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Introduction 

The Waiheke Resources Trust (WRT) has been a NZ Registered Charity since 30 June 2008. WRT 

works towards sustainability for Waiheke Island with the aim of showcasing Waiheke as a sustainable 

community in action. They work with individuals, households, businesses, schools and community 

groups by providing information and practical advice in a number of core areas: food waste, water 

conservation, energy, waste & recycling, transport and the natural environment. The concept that 

underpins their work is the importance of a healthy and thriving environment.  

This project is about researching, sourcing and installing a number of sustainable power initiatives on 

our new premise at the sustainability. Solène Culianez, the intern before me, did its project about the 

sustainability centre as well, she made a building inventory and an energy balance. With this 

information there is going to be research on what the options are to make the whole building 

greener and to reduce the footprint of our Sustainability Centre. 

The idea behind the project is to get the Waiheke Sustainability Centre to go energy neutral. This is 

one of the goals that we want to reach in the following 5 years. The Sustainability Centre is a 

Auckland Council owned building. WRT is 8 months into a 10 year lease, the lease is a 5year with the 

right to renew for 5 more years. The WRT has aligned themselves with the UN sustainability goals, 

energy and energy savings are the key principle and one of the mayor goals that we are working on. 

As the sustainability centre we want to be an example for the community and inspire the people to 

do the same. Getting our own centre energy neutral is a big first step we want to make.  

The Waiheke Sustainability Centre is positioned in a highly visible highly utilised community space. 

We seek to develop all energy solutions as working displays to educate the residents on Waiheke and 

all its visitors what is possible in a scalable way. We seek to utilise practice and approachable 

solutions as outlined in this paper.  
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1. Energy savings 
The Sustainability Centre can be improved on many points. The following points indicate to which 

there can be improved and how there can be improved. Before installing solar panels, some solutions 

are possible for reducing the energy consumption. Indeed, we always use more energy than is 

needed because of shortcomings in the design of the system. In this section, two main actions are 

proposed: firstly, reducing the peak power demand and secondly, modifying heat losses. For each 

proposed action, an explanation is given of how to realize it, where it will take place and what the 

effects are. The return on investment (ROI) is calculated to estimate when the investment will begin 

to return a profit. 

 

1.2. Suggestions to reduce the peak load 
In this part, three general steps allow the reduction of the peak load. 

 

Remove unnecessary loads  
In general, the removal of some appliances is the first solution for energy savings. In this case, they 

are all rather useful except the hand driers.  

 

• Action 1: 
To undertake this action, hiring an electrician will be necessary. A New Zealander electrician’s hourly 

charge out rates vary between $40.00 and $90.00 per hour + GST (in Auckland) (Hall, 2016). Because 

WRT is charitable trust board, Auckland Council is able to pay the electrician so it is not necessary to 

spend money. 

Action #1 Removing the hand driers 

How? Hire an electrician to remove it  

Effect? Reduce consumption by 288 kWh each year 

Total cost $0 

ROI1 After the removing 
Table 1 Action #1 

 

Replace appliances with lower peak demand 
For a lower peak demand several changes can be made. Including the lightning, heating and the 

boiler. 

 

• Action 2: 
Concerning the fluorescent lamps two brands are advocated: 

- FSL LED Tube T8 1.5m, 24 W, cost around $35 each (Light, 2016) 
- PHILIPS Master LED Tube T8 1.5m, 20 W, cost around $40 each (ReductionEvolution, 2016) 

 

 

 

                                                           
1 For calculating the ROI, the consumption reduction is first determined after the implementation of 
the action. Knowing the saved kilowatt-hours, the economies realised (benefits) are estimated 
multiplying by the cost of kilowatt-hour. The latter is worth about 0.26 $/kWh according to the bill 
provided by MERIDIAN, the power supplier. Then, the payback period is calculating dividing the total 
cost by the benefits. This approach is used for all the actions. 



They correspond to what can be found in the labour market but are just an example. 

