
 

  

GRID-CONNECTED PV 

PROJECT 
Canberra, Business, Fixed Rates 

Akhil Sharma (z3374614), James Ray (3373869), Harry Tran (z3379796) 
      

 



Contents 
1 Location ............................................................................................................................. 4 

1.1 Location Information ................................................................................................. 4 

1.2 Justification & Discussion .......................................................................................... 4 

1.2.1 Justification ........................................................................................................ 4 

1.2.2 Roof & Mounting ............................................................................................... 4 

1.2.3 Shading .............................................................................................................. 5 

2 Tariffs ................................................................................................................................. 5 

3 Solar & Climate Data ......................................................................................................... 6 

4 Load Profile ........................................................................................................................ 6 

5 Likely Issues ....................................................................................................................... 7 

5.1 Shading & Orientation ............................................................................................... 7 

5.2 Grid connection ......................................................................................................... 7 

5.3 Battery Enclosure ...................................................................................................... 8 

5.4 Safety ......................................................................................................................... 8 

6 System Size ........................................................................................................................ 8 

6.1 Design to Meet Yearly Energy Usage ........................................................................ 9 

6.2 Design to Fit Roof Area ............................................................................................ 10 

6.3 Design with Battery Storage .................................................................................... 10 

6.3.1 Design 1: 1.5kW PV & 8kWh Battery ............................................................... 10 

6.3.2 Design 2: 3kW PV & 8kWh Battery .................................................................. 10 

6.3.3 Design 3: 5kW PV & 12kWh Battery ................................................................ 10 

6.3.4 Large Battery Storage (Capable of going off-grid) ........................................... 10 

7 Module & Inverter Selection ........................................................................................... 11 

7.1 Matching Inverters to Modules over Operating Temperature Range .................... 12 

8 What loads might you want supplied by battery or backup supply? .............................. 14 

8.1 What loads are not schedulable or changeable in time? ........................................ 14 

8.2 Think also about what loads might be schedulable for your project situation and 

what might be the benefit of changing the time the load is run. ....................................... 14 

8.3 Write an explanation for your choices. ................................................................... 15 

9 Layout, Inverter & Wiring ................................................................................................ 15 

9.1 Schematic showing Wiring ...................................................................................... 15 

9.2 Cable Sizes & Voltage Drops .................................................................................... 15 

9.3 Layout of Switching & Fuses .................................................................................... 18 

10 PV Input ....................................................................................................................... 18 

10.1 Summer Input (good day, summer profile) ............................................................. 18 



10.2 Winter Input (good day, winter profile) .................................................................. 18 

10.3 Winter Input (bad day, winter profile) .................................................................... 18 

11 Cost Analysis ................................................................................................................ 18 

12 Other Considerations .................................................................................................. 19 

12.1 Product Quality ........................................................................................................ 19 

12.2 Reliability ................................................................................................................. 19 

12.3 Accreditation ........................................................................................................... 20 

12.4 Warranties ............................................................................................................... 20 

12.5 Post Sales Service .................................................................................................... 20 

12.6 Data Logging & Display ............................................................................................ 20 

12.6.1 Solar-Log Web ................................................................................................. 20 

12.6.2 Solar-Log Smart Home ..................................................................................... 20 

12.6.3 Accessories/Other Features ............................................................................ 20 

12.7 Peer-to-Peer Energy Trading ................................................................................... 20 

12.8 Demand-Side Energy Conservation ......................................................................... 20 

13 Appendices .................................................................................................................... 0 

13.1 Appendix 1: Location ................................................................................................. 0 

13.2 Appendix 2: Tariffs ..................................................................................................... 2 

13.3 Appendix 3: Solar & Climate Data ............................................................................. 2 

13.4 Appendix 4: Trends in Demand ................................................................................. 7 

13.5 Appendix 5: Installation & Safety .............................................................................. 9 

13.5.1 Installation ......................................................................................................... 9 

13.5.2 Safety ............................................................................................................... 13 

13.6 Appendix 5: System Options & Pricing .................................................................... 14 

13.6.1 Module Selection ............................................................................................. 14 

13.6.2 Pricing .............................................................................................................. 16 

13.7 Appendix 6: Seasonal Load-Generation Battery Profiles .......................................... 0 

 

 

 

 

 

 

 



1 Location 

1.1 Location Information 
 

 

 

 

 

 

 

 

 

 

 

1.2 Justification & Discussion 

1.2.1 Justification 

 A business couple are the most likely demographic to own a larger home 

 A large roof area can accommodate a larger system (a minimum size of 3 kW system was 

specified, which the roof should easily fit) 

 Surrounding area does not obstruct the solar access in terms of shading 

 

1.2.2 Roof & Mounting 

The roof type could be colorbond steel or tiles. Mounting should be fairly straightforward 

(Anon., 2013) and in Figure 13.1 (see Appendix 1) enough gaps have been left between the 

gutter, sides of the roof and the PV rows. PV systems can be fitted so that the overhang the 

top edge of a roof by no more than 10 cm, so to not get too much wind loading, according to 

standards The 6 kW system layout in Error! Reference source not found. would be time-

onsuming for an installer due to the four pairs of modules and the spread across multiple roof 

sections. 

Address: 
25 Lind Close, Fraser 
ACT 2165, Australia 
 
Grid Coordinates: 
35°11’40.7” S, 
149°02’32” E 
 
 

Figure 1.1: Location 



 

1.2.3 Shading 
The roof has many sections some of which will have shading effects on others. For example, 
in Figure 1.2 the row of 5 panels only has 5 panels because if an extra panel or two were 
fitted to the right of that row then the extra panels would be shaded for most of the morning 
by the roof section to the east of it. The surrounding area should not obstruct the solar access 
in terms of shading. 
 
The roof also has some protrusions just south of where the west row of 6 panels are in Figure 
13.1 and so no panels have been installed over them or in areas that would be shaded by 
them.  
 
In  
Figure 13.2 we can see that shading from neighbouring trees does not appear to be an issue 
as the site is fairly flat. However, a site inspection would help to determine whether any 
shading would occur with the use of a solar siting device. There may be shading from trees on 
the northwest side of the house. Shading nearby buildings does not appear to be an issue as 
the building north of the house is another house which does not appear to be high enough to 
cause shading. 
 
The PV panels should be located so that shading does not occur from higher roof sections on 
lower roof sections, e.g. the raised east section of roof on the lower west section and so that 
the roof protrusions in the 3rd north facing roof section from the west side of the house do 
not cast shadows on the PV system  
Figure 13.2. No PV panels should lie over any roof protrusions and care should be taken in 
designing from satellite imagery that this does not occur. Because of shading from roof 
sections on others, module inverters or a SolarEdge or similar system is recommended. 

 

2 Tariffs 
As a business couple will be using electricity outside of normal operating hours, a TOU tariff 

system could be more expensive in practical terms. This is important in considering the 

decision to opt for a fixed tariff structure. 

Electricity offers were compared online (Energy Made Easy, 2013) and the selected offer is 

shown in Figure 2.1, which consists of a charge of 18.4360 c/kWh (GST inc.) for the first 5475 

kWh of use per quarter and a charge of 20.1300 c/kWh (GST inc.) for excess consumption, 

combined with a daily supply charge of 96.8000 c/day, a solar electricity buyback rate of 

7.5000 c/kWh (GST exc.) and conditional discounts for bundling services. A detailed view of 

these charges taken from the Energy Made Easy website is included in Appendix 2 as Figure 

16.5. 

 

 

 

 

 



3 Solar & Climate Data 
More detailed solar and climate data is included in Appendix 3, but for the purposes of 
illustrating important trends, the following tables can be used. 
 

Daily statistics including all historical records at Canberra Airport (19km from location) 

 Maximum Temperature (° C) 

Mean daily 21.3 

Standard deviation 6.9 

Median daily 20.9 

Highest daily 42.0 

Lowest daily 4.1 

Lower quartile 15.2 

Upper quartile 26.3 

Upper 10th percentile 12.7 
Table 3.1: Bureau of Meteorology 

Daily solar exposure data including all historical records at Melba (2km from location) 

 Daily global solar exposure (MJ.m-2) 

Mean daily 17.6 

Standard deviation 8.7 

Median daily 16.5 

Highest daily 39.3 

Lowest daily 0.1 

Lower quartile 10.5 

Upper quartile 24.8 

Upper 10th percentile 7.0 

Lower 10th percentile 30.4 
Table 3.2: Bureau of Meteorology 

4 Load Profile 
The aim is to design a load profile for a Canberra household with a business couple with a 
fixed electricity tariff. Note that the group description does not specify whether the couple 
has children, which gives flexibility over what load profile can be assumed.  
 
