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A management summary of the overall IEA Task 14 Subtask 2 activities can be found in:

 



 

 



 
 

 





 

                                                 
1 SWER lines are low-cost, single-phase distribution lines that utilize a single wire and an earth-return path (no 
neutral). SWER lines are commonly used in remote, sparsely populated parts of Australia, notably Queensland, and 
typically operate at voltages of 12.7 kV or 19.1 kV.  



13,426 37 7.9% 
248,085 613 6.5% 
2,664 10 3.1% 

353,622 983 17.6% 
154,194 438 18.7% 
17,177 51 6.2% 
196,478 509 7.5% 
147,185 335 13.1% 

1,132,860 2,976 - 





                                                 
2 -detached houses, caravans, cabins, and 
improvised homes that may or may not be permanently occupied. It is sourced from the Australian Solar Portal 
(forthcoming 2013) that uses data from the Australian Bureau of Statistics and the Clean Energy Regulator.  



 



                                                 
3 A new subsection, Section 5A, of the NER contains provisions for interconnection for retail customers, including 
embedded generators. Upcoming Regulatory  







 

 

 

 

 

 

 

 

 

 





 



 



 

 

 

 
 



 







 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 





PV Penetration 
Measure 

PV 
Measure 

Estimated 
Value 

System 
Measure 

Value % PV 
Penetration  

PV capacity 
penetration 

Installed nominal 
PV capacity 

1,102 kW Annual peak 
load 

5,050 kW 22% 

PV peak power 
penetration  

summer 

Est. summer 
midday PV peak 

power 

583 kW Average 
summer 

midday load 

2,914 kW 20% 

PV peak power 
penetration  

winter 

Est. winter midday 
PV peak power 

497 kW Average 
winter midday 

load 

1,984 kW 25% 

PV peak power 
penetration  

average 

Est. average 
midday PV peak 

power 

392 kW Average 
midday load 

2,372 kW 16.5% 

PV annual 
energy 

penetration 

Est. annual PV 
energy  

2 GWh Annual gross 
system load 

39 GWh 5% 

Maximum 
instantaneous PV 

penetration4 

PV generation at 
time of max. PV 

penetration 

698 kW Load at time 
of max. PV 
generation 

2,158 
kVA 

32% 

                                                 
4 Annual peak PV:load ratio 



Summary of the Experience Current/Proposed Management Strategies 

PV Distribution System Voltage 
Management 

A combination of large loads and 
distributed PV are causing a wide range 
of voltages to occur on LV feeders, 
particularly on high-impedance parts of 
the network, where voltages have been 
problematic before significant amounts 
of PV were installed, but may have gone 
undetected.  
 

Inverter HV disconnect settings greater 
-V requirement 

(to comply with a statutory limit of 254.5 
V) are being used by some installers.  

Current: 
In the event of a power quality complaint: 

 Advise customer if customer installation 
impedance is too high 

 Balance PV and loads across phases 

 Upgrade service mains or LV feeder in 
some cases, this merely brings forward 
planned overall upgrades. 

 Augment or relocate the relevant distribution 
transformer (DTx) 

 Lower the tap on the DTx 

 Review the operation and settings of the 
network equipment 

General: 

 Test the fault loop impedance to determine 
the likely voltage rise and action prior to the 
installation of PV systems. 

 Educate installers to use correct inverter 
settings and check network impedance via 
fault loop impedance tests. 

Trials: 

 Static compensators (STATCOMs) for 



Summary of the Experience Current/Proposed Management Strategies 
voltage regulation 

 LV regulators 

 Reactive power injection 

 Variance test to check inverter set points 
after installation 

Other Relevant Developments: 

 AS4777 changes to reduce voltage drop at 
customer installation inverter switchboard 
<1% 

Phase Imbalance  

not balanced across phases. Unbalanced 
power flow can cause neutral phase 
voltage to rise and increase voltages on 
phases. 

Ideally, phase balancing would occur at 
the time of the PV system installation, 
but Ergon Energy does not currently 
have data on customer phase of 
connection. 