Action #2 Replace existing lighting 

How? Replace the fluorescent lights with LED tubes low consumption 

Effect? At least a 65% gain – consumption reduced by 930 kWh each year. 

Total cost $770 or $880 

ROI 3 years 
Table 2 Action #2 

• Action 3: 
Also, bulbs can be changed with less powerful LED bulbs. Two brands are advocated: 

- FSL LED B22, 10W for $8 each (Light, 2016)  
- PHILIPS A60 series LED B22, 9.5W for $9.80 each (Thelightbulbshop, 2016)  

 

The same as the LED tubes, the two brands advocated are just a good example of what can be found 

on the market. 

Action #3 Replace existing lighting 

How? Replace the existing bulbs with LED bulbs low consumption 

Effect? At least a 50% gain – consumption reduced by 177 kWh or 182 kWh per year 

Total cost $80 or $98  

ROI 2 years 
Table 3 Action #3 

• Action 4: 
There is now one main kitchen hot water cylinder outside, this can be replaced with a small 70 litre 

under bench hot water cylinder that fits our needs and saves a lot of energy. A ‘Rheem 90l low 

pressure water heater’ (Bunnings, rheem) costs $808 and saves 102kWh each year, it also saves on 

heating in the winter. In the Ecostore is already a 70 litre cylinder present which can be used. This 

boiler can be used so no need to purchase a new one.  

The big boiler leads water to the kitchen and to the toilets. The warm water to the toilets is a waste 

of energy and is not required.  In the kitchen there is a Zip Manual Boiling Water Unit (Zip) for hot 

drinks. This one is keeping the water constant at a high temperature and can disappear too, this one 

can be replaced by a water cooker.  

Things that have to be done: 

- In the Ecostore, the little boiler has to be removed and the tap has to be connected to the 
cold water directly 

- The smaller boiler has to be installed near the kitchen, it will only be used there. The kitchen 
tap will be the only connection to the boiler. 

- The big boiler outside has to be dissembled. The cold water needs a T junction to the smaller 
boiler (inside) and to the toilets. 

Action #4 Replace boiler 

How? Replace outside cylinder for under bench hot water cylinder. 

Effect? Reduces the heating costs and the waste of warm water. 

Total cost   

ROI Smart meter needed to calculate 
Table 4 Action #4 

• Action 5: 
The heating during the winter is done by 2 heaters, each with a maximal power of 2000W , their daily 

use is 4h with an annual yearly consumption of 1760 kWh.  



To improve the heating and make it more sustainable the use of heat pumps will be a good idea. 

The office is the only room that has to be heated and is 93,1m³. 

There are different heat pumps that will fit on the wall, there has to be looked for the right size, 

price, efficiency and energy savings. 

Action #5 Place heat pump 

How? Place wall heat pump for most efficient heating. 

Effect? Reduces energy needed for heating the room. Saving of 1000kWh each year 

Total cost +- $2000 

ROI 8 years 
Table 5 Action #5 

Mitsubishi recommends a heat pump for the this size of room (Mitsubishi, 2017). The room needs 

6.1kW of heating, for the heating capacity of the 6.8kW heat pump the power input is 1,77kWh. 

The heating at the moment is done by electric heaters with a daily consumption of 24 kWh together. 

The annual consumption is 1760kWh. If the heat pump if on the same time as the heaters the annual 

consumption is: (1,77*4*110) 778,8kWh. (The amount probably is lower because of the efficiency / if 

the window insulation is installed the losses will be lower/ the winter temperatures are based on 20 

indoor 7 outdoor). This is a saving of  1000 kWh each year. 

 

Smart control 
• What are the benefits? 

The first benefit of having a smart meter is an accurate electricity bill. It allows the user to predict the 

demand for the next period using smart formulas built into the meters and historical demand data. A 

smart meter can reduce usage through load shedding. Sheddable loads are loads than can be easily 

turned off and restarted, without serious impact on processes or staff. For example, the modems or 

the water heater could be turned off at night. 