Average load profiles for the different seasons taken from around 180 Ausgrid customers are 
shown in Figure 4.1 below. 

Comment [AS1]: I took out some 
graphs which we can put in the 
appendices. Once I’m up to editing the 
document appendices I’ll add the 
figure numbers in here. 



 

Figure 4.1: Ausgrid 

5 Likely Issues 

5.1 Shading & Orientation 
From Figure 2.1 It can be seen that the site is well oriented, with a north-south aspect. The 
north facing roof slopes have a large area and are slightly west of north (about 5°), which will 
result in a slight decrease from the optimum annual yield for a north facing panel. The east-
facing roof slopes may also be used if a larger system size is desirable. The west-facing roof 
slopes may also be used however they will face slightly south which means that they would 
be shaded in the late evening in winter (and possibly also summer) which would reduce their 
output. The advantage of including solar panels on west facing roof slopes is that they 
contribute more to peak demand in summer afternoons (less so for winter evenings because 
the sun sets earlier and would not be shining during winter evening peak demand, perhaps 
with the exception of the start of it during dusk). The use of an inclinometer in a site 
inspection or installation would be useful for finding the slope of the roof and hence being 
able to calculate energy yields of the solar system. 

5.2 Grid connection 
Grid connection should be straightforward as the house is a suburban one which should be 
grid-connected already. From Figure 13.3 it can be seen that there are no overhead poles and 
wires. The blue box circled in yellow may be an underground distributor, but there is no 
evidence to be found to confirm this. So if there is grid connection then it would be through 
an underground connection. No information can be found online to confirm the nature of the 
grid connection at the site and Ausgrid is not prepared to disclose any information. A photo 
or on-site inspection of the current meter box at the house would be needed in order to 
determine the nature of a meter upgrade (if any). The electrical lights throughout the 
neighbourhood (one is shown at the end of the street in Figure 13.3) are not connected to 
any external overhead power lines, leading one to believe that they are connected via an 
underground connection. Figure 13.4 shows a green box at the nearby address of 7 Lind 
Close, which is presumably a substation/transformer for the presumed electrical 
underground network. 
Incidentally, it can be seen that there are many benefits to having underground residential 
distribution electrical networks, such as better aesthetic appeal, more space and height for 



trees (and no need to cut them back to avoid poles and wires, which can be labour-intensive), 
potentially better safety, less risk of damage and consequent grid failure (e.g. poles and wires 
may fault with lightning, tree felling and bushfires). In turn, this better grid security is 
advantageous to photovoltaic systems. 

5.3 Battery Enclosure 
Battery enclosure is required to protect batteries in PV hybrid or standalone systems from the 
environment. (If they were left open to the environment they would be exposed to rain and 
moisture which would cause corrosion). Additionally, batteries should only be handled by 
maintenance and repair personnel, so there should be warnings to this effect. 

5.4 Safety 
See Appendix 5: Installation & Safety, 13.5.2. 

6 System Size 
There are several ways to select the size of the system, such as: 

 To meet yearly energy usage 

 To meet a budget, often based by specifying standard systems 

 To fit on the available roof area.  
 
Given that no design criteria have been specified, several scenarios will be looked at. If the 
authors have the time, all costing will be provided. Note that not one of these scenarios may 
be deemed as “correct” or “ideal”, and many more could be investigated. It is the client’s 
responsibility to decide the system size as well as the brand and model of panels and inverter. 
It seems more appropriate to provide several different scenarios that could be feasible 
because these scenarios may well occur in practice. To get a better idea of what system 
would be most appropriate it is necessary to consider the costs involved. 
 
It is important to note that energy use should always be minimised through comprehensive 
refurbishment (CR, meaning not only implementing energy effificiency technologies but 
making retrofits to the building shell and using smart meter technologies) before installing a 
PV system. This is the advantage of having a business model that can do all of these things, 
which is known as a CR-IEC ESCo (Comprehensive refurbishment integrated energy 
contracting Energy Service Company). 
 
Appendix 4 (Table 13.21, Table 13.22, Table 13.23) details system pricing is an introductory 
guide on going solar with Century Solar Energy which details the system prices for a variety of 
different options of solar panels and inverters, additional surcharges that may apply and 
other details. Also attached is a hybrid price list. 
 

 

 

 

 

 

 



6.1 Design to Meet Yearly Energy Usage 
An Excel spreadsheet titled “LoadProfilev2” is available upon request which can be used to 

calculate various scenarios with different array and battery sizes for the four different 

seasons of the year. The solar data in the spreadsheet is calculated from another spreadsheet 

titled “AU_Wagga_Wagg4.xlsm” which is also available upon request and in turn is derived 

from data from PVSyst. The energy use figures are summarised below in Table 6.1. Note that 

these are average figures from a study of about 200 Ausgrid customers, so the energy use 

figures for a business couple may be different. 

 Average Summer Autumn Winter Spring 

Daily 10.34 10.2 9.27 12.9 8.98 

Sunshine 
hours daily 
energy use 

5.39 5.79 4.86 5.86 5.04 

Seasonal 930.25 922 834 1157 808 

Annual 3722     

Table 6.1: Energy Use (kWh) 

One option to design a PV system is to meet the energy use during the day. This will offer 
attractive savings on electricity bills. If a system is designed with a size that generates more 
energy than is consumed during the day, then the excess energy will not have the benefit of 
saving on electricity bills and will earn less. Taking the tariffs as discussed in section 3 ‘Tariffs’, 
as a case in point, the electricity flat rate is 18.4360 c/kWh (GST inc.) for the first 5475 kWh of 
use per quarter and a charge of 20.1300 c/kWh (GST inc.) for excess consumption per 
quarter, combined with a daily supply charge of 96.8000 c/day, a solar electricity buyback 
rate of 7.5000 c/kWh (GST exc.) Clearly, the electricity price is between two and three times 
higher than the electricity buyback rate for solar, so clearly it less financially attractive to 
generate more energy than what is used during the day. 
 
Say that the system is designed so that the energy production during the day in winter (when 
there is maximum sunshine hours daily energy use) meets the sunshine hours daily energy 
consumption. This will almost occur for a system size of 3 kW (the winter daily energy 
production would be 11.07 kWh while the daily energy consumption would be 12.86 kWh). 
Note, however, that the energy production in the other seasons exceeds use (in summer it is 
more than double).  
 
Now, say that the system is designed so that the energy production during the day in summer 
(when there is maximum sunshine hours daily energy use) meets the sunshine hours daily 
energy consumption. This will almost occur for a system size of 1.5 kW (the summer daily 
energy production would be 10.48 kWh while the daily energy consumption would be 10.24 
kWh). Incidentally, 1.5 kW is the minimum system size that installers and PV retailers will 
work with and sell, respectively. For a 1.5 kW system, the labour costs can be relatively high 
compared to the overall cost of the system. 
 
 
 
 
 



6.2 Design to Fit Roof Area 
As discussed below and shown in Figure 13.1: Panel Layout on Roof, the maximum system 
size that can be expected to feasibly fit on the available roof area is 6 kW (24 x 250W Trina 
TSM PDG5 panels). 
 

6.3 Design with Battery Storage 
Assume that the battery will not be depleted below a depth-of discharge (DOD) of 70%. 

When the levelised cost of battery storage becomes low enough so that it adds value to a PV 

system (which is not the case at the moment) the ideal scenario for battery storage would be 

when the total amount of electricity imported and exported is minimised. Where it is not 

possible to have no electricity exported and no electricity imported on all average seasonal 

days, it is better to have more electricity exported (and minimise electricity imported) than 

having more electricity imported (and lowering electricity exported). With initiatives like peer-

to-peer (PTP) energy trading, the value of exported electricity from PV may increase in future. 