Current: 

 Balancing across phases in the event of a 
power quality complaint 

Reverse Power Flow 

PV generation > load can cause reverse 
power flow, which is of concern to 
protection staff and may reduce 
efficiency of the network. 

This is not currently of concern on 
Magnetic Island, and even in urban 
areas with a high penetration of PV, 
power quality engineers have not seen 
any switching or disconnection issues. 

Current: 

 Require network studies for proposed 
systems >5 kW (detailed below)  

Protection and PV System Islanding  Current: 

 Protection study required for systems >30 



Summary of the Experience Current/Proposed Management Strategies 

The major protection concern is related 
to the possibility of failure of inverter 
anti-islanding protection, due to a quasi-
stable island, where PV feeds masks a 
fault, or other failure of the anti-
islanding mechanism. 
 
No PV system islanding incident has 
been recorded. Outside of the protection 
group, this is not a major concern.  

kW 

 Systems of sufficient size that could export 
power such that the load and generation are 
balanced are not approved. 

 Ergon Energy inspects all large PV 
installations before connection. 

 Additional requirements for large systems 
may include: 

 Inverters capable of absorbing 
Vars/inverter to operate with a set 
power factor 

 Supplementary HV protections, such 
as overcurrent protection at the point 
of connection, neutral voltage 
displacement earth fault protection 
on the high side of the transformer 

 Protection relays as per IEC60255 

 Additional (parallel) active anti-
islanding protection on top of what is 
required by AS4777 

 SCADA monitoring for systems >1 
MW 

Network Planning and PV System 
Approval  

Many applications for PV systems are 
being received, particularly associated 
with announcements of closures of 
government incentive schemes. 

Growing numbers of applications for 
large systems (>30 kW) are now also 
being received, requiring network 
studies. 

Current: 

 Systems < 5 kW are currently automatically 
approved, but this limit is under review. 

 Systems >5 kW require approval from asset 
management to ensure that they are network 
capacity sufficient.  

 Systems >30 kW are treated as large 
connections and subject to a network load 
flow study by a regional distribution 



Summary of the Experience Current/Proposed Management Strategies 
planning team and a protection study.  

Proposed: 

 Guidelines for the application to install a 
large PV system are under preparation to 
streamline the process.  

Harmonics  

Australian utilities have been concerned 
about the aggregate effect of large 
numbers of inverters producing 
harmonics of the same order. Harmonics 
can cause overheating and failure of 
equipment, such as transformers and 
customer motors, and also may cause 
neutral currents. 

This is a low-priority issue. Measured 
harmonics have been well within 
required standards and too small to be 
of concern, even where high 
penetrations exist. Air-conditioning has 
been shown to be a much more 
significant source of harmonics than PV 
inverters at high penetrations. 

Current: 

 ENA and the AS4777 standards working 
group continue to monitor the situation and 
ensure that harmonics from PV systems are 
not problematic. 

Proposed: 

 Where THD is an issue, Ergon Energy has 
identified the use of STATCOMs as a 
measure that can reduce the issue. 

Power Factor  
 
PV inverters operate at unity power 
factor, so they do not contribute directly 
to this problem; however, when a large 
percentage of the load is being supplied 
by PV systems, the residual load can 
comprise a high percentage of reactive 
power. 
 
This problem has not been experienced 

expected to become more significant as 
Ergon Energy begins using STATCOM 
devices to manage voltage issues. 

Proposed: 

 Inverters can potentially be used to supply 
reactive power. 
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5 Material: Aluminium 
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6 - - Reference: 
http://www.forum-netzintegration.de/uploads/media/20120918_Jansen_KreisNF.pdf 
7 E.g., PV plant Perleberg, 35 MWp, Brandenburg 
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8 The reduction potential is determined by exemplary grid calculations; additional operational costs (e.g., grid losses, 
maintenance costs) are not considered in the calculations. 



