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Matakohe Limestone Island 
A report on the use and capacity of the off-the-grid solar system 

 

Introduction 
Limestone Island is a small island in the Whangarei harbour, located near Onerahi. As the island is 
isolated from the introduced predators of the mainland, the island is important in conservation 
efforts, including running a kiwi-breeding program. 
 
The island is several hundred meters offshore, so getting power to the ranger that lives on the 
island is a challenge. To help with this issue, Northpower collaborated with Hubands Energy to 
replace the aging and undersized PV solar system at the ranger’s house. While the ranger’s house 
on the island previously had a solar system, it was very crude and did not meet the ranger’s needs 
or monitor performance. 
 

 
 
Northpower and Hubands configured solar panels in two strings, each with 8 panels, giving a total 
solar capacity of 4.56kW connected to a Fronius 5kW inverter. The solar inverter connects the solar 
panel to the Low Voltage AC system and runs in parallel with the Selectronics battery 
inverter/charger. The battery bank consists of five 3.3kWh 48 Volt lithium-ion battery pack giving a 
total 16.5kWh of storage. The battery inverter/charger and the solar inverter/charger work together 
and communicate via a dedicated communication cable. There is a 7kVA Honda petrol generator 
as a back-up for extended periods of low production from the solar panels, such as a cloudy period 
lasting several days. This is set to run for 15 minutes once a week (every Wednesday) for test runs. 
The generator will automatically start when the battery charge drops below a pre-set level of 30% 
state of charge (SoC) and will stop when the batteries reach a pre-set level of 72% SoC. 
 

 
 
While the new solar system is quite extensive, it currently does not provide power for hot water, 
space heating or a stove. These are high-energy demand appliances. It would be interesting to 
know if it could supply the house if all the ranger’s appliances were electrical. In this report, we 
consider the impact of electrifying the household appliances and examining the feasibility of using 
solar in off grid applications. 
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The present electrical consumption for both winter and summer 
Note: Units used in this report for Energy Measured per Hour is kWh 
Solar – generated by the Solar Panels (kWh) 
Load – being consumed by the ranger (kWh) 
SoC (State of Charge) – Battery charge percentage (%) 
 

Winter Electrical Consumption 

Notes: Generator every Wednesday adds 1.2 kWh in generation. 
For this data, battery SoC starts at 99% and ends at 99% (recharged) 

 

01-Aug-2021 to 07-Aug-2021 
Solar 
(kWh) 

Load 
(kWh) 

Efficiency 
(%)  

Total (Weekly Usage with Generator) 20.26 18.04 89.04 

Total (Daily Usage with Generator) 2.89 2.58 89.04 

 
More efficient in winter as less solar is generated per consumption. 
 

Summer Electrical Consumption 

Notes: Generator every Wednesday adds 1.2 kWh in generation. 
For this data, battery SoC starts at 99% and ends at 99% (recharged) 
 

28-Nov-2021 to 04-Dec-2021 
Solar 
(kWh) 

Load 
(kWh) 

Efficiency 
(%) 

Total (Weekly Usage with Generator) 29.73 25.28 85.03 

Total (Daily Usage with Generator) 4.25 3.611 85.03 

 
Less efficient in summer as more solar is generated per consumption. 
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The spare electrical capacity of the present system winter and summer 
 

 
Figure 1 Sample of Load Following on Limestone Island Energy System - Sept 2021 

Load Following occurs which is seen in Figure 1. As the batteries become fully charged, the solar 
output is reduced by the solar equipment so it does not over-charge the batteries and the solar 
inverter will regulate the solar output to match the load. 
 

Winter Spare Electrical Capacity (01 Aug 2021 – 07 Aug 2021): 
 

 
Figure 2 Limestone Island System - Energy Graph Winter 

 Notes: The total data includes the weekly generation test run at 1.2kWh. 
All these data used are under the condition when solar panels are active which are 
between 6:00 till 18:00 as beyond these times the solar generation drops to 0 so 
they become negligible. 
Scaled Up Photovoltaics (PV) data used are from Northpower PV Panels. 
 

