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Abstract

The aim of my report is to demonstrate that I can design, solve and deal with realistic renewable energy
problems. I will look at low-cost solutions that are simple to manufacture, assemble and maintain and assess
the quality of the solutions in terms of their efficiency, and reliability.

In order to draw my conclusions, I will;

1. Calculate the cost of electricity supplied by the national grid over the next 10 years, assuming a fixed
electricity tariff from year end of 2021 (before the Ukraine war).

2. Design a wind power system:
- Wind machines property and number.
- Wind viability survey.
- Turbine.
- Battery property and number.
- Inverter
3. Design a solar power system.
- Sunshine viability survey.
4. Calculate the cost of chosen renewable energy system, including:
- Capital cost of the hardware for the system.

- Maintenance cost, assuming the cost of the spare components is 3 % for the wind system per year
and 10 % for the PV generator system per year, and each power system will need two part time
maintenance technicians.

5. Justify my chosen renewable energy power system.

6. Assuming the provider pays the cost of the renewable energy system, calculate an appropriate tariff
(regular fixed monthly fee) that must be paid, per cottage, in order for the 10 year payback period for this
project to be met. Assuming 0 % interest rate on the capital.

7. Discuss the comparison of the cost of electricity tariff generated by national grid power and my chosen off-
grid energy system after cost recovery.

8. Discuss the environmental impact of the chosen renewable energy system.



Introduction

The reliance of the European Union and, indirectly, the United Kingdom on Russian natural gas supplies has
increased over the last decade. Since the start of the war in Ukraine, Russia has suspended the supplies of the
natural gas that continental Europe and the UK used for years to run factories, generate electricity and heat
homes. Accordingly, the price of natural gas is nearly 5 times what it was two years ago, putting governments
worldwide under enormous pressure. Rising energy prices are accelerating the cost-of-living crisis; increasing
food and energy poverty; and increasing social unrest. The current global energy crisis and the impacts of
environmental/climate change accelerate the transition towards cleaner renewable and cheaper energy

sources than fossil fuels.

In the United Kingdom there are many rural small villages that suffer from:

a) Poor or insufficient electrical power supply due to technical and environmental problems in
connecting these villages with the high voltage grid.

b) Current worldwide energy price crisis.

The daily average energy demands in these villages is low and varies in the range of 8—10 kWh per household.
Some of these villages are in regions with high winds that enable the use of wind turbines, while other villages
are in regions with high solar potential that allow the use of Photovoltaic (PV) generators for electrification

purposes.

A rural village to the south of Colwyn Bay, Llanrwst valley, in north Wales suffers from a shortage of electrical
power supply. The local village council decided to look at harvesting 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 120 small cottages, 7 community services buildings (two schools, a police station,
a hospital, sport centre and two worship houses), plus 80 street and traffic lights. The average rate of energy
consumption is about 1T0kWh per day per cottage, 100kWh per day per school, 250kWh per day for the
hospital, 40kWh per day for the sport centre, 120kWh per day for the police station, 40kWh per week per
worship building, and 2kWh per day per street and traffic lights.

As an Electrical and Electronic Engineering specialist, the local council has asked me to design a small off-grid
of Renewable Wind Energy System (Task-A)/ Renewable Solar Energy System (Task-B). 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.



Theory and design

1. Calculate the cost of electricity supplied by the national grid over the next 10 years, assuming a fixed
electricity tariff from year end of 2021 (before the Ukraine war).

I have calculated the cost of electricity supplied by the national grid over the next 10 years, assuming a fixed
electricity tariff from year end of 2021 (before the Ukraine war) taken from ofgem.gov.uk [Ref. 05]. Ofgem
gave the maximum charges for electricity for North Wales and Mersey based on three different methods of
payment; standard credit (on receipt of bill), prepayment and other payment method (I have assumed this
to be direct debit as this is the most common other method of payment) [Table 01]. From this table, I have
assumed that “Nil kWh” is the annual standing charge and therefore calculated the unit rate for each
payment method [Table 02] using the formula:

3100kWh charge - Standing charge
3100

= Unit Rate (£/kWh)

The unit rates were 22.07p/kWh for standard credit, 20.62p/kWh for prepayment and 20.95p/kWh for direct
debit. I will later use these values to calculate the total cost for Llanrwst Valley’s annual usage and, for the
purpose of my report, assume that the village pays the smallest figure. This should force me to design a
renewable system to the lowest possible cost.