6.3.1 Design 1: 1.5kW PV & 8kWh Battery  

Appendix 6: Seasonal Load-Generation Battery Profiles, shows that for a 1.5 kW PV system, a 

battery with a capacity of 8 kWh would be required to ensure that the desired state of charge 

of the battery is always equal to the actual state of charge of the battery for an average 

summer, autumn or spring day (excludes winter and prolonged periods of below-average 

sunshine). In this scenario, no electricity is imported in average summer conditions, virtually 

none in average spring conditions, small amounts in autumn and a significant amount is 

imported in winter. Only a small amount of electricity is exported in summer at 3 and 4 pm.  

6.3.2 Design 2: 3kW PV & 8kWh Battery 

It seems that a 3 kW system with battery storage of 8 kWh comes close to being the most 

appropriate design as there is enough battery storage to minimise the amount of grid 

electricity being imported overall and particularly during peak times for average sunshine 

conditions for all seasonal profiles. In summer there is just enough storage to not require any 

grid electricity being imported (the battery state of charge has almost, but not quite, reached 

the maximum DOD by the time the sun rises the following day). In winter, small amounts of 

electricity are imported, but that is from 12 am to 8 am. If a time-of-use pricing arrangement 

was used, this would be mostly during off-peak periods. Large amounts of electricity are 

exported during the day. 

6.3.3 Design 3: 5kW PV & 12kWh Battery 
In this scenario the system is optimised so that the battery is just at or above the minimum 

depth of discharge by the time the sun rises the next day. This means that no electricity 

should be imported over the course of an average winter’s day. Note however that large 

amounts of electricity will be exported in the other seasons. In spring and autumn this is  

6.3.4 Large Battery Storage (Capable of going off-grid) 
FromTable 13.16: Solar Radiation Deficits Below Expected Values Incident On A Horizontal 

Surface Over A Consecutive-day Period (kWh/m2), note that the worst of the worst 

Consecutive Days is the 21-day period in March. From Table 13.1: Monthly Averaged 

Insolation Incident On A Horizontal Surface (kWh/m2/day), the average daily insolation is 

5.08 kWh/m2 for March 24-year average cloud conditions. This suggests that a solar energy 

system battery or backup system should have at least 7.61 NO-SUN days or 38.66 kWh/m2 

(7.61 x 5.08) of capacity, considering that the availability of grid-connected electricity is very 

Comment [AS2]: Need to finish this 
section 



high, and so a standalone system may need to be at a similar level. Satellite-based day-to-day 

cloud variability over a historical time period can be used to design solar energy storage or 

backup capacity if more reliable data are not available. 

If the total available north-facing area is used, that area is the area of the 6 kW system shown 

in Figure 13.1: Panel Layout on Roof (24 x 250W Trina TSM PDG5 panels), i.e. 

24*1.685*0.997 = 40.32 m2 (Trina Solar, 2013). Note that it is assumed that Trina TSM PDG5 

panels are used, however other panel models could chosen. Therefore, the capacity of the 

battery storage system for a standalone 6 kW system would need to be at least 38.66 

kWh/m2 * 40.32 m2 = 1560 kWh (to 3 s.f.). This capacity is very high and it is likely that such a 

system would not be affordable. However, there is a problem with the above method which 

is that it has not taken into account the energy usage, which is a crucial factor for determining 

battery system size. Table 6.2: Off-Grid System Size, shown below indicates the battery 

capacity (kWh) required for off-grid systems ranging in size from 1.5 kW to 6 kW.  

PV System size 
(kW) 

# 
modules 

PV 
area 

Battery capacity (kWh) required for off-grid 
system 

1.5 6 10.08 389.68 

2 8 13.44 519.573 

3 12 20.16 779.36 

4 16 26.88 1039.15 

5 20 33.60 1298.93 

6 24 40.32 1558.72 
Table 6.2: Off-Grid System Size 

Given the high cost of battery storage systems, it may be worthwhile consulting the literature 

to find an economic analysis and comparing with other backup storage technologies, or doing 

an independent analysis. While the capital cost for a standalone PV system may be high, the 

lifetime system cost is likely to be lower than using a diesel generator, but may not be lower 

than remaining connected to the grid, which in turn is likely to have a higher lifetime cost 

than using a hybrid system. For the energy use figures for an average household it appears 

that a system size of 3 kW is commonly appropriate, however the design of off-grid systems 

(and any solar system) should be treated on a case-by-case basis. For a business couple 

without children the energy usage is likely to be lower than the average household. However, 

if the business couple has two children the energy usage may only be slightly lower than that 

of an average household. 

 

 

 

 

 

7 Module & Inverter Selection 
The following preliminary system specifications are for a 6 kW system and are taken from PV-

Syst (Figure 13.8, Figure 13.9, and Figure 13.10 in Appendix 5: System Options & Pricing). 

Note that given the discussion in the previous section on selection of the size of the system it 



is likely that a 6 kW system is not the most appropriate system for the average household nor 

for the average business couple. While the choice of inverter will differ with the system size, 

the method of finding an appropriate inverter remains the same. 

Module specifications: Trina TSM-250 PDG5 (250 W) 

Inverter: SMA Sunny Boy SB 6000 US-12-277.  

Operating Voltage: 250-480 V 

Input maximum voltage: 600 V 

This voltage window for the inverter needs to be checked to make sure it is within the 

operating voltage window conditions for the module. 

7.1 Matching Inverters to Modules over Operating Temperature Range 
From Trina Solar’s datasheet for the TSM-250 PDG5 module (Trina Solar, 2013), we have: 

                                                  

From Table 3.1, we can see that the minimum daily temperature is 4.1°C, and the highest 

daily temperature is 42.0 °C. Now, based on the design for the module on the datasheet, 

there is a junction box behind the module which has a width of 32 mm. Because the junction 

box has a relatively small area compared to the area of the module, it seems fair to assume 

that the module is well ventilated. Therefore, assume that the maximum cell temperature 

rise above ambient temperature is 25°C. The operating conditions for the module are: 

                           (   (                      )) 

     (  (        (      ))) 

         

                     (  (        (          )))   

        

                      (  (        (      ))) 

        

Neglecting voltage drops, the array voltages are: 

                       

               

             

 

AS/NZS5033 recommends a maximum voltage drop of 3% between the solar array and the 
inverter (aim for less if practical).  
AS/NZS4777.1 recommends a maximum voltage drop of 1% on the a.c.  
 
So, assume that the voltage operating window conditions at the input to the inverter are: 

                          



                          

                          

 

Again, the inverter chosen by PVsyst, has the specifications: 

Inverter: SMA Sunny Boy SB 6000 US-12-277.  
Operating Voltage: 250-480 V 
Input maximum voltage: 600 V 
 
So it is not appropriate. Appropriate inverters are shown in Table 7.1 Table 7.2 below. Any 

one of these inverters may be appropriate and can be selected by taking into account factors 

such as efficiency and capital cost. An economic analysis comparing NPV and IRR may be 

appropriate. 

Inverter Sunny Tripower 
6000 TL-20 

Solar Inverter 
SOLIVIA 6.0 EU T4 TL 

Symo 6.0-3-M 

Min. MPP Voltage 295 250 150 

Max. MPP 
Voltage 

800 850 800 

Absolute Max. PV 
Voltage 

1000 1000 1000 

Table 7.1: Appropriate Inverter Options 

Inverter FLX Pro 6 TLX 6K 

Min. MPP Voltage 250 250 

Max. MPP 
Voltage 

800 800 

Absolute Max. PV 
Voltage 

1000 1000 

Table 7.2: Appropriate Inverter Options 

Choose the Sunny Tripower 6000 TL-20. Assume that the voltage operating window 

conditions at the output of the inverter are: 

                             

                          

                          

  



8 What loads might you want supplied by battery or backup 

supply?  

8.1 What loads are not schedulable or changeable in time? 
Freezers, refrigerators and waterbeds. Freezers and refrigerators run on refrigeration cycles 

and actually have a predictable, constant-varying on-off load (duty cycle) as the compressor 

turns on and off. Hence there may be a potentially for these to be a schedulable load if used 

with a battery – the compressor may be able to be turned on and off different times, i.e. 

varying the duty cycle. 

8.2 Think also about what loads might be schedulable for your project 

situation and what might be the benefit of changing the time the load is 

run.  
For a single flat rate tariff, there is no benefit to changing the time the load is run. 