(During Sunshine 
Hours 6:00-18:00) 

Solar 
(kWh) 

Load 
(kWh) 

Scaled Up 
PV1 (kWh 
* (4.56/2)) 

Scaled Up 
PV2 (kWh 
* (4.56/2)) 

Average 
Spare 

Capacity 
(kWh) 

Weekly Total: 
20.26 

 
8.05 

 
57.51 

 

59.29 
 

39.34 
 

Daily Total: 2.89 1.15 8.22 8.47 5.62 

 
The solar panels are not fully utilised due to load following present, resulting in having 
an average spare capacity of 39.34kWh weekly or 5.62kWh daily. 
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Summer Spare Electrical Capacity (28 Nov 2021 – 04 Dec 2021): 
 

 
Figure 3 Limestone Island System - Energy Graph Summer 

 
  

Notes: The total data includes the weekly generation test run at 1.2kWh. 
All these data used are under the condition when solar panels are active which are 
between 6:00 till 21:00 as beyond these times the solar generation drops to 0 so they 
become negligible 
Scaled Up Photovoltaics (PV) data used are from Northpower PV Panels 
 

(During Sunshine 
Hours 6:00-21:00) 

Solar 
(kWh) 

Load 
(kWh) 

Scaled 
Up PV1 
(kWh * 

(4.56/2)) 

Scaled 
Up PV2 
(kWh * 

(4.56/2)) 

Average 
Spare 

Capacity 
(kWh) 

Weekly Total: 
29.73 

 
15.30 

 
98.12 

 

90.89 
 

65.97 
 

Daily Total: 4.25 2.19 14.02 12.99 9.42 

 
The solar panels are not fully utilised due to load following present, resulting in having 
an average spare capacity of 65.97 kWh weekly or 9.42 kWh daily. 
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Battery Endurance (Panels Running in at 20%) 
 

16.5kWh x 30% = 4.95kWh (30% of the Battery before Generator Starts Running) 
 
16.5 – 4.95 = 11.55 kWh (Allotted kWh for Battery to operate without Solar (70%)) 
 

18.040 kWh 

7 days
 = 2.58kWh per day (winter) 

11.55 kWh 

2.5771 kWh per day
 = 4.48 days 

 
25.280 kWh

7 days
 = 3.61kWh per day (summer) 

11.55 kWh 

3.6114 kWh per day
 = 3.20 days 

 
The battery bank consists of five 3.3kWh 48 Volt lithium-ion battery pack giving a total 16.5kWh of 
storage. The generator will then automatically start when the battery charge drops below a pre-set 
level of 30% state of charge (SoC). The battery would need to drop to 4.95kWh to have the 
generator be operational. This leaves 11.55kWh of electricity to provide to the Limestone Island 
house from the battery itself, without the solar panels being able to charge up the battery. It would 
last around 4.48 days in winter and 3.20 days in summer. It becomes shorter in summer as there 
is a higher load usage compared to winter based on the data collected.  
 
Note: It is assumed here the panels are not generating any solar, to test how long it would run 
before the generator sets in. In reality, solar would still be running around at 5-20% of their full 
normal output on a cloudy/rainy day (days with poor solar generation). 
 

Battery Capacity with Poor Solar Generation 
Different weather relates to battery charge and capacity as well as use of the generator. It varies 
on days with lower solar generation (PV output on cloudy/rainy days reduces solar generation to 
around 5 – 20%) resulting in it taking longer to fully charge the battery. This is shown in Figure 4 
(partly recovering during daytime). 
Additional loads lead to larger gaps between recharging the battery, which is why an increase in 
load usage could mean insufficient PV system capacity. Upgrades in the system are necessary to 
generate more supply that the load demands. These upgrades vary depending on availability of 
location and costs.  

 

 
Figure 4 Limestone Island 11-July-2021 to 17-July-2021 (SoC Percentage) 

  



   
 

6 
 

Appliance Usage 
Below is a list of appliances and equipment that the ranger could be using on Limestone Island. 
Their usage is assumed based on research of similar appliances and will depend on the number 
of people living on the island, as well as their lifestyle. Some appliances are only used once a 
week (such as the dryer and washing machine) while the rest are assumed to be used daily. 

