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Abstract  

With carbon emission targets, Australia initiates researches on solar energy conversion. Solar forecasting, 
which is a calculation of solar intakes, plays a crucial role in managing solar equipment. This report 
exams what researches have been done on solar forecasting especially in Australia, and what the 
frustrations in this area are. This is important because by evaluating the current achievements and falls, 
we are able to explore the correct direction and leadership in Australia’s solar forecasting researches. My 
research addresses this by a review on recent research papers and reports in Australia. This is new 
because not a systematic and critical summarization has been conducted to analysis how we can conquer 
the obstacles to move ahead. The expected benefit is that an indicative picture of solar forecasting 
researches in Australia will be presented. The researchers, industrial players and the government may 
pose their decisions upon the research results.  

 

Introduction  

Solar energy, as one of the renewable energies, is broadly recognized as a clean, convenient and cost-
effective energy production method. The sunlight can be either harnessed into heating or converted to 
electricity through solar photovoltaic technology. Just as other natural resources, a good knowledge on the 
quantity and quality is essential to manage the efficient use of the resource. The “quantity” and “quality” 
of solar energy is derived from solar forecasting.  

Solar forecasting, defined in this research, is not only limited to the solar radiation reaches the earth 
surface, but also includes the conversion processes through photovoltaic panels. This is because the final 
production rate of energy is what matters in electricity market and residential usage.  

Methods of solar forecasting  

The methods of solar forecasting can be broadly characterized as physical or statistical. (Pelland et.al, 
2013). Within 2 hours of prediction, machine learning is the most reliable as the geographical information 
is not updated in such short period. The data of the previous intervals (a few minutes) are feed in to the 
statistic model to output the next interval’s solar energy production. As the new energy production rate is 
measured in the predicted interval, the computer corrects itself for future prediction.  

Sky images or sky camera make important contributions to short-term solar forecasting by providing 
localized visual information about solar availability and transient characteristics of the visible sky. 
(Samuel, 2004). Sky images give guidelines on the local areas that receiving higher or lower direct 
irradiance by indication of the cloud position and movement. For an easy understanding, the brighter 
regions on the sky images have got more solar resource (to be convert into solar energy) from the sun at 
the imaging moment.  

Satellites and cloud motion vectors support forecasting in a large territory in several hours for the 
information is generated approximately every half an hour by existing satellites. The satellite images are 
usually in lower spatial and temporal resolution compared to sky images. 
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Numerical weather prediction (NWP) models are capable of longer time (such as 6+hours to days) solar 
forecasting. The NWP is operated to forecast the state of the atmosphere up to 15 days ahead by 
modelling the temporal state of the atmosphere from the basic differential equations on the physical laws 
governing the weather. (Diagne, 2013) Dynamic modeling works the same way on physics theory and 
equations to predict long-term solar irradiation. 

With all the pros and cons of the methods above, the hybrid models have been introduced to overcome the 
deficiency of single method. The technics on improving the accuracy are quite diversified and concrete.  

The Australian geography for solar energy/forecasting 

Australia has a great potential for solar energy production thanks to its dry climate and central latitude. 
Australia’s insolation exceeds the mean values in Europe, Russia and most of North America and 
comparable to the deserts in northern and southern Africa, south western United States and adjacent 
region of Mexica, and Pacific coast of South America. More than half of the Australia land receives 
around 2500kWh/m2 solar irradiance per year that can be converted into electricity at an efficiency rate 
around 15%. This makes Australia one of the most suitable nations to embrace solar energy. 