 

• Action 6 
According the power supplier, MERIDIAN, a smart meter upgrade costs nothing: they are working 

towards all their customers having a smart meter in order to get a better access on power usage 

information and regular updates. The import/export meter needed for solar panels will costs $300. 

Action #6 Monitoring the power usage – smart control 

How? Installing a smart meter or an import/export meter 

Effect? N/A 

Total cost $0 /$300 

ROI From the installation 
Table 6 Action #6 

Reducing heat losses - Insulation solutions 
As the climate is temperate on Waiheke, making energy efficient building design could be quite easy. 

If the building envelope of the centre (walls, roof, windows, and doors) is adequately insulated it 

should be able to avoid heating the centre for a large part of the year. But a high isolation could lead 

to an uncomfortably high temperature during the summer without adequate ventilation and shading. 

Finding a balance of all these elements would allow to gain in energy efficiency. Architects speak of 

‘bioclimatic’ design that creates a dynamic envelope able to keep the outdoor climate a comfortable 

and controllable indoor climate. 

 



The heating in the building is electric and the losses are huge because of open doors, single glazing, 

draughts, poor thermal insulation of walls. Because of the building stands alone, there are also more 

losses. Reducing these losses is essential before installing heating to avoid oversizing. 

 

Window insulation 

All the windows in the building are single glazed. That is a big energy waste, especially in the winter. 

To make them more efficient there are different options to insulate the windows. The insulating of 

the windows is taken as one of the priority’s for the building, this because it is an easy way to make 

the office more comfortable and energy efficient.  

 

There are different option to improve the windows of the building (Energywise, alternatives). The 

windows in the office come first and the windows in the lounge second. By looking for the right 

option the solution is found. The most effective, discrete and payable way to insulate is by window 

insulation film2. This kind of insulation has a couple of benefits: 

- Reduces the internal heat loss, this is 95% as effective as conventional double glaze panes; 
- Reduces excessive solar heat gain, reduce excessive solar energy by up to 26%; 
- Highly transparent, allows all daylight to reach the inside of our building; 
- Blocks 99% of UV radiation, reduces damage on interior; 
- Increased safety, provides a shatter proof barrier to reduce possible injury. 

The U-value from the single glazing will decrease from 4,8 to an U-value of 3,5 w/m²K with the 

window insulation film, that gives a R-value of 0,29.  

 

The new heatloss [Ht] in single glazing – wooden frame will go from 4,8 to 3,5 , that gives a saving to 

the outside (10.5m²) of 99W (375-276 W) and to the lower lounge it saves 10W (38-28 W), the 

outside temperature is set on 11,5 degrees, the inside on 17 and the wanted on 19 degrees. The heat 

savings times the cold season gives a saving off: 367 kWh heat loss each year true the windows. 

 

To compare the window insulation film with the only other option that is similar is to replace all the 

windows with double glazing. The average U-value of double glazing is +- 3,0 w/m²K 

(luchtdichtbouwen, u/r waarden). If all the windows in the office are getting replaced by double 

glazing the yearly energy savings will be a reduce of 510 kWh in heat loss.  

 

The window insulation film is delivered with a 50% discount, that brings it on $150 m².    

The insulation costs for the office and for the whole building have been calculated: 

- The office: m², costs   
The office has 10,5m² on single glazing to the outside and 3,95m² single glazing inside the office, that 

makes a total of: 14,45 m² and $2175. 

- The whole building: m², costs 
The whole building has the 14,45m² from the office and the 23,2m² with metal frame, that makes a 

total of: 37,65m² that need to be insulated with a cost of $5650. 

To start with the office, there will be saved 330 kWh a year on heating and the building gets a 

summer and winter thermal comfort. 

                                                           
2 For the window insulation film the Penjerex Window Insulation Film from Thermafilm (Thermafilm, penjerex) 
is used. There are different brands for window film, all with the needed benefits. The one from Thermafilm is 
chosen partly by the discount that is received on the film and the demonstration there will be given. 