Schedulable loads may include (electrical appliances, motors and pumps are best): 

 Air conditioners; 

 Computers 

 Heat pumps; 

 Appliances with batteries (this may occur more often in future and could 

include refrigerators and freezers); 

 Pool pumps; 

 off-peak hot water; 

 heat pump hot water systems; 

 dishwashers: may want to have their own hot water supply (separate from hot 

water systems) in order to use energy more efficiently and open another 

opportunity for a schedulable load (and reduce on-demand, non-schedulable 

hot water); 

 dryers (minimise use through solar and air drying); 

 washing machines (also trying to phase out the use of hot water by moral 

encouragement, education and MEPS);  

 TV (minimise use); 

 ranges (however, people who like to stick to a routine may not want to 

schedule range loads. On the other hand, everyone is always able to cook 

beforehand. Then again, people may want to eat their food hot, so would have 

to expend extra energy reheating); 

 space heat; 

 lighting (not necessarily schedulable but can be better managed through more 

efficient LEDs and being energy smart by turning off when not in use or having 

motion detectors); 

With space and water heating and cooling loads, the disadvantage to load-shifting is that 

there are energy standing losses. These losses would be particularly high for space heating 

and cooling, but can be minimised through the use of insulation, draught sealing and window 



treatments (e.g. low-e coatings, glazing, removable glazing. Naturally ventilating at night is an 

effective cooling method for hot climates and for commercial buildings. 

8.3 Write an explanation for your choices. 
By shifting loads from time of uses with high electricity prices (peak periods in the case of a 

time-of-use tariff structure) to times of use with low electricity prices (shoulder and off-peak 

periods), electricity customers who have time-varying electricity pricing arrangements (e.g. 

time-of use pricing and spot price) can save money. However, for customers with flat rate 

electricity tariffs, this financial benefit would not be applicable. Such customers may want to 

consider changing to time-varying electricity pricing arrangements so that they can take 

advantage of load-shifting. It may be most optimal to shift schedulable loads to during the 

day so that PV output can be maximised. 

Schedulable and non-schedulable loads are selected on the basis of the nature of the 

appliances (whether they need to run constantly) and the demand for them. Figure 13.6and 

Figure 13.7 may help to determine whether loads are peaky (non-continuous, varying and 

hence schedulable or changeable) or relatively continuous and constant (and hence like a 

baseload and nonschedulable, unless used with a battery). 

9 Layout, Inverter & Wiring 
Figure 9.1 shows a plan view of the potential cabling layout of the system with apparent 

lengths in metres as well as the layout of the modules and an estimate location of the 

inverter. Note that this scenario with the inverter location assumes a SolarEdge or similar 

system is used rather than module inverters. If module inverters are used, then the solar 

array will still need to connect to the meter box which would be in the same location where 

an array inverter would be located. 

9.1 Schematic showing Wiring 

 

Figure 9.1: Cable Schematic 

9.2 Cable Sizes & Voltage Drops 
To calculate the array cable area the cable length and current must be found.  
 
The built-in, module cables are 1000 mm in length (+/-) 10 mm, so the total length of these 
cables is 24 m (+/-) 0.24 m. 
 



Assume that the endpoint of built-in module cable is the midpoint of the module (no lengths 
are given). 0.4985 m = half-width of module (Trina Solar, 2013). 
 
The cable length-equivalents from endpoint of built-in module cable to midpoint of one of 
the long sides of modules are 3+2+10+3+12+2 = 32. So the total length of these cables 
underneath modules connecting to array cables is 32*0.4985 = 15.952 m 
 
The total apparent length of the array cables between modules is equal to: 
 
1.47 + 3.53 + 1.85 + 1.65 + 0.75 + 1.01 + 0.70 + 5.62 + 4.67 + 1.70 + 0.47 + 1.10 + 4.11 + 1.28 
= 29.91 
 
From Figure 9.1, it appears that the cables lay relatively parallel to the roof gutters, or in 
other words relatively flat with respect to the ground. Therefore a small safety factor of 1.2 
will be assumed. Ideally, the cabling layout and lengths would be found with the aid of an 
inclinometer, or by measuring on the roof.  
 
So, it will be assumed that the length of the array cables between modules is  

               m  
 
Adding 2 m for the vertical cable adjoining roof sections and 4 m for the vertical cable to the 
meter gives 38.9 m. 
 
Thus, the total cable length is roughly 24 + 15.952 + 32.9 = 72.852 m (+/- at least 0.24 m). 
 
The voltage drop then becomes: 

      
                 

      
 

 
 
The resistivity at approx.. 50°C for copper is 1/56 (0.0186) Ω / m / mm2 

 

       
                 

      
 

Material Resistivity Coefficient 2) 

- ρ - 
(ohm m) 

Temperature 
Coefficient 2) 

(per degree C, 1/oC) 

Copper 1.724 x 10-8 4.29 x 10-3 

2
http://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html 

http://www.bew.com.au/files/Copy-of-Temperature-Conversion-Table.pdf 

Now, to find the minimum cable cross section needed, use: 

       
                 

               
 

Where 
Loss = maximum allowable voltage drop in the conductor as a percentage expressed as a 
fraction. Say 2% = 0.02 

http://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html#Resistivity
http://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html#Temperature%20Coefficient
http://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html#Temperature%20Coefficient
http://www.engineeringtoolbox.com/resistivity-conductivity-d_418.html
http://www.bew.com.au/files/Copy-of-Temperature-Conversion-Table.pdf


From Table 3.1, the maximum daily temperature is 42°C and the minimum daily temperature 
is 4.1°C. Therefore the effective solar cell temperature range is between 67°C and 4.1°C. The 
resistance of copper at 50°C is: 

  
  

 
 

                      (from section                                   )        

                            (                     ) 

     (          (        ) 
        

Also 

                                  (                     ) 

     (            )         
Now  

  
 

 
 
   

    
       

So 

  
  

 
 

   

      
      

And 

       
                 

        
 

So 
Module cables are 4 mm2 so try this for the array cables. 
Check voltage drop (assume resistivity is constant with temperature which is not actually 
true) 

      
                 

      
 

 
                  

 
        

       
    

   
             

Therefore a 4 mm2 array cable is okay. 
Where battery storage is used, array open circuit protection is required. Then 

                                 

                      
               

In such a case, the cable rating can be anywhere in the above range, e.g 12 A 
So voltage drop is: 

      
                

 
        

 

       
    

   
           

So a 4 mm2 array cable is still okay with a hybrid solar system. 
 
AC voltage drop 
Assume that the inverter is next to the meter box, so cable is less than 1 m in length (assume 
1 m length) 
 



9.3 Layout of Switching & Fuses 
Check if fuses are required. From (Trina Solar, 2013), the max series fuse rating (assume that 
this is the same as the maximum open circuit protection rating) is 15 A. 

(    )                        

String fuses are not required as there is only one string. 
 
In the case of batteries, open circuit protection devices are placed at the battery end of 
cables with a maximum current rating that is the same as the array cable rating, e.g. 12 A.  
Readily available load-breaking switch disconnector on the end of the array cable. 
 
Discussion of spreadsheet that allows calculation of the yield of the system in electronic form 
and show example printouts for the three cases:  
 
The spreadsheet should show hourly PV input, Loads, electricity tariffs and energy exports or 
imports from the grid and state of charge of the battery system 

10 PV Input 

10.1 Summer Input (good day, summer profile) 

10.2 Winter Input (good day, winter profile) 

10.3 Winter Input (bad day, winter profile) 
A conventional roof pitch is a rise of 4 for a run of 12, so the angle would be (InspectAPedia, 
2014) equal to the inverse tan of 4/12, which equals 18.4°. So assume a tilt of 20° of the PV 
panels. Now, from Table 13.14: Maximum Radiation Incident On An Equator-pointed Tilted 
Surface (kWh/m2/day), the average daily maximum radiation incident on a north-facing 
surface tilted at 20° during the winter season is equal to: 
 

(                       )                  
 
Now, from Table 13.15: Minimum Available Insolation Over A Consecutive-day Period (%), the 
average minimum available insolation over a one day period (%) relative to the expected 
value in winter is equal to: 
 

(12.4     21.3    +16.4    )/92 = 16.7%. 
Therefore the average minimum available insolation over a one day period in kWh/m2 is 
equal to: 

                       
 

11 Cost Analysis 
A full cost analysis can be seen in the same spreadsheet that allows calculation of the yield of 
the system. Some cost analysis is shown in Table 11.1: Cost Analysis with single flat rate tariff. 