 

Appliance kW 
Runtime per day 

(hrs) 
Notes 

kWh per 
day 

kWh per 
week 

Fridge/ 
Freezer 

0.15 12.00 
(Cycles off and 

on) at full 
1.80 12.60 

Freezer 0.20 12.00 
(Cycles off and 

on) at full 
2.40 16.80 

Microwave  2.00 0.25  (15 mins) 0.50 3.50 

Electric 
Kettle 

2.00 0.10 (6 mins; 2 cycles) 0.20 1.40 

Washing 
Machine 

1.00 0.75 
(45 mins; per 

week) 
0.75 0.75 

Dryer 2.00 0.50 
(30 mins; per 

week) 
1.00 1.00 

Lighting 0.06 4.00  0.24 1.68 

Toaster 1.00 0.10  (6 mins; 2 cycles) 0.10 0.70 

Electric Fan 0.05 4.00  0.20 1.40 

TV 0.10 2.00  0.20 1.40 

Electronics 0.10 2.00  (Charging time) 0.20 1.40 

Total: 8.66   7.59 42.63 

 
Notes: kWh per day total is with the inclusion of the washing machine and dryer during that day 
but it is only normally run at least once a week or varying upon the ranger’s usage. 
Usage times are based on assumptions on what appliances the ranger would typically use for a 
certain period on the island. 

 

Estimation of Energy Usage and Peak Demand of Electric Hot Water and 
Stove 
Currently the ranger on Limestone Island uses gas to power the hot water cylinder and stove. We 
have insufficient data to determine exact gas consumption on the island, so we used similar data 
from households using electric for both hot water cylinders and stove for further investigation of 
swapping gas to electric. In terms of hot water consumption, the data used is from a family of two. 
For an electric stove, data is assumed based on general appliance power consumption along with 
the alternative use of an induction cooktop with a small wall oven. 
 

Hot Water Cylinder 
A hot water cylinder uses electricity to heat a column of hot water for household use. In a typical 
New Zealand household, hot water heating comprises 28% of household energy usage according 
to the Energy Efficiency and Conservation Authority1. Therefore, migrating gas hot water heating 
to electric powered by solar panels will be a challenge. To migrate away from the usage of natural 
gas there are several alternatives: an electric hot water cylinder, solar water heating, electric 
showers, and hot water heat pump. 
 

                                                           
1 https://www.eeca.govt.nz/regulations/regulatory-requirements-under-review/hot-water-
systems/#:~:text=Hot%20water%20makes%20up%2023,and%2028%25%20in%20New%20Zealand. 
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Electric Hot Water Cylinder 
Installing an electric hot water cylinder is the simplest and most cost-effective but it is the least 
energy efficient. One crucial factor of hot water heating is that usage varies depending on the time 
of year, peaking in winter, and declining in summer. 
The below is from real-world data (using a 180L hot water cylinder) over two months of summer 
(20th November 2021 to 21st December 2021 and 21st December 2021 to 22nd January 2021) and 
two months of winter (21st May 2021 to 21st June 2021 and 22nd June 2021 to 21st July 2021).  

 

 Dates kWh per 
Month 

kWh per 
Week 

kWh 
per 
Day 

Average 
kWh per 

Day 

Summer 
20th Nov 2021 to 21st Dec 2021 106.00 26.50 3.42 

3.24 
21st Dec 2021 to 22nd Jan 2021 95.00 23.75 3.06 

Winter 

21st May 2021 to 21st June 
2021 

136.00 34.00 4.39 

4.33 
22nd June 2021 to 21st July 

2021 
132.00 33.00 4.26 

 
On average, there is 3.24kWh of usage per day during summer and 4.33kWh of usage per day 
during winter. There is almost a 25% increase in usage in winter compared to summer, as people 
tend to use more hot water during winter periods. 
From the previous data on the current consumption (especially in winter), solar generation would 
not meet the load demand of adding a standard or large electric hot water cylinder, especially in 
winter without having to regularly use the generator. 
 
A modern hot water cylinder has between 2-3kW heating elements. On Limestone Island it would 
be preferable to have a 2kW heating element. If we were to swap the hot water cylinder to electric, 
we then have a choice of using the back-up generator or increasing the battery capacity, or a 
combination.  
 
From the analysis, running an electric hot water system using PV panels is not very practical. 

 

Hot Water Heat Pump 
Another option is to look at a heat pump hot water cylinder, which will use much less electricity but 
cost more to install. However, the saving may offset the cost of running the generator or adding 
more batteries. 
 
Using the kWh per Day data from the Hot Water Cylinder and dividing it with its Coefficient of 
Performance (CoP from Rinnai Hot Water Heat Pump) which varies depending on the outside 
temperature (20°C for summer and 10°C for winter), the kWh per Day for the Heat Pump could be 
determined as follows. 
 

