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I am required to prepare a report that addresses the following: 

1) Calculate the cost of the electricity supply by the National Grid Electric Power for a period of 10 years, assume fixed electricity tariff.
2) Justify your chosen a Wind Energy Power System to generate electrical power to the village.
3) Design a wind power system.
a) Wind machines property and number.
b) Wind viability survey.
c) Turbine.
d) Converter.
e) Low Voltage Switchgear (220V).
f) Battery property and number.
g) Protection devices and settings.
4) Calculate the cost of the small off-grid wind system.
· Capital cost of the hardware of the system
· Maintenance cost, assume the cost of the spare components of the wind system per year is 3% of the hardware cost, and the power system need two part time maintenance technicians.
5) If the provider pays the cost of the renewable wind energy system. Calculate an appropriate tariff (regular fixed monthly fee) must pay per cottage in order the payback period for this project is 10 Years. Assume 0% interest rate on the capital.
6) Discuss the comparison of the cost of electricity tariff generated by National Grid power and your off-grid wind system after cost recovery.
7) Discuss the environmental impact.
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United Kingdom has a number of rural small villages that suffer from poor or insufficient electrical power supply due to technical and environmental problems in connecting these villages with the high voltage grid. The daily average of energy demands in these villages is low and varies in the range of 5–10 kWh per household. Some of these villages are located in a geographical region with high wind resources that motivate the use of wind turbine, while some villages are located in a region with high solar potential that motivate the use of Photovoltaic (PV) generators for electrification purpose. 
A rural village locate in Great Orme valley (north Wales) suffer from shortage of electrical power supply. The local village council decided to harvest the potential energy resources in the area to generate reliable and adequate electrical power that can supply the village with electricity 24 hours a day for a whole year. There are 100 small cottages, 6 community services building (two schools, police station, hospital, two worship houses), and 80 street and traffic lights. The average rate of energy consumption is about 6 kWh per day per cottage, 75 kWh per day per school, 150 kWh per day for hospital and clinic building, 100kWh per day for the police station, 80kWh per week per worship building, and 1kWh per day per street and traffic light.  
As an Electrical and Electronic Engineering specialist, the local council asks you to design a small off-grid of Renewable Solar Energy System or Renewable Wind Energy System. The designed electrical power system must provide self-sufficient electrical power based on the natural potential energy resources available in the geographical site of the village. 
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1) Calculate the cost of the electricity supply by the National Grid Electric Power for a period of 10 years, assume fixed electricity tariff.
[bookmark: _Toc94003021]Energy Demand for a Day:

	
	Average Energy Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Energy Consumption / Day (kWh)

	Cottages
	100
	6.00
	600.00

	School (1)
	1
	75.00
	75.00

	School (2)
	1
	75.00
	75.00

	Police Station
	1
	100.00
	100.00

	Hospital
	1
	150.00
	150.00

	Worship House (1)
	1
	11.40
	11.40

	Worship House (2)
	1
	11.40
	11.40

	Street Furniture
	80
	1.00
	80.00

	
	1,102.80 kWh

	
	1.1 MWh
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	Average Energy Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Energy Consumption / Week (kWh)

	Cottages
	100
	6.00
	4211.54

	School (1)
	1
	75.00
	526.44

	School (2)
	1
	75.00
	526.44

	Police Station
	1
	100.00
	701.92

	Hospital
	1
	150.00
	1052.88

	Worship House (1)
	1
	11.40
	80.00

	Worship House (2)
	1
	11.40
	80.00

	Street Furniture
	80
	1.00
	561.54

	
	7,740.77 kWh

	
	7.7 MWh
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	Average Energy Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Energy Consumption / Month (kWh)

	Cottages
	100
	6.00
	18250.00

	School (1)
	1
	75.00
	2281.25

	School (2)
	1
	75.00
	2281.25

	Police Station
	1
	100.00
	3041.67

	Hospital
	1
	150.00
	4562.50

	Worship House (1)
	1
	11.40
	346.67

	Worship House (2)
	1
	11.40
	346.67

	Street Furniture
	80
	1.00
	2433.33

	
	33,543.33 kWh

	
	33.6 MWh
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	Average Energy Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Energy Consumption / Year (kWh)

	Cottages
	100
	6.00
	219000.00

	School (1)
	1
	75.00
	27375.00

	School (2)
	1
	75.00
	27375.00

	Police Station
	1
	100.00
	36500.00

	Hospital
	1
	150.00
	54750.00

	Worship House (1)
	1
	11.40
	4160.00

	Worship House (2)
	1
	11.40
	4160.00

	Street Furniture
	80
	1.00
	29200.00

	
	402,520.00 kWh

	
	402.5 MWh
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	Average Energy Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Energy Consumption / 10 Years (kWh)

	Cottages
	100
	6.00
	2190000.00

	School (1)
	1
	75.00
	273750.00

	School (2)
	1
	75.00
	273750.00

	Police Station
	1
	100.00
	365000.00

	Hospital
	1
	150.00
	547500.00

	Worship House (1)
	1
	11.40
	41600.00

	Worship House (2)
	1
	11.40
	41600.00

	Street Furniture
	80
	1.00
	292000.00

	
	4,025,200 kWh

	
	4.03 GWh
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	Average Power Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Power Consumption / Day (kW)

	Cottages
	100
	6.00
	25.00

	School (1)
	1
	75.00
	3.13

	School (2)
	1
	75.00
	3.13

	Police Station
	1
	100.00
	4.17

	Hospital
	1
	150.00
	6.25

	Worship House (1)
	1
	11.40
	0.48

	Worship House (2)
	1
	11.40
	0.48

	Street Furniture
	80
	1.00
	3.33

	
	45.95

	
	45.95 kW
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	Average Power Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Power Consumption / Year (kW)

	Cottages
	100
	6.00
	9125.00

	School (1)
	1
	75.00
	1142.45

	School (2)
	1
	75.00
	1142.45

	Police Station
	1
	100.00
	1522.05

	Hospital
	1
	150.00
	2281.25

	Worship House (1)
	1
	11.40
	175.20

	Worship House (2)
	1
	11.40
	175.20

	Street Furniture
	80
	1.00
	1215.45

	
	16,779.05

	
	16.8 MW
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	Average Power Demands For Great Orme

	
	Average Energy Consumption / Day (kWh) (each)
	Total Average Power Consumption / 10 Years (kW)

	Cottages
	100
	6.00
	91250

	School (1)
	1
	75.00
	11424.5

	School (2)
	1
	75.00
	11424.5

	Police Station
	1
	100.00
	15220.5

	Hospital
	1
	150.00
	22812.5

	Worship House (1)
	1
	11.40
	1752

	Worship House (2)
	1
	11.40
	1752

	Street Furniture
	80
	1.00
	12154.5

	
	167,790.50

	
	167.8 MW
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[image: ]Using the below quote from EDF Energy, I will use this information to base my calculations for both energy costs and also for calculating payback. I am going to assume that these figures can be fixed for 10 years:
(EDF Energy, 2021)
















10 Year Cost of supplying Great Orme with electricity from the National Grid Electric Power (assuming fixed electricity tariff).

Power consumption by Great Orme / day
= 1,102.80 kWh

Cost of Electric Energy / Day (£/day) = (cost / kWh) (kWh / Day)
Cost of Electric Energy / Day = (£0.3217 / kWh) (1,102.80 / Day)
= £354.77 / Day

Cost of Electric Energy / Year (£/Year) = (cost / day) (365)
Cost of Electric Energy / Year = (£354.77) (365)
= £129,491.05 / Year

Cost of Electric Energy / 10 Years (£/10 Year) = (cost / Year) (10)
Cost of Electric Energy / 10 Years = (£129,491.05) (10)

= £1,294,910.50 / 10 Year















2) Justify your chosen a Wind Energy Power System to generate electrical power to the village.

[bookmark: _Toc94003030]Location
The local village council of Great Orme need to generate a reliable electric supply that can power the village 24hrs a day, 7 days a week, and 365 days of the year. In order to make an informed decision we need to look at the potential generating capabilities of both wind and solar in this area.

Before deciding on what renewable energy is to be harnessed, a decision first needs to be made on the site for the new Wind/Solar farm:
[image: ]The site selected, is marked on the map.
OS Map coordinates:
53.32974634613276
-3.8520840932518507
Postcode: LL30 2XF
 

(Topographic Maps, 2021)
This site has been selected due to its elevation, 190 meters above sea level and south facing, which makes it an ideal renewable farm site.

