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A PhD story with lots of fun!

3 months ago: 2018-06

8.45GW 

PhD awarded: 2017-12

7.19GW 

Thesis submitted: 2017-04

6.15GW 

First draft of thesis: 2016-12

5.84GW 

PhD started : 2013-09

3.04GW 

First email to Anna: 2012-08

2.1GW 

Australia: World’s highest residential PV penetration (21% of suitable dwellings) 

5th in terms of per-capita PV capacity
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Context:
• Numerous small scale PV systems exist in the network with very limited 

monitoring/control 

• Good estimates of the operational performance and impact of distributed PV is 

needed

Residential 

(~75%)

Commercial 

(~10%)

Utility (~15%)
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Steps of  the PhD:

- Provide and test a set of techniques to improve the quality of data and 

metadata from distributed PV systems

- To estimate aggregate PV generation including non-monitored system

- And to estimate the potential impacts of these systems on transmission and 

distribution networks
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Data and meta-data quality check

• Individual PV system output data from ~5000 distributed PV systems 

PVOutput.org for +5 years  (300,000,000 records)

• A set of filtering methods applied to flag/remove the likely invalid data
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Data and meta-data quality check

• The characteristics of the sample data was compared to all PV systems 

installed in Australia (Sourced from Clean Energy Regulator)
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N. Haghdadi, A. Bruce & I. MacGill “Assessing the representativeness of “Live” distributed PV data for upscaled PV generation estimates”. Power and Energy

Engineering Conference (APPEEC), IEEE PES Asia-Pacific, November 2015, Brisbane, Australia
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Data and meta-data quality check

• The characteristics of the sample data was compared to all PV systems 

installed in Australia (Sourced from Clean Energy Regulator)

N. Haghdadi, A. Bruce & I. MacGill “Assessing the representativeness of “Live” distributed PV data for upscaled PV generation estimates”. Power and Energy

Engineering Conference (APPEEC), IEEE PES Asia-Pacific, November 2015, Brisbane, Australia

Sample performance (vertical axis) vs. average Ausgrid PV system performance 

(horizontal axis) for three years for 2-digit postcode 21XX



8Haghdadi, N., Copper, J., Bruce, A. and MacGill, I., 2017. A method to estimate the location and orientation of distributed photovoltaic systems from 

their generation output data. Renewable Energy, 108, pp.390-400.

Estimation of  Distributed PV Systems’ Installation Parameters

• Self reported meta data (tilt, orientation, and location) are not usually reliable

• Automatic detection of installation parameters can help in quality checking 

which is necessary for performance analysis



9Haghdadi, N., Copper, J., Bruce, A. and MacGill, I., 2017. A method to estimate the location and orientation of distributed photovoltaic systems from 

their generation output data. Renewable Energy, 108, pp.390-400.

Estimation of  Distributed PV Systems’ Installation Parameters

Three case studies defined to test the method:
❖ Simulated PV systems using meteorological data (green)

❖ PV systems with validated parameters (blue)

❖ PV systems with self-reported installation parameters 

(red)

Tilt (°) Azimuth (°) Latitude (°) Longitude (°)

MBD MAD STD MBD MAD STD MBD MAD STD MBD MAD STD

Case Study 1-1 -4.47 6.70 11.43 -2.33 10.89 27.12 2.42 4.84 3.42 -0.02 0.23 0.12

Case Study 1-2 -2.12 2.75 2.93 -0.83 5.85 4.07 3.97 4.08 2.12 -0.01 0.20 0.08

Case Study 2-1 -1.13 5.26 4.21 7.80 9.84 6.84 4.44 5.84 3.42 -1.22 1.22 0.78

Case Study 2-2 -4.18 4.18 1.30 - - - 4.57 4.57 1.65 -0.52 0.52 0.47

Case Study 3 -0.96 4.18 3.34 3.55 17.63 20.64 1.40 3.75 2.94 -0.69 1.18 1.40
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Operational Performance Analysis of  Distributed PV Systems

• The real performance of distributed PV systems is analysed and compared 

with publicly available estimates including:

❖ Renewables.ninja (open-source model using NASA Merra re-analysis data)

❖ PV_Lib (Sandia national lab’s simulation package with RMY and TMY)

❖ Average estimates of Clean Energy Regulator (CER)

❖ And Clean Energy Council (CEC)

N. Haghdadi, J. Copper, A. Bruce & I. MacGill “Operational performance analysis of distributed PV systems in Australia”. Asia-pacific Solar Research

Conference, November 2016, Canberra, Australia
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Operational Performance Analysis of  Distributed PV Systems

N. Haghdadi, J. Copper, A. Bruce & I. MacGill “Operational performance analysis of distributed PV systems in Australia”. Asia-pacific Solar Research

Conference, November 2016, Canberra, Australia
11
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Operational Performance Analysis of  Distributed PV Systems

N. Haghdadi, J. Copper, A. Bruce & I. MacGill “Operational performance analysis of distributed PV systems in Australia”. Asia-pacific Solar Research

Conference, November 2016, Canberra, Australia
12



Operational Performance Analysis of  Distributed PV Systems

Main takeaways:

• CEC, RMY, and TMY are more aligned 

with ideal subset

• CER is more aligned with all systems

• RN is generally overestimating the 

performance 

N. Haghdadi, J. Copper, A. Bruce & I. MacGill “Operational performance analysis of distributed PV systems in Australia”. Asia-pacific Solar Research

Conference, November 2016, Canberra, Australia
13
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Generation Mapping of  Distributed PV Systems

• Live distributed PV systems output data

http://pv-map.apvi.org.au/
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Impact of  Distributed PV on Zone Substation Peak Demand

• PV systems performance is upscaled by the capacity of PV installed in each 

distribution feeder to estimate the contribution and impact of PV

Estimated peak reduction from present PV penetrations for 

138 Ausgrid ZS

N. Haghdadi, A. Bruce, I. MacGill and R. Passey, "Impact of Distributed Photovoltaic Systems on Zone Substation Peak Demand," in IEEE Transactions on Sustainable Energy, 

vol. 9, no. 2, pp. 621-629, April 2018.
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Impact of  Distributed PV on Zone Substation Peak Demand

• PV systems performance availability in peak times of the zone substations is 

clustered 

Average PV reduction from existing PV penetration for the 23 ZS with 

greater than 1.5% peak reduction as the number of peak periods over 

which the average peak reduction is calculated varies.