 CoP kWh per Day for 
Hot Water 
Cylinder 

kWh per Day 
for Heat 
Pump 

kWh Difference 

Summer 3.0 (20°C) 3.24 1.08 2.16 

Winter 2.6 (10°C) 4.33 1.67 2.66 

 
3.24 𝑘𝑊ℎ

3.0
= 1.08 𝑘𝑊ℎ 𝑖𝑛 𝑆𝑢𝑚𝑚𝑒𝑟     ;      

4.33 𝑘𝑊ℎ

2.6
= 1.67 𝑘𝑊ℎ 𝑖𝑛 𝑊𝑖𝑛𝑡𝑒𝑟 

 
From this data the Hot Water Heat Pump runs more efficiently as it would be using less kWh 
compared to the Hot Water Cylinder regardless of the season. Typically, the heat pump hot water 
system would use no more electricity than a boost solar hot water system, particularly in winter. 
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Hot Water Heat Pump vs Hot Water Cylinder: 
Despite a Hot Water Heat Pump providing better efficiency compared to the Hot Water Cylinder, it 
also comes with its disadvantages. 
 

 Advantages Disadvantages 

 
 
 

Hot Water Cylinder 
(Electric) 

Can be installed either 
inside or outside 

Expensive running costs 
long-term 

Heating in off-peak times is 
more cost-effective 

If run on off-peak timing, a 
larger tank is required to 
store water for a whole 
day’s worth of usage 

Lower upfront costs, 
including purchase and 

installation 

Easy to install and reliable 

 
 

Hot Water Heat Pumps 
(Electric) 

More efficient conversion of 
energy to heat 

Usually installed outside and 
needs a well-ventilated area 

Booster options are 
available to assist on cold 

days or high demand times 

Costs more to purchase and 
install and has higher 

servicing costs 

Energy source is always 
available 

Compressor can be noisy 

 

There is also the option of solar hot water with an electric boost element. For Limestone Island that 
would mean removing some of PV panels to make room for the solar hot water panel (due to space 
constrictions) plus plumbing that is more complex. 
 

Electric Stove 
Limestone Island is currently using a gas stove but if it were to swap to an electric stove, it would 
require the off-grid system to fully supply this appliance and have sufficient power to keep the entire 
system running without going offline. It is assumed that the appliance would be used by the ranger 
is a 4-element electric stove with 2 small elements rated at 1kW, and the 2 larger elements rated 
at 2kW, along with a 2kW oven for baking and 1kW warming drawer. Totalling to a 9 kW electric 
stove. Its usage will vary depending on the ranger. Each element has thermostats or simmer-stats, 
which is why for estimation, different scenarios of duty cycles are used for diversity calculations.  
 
Each electric stove component’s usage has a certain duty cycle (50% duty cycle for fast cooking 
and 25% for slow cooking) pertaining to its thermostats and simmer-stats which are implemented 
to different scenarios placed below. 
 

Scenario A: Using 2 elements (1 large and 1 small) 
50% duty cycle for 1 large element for 30mins and 25% duty cycle for 1 small element for 1 hr 

 
Electric Stove 
Component 

Duty Cycle kW Runtime (hrs) kWh 

1 Large 
Element 

50% 2.0 0.5 0.50 

1 Small 
Element 

25% 1.0 1.0 0.25 

Total:  0.75 

 
(1 Large Element) 50% of 2kW = 1kW x 0.5h = 0.5kWh 
(1 Small Element) 25% of 1kW = 0.25kW x 1h = 0.25kWh 
Total = 0.5kWh + 0.25kWh = 0.75kWh 
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Scenario B: Using Oven with 1 small element 
25% duty cycle for oven for 2hrs and 25% duty cycle for 1 small element for 1hr 
 

Electric Stove 
Component 

Duty Cycle kW Runtime (hrs) kWh 

Oven 25% 2.0 0.5 1.00 

1 Small 
Element 

25% 1.0 1.0 0.25 

Total:  1.25 

 
(Oven) 25% of 2kW = 0.5kW x 2h = 1kWh 
(1 Small Element) 25% of 1kW = 0.25kW x 1h = 0.25kWh 
Total = 1kWh + 0.25kWh = 1.25kWh 
 

Scenario C: 75% of elements used (Oven, Warming Drawer, 1 Large and 1 Small element) 
50% duty cycle for 1 large element for 1hr and 50% duty cycle for warming drawer for 45mins and 
25% duty cycle for 1 small element and oven for 1hr 
 