The Options:
[bookmark: _Toc94003031]Solar Power
Solar power works by converting energy from the sun with the use of solar cells. When sunlight strikes a solar cell, an electron is freed by the photoelectric effect. The two dissimilar semiconductors possess a natural difference in electric potential (voltage), which causes the electrons to flow through the external circuit, supplying power to the load. The flow of electricity results from the characteristics of the semiconductors and is powered entirely by light striking the cell.
(Britannica, 2021)
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The below shows the average potential generating power of solar power for the site.
[image: ]











(RenSMART - The Renewable Energy Information Source, 2021)

Assuming that a mid-range solar panel would usually be 300 watts,
Electricity Usage = 1102.80 kWh / day
Irradiance for site = 3.05 kWh/m2/day

Solar power required = 1102,800 watt-hours/3.05 peak-sun-hours = 361,573.77 watts
If 300 watt solar panels were used, the number of solar panels would be:
361,573.77 watts / 300 watts = 1205.25 (1206) solar panels
However, all solar PV systems have losses of about 23%. (See chart next page) This can be taken into account my multiplying the solar power required by 1.4:
Adjusted solar output = 361573.77 x 1.4 = 506,203.28 watts
Using 300 watt solar panels, the actual number of solar panels needed would be:
506,203.28 watts / 300 watts = 1688 solar panels
[bookmark: _Toc94003033]Potential losses on a Solar System:

	Cause of Energy Loss
	Percentage Loss
	Design or Maintenance
	Total Losses

	Shading
	7%
	Both
	23.8% lost

	Dust and Dirt
	2%
	Maintenance
	

	Reflection
	2.5%
	Design
	

	Spectral Losses
	1%
	Design
	

	Irradiation
	1.5%
	Design
	

	Thermal Losses
	4.6%
	Design
	

	Array Mismatch
	0.7%
	Design
	

	DC Cable Losses
	1%
	Design
	

	Inverter Losses
	3%
	Design
	

	AC Cable Losses
	0.5%
	Design
	



(Bruce, 2021)



[image: ]This map shows the potential for harvesting solar power, and clearly shows that the largest potential of this is in the Southern Hemisphere. However there may be the potential of harvesting photovoltaic power in the Northern Hemisphere if farms are located in ideal positions, and where conditions are good. 








(S.Hshok, 2021)
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Wind power, is a form of energy conversion in which turbines convert the kinetic energy of wind into mechanical or electrical energy that can be used for power. Historically, wind power in the form of windmills has been used for centuries for such tasks as grinding grain and pumping water. Modern commercial wind turbines produce electricity by using rotational energy to drive an electrical generator. They are made up of a blade or rotor and an enclosure called a nacelle that contains a drive train atop a tall tower. The largest turbines can produce 4.8–9.5 megawatts of power, have a rotor diameter that may extend more than 162 metres (about 531 feet), and are attached to towers approaching 240 metres (787 feet) tall. The most common types of wind turbines (which produce up to 1.8 megawatts) are much smaller; they have a blade length of approximately 40 metres (about 130 feet) and are attached to towers roughly 80 metres (about 260 feet) tall. Smaller turbines can be used to provide power to individual homes. Wind farms are areas where a number of wind turbines are grouped together, providing a larger total energy source.
(Selin, 2021)


Wind Potential
The following three images show the average wind speed at the site at Great Orme at 10, 25 and 45 meters above ground level.

10 meters above ground level
[image: ]








(RenSMART - The Renewable Energy Information Source, 2021)



25 meters above ground level
[image: ]








(RenSMART - The Renewable Energy Information Source, 2021)




45 meters above ground level
[image: ]








(RenSMART - The Renewable Energy Information Source, 2021)





To summarize, the average wind potential at the site on Great Orme is:
	Height above Ground:
	Average Wind Profile:

	10 meters
	7.3 m/s

	25 meters
	7.9 m/s

	45 meters
	8.2 m/s







The amount of power generated by a wind turbine is proportional to the cube of the wind speed. This means that increasing the average wind speed from 6 m/s to 7 m/s results in 60% more power from the same turbine and an increase in annual energy production of 36%. This is why it is so important to get wind turbines sited in optimal locations with exposure to the strongest winds, which normally means on the tops of hills and on the tallest towers.
In summary, any site that has an annual average wind speed of 7 m/s or more would be considered excellent for farm wind turbines, and in fact many sites with as little as 5.5 m/s can still be viable when using some of the ‘oversized rotor’ wind turbines now available. 
(Renewables First, 2021)


















[bookmark: _Toc94003035][image: \\PCCTHORNTON\BuildShare\Matthew Williams\A College\HND\HND Yr 1\Electrical Power\Assignment\Figure_2_Horizontal Axis Wind Turbine Diagram.jpg]Wind Turbine Components 

(University of Michigan, 2021)
Blades - A wind turbine turns wind energy into electricity using the aerodynamic force from the rotor blades, which work like an airplane wing or helicopter rotor blade. When wind flows across the blade, the air pressure on one side of the blade decreases. The difference in air pressure across the two sides of the blade creates both lift and drag. The force of the lift is stronger than the drag and this causes the rotor to spin. The construction materials should be light, such as plastic materials reinforced with glass, aluminium or carbon, depending on the blade size.

Hub - Connects the blades to the rotor shaft, transmitting the extracted wind power. It can contain the pitch actuator that forces the blade to have a certain orientation relative to the wind main direction for control purposes.

Brakes - Can be mechanical, electrical or hydraulic, and they are used as parking brakes to avoid the rotor movement when the turbine has to be kept in no operating conditions.

Gear-box - The gear-box, is used to adapt the mechanical power of the rotor shaft to the generator shaft, by increasing the rotational speed and by decreasing the torque, in order to permit an efficient conversion of energy. Often the gear box ratio can be greater than 1:100. 

Generator - Converts the mechanical energy of the connected shaft to electrical energy. It can be an asynchronous or a synchronous machine, the former consists of an induction three-phase motor that works as a generator providing energy to the grid, as its speed is higher than the synchronous speed and the applied torque is motive. The usual structure of an asynchronous generator involves a squirrel cage rotor, which implies a low difference between the synchronous speeds and the actual speed in the nominal working region, so that it can be considered a constant speed machine. The configuration, called doubly-fed, with a power converter located between the rotor and the grid allows the functioning of the system at a variable rotor speed. Otherwise, the synchronous generator provides a voltage with frequency proportional to its rotational speed. In the configuration called full-converter, similarly to the doubly-fed generators, a power converter has to be interposed between the generator and the grid, in order to permit a variable speed functioning. The output power of a modern turbine can be up to five megawatts.

Nacelle - The Nacelle is the shell containing the shafts, the brakes, the gear box, the generator, and the control equipment. It is located at the top of the tower.

Anemometer - This is the sensor that provides the current wind speed. Its measurements are utilized in the control system.

Yaw mechanism - Contains several electrical motors for the heading orientation of the turbine parallel to the main wind direction.

Tower - Supports the nacelle, hub, and blades. The height of the tower determines the height of the hub, which is a prominent value in the generation of power, since the wind speed increases with the distance from the earth surface.
(Darling, 2008)
Charge Controllers - Charge controllers are used in wind turbine systems to prevent the batteries from being overcharged. If you decide to implement a grid tie system, a charge controller is not necessary, as any excess electricity that you don’t use at any particular moment is sold directly back to the grid. However, for any battery setup, a charge controller is necessary as it prevents damage to the battery by monitoring the flow of electricity in and out. If your system overcharges the battery it will damage it. The same is also true if you completely discharge all the charge held within the battery.
Most charge controllers associated with wind turbines have dump load capability associated with them. This allows any additional charge to be diverted from the batteries when they are full, potentially to a hot water heating system (so the electricity is not completely wasted). Obviously if you are connected to the grid, this electricity would instead be sold there, providing you with an additional income stream.
Batteries - In most wind turbine systems, the electricity does not power any appliances directly. Instead the electricity produced is stored in deep-cycle lead acid batteries which look very similar to the ones found in most cars today (although structurally different). The two most popular types of battery are GEL and Absorbed Glass Mat (AGM), which store the charge very well and do not degrade nearly as fast as the common lead acid (wet cell) battery. Both types of batteries are designed to gradually discharge slowly and recharge 80% of their capacity hundreds of times.
An automotive battery is a shallow-cycle battery, and this is designed to discharge only about 20% of its electricity so is unsuitable for solar photovoltaic cell set-up. The reason is that if any more than 20% is drawn more than a few dozen times, it will get damaged and no longer take charge.
Wind turbine batteries tend to operate at 12v, and can be arranged in banks (multiple batteries), increasing the storage potential of your wind system set up. A bank of batteries organised in a series increases the capacity of your storage but also increases the voltage delivered from your bank; while multiple batteries organised in a parallel circuit increase the capacity, but the voltage stays the same.