Annual savings have been calculated for a single flat rate tariff structure and time-of-use tariff 
structures. Even without any battery capacity, a time-of-use tariff structure will save more 
money compared to business as usual than a single flat rate tariff. A standalone option has 
also been modelled however it is not economically feasible. The simple payback time 
increases proportionally with battery capacity, which means that solar systems with battery 
storage may not be economical yet. In other words, battery storage systems are not yet 
adding value to solar systems (Weiss, 2013). For them to become more economical, the cost 
of batteries (in $/kWh) will need to decrease; or the difference between maximum and 

Comment [AS3]: Need to put these 
in 



minimum prices or tariffs will need to increase; or the cost of electricity increases. If the solar 
electricity export rate is less than the price of electricity then the SPT will increase 
proportionally with system size (which is typical around the world), and if it is more than the 
electricity price then the SPT will decrease proportionally with system size. 

PV 
system 

size 
(kW) 

Battery 
capacity 
(kWh) 

Min. Capital 
Cost ($k) 

Max. 
Capital 

cost ($k) 

Annual 
savings 
($) cf. 
w/o 
solar 

Min. 
Simple 

payback 
time (SPT) 

Max. 
Simple 

payback 
time (SPT) 

1.5 0 2 6.199 435 4.6 14.3 

2 2.69 6.899 516 5.2 13.4 

2.5 3.25 4.95 597 5.4 8.3 

3 3.99 10.099 676 5.9 14.9 

3.5 4.55 6.25 753 6.0 8.3 

4 5.2 11.899 830 6.3 14.3 

5 6.5 14.299 982 6.6 14.6 

6 7.8 17.2 1134.9 6.9 15.1 

5 10 18     

6 10     892 0 0 

1.5 390 119 123 223 533 552 

2 520 159 163 297 533 547 

3 779 237 239 446 532 535 

4 1039 316 322 595 531 541 

5 1299 394 396 743 530 533 

6 1559 473 480 892 530 538 

5 50  33 365  67 

Table 11.1: Cost Analysis with single flat rate tariff 

12 Other Considerations 

12.1 Product Quality 
Getting good quality products from well-known and reputable brands is important. 

12.2 Reliability 
Reliability can be enhanced with energy storage such as batteries. The more energy storage 

there is the more reliable the system is. If there is enough energy storage to get through the 

longest period of no-sun days equivalent as calculated in section Error! Reference source 

ot found., then the system can be considered reliable enough to go off-grid. However, the 

cost analysis shows that this option is very economically inefficient (simple payback times 

are 700 years). In the case where a hybrid standalone system is used in which a backup 

diesel generator is available, even this option is still not economically efficient, with payback 

times potentially of 70 years. At present, it is better for homes that are grid-connected or 

can be grid-connected in an economically efficient way to remain grid connected, since the 

grid is a good backup. 



Other factors that may affect reliability include temperature swings, moisture and humidity, 

heavy loads from inclement weather and shading. For our project shading and frost (due to 

the cooler climate in Canberra) are factors which may significantly affect reliability. As 

suggested previously, having module inverters or a SolarEdge or similar system will help to 

increase reliability. Having panels that are suited to the climate in Canberra with frost 

protection is another measure to increase reliability. 

 

12.3 Accreditation 

12.4 Warranties 

12.5 Post Sales Service 

12.6 Data Logging & Display 

12.6.1 Solar-Log Web 

12.6.2 Solar-Log Smart Home 

12.6.3 Accessories/Other Features 

12.7 Peer-to-Peer Energy Trading 

12.8 Demand-Side Energy Conservation  



 
\ 
Product Quality 
Getting good quality products from well-known and reputable brands is important. 
Reliability 
Reliability can be enhanced with energy storage such as batteries. The more energy storage 
there is the more reliable the system is. If there is enough energy storage to get through the 
longest period of no-sun days equivalent as calculated in section Error! Reference source not 
ound., then the system can be considered reliable enough to go off-grid. However, the cost 
analysis shows that this option is very economically inefficient (simple payback times are 700 
years). In the case where a hybrid standalone system is used in which a backup diesel 
generator is available, even this option is still not economically efficient, with payback times 
potentially of 70 years. At present, it is better for homes that are grid-connected or can be 
grid-connected in an economically efficient way to remain grid connected, since the grid is a 
good backup. 
Other factors that may affect reliability include temperature swings, moisture and humidity, 
heavy loads from inclement weather and shading. For our project shading and frost (due to 
the cooler climate in Canberra) are factors which may significantly affect reliability. As 
suggested previously, having module inverters or a SolarEdge or similar system will help to 
increase reliability. Having panels that are suited to the climate in Canberra with frost 
protection is another measure to increase reliability. 
Accreditation 
Accreditation includes Australian Standards, ISO14001, ISO9001, UL and IEC. 
Warranties 
A comparison of solar panel warranties is shown in Figure 12.1. Inverter warranties are 
typically 5 years with some companies offering extended warranties, e.g. up to 25 years. 
Mounting hardware warranties are typically 10 years. 

 
Figure 12.1: Industry best practice solar warranty? (Trina Solar, 2013) 
Post-Sales Service 
The availability of replacement parts is key to quick and reliable maintenance. 
Will the company still exist in 30 years to satisfy warranties? It is important to assess the 
ability of a company to do this, perhaps getting the opinion of an independent financial 
expert. Beyond Building Energy and Solagex have gone into liquidation and had many 
dissatisfied customers. 
Some companies offer professional maintenance and also suggest maintenance duties that 
can be performed by laypersons (Gold Coast Solar Power Solutions, 2014), e.g. checking the 



inverter weekly and checking the electricity bill, shading, tree litter behind panels and framing 
and build-up of dust or dirt droppings every 3 months. 
Data-Logging and Display 
The following information in this section is taken from (Anon., 2014)  
Solar-Log Web 
Web monitoring: professional monitoring from a specialist via service contract with installer, 
with yield, CO2 savings, weather forecast. 
Irradiation sensor for finding performance ratio.  
Solar-Log Smart Home 
Remote control of appliances to maximise the amount of self-produced power consumed. 
“Smart-plugs” available as an additional option to control appliances. 
Measurement of consumption can be done via two electricity S0 meters or supported RS485 
meters. 
Accessories/other features 
Many accessories and other features are available in the areas of: 
visualization e.g. via mobile phone apps or an internal home display (IHD); 
Appropriate metering e.g. two meters on customer-side with one for generation and another 
for loads; 
Sensors (basic measures irradiance and module temperature, a weather station with a 
pyranometer can measure air pressure, wind direction and speed, module temperature and 
the exact local prevailing overall irradiance at large plants); 
Power management; 
Reactive power control 
Temporary reduction in feed-in when the grid is overloaded 
Data transfers (between inverter and data logger or Solar Log and PC and router) 
String Monitoring 
Device Protection 
Peer-To-Peer Energy Trading 
As mentioned previously, peer-to-peer energy trading is something that is well worth 
consideration, has a lot of potential and requires further research as it would maximise the 
value of exported energy. 
 
Demand-Side Energy Conservation 
It is better to first minimise the amount of energy consumed through building retrofits, 
energy efficiency technologies and change of user behaviour through energy conservation 
and then fit a solar system. Fitting a solar system first and then later employing energy 
conservation measures would result in an over-designed system that would export too much 
energy. 
 

 

 

  

 

 

 



 

13 Appendices 

13.1 Appendix 1: Location 

 

Figure 13.1: Panel Layout on Roof (24 x 250W Trina TSM PDG5 panels)  

 

Figure 13.2: Shading Diagram 



 

Figure 13.3: Street View 1 

 

Figure 13.4: Street View 2 

 



Figure 13.5: Energy Made Easy Pricing 

13.2 Appendix 2: Tariffs 

 

13.3 Appendix 3: Solar & Climate Data 
Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

24-year 
Average 

6.82 6.04 5.08 3.71 2.73 2.25 2.48 3.29 4.42 5.62 6.39 6.91 4.63 

Table 13.1: Monthly Averaged Insolation Incident On A Horizontal Surface (kWh/m
2
/day) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum -16 -17 -22 -19 -14 -17 -12 -12 -12 -12 -17 -18 
Maximum 14 12 11 18 10 18 14 16 10 17 18 12 

Table 13.2: Minimum And Maximum Difference From Monthly Averaged Insolation (%) (NASA, n.d.) 