I next calculated the village’s total consumption per day, per year and per ten years [Table 03]. The total
consumption for the village over 10 years that I calculated is 7232.21 MWh. I used this figure to calculate the
cost of electricity for the village over the course of 10 years for each payment method taking account of
standing charges and unit charges [Table 04]. This gives me the basis from which to decide if the chosen
renewable energy system is viable and meets the payback period of 10 years.

My calculations revealed that prepayment is the cheapest form of payment and that my target cost to beat
is £1.62m over 10 years.

2. Design a wind power system.
Wind machines

I have looked at two wind turbines. The NPS 100C-21 (Appendix A) [Ref. 03] and the Norvento nED100
(Appendix B) [Ref. 04].

Wind viability survey

In order to calculate the wind potential in the village of Llanrwst, I have taken met office figures from a
weather station in Capel Curig [Ref. 02]. This is the nearest weather station to the village of Llanrwst at only
7 miles away. From the met office data, I have created a table that shows the monthly and annual average
wind speed over the course of 20 years from 1991 to 2020 [Table 05]. This shows that the annual average
wind speed at 10m above ground is 6.5m/s. This figure can be adjusted to account for varying heights of wind
turbine using a wind profile calculator that I found online [Ref. 12]. This calculator takes into account the
increased height of the wind turbine, as well as the roughness of the terrain. Entering the appropriate
information into the calculator I can adjust the 6.5m/s figure as below;

Height above ground 10 m

wind spead 6.5 m/s

Roughness length z  (see table below) 04

0 m



Roughness Roughness

class  length z t]T'yrps:s. of terrain surfaces
0 0.0002m | Water areas: sea and lakes
0.5 0.0024 m Open terrain with a smooth surface, e.g. concrete, airport runways, mown grass, etc.
] 0.03m Open agricultural land without fences or hedges, possibly with widely scattered buildings and very rolling
’ hills
1.5 0.055m | Agricultural area with a few houses and 8 m high hedges more than 1 km apart
2 0.1m | Agricultural area with a few houses and & meter high hedges approximately 500 m apart
2.5 0.2m | Agricultural area with many houses, bushes and plants, or 8 m high hedges at a distance of approx. 250 m
3 0.4 Villages, small towns, agricultural areas with many or high hedges, forests and very rough and uneven
M terrain
3.5 0.6m | Larger cities with tall buildings
4 1.6m | Big cities with tall buildings and skyscrapers
Height above ground wind speed
150 m 11.97 m/s
140 m 11.83 m/s
130 m 11.68 m/s
120 m 11.52 m/s
110 m 11.34 m/s
100 m 11.15 m/is
S0 m 10.94 m/s
BOm 10.70 m/is
0m 10.43 m/s
60 m 10.12 m/s
50 m 9.75 m/s
40 m .30 m/s
30m 8.72 m/s
20m 7.90 m/s
10 m 6.50 m/s

After looking at the specification of a few wind turbines, I have seen that a good hub height to work with is
20m. This gives me a new wind speed of around 7.9m/s. This will help me more accurately calculate the annual
energy production (AEP) of any chosen wind turbine.



Turbine

Wind Turbine Comparison

Manufacturer NPS Norvento

Model 100C-21 nED100

Power rating 100kW 100kW

Rotor diameter 20.7m 22m/24m

Hub height 37m, 29m, 22m 24.5m/29.5m/36m
Generator type Permanent magnet | Multi-pole permanent magnet
Rated wind speed 15m/s 10m/s

Cut in wind speed 3m/s 3m/s

Cut out wind speed 25m/s 20m/s

Extreme wind speed 59.5m/s 59.5m/s/52.5m/s
AEP @ 8m/s 369MWh/year 435MWh/year
Project Cost Estimate | £350k £440k

Spares cost (3%/year) | £105k £132k

Design life 20 years 20 years

Based on the comparison table above [Table 06], I have opted for the NPS 100C-21 wind turbine. I believe
the 22m hub height means that it would be slightly less of an eyesore than the shortest Norvento option. The
NPS has a higher cut out wind speed which will mean that it can remain operational for longer than the
Norvento. Although the annual energy production is slightly lower for the NPS, I would need two of either of
these models to meet the demand of Llanrwst village and therefore the lower cost of the NPS makes it
preferential.