N. Haghdadi, A. Bruce, I. MacGill and R. Passey, "Impact of Distributed Photovoltaic Systems on Zone Substation Peak Demand," in IEEE Transactions on Sustainable Energy, 

vol. 9, no. 2, pp. 621-629, April 2018.

Clusters of PV performance in peak times of the 138 ZS - dotted lines are the clusters 

representatives, solid lines are the moving averaged smoothing of the representatives
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Impact of  Distributed PV on Zone Substation Peak Demand

• PV systems performance availability for different ZSs and for different 

penetration level is estimated

N. Haghdadi, A. Bruce, I. MacGill and R. Passey, "Impact of Distributed Photovoltaic Systems on Zone Substation Peak Demand," in IEEE Transactions on Sustainable 

Energy, vol. 9, no. 2, pp. 621-629, April 2018.

PV availability over the top 1% of demand periods for each ZS over the years 2013, 

2014 and 2015

Trend of 0.3 PV availability for different options in different years across each ZS

Load duration curve for one sample ZSs from each of the first four clusters
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Impact of  PV on Peak Demand in Transmission Network Regions

• PV systems performance is upscaled by the capacity of PV installed in each 

NEM region to estimate the contribution and impact of PV

N. Haghdadi, A. Bruce & I. MacGill “Impact of Distributed PV on Peak Demand in the Australian National Electricity Market”. IEEE Power Systems Society General Meeting 

(PESGM) 2017, Chicago, Illinois, USA

Net vs. gross demand in different states in top 0.5% of peak times. Range of peak 

reduction (%) is shown with a green line. 

Peak time change for each day due to current solar contribution. x axis shows the peak 

hour in gross demand and y axis shows the peak hour in net demand
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Impact of  PV on Peak Demand in Transmission Network Regions

• The average peak reduction for each penetration level is estimated using 

historical data

N. Haghdadi, A. Bruce & I. MacGill “Impact of Distributed PV on Peak Demand in the Australian National Electricity Market”. IEEE Power Systems Society General Meeting 

(PESGM) 2017, Chicago, Illinois, USA

Impact of PV penetration on daily peak; average change in daily peak value 

(APR). Top filled circles represent current penetration level.

Impact of PV penetration on daily peak of the top 10 peak days; change in daily 

peak value (APR). Top filled circles represent current penetration level.
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Impact of  PV on Peak Demand in Transmission Network Regions

• Load duration curve for different penetration level and the availability of PV 

systems in the peak times are estimated

N. Haghdadi, A. Bruce & I. MacGill “Impact of Distributed PV on Peak Demand in the Australian National Electricity Market”. IEEE Power Systems Society General Meeting 

(PESGM) 2017, Chicago, Illinois, USA

Demand duration curve for different PV penetration levels

PV availability across three years. Top: in top 0.5 of peak loads;

bottom: in top 0.5% of price
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Conclusion of  the PhD

- A set of techniques introduced to improve the quality of data and 

metadata from distributed PV systems

- The aggregate PV generation is estimated by upscaling the 

monitored systems

- The potential impacts of these systems on transmission and 

distribution networks are estimated
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Side projects

TDA: Open source tool for tariff  analysis and design 

https://github.com/UNSW-CEEM/TDA_Matlab

http://ceem.unsw.edu.au/cost-reflective-tariff-design

https://www.researchgate.net/project/Tariff-Design-and-Analysis-TDA-Tool

Funded by Energy Consumers Australia

https://github.com/UNSW-CEEM/TDA_Matlab
http://ceem.unsw.edu.au/cost-reflective-tariff-design
https://www.researchgate.net/project/Tariff-Design-and-Analysis-TDA-Tool
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Other open source tools at CEEM page 

http://ceem.unsw.edu.au/open-source-tools

https://github.com/UNSW-CEEM/nem-data
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Collaborations

• ITP/ UniMelb : Arena-funded project, open source capacity expansion model

• Rob Passey: Designing cost reflective tariffs

• Naomi Stringer: Security implications of the distributed PV systems particularly 

aggregate PV response to the system events (voltage and frequency excursions) 

• Yusak Tanoto: Cost and reliability trade off in capacity expansion planning in 

Indonesia

• Mike Roberts: PV in apartment buildings

• Anam Malik: Contribution of residential Aircon and electric water heaters in peak 

demand

• Abdollah Ahmadi: Electricity generation scheduling in uncertain load/generation 

environment

• Nick Gorman: Open source simulator of NEM dispatch tool

• Mohsen Fadaeinejad: Sustainable, environmentally friendly, and intelligent transport 

system 
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www.ceem.unsw.edu.au
facebook.com/ceem.unsw/

twitter.com/ceem_unsw

linkedin.com/company/ceem.unsw/

github.com/unsw-ceem
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