The inverter - Most wind turbines produce AC current, so this should be able to be directly fed into your home and the grid, however the voltage and frequency of the power produced is very erratic, so an inverter is used to convert the erratic AC to DC, then back to a smoother AC which can be synchronised with the grid, or for use directly into your home. Battery-based wind turbines normally operate at 12 or 48 Volts, and therefore the inverter must also act to convert this relatively low voltage to high voltage (UK mains is 240 volts). Battery-less systems may produce electricity with a voltage significantly higher (100 volts or more). Therefore in this situation, the inverter needs to be able to handle this higher voltage.
(The Green Age, 2021)
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	Wind Turbine Comparison Table:

	Manufacturer
	Endurance
	Norvento

	Model
	E-3120
	nED100

	Rated Power
	50 kW
	100 kw

	Rotor Diameter
	19.2 m (63 ft.)
	22 m

	Rotor Swept Diameter
	290 m2 (3120 ft2)
	Not Available

	Rotor Speed
	40 rpm
	Not Available

	Blade Material
	Fiberglas / Epoxy
	Not Available

	Weight
	1476 kg (3250 lb.)
	Not Available

	Over Speed Protection
	Rapid fail-safe brake on high speed shaft, Pitch control system (for over speed regulation) using passive spring loaded mechanism
	Blades feathering, 
Brake chopper fed through electronic power converter,
2 hydraulic callipers

	Generator
	Induction Generator
	Multi-pole permanent magnet

	Rated Wind Speed
	11 m/s
	10 m/s

	Cut-In Wind Speed
	3.5 m/s
	3 m/s

	Cut-Out Wind Speed
	25 m/s
	20 m/s

	Furling Wind Speed
	52 m/s
	59.5 m/s

	Tower
	Standard Monopole 30.5m (11 ft.) Standard Lattice 42.67m (140 ft.)
	24.5 m Tubular Steel Tower 

	Est Annual Energy Production
	240 MWh / Year 
@ 8 m/s
	435 MWh / Year
@ 8 m/s

	Cost
	£200,000
	£380,000

	O&M Cost
	£13,000 / Year
	£25,000 / Year

	Design Life
	30 Years
	20 Years



[bookmark: _Toc94003038]The Turbine to be used at Great Orme:
At first glance the nED100 would seem the perfect fit for the project at Great Orme. Owing mostly to the fact that it has an estimated Annual Energy Production of 435 MWh. This would potentially be 32.5 MWh of energy that could be fed back into the National Grid in order to make some extra income from the investment. However, due to the limited height of the Norvento nED100 tower (24.5 m), the wind profile at this height would suggest that this turbine would not be operating at the most efficient height in terms of wind profile.
[image: ]After careful consideration though, I believe the Endurance E-3120 will fit the brief here as the higher design lifespan of the turbine and lower O&M costs fit well with an off grid community project such as ours.
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Total Energy Demand for Great Orme for a year = 402,520.00 kWh
	Height above Ground:
	Average Wind Profile:

	10 meters
	7.3 m/s

	25 meters
	7.9 m/s

	45 meters
	8.2 m/s



Due to the height options of the tower for the selected turbine of 30.5m or 42.67m we can use this chart to gage an average wind speed for our calculations.


Average wind speed = 8 m/s

Energy Production of Endurance E-3120:
The energy production of the turbine can be taken from the Power Curve found in the specification.
Here we can see that the chosen turbine has power output of approx. 33,000 Watts at 8 m/s

Power Output = 33 kW




 kW

Number of turbines needed to produce enough electrical power to Great Orme





No of Turbines required = 2


[bookmark: _Toc94003040]Potential over Production
From the above calculations, we can see that there is potential with two wind turbines of over producing energy. Here we look at potential overproduction and what income the village could make from a feedback tariff to the National Grid.





On April 1 2019, the Government closed the Feed-in-Tariff (FIT) to new applications looking for subsidies for extra electricity generated from solar panels and wind turbines. The scheme also had a restriction in funding in the years leading up to its closure, with payment rates reducing and becoming less attractive to consumers.
The Government announced in June 2019 that the new Smart Export Guarantee (SEG) will reward homes that put their excess renewable energy into the grid with payments.
Energy suppliers are able to set their own prices, so households need to identify the companies offering the best deals.
For the purpose of this I will assume a SEG Tariff of 3.2p/kWh
[image: ]
(Solar Panel Prices, 2022)







Potential income from Smart Export Guarantee per cottage per year:



Income per month per cottage from SEG:
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[image: ]Wind turbines require special charge controllers that not only prevent battery over charging but also divert excess energy to a dump load to prevent the turbine from spinning too fast, causing damage. Wind turbine charge controllers also usually convert AC current to DC current, which is necessary for AC wind turbines, which are very common.
A wind turbine controller protects your battery bank from over charging, applies breaking loads to limit wind turbine over speeds due to high winds or light loading, and most often convert AC power generated by wind turbine 3-phase alternators to DC power used by all battery banks.
(Schwartz, 2020)
[image: ]

Charge Controller size requirement = 50 kW / Turbine 
[image: ]
(Alibaba.com, 2022)






[image: ]
(Alibaba.com, 2022)
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How Many batteries do I need?
To work out how much battery storage we need, first we need to know how much power our system will be drawing every day. And then follow the simple calculation below. A general rule for all batteries is that the less they are discharged, the longer their service life. 
Daily power consumption in Watt-hours (Wh):
Great Orme daily power consumption = 45,950Wh/day

Backup Days:
Ideally, a battery bank should be able to supply you with power, even if there is a problem with the wind turbine. We need to decide how many days' of backup power we would like. I am going to assume 2 days here.

Depth of Discharge:
The longest service life will be achieved by discharging the batteries as little as possible.
Decide on a calculated 'maximum depth of discharge' (DoD) whereby the lower the better. I am going to assume 80% here.

Inverter Efficiency:
Assumption here is 80%. This is a standard industry figure.

Battery Bank Efficiency:
As we are using modern low maintenance Lithium-ion batteries, I will assume a value of 90%. 

Voltage 
Depending on the voltage of our electrical system, we may need to connect batteries together to create a bank at 12, 24 or 48V. Using a higher voltage is also a useful way of reducing voltage loss over longer distances or reducing the size of charge controller we need. In order to work out the minimum capacity of our battery or battery bank, divide the result from the previous step by the desired voltage. I am going to assume 48 volts here.



Amp-Hour Capacity of the Battery Bank:
To identify the Amp-Hour capacity (Ah) of the battery bank required we will use the following equation:








What’s The Difference between Wiring Batteries in Series vs. Parallel?
The main difference in wiring batteries in series vs. parallel is the impact on the output voltage and the capacity of the battery system. Batteries wired in series will have their voltages added together. Batteries wired in parallel will have their capacities (measured in amp-hours) added together. However, the total available energy (measured in watt-hours) in both configurations is the same.
For example, wiring two 12-volt batteries with 100 Ah capacities in series will output 24 volts with a 100 Ah capacity. Wiring the same two batteries in parallel will output 12 volts with a 200 Ah capacity. Thus, both systems have a total available energy of 240 watt-hours (watt-hours = volts x amp-hours).
Additionally, batteries wired in series and parallel configurations should all have the same voltage and capacity rating. Mixing and matching voltages and capacities can lead to problems that may damage your batteries.

Wiring Batteries in Series
[bookmark: _GoBack]To wire multiple batteries in series, connect the positive terminal of each battery to the negative terminal of the next. Then, measure the system’s total output voltage between the negative terminal of the first battery and the positive terminal of the last battery in series. Let’s look at two examples to make this clear.



[image: https://1t1pye1e13di20waq11old70-wpengine.netdna-ssl.com/wp-content/uploads/2021/06/Add-a-subheading-2-1024x576-CORRECTION.png]The first example is two 100 Ah batteries wired in series. As you can see, the positive terminal on the first battery is connected to the negative terminal on the second. Thus, the total system voltage is 24 volts, and the total capacity is 100 Ah. 











The second example is wired the same way but with a third battery. The voltages of all three batteries add together, resulting in a system voltage of 36 volts, but the capacity remains at 100 Ah.

[image: https://1t1pye1e13di20waq11old70-wpengine.netdna-ssl.com/wp-content/uploads/2021/06/Add-a-subheading-3-1024x576_CORRECTION.png]














Advantages
The power a device consumes is equal to its operating voltage multiplied by the current it draws. For example, a 360-watt device operating at 12 volts would draw 30 amps (12 x 30 = 360). That same device operating at 24 volts would only draw 15 amps (24 x 15 = 360).
Wiring batteries in series provides a higher system voltage which results in a lower system current. Less current means you can use thinner wiring and will suffer less voltage drop in the system. 
In addition to power draw, charging works the same way. Consider an MPPT solar charge controller rated at 50amps. A 50A x 12V controller could only handle 600 watts of solar, but at 24Vx50A it could handle 1200 watts!
In general, operating larger power systems can see big benefits in running batteries in series at higher voltages.
Disadvantages
In a battery system wired in series, you cannot get lower voltages off the battery bank without using a converter. Either all equipment needs to function at the higher voltage or an additional converter is needed to use 12V appliances on the system.