 

• Action 7 

Action #7 Window insulation film 

How? Installing insulation film from Thermafilm  

Effect? Reduces heat loss, safety, UV radiation, excessive solar heat gain. 

Total cost $150 / m², $2175 for the office and $5650 for the whole building 

ROI Saves 330 kWh each year on heating,  +-25 years 
Table 7 Action #7 

1.3.  Improvements and new consumption 
All the solutions mentioned are listed here. The most are easy to implement and are profitable after 

two or three years. Table 8 recaps the cost and the energy saved for all the practicable actions except 

the implementation of the smart meter. An import/export meter will be used in the future after the 

installation of solar panels so a simple smart meter cannot be considered.  

 

 Cost Energy saving each year 

Action #1 $0 288 kWh 
Action #2 $770 930 kWh 
Action #3 $80 182 kWh 

Action #4   
Action #5 $2000 1000 kWh 
Action #7 $2175/$5650 330 kWh 
 $5035/$7510 2730 kWh 
Table 8 Summary of the actions with costs and energy savings each year 

Finally, investing to reduce energy consumption is appropriate for the organization. The cost is 

reasonable and could be lower with the help of the Council. Moreover, it shows the local community 

how easy it is to make energy savings and be an example. By implementing the different actions, the 

total annual consumption will be 5 670 kWh instead of 8 400 kWh. 

 

1.4. Future consumption  
For making substantial energy savings, heating the office is the best solution instead of heating the 

whole building, since much of it is often empty. To determine the heating requirements for the 

office, the same method than previously is used considering the same heating regulation: 1000 hours 

per year (Mondays to Fridays, 7am – 5pm) at  20°C. 

 

 
Source 

Energy per year [kWh]     
Old situation 

Energy per year 
[kWh] New situation 

Current estimation without heating 5 550 4 150 
Heating requirements 2 850 1 520 
Total 8 400 5 670 
Table 9 Future consumption 

 

By considering WRT will take the actions to make energy savings, the future annual consumption will 

be around 5 670 kWh per year. The consumption is based on the same heating time as before, in 

practice the consumption will be lower because of the efficiency of the heat pump and the lower 

heat losses. 



2. Solar panels 
Depending on the actions that have been executed the amount of energy can be established. From 

here the amount of energy produced by solar panels and the amount of solar panels can be 

determined.  

2.1. Available space and positioning of the panels 
Evaluating the roof area is necessary to know if the system is adapted to the installation on the roof. 

Several elements are considered like the direction, the gradient and the distance between the rows 

of panels to respect. 

 

To carry out future simulations, three types of panels from the company AA SOLAR (AASolar, 2016) in 

Auckland will be used. This panels are just an example of what is in the market. 

 

 

 

• Direction and gradient:  
For the orientation, the best would be a northern orientation. Nevertheless, because the building is 

already built and in order to have the panels aligned to the structure, these latter will be oriented at 

10° to the North. 

 

Concerning the gradient or the tilt angle, the optimal value is an angle equal to your latitude relative 

to the horizontal. However, the yield may be more interesting by using the ideal angle in summer 

and winter. The panels produce more in summer by reducing the angle and produce more in winter 

by increasing it. The ideal angles to the ground for solar collectors in Waiheke are the latitude 36°, 

the summer angle 27° and the winter angle 52°. Nonetheless, the roof is not horizontal and has a 

slope of 10° that is faced to the south and has to be considered during the installation. For this 

reason, the solar panels fitted directly on the roof will be excluded for this building. 

 

• Distance between the rows of panels: 
The distance L to respect between two rows must be determined to avoid the loss of efficiency 

caused by the shading. We consider the panels are used in portrait format, they have a differing 

ratios of length to width, depending on the model. A collector will receive the entire irradiation for a 

sun angle of 30° (corresponding to 20° relative to the roof). 

By trigonometry, in formula 1 will be applied as a function of ∝, the tilt angle relative to the roof. The 

slope of 10° is considered for the calculations and added to the ideal angles to the ground. 

