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Introduction 

Purpose 

The Realising Electric Vehicle-to-grid Services (REVS) project is a trial demonstrating vehicle-

to-grid (V2G) technology in a fleet of 51 Nissan Leafs in Canberra1. The purpose of this report 

is to document the lessons learnt in the REVS project as the Wallbox Quasar charger was 

tested and certified against Australian standard AS477.2:2020. This report has been 

developed jointly by the ANU and JET Charge. It documents the process and recommends 

how future similar projects and standards processes could be altered to improve the efficiency 

of the certification project. It builds upon our previous report2.  

Progress to date 

Figure 1 shows the progress of the REVS trial project. At time of writing, the REVS trial is (a) 

delivering vehicles to participating fleets, (b) installing chargers, and (c) integrating hardware 

and software to deliver V2G services. As installation completes, it will focus on testing, 

demonstration, and analysis.  

 

Figure 1: REVS project phases: the `current phases are highlighted within oval.  

 

1 For more information, refer to the ARENA website https://arena.gov.au/news/world-leading-electric-
vehicle-to-grid-trial-in-act/  
 
2 For more information, refer to the ARENA website https://arena.gov.au/assets/2021/09/revs-lessons-
learnt-report.pdf 
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Lessons Learnt 

Specific Issues 

Charger certification against AS4777.2:2020 

The REVS project assumed that certification against AS/NZS 4777.2:2020 would be easy. 

The charger had already been certified against overseas standards which were thought to be 

similar to Australian standards. This was not the case. Compliance with AS/NZS 4777.2:2020 

required the vendor make hardware and software changes to the charger. Coupled with 

COVID delays and vendor workload, this delayed the project significantly. Upon completing 

this process, the Wallbox Quasar became the first and only bidirectional charger certified 

against AS/NZS 4777.2:2020.  

The fundamental difficulty for bidirectional chargers passing AS/NZS 4777.2:2020 is that this 

standard categorises bidirectional chargers as a multiple mode inverter connected to a 

stationary battery. The standard therefore presumes that the connected battery provides an 

earthing point. Electric Vehicles (EVs) meanwhile do not provide any electrical routes to earth 

– resting on the ground on insulating rubber tyres. This misalignment in expectations required 

the manufacturer to modify the charger hardware to provide an earthing connection to the 

vehicle through the charger connection. 

After modifying the charger to comply with earthing requirements, the EV charger failed to 

comply with the Electromagnetic Compatibility (EMC) test. Post modification, the charger 

emitted high frequency noise in excess of the maximum allowable limits. As a result of this 

failure, the vendor had to introduce external ferrite inductors in the input and output side of the 

charger. This causes additional installation effort and complexity as well as reducing visual 

amenity. This issue is particular to Australian standard and is not present in the international 

standards such as UK G99. 

Based on this certification experience, we strongly recommend that AS/NZS 4777.2:2020 be 

extended to include a dedicated classification and test procedure for bidirectional chargers. 

We also recommend that the classification of electric vehicle as a stationary “battery” should 

be changed to support bidirectional EV charging technology. It would also be beneficial to 

adopt clearer nomenclature that covers “bidirectional charging”, “Vehicle-to-Grid (V2G)”, and 

“Vehicle-to-Home (V2H)”. The REVS team would welcome the opportunity to contribute to the 

drafting of such an extension. 

For future innovation projects, we recommend a more detailed review of AS/NZS 4777.2:2020 

at the project initiation stage, which may have revealed these risks. We note however that this 

would require in-depth understanding of the charger hardware and the standard, which is often 

commercially sensitive, especially when the hardware manufacturer is not a trial participant. 

As mentioned in our previous lessons learned report3, these issues may have been mitigated 

by engaging a (preferably Australian) vendor as an active trial participant. 

Our recommendations are shown in Table 1. 

