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1.1. Grid-Connected Photovoltaic 

 
Grid-connected Photovoltaic (PV) 

PV modules with an inverter and a
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Photovoltaics (BiPV), or placed on top
rooftop or a pole. With any fixed PV 
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Fig. 1. Grid-connected PV system
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Fig. 2.  Apparent motion of the sun from a fi

southern hemisphere. Adapted from Applied P
 
1.2. Cities of Brimbank and Hobsons Bay
 

The city of Brimbank, in Melbourne’s west, 
and encompasses 25 suburbs. Brimbank plans
km2 of commercial and industrial roof space
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2. Calculating energy from t

 
The approach taken is as follows: first, th
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2.1 Daily Solar Radiation and Air Tempe
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Table 1. Average daily insolation valu
daily temperature values for M

Month 

Insolation 
Horizontal  
(kWh/m²/d) 

Air 
Tempera

(°C)
Jan 6.67 25.90
Feb 5.94 25.80
Mar 4.53 23.90
Apr 3.17 20.30
May 2.11 16.70
Jun 1.69 14.00
Jul 1.89 13.40

Aug 2.56 14.90
Sep 3.58 17.20
Oct 4.83 19.60
Nov 5.89 21.90
Dec 6.53 24.20
Avg. 4.11 19.80

 
The values in Table 1 have been plot

air temperature and the effects of a 30°
to a horizontal plane. Increasing the tilt
for winter generation whereas decreasi
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angles and will result in reduced energy 
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2.2 Energy Production   
 

In order to estimate the annual ene
uses the BP 3175 175W polycrystalline 
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Where ࢒࢒ࢋࢉࢀ is the temperature of 
average daily maximum temperature,
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Fig. 3a.  Brimbbank’s proposed area for grid-connected PV systems [10]



 

 
Fig. 3b.  Hobson Bay’s proposed area for grid-connected PV systems [11] 

 
The amount of power that the array can produce can be 

calculated from (2) using the now known temperature of the cell 
and rated power of the array. The rated power of the array is 
calculated by dividing the area of the panel by the area to be 
covered and multiplying by the rated power of each panel. Eq. (3) is used to calculate the amount of power leaving the inverter. 

 ௗܲ௖ ൌ ௔ܲ௥௥௔௬ሾ1 െ TC( ௖ܶ௘௟௟ െ ௦ܶ௧ௗ)ሿ               (2) ௔ܲ௖ ൌ ௗܲ௖ ߟ௖              (3) 
 Where ࢉࢊࡼ is the derated dc power, ࢟ࢇ࢘࢘ࢇࡼ is the rated dc 

power of array, ۱܂ is temperature coefficient of ࢞ࢇ࢓ࡼ and ࢊ࢚࢙ࢀ is the standard test conditions cell temperature. ࢉࢇࡼ is the derated 
ac power and ࢉࣁ is the conversion efficiency accounting for 
module mismatch, module cleanliness and inverter efficiency.  

The amount of power leaving the inverter annually is then 
calculated as in (4). 
ൌ ܧ  ௔ܲ௖(ݏݎ݄ ݊ݑݏ ⁄ݕܽ݀ ݏݕܽ݀)( ⁄݄ݐ݊݋݉ )      (4) 

 
Where ࡱ is the total energy generated and sun hrs/day is the 

insolation e.g. 4.75 kWh/m²/d = 4.75 h/day [9]. 

 
2.3 Capacity Factor and GHG Emission Savings     
 

Since PV relies on a fuel source that is absent for half the day, 
its capacity factor tends to be much lower than other energy 
sources. Annual capacity factor is calculated by dividing the 
annual energy generated by the annual rated capacity and the 
number of hours in a year (8760) as in (5)[9]. 

ܨܥ  ൌ ௔௡௡௨௔௟8760 ௔ܲ௖ܧ                                       (5) 

 
CO2-e savings is calculated by multiplying the GHG coefficient 

by the annual energy produced by the PV system as in (6) [12]. 
GHG coefficients are calculated for each state in Australia based 
on the type of fuel used at their power stations. Victoria has a high 
coefficient due to heavy reliance on brown coal. 

 GHG ൌ  ௔௡௡௨௔௟      (6)ܧ 1.22 
 
Where 1.22kg CO2-e is the GHG coefficient for Victoria in 

2008 [13] and ܧ௔௡௡௨௔௟ is the annual energy produced by the 
system. Note that the GHG released when manufacturing the PV 
system is not considered.   

 



 

3. Analysis of Results 
 

Using (1-4) and a spreadsheet, Fig. 5 has been created detailing 
the generation potential per month from 3.429 million PV modules 
which annually produce 739 GWh of electricity. This equates to an 
emissions saving of 901,000 tonnes of CO2-e per year. The total 
capacity of the system is 430 MW (Pac) with a capacity factor of 
0.196. In the case of the Hobsons Bay municipality, the analysis 
has shown that an energy yield of 376 GWh of electricity per year 
can be generated from the available roof space using 1.74 million 
PV modules in the municipality with an emission savings of 
458,000 tonnes of CO2-e. The total derated ac power of the system 
is 220 MW with a capacity factor of 0.196. 

The results demonstrate that 1115 GWh of solar electrical 
energy can be generated annually in the two councils from 
commercial and industrial rooftops, which corresponds to an 
emissions savings of 1,359 kilotonnes CO2 –e. This corresponds 
to a total capacity of 650 MW with a capacity factor of 0.196. The 
only drawback is that approximately 5.16 million PV modules 
must be used.  

 
Fig. 5.  Monthly energy generation for entire roof space. 

WAGA region consumes around 1000 MW of power on 
average annually. This is equivalent to the rated power output 
capacity of the Loy Yang B Power Station, which is the state's 
newest base load power station producing 1026 MW of electricity 
using brown coal from the adjacent Loy Yang open cut mine. The 
results obtained in this paper show the massive magnitude of the 
PV system (5.16 million PV modules) that would be required to 
substitute only 65% of this capacity not bearing in mind the 
intermittency and other technical issues (such as energy storage) 
that would be associated with such a massive implementation.  The 
results demonstrate that PV on its own can’t practically substitute 
for coal-fired generation and must definitely be accompanied by 
wind and gas-fired generation if energy from cleaner sources is 
required. The results demonstrate why it is such a big challenge to 
move away from the traditional centralised generation approaches.           

 
4. Conclusion 

 
Photovoltaic power has huge potential in Australia. The main 

requirements of sunshine and land are abundant making it an ideal 
place for PV installations. The method outlined within this paper 
provides an accurate forecast into the annual energy generation 

possible for a given PV array including calculations for capacity 
factor and carbon emissions.  

1115 GWh of solar electrical energy can be generated annually 
from an area of 6.52 km2 commercial and industrial rooftops. This 
corresponds to an emissions savings of 1,359 kilotonnes CO2 –e. 
The total derated capacity of such a system would just be 650 
MW, no sufficient on its own for the area, with a capacity factor of 
0.196. The only major drawback is that approximately 5.16 million 
PV modules must be used to build such a system, which is rather 
impractical and not realistic. 
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