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CONFIDENTIALITY 
 
The information in this document is the property of Narec Distributed Energy and the specific client 
who commissioned this work. It may not be copied, transmitted or communicated in any form 
whatsoever to a third party or used for any purpose other than that for which it is supplied, without 
the express written consent of Narec Distributed Energy or our client. 
 
 
LIABILITY DISCLAIMER 
 
Whilst this information is given in good faith, no warranty or representation is given concerning such 
information, which must not be taken as establishing any contractual or other commitment binding 
upon Narec Distributed Energy. 
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1 Introduction 
The Electricity Commissioner for Sark is currently undertaking a consultation into the price of Electricity. 
Currently this is charged at £0.66/kWh, which is a significant cost compared with other locations 
 
Narec Distributed Energy (NDE) is an independent commercial consultancy, who specialise in renewable 
energy technologies, energy storage and electricity grid connections. We have been commissioned to 
undertake a number of analysis on behalf of the Electricity Commissioner. 
 
This particular piece of work is to answer the following enquiry; 
 

What would be the cost of a new system, using PV, batteries and small scale wind, which could give 
the same reliability as the current grid? 
 
Demand plummeted from around 3 GWh in 2010 to around 1.4GWh last year.  
 
Bonds are anticipated to be raised to pay for this investment, carrying an interest charge of 6% per 
annum.  
 

NDE have used the industry standard solar PV modelling software PVSyst, which is often used for the 
modelling of solar farms. This allows for exact makes and models of PV and inverters to be modelled. 
Irradiance data for Sark has used the industry standard Meteonorm 7.1 database. 
 
For wind data, NDE have used modified Weather Underground data for Guernsey airport, which has been 
validated against Met Office data and energy output estimates by Enercon Wind Turbines (EWT) and 4Navitas, 
who are the manufacturers of the two types of turbines considered. 
 
Battery costs for Vanadium redox flow have been considered, as vanadium redox flow batteries have a far 
longer lifetime than standard Lithium Ion, due to the type of chemistry used.  
 

2 Data 

2.1 Solar Data 

Solar data was used from the Meteonorm 7.1 database, which is provided within the standard photovoltaic 
system design software, PVSyst. This is a global irradiance database consisting of data from 8352 weather 
stations, five geostationary satellites and a globally calibrated aerosol climatology. On this basis, sophisticated 
interpolation models, based on more than 30 years of experience, provide results with high accuracy 
worldwide. The version used for this work is based on data measurements from 1991 to 2010. The three 
nearest weather stations to Sark used by Meteonrom are; 
 

• GUERNSEY AIRPORT (id: 38940, longitude: -2.6, latitude: 49.43) 

• Jersey Is (id: 38950, longitude: -2.2, latitude: 49.217) 

• LA HAGUE (CAPE) (id: 70200, longitude: -1.93, latitude: 49.71) 

The data from these three stations are supplemented with satellite data to provide detailed estimations of 
the irradiance at Sark for every hour of the year.  
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2.2 Wind Data 

There was no wind data available for Sark for this work. Because of this, data was used from Weather 
Underground. Weather Underground is a weather recording and prediction service, which contains data 
from  National Weather Service(NWS), and over 250,000 personal weather stations (PWS) stations across the 
planet. Weather Underground is owned by The Weather Company, a subsidiary of IBM. The nearest relevant 
weather station to Sark within Weather Underground is IGEB (Gurnsey airport). One year of data was 
downloaded using a basic script to access the Weather Underground API. This data varied from hourly to 20 
minute readings throughout the past 12 months, with 26 days of data not available due to downtime of the 
weather station. In order to create a data at regular intervals, this was linear mapped using the engineering 
software DIAdem to create 20 minutes data for the full year. 
 
The Met Office also provide data at 10m height for Gurnsey airport, however this is not a detailed profile so 
was not of use for detailed wind estimations, however did act as a useful validation tool. This data can be 
accessed at https://www.metoffice.gov.uk/public/weather/climate/gby362028. 
 
The Met Office data gave an average wind speed over 12 months at a height of 10m of 11.9 knots. This equates 
to 6.12m/s. 
 
The Weather Underground profile gave a mean wind speed of 5.72m/s with a standard deviation of  2.91m/s. 
 
This showed the Weather Underground data to be at 93.5% of the Met Data, which gives strong confidence 
for this data. 
 