Electric Stove 
Component 

Duty Cycle kW Runtime (hrs) kWh 

1 Large 
Element 

50% 2.0 1.00 1.00 

Warming 
Drawer 

50% 1.0 0.75 0.38 

1 Small 
Element 

25% 1.0 1.00 0.25 

Oven 25% 2.0 1.00 0.50 

Total:  2.125 

 
(1 Large Element) 50% of 2kW = 1kW x 1h = 1kWh 
(Warming Drawer) 50% of 1kW = 0.5kW x 0.75h = 0.38kWh 
(1 Small Element) 25% of 1kW = 0.25kW x 1h = 0.25kWh 
(Oven) 25% of 2kW = 0.5kW x 1hr = 0.5kWh 
Total = 1kWh + 0.375kWh + 0.25kWh + 0.5kWh = 2.13kWh 
 

Scenario D: 100% of elements used (Oven, Warming Drawer, 2 Large and 2 Small element) 
50% duty cycle for 2 large elements for 45mins and 50% duty cycle for warming drawer for 1hr 
and 25% duty cycle for 2 small element and oven for 1hr 
 

Electric Stove 
Component 

Duty Cycle kW Runtime (hrs) kWh 

2 Large 
Element 

50% 4.0 0.75 1.5 

Warming 
Drawer 

50% 1.0 1.00 0.5 

2 Small 
Element 

25% 2.0 1.00 0.5 

Oven 25% 2.0 1.00 0.5 

Total:  3.0 

 

(2 Large Element) 50% * 4kW = 2kW * 0.75h = 1.5kWh 
(Warming Drawer) 50% * 1kW = 0.5kW * 1h = 0.5kWh 
(2 Small Element) 25% of 2kW = 0.5kW * 1h = 0.5kWh 
(Oven) 25% of 2kW = 0.5kW * 1hr = 0.5kWh 
Total = 1kWh + 0.5kWh + 0.5kWh + 0.5kWh = 3.0kWh 
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Scenario E: Induction Cooktop with Small Wall Oven 
Using an induction cooktop would be cheaper than an electric stove but might be limited to the 
functionalities that it can provide to the ranger. These could also vary depending on the ranger’s 
need. For an induction cooktop that contains 2 elements and is rated at 2.5kW (1 large element 
1.5kW and 1 small element 1kW) or a single element that is rated at 2kW. The additional 
installation of a small wall oven is  considered in terms of providing cooking alternatives, which is 
rated at 2kW.  
 
50% duty cycle for one large element and oven for 1hr and 25% duty cycle for 1 small element for 
1hr 
 

 Induction Cooktop  
Duty 
Cycle 

kW 
Runtime 

(hrs) 
kWh 

2 Element 
Cooktop 

1 Large Element 50% 1.5 1.00 1.00 
(Total) 1 Small Element 25% 1.0 1.00 

1 Element 
Cooktop 

1 Element 50% 2.0 1.25 1.25 

 Small Wall Oven 50% 1.5 1.00 0.75 

Both with 
Small Wall 

Oven 

Total (2 Elements):  1.75 

Total (Single Element):  2.00 

 
2 Element Cooktop: 
(1 Large Element + 1 Small Element) 50% of 1.5kW + 25% of 1kW = 0.75kW x 1h + 0.25kW x 1h 
= 0.75kWh + 0.25kWh = 1.00kWh (Total) 
1 Element Cooktop: 
(1 Large Element) 50% of 2kW = 1.00kW * 1.25h = 1.25kWh 
 
(Small Wall Oven) 50% * 1.5kW = 0.75kW * 1h = 0.75kWh 
 
Total (with Small Wall Oven; 2 Elements) = 1.00kWh + 0.75kWh = 1.75kWh 
Total (with Small Wall Oven; 1 Element) = 1.50kWh + 0.75kWh = 2.00kWh 
 
In terms of cost, an electric stove would be much more expensive and would consume more 
electricity compared to an induction cooktop with an additional small wall oven, but it has a lot more 
features that the ranger can use varying on the types of cooking they want to do.  
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Appliances Usage with an All-Electric House 
 
Notes: Average winter data is used since the highest load usage. 
Runtimes of each appliance are provided on previous calculations. 
 

