the objectives
above, the protection must include the detection of:

e Under Voltage (1 stage);

e Over Voltage (2 stage);

e Under Frequency (2 stage);
e  Over Frequency (1 stage);
e Loss of Mains (LoM).
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The LoM protection will depend for its operation on the P
detection of some suitable parameter, for example, rate
of change of frequency (RoCoF), or unbalanced
voltages. More details on LoM protection are given in
Section 10.4.

10.3.2 The protective equipment, provided by the Generator, to P
meet the requirements of this section must be installed in
a suitable location that affords visual inspection of the
protection settings and trip indicators and is secure from
interference by unauthorised personnel.

10.3.3 nstallation of automatic reconnection systems for Type | Type A Power Generating N/A
B, Type C and Type D shall be subject to prior Modules.
authorisation by the DNO. Unless Generators of Type D
Power Generating Modules have prior authorisation from
the DNO for the installation of automatic reconnection
systems, they shall obtain authorisation from the DNO,
or ISOP where the Generator has a CUSC contract, as
applicable, prior to synchronisation.

10.3.4 The frequency and voltage at the DNO'’s side of the P
supply terminals at the Connection Point shall be within
the frequency and voltage ranges of the Interface
Protection as listed in paragraph 10.6.7 for at least 20 s
before the Power Generating Module is allowed to
automatically reconnect to the DNO’s Distribution
Network. There is in general no maximum admissible
ramp rate for Active Power output on connecting or
reconnecting, although it is a requirement to state the
assumed maximum ramp rate for the Power Generating
Module as part of the application for connection. If a
network specific issue requires a maximum admissible
ramp rate of Active Power output on connection it will be
specified by in the Connection Agreement.

10.3.5 If automatic resetting of the protective equipment is P
used, there shall be a time delay to ensure that healthy
supply conditions exist for a minimum continuous period
of 20 s. Reset times may need to be coordinated where
more than one 18 Power Generating Module is
connected to the same feeder. The automatic reset shall
be inhibited for faults on the Generator’s Installation.

10.3.6 Protection equipment is required to function correctly P
within the environment in which it is placed and shall
satisfy the following standards:

e BS EN 61000 (Electromagnetic Standards);

e BS EN 60255 (Electrical Relays);

e BS EN 61810 (Electrical Elementary Relays);
(

e BS EN 60947 (Low Voltage Switchgear and Control
gear);

e BS EN 61869 (Instrument Transformers; Additional
requirements for current transformers).

e  Where these standards have more than one part,

the requirements of all such parts shall be satisfied,
so far as they are applicable.
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10.3.7 Protection equipment and protection functions may be P
installed within, or form part of the Power Generating
Module control equipment as long as:

(a) the control equipment satisfies all the requirements
of Section 10 including the relevant standards
specified in paragraph 10.3.6;

(b) the Power Generating Module shuts down in a
controlled and safe manner should there be an
equipment failure that affects both the protection
and control functionality, for example a power
supply failure or microprocessor failure; and

(c) (c)the equipment is designed and installed so that
protection calibration and functional tests can be
carried out easily and safely using secondary
injection techniques (ie using separate Low Voltage
test equipment).

10.3.8 The health of protection tripping and/or auxiliary supplies P
must be monitored such that any failure of these supplies
is either brought to the immediate attention of the
Generator via an automatic alarm that is monitored by
the Generator in real time, or the failure of the protection
tripping and/or auxiliary supplies causes the Power
Generation Module to be tripped, and reconnection
prevented before restoration of the protection tripping
and/or auxiliary supplies that have been lost.

10.4 Loss of Mains (LoM)

10.4.1 To achieve the objectives of Section 10.1.1, in addition to
protection installed by the Generator for his own
purposes, the Generator must install protection to
achieve (amongst other things) disconnection of the
Power Generating Module from the Distribution Network
in the event of loss of one or more phases of the DNOs

supply.

10.4.2 LoM protection is required for all Type A, Type B and P
Type C Power Generating Modules. For Type D Power
Generating Modules the DNO will advise if LoM
protection is required. The requirements of paragraph
10.6.2 apply to LoM protection for all Power Generating
Modules.

10.4.3 A problem can arise for Generators who operate a P
Power Generating Module in parallel with the Distribution
Network prior to a failure of the network supply because
if their Power Generating Module continues to operate in
some manner, even for a relatively short period of time,
there is a risk that when the network supply is restored
the Power Generating Module will be out of Synchronism
with the Total System and suffer damage. LoM
protection can be employed to disconnect the Power
Generating Module immediately after the supply is lost,
thereby avoiding damage to the Power Generating
Module.
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104.4 Where the amount of Distribution Network load that the P
Power Generating Module will attempt to pick up
following a fault on the Distribution Network is
significantly more than its capability the Power
Generating Module will rapidly disconnect, or stall.
However, depending on the exact conditions at the time
of the Distribution Network failure, there may or may not
be a sufficient change of load on the Power Generating
Module to be able to reliably detect the failure. The
Distribution Network failure may result in one of the
following load conditions being experienced by the
Power Generating Module:

(a) The load may slightly increase or reduce, but
remain within the capability of the Power Generating
Module. There may even be no change of load;

(b) The load may increase above the capability of the
prime mover, in which case the Power Generating
Module will slow down, even though the alternator
may maintain voltage and current within its capacity.
This condition of speed/frequency reduction can be
easily detected; or

(c) The load may increase to several times the
capability of the Power Generating Module, in which
case the following easily detectable conditions will
occur:

e Overload and accompanying speed/frequency
reduction

e  Over current and under voltage on the alternator

10.4.5 Conditions (b) and (c) are easily detected by the under P
and over voltage and frequency protection required in
this document. However, condition (a) presents most
difficulty, particularly if the load change is extremely
small and therefore there is a possibility that part of the
Distribution Network supply being supplied by the Power
Generating Module will be out of Synchronism with the
Total System. LoM protection is designed to detect these
conditions.

10.4.6 LoM signals can also be provided by means of P
intertripping signals from circuit breakers that have
operated in response to the Distribution Network fault.
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10.4.7 The LoM protection can utilise one or a combination of See appended table. P
the passive protection principles such as reverse Active
Power flow, reverse Reactive Power and rate of change
of frequency (RoCoF). Alternatively, active methods such
as reactive export error detection or frequency shifting
may be employed. These may be arranged to trip the
interface circuit breaker at the DNO Generator interface,
thus, leaving the Power Generating Module available to
satisfy the load requirements of the site or the Power
Generating Module circuit breaker can be tripped,
leaving the breaker at the interface closed and ready to
resume supply when the Distribution Network supply is
restored. The most appropriate arrangement is subject to
agreement between the DNO and Generator.

10.4.8 Protection based on measurement of reverse flow of P
Active Power or Reactive Power can be used when
circumstances permit and must be set to suit the Power
Generating Module rating, the site load conditions and
requirements for Reactive Power.

10.4.9 Where the Power Generating Facility capacity is such P
that the site will always import power from the
Distribution Network, a reverse power relay may be used
to detect failure of the supply. It will usually be
appropriate to monitor all three phases for reverse
power.

10.4.10 However, where the Power Generating Facilities normal P
mode of operation is to export power, it is not possible to
use a reverse power relay and consequently failure of
the supply cannot be detected by measurement of
reverse power flow. The protection should then be
specifically designed to detect loss of the mains
connection using techniques to detect the rate of change
of frequency and/or Power Factor. All these techniques
are susceptible to Distribution Network conditions and
the changes that occur without islanding taking place.
These relays must be set to prevent islanding but with
the best possible immunity to unwanted nuisance
operation.

10.4.11 RoCoF relays use a measurement of the period of the P
mains voltage cycle. The RoCoF technique measures
the rate of change in frequency caused by any difference
between prime mover power and electrical output power
of the Power Generating Module over a number of
cycles. RoCoF relays should normally ignore the slow
changes but respond to relatively rapid changes of
frequency which occur when the Power Generating
Module becomes disconnected from the Total System.
The voltage vector shift technique is not an acceptable
loss of mains protection.
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10.4.12 Should spurious tripping present a nuisance to the P
Generator, the cause must be jointly sought with the
DNO. Raising settings on any relay to avoid spurious
operation may reduce a relay's capability to detect
islanding and it is important to evaluate fully such
changes. Annex D.2 provides some guidance for
assessments, which assume that during a short period of
islanding the trapped load is unchanged. In some
circumstances it may be necessary to employ a different
technique, or a combination of techniques to satisfy the
conflicting requirements of safety and avoidance of
nuisance tripping. In those cases where the DNO
requires LoM protection this must be provided by a
means not susceptible to spurious or nuisance tripping,
eg intertripping.

10.4.13 For a radial or simple Distribution Network controlled by P
circuit breakers that would clearly disconnect the entire
circuit and associated Power Generating Module, for a
LoM event an intertripping scheme can be easy to
design and install. For meshed or ring Distribution
Networks, it can be difficult to define which circuit
breakers may need to be incorporated in an intertripping
scheme to detect a LoM event and the inherent risks
associated with a complex system should be considered
alongside those associated with a using simple, but
potentially less discriminatory LoM relay.

10.4.14 It is the responsibility of the Generator to incorporate P
what they believe to be the most appropriate technique
or combination of techniques to detect a LoM event in his
protection systems. This will be based on knowledge of
the Power Generating Module, site and network load
conditions. The DNO will assist in the decision making
process by providing information on the Distribution
Network and its loads. The settings applied must be
biased to ensure detection of islanding under all practical
operating conditions.

10.5 Additional DNO Protection

10.5.1 Following the DNO connection study, the risk presented
to the Distribution Network by the connection of a Power
Generating Module may require additional protection to

be installed and may include the detection of:

e Neutral Voltage Displacement (NVD);
. Over Current;

e Earth Fault;

e Reverse Power.
10.5.2 Neutral Voltage Displacement (NVD) Protection N/A
10.6 Protection Settings P
10.6.1 The following notes aim to explain the settings P

requirements as given in Section 10.6.7 below.

10.6.2 Loss of Mains See appended table. P
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A LoM protection of the RoCoF type will generally be P
appropriate for Type A, Type B and Type C Power
Generating Modules, but this type of LoM protection
must not be installed for Power Generating Facilities at
or above 50 MW. In those cases where the DNO
requires LoM protection this must be provided by a
means not susceptible to spurious or nuisance tripping,
eg intertripping.

10.6.3 Under Voltage See appended table.

In order to help maintain Total System Stability, the
protection settings aim to facilitate transmission fault ride
through capability (as required in Sections 12.3 and 13.3
below). The overall aim is to ensure that Power
Generating Module is not disconnected from the
Distribution Network unless there is material disturbance
on the Distribution Network, as disconnecting generation
unnecessarily will tend to make an under voltage
situation worse. To maximize the transmission fault ride
through capability a single undervoltage setting of - 20%
with a time delay of 2.5 s should be applied.

10.6.4 Over Voltage See appended table.

Over voltages are potentially more dangerous than under
voltages and hence the acceptable excursions from the
norm are smaller and time delays shorter, a 2-Stage over
voltage protection6 is to be applied as follows:

e Stage 1 (LV) should have a setting of +14% (ie the
LV statutory upper voltage limit of +10%, with a
further 4% permitted for voltage rise internal to the
Generator’s Installation and measurement errors ),
with a time delay of 1.0 s (to avoid nuisance tripping
for short duration excursions);

e Stage 2 (LV) should have a setting of +19% with a
time delay of 0.5 s (ie recognising the need to
disconnect quickly for a material excursion);

e Stage 1 (HV) should have a setting of +10% with a N/A
time delay of 1.0 s (ie the HV statutory upper
voltage limit of +6%, with a further 4% permitted for
voltage rise internal to the Generator’s Installation
and measurement errors), with a time delay of 1.0 s
to avoid nuisance tripping for short duration
excursions);

e Stage 2 (HV) should have a setting of +13% with a
time delay of 0.5 s (ie recognising the need to
disconnect quickly for a material excursion).
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To achieve high utilisation and Distribution Network N/A
efficiency, it is common for the HV Distribution Network
to be normally operated near to the upper statutory
voltage limits. The presence of Power Generating
Module within such Distribution Network may increase
the risk of the statutory limit being exceeded, eg when
the Distribution Network is operating abnormally. In such
cases the DNO may specify additional over voltage
protection at the Power Generating Module Connection
Point. This protection will typically have an operating
time delay long enough to permit the correction of
transient over voltages by automatic tap-changers.

10.6.5 Over Frequency

Power Generating Modules are required to stay See appended table.
connected to the Total System for frequencies up to 52
Hz for up to 15 minutes so as to provide the necessary
regulation to control the Total System frequency to a
satisfactory level. In order to prevent the unnecessary
disconnection of a large volume of smaller Power
Generating Module for all LV and HV connected Power
Generating Module a single stage protection is to be
applied that has a time delay of 0.5 s and a setting of 52
Hz. If the frequency rises to or above 52 Hz as the result
of an undetected islanding condition, the Power
Generating Module will be disconnected with a delay of
0.5 s plus circuit breaker operating time.

10.6.6 Under Frequency

All Power Generating Facilities are required to maintain | See appended table.
connection unless the Total System frequency falls
below 47.5 Hz for 20 s or below 47 Hz.

For all LV and HV connected Power Generating Module,
the following 2-stage under frequency protection should

be applied:
e Stage 1 should have a setting of 47.5 Hz with a time
delay of 20 s;
e Stage 2 should have a setting of 47.0 Hz with a time
delay of 0.5 s;
10.6.7 Protection Settings P
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10.6.7.1 Table 10.1 Settings for Long-Term Parallel Operation P
Type A, Type B and Type C Power Type D Power
Generating Modules Generating Modules
and Power
Generating Facilities
LV Protection(1) HV Protection(1) with a Registered
Capacity > 50 MW
Protection
Function Time Time Time
Trip Setting Delay Trip Setting Delay Trip Setting | Delay
Setting Setting Setting
. Vgt
unv V-nt -20% 25s Vo-¢t-20% | 25s* 20% 25s*
o
-t
ON st1 VenT+14% | 10s | Vo-pt+10% | 1.0s Y;’o;p *l10s
b
OV st 2 V-nT+19%% | 05s Vo-gf +13% | 055
U/F st1 475 Hz 20s 475 Hz 20s 47.5 Hz 20s
UIFst2 47.0 Hz 05s 47.0Hz 05s 47.0 Hz 05s
O/F 52.0 Hz 05s 52.0 Hz 05s 52.0 Hz 05s
LoM 1 Hzs™ time delay 0.5 s 1 Hzs " time delay 0.5 s Intertripping expected
(RDCDF)” y U. y U. PpINg exp
(1) HV and LV Protection settings are to be applied P

according to the voltage at which the voltage related
protection reference is measuring, eg:

« If the EREC G99 protection takes its voltage reference
from an LV source then LV settings shall be applied.
Where a private non standard LV network exists the
settings shall be calculated from HV settings values as
indicated by Section 10.6.14;

« If the EREC G99 protection takes its voltage reference
from an HV source then HV settings shall be applied.

1A value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network ie the U/V LV trip setting is 184 V,
the O/V stage 1 setting is 262.2 V and the O/V stage 2
setting is 273.7 V.

TA value to suit the nominal voltage of the HV
Connection Point.

* Might need to be reduced if auto-reclose times are <3
s. (see 10.2.1).

# Intertripping may be considered as an alternative to the
use of a LoM relay.

$ For voltages greater than 230 V +19% which are
present for periods 0f<0.5 s the Power Generating
Module is permitted to reduce/cease exporting in order to
protect the Power Generating Module.

TRF No. G99/2_V1.0



Page 49 of 116 Report No.: 6266862.50A

G99/2

Clause Requirement - Test Result - Remark Verdict

The required RoCoF protection requirement is expressed P
in Hertz per second (Hzs™"). The time delay should begin
when the measured RoCoF exceeds the threshold
expressed in Hzs™'. The time delay should be reset if
measured RoCoF falls below that threshold. The relay
must not trip unless the measured rate remains above
the threshold expressed in Hzs™' continuously for 500
ms. Setting the number of cycles on the relay used to
calculate the RoCoF is not an acceptable implementation
of the time delay since the relay would trip in less than
500 ms if the system RoCoF was significantly higher
than the threshold.

(2) Note that the times in the table are the time delays to P
be set on the appropriate relays. Total protection
operating time from condition detection to circuit breaker
opening will be of the order of 100 ms longer than the
time delay settings in the above table with most circuit
breakers, slower operation is acceptable in some cases.

The Manufacturer must ensure that the Interface P
Protection in a Type Tested Power Generating Module is
capable of measuring voltage to an accuracy of £1.5% of
the nominal value and of measuring frequency to + 0.2%
of the nominal value across its operating range of
voltage, frequency and temperature.

10.6.7.2 Table 10.2 — Settings for Infrequent Short-Term Parallel Operation Long-Term Parallel N/A
Type A, Type B and Type C Power Generating Module Operation'
Protection Function LV Protection HV Protection
Trip Setting ‘Sﬁ:;tiange\ay Trip Setting ;::t?ngelay
unv Vo-nt -10% 05s V-9 -6% 05s
o V-nt + 14% 05s V-t + 6% 05s
U/F 49.5 Hz 05s 49.5 Hz 05s
OIF 50.5 Hz 05s 50.5 Hz 05s
1A value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network (ie the U/V LV trip setting is 207 V
and the O/V ftrip setting is 262.2 V).
TA value to suit the voltage of the HV Connection Point.
10.6.8 Over and Under voltage protection must operate P
independently for all three phases in all cases.
10.6.9 The settings in Table 10.1 should generally be applied to P

all Power Generating Modules. In exceptional
circumstances Generators have the option to agree
alternative settings with the DNO if there are valid
justifications in that the Power Generating Module may
become unstable or suffer damage with the settings
specified in Table 10.1. The agreed settings should be
recorded in the Connection Agreement.
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10.6.10 Once the settings of relays have been agreed between P
the Generator and the DNO they must not be altered
without the written agreement of the DNO. Any revised
settings should be recorded again in the amended
Connection Agreement.

10.6.11 The under/over voltage and frequency protection may be P
duplicated to protect the Power Generating Module when
operating in island mode although different settings may
be required.

10.6.12 For LV connected Power Generating Modules the P
voltage settings will be based on the 230 V nominal
system voltage. In some cases Power Generating
Modules may be connected to LV systems with non-
standard operating voltages. Paragraph 10.6.14 details
how suitable settings can be calculated based upon the
HV connected settings in Table 10.1. Note that Power
Generating Modules with non-standard LV protection
settings need to be agreed by the DNO on a case by
case basis.

10.6.13 |Where an installation contains Power Factor correction | No such equipment used. N/A
equipment which has a variable susceptance controlled
to meet the Reactive Power demands, the probability of
sustained generation is increased. For LV installations,
additional protective equipment provided by the
Generator, is required as in the case of self-excited
asynchronous machines.

10.6.14 Non-Standard private LV networks calculation of N/A
appropriate protection settings

10.6.15 | The Generator shall provide a means of displaying the P
protection settings so that they can be inspected if
required by the DNO to confirm that the correct settings
have been applied. The Manufacturer needs to establish
a secure way of displaying the settings in one of the
following ways:

(a) A display on a screen which can be read;

(b) A display on an electronic device which can
communicate with the Power Generating Module
and confirm that it is the correct device by means of
a ldentification number / name permanently fixed to
the device and visible on the electronic device
screen at the same time as the settings;

(c) Display of all settings including nominal voltage and
current outputs, alongside the identification number
/ name of the device, permanently fixed to the
Power Generating Module.

TRF No. G99/2_V1.0



Page 51 of 116 Report No.: 6266862.50A

G99/2

Clause Requirement - Test Result - Remark Verdict

The provision of loose documents, documents attached P
by cable ties etc., a statement that the device conforms
with a standard, or provision of data on adhesive paper
based products which are not likely to survive due to
fading, or failure of the adhesive, for at least 20 years is
not acceptable.

The protection arrangements (including changes to
protection arrangements) for individual schemes will be
agreed between the Generator and the DNO in
accordance with this document.

10.6.16 | Whilst the protection schemes and settings for internal P
electrical faults should mitigate any damage to the Power
Generating Module they must not jeopardise the
performance of a Power Generating Module, in line with
the requirements set out in this EREC.

10.6.17 The Generator shall organise its protection and control Type A Power Generating N/A
devices in accordance with the following priority ranking | Module.
(from highest to lowest) for Type B, Type C and Type D
Power Generating Modules:

(a) network and Power Generating Module protection;
(b) synthetic inertia, if applicable;

(c) frequency control (Active Power adjustment -if any);
(d) power restriction (if any); and

(e) power gradient constraint (if any).

10.6.18 | For the avoidance of doubt where an internal fault on the P
Power Generating Module occurs during any significant
event on the Total System, the Power Generating
Module’s internal protection should trip the module to
ensure safety and minimise damage to the Power
Generating Module.

10.7 Typical Protection Application Diagrams Info.

10.7.1 This Section provides some typical protection application Info.
diagrams in relation to parallel operation of Power
Generating Modules within DNO Distribution Networks.
The diagrams only relate to DNO requirements in
respect of the connection to the Distribution Network and
do not necessarily cover the safety of the Generator’s
Installation. The diagrams are intended to illustrate
typical installations.

11 TYPE A POWER GENERATING MODULE TECHNICAL REQUIREMENTS

11.1 Power Generating Module Performance and Control
Requirements — General

11.11 The requirements of this Section 11 do not apply in full Info.
to:

(a) Power Generation Facilities that are designed and
installed for infrequent short-term parallel operation
only; or

(b) Electricity Storage Power Generation Modules
within the Power Generating Facility commissioned
before 01 September 2022.
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11.1.2

The Active Power output of a Power Generating Module
should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

P

11.1.3

Power Generating Modules connected to the DNO’s
Distribution Network shall be equipped with a logic
interface (input port) in order to cease Active Power
output within 5 s following an instruction being received
at the input port.

11.1.3.1

By default the DNO logic interface will take the form of a
simple binary output that can be operated by a simple
switch or contactor. When the switch is closed the Power
Generating Module can operate normally. When the
switch is opened the Power Generating Module will
reduce its Active Power to zero within 5 s. The signal
from the Power Generating Module that is being
switched can be either AC (maximum value 240 V) or
DC (maximum value 110 V). If the DNO wishes to make
use of the facility to cease Active Power output the DNO
will agree with the Generator how the communication
path is to be achieved.

11.1.4

Each item of a Power Generating Module and its
associated control equipment must be designed for
stable operation in parallel with the Distribution Network.

11.1.5

When operating at rated power the Power Generating
Module shall be capable of operating at a Power Factor
within the range 0.95 lagging to 0.95 leading relative to
the voltage waveform unless otherwise agreed with the
DNO.

11.1.6

As part of the connection application process the
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. These
settings, and any changes to these settings, shall be
agreed with the DNO and recorded in the Connection
Agreement. The information to be provided is detailed in
Schedule 5a and Schedule 5b of the Data Registration
Code.