In [90], [91] possible interactions of autonomous voltage control strategies of PV inverters and 
distribution transformers are investigated. The simulations are performed based on a real German 
MV grid (compare Figure 29) with very high PV penetration (installed PV capacity exceeds the 
winter peak load by 2.3 times). For the simulations, data from nine geographically distributed 
solar irradiation measurement units are used to ensure a realistic representation of the power 
fluctuations within the investigated MV grid. Table 30 shows the investigated control strategies 
of the HV/MV transformer and PV inverters during parallel operation. The simulations are 
performed for two characteristic summer days (a clear-sky day and a partly cloudy day with 
alternating solar irradiation). 
 



 

 



 

 







 

 

 



 
 

 



Installed PV System Capacity in Greece 
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9 Please note that the national rules conform the following international standards: HD 384 Electrical installations of 
buildings; IEC; and CENELEC standards. 



 Interconnected Mainland System Non-Interconnected 
(Autonomous) Islands 

Voltage range -20% to +15% 
of nominal 230 VAC 

-20% to +15% 
of nominal 230 VAC 

Frequency 
range 

50 ± 0,5 Hz 51 Hz to 47.5 Hz 

 

 

 

 

 

 

 

 



 

 

 









 



 
 

 







 

 

                                                 
10 CEI: Italian Electrotechnical Committee (Comitato Elettrotecnico Italiano - http://www.ceiweb.it/it/). 
11 Testo Integrato per le Connessioni Attive). 



 

 







 



 

 



 

 

 



 
 

 







 



 





 

 
 



 

 

 

 

 



First gain 

Second gain

Reactive power injection

Frequency 
change



 



 Single phase inverter 3 phase inverter 
LV duration 
capability 
 
 
 
 
 
 

[Tentative] until Mar.2017 
 

 
 
 
[Final] after Apr.2017 
 

 
 

[Tentative] until Mar.2017 
 

 
 
 
[Final] after Apr.2017 
 

 
 

Response time to 
return to 80% of rated 
voltage 
 
 

[Tentative] until Mar.2017 
within 0.5 sec  

 
[Final] after Apr.2017 
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PV generation  



 
 

 



 

 

 

 
 

 
                                                 
12 Positively; the capabilities could be used for distribution system operation or negatively; their use could trigger 
new challenges at the distribution level. 



 

 

 
 

 
 

 

 





 

 



Methodology 
 

 

 



 

 

 
 

 
 

 

 

 
 

 



 

 



 







 
Cost-benefit analysis of Q-V control in MV networks 
 

 
 

 

 

 



 

 
 

 

 

 

 

 

 

 

 
 

                                                 
13 Although curtailment is not allowed in Spanish regulation frame, it has been considered for this use case to extract 
information about benefits regarding curtailment. 



 



 
 

 



 





 



 

 

 



 

 

 

 



 

 

 

 
 

 

 









 
 

 
 
 
 





 

   

 



 
 

 

 
 

 
 



 

 

  



 

 
 

 



 

 
 



 

 

 



 

 



 

 



 



 

 

Substation

GridSense LT40 
on main line 

outside of 
substation4.5 MW PV 

system

GridSense LT40 
on main line 

after PV plant

3-phase NREL DMU
in pad-mount 

transformer near PV 
interconnection

GridSense LT40s
on main branch 
headed south 

GridSense LT40 
on main line after 
underground cable 

section

3-phase NREL DMU
in pad-mount 

transformer on large 
spot load 

3-phase NREL DMU
in pad-mount 

transformer near end 
of line 

3-phase NREL DMU
in pad-mount 

transformer on large 
spot load 

approx. 1 Mile

 





 

 



 
 

 

Power Factor 

      -0.90 PF    -0.95 PF    1.00 PF    0.95 PF    0.90 PF 

Fi
na

l D
ER

 L
os

s 

50% -0.18 0.05 0.59 1.06 1.23 
60% -0.22 0.07 0.72 1.28 1.48 
70% -0.25 0.08 0.84 1.50 1.73 
80% -0.28 0.10 0.96 1.72 1.99 
90% -0.31 0.12 1.09 1.94 2.24 
100% -0.33 0.14 1.22 2.16 2.50 
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 Sun Honghang, Zhi Qiang, Wang Yibo, and et al. China s solar 
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