In order to modify the data from a height of 10m to the hub height of the turbines under consideration, a 
simple power law was used; 

𝑉𝑧
𝑉𝑟𝑒𝑓

=
𝑙𝑛 (

𝑧
𝑧0
)

𝑙𝑛 (
𝑧𝑟𝑒𝑓
𝑧0

)
 

 
Where; 
𝑉𝑧 = wind speed at height z 
𝑉𝑟𝑒𝑓= wind speed at weather station 

𝑧 = height of wind turbine hub 
𝑧𝑟𝑒𝑓 = height of weather station 

𝑧0 = roughness factor 
 
A roughness factor of 0.025 was used. 
 
This gave the following wind speeds; 
 

Table 1: Comparison of wind speed data 

Measurement 30m hub height 42m hub height 

Mean 12 month wind speed [ms-1] 6.77 7.09 

Standard deviation [ms-1] 3.44 3.60 

2.3 Demand Data 

The demand data for this work was limited, with an average demand of 1.4GWh, and a maximum over the 
summer. Therefore, two options have been considered. 

https://www.metoffice.gov.uk/public/weather/climate/gby362028
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• Demand Option 1: Minimum demand of 100.7 MWh per month in January, maximum demand of 

132.7MWh in July 

• Demand Option 2: Minimum demand of 66.7 MWh per month in January, maximum demand of 

166.7 MWh in July 

Both options use a sine wave. It is important to note that the demand is a major unknown within this work, 
therefore throughout this document the design has erred on the side of caution, suggesting a system which 
may be more resilient than necessary. 
 

 

Figure 1: The two demand profiles used 

3 Technologies 

3.1 Solar 

Panasonic HIT modules are a high-quality module, with lower degradation of 
their lifetime than that mandated by IEC testing standards. The modules have a 
backplate which absorbs light which has passed through the module and are 
considered currently one of the best on the market. Additionally, the high 
efficiency means that a greater amount of power can be generated from the 
land area used, as clearly land is a limited resource on Sark. With this module, 
roof mounted 100kWp would take up 545 m2, whilst ground mounted, including 
spacing to avoid shading, 100kWp would use up 2180m2. For the models, a 
Schneider Electric GT 100-208 has been assumed, as this is a high quality well 
established company and product.  
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3.2 Wind 

3.2.1 DW61 500kW  

The EWT DW61 500kW wind turbine has been chosen for this work, as it is on the small end of large wind 
turbines, and is from a well established manufacturer of quality wind turbines. At NDE we have previous 
experience of applying to connect these to the electricity grid. The turbine has a cut in wind speed of 3m/s 
and a cut out of 25ms-1, which works well within Sark’s wind regime. The turbine can have a tower height of 
61 m and a hub height of 46m. This gives a tip height of 77m 
 

  

Figure 2: DW61 500kW 

3.2.2 4N-55 

The 4Navitas vertical axis turbine has been included to give an example of a very different wind turbine, which 
may be more appealing to the community on Sark if they are worried over a 46 meter high single wind turbine. 
An issue with the 4Navitas turbines is that they do have a significantly high cost. However, an additional 
advantage of using these turbines is that there would be multiple turbines, hence if one failed, this would not 
be an issue for the island. 
 

 

Figure 3: 4Navitas-55N 

3.2.1 nED-100-24 

The Novento nED-100-24 is slightly larger than the 4Navitas turbine, at a rating of 100kW. By having multiple 
turbines, this would help with any issues of downtime of the EWT (if lasting longer than two days in winter).  
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Figure 4: Norvento nED-100-24 

3.3 Batteries 

Vanadium redox flow batteries have been considered, as these are highly resilient batteries which are ideal 
for an island community where the batteries will be repeatedly changed and discharged on a daily basis. 
A vanadium redox battery consists of an assembly of power cells in which the two electrolytes are separated 
by a proton exchange membrane. In vanadium flow batteries, both half-cells are additionally connected to 
storage tanks and pumps so that very large volumes of the electrolytes can be circulated through the cell. The 
specific model considered for this work is manufactured by the UK company RedT. 

Vanadium has many advantages when compared to Lithium Ion technology, the main being the lifespan: 

Lithium 
Grid batteries have to last for decades. Lithium Ion batteries have a finite life. Performance degrades over 
time and is impacted by heat, operating conditions and how deep, and how often, they have been discharged. 
Note - the capacity of lithium Ion cells can drop to a 50 percent level after only 1,200 to 
1,500 charge/discharge cycles. 