11.1.7

Load flow and System Stability studies may be
necessary to determine any output constraints or post
fault actions necessary for n-1 fault conditions and
credible n-2 conditions (where n-1 and n-2 conditions are
the first and second outage conditions as, for example,
specified in EREC P2) involving a mixture of fault and
planned outages. The Connection Agreement should
include details of the relevant outage conditions. It may
be necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating
Module.

11.2

Frequency response
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11.2.1 Under abnormal conditions automatic low-frequency P
load-shedding provides for load reduction down to 47 Hz.
In exceptional circumstances, the frequency of the
DNO’s Distribution Network could rise above 50.5 Hz.
Therefore all Power Generating Modules should be
capable of continuing to operate in parallel with the
Distribution Network in accordance with the following:

(a) 47 Hz — 47.5 Hz Operation for a period of at least 20 | See appended table. P
s is required each time the frequency is within this
range.

(b) 47.5 Hz —49.0 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

(c) 49.0 Hz —51.0 Hz Continuous operation of the
Power Generating Module is required.

(d) 51.0 Hz —51.5 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

(e) 51.5 Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is
within this range.

11.2.2 With regard to the rate of change of frequency withstand P
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs™' as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

11.2.3 Output power with falling frequency

11.2.3.1 | Each Power Generating Module, shall be capable of:

(a) continuously maintaining constant Active Power
output for system frequency changes within the
range 50.5 to 49.5 Hz; and
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(b) (subject to the provisions of paragraph 11.2.1) P
maintaining its Active Power output at a level not
lower than the figure determined by the linear
relationship shown in Figure 11.1 for system
frequency changes within the range 49.5 to 47 Hz
for all ambient temperatures up to and including
25°C, such that if the system frequency drops to 47
Hz the Active Power output does not decrease by
more than 5%. In the case of a CCGT Module this
requirement shall be retained down to 48.8 Hz,
which reflects the first stage of the automatic Low
Frequency Demand Disconnection scheme. For
system frequency below 48.8 Hz, the existing
requirements shall be retained for a minimum period
of 5 minutes while system frequency remains below
48.8Hz, and any special measure(s) that may be
required to meet this requirement shall be kept in
service during this period. After that 5 minute period,
if system frequency remains below the 49.5 Hz
threshold, the special measure(s) must be
discontinued if there is a materially increased risk of
the Gas Turbine tripping. The need for special
measure(s) is linked to the inherent Gas Turbine
Active Power output reduction caused by reduced
shaft speed due to falling system frequency. Where
the need for special measures is identified in order
to maintain output in line with the level identified in
Figure 11.1 these measures should still be
continued at ambient temperatures above 25°C
maintaining as much of the Active Power achievable
within the capability of the plant.

47.0 Frequency 48.8 49.5 50.5
100% of Active
Power
For CCGT:
Module:
profile to be met
for:a minimum of 95% of Active
5 minutes Power

Figure 11.1 Change in Active Power with falling frequency

11.2.3.2 | For the avoidance of doubt in the case of a Power P
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.

11.2.3.3 | Electricity Storage Power Generating Modules when P
operating in an importing mode of operation:
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11.2.3.3.1 | Each Generator in respect of an Electricity Storage See appended table. P
Power Generating Module is required to meet the
requirements of 11.2.3.3.1 (a) — (f):

(a) Be capable of automatically maintaining its Active
Power output within the shaded operating region shown
in Figure 11.2 until the stored energy has been depleted.
The Electricity Storage Power Generating Module could
initially be operating at any level of import between zero
Active Power and the Rated Import Power within a
system frequency range of 50 Hz and 49.5 Hz as shown
in Figure 11.2. The Electricity Storage Power Generating
Module is only required to reach its Registered Capacity
if the Electricity Storage Power Generating Module has
headroom and the ability to increase Active Power
output. A typical value of the Droop would be 0.6%
where this does not result in control system instability or
plant difficulties. In all cases the Droop shall be between
0.6% and 1.2% and shall be agreed with the DNO.

(b) Automatically respond in accordance with the
characteristic of Figure 11.2 when the system frequency
falls to 49.5 Hz and below.

(c) The reduction in Active Power import (during an
import mode of operation), and the transition to the final
value of Active Power output shall be continuously and
linearly proportional, as far as is practicable, to the
reduction in frequency below 49.5 Hz. Active Power
output must be provided increasingly with time as
required by 11.2.3.3.1 (d) below.

(d) As much as possible of the proportional reduction in
Active Power import must result from the frequency
control device (or speed governor) action and must be
achieved within 10 s of the time of the frequency
decreases below 49.5 Hz. The Electricity Storage Power
Generating Module shall be capable of initiating a power
frequency response with an initial delay that is as short
as possible. Delays that exceed 2 s shall be justified by
the Generator providing technical evidence to the DNO
and in any event as much as possible of the proportional
reduction in Active Power import shall be achieved within
10 s. This performance requirement is to be maintained
when the Electricity Storage device makes the transition
to an Active Power export mode of operation unless the
energy store is depleted, in which case it shall be
required to operate at zero Active Power output.

(e) Where the Electricity Storage Power Generating
Module is not capable of making a transition from import
operation to export operation within 20 s of the frequency
falling to 49.2 Hz, then it shall immediately reduce its
Active Power import to zero.

(f) If the Electricity Storage Power Generating Module
has not achieved at least a zero Active Power import
when the system frequency has reached 48.9 Hz, it shall
be instantaneously tripped. Where an Electricity
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Storage Power Generating Module trips, it shall not
reconnect to the system until the conditions of 10.3.3 to
10.3.5 are met.

Export

o i ste
W/ — = Z:ﬁ:':”;ed
Frequency (Hz)
T T T .
470 95 480 485 450 495
Accep(ab{eV//
Response
feea % o Ratedimport
Power
Import
Figure 11.2 Active Power performance with falling frequency
11.2.3.3.2 | Where an Electricity Storage Power Generating Module | See appended table. P

was importing before the fall in frequency and has
responded in accordance with the requirements of
11.2.3.3.1, its performance, once the system frequency
starts to rise above the minimum reached, shall be in
accordance with Figure 11.3 in respect of the Active
Power output and Active Power import. For example,
Figure 11.3, illustrates the four operating points W, X, Y
and Z. If points W, X, Y and Z denotes the minimum
frequency that the Total System reached during a
particular low system frequency event, as the system
frequency starts to rise, the Active Power output of the
Electricity Storage Power Generating Module should
remain at a constant level (where the energy source has
not been depleted) until 49.5 Hz is reached as denoted
by the dashed black lines. Once the system frequency
has risen above 49.5 Hz the Electricity Storage Power
Generating Module is permitted to reduce Active Power
output so long as it is operating within the shaded area
above 49.5 Hz shown in Figure 11.3, unless the
Electricity Storage Power Generating Module has
insufficient capability in which case it shall operate at
zero Active Power.

Export

1 Registered
095 Capacity

Frequency (Hz)
T T 1
470 415 480

Resose 7% _

Rated Import
Power

10

Import

Figure 11.3 Active Power performance with increasing frequency
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11.2.3.3.3 | Where an Electricity Storage Power Generating Module P
is exporting Active

Power (including zero) to the Total System and the
system frequency falls

below 49.5 Hz the requirements of 11.2.3.3.1 and
11.2.3.3.2 shall apply.

11.2.4 Limited Frequency Sensitive Mode — Over frequency

11.2.41 |Each Power Generating Module shall be capable of
reducing Active Power output in response to the
frequency on the Total System when this rises above
50.4 Hz. The Power Generating Module shall be capable
of operating stably during LFSM-O operation. If a Power
Generating Module has been contracted to operate in
Frequency Sensitive Mode the requirements of LFSM-O
shall apply when the frequency exceeds 50.5 Hz.

(a) The rate of change of Active Power output shall be |See appended table. P
at a minimum rate of 2% of output per 0.1 Hz
deviation of system frequency above 50.4 Hz (ie a
Droop of 10%) as shown in Figure 11.4. For the
avoidance of doubt, this would not preclude a
Generator from designing the Power Generating
Module with a Droop of less than 10%, but in all
cases the Droop should be 2% or greater.

(b) The Power Generating Module shall be capable of P
initiating a power frequency response with an initial
delay that is as short as possible. If the initial delay
exceeds 2 s the Generator shall justify the delay,
providing technical evidence to the DNO, who will
pass this evidence to the ISOP.

(c) For deviations in frequency up to 50.9 Hz at least P
half of the proportional reduction in Active Power
output shall be achieved within 10 s of the time of
the frequency increase above 50.4 Hz. Refer to
Figure A.7.10 for details.

(d) For deviations in frequency beyond 50.9 Hz the P
measured rate of change of Active Power reduction
shall exceed 0.5% s-1 of the initial output. Refer to
Figure A.7.9 for details.

(e) The LFMS-O response shall be reduced when the P
frequency subsequently falls again and, when to a
value less than 50.4 Hz, at least half the
proportional increase in Active Power shall be
achieved in 10 s. For a frequency excursion
returning from beyond 50.9 Hz the measured rate of
change of Active Power increase shall t exceed
0.5% s-1.

(f) If the reduction in Active Power is such that the P
Power Generation Module reaches its Minimum
Stable Operating Level, it shall continue to operate
stably at this level.
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2P P
Pres
F 3
40.5- - P,isthe Registered Capacity(taking into
account any Generating Units not in service)
49.5 50.5 51 515 52 52.5

A J

Hz

Pri is the reference Active Power to which AP is related and. AP is the change in Active Power
output from the Power Generating Module

Figure 11.3 Active Power Frequency Response capability when operating
in LFSM-O

11.2.4.2 |When the Power Generating Module is providing Limited P
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to, or is below,
50.4 Hz.

11.2.4.3 |Steady state operation below Minimum Generation is not P
expected but if system operating conditions cause
operation below Minimum Generation which give rise to
operational difficulties then the Generator shall be able to
return the output of the Power Generating Module to an
output of not less than the Minimum Generation.

113 Fault Ride Through and Phase Voltage Unbalance

11.3.1 Where it has been specifically agreed between the DNO
and the Generator that a Power Generating Facility will
contribute to the DNQO'’s Distribution Network security,
(eg for compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO'’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time.

11.3.2 In the case of phase to phase faults on the DNO’s P
system that are cleared by system back-up protection
which will be within the plant short time rating on the
DNO'’s Distribution Network the DNO, on request during
the connection process, will advise the Generator of the
expected Phase (Voltage) Unbalance.

1.4 Voltage Limits and Control P
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11.4.1 Where a Power Generating Module is remote from a P
Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, subject to design appraisal of
individual installations.

11.4.2 The connection of a Power Generating Module to the P
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be
made available by the DNO if requested by the
Generator.

11.4.3 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.

1144 Automatic Voltage Control (AVC) schemes employed by P
the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to
parts of the Distribution Network operating at lower
voltages.

11.4.5 Power Generating Modules can cause problems if P
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using
techniques such as removing the generation circuit from
the AVC scheme using cancellation CTs.

12 TYPE B POWER GENERATING MODULE TECHNICAL REQUIREMENTS N/A
121 Power Generating Module Performance and Control Requirements - General N/A
12.2 Frequency response N/A
12.3 Fault Ride Through and Phase Voltage Unbalance N/A
124 Voltage Limits and Control N/A
12.5 Reactive Capability N/A
12.6 Fast Fault Current Injection N/A
12.7 Operational monitoring N/A
13 TYPE C AND TYPE D POWER GENERATING MODULE TECHNICAL N/A
REQUIREMENTS
13.1 Power Generating Module Performance and Control Requirements N/A
13.2 Frequency response N/A
13.3 Fault Ride Through N/A
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13.4 Voltage Limits and Control N/A
13.5 Reactive Capability N/A
13.6 Fast Fault Current Injection N/A
13.7 Black Start Capability and rapid re-synchronisation N/A
13.8 Technical Requirements for Embedded Medium Power Stations N/A
13.9 Operational monitoring N/A
13.10 Steady State Load Inaccuracies N/A
14 INSTALLATION, OPERATION AND CONTROL INTERFACE P
14.1 General P
14.2 Isolation and Safety Labelling P
14.2.1 Every Generator’s Installation which includes Power P

Generating Modules operating in parallel with the

Distribution Network must include a means of isolation

capable of disconnecting the whole of the Power

Generating Module7 infeed to the Distribution Network.

This equipment will normally be owned by the Generator,

but may by agreement be owned by the DNO.
14.2.2 The Generator must grant the DNO rights of access to P

the means of isolation without undue delay and the DNO

must have the right to isolate the Power Generation

Modules infeed at any time should such disconnection

become necessary for safety reasons and in order to

comply with statutory obligations. The isolating device

should normally be installed at the Connection Point, but

may be positioned elsewhere with the DNO’s agreement.
14.2.3 To ensure that DNO staff and that of the Generator and P

their contractors are aware of the presence of a Power

Generating Module, appropriate warning labels should

be used.
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14.2.4 Where the installation is connected to the DNO LV P
Distribution Network the Generator should generally
provide labelling at the Connection Point (Fused Cut-
Out), meter position, consumer unit and at all points of
isolation within the Generator’s premises to indicate the
presence of a Power Generating Module. The labelling
should be sufficiently robust and if necessary fixed in
place to ensure that it remains legible and secure for the
lifetime of the installation. The Health and Safety (Safety
Signs & Signals) Regulations 1996 stipulates that labels
should display the prescribed triangular shape, and size,
using black on yellow colouring. A typical label, for both
size and content, is shown below in Figure 14.1.

A Do not work on this equipment until it is

WARNING isolated from both mains and on-site
dual supply generation supplies

Isolate on site Generating Unit at
Isolate mains supply at

Figure 14.1 Warning label

14.3 Site Responsibility Schedule Info.

14.4 Operational and Safety Aspects Info.

14.5 Synchronizing and Operational Control P

15 Common Compliance and Commissioning Requirements for all Power N/A
Generating Modules

15.1 Demonstration of Compliance N/A

15.2 Wiring for Type Tested Power Generating Modules N/A

15.3 Commissioning Tests / Checks required at all Power Generating Facilities N/A

15.4 Additional Commissioning requirements for Non Type Tested Interface N/A
Protection

15.5 Compliance of Vehicle to Grid Electric Vehicles N/A

15.6 Family approach to Type Testing N/A

15.7 Compliance demonstration for Infrequent Short-Term Parallel Power N/A
Generating Modules

15.8 Compliance demonstration for long term parallel operation with islanding N/A
capability (OM2) and infrequent short term parallel operation (OM3)

15.9 Compliance monitoring N/A

16 TYPE A COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

16.1 Type Test Certification P
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16.1.1 The Power Generating Module can comprise Fully Type P
Tested equipment or be made up of some Type Tested
equipment and require additional site testing prior to
operation. The use of Fully Type Tested equipment
simplifies the connection process, the protection
arrangements and reduces the commissioning test
requirements.

16.1.2 Type Tested certification is the responsibility of the P
Manufacturer. The Manufacturer shall submit the Type
Test Verification Report confirming that the product has
been Type Tested to satisfy the requirements of this
EREC G99 to the Energy Networks Association (ENA)
Type Test Verification Report Register. The report shall
detail the type and model of product tested, the test
conditions and results recorded. The report can include
reference to Manufacturers’ Information.

16.1.3 The required Type Test Verification Report and P
declarations including that for a Fully Type Tested Power
Generating Module are shown in Annex A.2:

e Form A2-1 - Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules up to and | Generating Modules.
including 50 kW,

e  Form A2-2 Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules greater Generating Modules.
than> 50 kW and also for Synchronous Power
Generating Modules < 50 kW where the approach of
this form is preferred to that in Form A2-1, or

e Form A2-3 - Compliance Verification Report for P
Inverter Connected Power Generating Modules.
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The choice of compliance route available is shown in Compliance Verification P
Figure 16-1 below. Report A2-3 used.
Type A
S T Asynf:hronous Synchronous Asythronous Inve.rter
<50 kW (notinverter) >50 kW (notinverter) (all sizes)
<50 kW >50 kW
S /)

Compliance Compliance Compliance
Verification Verification Verification

Report A2-1 Report A2-2 Report A2-3

Optional Approach for fully integrated <50 kW Synchronous Power
Generating Modules

=% Conventional Compliance Approach

Figure 16-1 lllustration of the choice of compliance route

It is intended that the Manufacturers will use the P
requirements of this EREC G99 to develop type
verification certification (ie the Compliance Verification
Report as shown in Annex A.2) for each of their Power
Generating Module models.

Form A2-3 caters for all asynchronous and inverter P
technologies of any size, with the exception of
conventional induction Generating Units. Manufacturers
of induction Generating Units may find it more
appropriate to use forms A2-2 or A2-1 in preference to
Form A2-3 (Annex A.2).

16.1.4 Guidance for Manufacturers on type testing for Power P
Generating Modules is included in Annex A.7 of this
document.

16.1.5 Compliance with the requirements detailed in this EREC P

G99 will ensure that the Power Generating Module is
considered to be approved for connection to the DNO’s
Distribution Network.

16.1.6 The Power Generating Module shall comply with all P
relevant UK and European Directives and should be
labelled in accordance with those requirements.

16.2 Connection Process P
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16.2.1 The Installer shall discuss the installation project with the | Relied on installer. P
local DNO at the earliest opportunity. The connection
application will need to be in format as shown in Annex
A.1 (Form A1) or for Power Generating Modules greater
than 50 kW by using the Standard Application Form
(generally available from the DNOs website). Where a
Power Generating Module is Fully Type Tested and
registered with the Energy Networks Association Type
Test Verification Report Register, the application should
include the Manufacturer’s reference number (the
Product ID), and the compliance test results do not need
to be submitted as part of the application.

16.2.2 On receipt of the application, the DNO will assess: Fully Type Test. N/A

e whether any Distribution Network studies are
required;

e whether there is a need for work on the Distribution
Network before the Tested Power Generating
Module can be connected to the Distribution
Network; and

e whether there is a requirement to witness the
commissioning tests and checks.

16.2.3 Connection of the Power Generating Module is only It's depended on installer N/A
allowed after the application for connection has been and DNOs.
approved by the DNO and any DNO works facilitating the
connection have been completed.

16.2.4 Where a Power Generating Module is not Fully Type It's depended on installer N/A
Tested, the Generator or Installer shall provide the DNO |and DNOs.
with a Compliance Verification Report as per Annex A.2
(Forms A2-1, A2-2 or A2-3 as applicable) confirming that
the Power Generating Module has or will be tested to
satisfy the requirements of this EREC G99. This should
be provided prior to commencing commissioning.

16.2.5 Where Power Generating Modules require connection to |It's depended on installer N/A
the DNQO'’s Distribution Network in advance of the and DNOs.
commissioning date, for the purposes of testing, the
Power Generating Facility must comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be coordinated.
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Requirement - Test

Result - Remark

Verdict

16.2.6

Where commissioning tests are not witnessed,
confirmation of the commissioning of each Power
Generating Module will need to be made no later than 28
days after commissioning; the format and content shall
be as shown in Annex A.3 (Form A3) Installation
Document. The Installer or Generator, as appropriate,
shall complete the declaration at the bottom of the
Installation Document (Form A3) noting that this
declaration also covers the Site Compliance and
Commissioning Test Form (Form A2-4). Where the tests
are witnessed a copy shall be provided to the DNO at the
time of commissioning.

It's depended on installer
and DNOs.

N/A

16.2.7

It is the responsibility of the Generator (which may be
delegated to the Installer) to ensure that the relevant
information is forwarded to the local DNO. The pro forma
in Annex A are designed to:

(a) simplify the connection procedure for both DNO and
Installer;

(b) provide the DNO with all the information required to
assess the potential impact of the Power Generating
Module connection on the operation of the
Distribution Network;

(c) inform the DNO that the Generator’s Installation
complies with the requirements of this EREC G99;

(d) allow the DNO to accurately record the location of
all Power Generating Modules connected to the
Distribution Network.

It's depended on installer
and DNOs.

N/A

16.3

Witnessing and Commissioning

N/A

16.4

Operational Notification

N/A

16.4.1

Notification that the Power Generating Module has been
connected / commissioned is achieved by completing an
Installation Document as per Annex A.3, which also
includes the relevant details on the Generator’'s
Installation required by the DNO.

N/A

16.4.2

The Installer, or an agent acting on behalf of the Installer,
shall supply separate Installation Documents (Form A3-1
(Annex A.3) for Type A Power Generating Modules or
Form A3-2 (Annex A.3) for Integrated Micro Generation
and Storage installations) for each Power Generating
Facility installed under EREC G99 to the DNO.
Documentation shall be supplied either at the time of
commissioning (where tests are witnessed) or within 28
days of the commissioning date (where the tests are not
witnessed) and may be submitted electronically.

It's depended on installer
and DNOs.

N/A

16.4.3

Generators who own Type A Power Generating Modules
do not have permanent rights to operate their Power
Generating Modules until the commissioning tests have
been successfully completed (and witnessed by the DNO
if required) and the Installation Document has been fully
completed and sent to the DNO

It's depended on installer
and DNOs.

N/A
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17 TYPE B COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL N/A

NOTIFICATION
171 General N/A
17.2 Connection Process N/A
17.3 Witnessing and Commissioning N/A
17.4 Final Operational Notification N/A
18 TYPE C COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL N/A

NOTIFICATION
18.1 General N/A
18.2 Connection Process N/A
18.3 Witnessing and Commissioning N/A
18.4 Final Operational Notification N/A
19 TYPE D COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL N/A

NOTIFICATION
19.1 General N/A
19.2 Connection Process N/A
19.3 Interim Operational Notification N/A
19.4 Witnessing and Commissioning N/A
19.5 Final Operational Notification N/A
19.6 Limited Operational Notification N/A
19.7 Processes Relating to Derogations N/A
20 ONGOING OBLIGATIONS N/A
20.1 Periodic Testing for Power Generating Modules N/A
20.2 Operational Incidents affecting Compliance of any Power Generating Module N/A
20.3 Changes to the Power Generating Facility or Power Generating Module N/A
204 Notification of Decommissioning N/A
21 Manufacturers’ Information applicable to Power Park Modules
211 General
2111 Manufacturers’ Information covers such information as

type testing details, parameters or data, simulation

models and reports on studies run using those models.

The guidance in this Section 21 Manufacturers’

Information relates to simulation models.
21.1.2 In most cases Manufactures’ Information is submitted by P

the Generator to the DNO. However, data and

performance characteristics in respect of simulation

models may be registered with the DNO by Generating

Unit Manufacturers in the form of Manufacturers’

Information.
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21.1.3 A Generator planning to construct a new Power P
Generating Facility containing the appropriate version of
Generating Units in respect of which Manufacturers’
Information has been submitted to the DNO may
reference the Manufacturers’ Information in its
submissions to the DNO. Any Generator considering
referring to Manufacturers’ Information for any aspect of
its plant and apparatus may contact the DNO to discuss
the suitability of the relevant Manufacturers’ Information
to its project to determine if, and to what extent, the data
included in the Manufacturers’ Information contributes
towards demonstrating compliance with those aspects of
this EREC G99 applicable to the Generator. The DNO
will inform the Generator if the reference to the
Manufacturers’ Information is not appropriate or not
sufficient for its project.