Wiring Batteries in Parallel
To wire multiple batteries in parallel, you connect all of the positive terminals together and all of the negative terminals together. Since all of the positive and negative terminals are connected, you can measure the system output voltage across any two positive and negative battery terminals. 
[image: https://1t1pye1e13di20waq11old70-wpengine.netdna-ssl.com/wp-content/uploads/2021/06/Battery-Type-Stills_1.6.1-Large-1024x576.jpg]

The first example is two 100 Ah batteries wired in parallel. The positive terminal on the first battery is connected to the positive terminal on the second. Likewise, the negative terminals of both batteries are also connected. The total system voltage is 12 volts, and the total capacity is 200 Ah. 
[image: 2 batteries in parallel]







The second example is wired the same way but with a third battery. The capacities of all three batteries add together, resulting in a total capacity of 300 Ah at 12 volts.


[image: three 3 batteries in parallel]













Advantages
The main advantage of wiring batteries in parallel is that you increase the available runtime of your system while maintaining the voltage. Since the amp-hour capacities are additive, two batteries in series double your runtime, three batteries triple it, and so on.
Another advantage to wiring batteries in parallel is that if one of your batteries dies or has an issue, the remaining batteries in the system can still provide power. 
Disadvantages
The main drawback to wiring batteries in parallel vs. series is that the system voltage will be lower, resulting in a higher current draw. Higher current means thicker cables and more voltage drop. Larger power appliances and generation are harder to operate and less efficient when operating at lower voltages.
With very large parallel battery banks comes much higher current availability as well. This means the proper system fusing is critical to prevent accidental shorts that could have catastrophic consequences with so much current available.
Can You Wire Batteries in Series and Parallel?
You cannot wire the same batteries in series and parallel as you would short the system, but you can wire sets of batteries in series and parallel to create a larger battery bank at a higher voltage.
The photo below wires two batteries in series to get 24V then that set is wired in parallel to another set of 24V batteries. Think of each set of series batteries as one battery. You must “create” another set of batteries equal to the voltage of the first to wire them in parallel.
[image: batteries wired in series and parallel]








(Battle Born Batteries, 2022)
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Capacity of the Battery Bank:



No of batteries needed to be connected in Series:
[image: ]


 







No of batteries needed to be connected in Parallel: 
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Battery Bank Configuration: 
Series Connections x4
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The Chosen Battery:
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[bookmark: _Toc94003043]Inverter
Most inverters are available in a wide range of sizes determined by the continuous output power rating measured in kW. 
The inverter should be matched (sized) slightly higher than the load or power demand of the appliances it will be powering. Due to temperature de-rating, the inverter should be at least 1.2 times larger than the highest continuous demand. Depending on the application this is often the most important specification to be considered when selecting an inverter.
For off-grid installations the inverter sizing is critical and must be sized to meet the full load under all conditions. As mentioned the temperature derating is especially important as the inverter output is reduced at higher ambient temperatures.
The surge or peak power output is very important for off-grid systems but not always critical for a hybrid system. If you plan on powering high surge appliances such as water pumps, compressors, washing machines and power tools the inverter must be able to handle the high inductive surge loads.
(Clean Energy Reviews, 2022)

Choosing Inverter
Highest demand for the system at Great Orme = 45.95 kW


Inverter size requirement = 60 kW			4x 15 kW Inverters in series to be used.
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(Zero Home Bills, 2022)

3) Calculate the cost of the small off-grid wind system.	
[bookmark: _Toc94003044]Capital cost of the hardware of the system
	
	Capital Cost of the hardware

	
	Cost per Unit
	Total Cost

	Turbines
	2
	£200,000.00
	£400,000.00

	Batteries
	36
	£539.99
	£19,439.64

	Inverters
	4
	£3,259.90
	£13,039.60

	Charge Controllers
	2
	£6,000.00
	£12,000.00

	
	£444,479.24


[bookmark: _Toc94003045]Maintenance cost
Assume the cost of the spare components of the wind system per year is 3% of the hardware cost, and the power system need two part time maintenance technicians.

I am going to assume the cost of a full time maintenance technician is £30,000 (due to the average below). This equates to approx. £16.00/hr.
I will also assume that the system at Great Orme will require each of the two part-time engineers to work an average of 8 hours each per week
[image: ]

(Indeed Jobs, 2022)


Yearly O&M Costs for Great Orme

	

	

	
	Operation & Maintenance (O&M) Costs / Year

	Material Costs (3% hardware costs) 

	£13,334.38

	Labour Costs 

	£13,312.00

	
	£26,646.38




10 Year O&M Costs for Great Orme

	

	

	
	Operation & Maintenance (O&M) Costs / 10 Years

	Material Costs (3% hardware costs) 

	£133,343.80

	Labour Costs 

	£133,120.00

	
	£266,463.80













4) If the provider pays the cost of the renewable wind energy system. Calculate an appropriate tariff (regular fixed monthly fee) must pay per cottage in order the payback period for this project is 10 Years. Assume 0% interest rate on the capital.

	

	

	
	Total Cost of Wind Generating System

	Capital Cost of the hardware
	£444,479.24

	Operation & Maintenance (O&M) Costs / 10 Years
	£266,463.80

	
	£710,943.04



Total Cost of the Great Orme Wind Generating System per year




Total Cost of the Great Orme Wind Generating System per cottage per year









[bookmark: _Toc94003046]Discussion

1. Discuss the comparison of the cost of electricity tariff generated by National Grid power and your off-grid wind system after cost recovery.

[bookmark: _Toc94003047]Cost Comparison
Cost of the Great Orme off-Grid Wind Generating System per cottage per year after 10 years:



Fixed Tariff of the Great Orme off-Grid Wind Generating System per cottage per month after 10 years:



Current Grid Cost / Cottage / Month
Power consumption per Cottage / Month = 180 kWh
Cost of Electric Energy / Month (£/Month) = (cost / kWh) (kWh / Month)
Cost of Electric Energy / Month = (£0.3217 / kWh) (180 / Month) = £57.91 / Month

Price conclusion after cost recovery
Each Cottage would be £35.71p better off per month once the Wind Turbine System capital costs at Great Orme have been paid back compared to National Grid power supplied by EDF. 





2. Discuss the environmental impact.

[bookmark: _Toc94003048]The Environmental Impact of Wind Energy
Generating electricity from wind is a positive way of reducing our dependence on fossil fuels. But the generation of electricity from wind energy using large numbers of wind turbines can disrupt both landscapes and habitats, as well as the rotating turbine blades can sometimes kill birds and bats.
Whilst wind energy is a clean technology, it can have a negative impact on the environment. Wind energy has little to no damaging effect on the environment in the way that other energy sources do, such as coal, gas, oil and nuclear generated power, but wind energy systems ranging from an individual wind turbine on a house roof to small-scale groups of turbines in a field to vast wind farm facilities comprising of many hundreds of turbines can be to some an environmental eye sore. And as such, should be properly located for minimum impact on the environment.
We know that wind energy is created from converting wind into electricity so that it can be used as a power source and that the wind is actually a dissipated type of energy, in keeping with many other renewable energy sources.
Wind power is great in that it doesn’t put out any air pollution contributing to causing global warming and climate change, and doesn’t need any fuel to create the power, only wind. 
Wind energy is a clean and green energy technology, but it is not free of impacts on the environment with the main issues being:
Visual Impact on the Environment
To some, wind turbines appear visually pleasing, while others view them as intrusive industrial machines, but if you asked them which would they rather live near too, the smoking chimneys of a coal fired generating station, the cooling towers of a nuclear plant, or a wind farm, most would choose the latter.
But wind energy installations can create both positive and negative recreational impacts on the environment. On the positive side, many large wind energy projects are listed as tourist attractions with some sights offering guided tours or providing information about how wind turbines work or about wind energy in general. Some wind farm sites even allow open access to the public providing additional opportunities for camping, hiking, and other such leisure activities.
The vast majority of wind farm projects are located on private farmland. As an average wind farm of 20 turbines may expand to well over an area of one square kilometre, yet less than 5% of the land area would be used by turbines. The rest can be utilised for some other functions, for example agricultural, farming.
Thus wind turbines can safely co-exist with other living creatures, which means that the land does not have to be restricted from other possible uses. The land of a wind farm can be used for wind generation, but also for crops growing, animal grazing, or maybe left as a natural habitat reducing its impact on the environment.