Vanadium 
Vanadium-based flow energy storage systems can operate in theory indefinitely. The active ingredient is a 
low-cost, rechargeable, inert, electrolyte, which never wears out due to the type of chemical reaction 
involved. The electronics and software to manage the system can be easily upgraded. The last major 
component — the plastic tanks for holding the electrolyte — lasts for decades. 

These are the indicative performance graphs (charge & discharge) of a typical Vanadium storage machine 
(battery). This is based on a 60kW unit with a total stored energy capacity of 300kWh. As the graphs show 
the Vanadium battery can be fully utilised (0% energy remaining) and will charge quickly, reducing charging 
current steadily as it nears capacity. 
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Figure 5: Example charge performance of a 
Vanadium battery 

Figure 6: Example discharge performance of a 
Vanadium battery 

 

The redox (reduction–oxidation) cell is a reversible cell in which electrochemical components are dissolved in 
the electrolyte. Redox flow batteries are rechargeable (secondary cells). Because they employ heterogeneous 
electron transfer rather than solid-state diffusion or intercalation they are more appropriately called fuel 
cells than batteries. In industrial practice, fuel cells are usually, and unnecessarily, considered to be primary 
cells, such as the H2/O2 system. 

When the battery is fully discharged, both tanks hold the same electrolyte solution: a mixture of positively 
charged zinc ions (Zn2+) and negatively charged iodide ion, I-. When charged, one tank holds another negative 
ion, polyiodide (I3-). The battery produces power by pumping liquid from external tanks into the battery's 
stack area where the liquids are mixed. Inside the stack, zinc ions pass through a selective membrane and 
change into metallic zinc on the stack's negative side 

Vanadium Redox flow batteries have the advantages of flexible layout (due to separation of the power and 
energy components), long cycle life (because there are no solid-to-solid phase transitions), quick response 
times, no need for "equalisation" charging (the overcharging of a battery to ensure all cells have an equal 
charge) and no harmful emissions. These technical merits make redox flow batteries a well-suited option for 
large-scale energy storage. 

See diagram below for a typical Vanadium flow battery - 

 

 

Figure 7: Typical Vanadium battery layout - 

https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Secondary_battery
https://en.wikipedia.org/wiki/Electron_transfer#Heterogeneous_electron_transfer
https://en.wikipedia.org/wiki/Electron_transfer#Heterogeneous_electron_transfer
https://en.wikipedia.org/wiki/Chemical_reaction#Solid-state_reactions
https://en.wikipedia.org/wiki/Lithium_ion#Charge_and_discharge
https://en.wikipedia.org/wiki/Fuel_cell
https://en.wikipedia.org/wiki/Fuel_cell
https://en.wikipedia.org/wiki/Phase_transition
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4 Models 

4.1 Solar 

Solar was modelled on the basis of a 100kW ground mounted solar array, using the industry standard software 
PVSyst. This was then scaled up to the required system size. 
 

The model was based on the following system; 

• Photovoltaic module: Panasonic VBHN240SJ25 

• Number of modules: 432 

• Inverter: Schneider Electric GT 100-208 

• Number of Inverters: 1 

• System rating 100kWp 

Datasheets for these systems can be provided. 
 
An important point to make is that this is the system optimised for the maximum energy generation year 
round. If the real electricity demand of Sark varies less than assumed within this report, it could be 
advantageous to have photovoltaic modules at a steeper angle, to maximise winter gain, whilst reducing the 
overall total. An example of this is given below. This effect is less pronounced in Sark than other locations, 
presumably due to weather conditions. 
 

Table 2: 100kWp photovoltaic farm output at Sark 

Month 
Monthly output [kWh] 

36 degree 60 degree 

Jan 3,834 4,423 

Feb 5,125 5,426 

Mar 9,567 9,529 

Apr 13,402 12,217 

May 15,024 12,782 

Jun 14,777 12,147 

Jul 14,931 12,419 

Aug 13,560 12,017 

Sep 11,146 10,787 

Oct 7,635 8,031 

Nov 4,706 5,381 

Dec 3,097 3,633 

Total 116,802 108,792 
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Figure 8: 100kWp photovoltaic farm output at Sark 

PVSyst outputs for both systems are given as an Appendix to this report. 