21.1.4 The process to be followed by Generating Unit P
Manufacturers submitting Manufacturers’ Information
must be agreed by the DNO. Paragraph 21.2 below

indicates the specific requirement areas in respect of
which Manufacturers’ Information may be submitted.

21.1.5 The DNO may maintain and publish a register of that It's depended on installer N/A
Manufacturers’ Information which the DNO has received |and DNOs.
and accepted as being an accurate representation of the
performance of the relevant plant and / or apparatus.
Such register will clearly identify the Manufacturer, the
model(s) of Generating Unit(s) to which the report
applies and the provisions of EREC G99 in respect of
which the report contributes towards the demonstration
of compliance in such a way that these models can
easily be identified for appropriate use in other similar
projects. The inclusion of any report in the register does
not in any way confirm that any Power Park Modules
which utilise any Generating Unit(s) covered by a report
is or will be compliant with EREC G99.

21.2 Manufacturers’ Information in respect of Generating P
Units may cover one (or part of one) or more of the
following provisions:

(a) Fault Ride Through capability;
(b) Power Park Module mathematical model DDRC 5c.

21.3 Reference to a Manufacturer’s Data & Performance P
Report in a Generator’s submissions does not by itself
constitute compliance with EREC G99.

21.4 A Generator referencing Manufacturers’ Information P
should insert the relevant Manufacturers’ Information
reference in the appropriate place in the submission
forms detailed in the Annexes. The DNO will consider
the suitability of Manufacturers’ Information in place of
DDRC data submissions such as a mathematical model
suitable for representation of the entire Power Park
Module as per Annex B.4.4 or Annex C.7.4.5 as
applicable. Site specific parameters will still need to be
submitted by the Generator.
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21.5 It is the responsibility of the Generator to ensure that the P
correct reference for the Manufacturers’ Information is
used and the Generator by using that reference accepts
responsibility for the accuracy of the information. The
Generator shall ensure that the Manufacturer has kept
the DNO informed of any relevant variations in plant
specification since the submission of the relevant
Manufacturers’ Information which could affect the validity
of the information.

21.6 The DNO may contact the Generating Unit Manufacturer |It's depended on installer N/A
directly to verify the relevance of the use of such and DNOs.
Manufacturers’ Information. If the DNO believes the use
some or all of such Manufacturers’ Information is
incorrect or the referenced data is inappropriate then the
reference to the Manufacturers’ Information may be
declared invalid by the DNO. Where, and to the extent
possible, the data included in the Manufacturers’
Information is appropriate, the compliance assessment
process will be continued using the data included in the
Manufacturers’ Information.

22 TYPE TESTING AND ANNEX INFORMATION

221 Fully Type Tested and Type Tested equipment

)

The following matrix demonstrates where Manufacturers’ | Fully Type Tested.
Information and compliance and installation checks on
site can be combined to demonstrate compliance for

each Power Generating Module.

Manufacturers’ Information Power Quality Assessment
and Site Tests

Fully Type Tested | Registered as Fully Type Tested | An assessment of compliance
(Type A only = 50 information on ENA website via with EREC b and EREC P28

kW) the Compliance Verification is necessary. This will generally
Report allow connection of a Fully
(Form A2-1, A2-2 or A2-3 as Type Tested device with no
appropriate) need for mitigation. However,

where the fault level is
unusually low (eg in remote
rural locations) mitigation
measures might be needed

Only installation checks
required — as on the Installation
Document (Form A3-1 or A3-2)
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Type Tested Registered as product or Compliance of the installation P
(Type A) component Type Test information | with EREC G5 and EREC P28
on ENA Website using applicable
parts of Compliance Verification Demonstration of technical
Report (Form A2-1, A2-2 or A2- requirements not covered by
3); and/or Manufacturers’ Information.

(Form A3-1 or A3-2)
Supplied by the Generator using

applicable parts of Compliance Standard installation checks
Verification Report (Form A2-1, (Form A3-1 or A3-2). Additional
A2-2 or A2-3) Site Compliance and

Commissioning Checks (Form
A2-4) may also be required

Type Tested (B, Registered as product or Compliance of the installation
C.D) component Type Test information | with EREC G5 and EREC P28
on ENA Website; and/or

Supplied by the Generator Demonstration of technical

requirements not covered by
Manufacturers’ Information.
(Form B2-1 or Form C2-1)

Standard installation checks
(Form B3 or Form C3).

Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be
required

One off installation | To be provided by the Generator | Compliance of the installation

(B, C, D) for those aspects that cannot be with EREC G5 and EREC P28
demonstrated on site (including
simulations etc) Demanstration of technical

requirements not covered by
Manufacturers’ Information.
(Form B2-1 or Form C2-1)

Standard installation checks
also required (Form B3 or Form
C3).

Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be

required
22.2 Annex Contents and Form Guidance

Annex Application Form Title

AD Cover Sheet for Type A Power
Generating Facility Forms

A Connection Application for Type A Form A1-1: Application for connection
Fully Type Tested (<50 kW) Power of Power Generating Module(s) with
Generating Modules Total Aggregate Capacity <50 kW 3-

phase or 17 KW single phase
Connection Application for Integrated
Micro Generation and Storage Form A1-2: Application for connection
of an Integrated Micro Generation
Mote for all other Power Generating and Storage installation

Modulas the DNO's Standard
Application Form shall be used.

A2 Compliance report for Type A Type Form A2-1: Compliance Verification
Tested Report for Synchronous Power
Generating Modules up to and
including 50 kKW

Form A2-2: Compliance Verfication
Report for Synchronous Power
Generating Modules > 50 kW and also
for Synchronous Power Generating
Modules s 50 KW where the approach
of this form is preferred to that in Form
A2

Form AZ2-3 Compliance Verification
Report for Inverter Connected Power
Generating Modules

A2 Additional Compliance and Form AZ2-4: Site Compliance and
Commissioning test requirements for Commissioning test requirements for
Type A Power Generating Modules Type A Power Generating Modules
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A3 Installation and Commissioning a Form A3-1: Installation Document for
Power Generating Facility Type A Power Generating Modules
comprising one or more Type A
Generating Modules Form A3-2: Installation Document for
Integrated Micro Generation and
Storage installations
A4 Emerging Technologies and other
Exceptions
A5 Example calculations to determine if
unequal generation across different
phases is acceptable or not
A6 Scenario examples in respect of the
application of EREC G59 and EREC
G99 to new or modified sites after
27/04/19
AT Requirements for Type Testing Type
A Power Generating Modules
B.1 Application Refer to Standard Application Form
B.2-1 Compliance documentation for Type Form B2-1: Power Generating Module
B Power Generating Modules Document for Type B Power
Generating Modules
B.2-2 Additional Compliance and Form B2-2 Site Compliance and
Commissioning test requirements for Commissicning test requirements for
Type B Power Generating Modules Type B Power Generating Modules
B.3 Installation and Commissioning Form B2: Installation and
Confirmation Form Commissicning Confirmation Form for
Type B Power Generating Modules
B4 Simulation Studies for Type B Power
Generating Modules
B.5 Compliance Testing of Type B
Synchronous Power Generating
Modules
B.6 Compliance testing of Type B Power
Park Modules
C.1 Application Refer to Standard Application Form
C.21 Compliance documentation for Type Form C2-1: Power Generating Module
C and Type D Power Generating Document for Type C and Type D
Modules Power Generating Modules
c.2-2 Additional Compliance and Form C2-2 Site Compliance and
Commissioning test requirements for Commissioning test requirements for
Type C and Type D Power Type C and Type D Power Generating
Generating Modules Modules
c3 Installation and Commissioning Form C3: Installation and
Confirmation Form Commissioning Confirmation Form for
Type C and Type D Power Generating
Modules
CcC4 Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Synchronous
Power Generating Modules
C5 Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Power Park
Modules
(o] Functional Specification for Fault
Recording and Power Quality
Monitoring Equipment Studies for
Type C and Type D Power
Generating Modules
c7 Simulation Studies for Type C and
Type D Power Generating Modules

P
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cs8 Compliance Testing of Type C and P
Type D Synchronous Power
Generating Modules
c9 Compliance Testing of Type C and
Type D Power Park Modules
c.10 Minimum Frequency Response
Capabilities for Type C and Type D
Power Generating Modules
D.O Decommissioning of any Power Form D1: Decommissioning
Generating Module Confirmation
DA Additional Information Relating to
System Stability Studies
D.2 Loss of Mains Protection Analysis
D.3 Main Statutory and other Obligations
D4 Summary of Reactive Power and
voltage control requirements
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Appendix 1: A2-3 Compliance Verification Report —Tests for Type A Inverter Connected Power
Generating Modules

1. Operating Range: P

Tests should be carried with the Power Generating Module operating at Registered Capacity and
connected to a suitable test supply or grid simulation set. The power supplied by the primary source shall
be kept stable within £ 5 % of the apparent power value set for the entire duration of each test sequence.

Frequency, voltage and Active Power measurements at the output terminals of the Power Generating
Module shall be recorded every second. The tests will verify that the Power Generating Module can
operate within the required ranges for the specified period of time.

The Interface Protection shall be disabled during the tests.

In case of a PV Power Park Module the PV primary source may be replaced by a DC source.
In case of a full converter Power Park Module (eg wind) the primary source and the prime mover
Inverter/rectifier may be replaced by a DC source.

Pass or failure of the test should be indicated in the fields below (right hand side), for example with the
statement “Pass”, “No disconnection occurs”, etc. Graphical evidence is preferred.

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for
HV as required.

Test 1
Voltage = 85% of nominal (195.5 V),
Frequency = 47 Hz, 120% piErem fortest 1 5100

Power Factor = 1,
Period of test 20 s

110%

™

& 100%

S0%

P/Pn&UUn&Cex
8
®

0%

e0%: 4500

50% 4500

P/Fn Ufun Cosd F[Hz]
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Test 2
Voltage = 85% of nominal (195.5 V),
Frequency = 47.5 Hz, 120% Diram for test 2 51.00
Power Factor = 1, 1o w000
Period of test 90 minutes 5 100%
3 49.00
@ 90% -
3 43.00 I
3 0% e
f 0% 700
£0% “6.00
50% 45.00
a S00 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time [s]
——P/Pni UfUn Cosg F[Hz]
Test 3
Voltage = 110% of nominal (253 V),
Frequency = 51.5 Hz, 120% Digram for test 3 54.00
Power Factor = 1, 110% 53.50
Period of test 90 minutes € 100% 53.00
(=]
D‘é 0% 52.50 .
=2 5200 T
=2 [
2 B0 5150
o 0% 51.00
60% 50.50
50% 50.00
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time [s]
—P/Pn ——UjUn Cosd FlHz]
Test 4
Voltage = 110% of nominal (253 V), _
Frequency = 52.0 Hz, 120% Dieram for test & 54.00
Power Factor = 1, 110% 53.50
Period of test 15 minutes T 00w b == . | 5300
S 5250
% 90% -
2 5200 &
g B0% u
2 5150
= 0% 51.00
60% 50.50
0% 50.00
1] 200 400 600 BOOD 1000
Time [s]
— PPN —fUn Cosh F[Hz]
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Test5
Voltage = 100% of nominal (230 V), _
Frequency = 50.0 Hz, 120% Dieram for test 3 54.00
Power Factor = 1, 110% 53.00
Period of test = 90 minutes 2 100 5200
o
§ 90% 5100
2 £
S B0% 5000 -
E. T0% 45.00
0% 48.00
0% 47.00
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time [s]
e PP e U fUN Cosd F[Hz]
Test 6 RoCoF withstand Ramp: 47 Hz — 52 Hz
Confirm that the Power Generating
Module is capable of staying
connected to the Distribution 120% 47.0Hz->52.0Hz <100
Network and operate at rates of oo 53.00
change of frequency up to 1 Hzs! as 750,520 52.00
measured over a period of 500 ms. 5 B80% 5100
Note that this is not expected to be 3 60% jzss e
demonstrated on site. S aon 1500
70.0, 47.00 47.00
20%
46.00
0% 45.00
0 20 40 60 80 100 120 140 160
Time [s]
——P/n ——U/Un FlHz]
Ramp: 52 Hz — 49 Hz
52.0Hz-»49.0Hz
120% 53.00
52.50
100% 52.00
= 20% 72.8,52.00 51.50
g 51.00 _
3 60% 5050 I
-y 5000
o 40% 4350
20% 49.00
75.4, 48.00 48.50
0% 48.00
0 20 40 () 20 100 120 140 160
Time [s]
——P/Pn ——U/Un FlHz]
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Model: AU10KESL-G3 P
Test 1:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (seconds)
195.63 47.00 9972.14 0.999 58.4
Test 2:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
195.53 47.50 9933.38 0.999 92.7
Test 3:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
253.20 51.50 10009.22 0.999 92.8
Test 4:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
253.10 52.00 10007.74 0.999 15.7
Test 5:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
230.11 50.00 10016.58 0.999 92.9
Test 6:
Measured Voltage Ramp range Test frequency Test Duration Confirm no trip
(V) ramp
194.98 47.0 Hz to 52.0 Hz +1.0 Hzs™" 5.0 No trip
253.10 52.0 Hzt0 49.0 Hz -1.0 Hzs™" 3.0 No trip
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2. Power Quality — Harmonics: P

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) the test
requirements are specified in Annex A.7.1.5. These tests should be carried out as specified in BS EN
61000-3-12, and measurements for the 2" — 13t harmonics should be provided. The results need to
comply with the limits of Table 2 of BS EN 61000-3-12 for single phase equipment and Table 3 of BS EN
610000-3-12 for three phase equipment. For three phase Power Generating Modules, measurements for
all phases should be provided.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC G5.

The rating of the Power Generating Module (per phase) should be provided below, and the Total
Harmonic Distortion (THD) and Partial Weighted Harmonic Distortion (PWHD) should be provided at the
bottom of this section.

Model: AU10KESL-G3

Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase | 10 kVA Harmonic % =
(rpp) Measured Value (A) x
23/rating per phase
(kVA)
Single or three phase measurements (for Single phase
single phase measurements, only complete
L1 columns below)
.| At45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic : X 3-12
Measured Value (MV) in Amps Measured Value (MV) in % -
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.035 - - 0.08 - - 8% 8%
3 0.103 - - 0.24 - - 21.6% Not stated
4 0.007 - - 0.02 - - 4% 4%
5 0.031 - - 0.07 - - 10.7% 10.7%
6 0.015 - - 0.03 - - 2.67% 2.67%
7 0.024 - - 0.06 - - 7.2% 7.2%
8 0.009 - - 0.02 - - 2% 2%
9 0.163 - - 0.37 - - 3.8% Not stated
10 0.010 - - 0.02 - - 1.6% 1.6%
11 0.022 - - 0.05 - - 3.1% 3.1%
12 0.007 - - 0.02 - - 1.33% 1.33%
13 0.017 - - 0.04 - - 2% 2%
THD - - - 0.47 - - 23% 13%
PWHD - - - 2.47 - - 23% 22%
_ | At 100% of Registered Capacity Limit in BS EN 61000-
Harmonic : - 3-12
Measured Value (MV) in Amps Measured Value (MV) in % -
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.040 - - 0.09 - - 8% 8%
3 0.165 - - 0.38 - - 21.6% Not stated
4 0.020 - - 0.04 - - 4% 4%
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5 0.024 0.05 10.7% 10.7%
6 0.020 0.05 2.67% 2.67%
7 0.034 0.08 7.2% 7.2%
8 0.006 0.01 2% 2%
9 0.016 0.04 3.8% Not stated
10 0.007 0.02 1.6% 1.6%
11 0.015 0.03 3.1% 3.1%
12 0.006 0.01 1.33% 1.33%
13 0.014 0.03 2% 2%
THD - 0.41 23% 13%
PWHD - 2.95 23% 22%
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Model: AUTKESL-G3

Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase | 7.0 kVA Harmonic % =

(rpp) Measured Value (A) x
23/rating per phase
(KVA)

Single or three phase measurements (for Single phase

single phase measurements, only complete

L1 columns below)

Harmonic

At 45-55% of Registered Capacity

Limit in BS EN 61000-

Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.040 - - 0.13 - - 8% 8%
3 0.154 - - 0.51 - - 21.6% Not stated
4 0.013 - - 0.04 - - 4% 4%
5 0.028 - - 0.09 - - 10.7% 10.7%
6 0.015 - - 0.05 - - 2.67% 2.67%
7 0.026 - - 0.09 - - 7.2% 7.2%
8 0.009 - - 0.03 - - 2% 2%
9 0.019 - - 0.06 - - 3.8% Not stated
10 0.004 - - 0.01 - - 1.6% 1.6%
11 0.017 - - 0.05 - - 3.1% 3.1%
12 0.007 - - 0.02 - - 1.33% 1.33%
13 0.012 - - 0.04 - - 2% 2%
THD - - - 0.55 23% 13%
PWHD - - - 4.29 23% 22%
.| At 100% of Registered Capacity Limit in BS EN 61000-
Harmonic
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.017 - - 0.06 - - 8% 8%
3 0.124 - - 0.41 - - 21.6% Not stated
4 0.013 - - 0.04 - - 4% 4%
5 0.016 - - 0.05 - - 10.7% 10.7%
6 0.007 - - 0.02 - - 2.67% 2.67%
7 0.016 - - 0.05 - - 7.2% 7.2%
8 0.007 - - 0.02 - - 2% 2%
9 0.186 - - 0.61 - - 3.8% Not stated
10 0.004 - - 0.01 - - 1.6% 1.6%
11 0.014 - - 0.05 - - 3.1% 3.1%
12 0.003 - - 0.01 - - 1.33% 1.33%
13 0.065 - - 0.21 - - 2% 2%
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THD 0.77 23% 13%
PWHD 2.98 23% 22%
Note:

THD = Total Harmonic Distortion of 1st ~ 13t harmonics
PWHD = Partial Weighted Harmonic Distortion of 14t ~ 40 harmonics
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3. Power Quality — Voltage fluctuations and Flicker: P

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) these
tests should be undertaken in accordance with Annex A.7.1.4.3. Results should be normalised to a
standard source impedance, or if this results in figures above the limits set in BS EN 61000-3-11 to a
suitable Maximum Impedance.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC P28.

The standard test impedance is 0.4 Q for a single phase Power Generating Module (and for a two phase
unit in a three phase system) and 0.24 Q for a three phase Power Generating Module (and for a two
phase unit in a split phase system). Please ensure that both test and standard impedance are completed
on this form. If the test impedance (or the measured impedance) is different to the standard impedance, it
must be normalised to the standard impedance as follows (where the Power Factor of the generation
output is 0.98 or above):

d max normalised value = (Standard impedance / Measured impedance) x Measured value.

Where the Power Factor of the output is under 0.98 then the X to R ratio of the test impedance should be
close to that of the standard impedance.

The stopping test should be a trip from full load operation.

The duration of these tests needs to comply with the particular requirements set out in the testing notes for
the technology under test.

The test date and location must be declared.

Model: AU10KESL-G3
Test start date 2026-06-08 Test end date 2026-06-08
Test location No.16, Lane 1288, Luoning Road, Baoshan District, Shanghai, 200949, China
Starting Stopping Running
Pit
d(max) d(c) d(t) d(max) d(c) d(t) Pst 2 hours
Measured
?gi't“es at 051% | 0.07% | 0.00% | 0.46% | 0.06% | 0.00% 0.14 0.13
impedance
Normalised
to standard 0.51% 0.07% 0.00% 0.46% 0.06% 0.00% 0.14 0.13
impedance
Normalised
to required N/A N/A N/A N/A N/A N/A N/A N/A
maximum
impedance
Limits set
under S| 4% 33% | 3.3% 4% 33% | 3.3% 1.0 0.65
3-11
Test R 04 Q XI 0.25 Q
Impedance
Standard 0.24 * 0.15*
Impedance R 04" 0 Xl 0.25% Q
Maximum | o N/A Q XI N/A Q
Impedance
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Model: AU7KESL-G3
Test start date 2026-06-08 Test end date 2026-06-08
Test location No.16, Lane 1288, Luoning Road, Baoshan District, Shanghai, 200949, China
Starting Stopping Running
Pt
d(max) d(c) d(t) d(max) d(c) d(t) Pst 2 hours
Measured
yelesal | 039% | 007% | 000% | 043% | 0.14% | 0.00% | 0.14 0.13
impedance
Normalised
to standard 0.39% 0.07% 0.00% 0.43% 0.14% 0.00% 0.14 0.13
impedance
Normalised
to required N/A N/A N/A N/A N/A N/A N/A N/A
maximum
impedance
Limits set
under BS o o o o o o
EN 61000- 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
3-11
Test R 0.4 Q X 0.25 Q
Impedance
Standard 0.24~ 0.15*
Impedance R 04" Q Xl 0.25% Q
Maximum | o N/A Q X N/A Q
Impedance
* Applies to three phase and split single phase Power Generating Modules.
A Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system. Delete as appropriate.
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4. Power quality — DC injection:

P

The tests should be carried out on a single Generating Unit. Tests are to be carried out at three defined
power levels £5%. At 230 V a 50 kW three phase Inverter has a current output of 217 A so DC limit is 543

mA. These tests should be undertaken in accordance with Annex A.7.1.4.4.
The % DC injection (“as % of rated AC current” below) is calculated as follows:

% DC injection = Recorded DC value in Amps / Base current

where the base current is the Registered Capacity (W) / Vphase. The % DC injection should not be

greater than 0.25%.

Model: AU10KESL-G3

Test power level 10% 55% 100%
Recor_ded DC injection 0.026 0.026 0.016
value in Amps
as % of rated AC current | 0.059% 0.060% 0.038%
Limit 0.25% 0.25% 0.25%
10%Pn
0.5% 50%
0.4% 40%
% 0.3% 30% %
T T e T e o B e I A s I | £
§ 0.2% 20% &
0.0% 0%
0 20 40 60 80 100 120
Time[s]

L1% == = =Limit

P/Pn
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55%Pn
0.8% 80%
0.7% 70%
0.6% 60%
&£ 0.5% 50% .
3 &
S 0.4% 40% ¢
i ~
5 0.3% 30%
0.2% 20%
0.0% 0%
0 20 40 60 80 100 120
Time[s]
L1% == = = Limit P/Pn
100%Pn
0.8% 120%
0,
0-7% 100%
0.6%
—_— 0,
£ 0.5% 80%
3 &
S 0.4% 60% £
i ~
() [=8
5036_________________________40%
0.2%
0,
. 20%
0.0% “MWNWHWHW “uwwww' '“ b‘W“MW‘ 0%

0

20

40

L1%

60

Time[s]

- = = Limit

80

100

P/Pn

120

TRF No. G99/2_V1.0




Page 84 of 116 Report No.: 6266862.50A
Model: AU7TKESL-G3
Test power level 10% 55% 100%
Recor_ded DC injection 0.019 0.024 0.021
value in Amps
as % of rated AC current | 0.061% 0.079% 0.070%
Limit 0.25% 0.25% 0.25%

10%Pn

0.5%

0.4%

0.3%

0.2%

Idc/Inom[%)]

50%

40%

30%

P/Pn[%]

20%

0.0% 0%

0.8%
0.7%
0.6%

20

40 60 80
Time[s]

L1% == = = Limit P/Pn

55%Pn

120

80%
70%
60%

0.5%
0.4%
0.3%
0.2%

Idc/Inom[%)]

0.0%
0

20

40 60 80
Time[s]

L1% == = =Llimit P/Pn

50%
40%
30%
20%

P/Pn[%]

0.1 MMWWWMWM 10%
0%

120
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100%Pn
0.8% 120%
0,
0.7% 100%
0.6%
—_ 0,
= 0.5% 80%
€ X
S 0.4% 60% £
B ~
(V) o
§0.3A_------------------------40%
0.2%
()
015\ AR ANt (A A SN
0.0% 0%
0 20 40 60 80 100 120
Time[s]

L1% == = =Llimit P/Pn
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5. Power Factor:

P

HV as required.