 

 

Solar panels  AAS – 200W 
Monocrystalline 

AAS – 250W 
Polycrystalline 

AAS – 250W 
Monocrystalline 

AAS – 310W 
Monocrystalline 

   Length (m) 1.580 1.640 1.640 1.958 
Width (m) 0.808 0.992 0.992 0.992 
Area (m2) 1.28 1.63 1.63 1.94 
Cost per unit 
($) 

299 288 329 399 

Table 10 Solar panels specifications 



With formula 1 distance between the rows of panels on the roof have been calculated. 

 

Formula 1:   𝐿 = 𝑙𝑐𝑜𝑠(∝) +
𝑙𝑠𝑖𝑛 (∝)

tan  (20°)
 

 

 

 

 

 

 

 

• Lay-out 
Knowing all the dimensions, the maximal number of solar captors can be determined. They are 

spaced 5cm due to bindings. A circulation of 1m all around must be respected to allow maintenance 

to work properly and safe. The solar panels will be installed above the upper lounge and the kitchen, 

the other places should be avoided because of the shade of trees or other obstacles.  

 

Concerning the captors AAS – 200W (0.8m in width), it is possible to put 15 panels above the lounge 

and 4 above the kitchen. For the captors AAS – 250W and AAS – 310 W (0.99 in width), 12 panels are 

possible to install above the lounge and 3 above the kitchen. The following blueprints show the 

arrangement of the panels.  

 

 

 

 

Finally, the maximum number of solar panels is known with the associated system size. These 

parameters can change and are just an example of what could be used. 

In light of the system size and the cost, the AAS – 200 W solar panels are not recommended. 

 

Table 11: Distance between the rows of panels 

Tilt angle ∝   37° 46° 62° 

L(m) AAS – 200W 3.87 4.22 4.57 
L(m) AAS – 250W 4.02 4.38 4.74 
L(m) AAS – 310 W 4.80 5.23 5.67 

Solar panels  AAS – 200W 
Mono 

AAS – 250W 
Poly 

AAS – 250W 
Mono 

AAS – 310W 
Mono 

Maximal number 19 15 15 15 
System size (kW) 3.8 3.75 3.75 4.65 
Total area (m2) 24.32 24.45 24.45 29.1 
Total cost ($) 5 700 4 320 4 900 6 000 

Table 12: Comparison between the panels 



2.2. Determination of the system size 
In this part, the minimum peak power of the photovoltaic field is calculated from the calculation of 

daily consumption and solar radiation data. 

 

Figure 1 Positions of the panels (AAS-250W and AAS-300W) 

  



The luminous power at STC conditions is 1 kW/m2 and the performance ratio is considered at 0.8 

because the captors are ventilated. By following the formula 2, the minimum peak load necessary for 

each month can be calculated 

Formula 2:   𝑷𝒆𝒂𝒌 𝒍𝒐𝒂𝒅[𝐤𝐖] ≥

                                                          
𝑫𝒂𝒊𝒍𝒚 𝒆𝒏𝒆𝒓𝒈𝒚 𝒄𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏[𝐤𝐖𝐡/𝐝𝐚𝐲]× 𝑳𝒖𝒎𝒊𝒏𝒐𝒖𝒔 𝒑𝒐𝒘𝒆𝒓 𝒂𝒕 𝑺𝑻𝑪 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒔[𝐤𝐖/𝐦𝟐]

𝑫𝒂𝒊𝒍𝒚 𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆 𝒗𝒂𝒍𝒖𝒆[𝐤𝐖𝐡/𝐦𝟐/𝐝𝐚𝐲]×𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝒓𝒂𝒕𝒊𝒐
 

 

 

According to the table, the minimal peak load must be 2.5 kW but it is not sufficient for winter month 

so, the higher the peak load will be, the higher the production should be. Finally, the system size 

should be between 2.5W and 5W for the estimated consumption. 