 

 

 

 

 

 

 

Lat -
35.195  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 



Lon 
149.042 
Daily 
Average 

2.38 2.08 1.61 1.21 0.89 0.76 0.82 1.07 1.46 1.90 2.31 2.48 1.58 

Minimum 2.04 1.85 1.41 0.97 0.81 0.62 0.70 0.87 1.31 1.56 1.93 2.20 1.35 
Maximum 2.59 2.27 1.83 1.34 0.97 0.82 0.88 1.15 1.58 2.05 2.49 2.68 1.72 
24-year 
Average K 

0.56 0.56 0.57 0.54 0.53 0.52 0.53 0.54 0.55 0.56 0.55 0.56 0.55 

Minimum 
K 

0.47 0.46 0.44 0.44 0.46 0.43 0.46 0.48 0.48 0.49 0.45 0.46 0.46 

Maximum 
K 

0.64 0.62 0.63 0.64 0.58 0.61 0.60 0.63 0.61 0.65 0.65 0.63 0.63 

Table 13.3: Monthly Averaged Diffuse Radiation Incident On A Horizontal Surface (kWh/m
2
/day) (NASA, n.d.) 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

Daily 
Average 

6.65 6.13 5.84 4.90 4.32 3.90 4.15 4.68 5.25 5.89 6.14 6.60 5.37 

Table 13.4: Monthly Averaged Direct Normal Radiation (kWh/m
2
/day) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum -17 -19 -26 -18 -15 -16 -11 -9 -13 -9 -17 -21 
Maximum 16 12 9 20 10 23 17 20 10 21 23 14 

Table 13.5: Minimum And Maximum Difference From Monthly Averaged Direct Normal Radiation (%) (NASA, n.d.) 

 

 

 

 

 

 

 

 

 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Average@00 0.70 0.63 0.56 0.44 0.34 0.28 0.30 0.39 0.52 0.63 0.69 0.72 
Average@03 0.76 0.71 0.62 0.48 0.39 0.34 0.37 0.45 0.54 0.64 0.68 0.74 
Average@06 0.46 0.41 0.32 0.20 n/a n/a n/a 0.17 0.24 0.31 0.37 0.43 



Average@09 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
Average@12 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
Average@15 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
Average@18 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
Average@21 0.25 0.17 n/a n/a n/a n/a n/a n/a n/a 0.22 0.30 0.30 

Table 13.6: Monthly Averaged Insolation Incident On A Horizontal Surface At Indicated GMT Times (kW/m
2
) (NASA, n.d.) 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

24-year 
Average K 

0.56 0.56 0.57 0.54 0.53 0.52 0.53 0.54 0.55 0.56 0.55 0.56 0.55 

Minimum 
K 

0.47 0.46 0.44 0.44 0.46 0.43 0.46 0.48 0.48 0.49 0.45 0.46 0.46 

Maximum 
K 

0.64 0.62 0.63 0.64 0.58 0.61 0.60 0.63 0.61 0.65 0.65 0.63 0.63 

Table 13.7: Monthly Averaged Insolation Clearness Index (K) (0 to 1.0) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

24-year Average 0.51 0.51 0.52 0.50 0.49 0.47 0.48 0.50 0.50 0.51 0.50 0.51 
Table 13.8: Monthly Averaged Insolation Normalized Clearness Index (0 to 1.0) (NASA, n.d.) 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

24-year 
Average 

8.81 7.82 6.43 4.84 3.57 2.99 3.28 4.36 5.87 7.42 8.55 9.06 6.07 

Table 13.9: Monthly Averaged Clear Sky Insolation Incident On A Horizontal Surface (kWh/m
2
/day) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

24-year Average 0.73 0.72 0.72 0.71 0.70 0.69 0.70 0.72 0.73 0.74 0.74 0.73 
Table 13.10: Monthly Averaged Clear Sky Insolation Clearness Index (0 to 1.0) (NASA, n.d.) 

 

 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

24-year Average 0.67 0.66 0.66 0.65 0.64 0.63 0.64 0.66 0.67 0.67 0.67 0.67 
Table 13.11: Monthly Averaged Clear Sky Insolation Normalized Clearness Index (0 to 1.0) (NASA, n.d.) 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 



SSE 
HRZ 

6.82 6.04 5.08 3.71 2.73 2.25 2.48 3.29 4.42 5.62 6.39 6.91 4.63 

K 0.56 0.56 0.57 0.54 0.53 0.52 0.53 0.54 0.55 0.56 0.55 0.56 0.55 
Diffuse 2.38 2.08 1.61 1.21 0.89 0.76 0.82 1.07 1.46 1.90 2.31 2.48 1.58 
Direct 6.65 6.13 5.84 4.90 4.32 3.90 4.15 4.68 5.25 5.89 6.14 6.60 5.37 
Tilt 0 6.78 6.01 5.00 3.68 2.68 2.23 2.45 3.19 4.37 5.48 6.36 6.86 4.58 
Tilt 20 6.61 6.13 5.50 4.44 3.54 3.11 3.33 3.98 4.96 5.75 6.26 6.61 5.01 
Tilt 35 6.10 5.86 5.55 4.75 3.97 3.57 3.79 4.32 5.11 5.61 5.83 6.05 5.04 
Tilt 50 5.30 5.31 5.30 4.79 4.17 3.83 4.03 4.43 4.98 5.19 5.13 5.20 4.80 
Tilt 90 2.56 2.90 3.42 3.69 3.57 3.45 3.56 3.55 3.46 2.95 2.57 2.46 3.18 
OPT 6.79 6.15 5.57 4.81 4.18 3.88 4.07 4.43 5.11 5.75 6.39 6.86 5.33 
OPT 
ANG 

4.00 14.0 30.0 45.0 55.0 60.0 58.0 49.0 36.0 20.0 7.00 2.00 31.7 

Table 13.12: Monthly Averaged Radiation Incident On An Equator-Pointed Tilted Surface (kWh/m
2
/day) (NASA, n.d.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

SSE 
MIN 

5.71 5.03 3.94 3.01 2.36 1.87 2.17 2.89 3.88 4.94 5.30 5.69 3.89 

K 0.47 0.46 0.44 0.44 0.46 0.43 0.46 0.48 0.48 0.49 0.45 0.46 0.46 
Diffuse 2.59 2.27 1.83 1.34 0.97 0.82 0.88 1.15 1.58 2.05 2.49 2.68 1.72 
Direct 5.48 4.93 4.26 3.99 3.64 3.26 3.67 4.25 4.55 5.35 5.07 5.19 4.47 
Tilt 0 5.68 5.01 3.88 2.99 2.32 1.85 2.14 2.80 3.84 4.82 5.27 5.65 3.85 
Tilt 20 5.54 5.08 4.16 3.48 2.96 2.45 2.82 3.41 4.28 5.01 5.19 5.47 4.15 



Tilt 35 5.15 4.86 4.15 3.65 3.26 2.76 3.16 3.66 4.37 4.88 4.86 5.04 4.15 
Tilt 50 4.52 4.41 3.94 3.64 3.39 2.92 3.33 3.72 4.25 4.51 4.32 4.40 3.94 
Tilt 90 2.35 2.52 2.58 2.76 2.86 2.58 2.89 2.95 2.95 2.63 2.31 2.27 2.64 
OPT 5.69 5.10 4.18 3.67 3.40 2.94 3.34 3.72 4.37 5.01 5.29 5.65 4.36 
OPT 
ANG 

4.00 13.0 27.0 42.0 53.0 58.0 56.0 47.0 34.0 19.0 6.00 2.00 30.1 

Table 13.13: Minimum Radiation Incident On An Equator-pointed Tilted Surface (kWh/m
2
/day) (NASA, n.d.) 