 

Chart1. Global irradiance worldwide 

Despites the overall abundance of solar resource, the areas of highest insolation are distant to the 
Australia's population centres. The electricity demands rise from the south of east coast, especially from 
the big cities like Melbourne and Sydney. There is a mismatch in locations between the end users and the 
resource distribution.  
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Chart2. Global Horizontal Irradiance Australia 

 

The researches in Australia 

The common goal of solar forecasting is to facilitate and manage the solar energy usage in Australia to 
build a sustainable energy production. The forecasted solar intake can be used to facilitate the following 
aspects:   

� Cost and investment return analysis on solar plants and infrastructures  
� Dispatch of generated electricity  
� Guide households’ small solar panels on roof top 

The majority of the researches work on large scale solar farms. Different research institutions have their 
own diverse research interests and expertise built on their existing advantages, such as statistic models or 
annual data. The researches were not organized in an integrated manner to fulfil a workable system.  
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Literature review  

What have been done in recent three years? 

Nine academic journals by Australian researchers on solar forecasting published after 2013 have been 
collected. By comprehensive searching on Scopus and Science direct, the nine articles are believe to be all 
that have been published on solar forecasting in Australia in recent 3 years. I will review on whether they 
fulfill the motivation of the respective research, thus comment on how well they are meeting the need.  

1. Boland, J. (2015). "Spatial-temporal forecasting of solar radiation." University of South 
Australia. 

Boland examined the hourly and ten minute solar radiation forecast of three sites using CARDS model. 
They found that there was small but significant correlation between the sites on an hourly scale which can 
be used to refine the forecast. On the other hand, the correlation of ten minutes scale is not significant. 
They demonstrated that blindly apply a global (in time) model without adapting to local weather 
fluctuations would not work. 

This research tried to reveal the data correlations between locations to refine the forecast. They focus on 
the niches on how the universal forecast model fit into specific local prediction. This is valuable when 
adopting models to get concrete and accurate forecast data of several nearby locations.  

2.Dehghan, A., et al. (2014). "Evaluation and improvement of TAPM in estimating solar irradiance 
in Eastern Australia." University of New South Wales. 

Dehghan compared The Air Pollution Model (TAPM)-estimated Global Horizontal Irradiance (GHI) with 
satellite derived GHI at selected sites in Eastern Australia. They found that Root Mean Square Error 
(RMSE) increased three times to clear-sky conditions, therefore large errors during cloudy conditions are 
associated with misperceptions of the clouds in the model. Correction of clear-sky errors by adjusting 
TAPM output to corrected-satellite data using a multi-linear regression technique under clear-sky 
conditions will improve the accuracy of the GHI.  

This research worked on improving forecast accuracy with real-time cloudy conditions. They focused on 
the sky condition in relation to produce reliable data. This is valuable on data correction.  

3. Diagne, M., et al. (2014). "Post-processing of solar irradiance forecasts from WRF model at 
Reunion Island."  University of South Australia 

Diagne used the Weather Research and Forecasting (WRF) model to produce one year of day ahead solar 
irradiance forecasts covering Reunion Island with a horizontal resolution of 3 km with a Kalman filter 
using hourly high quality ground measurements. They found that hourly post-processing of GHI 
forecasted with the Kalman filtering gave better results than direct WRF output. Thus they concluded 
Kalman filtering to be a viable Model Output Statistics (MOS) method to improve solar irradiance 
forecasts. 

This research is aimed at improving the data reliability by post-processing the Global Horizontal 
Irradiance (GHI) data. They focused on what can be done with the forecast data at hand. This is valuable 
as an add-on procedure for better solar forecasting.  
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4. Diagne, M., et al. (2013). "Review of solar irradiance forecasting methods and a proposition for 
small-scale insular grids." University of South Australia 

Diagne reviewed statistical approaches and techniques based on cloud images, weather prediction or 
NWP models and hybrid models. They found sky image techniques are accountable on cloud information 
while methods as WRF, ARIMA and AR can be complementary to yield a comprehensive and more 
accurate forecast product with different horizons of forecast. They concluded the classification of models 
suitable for various spatial and temporal resolutions in a chart. 

This research is aimed at taking care of the needs of grid operators. They focused on identifying the 
suitable and reliable models corresponding to different horizons/conditions. This is valuable as grid 
operators know which method to look into in a specific time and spatial scale.  