 

3 For more information, refer to the ARENA website https://arena.gov.au/assets/2021/09/revs-lessons-
learnt-report.pdf 

https://arena.gov.au/assets/2021/09/revs-lessons-learnt-report.pdf
https://arena.gov.au/assets/2021/09/revs-lessons-learnt-report.pdf
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Table 1 Recommendations:  AS/NZS 4777.2:2020 certification 

# What When Key parties 

1 Carry out more rigorous review of 
relevant standard (AS4777.2:2020)  

Discovery REVS Consortium 
technical staff 

2 Engage local vendors with experience in 
relevant standard (AS4777.2:2020)  

Discovery REVS Consortium 

3 Engage standards bodies in future 
projects testing new types of hardware 

Delivery Standards bodies 
and consortium 

4 Revise/organise revision of relevant 
standard (AS4777.2:2020) to 
accommodate the bidirectional charging 
technology  

Discovery Standards bodies 
and consortium 

5 Include a test procedure for bidirectional 
charging technology in the relevant 
standard (AS4777.2:2020) 

Discovery Standards bodies 
and consortium 

6 Clarify the applicability of the standard to 
“bidirectional charging”, “Vehicle-to-Grid 
(V2G)”, and “Vehicle-to-Home (V2H)” 

Discovery Standards bodies 
and consortium 

 

Discharge power ramp rate  

The REVS project aims to demonstrate contingency Frequency Control Ancillary Service 

(FCAS) from V2G. As part of the project. The charger’s response was validated in the DERlab 

at ANU.  

The requirements for participation in FCAS are set out in AEMO’s market ancillary services 

specification (MASS) 4. Table 1 shows the response time requirements in the MASS and 

frequencies to trigger FCAS services as implemented in JET Charge controller. Our tests in 

the DERlab revealed that the charger was responding far too slowly when operating in the 

Australian grid code (AS/NZS 4777.2:2020) mode. This is shown in Figure 2, where the blue 

curve shows the power export to grid and red curve shows the frequency. The result shows 

that when the frequency dropped to 49.75 Hz at 60s, the charger ramped at 920 W/minute for 

raise services (where the charger must export power). This means that the charger takes 6 

minutes (360s) to export 5.5 kW power. As a result, the charger does not meet the response 

time requirements defined in the MASS. To provide all contingency FCAS services, the 

charger must respond within 6s from the contingency frequency event.  

This response speed is not a hardware limitation. When the charger is reconfigured for the UK 

G99 grid code, the charger ramped far quicker. Figure 3 shows V2G charger’s response to 

FCAS fast service against UK G99. When the frequency (red curve) dropped to 49.75 Hz at 

60s, the charger ramped at 1.22 kW/s for raise services and delivered rated exported power 

(blue curve) up to 5.5 kW within 4.5 s of the contingency frequency event. This means that the 

charger is capable to respond within 6s for all FCAS services.  

 

4 For more information, refer to the AEMO website https://aemo.com.au/-
/media/files/stakeholder_consultation/consultations/nem-consultations/2022/primary-freq-resp-norm-
op-conditions/market-ancillary-services-specification-v70.pdf?la=en 
 

https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2022/primary-freq-resp-norm-op-conditions/market-ancillary-services-specification-v70.pdf?la=en
https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2022/primary-freq-resp-norm-op-conditions/market-ancillary-services-specification-v70.pdf?la=en
https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2022/primary-freq-resp-norm-op-conditions/market-ancillary-services-specification-v70.pdf?la=en
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Table 2: Contingency FCAS response time 

Service type Response time (s) Duration (s) Trigger (Hz) 

Fast raise service 6 60 f < 49.85 

Fast lower service 6 60 f > 50.15 

Slow raise service 60 300 f < 49.85 

Slow lower service 60 300 f > 50.15 

Delayed raise service 300 600 f < 49.85 

Delayed lower service 300 600 f > 50.15 

 

 

Figure 2: V2G charger’s response to FCAS fast service against AS/NZS 4777.2:2020, [red 
line – frequency and blue line – discharge power]. 

 

Figure 3: V2G charger’s response to FCAS fast service against UK G99, [red line – 
frequency and blue line – discharge power]. 