Llanrwst total energy consumption (MWh/year)
Annual energy production (MWh/year)

= Required number of turbines

724MWh = 1.96 turbines
369MWh

2 turbines will be required to provide enough power to Llanrwst village.

Batteries

A typical battery that would be used with an off-grid system would be a lithium ion 12V 200Ah type. It is
important to work out desired backup time and energy requirement to decide the configuration and number
of batteries required.

I believe 12 hours (half a day) of battery backup would be sufficient. This would allow for any planned
maintenance (shifts of 10 hours) shutdowns for maintenance or repair. If ever the turbines were required to
be off for longer than this, diesel/HVO generator(s) can be arranged at relatively short notice to maintain the
supply. Add to this that planned shutdowns can be planned overnight when peak consumption is low, the 12
hours redundancy should be more than adequate.

An average day of electricity consumption in Llanrwst village is 1.98MWh [Table 03]. Divide this by two to
get the required backup output (0.99MWh). To achieve this output from 12V 200Ah batteries I would need
to wire the batteries as multiple strings of blocks. As a typical inverter works from a 48V DC input, each block
of batteries would need to be 4x 12V batteries. This would give me 48V X 200Ah = 9.6kWh.



The amp hours required can be calculated by;

i 990kWh
Requw.ed output (kWh) ~Required Ah -20625Ah
Design voltage (V) 48V
Required AR = Required No. battery strings _20625Ah =103.125 battery strings
Ah per battery 200Ah

The total number of batteries can then be calculated by the number of batteries in each block (4) multiplied
by the number of battery strings (104).

4 X104 = 420 batteries total.

Wiring these as 104 parallel strings of 4 would give me 48V X 20800Ah = 998400kWh (0.998MWh) which
satisfies the villages average usage over 12 hours.

This number of batteries will need to be stored within their own housing, likely a sufficiently vented shipping
container. They would also need to be maintained at a stable temperature of around 20°C, requiring an air
conditioning unit to be installed. The cost of these I will consider negligible in the grand scheme of the project.

A pack of 4 batteries costs £2440 (Renogy.com, 2024) (Appendix C) [Ref. 06]. Therefore, the cost to purchase
all the required batteries would be £2440 X 104 = £253760.

Inverter

To work out the rating and number of inverters required, I need to work out the average demand. I have
found this by taking the average daily usage for the village and dividing it by 16 hours (average waking hours).

1980kWh
16h =123.75kW

An inverter I have found online (Victron Energy) (Appendix D) [Ref. 11], can deliver 15kW continuous. I would
therefore need ten on these inverters to deliver a total of 150kW continuous. They can have 6 units wired in
parallel, so 5 inverters in parallel, per wind turbine, will be acceptable.

The price per inverter is £4690.70. Therefore, ten inverters will be £46970.



3. Design a solar power system.

In order to design a solar power system, I must work out the solar potential for Llanrwst. Solar potential is
best calculated using global horizontal irradiation (GHI) data. GHI is defined online as below.

Global Horizontal Irradiation (GHI)

GHI is the most important parameter for energy yield calculation and performance assessment of flat-plate
photovoltaic (PV) technologies. This solar resource map provides a summary of the estimated solar energy
available for power generation and other energy applications. It represents the long-term average of
yearly/daily sum of global horizontal irradiation (GHI). The underlying solar resource database is calculated
by the Solargis model from atmospheric and satellite data with 10, 15 or 30-minute time step (depending on
the region). The effects of terrain are considered at nominal spatial resolution of 250 m.