Noise Emissions of the Rotating Blades
As well as the visual effects on the environment, wind turbines and wind farms can have negative impacts on human health and well-being especially on those people living near wind turbines who are affected by their noise. Like any machine that has moving parts, wind turbines generate noise during their operation.
Noise and vibration from wind turbines arises mainly from two main sources:
1. Mechanical noise from the rotational movement of the gearbox and electrical generator.
2. Aerodynamic noise caused by the interaction of the turbine blades with the wind as they rotate.
Noise emission used to be a problem with a few of the earlier wind generator designs, however modern day wind generator designs are much better to the point where mechanical noise produced by their rotation has become insignificant.
Environmental Impact of Wind Energy on Bats and Birds
Although wind turbines are great renewable energy producers, they can have a negative impact on bat and bird populations. Wind turbines cause fatalities amongst bats and birds through collision, most likely with the turbine blades. While different species differ in their vulnerability to collisions with the blades, many dead bats and birds have been found in and around wind energy farms.
Bats which by nature are nocturnal creatures, fly around at night using echo-location to feed and navigate. When they encounter the fast moving blades of a wind turbine, they are unable to quickly and safely manoeuvre themselves around them so are often times hit by the continuously rotating blades and some are killed. Even when bats are not directly hit by the wind turbine blades, they can still be killed by the instant changes in air pressure created by the blades as they rotate.
Today, new wind farm installations are designed with not only bats and birds in mind, but with other local animals and insects too. Better wind turbine designs that rotate at slower speeds and predator noises used to deter bats from entering wind farm areas are all helping to reduce fatalities.
(Alternative Energy Tutorials, 2022)







[bookmark: _Toc94003049]Conclusions 
From the above report it is clear to see Great Orme suffers from shortage of electrical power supplied by the National Grid at present, along with the current high price of electricity in the UK, means that the community need to look into renewable energy sources. 
Harvesting the potential energy resources in the area to generate reliable and adequate electrical power in a way that benefits its community and also the environment in a green sustainable way very clearly has advantages and disadvantages.
Location
Great Orme is situated in a coastal, rural area of North Wales. This instantly has issues with prime agricultural land that cannot be lost. Wind turbines are ideal solution here as they have a small ground footprint even if the turbine has large capabilities. Allowing for the continued use of the land. A solar farm would take over the land and the agricultural use would be lost, along with potential local agricultural jobs. The location also suits for wind power as coastal areas tend to have higher wind speeds coming off oceans compared to inland areas. Due to the visual impact on the environment a large number of solar panels would have, and the relative minor impact that a few Wind turbines would have on the environment, wind generation would be the least harmful for an area that also relies on tourism for the majority of its income.
Wind Power
The use of two smaller turbines as referenced in this document has advantages over the installation of one larger unit. These being, any downtime expected over the lifetime of the turbine is limited as the second unit will still be producing energy and topping up the batteries until the unavailable unit can be fixed. Also the use of two turbines has the potential of significantly over producing energy which could be fed back into the National Grid, thus lowering the potential tariff each cottage has to pay for its energy.
£ Savings
From the above report we can see that: 
National Grid feed, each cottage pays a monthly tariff of £57.91
Proposed Wind Turbine system each cottage would pay £59.25
After pay back each cottage would pay a monthly tariff of £22.20
In real terms, this would mean that in the initial 10 year period each property would be -£1.34 per month worse off than the existing system. However, the turbines that are proposed have a life expectancy of 30 years. So the following 20 years each cottage would be +£35.71 per month better off (assuming the referenced energy price continues). 
However, if you add in a monthly “Potential Income” per cottage from SEG of £4.67, then monthly costs per cottage could be even less than with the current system. With a “Potential Cost” per month of just £54.58 making a “Potential Saving” of £3.33 per month, £39.96 per year and a “Potential Saving” over the 10 year period of £399.60 per cottage. (This is only “Potential” as every SEG application is assessed individually and can be rejected).
Even with the potential of paying a small extra price for their energy bill, the residents of Great Orme would benefit of having a reliable constant supply which at present they do not have. This would probably be worth a potential small increase of £1.34p per month in their electricity bills.
Community
The community benefits of this scheme will be huge as the above figures are based on the inhabitants of the village paying for ALL of the energy costs associated with an off grid wind power system.
At present, the community services buildings, (2x Schools, Police Station, Hospital, 2x Worship Houses) pay for their own electricity. Under the new scheme, the energy bills for these buildings will affectively be for free. 
If all of this is taken into account, then the costs associated with installing, paying back and running an off grid Wind Power system are very competitive and offer a host of benefits that outweigh the negatives and disadvantages, even if each cottage doesn’t see a big financial benefit for the initial 10 years.
As with all green initiatives and problems, the long view must be at the heart of all decisions. There are unfortunately no quick fixes with Green Energy.  


















References
Alibaba.com, 2022. 50KW Yaw Wind Turbine Controller. [Online] 
Available at: https://www.alibaba.com/product-detail/50KW-Yaw-Wind-Turbine-Controller-for_62053018339.html
[Accessed 16 January 2022].
Alternative Energy Tutorials, 2022. Enviromental Impact of Wind Energy. [Online] 
Available at: https://www.alternative-energy-tutorials.com/wind-energy/environmental-impact-of-wind-energy.html
[Accessed 22 January 2022].
Battle Born Batteries, 2022. What’s The Difference Between Wiring Batteries in Series Vs. Parallel?. [Online] 
Available at: https://battlebornbatteries.com/batteries-in-series-vs-parallel/#:~:text=The%20main%20difference%20in%20wiring,amp%2Dhours)%20added%20together
[Accessed 18 January 2022].
Britannica, E., 2021. Encyclopædia Britannica. [Online] 
Available at: https://www.britannica.com/science/solar-energy/Electricity-generation#/media/1/552905/66121
[Accessed 29 December 2021].
Bruce, J., 2021. DIY Solar Shack. [Online] 
Available at: https://diysolarshack.com/10-solar-pv-system-losses-their-impact-on-solar-panel-output/
[Accessed 30 December 2021].
Clean Energy Reviews, 2022. Technical guide to sizing hybrid inverters and off grid solar systems. [Online] 
Available at: https://www.cleanenergyreviews.info/blog/hybrid-solar-selection-guide
[Accessed 22 January 2022].
Darling, 2008. Turbine Components. [Online] 
Available at: https://www.sciencedirect.com/topics/engineering/turbine-components
[Accessed 30 December 2021].
EDF Energy, 2021. Compare Prices. [Online] 
Available at: https://my.edfenergy.com/gas-electricity/compare-prices?step=3
[Accessed 07 December 2021].
Indeed Jobs, 2022. EDF Energy Limited. [Online] 
Available at: https://uk.indeed.com/cmp/Edf/salaries/wind+turbine+technician/?from=career
[Accessed 16 January 2022].
Renewables First, 2021. How windy does it need to be?. [Online] 
Available at: https://www.renewablesfirst.co.uk/windpower/windpower-learning-centre/how-windy-does-it-have-to-be/
[Accessed 2021 December 2021].
RenSMART - The Renewable Energy Information Source, 2021. Renewable Energy Maps. [Online] 
Available at: https://www.rensmart.com/Maps
[Accessed 2021 December 2021].
S.Hshok, 2021. Britannica. [Online] 
Available at: www.britannica.com/science/solar-energy.
[Accessed 29 December 2021].
Schwartz, D. M., 2020. Beginners Guide to Wind Turbine Charge Controllers. [Online] 
Available at: https://offgridpermaculture.com/Off_Grid_Energy/Beginners_Guide_to_Wind_Turbine_Charge_Controllers.html
[Accessed 22 January 2022].
Selin, N. E., 2021. Wind Power. [Online] 
Available at: https://www.britannica.com/science/wind-power
[Accessed 30 December 2021].
Solar Panel Prices, 2022. The Best SEG/Export Tariffs. [Online] 
Available at: https://www.solarpanelprices.co.uk/articles/solar-panels/best-smart-export-guarantee-tariffs/
[Accessed 23 January 2022].
The Green Age, 2021. Wind Turbine Components. [Online] 
Available at: https://www.thegreenage.co.uk/tech/components-wind-turbine/
[Accessed 30 December 2021].
Topographic Maps, 2021. topographic-map.com. [Online] 
Available at: https://en-gb.topographic-map.com/maps/c4/Wales/
[Accessed 29 December 2021].
University of Michigan, 2021. Wind Energy Factsheet. [Online] 
Available at: https://css.umich.edu/factsheets/wind-energy-factsheet
[Accessed 30 December 2021].
Zero Home Bills, 2022. Victron Quattro 15kW 48v inverter. [Online] 
Available at: https://www.zerohomebills.com/product/victron-quattro-15kw-48v-inverter-and-charger/
[Accessed 22 January 2022].

image2.jpeg




image3.png
5 Ges & Electricity Quote | Compa: X | + voo- x

< C @ myedfenergy.com/gas-electricity/compare-prices?step=3 ez %x B »Q :

pps [ Bookmarks [] WorkBookmarks [ College Bookmarks [ WW G Welsh > English G Dictionary - Google... @ Intranet A, FIMS Login @ iTrent User Logon » Reading st

For home For business Large business About Us MyAccount m
[} Geta Moving Boilers and Energy Electric Smart Help and
~ S EeDF MyAccount quote home heating efficiency cars meters support
# Electricity
This tariff
Tariff details