Appliances kW Notes 
kWh per 

day 
kWh per 

week 

Current Appliances 
Used Total 

8.66 
kWh total with the inclusion 
of Washing Machine and 

Dryer running once a week 
7.59 42.63 

Electric Stove 9.00 

2 Large Elements (4.0kW); 
2 Small Elements (2.0kW); 
Warming Drawer (1.0kW); 

and Oven (2.0kW) 

2.13 (75% 
of Elements 

Used) 
14.88 

Induction (2 
Elements) Cooktop 
with Small Wall Oven 

4.00 
Induction Cooktop (2.5kW); 
Small Wall Oven (1.5kW) 

1.75 12.25 

Induction (1 Element) 
Cooktop with Small 
Wall Oven 

3.50 
Induction Cooktop (2.0kW); 
Small Wall Oven (1.5kW) 

2.00 14.00 

Hot Water Cylinder 2.00  4.33 30.31 

Hot Water Heat Pump 2.00  1.67 11.69 

     

Total (Combination 1): 19.66 

 

14.05 98.32 

Total (Combination 2): 19.66 11.39 79.70 

Total (Combination 3): 14.66 13.67 95.69 

Total (Combination 4): 14.66 11.01 77.07 

Total (Combination 5): 14.16 13.92 97.44 

Total (Combination 6): 14.16 11.26 78.82 

 
Combination 1: Electric Stove and Hot Water Cylinder 
Combination 2: Electric Stove and Hot Water Heat Pump 
Combination 3: Induction (2 elements) Cooktop with Small Wall Oven and Hot Water Cylinder 
Combination 4: Induction (2 elements) Cooktop with Small Wall Oven and Hot Water Heat Pump 
Combination 5: Induction (1 element) Cooktop with Small Wall Oven and Hot Water Cylinder 
Combination 6: Induction (1 element) Cooktop with Small Wall Oven and Hot Water Heat Pump 
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What Adding Extra Load Means 
If the ranger’s house on Limestone Island were to become an all-electric, off-grid house and the 
demand designed for it is around 12kW, the 5kW inverter then needs to be upgraded.  
 
From the table ‘Appliance Usage with an All-Electric House’ it can be seen that all combinations of 
cooking appliances (whether it may be an electric stove or an induction cooktop) where a Hot Water 
Heat Pump is used, consumes significantly less power. At most, including the use of heavy loads 
running at the same time (such as oven, washing machine and dryer) the kWh of the house 
increases and is around 11kWh, which is still within the limits of the 12kW inverter. Anything with 
an Electric Hot Water Cylinder exceeds the capacity of 12kW, which is why a Hot Water Heat Pump 
is the better alternative. 

 
The additional battery storage will be determined by the additional energy requirements. There is 
the option of using the generator and the batteries via the inverter together but that would mean 
running the generator whenever you were using multiple stove elements and hot water and 
effectively running the system on petrol. There is also the fact that the demand of these loads would 
exceed the inverter and back generator capacity. Plus the main switchboard would need to be 
upgraded. What we can do is look at the energy and demand requirements that these loads would 
place on Limestone Island and estimate the additional battery, PV panels required to factor in an 
inverter and back-up generation upgrade. 
 
The other complication is the house roof is full so we would need to find another location for any 
additional PV panels. 
 

Equipment Upgrades at Limestone Island 
1. Additional Battery Capacity from 16.5kWh to 72.9kWh (increase of 56.4kWh) 
Note: Data used (11.385 kWh and 4.482 days) are from previous calculations 
 

(11.39 kWh per day) x (4.48 days) = 51.028 kWh;          
51.028 kWh 

11.385 kWh per day
 = 4.48 days 

(Allotted kWh for Battery to operate without Solar is 70% so 100% - 30% = 70% or 0.7) 
 

x(100%) − x(30%) = 51.03 kWh;               x(1 − 0.3) = 51.03 kWh 
 

x =  
51.028 kWh

0.7
= 72.9 kWh −  16.5 kWh =  56.4 kWh additional capacity required 

 
Current Limestone Island Battery Capacity: 5 Powerplus 3.3kWh, 48V battery packs (Lithium 
Phosphate) = 16.5kWh. So for the additional 56.4 kWh capacity, it would require an additional 17 
Powerplus 3.3 kWh 48V battery packs (Lithium Phosphate). This lasts the ranger’s house for 
4.48 days without solar at peak load until the generator cuts in at 30% SoC.  