(Solargis.com, 2024) [Ref. 08]

I have found the map below that shows the long term average global horizontal irradiation across the UK,
between 1994-2018. From this map, I have estimated that the kWh/m?2 for Llanrwst village is around
850kWh/m2.
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(Solargis.com, 2024) [Ref. 07]

Based on the solar potential value and the average consumption of electricity, I have calculated that the
footprint required for solar panels alone would be 853m?2.

Llanrwst total energy consumption (kWh/year)
Solar potential (kWh/m?)

= Solar panel footprint (m?)



725000kWh
850kWh/m?

=853m?

As this Llanrwst is only a small village, I find this footprint to be unacceptable compared the footprint of two
wind turbines. Especially when you consider that this is for the panels alone, before even considering the
battery storage and land area for maintenance access. I will therefore be choosing a wind power system.

4. Calculate the cost of chosen renewable energy system.

Capital cost

The capital cost is worked out as the sum total of the project cost, battery cost and inverter cost. As can be
seen on the table below [Table 07], I have accounted for the fact that the batteries and inverters will require
renewal within the payback period (after 5 years). The total capital cost of my wind power system is £1.05m.

Renewals
within 10
Qty. | Cost per years Cost total
Turbines 2 £350,000 1 £700,000
Batteries | 420 | £610 2 £512,400
Inverters | 10 | £4,700 2 £94,000
Total | £1,306,400

Maintenance cost

How much does a Wind turbine
technician make in United Kingdom?

£32,500 [ Annual

Median
Bosed on 774 salaries £39 500
- " . w .
The average wind turbine technician salary
in the United Kingdom is £32,500 per year
or £16.67 per hour. Entry level positions start
ot £30,000 per year while most experienced Low High
workers make up to £41,000 per year. £30,000 £A41.000

(Talent.com, 2024) [Ref. 09]

Using the information above, and the assumption that two part time wind turbine technicians will visit
Llanrwst wind power system for one shift per week (20 hours/week total), I can work out the labour costs of
the wind turbines per year and over the 10-year payback period, as below.

£16.67/hr X 20hrs/week X 52 = £17336.80
£17336.80 X 10 = £173368
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This value added to the cost of spares (3 % /year) will give me the total maintenance costs of the wind power
system, as per the table below [Table 08].

per
year 10 years

Spares (3%/year) £10,500 | £105,000
Labour (£16.67/h) | £17,340 | £173,400
Total | £278,400

The grand total cost of my wind power system over 10 years is £1306400 + £278400 = £1.59m.

5. Justification of my chosen renewable energy power system.

A wind power system, using 2x NPS 100C-21 wind turbines, is the best choice for Llanrwst because it meets
the energy demands of the village. My calculations above show that with all capital costs and maintenance
costs, over a period of 10 years, it is more cost efficient than taking the supply from national grid. There is a
saving of £30k throughout the 10-year payback period. As I have mentioned previously, a negligible amount
of the savings may be taken up by additional components i.e., battery containment, but these components
are unlikely to require renewal within a significant period and are relatively low cost. The money left over
could also be put towards generator hire, if required, throughout any extended periods of maintenance. Due
to the 20-year design life of the most expensive components of this system, there will be much larger savings
to be seen in the 10 years following the payback period.

6. Calculate an appropriate tariff that must be paid, per cottage, for the 10-year payback period to be
met.

Assuming the provider pays the cost of the wind power system, and there is 0% interest to be paid on the
capital, the 10-year cost of the system can be divided by all the cottages to work out a fixed fee for each
cottage to pay.

Total cost (10 years) £1.59m
= ——— =£13250
No. of cottages Fee per cottage (10 years) 120

£13,250 £1,325

10 = £1325 (per year) 12 = £111 (per month)

In order to pay back the provider, each cottage will need to pay a fixed fee of £111 per month for 10 years.

11



General principles

In order to better understand which type of renewable energy system will best suit this project, I have
researched both wind and solar systems and how they work.