The ramp rate limitation is caused by the vendor’s implementation of sections 3.3.4.2, 

4.5.3.2.2 & 4.5.3.3.2 of AS/NZS 4777.2:20205. This standard specifies inverters must limit 

 

5 For more information, refer to section 3.3.4, 4.5.3.2.2 & 4.5.3.3.2 of the Australian Standard “Grid 
Connection of Energy Systems via Inverters. Part 2: Inverter Requirements, Standards 
Australia/Standards New Zealand Std. AS/NZS 4777.2, 2020”.  
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their active power ramp rate (WGra) to 16.67% of the rated power per minute (60 s). This implies 

that the charger takes 6 minutes to ramp power from zero to rated power or vice versa. 

AS/NZS 4777.2:2020 specifies that WGra ramp rate must be applied when frequency is within 

the continuous operation range which is 49.75Hz - 50.25Hz for Australia A.  

As shown in Table 2, the FCAS raise services trigger when the frequency drops below 49.85 

Hz and this frequency overlays within the 49.75 Hz lower limit of the continuous operation 

range. This implies that the charger responds to the WGra ramp rate limit imposed by AS/NZS 

4777.2:202 instead of responding to FCAS event as per MASS requirements. This slow ramp 

between 49.85 Hz and 49.75 Hz does not meet the requirements in the AEMO MASS 

specification. Therefore, the charger would not be able to provide significant amounts of FCAS 

raise services with current performance. The charger firmware could be adjusted to reflect the 

response time requirements by AEMO, however, this will then violate the AS/NZS 4777.2:2020 

standard guidelines and hence may void the charger certification against AS/NZS 4777. 

This issue could be resolved either with a modification to AS/NZS 4777.2:2020 or the MASS.  

• Changes to clause 3.3.4 of AS/NZS 4777.2:2020 to allow bidirectional EV chargers to 

operate with rapid power ramp rate (WGra) for providing V2G operations. This will allow 

the bidirectional chargers to meet the MASS response time requirements as shown in 

Table 2. 

• Alternatively, response time requirements for MASS document should be adjusted to 

allow bidirectional EV chargers for V2G operations. EV chargers specific change to 

the MASS. 

For both G99 and AS/NZS 4777.2:2020 configurations there is time delay of around 14 s for 

the charger to ramp back down to its initial operating point after the event, as shown in Figure 

2 and Figure 3. This delay is caused by the JET Charge controller. A new revision of the JET 

Charge controller firmware is expected to resolve this issue before V2G capable chargers are 

installed. 

In addition to the strategies presented in Table 1, Table 3 recommends actions for future 

projects.  

Table 3 Recommendations: power ramp rate 

# What When Key parties 

7 Perform ongoing validation testing 
during development before 
submission for certification 

Discovery JET 
Charge/Charger 
manufacturer 

Phase angle jump (PAJ) 

Voltage phase angle jumps (PAJ) are rare events in LV distribution networks, however, these 

events more commonly happen in the transmission networks which propagate to distribution 

networks. Therefore, it is essential to analyse the behaviour of EV chargers in response to the 

grid voltage phase angle jumps.  

AS/NZS 4777.2:2020 requires the inverter ride through phase angle jumps, however the 

standard is not clear on the types of jumps the inverter must ride through. AS/NZS 

4777.2:2020 states that “the inverter shall remain in continuous operation for a single phase 

voltage angle shift within a voltage cycle of at least 60 electrical degrees”. However, it is not 

clear if this should be interpreted as jumps around 60 degrees, 0-60 degrees, or 60 degrees 

and above. The test procedure in AS/NZS 4777.2:2020 Appendix I.5 only contains tests for 
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60° ± 3°6. Appendix I.5 further stipulates that each test should include two voltage PAJ events, 

an initial jump (referred to as PAJ1 in this report) and a second one (referred to as PAJ 2 in 

this report) that should occur at a later time to bring the voltage phase angle back 

(synchronised) to the initial state. The standard specifies that this second PAJ should occur 

within 45° of the peak or trough of the voltage waveform. 