The tests should be carried out on a single Power Generating Module. Tests are to be carried out at
three voltage levels and at Registered Capacity and the measured Power Factor must be greater than
0.95 to pass. Voltage to be maintained within £1.5% of the stated level during the test. These tests should
be undertaken in accordance with Annex A.7.1.4.2

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for

Model: AU10KESL-G3

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 0.999 0.999 1.000

Power Factor Limit >0.95 >0.95 >0.95

Model: AUTKESL-G3

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 0.999 0.998 0.998

Power Factor Limit >0.95 >0.95 >0.95
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6. Protection — Frequency tests:

P

” o«

time delay should be stated. For “no trip tests”, “no trip” can be stated.

These tests should be carried out in accordance with the Annex A.7.1.2.3. For trip tests, frequency and

Model: AU10KESL-G3

Function Setting Trip test “No trip tests”
. . Frequency Confirm no
Frequency Time delay | Frequency Time delay ftime trip
UFF stage 1 | 47.5Hz 20's 47.50 Hz 20.83s ggz Hz No trip
U/F stage 2 47.0 Hz 05s 47.00 Hz 0.57 s ‘gg SHZ No trip
46.8 Hz .
045 s No trip
OIF 52.0Hz 05s 52.00 Hz 0.58's ?;bsst No trip
52.2 Hz .
045 s No trip

Note: For frequency trip tests the frequency required to trip is the setting £ 0.1 Hz. In order to measure the
time delay a larger deviation than the minimum required to operate the projection can be used. The “No
trip tests” need to be carried out at the setting £ 0.2 Hz and for the relevant times as shown in the table
above to ensure that the protection will not trip in error.
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Graph of U/F stage 1 — Trip test
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Graph of O/F — Trip test
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7. Protection — Voltage tests:

P

These tests should be carried out in accordance with Annex A.7.1.2.2. For trip tests, voltage and time
delay should be stated. For “no trip tests”, “no trip” can be stated.

Note that the value of voltage stated below assumes a LV connection This should be adjusted for HV
taking account of the VT ratio as required.

Model: AU10KESL-G3

L1-N
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time Confirm no trip
0.8 pu 188 V .
unN (184 V) 25s 184.02 V 252s 50s No trip
180 V .
245 s No trip
1.14 pu 258.2V .
O/V stage 1 (262.2 V) 10s 262.11V 1.13s 50s No trip
1.19 pu 269.7V .
O/V stage 2 (273.7 V) 05s 273.76 V 0.55s 095s No trip
2777V .
0.45 s No trip

Note: for Voltage tests the Voltage required to trip is the setting +3.45 V. The time delay can be measured
at a larger deviation than the minimum required to operate the protection. The No trip tests need to be
carried out at the setting +4 V and for the relevant times as shown in the table above to ensure that the
protection will not trip in error.
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Graph of U/V — Trip test
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Graph of O/V stage 2 — Trip test
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8. Protection — Loss of Mains test:

These tests should be carried out in accordance with BS EN 62116. Annex A.7.1.2.4.

For test condition A, EUT output = 100 % Ph, test condition B, EUT output = 50 % to 66 % Pn, and test
condition C, EUT output = 25 % to 33 % Ph.

Model: AU10KESL-G3

The following sub set of tests should be recorded in the following table.

Test Power 33% 66% 100% 33% 66% 100%
and -5% Q -5% Q -5% P +5% Q +5% Q +5% P
imbalance Test 22 Test 12 Test 5 Test 31 Test 21 Test 10
[P e, | 134.0ms 157.0ms | 260.9ms | 1230ms |162.0ms | 231.9ms
Peut @ . o , )
No. (;’Jf)rf IIaoeaad(f[(l‘\’z)e 5’2(_:0; 8//2?0; RE rr:“;) " TW)T A%l:al Voc ¥ Remarks ©
rating) of QL) | nominal) | nominal) (ms)
1 100 100 0 0 319.9 10000 0.999 363 Test A at BL
2 66 66 0 0 247.9 6600 0.999 270 Test B at BL
3 33 33 0 0 202.0 3300 1.000 180 Test C at BL
4 100 100 -5 -5 191.0 10000 1.027 363 TestAatIB
5 100 100 -5 0 260.9 10000 1.056 363 TestAatIB
6 100 100 -5 +5 190.0 10000 1.082 363 TestAat IB
7 100 100 0 -5 171.0 10000 0.975 363 Test AatIB
8 100 100 0 +5 187.5 10000 1.024 363 Test Aat B
9 100 100 +5 -5 166.0 10000 0.928 363 Test A at B
10 100 100 +5 0 231.9 10000 0.956 363 TestAat B
11 100 100 +5 +5 181.0 10000 0.981 363 Test Aat B
12 66 66 0 -5 157.0 6600 0.975 270 TestB at IB
13 66 66 0 -4 170.0 6600 0.981 270 TestB at IB
14 66 66 0 -3 177.0 6600 0.986 270 TestB at IB
15 66 66 0 -2 189.0 6600 0.990 270 TestB at IB
16 66 66 0 -1 194.0 6600 0.995 270 TestB at IB
17 66 66 0 +1 211.9 6600 1.004 270 Test B at IB
18 66 66 0 +2 186.0 6600 1.009 270 TestB at IB
19 66 66 0 +3 181.0 6600 1.014 270 Test B at IB
20 66 66 0 +4 177.0 6600 1.020 270 Test B at IB
21 66 66 0 +5 162.0 6600 1.024 270 Test B at IB
22 33 33 0 -5 134.0 3300 0.975 180 Test B at IB
23 33 33 0 -4 138.0 3300 0.981 180 TestC atIB
24 33 33 0 -3 149.0 3300 0.985 180 TestC atIB
25 33 33 0 -2 151.0 3300 0.991 180 Test C at 1B
26 33 33 0 -1 162.0 3300 0.995 180 Test C at 1B
27 33 33 0 +1 181.0 3300 1.005 180 Test C at 1B
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28 33 33 0 +2 164.0 3300 1.009 180 Test C at IB
29 33 33 0 +3 147.0 3300 1.016 180 Test C at IB
30 33 33 0 +4 131.0 3300 1.021 180 Test C at IB
31 33 33 0 +5 123.0 3300 1.025 180 TestC at IB
Note:

a)
b)

e)

Peur: EUT output power.

Pac: Active power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

Qac: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the
0 % test condition value.

For test condition A, > 75 % of rated input voltage range used, for test condition B, 50 % of rated input
voltage range, £10 % used, for test condition C, < 20 % of rated input voltage range used. Based on
EUT rated input operating range. For example, if range is between X volts and Y volts, 75 % of range
=X+ 0,75 x (Y = X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum
allowable array open circuit voltage). In any case, the EUT should not be operated outside of its
allowable input voltage range.

BL: Balance condition, IB: Imbalance condition.

If the device requires additional shut down time (beyond 0.5 s but less than 1 s) then this should be stated
on this form.

CH1_U1: Output voltage

CH2_11: Output current

CH3_I2: Grid-side current
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Graph of disconnection at Pac 0% and Qac 0% reactive load and 100% nominal power
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Graph of disconnection at Pac 0% and Qac 0% reactive load and 33% nominal power
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Loss of Mains Protection, Vector Shift Stability test

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip under positive / negative vector shift.

Model: AU10KESL-G3

Start Frequency

Change

Confirm no trip

Positive Vector Shift 49.5 Hz +50 degrees No trip
Negative Vector Shift 50.5 Hz - 50 degrees No trip
Positive Vector Shift
. -~ - - \ N /N
i G L e S P \\/// ‘\\//“\\//\\v/ \_\-/
o o
L} A ] LY
S e == S
@F_fund@AC [Hz] 5.50013 4350013 200000
Negative Vector Shift
AN ~ - ~
//‘\\_//_‘\\_//‘“ _//\_//\\// M \\_,// \_\//‘\ //' \\4//_\_\_/
o
L} A ] LY
LLTE 0855400 81256307 040007
S = s S
@F_fund@AC [Hz] Saess 5049398 200000
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Loss of Mains Protection, RoCoF Stability test:

P

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip for the duration of the ramp up and ramp down test.

Model: AU10KESL-G3

Ramp range

Test frequency ramp:

Test Duration

Confirm no trip

49.0 Hzto 51.0 Hz

+0.95 Hzs""

21s

No trip

51.0 Hz t0 49.0 Hz

-0.95 Hzs"'

21s

No trip

ROCOF — From 49.0 Hz to 51.0 Hz
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9-1. Limited Frequency Sensitive Mode — Over frequency test P

The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10%.

This test should be carried out in accordance with A.7.1.3, which also contains the measurement
tolerances.

Active Power response to rising frequency/time plots are attached if frequency injection tests N/A
are undertaken in accordance with Annex A.7.2.4
Model: AU10KESL-G3
Alternatively, simulation results should be noted below:
Test sequence at Measured Active
. Active Frequency Calculated Primary Power Power
Registered P H d o S Gradient
Capacity >80% ower (Hz) roop (%) ource radien
Output (W) (%Pas™)
Step a) 50.00 Hz £0.01 Hz | 9988.47 50.00 - -
Step b) 50.45 Hz +0.05 Hz | 9891.73 50.45 10.38 -
Step c¢) 50.70 Hz £0.10 Hz | 9398.26 50.70 10.17 -
Step d) 51.15 Hz +0.05 Hz | 8500.11 51.15 10.08 Photovoltaic -
array simulator
Step €) 50.70 Hz £0.10 Hz | 9397.86 50.70 10.16 -
Step f) 50.45 Hz +0.05 Hz | 9896.55 50.45 10.92 -
0 -
Step g) 50.00 Hz +0.01 Hz | 9985.39 50.00 11.30 0'103 Pn/S
Test sequence at Measured Active
Re istgre d Capacity 40- Active Frequency Calculated Primary Power Power
60‘? pacity Power (Hz) droop (%) Source Gradient
° Output (W) (%Pas™)
Step a) 50.00 Hz £0.01 Hz | 5001.15 50.00 - -
Step b) 50.45 Hz +0.05 Hz | 4907.83 50.45 10.75 -
Step c) 50.70 Hz £0.10 Hz | 4407.37 50.70 10.11 -
Step d) 51.15 Hz +0.05 Hz | 3508.73 51.15 10.05 Photovoltaic -
array simulator
Step e) 50.70 Hz +0.10 Hz | 4405.26 50.70 10.07 -
Step f) 50.45 Hz £0.05 Hz | 4908.70 50.45 10.85
0, -
Step g) 50.00 Hz +0.01 Hz | 5001.25 50.00 10.84 9-03%Pn/S

The frequency at each step should be maintained for at least one minute and the Active Power reduction
in the form of a gradient determined and assessed for compliance with paragraph 11.2.3. The Droop
should be determined from the measurements between 50.4 Hz and 51.15 Hz. The allowed tolerance for
the frequency measurement shall be + 0.05 Hz. The allowed tolerance for Active Power output
measurement shall be £10% of the required change in Active Power.

The resulting overall tolerance range for a nominal 10% Droop is +2.8% and — 1.5%, ie a Droop less than
12.8% and greater than 8.5%.
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Test chart
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9-2. Power output with falling frequency test (For PV Inverter)

P

Tests should prove that the Power Generating Module does not reduce output power as the frequency

falls. These tests should be carried out in accordance with 11.2.3.1, 12.2.3.1, 13.2.3.1.

Model: AU10KESL-G3

Test sequence Measured Active Acceptable Active | Frequency Primary power
9 Power Output (W) | Power (Hz) source
0, H .
50.5 Hz for 5 minutes | 10036.92 100% Registered | 5, 5, Photovoltaic
Capacity array simulator
0, H .
50.0 Hz for 5 minutes | 10026.84 100% Registered | 5 Photovoltaic
Capacity array simulator
0, H .
495 Hz for 5 minutes | 10028.27 100% Registered | 4 5, Photovoltaic
Capacity array simulator
o - -
49.0 Hz for 5 minutes | 10025.11 99% Registered | 44 Photovoltaic
Capacity array simulator
0, H N
48.0 Hz for 5 minutes | 10016.57 97% Registered | 40 Photovoltaic
Capacity array simulator
o - -
47.6 Hz for 5 minutes | 10024.64 96.2% Registered | ,; ¢, Photovoltaic
Capacity array simulator
0, H N
471Hzfor20's 10029.97 95% Registered | 47 4o Photovoltaic

Capacity

array simulator
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NOTE:
[ ' I 1
47.0 Frequency 48.8 49.5 50.5
| 100% of Active
Power
fora minimum: of | L 95% of Active
5 minutes Power

Figure 11.1 Change in Active Power with falling frequency
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9-3. Power output with falling frequency test (For Electricity Storage Device)

9-4. Power output with increasing frequency test (For Electricity Storage Device)

This test should be carried out in accordance with clause 11.2.3.3, 12.2.3.3, 13.2.3.2 and A.7.1.7

Model: AU10KESL-G3

Test 1: 50 Hz t0 49.0 Hz, from 100% Prated-import

Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source
50.0 -9996.76 50.00 - gC grid / Storage
attery
49.5 -9997.05 49.50 - gC grid / Storage
attery
49.2 -4000.67 49.20 1.00 /SC grid / Storage
attery
49.0 10.61 49.00 1.00 AC grid / Storage
Battery
49.2 10.62 49.20 - AC grid / Storage
Battery
49.5 10.62 49.50 - AC grid / Storage
Battery
49.8 -5999.48 49.80 1.00 AC grid / Storage
Battery
50.0 -9996.55 50.00 1.00 AC grid / Storage
Battery
Test 2: 50 Hz to 48.8 HZ, from 100% Prated—import
Test sequence Measured Active Steady frequency Calculated droop Primary power
(Hz) Power Output (W) | (Hz) (%) source
50.0 -9999.52 50.00 - SC grid / Storage
attery
49.5 -9995.54 49.50 - SC grid / Storage
attery
49.2 -4001.30 49.20 1.00 SC grid / Storage
attery
49.0 10.63 49.00 1.00 QC grid / Storage
attery
48.9 1999.80 48.90 1.00 SC grid / Storage
attery
48.8 4001.33 48.80 1.00 /QC grid / Storage
attery
48.9 4001.44 48.90 - AC grid / Storage
Battery
49.2 4001.26 49.20 - AC grid / Storage
Battery
49.5 4001.25 49.50 - AC grid / Storage
Battery
49.8 -1999.64 49.80 1.00 éC grid / Storage
attery
50.0 -6004.77 50.00 1.00 AC grid / Storage

Battery

Test 3: 50 Hz to 49.0

HZ, from 40% Prated—impon

Test sequence Measured Active Steady frequency Calculated droop Primary power

(Hz) Power Output (W) | (Hz) (%) source

50.0 -4001.20 50.00 - AC grid / Storage
Battery

49.5 -4001.02 49.50 . AC grid / Storage
Battery
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in system frequency.

49.2 2004.77 49.20 1.00 AC grid / Storage
Battery

49.0 5995.78 49.00 1.00 AC grid / Storage
Battery

49.2 5999.85 49.20 - AC grid / Storage
Battery

49.5 5999.40 49.50 - AC grid / Storage
Battery

49.8 9.59 49.80 1.00 AC grid / Storage
Battery

50.0 -4000.60 50.00 1.00 AC grid / Storage
Battery

Test 4: 50 Hz to 48.8 HZ, from 40% Prated—import

Test sequence Measured Active Steady frequency | Calculated droop Primary power

(Hz) Power Output (W) | (Hz) (%) source

50.0 -4000.99 50.00 - AC grid / Storage
Battery

49.5 -4001.10 49.50 - AC grid / Storage
Battery

49.2 2004.79 49.20 1.00 AC grid / Storage
Battery

49.0 5999.08 49.00 1.00 QC grid / Storage

attery

48.9 7999.09 48.90 1.00 AC grid / Storage
Battery

48.8 9999.91 48.80 1.00 AC grid / Storage
Battery

48.9 10000.27 48.90 - AC grid / Storage
Battery

49.2 10001.07 49.20 - AC grid / Storage
Battery

49.5 10001.54 49.50 - AC grid / Storage
Battery

49.8 4001.24 49.80 1.00 AC grid / Storage
Battery

50.0 9.52 50.00 1.00 SC grid / Storage

attery
NOTE:

This paragraph provides a method for demonstrating compliance with the optional performance
characteristic as discussed in the foreword. The tests shall be carried out to demonstrate how the Power
Park Module Active Power when acting as a load (ie replenishing its energy store) responds to changes

In general four tests are proposed, one set of two at rated import capacity, and one set of two at 40% of
rated import capacity.

In both cases the test is to reduce frequency from 50 Hz at rate of 2 Hz/s. In the first case the lower
frequency reached will be 49.0 Hz and the second case the lower frequency will be 48.8 Hz.

In all cases the response shall meet the requirements of 11.2.3.3.
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Frequency (He)
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Figure 11.2 Active Power performance with falling frequency

and 11.2.3.3.2 shall apply.

Frequency (Hz)

Export
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1 I
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Acceptable 7/
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Figure 11.3 Active Power performance with increasing frequency

Registered
Capacity

When returning the frequency to nominal, the ramp rate shall be of the order of 0.1 Hzs™.

Where an Electricity Storage Power Generating Module was importing before the fall in frequency
and has responded in accordance with the requirements of 11.2.3.3.1, its performance, once the
system frequency starts to rise above the minimum reached, shall be in accordance with Figure
11.3 in respect of the Active Power output and Active Power import. For example, Figure 11.3,
illustrates the four operating points W, X, Y and Z. If points W, X,
Where an Electricity Storage Power Generating Module is exporting Active Power (including zero)
to the Total System and the system frequency falls below 49.5 Hz the requirements of 11.2.3.3.1
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Chart:
Test 1
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10. Protection — Re-connection timer.

Model: AU10KESL-G3

Test should prove that the reconnection sequence starts after a minimum delay of 20 s for restoration of
voltage and frequency to within the stage 1 settings of Table 10.1.

reconnect

Time delay Measured Checks on no reconnection when voltage or frequency is brought to
setting delay just outside stage 1 limits of Table 10.1.
At 1.16 pu At 0.78 pu
30s 70.0s (266.2 V) (180.0 V) At47.4 Hz At52.1 Hz
Confirmation that the Micro- No No No No
generator does not re-connect. reconnection reconnection reconnection reconnection
Recover to normal operation
range after confirmation of no Yes Yes Yes Yes
connection
Confirmation that the Power . . . .
Generating Module shall Reconnection Reconnection Reconnection Reconnection
after 93.6 s after 105.6 s after 82.4 s after 70.0 s
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Reconnection — U >: 1.16 p.u. (266.2 V)

140% 120%
120% )
100% | - 115%
80% 77.4,112% 110%
£ 60% 105% 2
& 40% * S
20% 100%
0%
20% 171, -0.22% 95%
- (]
-40% 90%
100 200 300 400 500 600 700 800
Time [s]
e P/Pn uU/Un
Reconnection — U <: 0.78 p.u. (180.0 V)
100% 100%
80% 95%
90%
60%
76.2, 81% 85% -
c
S 40% 80% 2
o =)
20% 75%
(]
70%
OD
% 181.8, 0.58% 65%
-20% 60%
100 200 300 400 500 600 700 800
Time [s]
e P/Pn uU/Un

TRF No. G99/2_V1.0




Page 110 of 116 Report No.: 6266862.50A

Reconnection — F <: 47.4 Hz
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c o N
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11. Fault level contribution:

P

These tests shall be carried out in accordance with EREC G99 Annex A.7.1.5. Please complete each
entry, even if the contribution to the fault level is zero.

I
i
230 V —1

®_

AC
50 Hz

DC supply to

Inverter

suit Power
Park
Module

under test

Figure A.7.5 Power Park Module short circuit test circuit

Model: AU10KESL-G3

For Inverter output

Time after fault Volts

Amps

20ms 51.88
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100ms 47.86
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250ms 48.00

40.30

500ms 47 .47

30.24
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12. Self-Monitoring solid state switching: No specified test requirements. Refer to Annex A.7.1.6.

It has been verified that in the event of the solid state switching device failing to
disconnect the Power Park Module, the voltage on the output side of the switching N/A
device is reduced to a value below 50 volts within 0.5 s.

13. Wiring functional tests: If required by para 15.2.1.

Confirm that the relevant test schedule is attached (tests to be undertaken at time of N/A
commissioning)

14. Logic interface (input port).

Confirm that an input port is provided and can be used to shut down the module. Yes

Logic interface marked ‘COM’ on inverter, the logic interface will take the form of a simple binary output
that can be operated by a simple switch or contactor. When the switch is open the inverter can operate
normally. When the switch is closed, the inverter will reduce its output voltage to below 30V within 30s.

Provide high level description of logic interface, e.g. details in 11.1.3.1 such as AC or Yes
DC signal (the additional comments box below can be used)
15. Cyber security
Yes
Confirm that the Power Generating Module has been designed to comply with cyber Manufacturer’s
security requirements, as detailed in 9.1.7. declaration
provided

Additional comments.