5. Elliston, B., et al. (2015). "Spatio-temporal characterization of extended low direct normal 
irradiance events over Australia using satellite derived solar radiation data." University of South 
New Wales.  

Elliston proceeded satellite-derived hourly direct normal irradiance (DNI) data provided by the Australian 
Bureau of Meteorology for Australia over a 13-year period to explore the contribution of solar energy into 
the Australian National Electricity Market (NEM). They found that the extent of long periods of low DNI 
that will detrimentally impact on the operation of concentrating solar thermal (CST) power plants are 
much longer than the capacity of thermal storage. They conclude that a CST power plant would require an 
auxiliary heating source to continue operating to tackle this occasional event. 

This research is aimed at exploring how reliable the CST power is to contribute to the Australian National 
Electricity Market. They focused on the characteristics of low DNI events. This valuable to project 
developers and long-term system planning for reserve generation capacity in future high renewable 
generation mixes.  

6. Huang, J., et al. (2013). "Forecasting solar radiation on an hourly time scale using a Coupled 
AutoRegressive and Dynamical System (CARDS) model." University of South Australia. 

Huang discovered a new and efficient method for one hour solar radiation forecasting during cloudy days. 
The method combined an autoregressive (AR) model with a dynamical system model and a lag one time 
step correction. They showed that the CARDS model has decreased the Combination model forecasting 
error by 33.4% for MeAPE. Their model has great advantages compared to other models available. 

This research is aimed at tackling cloudy weather condition by statistical method for solar forecasting. 
They focused on accuracy and correction of natural renewable energy resource forecasting data. This 
improvement on statistical model is valuable for not only solar energy data but also for other types of 
data, such as wind energy data.  

7. Law, E., et al. (2014). "Normal irradiance forecasting and its application to concentrated solar 
thermal output forecasting – A review Australia Bureau of Meteorology". University of New South 
Wales 

Law reviewed the direct normal irradiance (DNI) forecast accuracy of numerical weather prediction 
models, time series analysis methods, cloud motion vectors, and hybrid methods. They found that 
additional research is required for time series analysis methods to corroborate current results and for 
satellite based cloud motion vectors to establish DNI forecast accuracy. They concluded that future 
research should use the same error metrics to report results to facilitate fair comparison of DNI forecast 
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accuracy from different studies. In addition, the creation of a common high quality DNI data set to 
evaluate all forecasting methods would also help to verify best forecast accuracy. 

This research is aimed at achieving accurate forecasts for CST plant output, thus increase CST plant 
profitability. They focused on recommendation forecasting methods for each forecast horizon. This is 
valuable for CST plants operation.  

8. West, S., et al. (2014) Short-term irradiance forecasting using skycams: Motivation and 
development. CSIRO. 

West presented a new technique for drawing useful features from skycams pixel data and developed a 
model to predict large shading events. They showed how this model can be easily adapted for solar power 
system operation with a backup generator. They concluded the system would require only minimal 
battery storage.   

This research is aimed at application and development of short-term solar forecasting for controlling 
equipment on electrical grids. They focused on practical problems such as the battery requirement. This is 
valuable to forecast accuracy.  

9. Troccoli, S., et al. (2014) Skill of direct solar radiation predicted by the ECMWF Global 
Atmospheric Model over Australia. CSIRO. 

Troccoli assessed the quality of the direct solar radiation forecasted by two versions of the European 
Center for Medium-Range Weather Forecasts (ECMWF) global numerical weather prediction model up 
to 5 days ahead. They found the two models were at the same skill level, and their performance is 
substantially enhanced via a simple post processing bias-correction procedure. No concrete conclusion 
was drawn.  

This research is aimed at increasing efficiency of solar energy use. They focused on the evaluation of the 
model. This is useful for direct irradiance forecast for applications such as solar power operations. 