Fix Total Service Jan24

Fixed until Q 31 January 2024

Payment type Q Budget Direct Debit (Monthly) 8

Yearly Estimate -] £1018.45 B
o

Daily standing charge @ 23.50p per day

Unit rate Q 32.17p per kWh

Exit fees Q £150.00

Rack te all $ariffc




image4.png
sish G Dctionsy-Google @ it A MSlogin @ et Userlogon @ Poscode Seach B €T Spport

Great Britain

Click onthe map to

elevation

Great Briain, United Kingdom (54

Share this map on

00P00DOOOD





image5.png
T Mo % | G whichdiecon do wind tine: X | @ NewTeb % [l ot energy - Eectcty generst X @) How Many SolerPanei Do You | X | 4 v 8 x

€ > © & britanicacomscience/solar-energy/Bectrcty-generation

Sppe [ Bookmats [ WorSockmaks 1] ColegeSockmadks [1 WK G Webh> Engoh G Ditorary-Googe. @ et A FMSLogin @ flantUerlogon @ PoscodeSench 3 1T Sepprt

solar cell

When sunlight strikes  soar cell, an
electron s freed by the photoelectric
effect. The two dissimilar
semiconductors possess a natural
difference i electric potential
(voltage), which causes the electrons
%o flow through the external circuit
supplying power to the load. The flow
of electricty results from the.
characteristics of the semiconductors
and s powered entirely by light
strking the cell.

e @ W

e samconducts sackcomsct





image6.png
T Mo % | G whichdiecon do wind tine: X | @ NewTeb % [l ot energy - Eectcty generst X @) How Many SolerPanei Do You | X | 4 v 8 x

€ > © & britanicacomscience/solar-energy/Bectrcty-generation

Sppe [ Bookmats [ WorSockmaks 1] ColegeSockmadks [1 WK G Webh> Engoh G Ditorary-Googe. @ et A FMSLogin @ flantUerlogon @ PoscodeSench 3 1T Sepprt

solar cell

When sunlight strikes  soar cell, an
electron s freed by the photoelectric
effect. The two dissimilar
semiconductors possess a natural
difference i electric potential
(voltage), which causes the electrons
%o flow through the external circuit
supplying power to the load. The flow
of electricty results from the.
characteristics of the semiconductors
and s powered entirely by light
strking the cell.

e @ W

e samconducts sackcomsct





image7.png
Map  Satelite

o
3 SR | MW smowisa
, , F = T pr—
|
|
o |
: ‘ pro
o Uanfairpwligaymal it
Fehel s, {
Voo o f -
X/ | L
T s avmztay |3 A mtay |31 2ty [ o





image8.png
TE Maps 8 Legal notice. X | G whichdirectiondowind turt X | @ NewTab x [l solr energy | Definition, Us= X+ v - X
< C @ britannica.com/science/solar-energy ez %x B »Q :
Apps [ Bookmarks [ WorkBookmarks [ College Bookmarks [] WW G Welsh> English G Dictionary - Google.. @ Intranet A FIMSLogin @ iTrent User Logon » Reading list

X

3/

VIEW ALL @ VEWFULLSZE  §) PRINT ame

PHOTOVOLTAIC POWER POTENTIAL solar energy potential

Long torm sverage

wm< 24 30 36 42 485460

Howathourslowatpok Earth's photovoltaic power potential.
Longerm avarge ot eurysum < 818 1098 1314 164 1788 AT T

Encyclopeedia Srtannica, IncKenny Chmielewski

SHARE @ W





image9.png
Map  Sateliite ax





image10.png




image11.png




image12.jpeg
Low-speed  High-speed

shaft shaft

Gearbox
Brake

Generator

Nacel

Tower




image13.jpeg
L2 IS NIEREN G JUST PLUG IT IN

ENDURANCE WINE o =ly - GREEN ENERGY THAT WORKS




image14.jpeg
SPECIFICATIONS

TURBINE

Configuration 3 blades, horizontal axis, downwind
Rated power @ 11 m/s 50 kW

Applications Direct Grid-Tie

Rotor speed 40 rpm

Cut-in wind speed 3.5m/s (7.8 mph)
Cut-out wind speed 25 m/s (56 mph)
Survival wind speed 52 m/s (116 mph)
Design lifetime 30 years *

Overall weight 1476 kg (3250 Ibs)

Rotor diameter 19.2m (63 ft)
Swept area 290m? (3120 ft?)
Blade length 9m (29.53 ft)
Blade material Fiberglass / Epoxy

Power regulation

GENERATOR

Stall control (constant speed)

Frequency 60 Hz

Voltage 480V

Phase Three phase

Type Induction Generator

BRAKE & SAFETY SYSTEMS

Main brake system Rapid fail-safe brake on high speed shaft

Secondary safety Pitch control system (for over speed
regulation) using passive spring loaded
mechanism (patent pending)

Automatic shut - Over speed

down triggered by : - High wind speed

- Grid failure
- All other fault conditions

CONTROLS

PLC based Includes remote monitoring software
WARRANTY
Turbine, controls 5years

TOWERS

Types and heights Standard Monopole 30.5m (100 ft)

Standard Lattice 42.67m (140 ft)

Custom heights available

Maintenance Access Working space inside nacelle tower
Top work platform and safety cable

climbing system

*Provided service and maintenance schedules are strictly followed

Zndurance®

wind power
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Toll Free 1-888-440-4451
info@endurancewindpower.com
www.endurancewindpower.com
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Rated power 100 kW
Rated wind speed 10 m/s
Cut-in wind speed 3m/s
Cut-out wind speed 20 m/s
Wind class IEC IIA IEC IIIA
Max wind gust speed 59.5m/s 52.5m/s
Power regulation Active variable pitch
Active variable speed
Powertrain Permanent magnet direct drive generator
Power delivery Electronic power converter
Design life 20 years
Rotor
Type Three blades, upwind
Blades Fiberglass-epoxy composite
Powertrain
Generator type Multi-pole permanent magnet
Gearbox No
Cooling Surface ventilated passive air cooling
Control and electrical system
Controller State of the art industrial PLC
Pitch drive Qil free electromechanical

Braking system

Aerodynamic Blades feathering

Electrical Brake chopper fed through electronic power converter
Mechanical 2 hydraulic callipers
Orientation System
Actuator Electric Gearmotor
Jamming Hydraulic Calliper
Emergency power supply 2 independent supercapacitor systems
Tower
Type Tubular steel tower
Sections 2 or 3, depending on hub height

Available hub height
Available rotor diameter

24.5m (IEC IIA) - 29.5 m (IEC IllA) - 36.0 m (IEC IlIA)
22 m (IEC IIA) — 24 m (IEC llIA)

8.0
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Quality and safety Wind Turbine
standards

Blades
Monitoring / Monitoring
Operation /
Maintenance

Access to nacelle

Operations at nacelle

Electrical interconnection
Output
Voltage
Frequency
Protection
Capabilities

Grid connection
and interoperability

Manufacturing evaluated |EC 61400-22:2010 TUV SUD
H&S evaluated directive 2006/42/CE SGS

EMC tested mach. directive 2006/42/CE SGS
Electrical safety tested mach. directive 2006/42/CE SGS
Power quality measured IEC 61400-21:2008 Barlovento
Acoustic noise measured IEC 61400-11:2012 ARESSE
Design for IEC IIIA IEC 61400-1:2005 TUV SUD
Blade tested (extreme & fatigue) |IEC 61400-23:2014 TUV SUD

Remote supervision via internet with client’s app
Norvento Control Centre (24/7/365 available)

From within the tower

User-friendly and safe up to 12m/s average wind speed

Alternating current, three-phase
400V

50 Hz / 60 Hz

G59

Power delivery control in real time

Reactive power control

Power factor compensation

Low voltage ride through

Black start
Integration

Communication with smart grid and system operator
Supports grid power/frequency stability
Reinforces grid Voltage Stability

Applications

Connected to main power system

Connected to weak grids
Connected to a micro-grid
Operated as stand-alone

Wind - diesel / biogas systems /
Wind - PV systems / batteries

Noise
data
. Distance from
Wind wind turbine location [m]
speed
at hub

L 5,=45 dB(A)

L,.,=35 dB(A]
height [m/s] jo i ")

7-8 100 275
8-9 15 310
9-10 130 350
10-1 145 385
n-12 130 350

nED100 can operate a Low Noise mode which
reduces the maximum noise level emitted by 2dB
by the wind turbine in its Normal mode operation.
Such feature allows a significant reduction in the
required noise buffer.