Lat -
35.195  
Lon 
149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average 

SSE 
MAX 

7.78 6.74 5.64 4.36 2.99 2.66 2.83 3.83 4.86 6.55 7.52 7.77 5.28 

K 0.64 0.62 0.63 0.64 0.58 0.61 0.60 0.63 0.61 0.65 0.65 0.63 0.63 
Diffuse 2.04 1.85 1.41 0.97 0.81 0.62 0.70 0.87 1.31 1.56 1.93 2.20 1.35 
Direct 7.77 6.92 6.42 5.92 4.75 4.81 4.86 5.64 5.82 7.13 7.58 7.58 6.26 
Tilt 0 7.74 6.71 5.55 4.33 2.94 2.64 2.79 3.71 4.81 6.39 7.48 7.72 5.23 
Tilt 20 7.52 6.87 6.18 5.39 3.97 3.86 3.94 4.78 5.53 6.77 7.37 7.41 5.79 
Tilt 35 6.91 6.57 6.26 5.83 4.48 4.52 4.55 5.27 5.72 6.62 6.83 6.74 5.85 
Tilt 50 5.94 5.93 6.00 5.95 4.74 4.91 4.89 5.45 5.60 6.12 5.95 5.74 5.60 
Tilt 90 2.68 3.14 3.84 4.62 4.10 4.50 4.37 4.42 3.89 3.37 2.77 2.54 3.69 
OPT 7.75 6.89 6.27 5.95 4.77 5.01 4.95 5.45 5.72 6.77 7.52 7.72 6.23 
OPT 
ANG 

4.00 15.0 31.0 47.0 57.0 62.0 60.0 51.0 37.0 22.0 7.00 1.00 32.9 

Table 13.14: Maximum Radiation Incident On An Equator-pointed Tilted Surface (kWh/m
2
/day) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Min/1 day 6.59 12.7 3.93 10.7 8.79 12.4 21.3 16.4 17.4 7.47 11.8 8.82 
Min/3 day 23.8 28.1 35.8 31.6 39.5 26.0 33.7 34.2 40.4 25.4 28.2 32.7 
Min/7 day 55.3 43.9 55.3 54.3 54.3 47.5 52.3 53.4 63.2 63.2 48.7 48.8 
Min/14 day 73.8 68.1 61.0 65.8 64.3 67.3 67.9 66.6 74.4 77.7 65.1 61.9 
Min/21 day 77.2 80.1 63.7 76.7 81.1 75.3 77.1 70.0 78.9 83.2 71.1 70.4 
Min/Month 83.7 83.2 77.5 81.1 86.4 83.1 87.5 87.8 87.7 87.9 82.9 82.3 

Table 13.15: Minimum Available Insolation Over A Consecutive-day Period (%) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 day 6.37 5.27 4.88 3.31 2.49 1.97 1.95 2.75 3.65 5.20 5.63 6.30 
3 day 15.5 13.0 9.77 7.61 4.95 4.99 4.93 6.49 7.89 12.5 13.7 13.9 
7 day 21.3 23.7 15.8 11.8 8.73 8.25 8.27 10.7 11.3 14.4 22.9 24.7 
14 day 25.0 26.9 27.7 17.7 13.6 10.2 11.1 15.3 15.8 17.5 31.1 36.7 
21 day 32.5 25.1 38.7 18.1 10.8 11.6 11.8 20.6 19.5 19.7 38.6 42.8 
Month 34.4 28.2 35.3 21.0 11.4 11.4 9.61 12.4 16.1 21.0 32.6 37.8 

Table 13.16: Solar Radiation Deficits Below Expected Values Incident On A Horizontal Surface Over A Consecutive-day Period 
(kWh/m

2
) (NASA, n.d.) 



Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 day 0.93 0.87 0.96 0.89 0.91 0.87 0.78 0.83 0.82 0.92 0.88 0.91 
3 day 2.28 2.15 1.92 2.05 1.81 2.21 1.98 1.97 1.78 2.23 2.15 2.01 
7 day 3.12 3.92 3.12 3.19 3.19 3.67 3.33 3.25 2.57 2.57 3.58 3.57 
14 day 3.66 4.46 5.45 4.77 4.99 4.57 4.48 4.66 3.57 3.12 4.87 5.32 
21 day 4.77 4.17 7.61 4.89 3.95 5.18 4.79 6.27 4.42 3.51 6.05 6.20 
Month 5.04 4.68 6.95 5.66 4.20 5.06 3.87 3.76 3.66 3.75 5.11 5.47 

Table 13.17: Equivalent Number Of NO-SUN Or BLACK Days (days) (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Sum 

25-year 
Average 

88 74 35 6 0 0 0 0 1 8 29 60 301 

Table 13.18: Monthly Averaged Cooling Degree Days Above 18 °C (NASA, n.d.) 

Lat -35.195  
Lon 149.042 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Sum 

25-year 
Average 

13 14 40 98 205 283 328 294 198 126 71 29 1699 

Table 13.19: Monthly Averaged Heating Degree Days Below 18 °C (NASA, n.d.) 

 

 

 

 

 

 

 

 

13.4 Appendix 4: Trends in Demand 
Table 13.20 below summarise the characteristics of the NSW Residential Sector demand pattern during 
the periods of peak system demand. The patterns for the NSW Residential Sector at times of Peak 
Summer and Winter demand are shown in Figure 13.6 and Figure 13.7. 
 
Now, in 2004 (the year of publishing of the source for Table 13.20, Figure 13.6 and Figure 13.7) there 
were 6,720,800 people and 2,565,900 households in NSW (ABS, 2006). From this, the average household 
had 2.6193 people.  
 
For simplicity, the household with the business couple in Canberra will be modelled as an average NSW 
household, perhaps with minor adjustments such as an increase in heating loads in winter and a 
reduction in cooling loads in summer due to the cooler climate 



 

Table 13.20: Components of the NSW Residential Sector Electricity Demand at the Peak Summer and Winter System Demand 
levels (EMET/MEU, 2004) 

 

Figure 13.6: NSW Residential Sector – demand variation over a typical summer day (EMET/MEU, 2004) 



 

Figure 13.7: NSW Residential Sector – demand variation over a typical winter day (EMET/MEU, 2004) 

 

 

 

13.5 Appendix 5: Installation & Safety 

13.5.1 Installation 
Chapter 3 of “Introduction to Photovoltaic installations” gives a general overview of the installation 

process 

(http://books.google.com.au/books?id=jtmZngfLx7oC&pg=PA48&lpg=PA48&dq=PV+battery+enclosure

&source=bl&ots=MlxE0Yjn2m&sig=YBNoCL1JnLGp7WDGhjBE0wNOT04&hl=en&sa=X&ei=6bJZU9OCNIr4

kAXqlYDQCw&ved=0CGIQ6AEwCg#v=onepage&q=PV%20battery%20enclosure&f=false). 

An installation checklist from the above source is shown below: 

http://books.google.com.au/books?id=jtmZngfLx7oC&pg=PA48&lpg=PA48&dq=PV+battery+enclosure&source=bl&ots=MlxE0Yjn2m&sig=YBNoCL1JnLGp7WDGhjBE0wNOT04&hl=en&sa=X&ei=6bJZU9OCNIr4kAXqlYDQCw&ved=0CGIQ6AEwCg#v=onepage&q=PV%20battery%20enclosure&f=false
http://books.google.com.au/books?id=jtmZngfLx7oC&pg=PA48&lpg=PA48&dq=PV+battery+enclosure&source=bl&ots=MlxE0Yjn2m&sig=YBNoCL1JnLGp7WDGhjBE0wNOT04&hl=en&sa=X&ei=6bJZU9OCNIr4kAXqlYDQCw&ved=0CGIQ6AEwCg#v=onepage&q=PV%20battery%20enclosure&f=false
http://books.google.com.au/books?id=jtmZngfLx7oC&pg=PA48&lpg=PA48&dq=PV+battery+enclosure&source=bl&ots=MlxE0Yjn2m&sig=YBNoCL1JnLGp7WDGhjBE0wNOT04&hl=en&sa=X&ei=6bJZU9OCNIr4kAXqlYDQCw&ved=0CGIQ6AEwCg#v=onepage&q=PV%20battery%20enclosure&f=false


 



 

 



 

 

 

 

 