The specific need of Australia solar energy/forecast  

As early as five years ago, Elliston and MacGill (2010) have identified the necessary work to the likely 
solar forecasting requirements to facilitate the integration of photovoltaic and concentrating solar thermal 
plants into the Australian National Electricity Market (NEM). To be specific, The NEM requires a daily 
forecast before 40 hours and an update of dispatch quantities up to 5mintes before the dispatch orders.  

However, households express increasing interests in small scale solar panels on roof top. According to 
Green Energy Markets data, a total of 185,890 rooftops solar systems were installed in Australia in 2014. 
It is equal to 816 MW. The information on solar irradiation helps to monitor and control those dispersed 
solar equipment.   
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Methodology  

The recent 3 years’ journal articles will be categorized by institution, forecast method used, time horizon, 
topics and site locations. Some articles provided detailed record of related researches before 2012. 
Therefore, what have been covered in Australian solar forecasting research can be presented.  

By evaluating how each paper was trying to answer its goal (presented in the literature review part), I 
analysed their approaches and compare to similar papers in a topic form in discussion part. By 
synthesizing their focuses, I detected the lack points in current researches to the whole industry.  

The recommendations of further research are indicated in the last sections.  

 

Result  

The statistic works as an indicator for questions like who is doing what in solar forecasting in Australia in 
recent years. It is not an exact statistics for all the researches going on, as there probably are unpublished 
results and discoveries.  

Author Year Institution  Method 
used 

Topics Equipment Time 
horizon  

Area  

Boland 2015 University of 
South Australia 

CARDS  Accuracy  all 1hours, 
10mins 

Caribbean  

Dehghan 2014 University of 
New South Wales 

TAPM Evaluation all 6hours  Eastern 
Australia 

Diagne 2014 University of 
South Australia 

MOS Accuracy  all 1hour Reunion 
Island 

Diagne 2013 University of 
South Australia 

all Review all all all 
Australia  

Elliston 2015 University of  
New South Wales 

satellites  Low 
events 

CST 1hour all 
Australia  

Huang 2013 University of 
South Australia 

CARDS Accuracy  all 1hour Victoria 
(south 
Australia) 

Law 2014 University of 
New South Wales 

all Review CST all all 
Australia  

West 2014  CSIRO skycam Accuracy  all  1-10mins all 
Australia  

Troccoli 2014  CSIRO ECMWF Evaluation all 3hours  all 
Australia  

Table 1. The characteristics of Australian research articles on solar forecasting after 2013 
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Year of publication 

The journal articles published in 2014 doubled that of 2013. More articles are pending to be published in 
2015 as two have come out in the first quarter.  

Institution 

Only three institutions are active in publishing in Australian solar forecasting. They are University of 
South Australia, University of New South Wales and CSICO. The institution from the Southern part of 
Australia showed strength in this area.  

Forecast methods 

The researched forecast methods are quite diverse. Expect for two reviews, the others worked on six 
methods. Only CARDS experienced continues improvements. 

Topics 

The focuses of the researchers can be categorized mainly into four types: 

� Improve forecast accuracy 
� Evaluation of existing models 
� Review past works 
� Others 

The researches strive to raise the forecasting accuracy to meet the solar energy use.  

Solar equipment  

Most of the solar forecasting discoveries can be applied on multiple equipment types or don’t have 
specific targeted equipment. There are two practical articles on concentrating solar thermal (CST) power 
plants. 

Time resolution 

Time resolution refers to the time intervals of the data analyzed in each articles. More than half of the 
researches worked on one or two specific time intervals. Those who have got a span of time resolutions 
are basically reviews and summaries.  

Site location 

More than half of the researches compared data all across Australia (8 spots). 
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Discussion  

The central and local visual information  

CSIRO and bureau of meteorology have done great work on yearly insolation over Australia by 
examining the past satellite data. This is essential to put into big investment decisions. The solar plants 
have energy conversion efficiency at around 15% currently. By multiplying the annual insolation on 
designed area with 15%, the electricity to be produced is estimated. Thus the carbon emission reduction 
from fossil fuel substitution can be estimated. Though these estimations are quite rough, they are quick 
indicators. Moreover, satellites images are more concrete compared to models.  