Wind turbines

A wind turbine converts the kinetic energy of wind into rotational energy in order to generate electricity. As
the wind blows, the rotor blades rotate, driving a shaft connected to a gearbox. The gearbox speeds up the
rotation of a second, higher speed, shaft which is connected to a generator. This is where the rotational energy
is converted to electrical energy. The various control systems of the wind turbine monitor and react to
changing wind conditions in order to maximise the return. This can be done by changing the pitch of the
blades or the direction in which the hub is facing.

Below is a diagram outlining the components of a wind turbine followed by a description of what each
component does.

Main Components of a Land-Based Gearbox Turbine

Blade Low-speed drive shaft

Gearbox

Nacelle Anemometer

Hub

Wind Vane

Generator

Tower
Yaw system

High-speed drive shaft

Tower

Wind turbine towers reach from the foundation to the nacelle, allowing the rotor to access high wind speeds
far above ground level. Turbine towers are made of tubular steel to successfully support the weight of the
nacelle, hub, and blades. In the United States, utility-scale, onshore wind turbine towers reach an average of
over 100 meters (328 feet), particularly in the Midwest and Northeast. For this massive section of the turbine
to be successfully transported and assembled, the tower is typically manufactured in three sections. A wind
construction company will assemble the tower and other major parts on-site at the wind farm, using heavy-
duty cranes.

Nacelle

The nacelle houses the mechanical components needed to convert the rotation of the turbine blades into
energy — also known as the drivetrain. From a distance, the nacelle may seem like a relatively small section of
a wind turbine, especially when compared to the tower and turbine blades. However, this part of a wind turbine
can weigh over 50 tons (100,000 Ibs). Transporting nacelles requires special equipment for supersize loads, as
normal flatbed trailers do not have the capacity to handle that weight.

12



Gearbox

The gearbox helps to convert the relatively slow rotational speed of the turbine rotor to the high speeds
needed to run the generator. The rotor achieves around 18 revolutions per minute (rpm), while the generator
will need around 1,800 rpm to successfully generate electricity. The gearbox connects the rotor hub to the
generator by a series of drive shafts.

Drive Shafts

The turbine’s drive shafts are integral parts of the drivetrain, working in conjunction with the gearbox to
increase rpm and run the generator. The low-speed shaft (also known as the main shaft) connects the hub to
the gearbox. A smaller, high-speed shaft connects the gearbox to the generator.

Generator

The generator is ultimately what converts wind power to electrical energy by means of electromagnetic
induction. Wind energy is an increasingly popular renewable energy source because it does not require mining
or digging for fossil fuels, instead running on an endless supply of kinetic energy provided by the wind. It’s also
a “clean” form of energy that doesn’t burn fossil fuels or release carbon emissions.

Hub

The hub is part of the rotor, securing the three blades and connecting them to the drive shaft in the nacelle.
The hub has a cast iron structure weighing between 7 and 14 tons (14,000-28,000 Ibs), as it needs to be sturdy
enough to support the weight of the turbine blades. Wind turbine hubs have an average length of 4-6 meters
(13-20 feet), and a diameter of 3-4 meters (10-13 feet). Wind turbines are often measured in terms of “hub
height,” which refers to the distance from the ground to the centre of the hub.

Yaw System

The yaw system underneath the nacelle is responsible for orienting the turbine according to wind direction
(determined by the wind vane and anemometer). The yaw drive and yaw motor work together to adjust the
nacelle so it captures wind power as effectively as possible. This system is crucial for maximizing the value of
the turbine and keeping the generator running at a more constant rate.

Blades

Blades for onshore, utility-scale turbines in the U.S. average between 200-300 feet long — and they’re
consistently being manufactured at larger sizes to achieve a higher power output. Turbine blades are adjusted
by the “pitch system,” which is based on wind speeds. The pitch system helps turn the rotor at an optimum
speed — ensuring that high winds that are too strong don’t damage the turbine. Modern turbine blades are
primarily made of aerodynamic fiberglass and are hollow. These factors make turbine blades lighter than the
steel tower and even the nacelle — but they still weigh several tons at least, and their sheer size poses
significant logistical challenges.