4.2 Wind 

Wind data was requested from EWT and 4Navitas for the DW61 500kW and 4N-55 turbines respectively. 
These provide data on the power output of the turbines are various speeds. This data was linear mapped to 
0.1ms-1 intervals, and a lookup table used to estimate the power output of the two turbines according to the 
wind data profile. The results of these are given in Figure 9, Figure 10Figure 12Figure 13. 
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Figure 9: Two day total energy output for the DW61 500kW 

 

 

Figure 10: Two day total energy output for the 4N-55 
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Figure 11: Two day total energy output for the nED-100 

 
 

 

Figure 12: Monthly total energy output for the DW61 500kW 
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Figure 13: Monthly total energy output for the 4N-55 

 

Figure 14: Monthly total energy output for the nED-100 

 
The total energy generated by the DW61 500kW is 2,272MWh/year, whilst the 4N-55 will generate 
182MWh/year, and the nED-100 will generate 348MWh/year. This data was validated for both EWT and 
4Navitas.  In terms of EWT, this was validated using a software tool on the EWT website, this also undertakes 
a log rule based conversion of data from the measurement height to hub height. In terms of the 4Navitas and 
nED, this was validated against the annual output for the mean wind speed calculated. 
 

5 Costs 
Based on the above outputs and assumptions, the following system is proposed: 
 

• 1 x DW61 500kW wind turbine 

• 3,000 kWp of ground mounted 

• 7500 kWh of battery storage 
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Enough battery storage for approximately two average days is suggested. Whilst one day of battery storage 
should be enough, this will ensure greater security of supply. 
 
The costs for these are: 
 
Solar: The photovoltaic system, assuming ground mounted, including all installation costs and commissioning 
will cost £1000/kWp. This is slightly higher than the standard £900/kWp cost of a solar farm in the mainland, 
due to the additional transportation costs, and costs of bringing installation engineers to Sark. This gives a full 
cost of £3,000,000. 
 
Wind: The cost of a fully installed and commissioned DW61 500kW will be approximately £650,000. It should 
be noted that a 900kW system would only cost £900,000. This cost will include 2 years of maintenance. 
 
Batteries: A fully installed and commissioned RedT Battery system will involve 24 separate 300kWh batteries. 
The full cost of this will be 3,100,025 
 
Grid infrastructure: This system will be connected to the new grid infrastructure, which has been costed in a 
separate report, with a full cost of £4,344,500 
 
This system will cost a total of £11,094,525 
 
In terms of maintenance, £0.01/kWh (index linked) is assumed for the EWT turbine, whilst a rolling cost of 
£30,000 (index linked)  is assumed for the maintenance of the batteries and solar. An interest rate of 2.5% is 
assumed throughout the 20 years modelled. No major repairs would be required for the electricity grid over 
the first 20 years of operation, after 25 maintenance would be expected on the substations. 
 
Three scenarios have been considered. 
 

• Scenario 1: 6% interest rate on a loan paid back over 20 years. Sark Electricity price does not increase 

over 20 years 

• Scenario 2: 6% interest rate on a loan paid back over 20 years. Sark Electricity price increases by 

2%/year over 20 years 

• Scenario 3: 6% interest rate on a loan paid back over 10 years. Sark Electricity price does not increase 

over 20 years 

• Scenario 4: 6% interest rate on a loan paid back over 10 years. Sark Electricity price increases by 

2%/year over 20 years 
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Table 3: Summary of finance calculations 

Scenario 
Interest 

rate  

Annual 
electricity 

price 
increase 

Loan 
repayment 

[years] 

Loan (not 
including 
additional 

maintenance 
costs) 

[£/year] 

Total cost of 
1.4GWh/year 

Average price of 
electricity [£/kWh] 

over 20 years 

Sark 
Electricity 

Renewable 
Option 

Sark 
Electricity 

Renewable 
Option 

1 6% 0% 20 953,820 18,480,000  20,401,095 0.6600 0.7286 

2 6% 3% 20 953,820 24,828,226  20,401,095 0.8867 0.7286 

3 6% 0% 10 1,478,208 18,480,000  16,106,775 0.6600 0.5752 

4 6% 3% 10 1,478,208 24,828,226  16,106,775 0.8867 0.5752 

 

5.1 Overestimations 

We feel that the renewables option is an overestimation, as this is based on a hypothetical grid demand, and 
thus has erred on the side of caution in terms of the design. This means that the costs for the renewable 
energy system may be inflated. If a more detailed grid profile is available, we will repeat this calculation. 
 

6 Alternative System 
Whilst the EWT turbine is considered the best option, the nED-100 system was looked into further.  As detailed 
earlier, calculations were undertaken using a power curve for an nED-100-24 wind turbine. This gave a total 
annual production of 348 MWh/year. This is in line with nED’s own literature, which suggests for this site 
there would be an annual production of 346 MWh/year. Based on this, to produce the same level of power 
as the DW61 500kW would require 7 nED-100 turbines. 
 
