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PV System Size trends 



Some High Penetrations Emerging 



5 High PV penetrations in electricity 
grids 

… growing issues 



PV High Penetration Technical 
Issues 

•  Summary: 
–  Voltage rise/reverse power flow 
–  Phase imbalance 
–  Grid voltage fluctuations/frequency changes 
–  PV power output fluctuations 

•  Power quality (short term fluctuations) 
•  Reserve generation requirements (longer term fluctuations) 

–  Power factor decrease 
–  Harmonics 
–  Fault behaviour 



PV technical issues + value very context dependent 
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(Lewis, ISGT’2011 Paper, 2011) 

(Heslop, ISGT’2011 Paper, 2011) 

(Oliva Hrq., IEEE PES 2012 prelim.) 



IEA PVPS Task 14 participation  
•  14 Countries… with more coming 

•  Australian participation through APVA with ASI funding 
support for international collaboration 

•  Australian contributions to date from Partners including APVA, 
CEEM – SPVRE – EE&T UNSW, CSIRO, NT Power and 
Water Corporation, Horizon Power, CAT Projects High PV penetrations in electricity 

grids 
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Overall Goal of this international collaboration 
•  Promote the use of grid connected PV as an important source in 

electric power systems also on a high penetration level where 
additional efforts may be necessary to integrate the dispersed 
generators in an optimum manner.  

•  Develop and verify mainly technical requirements for PV and electric 
power systems to allow for high penetrations of PV systems 
interconnected with the grid  

•  Discuss the active role of PV systems related to energy 
management and system control of electricity grids 

•  Reduce the technical barriers to achieve high penetrations of 
distributed renewable energy systems on the electric power system 

High PV penetrations in electricity 
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High Penetration PV Definition by Task 14  
•  High penetration situation exists if additional efforts are (would be) 

necessary to integrate the (planned) PV generation in an optimum 
manner. 



IEA PVPS - Task 14  
Organization and structure 

•  PV generation in correlation to 
energy demand focusing on 
consumer behavior to be better 
linked to the generation profile 

•  The effects on PV generation to 
the local grid as well as to the 
general electricity system 

•  Smart inverter technology dealing 
with requirements for inverters at 
high PV penetration 

•  Convincing case studies, Best 
practice examples 
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•  Subtask 1: PV generation in correlation to energy demand 
–  1.1: Prediction Tools 
–  1.2: Network driven demand side management 
–  1.3: Handling temporal fluctuations   

•  Subtask 2: High penetration PV in local distribution grids  
–  2.1 Review of State-of-the-Art  
–  2.2 Optimized Reactive Power Balancing 
–  2.3 Optimized Active Power Control Strategies 
–  2.4 Change from Distribution to Supply Grids and Dynamic Studies 

•  Subtask 3: High penetration solutions for central PV generation 
scenarios 

–  3.1: System-wide PV generation analysis and forecast 
–  3.2: Power system operation planning with PV integration 
–  3.3: Power system augmentation planning with PV integration 

•  Subtask 4: Smart inverter technology for high penetration of PV 
–  4.1: Opportunities for Smart PV inverters in High-Penetration scenarios 
–  4.2: Technical capabilities and Inverter Topologies  
–  4.3: Remote control and communication for Smart Inverters 
 



Australia – potential lessons + 
contributions 

•  Many common challenges 
–  Australia a low overall PV penetration by comparison with some 

other countries 
–  Lessons from those countries with high PV penetrations and (at 

least somewhat) similar lines 

•  Some particular Australian challenges relevant to 
particular task members in some contexts 
–  Virtually all installed PV is small single-phase systems  

connected to LV network 
–  Long weak rural feeders  
–  Diesel mini-grids 
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Some Potential Australian High PV Case Studies 
•  Alice Springs Solar City 

–  Regional (50MW) grid with gas-fired generation and 3MW of PV, 
–  Case study now completed in partnership with NT Power & Water Corp 