We performed extensive testing of PAJs in the DERlab at ANU, conducting 40 tests in total, 

including phase angle jumps of magnitude 60 degrees, 45 degrees, and 30 degrees at many 

locations across the wave cycle. The charger rides through the events specified in AS/NZS 

4777.2:2020. Generally the charger was robust to when in the cycle the first phase angle jump 

(PAJ1) occurred, even for angles other than 60 degrees. The charger was less capable of 

riding through the second jump where PAJ2 occurred more than 45 degrees from a peak or 

trough. 

We have presented the results of two tests performed for 45° voltage PAJs as shown in Figure 

4 and Figure 5. Figure 4 shows the charger’s ride through behaviour and Figure 5 shows the 

charger’s disconnection behaviour in response to 45° voltage phase angle jump. As shown in 

Figure 4 (b) and (c) that although PAJ 1 occurs at 66°, the charger rides through because PAJ 

2 occurs at 9° through the peak. Whereas in Figure 5 (b) and (c), although the PAJ 1 occurs 

at 36°, the charger disconnects from the grid because the PAJ 2 occurs 114° that does not 

meet the requirements of PAJ 2 to be within 45° from the peak or trough of the voltage 

waveform.  

The main lesson learnt from our experience in developing and performing the tests revealed 

that the clarity of AS/NZS 4777 should be improved.    

We offer the following recommendations for future projects like REVS in Table 4. 

Table 4 Recommendations: phase angle jump (PAJ) 

# What When Key parties 

8 Increase the technical clarity of the 
standard specific to PAJs 

Discovery Standard bodies 
and consortium  

 

 

6 For more information, refer to section 4.5.5 & Appendix I.5 of the Australian Standard “Grid 
Connection of Energy Systems via Inverters. Part 2: Inverter Requirements, Standards 
Australia/Standards New Zealand Std. AS/NZS 4777.2, 2020”. 
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(c) 

Figure 4: V2G charger’s response to 45° voltage phase angle jump: (a) rode through 
behaviour, (b) PAJ 1 occurrence at 66° through the trough, (c) PAJ 2 occurrence at 9° 

through the peak, [red line – charging current and blue line – grid voltage]. 
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(b) 

 

(c) 

Figure 5: V2G charger’s response to 45° voltage phase angle jump: (a) disconnecting 
behaviour, (b) PAJ 1 occurrence at 36° through the peak, (c) PAJ 2 occurrence at 114° 

through the peak, [red line – charging current and blue line – grid voltage]. 
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Clean Energy Council Inverter Classification  

EVs are considered as a battery energy storage system (BESS) because an EV contains a 

battery energy source. AS/NZS 4777.2:2020 specifies in clause 2.4.27 that, for inverters used 

with battery systems, AS/NZS 5139 may apply for the requirement of earth fault alarm 

monitoring.  However, it seems that AS/NZS 5139 does not apply to the electrical installation 

of battery systems in electrical vehicles.  

Figure 6 shows how the CEC determines the inverter’s classifications and required 

certifications. Based on the fact that EV contains a battery, the bidirectional chargers are 

considered as battery energy source (multiple mode inverter – battery only) as shown in the 

“green box”. As EV is not just a battery, it should be classified as “Other” in the CEC flow chart 

as shown in the “red box”. This issue prevents CEC certification for V2G chargers because 

the vehicle cannot comply with AS/NZS 5139. 

Table 5 shows the recommendations for future projects. 

Table 5 Recommendations: CEC’s inverter classification 

# What When Key parties 

9 Minimise gap between standards, for 
example AS/NZS 4777.2:2020 and 
AS/NZS 5139 

Discovery CEC bodies and 
consortium  

10 Classify bidirectional EV chargers 
appropriately in CEC’s flow chart  

Discovery CEC bodies and 
consortium 

 

 

7 For more information, refer to section 2.4.2 of the Australian Standard “Grid Connection of Energy 
Systems via Inverters. Part 2: Inverter Requirements, Standards Australia/Standards New Zealand 
Std. AS/NZS 4777.2, 2020”. 
 



 

  

 

 

Figure 6: Inverter classification by Clean Energy Council (CEC) Australia. 