The advantages of satellites are  

� It provides massive data on a big terrain  
� The suitable resolution  
� Easily hourly data 

The disadvantages of satellites are 

� Not able to catch cloud motion 
� Not effective in near ground conditions 
� Not able to provide 5 minutes data required by Australian National Electricity Market (NEM) 

To conquer those disadvantages, the skycam (also known as sky image) technology is introduced. The 
skycams support local solar forecast and updates every several minutes. This is ideal for plant dispatch 
operation.  

The visual information requirement is basically fulfilled as the overlaps of satellites and skycams in the 
spatial horizon. Satellite visual assists NWP to produce long term, larger region prediction for the solar 
plant construction. A skycam can be lifted to facilitate local forecasting of a solar farm. West (2014) 
provided a comprehensive review on the skycam which should be sufficient for the coming solar farm 
projects. Elliston (2015) access the satellite data in a systematic manner for the extended low events for 
CST, which is another example to indicate a good fulfilment in solar forecasting from visuals.  
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Chart 3. Classification of model based on spatial and temporal resolution (Diagne, 2013) 

How accurate do we need 

When we talk about prediction, we spontaneously think about accuracy. Is accuracy that important for 
real-time operation? Or we learn to deal with the peaks and lows with a buffer system?  

 

Chart 4. A piece of the error measures in Boland’s paper. 

Boland (2015) published the latest achievement in forecast accuracy. The nRMSE (root-mean-square 
error) was around 10%. Whether it is enough for plant operators to manage the dispatch well? What is an 
acceptable accuracy level we can work on? No related proof is found on how this degree of accuracy 
contributes to the daily operation.  

On the other hand, the demand of solar electricity varies through a day. There is surely an uncertainty in 
the supply and demand match. If the prediction of the demand is not compatible with the solar production, 
a further effort in forecast accuracy is not necessary at this stage.  

Numerical Weather Prediction (NWP) 

The NWP is able to provide a wide range of data. Gregory (2012) reported a monthly-average errors of 
5% to 10% in central Australia and errors of 20%-30% in the tropics and coastal area. This accuracy is 
similar to the statistic models, though NWP is not suitable for short time forecasting. The main weakness 
of NWP on accuracy is clouds intermittency. Clouds are difficult to ascertain due to their formation, free 



        9/06/2015  

movement and uneven layers. However, the NWP is the only method for long term forecast. Australian 
researchers should work on improving the capability of NWP.  

Combine NWP with the satellite information to create a reliable long term solar forecast. The adjustments 
from the satellite will be helpful to present reality.    

The time horizon 

The NEM requires a daily forecast before 40 hours and an update of dispatch quantities up to 5mintes 
before the dispatch orders. Near to half of the researches worked on hourly forecast because it is easy to 
work with. The 5 minutes or 40hours forecast are not conducted. Therefore, the specific need from the 
NEM is not fulfilled.    

Radiation to energy conversion model 

All the collected paper addressed on the direct radiation rather than the actual output. Bear in mind what 
matters is the electricity output. Australian researches put less effort on the actual energy conversion. The 
less focus may due to the few solar plants are under construction. 

The actual electricity output may jump far from the input insolation. Photovoltaic generation can drop by 
60% within seconds when going through intermittency (CSIRO, 2012). Thus, there is high uncertainty in 
the conversion process. It means an accurate forecast in NWP may not transfer to an accurate estimation 
on the electricity. There are also different types of solar panels which makes the scenario a bit complex.  

Other than a separate radiation to energy model, a machine learning model ought to be developed on the 
electricity output data. With the inner laws of the numbers, the forecast corrects itself. On the other hand, 
the real-time model combined with the NWP indications will be valuable for operation and analysis, 
especially to detect the conversion efficiency falls.  