Based on the approximate costs provided by nED of £270,000 for an install, then the finance table with Part 
3 has been recalculated for nED turbines instead of EWT. 
 

• Scenario 1: 6% interest rate on a loan paid back over 20 years. Sark Electricity price does not increase 

over 20 years 

• Scenario 2: 6% interest rate on a loan paid back over 20 years. Sark Electricity price increases by 

2%/year over 20 years Scenario 3: 6% interest rate on a loan paid back over 10 years. Sark Electricity 

price does not increase over 20 years 

• Scenario 4: 6% interest rate on a loan paid back over 10 years. Sark Electricity price increases by 

2%/year over 20 years 
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Table 4: Costs with 7 individual nED-100 turbines 

Whilst the nED turbine is more expensive, it can still provide electricity at a cheaper rate than that currently 
offered by Sark Electricity, as part of an entire new electricity grid on Sark, but only if with a 10 year or less 
loan, or if Sark Electricity’s price increases by 3% per year, or both. 
 

7 Discussion  
The main proposed system comes in at a lower cost than the business-as-usual situation of continuing to use 
the current aging assets which supply Sark with electricity. It is very important to highlight that this system 
has been designed against an approximately demand use profile, if NDE were to have access to a detailed 
hourly electricity demand profile for all of Sark, then the new energy system could be optimised, which could 
reduce costs by up to £1m. However, based on the data that we have, this system has been designed to ensure 
continuous supply of electricity. In a worst-case scenario, the batteries will be able to power the island for 
two full days. This means if, for example, the wind turbine were to fail, then the batteries and solar together 
could keep the island running for several days.  
 
On major issue with the system is excess electricity, as shown in Figure 15 which contains the monthly energy 
from wind and solar, along with the two demand profiles. This shows that in every month there is 
overgeneration. In total, this excess electricity totals 4.3GWh/year in year 1. This overspill will decrease as 
the photovoltaic modules degrade slightly, to 80% of year one output in year 25. 
 
There are a range of ways that this excess electricity could be utilised; 

1) Introduce variable pricing in Sark, to encourage energy use when there is extra energy 

2) Iboost style systems could be used in domestic and non-domestic buildings, to turn on immersion 

water heaters at times of excess electricity. A simple way to control these would be through using 

frequency based controllers 

3) If there were to be an interconnector between Sark and Guernsey, then this excess electricity could 

be sold to Guernsey at the standard Power Purchase Agreement price of £0.05/kWh (bringing in an 

income of £218,792/year). An interconnector to Guernsey would cost approximately £1.3m, giving a 

reasonable payback period. 

Sark 

Electricity

Renewable

Option
Sark Electricity

Renewable

Option

1 6% 0% 20 1,060,420              18,480,000£ 22,533,103£ 0.6600£             0.8048£          

2 6% 3% 20 1,060,420              24,828,226£ 22,533,103£ 0.8867£             0.8048£          

3 6% 0% 10 1,643,262              18,480,000£ 17,757,317£ 0.6600£             0.6342£          

4 6% 3% 10 1,643,262              24,828,226£ 17,757,317£ 0.8867£             0.6342£          

Scenario
Interest 

rate

Annual 

electricity 

price increase

Loan repayment 

[years]

Loan (not 

including 

additional 

maintenance 

costs) [£/year]

Total cost of 1.4GWh/year
Average price of electricity 

[£/kWh] over 20 years
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Figure 15: Demand and energy generation 

Whilst calculations have been undertaken for a 4N-55N turbine, the price of this turbine at £350,000 is very 
high on a per MW basis compared with the  DW61 500kW. The 4N-55 may however be judged to be more 
aesthetically pleasing than a standard wind turbine.  
 
Overall, the work shows that the cost of installing a brand new electricity grid, with state of the art energy 
storage, top of the range photovoltaic solar farm, and a high quality wind turbine, is cheaper than using 
electricity from Sark electricity under the current price of £0.66/kWh.  Additionally, it is important to note 
that not only would this reduce costs, but it would increase security of supply of energy in Sark, whereby the 
island would no longer be dependent on the supply of diesel to the island. In terms of local health, this would 
reduce airborne particulates from diesel generators, and mean that Sark would be a fully working 
demonstration of how an electricity grid can be 100% renewable powered. 
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