An external emergency stop switch is required. The pins 6 and 7 need to be connected to the normally
open contacts of the emergency switch. When the switch is turned on,the power generation module will
reduce its active power to zero immediately.

vl
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Appendix 2: Photo documentation

Enclosure — Front View

Enclosure — Rear View
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Enclosure — Side view (Right

Enclosure — Side view (Left

TRF No. G99/2_V1.0



Page 115 of 116 Report No.: 6266862.50A

Enclosure — Bottom view

Enclosure — Top view
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Enclosure — Internal View

--- End of test report---
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Model list
Model AU7KESL- | AU7.6KESL- | AUSKESL- AU10KESL-
G3 G3 G3 G3
PV input ratings
Max.PV input voltage (V) 500
MPPT voltage range (V) 150-425
Max. PV input current(A) 28/28
Max.Short-circuit current (A) 34/34
AC ratings (Grid)
Rated output power (W) 7000 7600 8000 10000
Max. AC output apparent power
7700 8360 8800 11000
(VA)
Rated AC output current (A) 30.4 33.0 34.8 43.5
Max.AC output current (A) 33.5 36.3 38.3 47.8
Rated output voltage (V) L/N/PE 230
Rated output frequency (Hz) 50
Adjustable power factor (cos) 0.8 leading to 0.8 lagging
AC output ratings (Backup)
Rated output voltage (V) L/N/PE 220/230/240
Frequency range (Hz) 50/60
Rated output power (W/VA) 7000/7000 7600/7600 8000/8000 | 10000/10000
Max. output current (A) 30.4 33.0 34.8 43.5
Battery ratings
Battery type Lead-acid or Li-ion
Battery voltage (V) 40-60
Max charge/discharge current (A) 170/170 180/180 190/190 210/210
Environment limit
Weight (kg) 29
Ingress protection (IP) rating IP66
. . -40°C~+60°C, | -40°C~+60°C, | -40°C~+60°C, | -40°C~+60°C,
Operating ambient temperature . . . .
range de-rating > de-rating > de-rating > de-rating >
45 °C 45 °C 45 °C 45 °C
Max. operating altitude (m) 3000
Protective class Class |
Firmware version Master Dsp: V1.1.3  Slave Dsp: V1.0.0 ARM: V1.1.0
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G100/2 - Form B - Compliance Verification Report for Customer Export Limitation Schemes

Extract form test report number: 6266862.50B

CLS Designation Smart Energy Controller with inverter system

Manufacturer name NINGBO AUSTA SOLAR TECH CO., LTD.

Address 3rd Floor,Building FO005, NO.77, Zhuangxing
Road,Jiangbei District,Ningbo,Zhejiang, P.R.China

CLS information:

Power Conversion AU7KESL-G3, AU7.6KESL-G3, AUSBKESL-G3, AU10KESL-G3
System

Single-Phase Smart DDSU666-Q (Zhejiang Chint IoT Technology Co.,Ltd)
Meter

Export/Import capabilities

Export Y Import Y

Description of Operation

EREC G100 section 4.2 requires a description of the CLS, and schematic diagram, to be provided to the
Customer. Please provide that description and the diagram here.

schematic diagram:

I AC cable | DC cable

¥ e @R

Solar Cloud Services Fhone L
-
% -
“_ ﬁ é i

—_—
e
- | —

Backup Load On=Grid Home Load Grid
I CT

v

‘ Smart Load Ge
nerator
l [l i

ATS
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Description

The CLS system is composed with the NINGBO AUSTA SOLAR TECH CO., LTD. with Hybrid Inverter
and Single-Phase Smart Meter.

The Single-Phase Smart Meter is installed at downstream of the utility meter for billing of grid connection
point of the system and measuring the current / voltage / power data, etc. The measuring data will be
obtained by the inverter through the RS485 communication line between the inverter and the smart meter.
Inverter will dynamically control its generation power or consumption power based on the metering data to
guarantee the export current or import current at the grid connection point into the distribution network will
not exceed the CLS in a normal condition.

Communications Media

Document the provisions made for the use of various communication media, and both the inherent
characteristics and the design steps made to ensure security and reliability.

Inverter and external module communication:

® SAU communicates with meter through RS-485 interface
® Inverter communicates with IOT module (WiFi) in with USB interface
® |OT module communicates with server through WIFI

Cyber Security

Confirm that the Manufacturer or Installer of the CLS has provided a statement describing how the CLS
has been designed to comply with cyber security requirements, as detailed in section 4.7.

We NINGBO AUSTA SOLAR TECH CO., LTD. declare that certified hybrid inverter AUTKESL-G3,
AU7.6KESL-G3, AUSBKESL-G3, AU10KESL-G3 and any associated equipment to be included in the
certification are in compliance with Cyber security requirements in accordance with the standards:

o ETSI EN 303 645;

Please also refer to the provided documents NINGBO AUSTA Cyber Security Declaration_240202_V1.0

Power Quality Requirements

Where the CLS includes the power electronics that controls generation or loads (as opposed to the power
electronics being included in Devices that are subject to their own power quality compliance
requirements) please submit the harmonic and disturbance information here as required by EREC G5 and
EREC P28.
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NINGBO AUSTA SOLAR TECH CO., LTD. Hybrid Inverter used with Single-Phase Smart Meter fulfil the
power quality test. Refer to G100/2:2022 and test report no. 6266862.50B.for detail.

Fail Safe

CLS internal failure: please submit here the description of the internal Fail Safe design and operation.
Please also document how it has been demonstrated, including the non-volatile recording of times and
numbers of state 2 operations, and confirm the overall response of the CLS to this internal failure.

' v
F 3
N
R [t WY &
il Taihe
.'
X v
" F 3
: |
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l 1

Nl D dancl Rkt WO

NINGBO AUSTA CLS was designed with a fail-safe mechanism according to G100 section 4.5. Therefore,
the system design ensures that it will limit the imported/exported current at the site to the DNO’s agreed
limit(s).

All the components in the NINGBO AUSTA CLS system are either wired or wireless and are registered by
the CLS. At the commissioning process the device is registered as a generation/non generation device. In
the event of a detected failure the system will operate the Fail-safe mechanism by reducing the
component generation to zero immediately according to the table above.
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Communication and power supply failures between Components and Devices. Please document here
compliance with EREC G100 section 5.5.

Table 5-1 - Test Sequence

No. | Component Test
Connection Point Component (ie +
1 fransducer) Remove power supply to transducer
2 Principle CLS Component(s) Remove power supply
3 Components controlling R v t hin t
generation Devices emove power supply to each in turn
Components controlling storage .
4 Devices Remove power supply to each in turn
5 Components controlling load R W v t hin t
Devices emove power supply to each in turn
5 Communication controller and or R vt hin t
hubs/switches etc emove power supply to each in turn
7 Communication between Remove/interrupt communication to each Component
Components in turnt
Where applicable communication R /int t ication bet h
8 | betwesn Componarits and Component and sssociaied Device intum
Devices P
With reference to the Manufacturer's published
information on internal failures (see 4.5.1.1) undertake
P CES the recommended tests etc to confirm that the CLS
detects and reacts appropriately to internal failures.

TThere are safety issues in interrupting current transformer circuits, which can give rise to
dangerously high voltages. Care must be taken to ensure that the current transformer
connections and/or secondary circuits are either tested with zero primary current, or are short
circuited, or ideally both, before the circuit to the transducer is opened.

For each test confirm that the CLS enters state 3 operation, and that on restoration of communication or
power to the relevant Component or Device it is then possible to immediately reset the CLS into state 1
operation.

Component/Device Communication failure test Power supply failure test

number/description

Hybrid inverter Inverter internal relay trip in < 5s Inverter internal relay trip in < 5s

Smart Meter Inverter internal relay trip in < 5s Inverter internal relay trip in << 5s

CT No power supply for CT

Inverter internal relay trip in < 5s
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Operational Tests

In accordance with EREC G100 section 5.6 undertake the tests A to D to confirm correct operation in state
1 and state 2, that transition into state 3 occurs as required, and that behaviour in state 3 is also as

required.

Test Current

Test Level

Figure 5-1 — Current Step Tests

100% set level =f=========

95% set level

TestA TestB

Ta T,+ 58s Ts Ty+ 625

Time

(Tpt+ 178s) (Tg+ 182s)

Table 5-2 — List of Tests

Test A Parameter stepped to the value shoyvn and held | Required
there for 58s (or 178s by agreement with DNO) outcome
1 Export = 105% of programmed limit value State 1
2 Export = 110% of programmed limit value
3 Export = 120% of programmed limit value “
4 Import = 105% of programmed limit value “
5 Import = 110% of programmed limit value
6 Import = 120% of programmed limit value “
Test B: repeat test 1 Test Level (step change) final value — maintained for
and 4 only of the above | 62s (or 182s by agreement with DNO)
7 Export = 105% of programmed limit value State 3
8 Import = 105% of programmed limit value
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Test A (Setting MEL=MIL=43.5A, 0.95MEL=0.95MIL=41.3A)

Nominal Export Limit (for type tests this will be at maximum, minimum and one
intermediate setting) in Amp:

EL=43.5 Amps

Nominal Import Limit (for type tests this will be at maximum, minimum and one
intermediate setting) in Amp:

IL=43.5 Amps

CLS and/or
Component
. . Correct state
. CLS registers | and/or Device ,
Starting level | Step value s o Duration of 1/
No change in initiates ,
(A (A step in test state 2
level? correct )
operation
response of 2
5%7?
Yes, state 1-
1 41.527 45771 yes yes 58s
>2->1
Yes, state 1-
2 41.494 47.921 yes yes 58s
>2->1
Yes, state 1-
3 41.488 52.234 yes yes 58s 5951
Yes, state 1-
4 41.504 45776 yes yes 58s
>2->1
Yes, state 1-
5 41.537 47.944 yes yes 58s
>2->1
Yes, state 1-
6 41.511 52.308 yes yes 58s 5951
No.1 No.2
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2026—07—30
20260730
20260730
2026—07—30
20260730

20260730
20260730
2026—07—30
20260730
2026—07-30

20260730
2026—07—30
20260730
2026-07-30
2026—07—30

No.3

2026—07-30
2026—07-30
20260730
2026—07-30
20260730

[znes—07-30
[znz6—07-30
[z026—-07-30
[zn=6—07-30
[z026—07-30

20260730
2026—07-30
2026—07-30
20260730
2026—07-30

No.5

20260730
20260730
20260730
20260730
20260730

20260730
20260730
20260730
20260730
20260730

20260730
20260730
20260730
20260730
20260730

16:

16:
16:
15:

16:
16:
16:
15:
16:

17:
17:
17:
17:
17:

17:
17:
17:

17:

17:
17:
17:
17:
17:

17:
17:
17:
17:
17:

17:
17:
17:
17:
17:

g3

53
B3
B3

54
54
54
54
54

14:
14:
14:
14:
14:

14:
14:
14:

14:

16:
16:
16:

16:

43,

45
4.
48,

35,
35.
35,
35,
35,

40.
40.
40.
40.
40.

41.
41.
41.

41,

B&.
BE.
B2.
sl
BE.

130]:
130]:
130]:
.130]:
130]:

LT3
L TES
. T83
LT3
. TE83

za9
299
299

299

. Tog
. 709
. Tog
.Tog
. Tog

. 959
=lsic]
. 959
. 859
==l

cSend: M*163%S m1CTCurrComm
‘Recwr:
(Exporteurr within the range.
sSend: 40104 AE G100 CLS

‘Recr: L= state

41 BETA

» 1

1Send: *163%, niCTCurrComm
‘Reeovr:
‘ExportCurr out of range.
csend: S#+010%ATK G100 CLS
‘Recvr:L=z =tate

45, TT1h

» 2

(Send: /#1634 wiCTCurrComm
‘Recwr:
(Exportewrr within the range.
cSend: 401040 G100 CLS

‘Recr:Ls state

41 6314

» 1

‘Send: /#%163#%/ wiCTCurrComm
‘Reov:
‘Exportourr within the range.
(Zend: /4010%/UE 100 CLS

‘Recv:Ls state

41. 4584

»1

Send: /*165%/ uiCTCurrComm
Reow: B2 F34A

ExportCurr out of range.
zend: A4010% UK G100 CLS
Kecv:Ls state »E

‘Send: *163%F miCTCurrComm
‘Reow:
‘Exportourr within the range.
cSend: SA010% UK G100 CLS

‘Reov:L= =tate

41. 475A

S

‘Send: *163% wiCTCurrComm
‘Recv:
‘Exporteurr within the range.
‘Send: 0104 UK G100 CLS

‘Recv: L=z state

41. E37TA

S

(Send: /#1863, wiCTCurrComm
‘Recw:
‘ExportCurr out of range.
csend: #010%/UK G100 CLS

:Recv:Ls state

47 D444

» 2

‘Send: S*163% wiCTCurrComm
‘Reov:
(Exportewrr within the range.
cSend: 4010+ UK G100 CLS

‘Becv:Ls state

41. B45A

»1

LZ026—07—30
LZ026—07—30
LZ026—07—30
LZ026—07—30
LZ026—07—30

[2026-07-30
[2026-07-30
[2026-07-30
[2026-07-30
[2026-07-30

LZ026—07—30
LZ026—07—30
LZ026—07—30
LZ026—07—30
LZ026—07—30

20260730

Z0z6—07-30
Z0z6—07-30
Z0z6-07-30

[2026-07—30
[2026-07—30
[2026-07—30
[2026-07—30
[2026-07—30

LZ026—07-30
LZ026—07-30
LZ026—07-30
LZ026—07-30
LZ2026—07-30

No.6

20260730
20260730
20260730
20260730
20260730

20260730
20260730
20260730
20260730
20260730

20260730
20260730
20260730
20260730

20260730

17:
17:
17:
17:
17:

17:
17:
17:
17:
17:

17:
17:
17:
17:
17:

17:
17:
17:
17:
17:

13:
13:
13:
13:
13:

15:
15:
15:
15:
15:

17
17:
17
17
17

17
17
17
17
17

23,
23,
23,
23,
23,

&Y.
&Y.
&Y.
&Y.
&Y.

47,
47.
47.
47.
47.

45,
43,
43,
43,
43,

229
229
229
229
229

. 640
. 640
. 640
. 640
. 640

CBET
827
827
827
827

361
361
361
361
361

170
170
170
170
170

469]:
 465]
 465]
469]:
. 469]:

z07]:
z07]:
z07]:
z07]:
z07]:

769]:
TE9]:
T3] :
T3] :
TE3]:

164
164
164
164
164

‘Reov:
‘Expor tCurr out of range.

(Zend: A*163% wiCTCarrComm
‘Recr:
‘Exportowrr within the range.
Send: A40104/UK G100 CLS

‘Recw:L= state

41, 4944

»1

‘Send: A*163% wiCTCurrComm
‘Recr:
‘ExportCurr out of range.
csend: A010% UK G100 CLS
‘Recr:Ls state

47 8214

Pz

(Zend: A*163% wiCTCarrComm
‘Recr:
‘Exportowrr within the range.
Send: A40104/UK G100 CLS

‘Recw:L= state

41, 497A

»1

(Send: /%163%/ wiCTCurrComm
‘Reov:
‘Exporteurr within the range.
‘Send: S*010% K G100 CLS

‘Reev:Ls state

41. 5044

» 1

Send: /*163%/ wiCTCurrComm
45 TTEA

send: M40104 UK G100 CLS
Beov:L= state » 2

Send: /*163%/ niCTCurrComm
Beov: 41, 45594

Exporteouwrr within the range.
Send: A4010% UK G100 CLS
Beov:L= state » 1

Send: /%1834 niCTCurrComm
Recw: 41 5114

Exporteurr within the range.
Send: A010% K G100 CLS
FRecw:Ls state » 1

‘Send: 4163w wiCTCuryrComm
‘Reev:
(ExportCurr out of range.
czend: 010+ G100 CLS
‘Reew: L=z =tate

BE. 305A

»E

‘Send:; A1653%7 miCTCurrComm
‘Reev:
‘Exporteurr within the range.
‘Send: M4010%E G100 CLS

‘Reev:Ls state

41, B044

» 1
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Test B (Setting MEL=MIL=43.5A, 0.95MEL=0.95MIL=41.3A)

) o EL=435
Nominal Export Limit:
Amps
] o IL=43.5
Nominal Import Limit
Amps
CLS and/or
Component
. CLS registers | and/or Device
Starting level | Step value s L Duration of Correct state
No change in initiates . .
(A (A step in test 3 operation
level? correct
response of =
5%7?
Y 1-
7 41.544 45.741 yes yes 62s es, state
>2->3
Yes, state 1-
8 41.712 45.768 yes yes 62s '
>2->3
No.7 No.8
Z0ZE—07-30 17:22:18. 895] :Send: /*163%/ uiCTCurrComm POZE0F—50 17:22:16. 895] :Send: ™*163%, uiCTCurrComm
Z026-07-30 17:22:18. 895] :Reev: 41. 5444 P026—07—30 17:22:15.595] :Recv: 41. FIZA
2026—07-530 17:22:18. 895] :Exportourr within the range. Z026—07—30 17:22:158. 895) :Exportourr within the range.
Z0ZE—07—=30 17:22:15. 395] : Send: /#0104, UK G100 CLS 2026—07—30 17:22:158. 395] : Send: 0104, UK G100 CL=S
20260730 17:22:18. 895] :Recv L=z =state 21 2026—07—30 17:22:15. 595 ] (Recovr:L=s =tate > 1
20260730 17:22:19. 471 ] :Send: #1653+ uiCTCuarrComm ZO0Z6—07—30 17:22:19.471]:Send: /*163%, wiCTCurrComm
2026—07—30 17:22:19. 471 ] :Recv: 45 7414 POZ6—07—30 17:22:19.471] :RBecv: 45, TESA
FOZE—OF—30 17:22:19 471 ] ExportCurr out of range. 20Z6—07—30 17:22:19.471] :ExportCurr out of range.
2O026—07—30 17:22:19.471] : send: A010+ UK G100 CLS 2O026—07—30 17:22:19.471]: send: 0104, UK G100 CL=S
2026—07-30 17:22:19. 471 ] :Reev:L=s =state > 2 Z026—07—30 17:22:19.471] :Reov:Ls state > 2
2026—07-30 17:22:22 463]: send: #0104 UK G100 CLS ZOZE0T7—30 17:22:22. 463] : send: 0104, UK G100 CL=
Z0Z6—07—30 17:22:22. 46353 ] (Reev:Ls state > 3 20260730 17:22:22 453 ] Recv:L=s =tate > 3
2026—07—30 17:22:22. 463] :Send: /M*124% 7 uniMaszterState 20Z6—07—30 17:22:22. 453] :Send: /*124%, uniMazterState
2026—07—30 17:22:22 463 ] :Recv ! FAULT_State 20260730 17:22:22. 463 ] :Recv (FAULT_State

Inverter ShutDowni>>>3>

[2026—07-30 17:22:28. 661]: send: /#1244, UK G100 CLS
[2026—07-30 17:22:28. 661] Recv: :CHECK State

Inverter ShutDewn>»»>»»>

[Z0Z6—07—30 17 22:28. 661]: zend: M 1Z4w UK G100 CLS
[2026—07—30 17:22:25. 661] :Reov: :CHECK State

Inverter Restartingrd»>»>> Inverter ERestartingr>»ia>

[2026—07—30 17:22:45 252]:Send: 163%/ uiCTCurrComm [2026—07—=30 17:22:45. 252]:Send: A#163%/ wiCTCurrComm
[2026—07—30 17:22:45. 262] :Reov: 41.539A [2026—07—30 17:22:45.282] :Reov: 41.675A

[2026-07-30 1722 45. 282]:Exportourr within the range. [ZOZ6—07—30 17 2% 45 762 ] Experteurr within the ranze.
[2026—07=30 17:22:46. 287 ] :Send: M010% UK G100 CLS [2026—07F—30 17:22:45. 252 ] : Send: A4010% UK G100 CLS
[z2026—07—30 17:22:46. 262] :Reov:Ls state 1 [2026—0F—30 17:22:45. 252] :Reov:Ls state > 1
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State 3 Reset

These tests are to demonstrate compliance with section EREC G100 4.5.2.

Please document how the reset from state 3 to state 1 has been demonstrated. Please include how the
reset is achieved.

Please confirm that for CLSs to be installed in Domestic installations three (3) resets causes lockout or
that for non-domestic installations lockout can only be reset after four hours. Please explain how lockout is
reset.

1. After entering state 3, the system generates an alarm indicating that the power control of the grid-tied
point is abnormal and the inverter enters the locked state.

2. Users or installers troubleshoot the system.

3. The installers performs reset settings through the app and starts unlocking and enters state 1. At this
time, the system displays grid connected, indicating that the system has returned to normal operation
mode state 1.

4.For CLSs installed in Domestic Installations, 3 resets shall be allowed in any 30-day period. After a fault
occurs, CLS enters state 3 and this state will be locked. After an electrician is sent to troubleshoot the
problem, CLS can be restored to state 1 by set CLS reset button in Monitoring System.

—-End---
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Copy of marking plate:

The artwork below may be only a draft. The use of certification marks on a product must be
authorized by the respective NCBs that own these marks.

austo’

(sda

Hybrid Inverter Hybrid Inverter
Model:AU7KESL-G3 Modet:AU7KESL-G3
PV Input PV Input
Ma Input Power 10500W Max Input Power 10500W
Ma Input Voltage 500vd.c. Ma Input Voltage 500vd.c.
MFET Voltage Range 150-425vd.c. MPPT Voltage Range 160-426Vd.c.
Max Input Current 28/280d.c. Max Input Current 28/28Adc.
Max Short-Circuits Current 24/34Adc. Max Short-Circuits Current 34/34Adc.
Battery Battery
BatteryType Lead-acid or Lithium-ion BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60Vd.e. Voltage Range 40-60Vd.c.
Max Charge Current 170Ad.c. Max Charge Current 170Ad.c.
Max Discharge Cumrent 170Adc. Max Discharge Current 170Ad.c.
AC Input/Output AC Input/Output
Rated AC Output Power T000W Rated AC Output Power 7000W
Rated AC t Current 3048a.c. Rated AC Output Current 30.48ac.
Mayx AC Inp put Power 14000/T700VA Max AC Inp put Power 14000/7700VA
Max AC InputfOutput Current 40.9/3358ac. Mayx AC Input/Output Current 60.9/33548ac.
Rated AC Voltage 220/230/240Va.c. Rated AC Voltage 200/230/240Vac.
Rated AC Fraguency 50/40H: Rated AC Fraquency 50/80Hz
Power Factor 08 Leading ~ 0.8 Lagging Power Factor 08 Leading ~ 0.8 Lagaing
EPS Output EPS Output
Rated Active Power T000W Rated Active Power 7000W
Peak Output Power 14000W@20s Peak Output Power 14000W@20s
Rated AC Yoltage 230Vac, Rated AC Voltage 230Vac,
Rated AC Fraquency 50/60Hz Rated AC Fraquency 50/60Hz
Max Qutput Current 304hac. Max Output Current 30.48ac.
General Data General Data
Ingress Protection P& Ingress Protection P&k
Operating Temperature -40~+60°C Operating Temperature -40-+60°C
Protective Classe Class| Protective Classe Class|
Topologye PV: Non-isolated BAT: Isclated | Topologye PV: Non-isolated BAT: Isclated

This Grid support interactive inverter complies
IEC 62109-1, IEC 62109-2

A AT O ECE

This Grid support interactive inverter complies
IEC 621091, IEC 62109-2

A A GG T8 E CE

CAUTION:

-High voltage, waming electric shack!
~The capacitors store hazardous energy. Do not touch the terminal

or remove the shell within § minutes after all power is disconnected,

-Keep the equipment well ventilated.
-To avoid electric shock and warranty void, do not remave covers,
-No operator serviceable component inside.