(Titan Worldwide, 2023) [Ref. 10]
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Solar Photovoltaic System

Solar photovoltaic (PV) panels use cells containing a semi-conductor material to capture the sun’s energy and
convert solar radiation into electricity. The most commonly used semi-conductor material is silicon, which is
an abundant natural resource found in sand. When light strikes the cell a certain amount of energy is absorbed
within the semiconductor material, knocking electrons, the negatively charged particles that form the basis of
electricity, loose.

Most PV cells have two layers of semi-conductor material, one positively charged and one negatively charged.
When light shines on the semi-conductor the electric field across the junction between these two layers causes
electricity to flow, generating direct current (DC). By placing metal contacts on the top and bottom of the PV
cell, we can draw that current off for external use.

Solar PV electric panels do not require bright sunlight in order to operate, meaning that you can still generate
electricity on cloudy days, however in general the greater the intensity of light the higher the flow of electricity.
Although, due to the reflection of sunlight, days with slight cloud can result in higher energy yields than days
with a completely cloudless sky.

It is important to realise that you can only use your free solar electricity when it is being generated — so unless
you also invest in batteries to store power for use in the evenings and at night, you will need to pay for your
energy use as normal when the panels are not producing electric.

Direct Current (DC) needs to be converted into alternating current (AC) so it can be used in a domestic building;
this is performed by an inverter. The AC electricity then passes via the generation meter, which measures how
much electricity has been created, and on to the consumer unit where it can be fed into the property for use
or exported back to the national grid via the electricity meter.

A typical grid connected roof mounted system consists of a number of components, as shown in the diagram
to below.

Photovoltaic Solar Panels or Tiles

Solar panels form the heart of every PV system. These contain the cells that capture the solar energy.
Inverters

Inverters convert the DC current produced by the solar panels into AC current which is then fed into the

electricity supply for use in the home, with any surplus electricity fed back into the national grid.

14



Generation Meters / Monitoring Systems

In order to conform to regulations and qualify for feed in tariff payments you need a meter or system that will
accurately register the total kWh of PV electricity generated by the solar panels.

(EWS Solar Power, 2015) [Ref. 01]
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Discussion

7. Discuss the comparison of the cost of electricity tariff generated by national grid power and my chosen

off-grid energy system after cost recovery.

Assuming the village also splits the cost of the national grid supplied energy equally between each cottage,
each cottage would originally be paying an equally share of £1.62m over the 10 years.

£1.62m

20 £13500
£13,500

o - £1350 (per year)
£11'3250 = £112.5 (per month)

Each cottage would be paying £112.50 per month for 10 years to be supplied by the grid. As the wind power
system is £111 per month, this does not initially appear to be a huge saving. However, when you consider the
20-year design life of the wind turbines further savings can be realised over the next 10 years before the wind

turbines need to be replaced.

I have produced a table [Table 09] that shows the costs of renewals and maintenance throughout the second

10 years would be £884800. This means that the monthly fee for each cottage would be roughly halved.

£8.85k

T T
£7,375

T = £737.5 (per year)
£737.5

—y - £61.46 (per month)

This is a saving of £6125 per cottage over the second 10 years. The same model can then be followed every
20 years, renewing the system and making the large savings in the second half of the design life. The village
occupants could also opt to “pay it forward” by overpaying in the second 10 years so that, when it comes to
the 20-year renewal, they need only borrow a portion of the costs of the new system. Thus, bringing the
payback period down. They can continue to do this until such time that they can pay for a new system upfront

from a communal pot of money and begin paying for the maintenance costs only.

8. Discuss the environmental impact of the chosen renewable energy system.

The positive impact on the environment that wind turbines have is twofold. They do not have any inherent
emissions or by-products that can harm the environment and, by their use, reduce the reliance on fossil fuels
for energy. They also do not use other natural resources, like water, for cooling. It is true that natural resources
are used in the construction, but most are not a finite resource. Fossil fuels may also be used in the
installation/erection of such large structures, for example, diesel lorries and cranes. However, as technology

advances, these vehicles should eventually transition to more sustainable sources of fuel, like HVO or electric.
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Conclusion