Estimated noise buffer zones
(According to ETSU-R-97 and IOA Good Practice Guide)

450

400

350

300

250

200

150

100

Distance from wind turbine location [m]

50

7 8 9 10 n 12

Wind speed at hub height [m/s]
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CERTIFIED BLADES
Fully tested for extreme
and fatigue loads

DIRECT DRIVE
No gearbox
Minimum maintenance requirements

PERMANENT MAGNET

SYNCHRONOUS GENERATOR
Guaranteed performance throughout
turbine life

VARIABLE PITCH
Pitches the blades to the optimum angle
at any wind speed

SPEED CONTROL
Keeps the blades turning at their
optimum speed

SAFE & QUICK ACCESS

TO NACELLE
From within the tower and having
all components in a spacious
environment

ORIENTATION WITH

ACTIVE BLOCKING
Optimal orientation and maximum
stability of the machine
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WIND TURBINE GENERATOR

Productivity
Reliability
Safety

Norvento nED Factory

Productivity Reliability

Optimal use of the wind energy.
nED100 offers the highest electrical
production on the market in its power
range thanks to its aerodynamics,
generator, and control system. Our
Control Centre will monitor the
behaviour of nED100 in real time to
ensure its maximum availability.

The nED100 configuration, without a
gearbox, minimises the number of both
preventive and corrective maintenance
actions. nED100 has been designed to
support extreme wind conditions,
temperature, humidity, and salinity.

Safety

nED100 complies with the most
demanding design and manufacturing
regulations, as it provides safe operation
throughout its lifetime, which have been
certified by the same organisations that
work with the large-scale wind power
industry. The maintenance team will be
able to work safely and comfortably, by
accessing to the nacelle through the
interior of the tower.
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norvento
enerxfa

+ info.

Norvento Enerxia is a Spanish company of the
renewable energy sector that operates throughout
the entire value chain, from the design and
equipment manufacture, to the construction and
operation of its wind farms and installations.
Founded in 1981, it develops, manufactures, and
commercialises technology such as its medium
range power wind turbines, electronic converters,
or energy management systems. It also works in the
large wind generation where it designs, builds, and
operates large energy plants, especially wind farms.

Based in Lugo, the company has a presence in
several international markets through more than
1.000 MW distributed in renewable energy
generation plants currently in operation or under
development. Being in the vanguard of innovation,
Norvento Enerxia picks the most advanced
technological solutions in each project.

WIND TURBINE GENERATOR
nED100

Use Norvento’s
nED100 turbine to
produce your own
energy

Connected to the distribution network
In weaker grids, where power quality is poor
In a micro-grid or hybrid system alongside solar PV,
diesel generators and batteries
e  Oreven stand-alone as your sole source of power

comercial@norvento.com norvento.com
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SPECIFICATIONS

TURBINE

Configuration 3 blades, horizontal axis, downwind
Rated power @ 11 m/s 50 kW

Applications Direct Grid-Tie

Rotor speed 40 rpm

Cut-in wind speed 3.5m/s (7.8 mph)
Cut-out wind speed 25 m/s (56 mph)
Survival wind speed 52 m/s (116 mph)
Design lifetime 30 years *

Overall weight 1476 kg (3250 Ibs)

Rotor diameter 19.2m (63 ft)
Swept area 290m? (3120 ft?)
Blade length 9m (29.53 ft)
Blade material Fiberglass / Epoxy

Power regulation

GENERATOR

Stall control (constant speed)

Frequency 60 Hz

Voltage 480V

Phase Three phase

Type Induction Generator

BRAKE & SAFETY SYSTEMS

Main brake system Rapid fail-safe brake on high speed shaft

Secondary safety Pitch control system (for over speed
regulation) using passive spring loaded
mechanism (patent pending)

Automatic shut - Over speed

down triggered by : - High wind speed

- Grid failure
- All other fault conditions

CONTROLS

PLC based Includes remote monitoring software
WARRANTY
Turbine, controls 5years

TOWERS

Types and heights Standard Monopole 30.5m (100 ft)

Standard Lattice 42.67m (140 ft)

Custom heights available

Maintenance Access Working space inside nacelle tower
Top work platform and safety cable

climbing system

*Provided service and maintenance schedules are strictly followed

Zndurance®

wind power

POWER CURVE

60,000

50,000

40,000

30,000

20,000 v,

10,000

Power Delivered to Grid (Watts)

0
4 9 13 18 22 27 31 36 40 mph
2 4 6 8 10 12 14 16 18 m/s

Hub-Height Wind Speed

0
0

ANN

RGY PRODUCTION (AEP)

250,000

200,000

150,000

100,000

AEP (kWh/year)

50,000

0
8 9 10 11 12 13 14 15 16 17 18 mph
4 5 6 7 8 m/s

Average Annual Hub-Height Wind Speed

MODEL E-3120

AEP
kWH
per year
12,000
25,000
42,000
59,000
81,000
103,000
126,000
148,000
169,000
189,000
206,000
224,000
240,000

WIND SPEED
Conversion Table

EACDED
6 22 13

Toll Free 1-888-440-4451
info@endurancewindpower.com
www.endurancewindpower.com
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SPECIFICATIONS

TURBINE

Configuration 3 blades, horizontal axis, downwind
Rated power @ 11 m/s 50 kW

Applications Direct Grid-Tie

Rotor speed 40 rpm

Cut-in wind speed 3.5m/s (7.8 mph)
Cut-out wind speed 25 m/s (56 mph)
Survival wind speed 52 m/s (116 mph)
Design lifetime 30 years *

Overall weight 1476 kg (3250 Ibs)

Rotor diameter 19.2m (63 ft)
Swept area 290m? (3120 ft?)
Blade length 9m (29.53 ft)
Blade material Fiberglass / Epoxy

Power regulation

GENERATOR

Stall control (constant speed)

Frequency 60 Hz

Voltage 480V

Phase Three phase

Type Induction Generator

BRAKE & SAFETY SYSTEMS

Main brake system Rapid fail-safe brake on high speed shaft

Secondary safety Pitch control system (for over speed
regulation) using passive spring loaded
mechanism (patent pending)

Automatic shut - Over speed

down triggered by : - High wind speed

- Grid failure
- All other fault conditions

CONTROLS

PLC based Includes remote monitoring software
WARRANTY
Turbine, controls 5years

TOWERS

Types and heights Standard Monopole 30.5m (100 ft)

Standard Lattice 42.67m (140 ft)

Custom heights available

Maintenance Access Working space inside nacelle tower
Top work platform and safety cable

climbing system

*Provided service and maintenance schedules are strictly followed

Zndurance®

wind power

POWER CURVE

60,000

50,000

40,000
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20,000 v,
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Power Delivered to Grid (Watts)
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ANN

RGY PRODUCTION (AEP)
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0
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MODEL E-3120

AEP
kWH
per year
12,000
25,000
42,000
59,000
81,000
103,000
126,000
148,000
169,000
189,000
206,000
224,000
240,000

WIND SPEED
Conversion Table

EACDED
6 22 13

Toll Free 1-888-440-4451
info@endurancewindpower.com
www.endurancewindpower.com
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Postcod:
Tariff Type: Variable TR
Tariff Length: No Fixed End Date

Email
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Pos. load
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Parallel Connection
Voltage stays the same.
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VICTRON QUATTRO 48/15000-200-100/100 15KW
Q 48V BATTERY INVERTER CHARGER (230V)

HOME > SOLAR PHOTOVOLTAIC (PV) > BATTERY INVERTERS AND CHARGERS > INVERTER AND CHARGER > OFF-GRID
> VICTRON QUATTRO 48/15000-200-100/100 15K 48V BATTERY INVERTER CHARGER (230V)

£3,259.90 excl. VAT

. asv

« Cont. output power: 15000 VA

* ACinputs: 2 X 187-265 VAC Input frequency: 45 - 65 Hz

« Maximum feed through current: 2 x 100 A

« Peak power (W): 25000 W

« The Victron Quattro 48/15000-200-100/100 15kW (15000W) battery inverter
charger comes with a 5 year factory guarantee; which can be extended to 10
years

« Inverting power from DC to AC power. The Victron Quattro range comprises
models with constant outputs rated.

« Pure sinewave output, high peak power and high efficiency. Perfect for off-grid
electricity solutions.

« Free Delivery Rate applies only for England and Wales as well as for

£ SEND AN INQUIRY

Instock

QUANTITY:

RS ADDTO CART

shaRe  f ¥ @ &

SKU: VICTRON-QUATTRO-48-15000-200-100-100

Categories: Battery Inverters and Chargers, Inverter and Charger, OFF-GRID, Solar
Photovoltaic (PV)

‘Tags: 15kW Solar inverters, 230V Sinewave, 48V, 48V Off-Grid, Inverter/Chargers, Off-Grid
Inverters, Victron Energy. Victron Quattro

Brand: Victron Energy

| Cookies & Privacy Policy EU & CA, USA l
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Quattro Inverter/Charger

3kVA - 15kVA Lithium lon battery compatible www.victronenergy.com

Two AC inputs with integrated transfer switch
The Quattro can be connected to two independent AC sources, for example the public grid and a generator, or two
generators. The Quattro will automatically connect to the active source.