CAUTION:

-High voilaga, warning electric shock!

~The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within § minutes after all power is disconnected.
-Keep the equipment well ventilated.

~To avoid electric shock and warranty void, do not remove covers,
-No operator serviceable component inside.

SIN:

SIN:

Address: 3rd Floor, Building FO00S, NC.77, Zhuangxing Road,
Jiangbei District.Ningbo,Zhejiang, PR.China
Manufacturer: NingBO AUSTA Solar TECH CO.LTD.

|\ Website: www austasolar.net

Made in China

Address: Building FO001, No. 77, Zhuangxing Road, Jiangbei
District, Ningbo City, Zhejiang Province, China

| Manufacturer; NINGED OS
[\ v osctom o

SOLAR CO.LTD.

Made in Chlng,-‘

TRF No. G100_V1.1
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austa’

" (Osda

Hybrid Inverter Hybrid Inverter
Model:AU7.6KESL-G3 Model:AU7.6KESL-G3
PV Input PV Input
Max Input Power 11400W Max Input Power 11400W
Max Input Voltage 500Vd.c. Mar Input Voltage S00vd.c.
MPPT Voltage Range 160-425Vd.c. MPPT Voktage Range 150-426Vd.c.
Max Input Current 28/280d.c. Ma Input Current 28/280d.c.
Max Short-Circuits Current 34/348de. Mayx Short-Circuits Current 34f3dhdc.
Battery Battery
BatteryType Lead-acid or Lithium-ion BatteryType Lead-acid or Lithium-icn
Voltage Range 40-60Vd.c. Voltage Range A0-40Vdc.
Max Charge Current 180Adc. Max Charge Current 180Adc
Max Discharge Current 180Ade. Max Discharge Current 180Ad.c.
AC Input/Output AC Input/Output
Rated AC Output Power T600W Rated AC Output Power T600W
Rated AC Output Current 33hac. Rated AC Current 33fac.
Max AC Inp Power 15200/8360VA Max AC Input/Output Power 16200/8360VA
Max AC Input{Output Curent b6.1/36.3ac, Mayx AC Input/Output Current 66.1/36.3Rac,
Rated AC Voltage 220/230/240Vac. Rated AC Voltage 220/230/240Vac.
Rated AC Frequency 50{60Hz ) Rated AC Frequency 50/60Hz
Power Factor 0.8 Leading ~ 0.8 Lagging Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output EPS Qutput
Rated Active Power 7600W Rated Active Power T600W
Peak Output Power 15200W@20s Peak Output Power 15200W@20s
Rated AC Voltage 230Vac. Rated AC Voltage 230Vac,
Rated AC Frequency 50/60Hz Rated AC Fraguency 50/60Hz
Max Output Current 33hac, May Output Current 33Aac.
General Data General Data
Ingress Protection P46 Ingress Protaction &6
Operating Temperature -40-+40°C Operating Temperature ~40-+60C
Protective Classe Class | . Protective Classe Class|
Topalogye PV: Non-isolated BAT: Isclated Topologye PV: Non-isolated BAT: Isolated

This Grid support interactive inverter complies
IEC 62109-1, IEC 62109-2

AN A G E O E Ce

CAUTION:

~High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the terminal
or remove the shall within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

~To avoid electric shock and warranty void, do not remove covers,
~MNo operator serviceable component inside.

SIN:

Address: 3rd Floor, Building FO00S, NO.77, Zhuangring Road,
Jiangbei District Ningbo,Zhejlang,PR.China

This Grid support interactive inverter complies
IEC 42109-1, IEC 62109-2

A MDA G T E CE

CAUTION:

-High voﬂaga, warning electric shock!

~The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within § minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers,
-No operator serviceable component inside.

SIN:

Address: Building FO0O01, No. 77, Zhuangxing Road, Jiangbei
District, Ningbo City, Zhejiang Province, China

Manufacturer: NingBO AUSTA Salar TECH CO.LTD.

r. Website: www.austasolar.net

Made in China -

| Manufacturer. NINGBD OSDA SOLAR CO.LTD.

[ Website: www.osdasol.com

Made in Chlng,-‘

TRF No. G100_V1.1
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Hybrid Inverter Hybrid Inverter
Model:AUBKESL-G3 Model:AUSKESL-G3
PV Input PV Input
Max Input Power 12000W Max Input Power 12000W
May Input Voltage 500vde. Max Input Voltage B00Vd.c.
MFPT Voltage Range 160-425Vd.c. MPET Voltage Range 150-425Vde.
Max Input Current 28/28hdc. Mai Input Current 28/28Ad.c,
Max Short-Circuits Current 34/34hdc. Max Short-Circuits Current 34/34Adc.
Battery Battery
BatteryType Lead-acid or Lithium-ion BatteryType Lead-acid or Lithium-ion
Voltage Range 40-60Vd.c. Voltage Range 40-60Vdc.
Max Charge Currant 190Ad.c. Max Charge Current 1904d.c.
May Discharge Current 190Ad.c. Max Discharge Curmrent 190Ad.c.
AC Input/Output AC Input/Output
Rated AC Output Power 8000W Rated AC Output Power 8000w
Rated AC ut Current 34.8Aac. Rated AC Current 34.80ac.
Max AC Inpu Power 16000/8800VA Max AC Inpul Pawer 16000/8800VA
Max AC Input/Output Currant £9.6/38.3Aa.c. Ma AC Input/Output Current 49.6/38 3Aa.c.
Rated AC Voltage 220/230/240Va.c. Rated AC Voltage 220/230/240Vac.
Rated AC Frequency 50/60Hz Rated AC Frequency 50/60Hz
Power Factor 0.8 Leading - 0.8 Lagging Power Factor 0.8 Leading - 0.8 Lagging
EPS Output EPS Output
Rated Active Power BOOOW Rated Active Power BOOOW
Peak Output Power 16000W@20s Peak Output Power 16000W @205
Rated AC Voltage 230Vac. Rated AC Voltage 230Vac.
Rated AC Frequency 50/60Hz Rated AC Frequency 50/60Hz
Max Qutput Current 348Rac. Max Output Current 24.8Rac.
General Data General Data
Ingress Protection P66 - Ingress Protection 1P&6
erating Temperature -4+ Operating Temperature ~40-+60°C
gr%tactiva Classe Class | Prqtacﬁr\z Classe Class |
Topologye PV: Non-isolated BAT: Isolsted | Topologye PV: Non-isolated BAT: |solated
This Grid suppart interactive inverter complies This Grid support interactive inverter compliss
IEC 62109&IEC 62109-2 IEC 62109-), [EC 62109-2
NA DT EHEC MNMAAE I ECE
CAUTION: CAUTION:
~High voltage, warning electric shock! . ~High voltage, warning electric shock!
~The capacitors store hazardous eneray. Do not touch the temminal | -Tha capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected. | or remove the shell within 5 minutes after all power s disconnected.
-Keep the equipment well ventilated. -Keep the equipment well ventilated.
~To avoid electric shock and warranty void, do not remove covers. | -To avoid slectric shack and warranty vaid, do not remove covers.
-Mo operator serviceable t inside. ~Noop serviceable component inside.
SIN: S/N:
Address: 3rd Floor, Building FO00S, NO.77, Zhuangxing Road, Address: Building FOQD1, No. 77, Zhuangxing Road, Jiangbel
Jiangbel District Ningbo, Zhejiang PR China District Ningbe Ciy, Zheiang Provincs, China
Manutacturer: Ning80 AUSTA Solar TECH CO,LTD. Manufacturar: NINGBO OSDA SOLAR CO,LTD.
f-__%bmf wiw austasolar.net Made in China. | Websita! www.osdasol.com Mad in China,
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austa’

Hybrid Inverter

(Osda

Hybrid Inverter

Model: AUIOKESL-G3 Model:AUIOKESL-G3

PV Input PV Input

Max Input Fower 15000W Max Inpt Power 16000W

Max Input Voltage 500Vd.c. Max Input Voltage 500Vd.c.

MPPT Voltage Range 160-426Vdc. MPFT Voltage Range 160-426Vd.c.
Max Input Current 28/28Ad.c. Ma Input Current 28/28Ad.c.

Max Short-Circuits Current 34/34Adc. Max Short-Circuits Current 34/3dhdec.
Battery Battery

BatteryType Lead-acid or Lithium-ion BattaryType Lead-acid or Lithium-ian
Valtage Range 40-60vdc, Voltage Range 40-60Vdc.

Max Charge Current 210Adc. Manx Charge Current 20Ade.

Man Discharge Cument 210Adc. Max Discharge Current 2108d.c.

AC Input/Output AC Input/Output

Rated AC Output Power 0000w Rated AC Output Power 0000w

Rated AC Currant 435hac. Rated AC Current 4358ac.

Max AC InputfOutput Power 16000/11000VA Max AC Inp put Power 16000/11000VA
Max AC InputfOutput Current 69.6/47 8Rac. Mayx AC InputfOutput Current 69.6/478Aac.
Rated AC Voltage 220/230/240Vac, Rated AC Voltaga 220/230/240Vac.
Rated AC Frequency 50/40Hz ; Rated AC Fraquency 50/&0Hz

Power Factor 0.8 Leading ~ 0.8 Lagging Power Factor 0.8 Leading ~ 0.8 Lagging
EPS Output EPS Output

Rsted Active Power 10000W Rated Active Power 10000W

Peak Output Power 20000W@20s Peak Output Power 20000W@20s
Rated AC Voltage 230Vac. Rated AC Voltage 230Vac,

Rated AC Frequency 50/60Hz Rated AC Fraguency 50/60Hz

Max Output Current 435hac. May Output Current 4350ac.
General Data General Data

IngrasslPrutactbn IF6é Ingress Protaction P66

Operating Temperature -40-+40°C Operating Temperature ~40~+60°C
Protective Classe Class| Protective Classe Class|

Topologye PV: Non-isolated BAT: Isolated | Topologye PV; Non-isolated BAT: Isolated

This Grid support interactive inverter complies

IEC 621091, IEC 62109-2

AAAE T ECE

CAUTION:
-High voltage, warning electric shock!

-The capacitors store hazardous energy. Do not touch the temminal
or remove the shell within & minutes after all power is disconnected.

-Keep the equipment well ventilated.

~To avoid electric shock and warranty void, do not remave covers.

-No operator serviceable t inside.

This Grid support interactive invarter complies
IEC 42109-), IEC 62109-2

A A A E O E e

CAUTION:

-High vo!laga, warning electric shock!

~The capacitors store hazardous energy. Do not touch the terminal
or remove the shell within & minutes after all power is disconnected.
-Keep the equipment well ventilated.

-To avoid electric shock and warranty void, do not remove covers,
-No operator serviceable component inside.

SIN:

Rdcress: 3rd Floor, Bulding FODOB, NO.77, Zhuangxing Road,

Jiangbei District Ningbo, Zhejlang,PR.China
Manufacturer: NingBO AUSTA Solar TECH CO.LTD.
r. ‘Website: www.austasolar.net

Remark:

As Great Britain public Low Voltage Distribution Networks grid code required, only 230 Vac / 50Hz output

setting was verified in this test report.

Made in Ching

SIN:

Address: Building FO001, No. 77, Zhuangxing Road, Jiangbei
District, Ningbo City, Zhejiang Province, China
Manutacturer NINGEC OSDA SOLAR COLLTD.

| Websiet i sdasolcom

Made in Chlng,
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Test item particulars:

Equipment moDbility...........ccoooeiiiiii e : movable hand-held stationary
fixed transportable for building-in
Connection to the mains..........ccceoe e . pluggable equipment direct plug-in
permanent connection for building-in
Environmental category ..., : outdoor indoor indoor
unconditional conditional
Over voltage category Mains...........ccocceeeneeeennsccnenns eVl ovcll ovc il ovC IV
Over voltage category PV.......cccccoviiveeiiniien e e)/ea| ovcl ovc i ovC v
Mains supply tolerance (%) ..o 1 According to the specified supply range
Tested for power SYStems .......ccccooceiieieneee e TN
IT testing, phase-phase voltage (V) ......c.ccocoieeeecn. : N/A
Class of equIPMeNt ........ccceiiiiiee e : Class | Class Il Class Il
Not classified
Mass of equipment (KG) . ..cceeveereriieeienire e 1 29
Pollution degree ..o . Outside PD3; Inside PD2
IP protection class...........cco i, . 1P66

Possible test case verdicts:

- test case does not apply to the test object................. : N/A

- test object does meet the requirement ..................... : P (Pass)

- test object does not meet the requirement ................ : F (Fail)

- test object does not evaluate according to

manufacturer requirements ............cccocerveeeeiene e : N/E

- this clause is information reference for installation....: Info.

Testing:

Date of receipt of test item..........ccccoviiiiiinie 1 2026-6-12 (samples provided by applicant)
Date (s) of performance of tests........cccccveveciveceecnenee. : 2026-6-12 to 2026-7-28

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

The information provided by the customer in this report may affect the validity of the results, the test lab is not
responsible for it.

This report is not used for social proof function in China market.

"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a [ ] comma / [X] point is used as the decimal separator.

Use of uncertainty of measurement for decisions on conformity (decision rule):

No decision rule is specified by this standard, when comparing the measurement result with the applicable
limit according to the specification in that standard. The decisions on conformity are made without applying
the measurement uncertainty (“simple acceptance” decision rule, previously known as “accuracy method”).
Name and address of factory (ies):

AUSTA(JIAXING) SOLAR TECH CO., LTD.

No. 168, Cuijialu, Haiyan County, Jiaxing City, Zhejiang , P.R., China

TRF No. G100_V1.1
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General product information:

1.The equipment covered by this report are single phase nonisolated type Hybrid Inverter which will be
installed and connected to the grid network or standalone. The equipment shall be fixed to suitable manner
as specified in the installation instruction.

2.The EUTs contains filters for smoothing the output voltage and for EMC, switching and control circuits.
Electronic circuits are mounted on a number of PCBs interconnected by appropriate connectors and wires.
Power board including electronics components is mounted on the grounded heat sink by metal screw and
spring washe.

3.Electronics components of EUT are mounted on a number of PCBs interconnected by appropriate
connectors and wires. Power board including electronics components is mounted on the metal case which
earthing by metal screw and spring washer.

4 For all models the PV input combiner 2 string MPPT tracers, each MPPT tracer including 1 pair of PV
input terminals. DC battery terminals connected to Battery. AC output direct connected to grid or load and
protective Earthing are provided by dedicated earthing terminals. Grid is protected combination with a two
series of relays as redundant build for ensure the inverter can independent disconnected from gird while a
relay was fault.

5.During fault condition defined in this standard, after the DSP (Digital Signal Processor) receives the
abnormal signal from the relevant protective detection circuit, the relays will operate to disconnect the DC
active lines from grid automatically.

6.The master DSP and slaver MCU have capacity independently to disconnect from gird, when any grid
fault had happened.

7.The maximum ambient temperature permitted by the manufacturer’s specification is 60°C and derate the
output power from 45°C.

Block Diagram

DC/DC Bus capacitor DC/AC Relayl

-~ L g

Driver

PV’+

Bat+
Bat

Model difference:
The models AU7KESL-G3, AU7.6KESL-G3, AUSKESL-G3 are identical to model AUT0KESL-G3 in
hardware and software except for model name and ratings.

The product was tested on:

Unless otherwise specified, all the tests were performed on model AU10KESL-G3 and also applicable for
all other models stated in this report.

Firmware version

ARM:31700000801
LCD:31700000802
LLC:31700000803
Control:31700000804

Hardware version

TRF No. G100_V1.1
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Power:31700001001

1/0:31700001002

Master Dsp: V1.1.3
Software version Slave Dsp: V1.0.0

ARM: V1.1.0
CLS Designation Smart Energy Controller with inverter system
Manufacturer name NINGBO AUSTA SOLAR TECH CO., LTD.
Address 3rd Floor,Building FO005, NO.77, Zhuangxing

Road,Jiangbei District,Ningbo,Zhejiang, P.R.China

CLS information:
Power Conversion System AU7KESL-G3, AU7.6KESL-G3, AUSKESL-G3, AU10KESL-G3
Single-Phase Smart Meter DDSU666-Q (Zhejiang Chint loT Technology Co.,Ltd)

TRF No. G100_V1.1
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Model list

Model

AU7KESL-
G3

AU7.6KESL-
G3

AUBKESL-
G3

AU10KESL-
G3

PV input ratings

Max.PV input voltage (V)

500

MPPT voltage range (V)

150-425

Max. PV input current(A)

28/28

Max.Short-circuit current (A)

34/34

AC ratings (Grid)

Rated output power (W)

7000

7600

8000

10000

Max. AC output apparent power
(VA)

7700

8360

8800

11000

Rated AC output current (A)

30.4

33.0

34.8

43.5

Max.AC output current (A)

33.5

36.3

38.3

47.8

Rated output voltage (V)

L/N/PE 230

Rated output frequency (Hz)

Adjustable power factor (cose)

0.8 leading to 0.8 lagging

AC output ratings (Backup)

Rated output voltage (V)

L/N/PE 220/230/240

Frequency range (Hz)

50/60

Rated output power (W/VA)

7000/7000

7600/7600

8000/8000

10000/10000

Max. output current (A)

30.4

33.0

34.8

43.5

Battery ratings

Battery type

Lead-acid or Li-ion

Battery voltage (V)

40-60

Max charge/discharge current (A)

170/170

180/180

190/190

210/210

Environment limit

Weight (kg)

Ingress protection (IP) rating

IP66

Operating ambient temperature
range

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

-40°C~+60°C,
de-rating >
45 °C

Max. operating altitude (m)

3000

Protective class

Class |

Firmware version

Master Dsp: V1.1.3  Slave Dsp: V1.0.0 ARM: V1.1.0
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Requirements

Concept

A CLS can control any number of Devices.

Info.

A CLS may comprise a single Component,
communicating with one or more Devices, plus a
Component which is a transducer at the Connection

Point. Alternatively a CLS might comprise several discrete
Components distributed in the Customer’s Installation
which communicate securely with each other and with the
Devices they are controlling.

Info.

Figure 4-1 Conceptual Representation of a CLS
DNO system

Controllable Loads %
Customer’s

Distribution

Generation Board
Devices

. = Devices

Storage
Devices B = components

<+ = Secure coms link

¢ ’ X X
- s —s! cLs
Components

AN J

Info.

4.2

General CLS Features

The maximum permissible tolerance for the CLS’s
measurement and control of current is + 2% of the greater
of the MEL or the MIL at the Connection Point. These
tolerances shall, as far as possible, take account of
sensing and/or measurement errors, processing errors,
communication errors and control errors. Consideration
shall also be given to environmental factors (eg the
expected ambient temperature range). For example,
where the MEL is zero and MIL is 400A the maximum
acceptable tolerance for the measurement and control of
current is £ 2% of 400A = + 8A.

The settings and controls of the CLS will not be generally
accessible to Customers. The Manufacturer or Installer
shall consider how settings can be applied by, and access
limited to, Manufacturers or Installers via password, PIN
or physical access capable of being sealed. These
arrangements shall be stated in the description of the CLS
referred to in this section.

4.3

Operational States

A CLS has four key operating states:

431

State 1- Normal Operation

TRF No. G100_V1.1
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This is the normal operating state of the CLS. In this state P
the CLS will be modulating the consumption and
generation of the Devices it controls such that current
flowing at the Connection Point remains within that
required by the MEL or MIL as appropriate and that the
voltage at the Connection Point remains within statutory
limits6. The CLS might be modulating the consumption
and generation of the Devices continually in real time.
Alternatively, if the behaviour of the Devices is balanced,
or controlled by other systems, such that the current flow
at the Connection Point is normally within the MEL or MIL,
then only by exception should the balance be disturbed
sufficiently such that the current flow at the Connection
Point encroaches on the MEL or MIL. In this latter case
the CLS will then need to actively modulate the
consumption and generation of the Devices.

It is also possible that Customers might have their P
Devices controlled by other systems than the EREC G100
CLS, eg in response to market or other signals. However,
in this case, the CLS must be able to override any such
system to ensure that the current flowing at the
Connection Point remains within the state 1 limits.

4.3.2 State 2 — Occasional Excursion

From time to time conditions within the Customer’s P
Installation could be such that the current flow exceeds
the MEL or MIL. This could be caused by normal
operation (eg switching) of the Customer’s Devices or
other loads in the Customer’s Installation (eg a kettle in a
Domestic Installation), or it could be caused by the
sudden failure or tripping of part of the Customer’s load or
generation equipment. Very short excursions into state 2
as part of normal operation are not problematic provided
they are short, ie less than 15s. However longer
excursions, such as might accompany failure or tripping of
a Device should be rare by definition, and therefore not
considered as normal operation. In both cases the CLS
will recognize the condition and shall have the capability
to control the Devices and bring the current flowing at the
Connection Point back within the MEL or MIL and within a
maximum response time.

The default maximum response time for a CLS to bring P
the current flow back within MEL or MIL is 1 minute. For
industrial or commercial installations where slow acting
Devices (such as reciprocating gas engine driven
generation, micro hydro etc) are controlled, a default
maximum response time of 3 minutes will apply unless
the DNO identifies that state 2 operation will result in
network voltages above the statutory maximum. In these
cases the DNO may require the response time to be 1
minute. There is more detail on this condition in section
4.4 below.

TRF No. G100_V1.1
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As state 2 is designed to cater for rare events, the number
of occasions that a CLS can operate in state 2 for more
than 15s is limited. This is covered in more detail in
section 4.5.

P

433

State 3 — Failed State

This state is designed to cater for a failure of the CLS in
some way. In this state the Devices shall be set to
operate at levels that cannot, whatever happens next to
equipment in the Customers Installation, breach the MEL
or MIL. In many cases this will simply mean that the
Devices are tripped or switched off. An alternative could
be that some Devices are set to a clearly defined low
power state such that their operation can never result in
the current flowing at the Connection Point approach the
MEL or MIL.

If state 3 operation is caused by:

* excessive import then the generation Devices shall not
be constrained or tripped by the CLS;

» excessive export then load Devices shall not be
constrained or tripped by the CLS.

The failure mechanisms, consequences and responses
are covered in section 4.5 below.

When a failure is detected by the CLS, it shall set all the
Devices into their state 3 operational state within 15s.

434

State 4 — Operation without CLS

State 4 need not be implemented by default. It is a state
that allows operation of some of the Customer’s Devices
without the control of a CLS. Such a state might be
required if the CLS is out of service for a considerable
time for some reason.

The operational arrangements for state 4 in many cases
will be the same as those for state 3, ie with the Devices
switched off or set to a permanently clearly defined low
power state. However, particularly for larger industrial or
commercial installations, the DNO might specifically agree
how the installation can be operated in the absence of a
functioning CLS. State 4 operation will only be allowed by
pre-agreement with the DNO.