 

Appendix 1 contains the further information about the solar panel system and what is needed. With 

the AAS-250W Polycrystalline a row of 14 Solar panels can be made. This will contain an area of 

22,80m² solar panels with a system size of 3,75kW.  The system cost $4 320 for the panels, the costs 

of the materials like an inverter and man-hours have to be added.  

Months Daily energy 
consumption 

[kWh/day] 

Daily irradiance  
Value 

[kWh/m2/day]  

Minimal peak load 
[kW] 

 

January  12 5.8 2.6 
February 12 5.54 2.7 

March 12 5.1 3.2 
April 11 4.27 3.2 
May 11 3.47 4 
June 12 3.14 4.8 
July 12 3.39 4.4 

August 12 3.82 3.9 
September 12 4.63 3.2 

October 12 4.92 3 
November 11 5.41 2.5 
December 12 5.57 2.7 

Table 13: Minimal peak load for each month 



Conclusion 
The 8 actions that have been discussed in order to make the Sustainability Centre more energy 

neutral have to be funded and executed. For the actions to make the building more energy efficient 

is about $5 000 - $7 510 needed. To produce our own solar energy there are $4500 + 

material/installation costs needed. 

 

The Sustainability Centre has a deep connection to the community through its hire to the public and 

its use by many community groups and organisations. The Waiheke Resources Trust manages the site 

and brings another level of community engagement and expertise linking with the United Nation 

Sustainability Goals. These goals and aspirations can be significantly increased in saturation and 

uptake to the community through funding to support the efficiency and energy balance of this 

centre.   
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Appendix 1  Sizing of the system  

First sizing of the system – One row of 250W Polycrystalline 
For the first sizing, only one row of twelve solar panels is considered, AAS – 250W Polycrystalline. In 

order to simplify the initial calculations, assume that each panel produces the same voltage and is 

subjected to the same solar radiation. The features for the solar panels are detailed in the following 

table.  

 

 

 

 

 

 

 

 

 

Sizing of the direct current part of the system 
The electricity from the solar panels is in the form of direct current.  

 

• The inverter 
First of all, the inverter is sized. A photovoltaic inverter must perform essential functions in a PV 

system connected to the grid: 

- The conversion of the continuous current and voltage into alternating current and voltage 
compatible with the grid (residential voltage = 230V and frequency = 50 Hz) 

- The search for the maximum power point of the photovoltaic field. For this purpose, 
electronic devices are integrated into inverters called MPPT (Maximum Power Point Tracker) 

- The decoupling protection is installed to interrupt operation of panels during a fault on the 
network. It is a safety requirement to protect individuals who may be working on the system 

  

Solar panels  AAS – 250W 
Polycrystalline 

Max. Power at STC (PMAX) 250W 
System size 3kW 
Short-circuit current (ISC) 8.85A 
Current at PMAX (IMPP) 8.2A 
Open-circuit voltage (VOC) 37.4V 
Voltage at PMAX (VMPP) 30.5V 

Table 14 Solar panel electrical specifications 



 

The inverter Sofar 3000TL is adapted for this system and has the following features:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To evaluate if the inverter is 

compatible, the maximum number of 

solar panels possible is determined 

by the following calculations 

including VMAX, VOC, IMAX and ISC.  

 

 
 

- Maximum number of solar panels in series:  
𝑉𝑀𝐴𝑋

𝑉𝑂𝐶
= 14 

- Maximum number of rows: 
𝐼𝑀𝐴𝑋

𝐼𝑆𝐶
= 1 

 

So the row of 12 solar panels on the roof is compatible with the inverters and the features of the PV 

system are calculated: 

- 𝐼𝑆𝐶 = 1 × 8.85 = 8.85A   - 𝑉𝑂𝐶 = 12 × 37.4 = 448.8V 
 

- 𝐼𝑀𝑃𝑃 = 1 × 8.2 = 8.2A     - 𝑉𝑀𝑃𝑃 = 12 × 30.5 = 366V   
 

The short-circuit current of the system is lower than the maximum input current to the inverter and 

the open-circuit voltage of the system is lower than the maximum input voltage in the inverter. 