•  Carnarvon  
–  Case Study now  

complete in partnership  
with Horizon Power 

•  Townsville Solar City  
–  PV with major demand  

management initiative  
•  Urban contexts 

–  Some preliminary analysis  
for Solar Cities Blacktown 

–  Other emerging opportunities 
•  High PV mini diesel grids 
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Case study process – stakeholder engagement 
•  System questionnaire 

–  collect and collate high-level information on: 
•  the electricity supply system; 
•  photovoltaic systems connected to the network; 
•  general experiences being encountered with high levels of PV 

penetration on the network; 
•  specific experiences being encountered with high levels of PV 

penetration on the network; 
–  use the questionnaire as a basis for discussion with key 

stakeholders, and to identify specific high PV penetration areas/
issues to focus on in more detail.” 

•  Possible feeder level surveys 
•  Site visits, stakeholder meetings 



Alice Springs 
Case Study 

•  Alice Springs Solar 
City 
–  Regional (50MW) grid 

with gas-fired 
generation and 3MW 
of PV, 

–  Case study now 
completed in 
partnership with 
PowerWater 



Penetration 
and profiles 

Typical Summer & 
winter profiles 
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Specific network 
issues 
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Canarvon Case 
Study 

•  Isolated 11.5MW gas/
diesel grid 

•  1.1MW of PV capacity 
installed 

•  Case study with 
Horizon Power 
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Canarvon case 
study 

21 High PV penetrations in electricity 
grids 





Voltage Rise/Phase Imbalance 
•  A range of 

solutions: 
–  Manual tap 

changing 
–  Phase 

change 
–  Voltage 

regulation 
–  Upgrade 

feeder/
mains 

  



Reverse Power Flow/Reactive 
Power 

!



System Stability – Cloud Effects 

•  Cloud Shear 
–  Impacts of aggregated systems unknown 
–  Time resolution of load data seen by generators insufficient 
–  Work being undertaken to predict fluctuations & dynamically 

adjust spinning reserve 

•  Solutions 
–  Frequency (& voltage) ride through 



System Stability – Inverter 
Protection 

•  Spinning reserve n-1 – allows loss of largest generator 
•  Management options: 

-  Spread inverter islanding setpoints 
-  Controllable loads 
-  Larger PV systems monitored and controlled by utility 



Inverter Protection Settings 



Fuel Savings & CO2 abatement 



Power System Planning Strategies 

•  PV forecasts could be more sophisticated 
•  Monitoring (of large systems) 
•  Utility control (e.g. Horizon 300kWp planned system) 

–  Can control output 
–  Reactive power support 
–  Fault ride through 

•  Potential 
–  Dynamic spinning reserve strategy 
–  Can regulations be interpreted differently? 



Wider objectives for case studies 

•  Engaging key stakeholders for appropriately facilitating 
high PV penetrations 

•  An emphasis on successful innovation to accommodate 
PV 

•  Case studies of  
–  Key issues arising from high PV penetrations in a range of 

Australian contexts 
–  successful management of these high PV penetrations 
–  Identification of future issues and options that support more 

proactive management in emerging high PV penetrations 
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Case Study Conclusions 
•  More work needed to understand cause of issues identified, if and 

how PV contributes to these 
•  Best ways of addressing problems 
•  Experience with wind has tested and in some cases driven changes 

to industry arrangements 
•  Rules related to high penetration PV may need reinterpretation/

revision: 
–  Redundancy, spinning reserve requirements as penetration of 

intermittent RE increases 
–  Voltage and frequency settings of grid connected inverters should be 

wider (AS4777 now being revised, low voltage ride through) 
•  Active management of PV and loads 
•  Significant level of DM can facilitate further penetration increases 
•  What arrangements will we ‘choose’ for disruptive technologies like 

PV, or (past) air-conditioning, or (possible future) eg. Electric 
Vehicles  