 
Here it is assumed the panels are not generating any solar to test how long it would run before the 
generator sets in. In reality, solar would still be running around at 5-20% of their full normal output 
on a cloudy/rainy day (days with poor solar generation). 

 

2. Additional PV Panels from 4.56kW to 11.4kW (add another inverter fronius in parallel) 
Current Limestone Island Solar Panels has 16 x 285W polycrystalline panels configured in two 
strings with 8 panels in each string; total capacity is 4.56kW. With the increase in inverter (12kW) 
and battery capacity (72.9kWh). It would require at most 40 x 285W panels to have a total capacity 
of 11.40kW. These would require an additional 24 panels configured in 3 strings with 8 panels 
in each string but these would require an additional solar inverter in parallel with the current 
fronius inverter. Another option is to add 24 panels configured with their own micro inverter. 
The biggest issue with this potential panel installation would be location as there is no more roof 
space.  
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3. Inverter Upgrade from 5kW to 12kW (Selectronics SP Pro Single Phase Inverter/ Charger) 
The current inverter is only capable of supplying 5kW (Selectronics SP Pro single-phase 
inverter/charger) to the ranger’s house and with the involvement of the additional appliances such 
as the stove and hot water being electric. The inverter would require a larger capacity (12kW, 
more than double the previous inverter) as the load usage greatly exceeds 5kW but not any less 
than 12kW, if the hot water being used is through a heat pump. In addition, with the consideration 
of installing more panels, it would then require additional capacity for the battery inverter to sustain 
upgrades on the Solar Systems. 
 

4. Switchboard Upgrade 
The main switchboard would be required to be upgraded as well as all the other equipment, to allow 
additional room for the upgrades (solar panels, new inverter and other appliances (hot water) that 
may be connected to the switchboard) and properly setting them up. This increases electrical safety 
through RCD protection and correctly rates circuit breakers for overload and short circuit protection, 
thus lessening risks such as electrical fires and shock.  

 

5. Back-up Generation Upgrade for Additional Load 
From the table of Appliance Usage in an All-Electric House most of its kW lies within 14kW. This 
would be a suitable capacity for the Back-Up Generation whenever the Battery Capacity drops to 
30%. The generator model could be a Perkins 404D-22G1 around 14kVA with similar attributes 
to the previous back-up generator such as being a single-phase petrol-powered inverter 
generator but with a Fuel Tank Volume of 55L with a Rated Fuel Consumption of 4.2L/h giving 
an endurance of approximately 13.1 hours. Although, the capacity could be less than 14kVA 
as 7kVA is sufficient with the previous usage of the ranger on the island. 
 
These upgrades are to accommodate the load usage at Limestone Island becoming an All-Electric 
House along with additional appliances being installed. Also, equipment used, and size could vary 
depending on the ranger’s actual usage. 
 

Estimated Cost of the Upgrade Based on the Cost of the Current System 
It is estimated that the total upgrade of the entire off-grid solar system based on the cost of the 
current system would be around $50,000. All these upgrades involve the equipment such as the 
Battery, PV Panels, Inverter, Switchboard and Back-up Generator. The current cost could vary later 
on depending on the prices of each equipment and store of purchase. 
Note: These are all assumptions based on size and capacity but may vary depending on 
requirements.  
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Summary 
There is currently enough capacity to have an electric hot water system added, assuming a 
relatively small heating element was fitted. However, the system’s back-up generator will be needed 
when there are consecutive days of poor solar production, particularly in winter. A heat pump 
electric hot water system would be preferable over a traditional electric hot water cylinder, as it is 
more efficient and would reduce the dependence on the back-up generator. 
 
There is the option of increasing the battery storage to ride through consecutive poor solar days 
without the use or limited use of the back-up generator. The battery cabinet at Matakohe Limestone 
Island has room to host more batteries, but the batteries are relatively expensive and you could be 
looking $4,000 - %6,000 for a modest increase in battery capacity. 
 
For an electric stove, there is both the additional energy consumption and peak demand to consider. 
An electric stove has a significant peak demand depending on what, when and how you are 
cooking. To ensure that an electric stove can be fully utilised, you would need to double the system 
capacity. However, the present system could accommodate a single element induction hob and a 
microwave. 
 
In theory, there is enough capacity to run some extra loads but any addition of multiple high load 
usage appliances means the system would need an upgrade at a cost of around $50,000. 
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