13.5.2 Safety 

13.5.2.1 Earthing 

PV module and mounting frame earth connections are to be a purpose-made fitting providing earthing or 
bonding connections or purpose-made penetrating washers or equivalent between the PV modules and 
mounting frame for the connection of dissimilar metals purpose-made fittings are installed to 
manufacturer’s instructions. (Clause 4.4.2.2)  
• Cable lugs, earthing termination and bonding cables are to be fixed by stainless steel bolts, washers and 
penetrating washers to aluminium frames. (Clause 4.4.2.2) AS/NZS 5033:2012 – Amendments 
Page 3 of 5  
 Latest version: August 2012  
• Earthing or bonding connections MUST BE arranged so that the removal of a single module earth 
connection will not affect the continuity of the earthing or bonding connections to any other module. 
(Clauses 4.4.2.2 & 4.4.2.3)  
• Self-tapping screws cannot be used for earth connections to the PV array framework. (Clause 4.4.2.2).  
Disconnecting Devices 

13.5.2.2 Disconnecting Devices 

• An isolating / disconnection device shall be installed at the array if the PCE is more than 3 metres from 
the array. (Clause 4.4.1.4)  
• An isolating / disconnection device shall be installed adjacent to the PCE. (Clause 4.4.1.4)  
• Disconnection devices will be not be polarity sensitive and must operate in all active conductors. (Clause 
4.3.5.2)  
• If circuit breakers are used they are not to be polarity sensitive and must be rated to interrupt the full 
load when operated and have a voltage rating greater than VOC. (Clauses 4.3.1 & 4.3.4)  
• Be certified to AS/NZ 60898 or IEC 60947. (Clause 4.3.5.2)  
• All PV array switch-disconnectors are readily available (Clause 4.4.1.4) and are to be marked with an 
identification name or number according to the PV array wiring diagram and have clear indication of 
isolation position off and on e.g. O and I. (Clause 5.5.1)  
• When the PCE has an internal means to isolate the solar array this switch-disconnector shall be 
mechanically interlocked so that it will isolate the array if repair or replaceable of a module is to be 
carried out within the PCE. (Clause 4.4.1.2)  
• Where multiple disconnection devices are installed they are either - ganged so that they all operate 
simultaneously. Or shall be grouped in a common location with a warning sign indicating the need to 
operate all switch-disconnectors to isolate the equipment. (Clause 4.4.1.3).  

13.5.2.3 Wiring 

All PV wiring and components must be fit for purpose and installed to minimise exposure to detrimental 
environmental effects, (Clause 4.1) are protected from abrasion, tension, compression & cutting forces 
and are routed, supported and protected in accordance with AS/NZS 3000. (Clause 4.3.6.3)  
• PV array cabling is to be double insulated (Clause 3.2) and be flexible (multi strand) to allow for 
movement. (Clause 4.3.6.2) AND meet PV1-F specification and be tinned copper to reduce degradation of 
the cable over time. (Clause 4.3.6.2) TPS cable is not permitted.  
• PV cabling must be identified with a permanent, indelible marking in English or coloured “SOLAR” labels 
attached at intervals of not more than 2 metres. When the PV cable is enclosed in conduit or other wiring 
enclosure a coloured “SOLAR” label must be attached at each end of the wiring enclosure and at each 
change of direction. (Clause 5.3.1)  
• The solar array to inverter solar DC cables within buildings has to be in heavy duty plastic conduit. 
(Clause 4.3.6.3) 



13.6 Appendix 5: System Options & Pricing 

13.6.1 Module Selection 

 
Figure 13.8: PV-Syst 1, Orientation 

 

Figure 13.9: PV-Syst 2, Orientation at Wagga Wagga 



 

Figure 13.10: PV-Syst 3, Selections 

 

 

 

 

 

 

 

 



13.6.2 Pricing 

The following section details a range of different options for panels and inverters (Table 13.21, Table 
13.22, and Table 13.23). Please note that these prices are with after government rebates (which apply for 
new installations). Other surcharges that may incur are:  
 

 Double storey ($200);  

 The location of the property is over 100 km away from a Sydney metropolitan area ($1/km).  

 A meter box components upgrade (+$20 to +$400) - the charge for the meter box upgrade (if 
any, which is uncommon)  

 
System prices include mounting, a connector and cables, a circuit breaker; a DC isolator, system 
installation and net meter installation 

 Panel Brand (row 
header) 

München Yingli 

 Inverter Brand (row 
header) 

JFY Sungrow SMA JFY Sungrow SMA 

System 
Size 
(kW) 

5 6.5  7.5 7  8 

4 5.2 5.6 6 5.6 6 6.4 

3.5 4.55   4.9   

3 3.9 4.2 4.5 4.2 4.5 4.8 

2.5 3.25 3.5  3.5 3.75  

2 2.6  3 2.8  3.2 

1.5 1.95 2.1 2.25 2.1 2.25 2.4 
Table 13.21: Prices ($’000, GST inc.) for system options with München and Yingli panels



 

 

 Panel Brand (row 
header) 

German Solar Canadian Solar 

 Inverter Brand 
(row  header) 

Samil Delta 
Solivia 

K Star Power 
One 

SMA Samil Delta 
Solivia 

K Star Power 
One 

SMA 

System 
Size 
(kW) 

5 6.95  7.45 7.90 7.10 7.35  7.85 8.30 7.25 

4   6.10 6.40 5.70   6.45 6.70 5.85 

3.5  4.50 5.45    4.80 5.70   

3 4.35 3.90 4.90 5.25 4.35 4.60 4.15 5.15 5.50 4.50 

2.5 3.70   4.40  3.85   4.55  

2  2.75 2.85 3.60 2.90  2.90 3.00 3.75 2.95 

1.5    2.90 2.25    3.00 2.30 
Table 13.22: Prices ($’000, GST inc.) for system options with German Solar and Canadian Solar panels 

 Panel Brand 
(row header) 

Trina LG 

 Inverter Brand 
(row header) 

Samil Delta 
Solivia 

K Star Power One SMA Samil Delta 
Solivia 

K Star Power 
One 

SMA 

System 
Size 
(kW) 

5 7.50  8.05 8.45 7.85 8.10  8.60 9.05 8.25 

4   6.60 6.85 6.35   7.05 7.30 6.65 

3.5  4.90 5.85    5.30 6.25   

3 4.70 4.25 5.25 5.60 4.85 5.05 4.60 5.60 5.95 5.40 

2.5 3.95   4.65  4.25   4.95 4.50 

2  2.95 3.10 3.85 3.20  3.20 3.35 4.05 3.70 

1.5    3.05 2.45    3.25 2.95 
Table 13.23: Prices ($'000s, GST inc.) for system options with Trina and LG panels 

 

 



 

13.7 Appendix 6: Seasonal Load-Generation Battery Profiles 

 

Figure 13.11: Summer Load – 1.5kW PV, 8kWh Battery 

 

 

 

 

 



 

Figure 13.12: Autumn Load - 1.5kW PV, kWh Battery 

 

 

 

 

 

 

 

 

 



 

Figure 13.13: Winter Load - 1.5kW PV, 8kWh Battery 

 

 

 

 

 



 

Figure 13.14: Winter Min. 1 Day Sunshine - 1.5kW PV, 8kWh Battery 

 

 

 

 

 

 



 

Figure 13.15: Spring Load - 6kW PV, 0kWh Battery 

 

 

 

 

-1000

0

1000

2000

3000

4000

5000

-1000

0

1000

2000

3000

4000

5000

6000

0000 0400 0800 1200 1600 2000 0000 0400

SO
C

 (
W

h
) 

P
o

w
er

 (
W

) 

Military time 

Spring load, 6.0 kW PV, 0 kWh battery profile 

PV Power (W)

Total load (W)

Desired Battery Power (W)

Battery Power (W)

Grid Export/ Import (W)

Desired battery SOC (Wh) (If not limited by
capacity)

Battery SOC at end of period (Wh)



 

Figure 13.16: Summer Load - 3kW PV, 8kWh Battery 

 

 

 

 

 



 

Figure 13.17: Autumn Load - 3kW PV, 8kWh Battery 

 

 

 

 



 

Figure 13.18: Winter Load - 3kW PV, 8kWh Battery 

 

 

 

 

 



 

Figure 13.19: Winter Min. 1 Day Sunshine - 3kW PV, 8kWh Battery 

 

 

 

 



Figure 13.20: Spring Load - 3kW PV, 8kWh Battery 

 

 