4.4

Design Limits

The limitation on the capacities of Customer’s Devices is
set by state 2 operation. In state 2 operation, the MEL or
MIL is breached and the resultant high current flows can
lead to a number of undesirable or even dangerous
situations. In general temporary high currents can be
tolerated provided there are appropriate caps on their
magnitude and duration, and on consequential effects
such as voltage rises or dips.

TRF No. G100_V1.1
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Any overload protection used for any Device in P
compliance with this EREC G100 must be arranged to
grade with, and match the characteristics of, the DNO’s
protection at the Connection Point. The maximum
operating time of such protection must not exceed 10s.

441 Thermal Limits P

The highest currents that can be imposed on the DNO’s
Distribution Network will be assessed and the DNO will
confirm that these currents are tolerable on the DNO’s
Distribution Network for up to 5 minutes. Note that this is
the design approach. The actual time that the CLS can
allow state 2 operation to persist is only 1 minute (or 3
minutes where specifically notified to the DNO for
appropriate technology such as reciprocating gas engine
driven generation, micro hydro etc and where there is no
adverse voltage effect as explained in section 4.3.2).

In state 1 operation, if there is a risk that operating at the P
MEL or MIL causes frequent inadvertent excursion from
state1 operation into state 2 operation it will be
appropriate to set a state 1 operating limit that is
sufficiently within the MEL or MIL limits, in order to
minimise the frequency or duration of state 2 operation to
avoid triggering the CLS functionality set out in 4.5.2.1.

442 Voltage Limits P
4421 State 2 Operating Limits

DNOs have to respect the statutory limits on voltages as
defined in the Electricity Safety Quality and Continuity
Regulations (2002, SI 2002 2665). Circumstances, such
as faults on Customers’ Installations, or on the DNO’s
Distribution Network may cause temporary excursions
outside these limits. These exceptions are expected
occasionally, but must be limited. BS EN 50160 sets the
expected worst case for excursions and any voltage
excursion caused by state 2 operation shall fall within this
envelope in BS EN 50160. Recognizing this limit, small
excursions above or below the statutory limits should be
limited to no more than 1 minute.

DNOs will assess the worst case state 2 operation effect P
on the voltage of the Distribution Network. The
Customer’s Devices will be limited in capacity such that:

« the worst case highest voltage cannot exceed 112% of
nominal voltage (ie 257.6V at a nominal voltage of 230V)
where the Customer’s Connection Point is at LV or 108%
of nominal voltage where the Customer’s Connection
Point is at HV; and

« the worst case lowest voltage cannot be less than 87%
of nominal (ie 200.1V) where the Customer’s Connection
Point is at LV and 92% of nominal voltage where the
Customer’s Connection Point is at HV.

443 Protection Limits P
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For installations where the DNO’s interface or upstream P
protection is provided by fuses state 2 operation shall not
impose a greater current flow than 145% of the nominal
fuse rating.

Where the DNO’s interface or upstream protection is P
provided by relays, the DNO will assess the maximum
current flow based on the appropriate settings for these
relays.

4.5 Fail Safe P

All CLSs must fail to safety. If it is not inherently possible
to arrange this within the CLS, alternative safety
measures shall be provided as described in section 4.5.3.

451 Failure Detection

Should a CLS fail, for any reason, there is the possibility
that unsupportable high currents will flow, giving rise to
the risk of damage to equipment or interference with other
Customers’ equipment and/or that excessively high or low
voltages are present on the Distribution Network for
unacceptable periods of time.

Failure detection shall include internal failure of the CLS P
and its Components, as well as the failure of any
communication channels used by the CLS to
communicate between its Components and between
Components and Devices as described in this section.

4511 Internal Failure

The CLS shall detect any internal failure and move its P
operation into state 3 immediately (ie within 15s) after
detecting such a failure. The CLS Manufacturer or
Installer shall state how:

« the CLS will detect internal failures;

« the Manufacturer or Installer has assessed that this is
the complete range of possible failures; and

« this can be demonstrated in testing.

4512 Communication failures P

The CLS shall detect any defect in communication
between its Components and Devices. This is especially
necessary where the CLS is comprised of dispersed
Components, including any Components that are
transducers fitted at the Connection Point to measure
current flows and direction. In particular the CLS shall
detect discontinuity of the secondary circuit or the
magnetic circuit of any current transformers employed.
Any communication failure shall trigger a move into state
3 immediately (ie within 15s) after detecting such a failure.

4513 Excessive State 2 Operation P
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Although state 2 operation is expected, operation for P
periods exceeding 15s is not expected to be frequent.
Accordingly if a CLS breaches any of the following
criteria, it shall enter state 3 operation immediately (ie
within 15s):

* A single excursion into state 2 operation that persists for
more than 1 minute (or 3 minutes as allowed in 4.3.2);

* There are more than three excursions (each of more
than 15s and less than 1 minute (or 3 minutes as allowed
in 4.3.2)) into state 2 operation in any 24 hour period;

* The time between any two consecutive excursions into
state 2 operation of greater than 15s is 10 minutes or less
(measured from the time of re-entry into state 1 operation
from state 2 operation following the first excursion).; or

* For installations where the maximum excursion period is
3 minutes (as allowed in 4.3.2) the total time in state 2
operation in any 24 hour period, but neglecting any
excursion of 15s or less, exceeds 8 minutes.

Excursions that do or do not count towards excessive P
state 2 operation are shown diagrammatically in Figure 4-
2. The implementation of the necessary counters and
timers in the CLS must be done in nonvolatile memory so
that they are not reset if power to the CLS is lost.

Figure 4-2 — Excursions into State 2 counting towards the excursion limit

State 1/ State 2 threshold

452 Recovery from Failure

The CLS should be capable of interrogation by the
Customer to determine the nature of the failure.

TRF No. G100_V1.1
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For internal failures, and excessive state 2 operation, the P
Customer, following resolution of the cause of the failure,
shall be able to reset the CLS back to normal operation as
follows:

* For CLSs installed in Domestic Installations, 3 resets
shall be allowed in any 30 day period. If this criterion is
breached the CLS will remain locked in state 3 pending
further investigation and resolution of the issues causing
the CLS to be locked-out in state 3. The Manufacturer or
Installer shall propose how lock out in state 3 can be
resolved.

* For CLSs installed in non-domestic installations any
excursion into state 3 operation shall not be capable of
being reset within 4 hours of the start of state 3 operation.

* In both cases the Manufacturer or Installer has the
option of performing a reset over the internet or by other
remote means. Where such a remote reset facility is
implemented, it must rely on direct communication
between the Customer and the party implementing the
reset to ensure that the reason for the lockout is
understood and addressed.

Note that there is no limit to the number of resets that are
allowed for state 3 operation arising from communication
failures, as required by 4.5.1.2 and 4.5.2.2.

4522 Communication Failures P

The Customer shall be able to reset the CLS back to
normal operation immediately in every case when
communication has been restored, ie the lockout feature
of 4.5.1.3 does not apply. A CLS may be arranged by the
Manufacturer or Installer to self-reset from state 3 when
state 3 operation is caused solely by communication

failures.
453 Overload Protection and Alternatives to Fail Safe N/A
For Customer’s Installations connected at HV overload N/A

and/or reverse power protection shall always be fitted. For
Customers Installations connected at LV, if the
Manufacturer or Installer does not provide a Fail Safe
CLS, and/or the Customer cannot prove Fail Safe
functionality then a CLS can still be used, but the
Customer will need to install appropriate protection at the
Connection Point.

4.6 Communications

The Manufacturer or Installer must select an appropriate
and secure communication medium for communication
between the Components forming the CLS, and the
Devices controlled by the CLS, noting that communication
failures will cause state 3 operation of the CLS.
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The Manufacturer or Installer shall provide information P
describing the communication media used in the CLS with
supporting information as to why this is appropriate in
terms of reliability and security.

4.7 Cyber security P

Recognizing that cyber security is an evolving area, the
Manufacturer or Installer shall consider the cyber security
risks posed for the CLS both in terms of the
communication between the Components forming the
CLS, and the Devices controlled by the CLS and also in
terms of interaction with any other system, including any
Manufacturer’s product management systems.

Accordingly this EREC G100 makes no specific cyber Manufacturer’s declaration P
security compliance requirements. However the provided for ETSI EN 303
Manufacturer or Installer shall provide information 645.

describing the high level cyber security approach, as well
as the specific cyber security requirements complied with.
The statement will make appropriate reference to the
CLS’s compliance with any relevant aspects of:

« ETSI EN 303 645 CYBER; Cyber Security for Consumer
Internet of Things: Baseline Requirements;

+ Distributed Energy Resources — Cyber Security
Connection Guidance - published by BEIS and the ENA;

* PAS 1879 Energy smart appliances — Demand side
response operation — Code of practice; and

* Any other relevant standard that has been incorporated
in the design of the CLS.

4.8 Access to DNOs’ Current and Voltage Signals

In general Customers will not have access to the DNO’s
current transformers, and where the Connection Point is
at LV Customers will generally be able to provide
appropriate voltage signals themselves.

4.9 Generation in Non-exporting Sites P

Where a Customer wishes to install generation but has no
need to export power from the Customers Installation, an
alternative to deploying a CLS is for the Customer to
install reverse power protection at the Connection Point.

The reverse power protection can be arranged to control P
or trip the generation or to trip the whole of the
Customer’s Installation. The design of the reverse power
protection, and its settings, shall be agreed with the DNO
and recorded in the Connection Agreement.

410 Multiple CLSs in a Single Installation P
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In some installations Customers might want to install P
more than one CLS controlling separate sets of Devices.
For Customer’s Installations connected at LV the sum of
all the Current Ratings of generation and storage (in
export mode) Devices, and/or the sum of all the capacities
of significant loads and storage (in import mode) Devices
shall be less than the respective state 2 limits for that
installation. Ideally one CLS should be configured to act
as the master CLS, and all other CLSs configured to
harmonize with it, but this is not an essential requirement.
Multiple independent CLSs are not prohibited provided
compliance with this EREC G100 by the Customer’s
Installation is not compromised. Customers should note
that multiple CLSs will need carefully setting up to avoid
hunting, instability or other forms of undesirable
interactions between them.

4.11 Domestic Installations

The principles and requirements of this EREC G100 shall P
apply in full to Domestic Installations. It is expected that
generally Domestic Installations will comprise Fully Type
Tested CLSs.

Where a CLS is designed to manage export to the DNOs P
Distribution Network and is Fully Type Tested it shall be
capable of having the state 1 operating limit (ie the MEL)
set to 16A, 32A, 60A, 80A or 100A (per phase values).
Manufacturers can provide other settings, but not more
than 100A, and shall ensure the design minimises the risk
of Installers inadvertently selecting an inappropriate limit.
The Installer shall make the appropriate selection for the
specific installation, and which shall be protected from
being changed in accordance with the requirements of
section 4.2. The DNO would not expect to witness the
installation, commissioning and operation of the CLS

Where a CLS is designed to manage import from the P
DNOs Distribution Network and is Fully Type Tested it
shall be capable of having the state 1 operating limit (ie
the MIL) set to 60A, 80A or 100A (per phase values).
Manufacturers can provide other settings, but not more
than 100A and shall ensure the design minimises the risk
of Installers inadvertently selecting an inappropriate limit.
The Installer shall make the appropriate selection for the
specific installation, and which shall be protected from
being changed in accordance with the requirements of
section 4.2. The DNO would not expect to witness the
installation, commissioning and operation of the CLS.

These principles would also apply where a Fully Type P
Tested CLS is designed to manage both export to and
import from the DNOs Distribution Network.

For commissioning Fully Type Tested CLSs the
requirements of 5.2 apply.

412 Interfaces with DNOs’ Systems P

TRF No. G100_V1.1



Page 20 of 41 Report No.: 6266862.50B
G100/2-2

Clause |Requirement - Test Result - Remark Verdict

By agreement it may be appropriate to interface a P
Customer’s CLS with systems used by a DNO to manage
their network dynamically. This might be to implement
active network management, a flexible connection or a
flexibility contract between the Customer and the DNO.

The interface could be to accept a single new set point for P
the maximum current that can be exchanged at the
Connection Point, or a variable set point. In either case
the DNO will provide the protocols and other information
necessary for the interface.

5 Application and Acceptance -

Customers (or Installers on the Customers’ behalf) shall provide information on the -
proposed CLS and Devices to enable DNOs to make an assessment of the risk to the
Distribution Network.

5.1 General -

The Customer (or the Installer on the Customer’s behalf) Info.
is responsible for demonstrating that any CLS installed in
the Customer’s Installation complies with the
requirements detailed in this document.

Installers are responsible for demonstrating, via
Manufacturers’ type tests, other published information,
and/or appropriate site tests that the CLS complies with
the requirements detailed in this document. Installers are
also responsible for providing Customers who own that
equipment with sufficient information to enable Customers
to meet their own obligations to demonstrate compliance.

In order to safely and effectively test a CLS, it is
necessary to be able to simulate instances where the CLS
is expected to operate. Where a CLS is integrated into the
Device it controls, has a range of settings, and is intended
to be a Fully Type Tested CLS, then it shall be tested at
the extremities of its export and import current settings,
and one intermediate export or import current setting. This
requirement does not apply to stand alone CLSs that are
commissioned on site.

5.2 Site commissioning of Fully Type Tested CLSs Info.

Where the functions described in section 5.6 have been Info.
validated in a type test by the Manufacturer (ie the CLS is
Fully Type Tested), a reduced set of tests can be
undertaken on site.

In these cases it will be sufficient to undertake the
communication and power supply Fail Safe tests in
section 5.5 (i.e. all the tests in Table 5-1 - Test
Sequencewith the exception of test 9) to prove that the
CLS reacts appropriately.

Form C (Appendix C) must be submitted in all cases, but
Form B (Appendix B) is not required where the reference
to the Fully Type Tested compliance information on the
ENA’s Type Test Register is included as a reference on
Form C.
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5.3 Commissioning Sequence Info.
CLS commissioning shall only be undertaken after all Info.
other Device commissioning has been successfully

completed.

The Customer (or the Installer on the Customer’s behalf)
shall provide to the DNO all relevant scheme drawings
and information to enable safe, informed commissioning
of the CLS.

In order to ensure that commissioning does not cause any Info.
safety issues on the DNO’s Distribution Network, the
following commissioning sequence shall be followed.
Tests shall be performed in the sequence indicated and
the process shall only proceed to the next stage once the
preceding stage has been successfully undertaken:

The commissioning test actions shall be carried out in the
following order:

1. Implement the measures to ensure that the MEL or MIL
cannot be exceeded.

2. Perform Fail Safe tests.
3. Perform operational testing.
4. Set export and/or import limits.

5. Verify export and import limits are correct.

5.4 Preventing the Limits Being Exceeded During Testing and Commissioning P
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Care shall be taken whilst testing and commissioning the P
CLS so that the MEL or MIL is not breached. This may
involve setting the export or import limit to a lower
threshold for compliance demonstration purposes. A
combination of the following measures should be
considered to ensure that MEL and/or MIL is not
exceeded during setup/testing:

» Temporarily programming the CLS export and/or import
or setpoint limits to 50% (or less) than MEL and/or MIL;

» Temporarily narrowing the range of the CLS voltage
limits (ie bringing the set points closer to the nominal
voltage);

* Restricting the maximum output of the generation (eg on
a PV system with multiple inverters, turning off a number
of the inverters);

* Restricting the amount of load that is connected; and
* Operating a temporary load, load bank or generator.

If the CLS settings need to be changed in order to
demonstrate operation, then they shall be restored and
confirmed once testing is complete.

Note that testing will lead to what normally would be
considered excessive state 2 operation and hence lock-
out. Manufacturers or Installers may provide a test mode
to allow for this — see 4.5.2.

5.5 Fail Safe Tests

The purpose of the Fail Safe tests is to ensure that should P
any part of the CLS fail, the current flow across the
Connection Point, and the voltage imposed on the
Distribution Network, will remain within, or return within
the required time to, the design limits.

There are a number of potential options for reducing the
current flows such that the design limits are not breached
including:

1. Switching off relevant Devices completely;

2. Reducing the number of the Devices operating such
that the aggregate current capacity of the Devices
remaining operational is equal or less than the MEL and /
or MIL; and

3. Operating all Devices at a restricted output such that as
in aggregate their combined current is safely and securely
limited to be equal or less than the MEL and/or MIL.

The Fail Safe test process comprises a sequence of tests P
on each separate Component of the CLS. Each
Component and Device needs to have, where relevant, its
communication medium removed or interrupted and,
separately, its power supply interrupted.
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At no time during the Fail-Safe test sequence shall the P
current flowing through the Connection Point rise above
the programmed export and/or import limit (taking account
of Manufacturer’s published tolerances) for a period of
time longer than the specified reaction time.

The following table describes a typical test sequence. Not p
all CLSs will have all of the Components listed and others
may have additional Components that need to be

included in the test sequence. The CLS shall be restored

to normal operation after each of the tests below.
Table 5-1 - Test Sequence P

No. | Component Test

Connection Point Component (ie

t
transducer) Remove power supply to transducer

2 Principle CLS Component(s) Remove power supply

Components controlling

generation Devices Remove power supply to each in turn

Components controlling storage

Davices Remove power supply to each in turn

Companants'cantrolling/load Remove power supply to each in turn

Devices

5 Communication controller and or Remove power supply to each in turn
hubs/switches etc P PRy

7 Communication between Removel/interrupt communication to each Component
Components in turnt

Where applicable communication
8 between Components and
Devices

Removefinterrupt communication between each
Component and associated Device in turn

With reference to the Manufacturer's published
information on internal failures (see 4.5.1.1) undertake

i CLSSystem the recommended tests etc to confirm that the CLS

detects and reacts appropriately to internal failures.

1There are safety issues in interrupting current P
transformer circuits, which can give rise to dangerously
high voltages. Care must be taken to ensure that the
current transformer connections and/or secondary circuits
are either tested with zero primary current, or are short
circuited, or ideally both, before the circuit to the
transducer is opened.

For each test confirm that the CLS enters state 3 P
operation, and that on restoration of communication or
power to the relevant Component or Device it is then
possible to immediately reset the CLS into state 1
operation.

5.6 Operational tests P
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In order to safely and effectively test a CLS, it is P
necessary to simulate normal state 1 operation and then
the transition from state 1 to state 2 to confirm that it
responds appropriately. Note that operating setpoints
must be reduced so that state 2 operation for testing
purposes does not exceed the MEL or MIL as explained
in section 5.4. Two different means may be employed to
simulate this:

1. Manual control over the Devices operating on the site;
or

2. Injection testing using a calibrated test set

The method adopted will depend on the nature of the site.
On larger sites (eg an office, factory or school with
multiple distributed Devices), injection testing may be the
only practical option.

Note that the tests described in 5.6.1 and 5.6.2
amalgamate the CLS’s control capability (ie regulating
output/input levels of Devices) with the correct operation
in states 1, 2 and 3. Depending on the design of the CLS,
and its facilities for testing, it might be necessary to devise
a test plan that tests these two aspects (ie control of
Devices and correct movement between states)
separately.

The correct orientation of any part of a Component that P
measures current and/or voltage shall be confirmed.

Operational testing shall be performed that demonstrates P
satisfactory transition between state 1 operation and state
2 operation. Tests shall be undertaken that demonstrate
the correct operation in returning to state 1 operation from
state 2 operation as well as showing that excessive state
2 operation will lead to state 3 operation (Fail Safe). This
is shown conceptually in Figure 5-1 Test A demonstrates
that an excursion outside the test level threshold triggers
the correct CLS response without triggering Fail Safe,
whereas test B should trigger the Fail Safe condition.

Figure 5-1 shows the tests to be undertaken. Note that P
the time in brackets is for those technologies (see 4.4.1)
where the three minute limit on excess current flow in

state 2 applies.
Figure 5-1 — Current Step Tests

Test Current

Test Level

100% set level

95% set level SRRSO —

TestA TestB

T Time
A T+ 58 Ts Ta+ 625

(Ty+178s) (To+ 1825)
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To carry out the tests the site conditions should be P
adjusted and a generic test method could be:

1. The export and import current limits are adjusted (ie set
to zero or a percentage of the MEL or MIL value).

2. The consumption and/or output of the Devices are
manually increased / decreased.

Note that if testing without a Manufacturer’s or Installer’s P
test mode, operation in state 2 will lead to lockout in state
3. This is not an issue for a Fully Type Tested CLS, but
for an installation where the full EREC G100 tests are
carried out on site, arrangements will need to be made to
cater for this aspect.

Pass-Fail criteria: The CLS is considered to have passed P
the test if during the test sequence the current exported
from or imported to the site at the Connection Point do not
breach the set-point limits for a period of time longer than
the specified reaction time.

5.6.1 Operational testing — Manual Load Control

The consumption and/or output of the Devices should be
manually adjusted to achieve the test levels at the
Connection Point. Arrangements will have to be made to
hold the required test conditions at the Connection Point
for sufficient time to demonstrate compliance noting that
the natural behaviour of the CLS will be to resolve (ie
reduce) the conditions, ie to move back from state 2
operation into state 1 operation. As described above it
might be necessary to take other measures during testing
to ensure that the correct fail safe behaviour occurs when
the conditions at the Connection Point are maintained for
longer than the fail-safe time threshold.

5.6.2 Operational testing — Injection Testing

Export and/or import limit conditions can be simulated by
temporarily injecting current into the transducer(s) using a
calibrated injection test set.

When using an injection test set, there is normally no
feedback loop between the CLS and the injection test set.
This has two significant implications for the test process:

1. As soon as the CLS begins to operate, because it sees
no corresponding decrease in current flow, the control
loop will keep running until the relevant Devices reach the
limit of their operating range; and

2. To ensure that the CLS is reacting by an appropriate
amount and within an acceptable time period, a step
change needs be applied by the test set to the
Connection Point transducer

5.6.3 Test Sequence P
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The following test sequence shall be performed as P
appropriate to the Devices installed (eg if there is no
control over import, do not carry out the import or low
voltage tests).

Note that where testing is being done under manual load
control, tests 1, 3, 4 and 6 shall be completed from Test A
(ie tests 2 and 5 can be omitted.

Table 5-2 - List of Tests P
TestA Parameter stepped to the value shown and held | Required
there for 58s (or 178s by agreement with DNO) outcome
1 Export = 105% of programmed limit value State 1
2 Export = 110% of programmed limit value “
3 Export = 120% of programmed limit value
4 Import = 105% of programmed limit value
5 Import = 110% of programmed limit value
6 Import = 120% of programmed limit value
Test B: repeat test 1 Test Level (step change) final value — maintained for
and 4 only of the above | 62s (or 182s by agreement with DNO)
7 Export = 105% of programmed limit value State 3
8 Import = 105% of programmed limit value
The procedure for performing the test is as follows. The P

test needs to be repeated for import and export as
appropriate. Test A demonstrates normal excursion into
state 2 followed by a return to state 1 operation. Test B
demonstrates excessive state 2 operation and hence
confirms the Fail Safe functionality.