Big solar plants or small equipment on residents’ roof 

With rising awareness of global warming, Australian residents want to install solar panels on their roofs. 
The solar panel providers calculate the savings on electricity bill to motivate installation. As more 
scattered solar equipment, the electricity demand form the Australian National Electricity Market (NEM) 
may drop. Is there still need for large solar plants?  

Small solar panels have accountable advantages than large scale plants. Firstly, scattered installations 
save land. The extensive solar farms occupied lands for agriculture. Secondly, the initial cost is a much 
smaller amount of money and effort. Meanwhile, on-spot electricity production eliminates the 
transportation cost. Thirdly, household solar equipment demonstrates citizens’ responsibility. The 
residents will maintain the system at their expenses, the government only need to monitor. Despites the 
benefits of small solar panels, not sufficient researches have been contributed to this area. Only Diagne 
(2013) wrote a proposition on small-scale insular grids. But he was aimed for the needs of grid operators, 
not exactly for the owner of roof panels.  

 

Conclusion  

Solar energy is promising in building a sustainable society and reducing global warming. As an important 
instrument for planning and monitoring, solar forecasting has been drawing Australian researches. The 
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forecasting methods includes machine learning, sky image, satellites, Dynamic modelling and Numerical 
weather prediction (NWP). Australia has sufficient solar irradiation to produce solar energy.  

With diverse purposes, the recent researches answered their research questions well, and address practical 
applications to some extent. However, only a few papers such as Elliston, B., et al. (2015) raised the 
research question corresponding to a real problems or practical need.  

With diverse purposes, the recent researches answered their research questions well, and address practical 
applications to some extent. However, only a few papers such as Elliston, B., et al. (2015) raised the 
research question corresponding to a real problems or practical need.  

The visual information is quite well-supported by sky images and satellites. They covered all the spatial 
and temporal horizons. There was some progresses in the forecast accuracy, to a normalized mean-square 
error (nRMSE) reduced to 6.2%. However, how this accuracy is contributing to the planning is not well 
related in the paper. Meanwhile, there is a lack of research on the accuracy requirement for different solar 
equipment. As the demand from the electricity varies, a strategic planning may reduce the need on 
accuracy. The NWP is powerful in long term prediction, but the interruptions from the clouds are hard to 
be managed. A combination of NWP with satellites may improve the capability to a degree.   

In the real industrial application, there remains unsolved problems. A forecast on the actual electricity 
output, especially in machine learning method, would be more effective than cooperating a radiation to 
production model to forecasting result. It reduces double errors and simply provide real-time information. 
Scattered solar panels on residence roofs works well as supplementary to Australian National Electricity 
Market (NEM). The need calls for researches on monitoring and guiding individuals’ daily operation.      

Overall, The Australian solar forecasting researches are partially meeting the need of coming solar energy 
usage. The recent solar forecasting researches in Australia are sufficient in answering their respective 
focuses. They are converging to a common goal to facilitate the large solar farms as well as to control 
smaller panels on residence roof. However, there are a lot of questions need to be solved, such as 
managing inaccuracy, improving NWP capability supported with satellites, forecasting in 5 minutes and 
40 hours intervals, electricity output forecast, monitoring on panels on residential roofs.  

 

Limitation  

Due to time and resource limitation, this research only looked at the journal papers publicized in recent 3 
years as the indicator of the research direction. The unpublished and ongoing researches are hard to 
incorporate into the synthesis as their quality is not ensured.  

 

Appendix  

Available contacts of the researchers. 

John Boland:+61 883023449; John.Boland@unisa.edu.au 

Armin Dehghan: +61 2 9385 5000 

Ben Elliston: b.elliston@unsw.edu.au 

*All can be connected on linkedin.com 

mailto:John.Boland@unisa.edu.au
mailto:b.elliston@unsw.edu.au
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