Furthermore, VMPP of the system is included in the MPPT voltage range. All the conditions are good, 

and the inverter can be used.  

 

The solar panels have a lifetime of 25 years and the inverter only between 8-12 years so, over the 

lifetime system, two inverters will be necessary. 

  

Solar inverter  Sofar 3000TL 

INPUT (DC)  
Max. Input Power 3000W 
Number of MPPT/String per MPPT 1/1 

Max. Input Voltage (VMAX) 550V 
Start-up input voltage 120V 
Rated input voltage 360V 
MPPT voltage range  100 – 550 V 
Full load DC voltage range 200 – 500 V 
Max. input current (IMAX) 15A 
OUTPUT (AC)  
Rated power 2900VA 
Max. AC power 2900VA 
Max AC Output current. 13A 
Nominal grid voltage 230V 
Grid voltage range 180 ∼ 270 V 
Nominal frequency 50/60 Hz 
Grid frequency range 47∼53 / 57∼63 Hz 
Grid connection Single phase 
EFFICIENCY  
Max. efficiency 97.2% 
Euro efficiency 96.5% 

Table 15 Inverter specifications 



• Cross-section of the cable 
According to the solar panels specifications, the area of the cross-section of the cable is 4mm2 but it 

can also be estimated too using the formula 3, which uses the resistivity of the cable and a 

permissible voltage drop to calculate the cross-sectional area S: 

 

Formula 3: 𝑺 =  
𝝆×𝑳×𝑰𝑴𝑷𝑷

𝜺 × 𝑽𝑴𝑷𝑷
 

 

Where, 

𝜌 = Cable resistivity (copper) = 0.023 Ω.mm2/m 

𝐿 = Cable length [m] 

𝐼𝑀𝑃𝑃 = Current at PMAX = 8.2A 

𝑉𝑀𝑃𝑃 = Voltage at PMAX = 366V 

𝜀 = Voltage drop = 1% 

 

Having a correct section for cables allows a voltage drop lower than 1% at MPP. With a cable length 

of 20 meters, the section of the cable must be about 1mm2 namely 2mm2 because two wires are 

present. So the section of the cable is suitable and will be 4mm2. 

 

• Other components 
Others components are used: fuses and surge protectors. The fuses protect the solar panels against 

risks of excessive current. On the DC side, these appear in the form of return current. When they are 

significant, the return currents can damage the solar panels. Generally, these latter can withstand a 

maximum direct current equal to 2Isc, being 17.7A.  

Then, when the current is too high due to lightning, the current flows through the surge protector 

that is installed close the inverter. Also load interrupters (or switch disconnectors) are installed on 

either side of the inverter for security. 

 

• Electrical circuit 
Following the DC part of the electrical circuit. 

 

Figure 2 DC part of the electrical circuit 



Sizing of the alternating current part of the system 
This part of the circuit is in the form of alternating current and the building has a three-phase meter.  

 

• Circuit breaker 
In an electrical installation, abnormal electric currents may appear. The circuit breaker is used to 

switch off the system when these currents appear. The appearance of these currents is due to: 

overload and short circuit. 

 

Two circuit breaker technologies exist: 

- Thermal breakers: They protect against prolonged overloads which cause heating. It is not 
effective against surges. 

- Magnetic breakers: They protect, with controllable accuracy, against short surges. 
A magneto thermal circuit breaker is a circuit breaker combining both types and is used upstream of 

the inverter. The rated maximum current of the circuit-breaker must be greater than the maximum 

current of the inverter, being 15A. 

 

• Other components 
Other components are used like an earth leakage detector. It detects when the neutral cable is 

disconnected to the earth cable allowing protection against indirect contacts by automatic shutdown 

of the associated circuit. It can be integrated into the circuit breaker or a switch and is installed 

downstream of the general control and protection equipment and is adapted to the inverter. 
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