5.6.3.1 Test A P

« Initially apply an injection of 100% of nominal voltage
and inject current to mimic a current flow equivalent to of
95% of the limit setting.

« Step up the current to give a current flow equivalent to
105% of the limit (for Test 1), Check that change in level
is registered appropriately by the CLS. Check that the
CLS is in state 2.

+ Check that the current from generation and exporting
storage Devices reduces to a value at least 5% below the
export limit setting within the specified reaction time. Be
aware that as noted in 5.6.2 (1) the CLS will continue to
drive the output of the Device away from its original set
point.

» Within 58s reduce the injected current back to 95% of
the limit. Check that the CLS has returned to state 1.

* Repeat the above for step increases from 95% to 110%
of the set limit and from 95% to 120% of the set limit as
detailed in Table 5-2.

5.6.3.2 |TestB P
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« Initially apply an injection of 100% of nominal voltage P
and inject current to mimic a current flow equivalent to of
95% of the limit setting.

« Step up the current to give a current flow equivalent to
105% of the limit (for Test 7), Check that change in level
is registered appropriately by the CLS. Check that the
CLS is in state 2.

* After 62s (or 182s where appropriate) check that the
CLS has moved into state 3; reduce the injected current
back to 95% of the limit.

+ Confirm that all Devices have assumed an operating
state (including being tripped off) as required by state 3.

+ Confirm that Devices remain in state 3 operating mode
(or off) until the CLS is reset.

5.6.3.3 Confirm Reset from State 3

Confirm that state 3 remains in operation until reset, and
that all Devices can only be operated (if at all) in their
state 3 state. Confirm that the CLS in a Domestic
Installations can be reset to state 1 immediately and that
the CLS locks into state 3 on the third occasion. Confirm
that the CLS in a non-domestic installation can only be
reset after 4 hours.

5.6.3.4 |Test Completion

When injection testing is complete, the correct orientation P
of any current monitoring connections (including
transducer orientations) which may have removed for the
test must be checked and verified as being correct. If
settings have been changed in order to demonstrate
operation, they must be restored and confirmed as being
correct once testing is complete. Finally allow the CLS to
operate under normal conditions and confirm that there is
no inappropriate control cycling or hunting.

5.7 Overload and Reverse Power Protection

Where overload protection and/or reverse power P
protection is used for Customer’s Installations connected
at HV, or as an alternative to installing an EREC G100
compliant CLS, or as an alternative to Fail Safe (see 4.5.3
and 4.10) these shall be tested by secondary injection.

6 Ongoing Obligations P

The DNO shall have the right to request that the
Customer carry out compliance tests and simulations
according to a repeat plan or scheme, and additionally
after any failure, modification or replacement of any
equipment that may have an impact on the CLS’s
compliance with the requirements of this EREC G100.

Any repeat tests etc shall be undertaken in accordance
with section 5 of this EREC G100.

7 Manufacturers’ CLS Product Declarations P
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Manufacturers of CLSs having undertaken the required P
tests shall complete the EREC G100 Product Declaration
as set out in Appendix B. A copy of this declaration shall
be provided to the Customer. The Customer will then
provide a copy of the product declaration to the DNO as
set out in section 5 of this EREC G100.

The Manufacturer has the option of registering the P
Product Declaration on the ENA’s Type Test Register. In
which case it will be sufficient for the Customer to quote
the ENA reference number on Form C in lieu of
presenting a copy of the Product Declaration

Appendix | CLS Application Information Info.
A

Appendix | Manufacturer’s CLS Product Information Info.
B

Appendix | CLS Installation and Commissioning Tests P
C
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Appendix 1: Type Verification Test Report
G100/2 - Form B - Compliance Verification Report for Customer Export or Import Limitation Schemes

Export/Import capabilities

Export Y Import Y

Description of Operation

EREC G100 section 4.2 requires a description of the CLS, and schematic diagram, to be provided to the
Customer. Please provide that description and the diagram here.

schematic diagram:

I AC cable | DC cable

I

# a_—
) r@ﬂ Backup Load On-Grid Home Load Grid
ol ]

-
Battery

Smart Load
I Senelrator

ATS

Description

The CLS system is composed with the NINGBO AUSTA SOLAR TECH CO., LTD. with Hybrid Inverter
and Single-Phase Smart Meter.

The Single-Phase Smart Meter is installed at downstream of the utility meter for billing of grid connection
point of the system and measuring the current / voltage / power data, etc. The measuring data will be
obtained by the inverter through the RS485 communication line between the inverter and the smart meter.
Inverter will dynamically control its generation power or consumption power based on the metering data to
guarantee the export current or import current at the grid connection point into the distribution network will
not exceed the CLS in a normal condition.
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Communications Media

Document the provisions made for the use of various communication media, and both the inherent
characteristics and the design steps made to ensure security and reliability.

Inverter and external module communication:
® SAU communicates with meter through RS-485 interface

® Inverter communicates with IOT module (WiFi) in with USB interface
® |OT module communicates with server through WIFI

Cyber Security

Confirm that the Manufacturer or Installer of the CLS has provided a statement describing how the CLS
has been designed to comply with cyber security requirements, as detailed in section 4.7.

We NINGBO AUSTA SOLAR TECH CO., LTD. declare that certified hybrid inverter AU7TKESL-G3,
AU7.6KESL-G3, AUSKESL-G3, AU10KESL-G3 and any associated equipment to be included in the
certification are in compliance with Cyber security requirements in accordance with the standards:

o ETSI EN 303 645;
Please also refer to the provided documents NINGBO AUSTA Cyber Security Declaration_240202_V1.0

Power Quality Requirements

Where the CLS includes the power electronics that controls generation or loads (as opposed to the power
electronics being included in Devices that are subject to their own power quality compliance
requirements) please submit the harmonic and disturbance information here as required by EREC G5 and
EREC P28.

NINGBO AUSTA SOLAR TECH CO., LTD. Hybrid Inverter used with Single-Phase Smart Meter fulfil the
power quality test. Refer to G100/2:2022 and test report no. 6266862.50B.for detail.
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Fail Safe

CLS internal failure: please submit here the description of the internal Fail Safe design and operation.
Please also document how it has been demonstrated, including the non-volatile recording of times and
numbers of state 2 operations, and confirm the overall response of the CLS to this internal failure.

,/’)
/
{\State 3 lockout tr\ggered’?> State 1
—~
‘\_\l ,/
A
= N

Communication or
Internal failure ?

/
s
T

N
T i\\\\

< Current excursion?
- A
Y \\/

v

—

State 3 State 2

h 4
A

o

N o
No failure and lockout tr!ggeretil/
//
/

NINGBO AUSTA CLS was designed with a fail-safe mechanism according to G100 section 4.5. Therefore,
the system design ensures that it will limit the imported/exported current at the site to the DNO’s agreed
limit(s).

All the components in the NINGBO AUSTA CLS system are either wired or wireless and are registered by
the CLS. At the commissioning process the device is registered as a generation/non generation device. In
the event of a detected failure the system will operate the Fail-safe mechanism by reducing the
component generation to zero immediately according to the table above.
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Table 5-1 - Test Sequence

Communication and power supply failures between Components and Devices. Please document here
compliance with EREC G100 section 5.5.

No. | Component Test
Connection Point Component (ie ¥
1 transducer) Remove power supply to transducer
2 Principle CLS Component(s) Remove power supply
3 Components controlling R i it hint
generation Devices emove power supply to each in turn
Components controlling storage -
4 Devices Remove power supply to each in turn
5 Components controlling load R i it R
Devices emove power supply to each in turn
6 Communication controller and or R v hint
hubs/switches ete emove power supply to each in turn
7 Communication between Removelinterrupt communication to each Component
Components in turnt
Where applicable communication R Jinterrupt toalionbatw h
8 between Components and cimoze s etrau;; C:Q?”:;Zadzni z iniin oA
Devices mponent and a ia vic m
With reference to the Manufacturer's published
information on internal failures (see 4.5.1.1) undertake
9 g e the recommended tests etc to confirm that the CLS
detects and reacts appropriately to internal failures.

operation.

TThere are safety issues in interrupting current transformer circuits, which can give rise to
dangerously high voltages. Care must be taken to ensure that the current transformer
connections and/or secondary circuits are either tested with zero primary current, or are short
circuited, or ideally both, before the circuit to the transducer is opened.

For each test confirm that the CLS enters state 3 operation, and that on restoration of communication or
power to the relevant Component or Device it is then possible to immediately reset the CLS into state 1

Component/Device
number/description

Communication failure test

Power supply failure test

Hybrid inverter

Inverter internal relay trip in < 5s

Inverter internal relay trip in < 5s

Smart Meter

Inverter internal relay trip in < 5s

Inverter internal relay trip in < 5s

CT

Inverter internal relay trip in < 5s

No power supply for CT
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Operational Tests

In accordance with EREC G100 section 5.6 undertake the tests A to D to confirm correct operation in state
1 and state 2, that transition into state 3 occurs as required, and that behaviour in state 3 is also as
required.

Figure 5-1 — Current Step Tests

Test Current

Test Level

TO0% SELIGUE]  Sirrsre S iy s s el s o] 5o S o S e o seop ot e | S S 2 o ¥ ow o P bonl o Wv oy s s o B epres e o e

95% set level - —

TestA TestB

T Time
A T,+58s Tg Tyt 62s

(Ta+ 178s) (Tg+ 182s)

Table 5-2 - List of Tests

TetiA Parameter stepped to the value shqwn and held | Required
there for 58s (or 178s by agreement with DNO) outcome

1 Export = 105% of programmed limit value State 1
2 Export = 110% of programmed limit value “
3 Export = 120% of programmed limit value “
4 Import = 105% of programmed limit value “
5 Import = 110% of programmed limit value &
6 Import = 120% of programmed limit value

Test B: repeat test 1 Test Level (step change) final value — maintained for

and 4 only of the above | 62s (or 182s by agreement with DNO)
7 Export = 105% of programmed limit value State 3
8 Import = 105% of programmed limit value “
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Test A (Setting MEL=MIL=43.5A, 0.95MEL=0.95MIL=41.3A)
Nominal Export Limit (for type tests this will be at maximum, minimum and one EL=435
intermediate setting) in Amp: Amps
Nominal Import Limit (for type tests this will be at maximum, minimum and one IL=43.5
intermediate setting) in Amp: Amps
CLS and/or
Component
CLS registers and/oF: Device Correct state
Starting level | Step value 9 - Duration of 1/
No change in initiates .
(A (A step in test state 2
level? correct .
operation
response of =
5%7?
Yes, state
1 41.527 45.771 es es 58s )
y y 1->2->1
Yes, state
2 41.494 47.921 es es 58s )
Y y 1->2->1
Yes, state
3 41.488 52.234 es es 58s )
y y 1->2->1
Yes, state
4 41.504 45.776 es es 58s !
y y 1->2->1
Yes, state
5 41.537 47.944 es es 58s )
y y 1->2->1
Yes, state
6 41.511 52.308 es es 58s )
y y 1->2->1
No.1 No.2
Z026—07-30 16:53:48. 151 ] :Send: /#*163%, niCTCursComm PO2E07-30 17:13:18. 229] :Send: M#*163%/ wiCTCurrComm
Z026—07-30 16:65:48. 1561 ] :Reov: 41 B2VA 20260730 17:13:15. 229 ] :Reow: 41 4944
Z026—07—30 16:53:48. 1561 ] :Exportowr within the range. FOZE07=30 17:13:158. 229)] :Exportourr within the range.
20260730 16:53:48. 1561 ] :Send: 4010,V 100 CLS ZO26—07-30 17:13:18. 229] :Serd: #0104,/ UK G100 CL3
20260730 16:63:48 161 ] :Reeov:Ls state > 1 20260730 17:13:18. 229] :Recr:L=z state >l
Z026—07—30 16:53:43.850] :Send: /#163% niCTCursComm F0Z6—07-30 17:13:158. 640]  Send; /#1634 wiCTCurrComm
20260730 16:53:48. 850 :Recv: 45, T71A Z026-07-30 17:15:15. 640] :Reow: 47 5214
2026—07-30 16:53:45, 850] :ExportCurr out of range. POZEIT—30 17:13:158. 640]  ExportCurr out of rangze.
20260730 16:53:48.850] : send: A40104UE G100 CLS FOZE0T—30 17:13:15. 640] ; send: S*010% /UK 100 CLS
2026—07—-30 16:53:48.850] :Recv:Ls state > 2 PO26-07—30 17:13:18. 640] :Recvr:Ls state 2
2026—07-30 16:64:35 823 ] Jend: /H4163%/ niCTCurrComm FOEE-07-30 17:13:23 170]: Send: A163%/ niCTCwreComm
2026-07-30 16:64:35 823 ] :Reov: 41.6314 P026-07-30 17:13:23. 170] :Recw: 41, 437A
2026—07-30 16:54:35. 823] :Exporteurr within the range. 20260730 17:13:23. 170); Exporteuwrr within the range.
2026-07-30 16:54:35 823 ] :Send: 4010+ UK G100 C1S SOE6—07-30 17-13:23. 170]:Send: #0104 UK G100 CLS
2261 #2301 62645008230 [Reap Leistard 2l 2026—07-30 17:13:23. 170] :Recv Lz state > 1
No.3 No.4
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G100/2-2
Clause |Requirement - Test Result - Remark Verdict
Z026—07—30 17:14:40. 653]:Send: A*163%,/ uiCTCurrComm Z026-07-30 17:15:51.827]: Send: /#163%/ niCTCurrComm
2026-07-30 17:14:40. 653] :Recv: 414884 2026-07-30 17:15:51.827] Recv: 41,5044
Z026—07=30 17:14:40.653] :Exporteurr within the range. 20260730 17:165:51.827] :Exportowr within the range.
2026-07-30 17:14:40. 653] :Send: A4010%/ UK $100 CLS 2026—07-30 17:15:51. 827] Send: A010% /UK G100 CIS
2026-07-30 17:14:40. 653] :Recv:Ls state 31 2026-07-30 17:15:51.827) Recv:Ls state 31
2026-07-30 17:14:41.130]:Send: #1634/ uiCTCurrComm 2026-07-30 17:15:52. 469]: Send: /#163%/ wiCTCurrComm
2026-07-30 17:14:41. 130]:Recv: 52. 2344 Z0Z6-07-30 17:15:52. 468] Recv: 45, TT6A
2026—07—30 17:14:41.130] :ExportCurr out of range. 2026—07-30 17:15:52. 469] ' ExportCurr out of range.
Z026—07-30 17:14:41. 130] :send: A010% /K G100 CLS 2026-07-30 17:15:52. 469 send: A010%/UK G100 CLS
2026-07-30 17:14:41. 130] :Recv:Ls state 3z 2026—07-30 17:15:52 469] Reov:Ls state > 2
20260730 17:14:46,. v83]:Send; /%1634 wiCTCurrComm 2026—07-30 17:15:57. 207] : Send: /#163%/ wiCTCurrComm
Z026-07-30 17:14:45. 763] :Recv: 41. 4784 20260730 17:16:67.207] :Reov: 41.4994
2026—07-30 17:14:45. 783] :Exportourr within the range. 2026—07=30 17:165:57. 207] :Exportouwrr within the ranze.
2026-07-30 17:14:45. 783]:Send: A0104 /UK G100 CLS 2026-07-30 17:15:57. 207] : Send: /#010% /UK G100 CLS
2026—07-30 17:14:45. 783] :Recr:L=s state a1 20260730 17:15:57. 207 ) :Recv:L= state 2
No.5 No.6
2026-07-30 17:16:52.299]:Send; A#163%/ uiCTCurrComm [2026—07-30 17:17:47. 769] :Send: /#1634, uiCTCurrComm
2026-07-30 17:16:52. 299] :Recy; 41 53TA [Z026-07-30 17:17:47. 769] ‘Recy: 41 5114
2026—07-30 17:16:62. 299] :Exportourr within the range. [2026—07—30 17:17:47. ¥62] ‘Exportcurr within the range.
2026—07-30 17:16:52 299] :Send: A4010+/UK G100 CLS [2026—07-30 17:17:47. 769 Send: /*010% /UK G100 CLS
2026-07—30 17:16:52.299] :Recv Lz state 31 [2026—07-30 17:17:47. 769] :Recv:Ls state 31
20260730 17:16:52, 709] :Send: A163%/ wiCTCurrComm [2026—07—30 17:17:48. 164] :Send; /*163%/ uiCTCurrComm
2026-07—30 17:16:52. 709] :Recv; 47. 9444 [P026-07-30 17:17:48. 164] :Recr: 52, 3084
2026—07—30 17:16:52 709] :ExportCurr out of range. [2026—07—30 17:17:48. 164] ‘ExportCurr out of range.
2026—07—30 17:16:52. 709] : send: 40104 /UK G100 CLS [2026—07-30 17:17:45. 164]: send: 40104/ UK G100 CLS
20260730 17:16:52 709]:Recv:Ls state EEE [2026—07—30 17:17:48. 164] :Recv:Ls =tate 2
20260730 17:16:59, 989] :Send: /*163%" wiCTCurrComm [c026—07—30 17:18:06.351] :Send: ##163%, uiCTCurrComm
20260730 17:16:59. 9891 'Reov: 41 5454 [2026—07-30 17:13:06.351] Recv: 41,5044
2026—07—30 17:16:59, 959] :Exportouwrr within the range. [026—07—30 17:18:06.351]  Exportourr within the range.
20260730 17:16:59. 989] :Send: A40104,/UK G100 CLS [2026—07—30 17:18:06. 361] : Send: A40104,/UK G100 CLS
2026-07-30 17:16:59.989] :Recv Lz state > 1 [2026—07-30 17:18:06. 351] Reov:Ls state 21
Test B (Setting MEL=MIL=43.5A, 0.95MEL=0.95MIL=41.3A)
. L EL=43.5
Nominal Export Limit:
Amps
. . IL=43.5
Nominal Import Limit
Amps
CLS and/or
Component
. CLS registers | and/or Device .
Starting level | Step value 9 s Duration of Correct state
No (A (A change in initiates step in test 3 operation
level? correct
response of =
5%7?
Yes, state
7 41.544 45,741 es es 62s !
Y y 1->2->3
Yes, state
8 41.712 45.768 yes yes 62s 1 >2’ >3
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Inverter ShutDown>>>3>>

[2026—07—30 17:22:258. 661]: send: /M*124% /UK G100 CLS
[2026—07-30 17:22:25 651] Recv: :CHECKE State

Inverter Restarting>rri>>>

[20z6—07—30 17:22:45. 2682] :Send: A*163%¢ wiCTCurrComm
[2026—07-30 17:22:45, 2582] :Recv: 41, 5394

[2026—07—30 17:22:45. 282] :Exportouwrr within the range.
[2026—07-30 17:22:45. 282] : Send: 010+ UK G100 CLS
[2026—07—30 17:22:45 282] :Recv:Ls state 21

Trnverter ShutDownd>>5>>

[2026—07—30 17:22:25. 651 ]

Clause |Requirement - Test Result - Remark Verdict
No.7 No.8
Z0Z6—07—30 17:22:15. §95] :Send: A*163%/ wiCTCurrComm SOZ607—30 17:22:18.895] :Send: /*163%,/ uiCTCurrComm
20Z6—07—30 17:22:18, 895] :Recv: 41, 544 Z026—07—30 17:22:15.895] Reow: 41 FIZA
Z026—07-30 17:22:15. 595] :Exportouwrr within the range. POZ6—07—30 17:22:18. 895] :Exporteurr within the range.
ZOZEOF—30 17:22:15 595] : Send: A010% UK 5100 CLS 2026—07—30 17:22:15. 896 ] : Send: A010+ UK 100 CLS
ZOZEO7—30 17:22:15 595] Recv:Ls state 1 Z026—07—30 17:22:15.896] Reov:L=z state > 1
2026—07—30 17:22:19 471]:Send: #1634/ wiCTCurrComm Z026—07—30 17:22:19. 471 ] :Send: /*1653%/ wiCTCurrComm
ZOZEOF—30 17:22:19. 471] Becv: 45 741A ZO026—07—30 17:22:19. 471 ] Reow: 45 7G3A
Z0Z26—07—30 17:22:19 471 ] ExportCurr out of range. Z026—07—30 17:22:19. 471 ] :ExportCurr out of range.
ZOZEOF—30 17:22:19. 471]: send: A4010%/UK 5100 CLS ZO026—07—30 17:22:19. 471 ] send: A010% UK G100 CLS
2026—07-30 17:22:19 471 ]:Recv:Ls state > 2 Z026—07—30 17:22:19.471] ' Recv:Ls state > 2
ZOZEOT—30 17:22:22 463]: send: A4010% /UK 100 CLS Z026—07—30 17:22: 22, 463]  send: A010% UK G100 CLS
ZOZE—OF—30 17:22:22 463)] Recv:Ls state o Z026—07—30 17:22:22 463] Reov:Ls state > 3
ZOZEOF—30 17:22:22 463] Send: A#124% uiMaszterState ZO026—07—30 17:22:22 463] Send: /#124%,/ uiMasterState
ZOZEOT—30 17:22:22 463] Recv FAULT State Z026—07—30 17:22:22 463] Reow FAULT State

send: #4124% /K G100 CLS

[2026—07—30 17:22:25.651]  Reov: CHECE State

Inverter

[z0z6—07—30
[z0z6—07—30
[z0z6—07—30
[z0z6—07—30
[z0z6—07—30

-
= =

Restarting>>»>>>>

(Send: /#163% uiCTCurrComm
‘Reecw: 41.8675A
:Exportewrr within the range.

(Send: A#01040K 100 CLS

:Reecv:L= =tate

> 1
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G100/2-2

Clause |Requirement - Test Result - Remark Verdict

State 3 Reset

These tests are to demonstrate compliance with section EREC G100 4.5.2.

Please document how the reset from state 3 to state 1 has been demonstrated. Please include how the
reset is achieved.

Please confirm that for CLSs to be installed in Domestic installations three (3) resets causes lockout or
that for non-domestic installations lockout can only be reset after four hours. Please explain how lockout is
reset.

1. After entering state 3, the system generates an alarm indicating that the power control of the grid-tied
point is abnormal and the inverter enters the locked state.

2. Users or installers troubleshoot the system.

3. The installers performs reset settings through the app and starts unlocking and enters state 1. At this
time, the system displays grid connected, indicating that the system has returned to normal operation
mode state 1.

4. For CLSs installed in Domestic Installations, 3 resets shall be allowed in any 30-day period. After a fault
occurs, CLS enters state 3 and this state will be locked. After an electrician is sent to troubleshoot the
problem, CLS can be restored to state 1 by set CLS reset button in Monitoring System.
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Appendix 2: Photo documentation
Enclosure Front View

Enclosure Rear View
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Enclosure Top View

Enclosure Bottom View

GENBACK-UPZ
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Enclosure Side View (Right)

Enclosure Side View (Left)
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Internal View

Smart Meter

sl
L L LY

- End of test report---
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