Two AC Outputs

The main output has no-break functionality. The Quattro takes over the supply to the connected loads in the event of a
grid failure or when shore/generator power is disconnected. This happens so fast (less than 20 milliseconds) that
computers and other electronic equipment will continue to operate without disruption.

The second output is live only when AC is available on one of the inputs of the Quattro. Loads that should not discharge
the battery, like a water heater for example, can be connected to this output.

Virtually unlimited power thanks to parallel operation
Up to 6 Quattro units can operate in parallel. Six units 48/10000/140, for example, will provide 48kW / 60kVA output
power and 840 Amps charging capacity.

Split phase options

Two units can be stacked to provide 120-0-120V, and additional units can be paralleled up to a total of 6 units per
phase, to supply up to 30kW / 36kVA of split phase power.

Alternatively, a split phase AC source can be obtained by connecting our autotransformer (see data sheet on
www.victronenergy.com) to a ‘European’ inverter programmed to supply 240V / 60Hz.

Quattro
48/5000/70-100/100 Three phase capability
Three units can be configured for three phase output. But that's not all: up to 6 sets of three units can be parallel
connected to provide 144kW / 180kVA inverter power and more than 2500A charging capacity.

PowerControl - Dealing with limited generator, shore side or grid power

The Quattro is a very powerful battery charger. It will therefore draw a lot of current from the generator or shore side
supply (16A per 5kVA Quattro at 230VAC). A current limit can be set on each AC input. The Quattro will then take
account of other AC loads and use whatever is spare for charging, thus preventing the generator or mains supply from
being overloaded.

PowerAssist — Boosting shore or generator power

This feature takes the principle of PowerControl to a further dimension allowing the Quattro to supplement the
capacity of the alternative source. Where peak power is so often required only for a limited period, the Quattro will
make sure that insufficient mains or generator power is immediately compensated for by power from the battery. When
the load reduces, the spare power is used to recharge the battery.

Solar energy: AC power available even during a grid failure
The Quattro can be used in off grid as well as grid connected PV and other alternative energy systems.
Loss of mains detection software is available.

System configuring
- In case of a stand-alone application, if settings have to be changed, this can be done in a matter of minutes with
a DIP switch setting procedure.
Quattro - Parallel and three phase applications can be configured with VE.Bus Quick Configure and VE.Bus System
48/15000/200-100/100 Configurator software.
- Off grid, grid interactive and self-consumption applications, involving grid-tie inverters and/or MPPT Solar
Chargers can be configured with Assistants (dedicated software for specific applications).

On-site Monitoring and control
Several options are available: Battery Monitor, Multi Control Panel, Color Control panel, smartphone or tablet (Bluetooth
Smart), laptop or computer (USB or R5232).

Remote Monitoring and control
Victron Ethernet Remote, Venus GX and the Color Control Panel.
Data can be stored and displayed on our VRM (Victron Remote Management) website, free of charge.

Remote configuring
When connected to the Ethernet, systems with a Color Control panel can be accessed and settings can be changed.

AC Input

4961W
w &

GENERATOR

oV Powar
ow
PUBLIC GRID

Quattro

(]

VE.Bus for
Parallel or 3 phase
configuration

Al settings can be configured
Using VEConfigure

-

Multifunction relay
Example: to be programmed
for genset starting

color conirol

Color Control panel, showing a
PV application
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12/3000/120-50/50 12/5000/220-100/100
Quattro 24/3000/70-50/50 24/5000/120-100/100 | 24/8000/200-100/100 48/10000/140- 48/15000/200-
48/5000/70-100/100 48/8000/110-100/100 100/100 100/100
PowerControl / PowerAssist Yes
Integrated Transfer switch Yes
AC inputs (2x) Input voltage range: 187-265 VAC Input frequency: 45 - 65 Hz Power factor: 1
Maximum feed through current (A) 2x 50 2x100 2x100 2x100 2x100
INVERTER
Input voltage range (V DC) 95-17V. 19-33V  38-66V
Output (1) Output voltage: 230 VAC + 2% Frequency: 50 Hz +0,1%
Cont. output power at 25°C (VA) (3) 3000 5000 8000 10000 15000
Cont. output power at 25°C (W) 2400 4000 6500 8000 12000
Cont. output power at 40°C (W) 2200 3700 5500 6500 10000
Cont. output power at 65°C (W) 1700 3000 3600 4500 7000
Peak power (W) 6000 10000 16000 20000 25000
Maximum efficiency (%) 93/94 94/94/95 94/96 96 96
Zero load power (W) 20/20 30/30/35 45/50 55 80
Zero load power in AES mode (W) {15/a5 20/25/30 30/30 35 50
Zero load power in Search mode (W) 8/10 10/10/15 10/20 20 30
CHARGER
Charge voltage ‘absorption' (V DC) 14,4/288 14,4/288/57,6 28,8/57,6 57,6 57,6
Charge voltage 'float’' (V DC) 13,8/27,6 13,8/27,6/552 27,6/552 552 552
Storage mode (V DC) 132/264 132/26/4/528 26,4/52,8 52,8 528
Charge current house battery (A) (4) 120/70 220/120/70 200/110 140 200
Charge current starter battery (A) 4 (12V and 24V models only)
Battery temperature sensor Yes
Auxiliary output (A) (5) 25 50 50 50 50
Programmable relay (6) 3x 3x 3x 3x 3x
Protection (2) a-g
VE.Bus communication port For parallel and three phase operation, remote monitoring and system integration
General purpose com. port 2x 2x 2x 2x 2x
Remote on-off Yes
Common Characteristics Operating temp.: -40 to +65°C Humidity (non-condensing): max. 95%

ENCLOSURE
Material & Colour: aluminium (blue RAL 5012) Protection category: IP 21
Four M8 bolts (2 plus and 2 minus connections)

Common Characteristics
Battery-connection
Screw terminals 13 mm?

230V AC-connection 6AWG) Bolts M6 Bolts M6 Bolts M6 Bolts M6
Weight (kg) 19 34/30/30 45/41 51 72
470 x 350 x 280
Dimensions (hxwxd in mm) 362x258x218 444 x 328 x 240 470 x 350 x 280 470 x 350 x 280 572x 488 x 344
444 x 328 x 240
STANDARDS
Safety EN-IEC 60335-1, EN-IEC 60335-2-29, EN-IEC 62109-1

Emission, Immunity

Road vehicles

Anti-islanding

1) Can be adjusted to 60 HZ; 120 V 60 Hz on request
2) Protection key:

EN 55014-1, EN 55014-2, EN-IEC 61000-3-2, EN-IEC 61000-3-3, IEC 61000-6-1, IEC 61000-6-2, IEC 61000-6-3
12V and 24V models: ECE R10-4
See our website

3) Non-linear load, crest factor 3:1
4) At25°Cambient

a) output short circuit

b) overload

) battery voltage too high

d) battery voltage too low

©) temperature too high

) 230 VAC on inverter output
g) input voltage ripple too high

Digital Multi Control Panel

A convenient and low cost solution for remote
monitoring, with a rotary knob to set
PowerControl and PowerAssist levels.

5) Switches off when no external AC source available

6) Programmable relay that can a.0. be set for general alarm,

DC under voltage or genset start/stop function
ACrating: 230V /4 A
DC rating: 4 A up to 35 VDC, 1 A up to 60 VDC

Computer controlled operation and monitoring
Several interfaces are available:

Color Control GX
Monitoring and control. Locally, and also
remotely on the VRM Portal.

MK3-USB VE.Bus to USB interface
Connects to a USB port (see ‘A guide to
VEConfigure’

VE.Bus to NMEA 2000 interface
Connects the device to a NMEA2000 marine

686

BMV-700 Battery Monitor

The BMV-700 Battery Monitor features
an advanced microprocessor control
system combined with high
resolution measuring systems for
battery voltage and charge/discharge
current. Besides this, the software
includes complex calculation
algorithms, like Peukert's formula, to
exactly determine the state of charge
of the battery. The BMV-700
selectively displays battery voltage,
current, consumed Ah or time to go.

electronics network. See the NMEA2000 & MFD
integration guide

Victron Energy B.V. | De Paal 35 | 1351 JG Almere | The Netherlands
General phone: +31 (0)36 535 97 00 | E-mail: sales@victronenergy.com
www.victronenergy.com
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Wind Turbine Technician yearly salaries in the United Kingdom at EDF Energy Limited

Job Title Location

Wind Turbine Technician 12 sslaries v ‘ ‘ United Kingdom v

Average salary
£29,271 per year

110% | Above national average

Add a Salary

Claimed Profile @

salary estimated from 13 employees, users, and past and present job advertisements on Indeed
in the past 36 months.

Questions about EDF Energy
Compare all Wind Turbine Technician salaries in the United Kingdom — Limited
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