It is clear from the report I have produced that Llanrwst village would benefit greatly from the installation of
a wind power system. The area has a great potential to harness the power of the wind as the wind records
show a relatively stable level over the years. There are many options available to the residents of Llanrwst
with regards to the payback of such a scheme, be it that they take the saving immediately as they come or
opt to invest/save as a community towards the purchase or upgrade of the system, thus reducing future
payback periods and reaching a point where they can reduce monthly fees to an equal share of the
maintenance costs. The village would no longer be dependent on national grid, whose supply has proven to
be unreliable. They would also be unaffected by future price hikes of energy provided by natural resources, as

we have seen with the increase since the start of the Ukraine war.
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Tables and figures

Table 01 -

N Wales and Mersey Maximum
Charges for Electricity August 2021

Single-Rate Metering
Arrangement (benchmark
consumption per annum),
£
Payment method Nil kWh 3100 kWh
Standard Credit 97.48 781.57
Prepayment 96.92 736.04
Other Payment Method 81.69 731.10

Table 02 -

N Wales and Mersey Unit Rate for
Electricity August 2021

Single-Rate Metering
Arrangement (benchmark
consumption per annum),

£
Unit
Usage | rate (£/
Payment method Nil kWh 3100 kWh charge | kWh)
Standard Credit 97.48 781.57 684.09 | 0.2207
Prepayment 96.92 736.04 639.12 | 0.2062
Other Payment Method 81.69 731.10 649.41 | 0.2095

Table 03 -

Llanrwst Valley total electricity consumption

Average energy
consumption (kWh) Average energy consumption (kWh)
per property per property type
Property type Qty. Per day Per day Per year Per 10 years
Cottage 120 10 1200 438000 4380000
School 2 100 200 73000 730000
Police Station 1 120 120 43800 438000
Hospital 1 250 250 91250 912500
Sports Centre 1 40 40 14600 146000
Worship House 2 5.71 11.43 4171.43 41714.29
Street/Traffic Light 80 2 160 58400 584000
Total kWh | 1981.43 | 723221.43 | 7232214.29
Total MWh 1.98 723.22 7232.21




Table 04 -

Llanrwst Valley total cost of electricity

Assumed number
of connections to
the national grid

Standing charges

Qty. Qty. Standard Credit Prepayment Direct debit
Property type (£974.80/10years) (£969.20/10years) | (£816.90/10years)
Cottage 120 120 116988 116304 98028
School 2 2 1949.8 1938.4 1633.8
Police Station 1 1 974.9 969.2 816.9
Hospital 1 1 974.9 969.2 816.9
Sports Centre 1 1 974.9 969.2 816.9
Worship House 2 2 1949.8 1938.4 1633.8
Street/Traffic Light | 80 4 3899.6 3876.8 3267.6
Total standing charges
(£) 127711.90 126965.20 107013.90
Unit charges
10 year
consumption Standard Credit Prepayment Direct debit
(kWh) (£0.2207/kWh) (£0.2062/kWh) (£0.2095/kWh)
7232214.29 1596149.69 1491282.59 1515148.89
Total cost = Unit
charges +
Standing charges
(£) 1723861.59 1618247.79 1622162.79
Table 05 -

Average wind speeds at
Capel Curig weather station
1991-2020 (at 10m)

Month Knots | Knots:m/s | m/s

January 15.52 0.514 | 7.984
February 15.06 0.514 | 7.747
March 13.61 0.514 | 7.002
April 11.41 0.514 | 5.870
May 11.43 0.514 | 5.880
June 10.97 0.514 | 5.643
July 10.89 0.514 | 5.602
August 10.77 0.514 | 5.541
September | 11.08 0.514 | 5.700
October 12.92 0.514 | 6.647
November 13.42 0.514 | 6.904
December 14.90 0.514 | 7.665
Annuadl 12.67 0.514 | 6.515
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Table 06 -

Wind Turbine Comparison

Manufacturer NPS Norvento

Model 100C-21 nED100

Power rating 100kwW 100kwW

Rotor diameter 20.7m 22m/24m

Hub height 37m, 29m, 22m 24.5m/29.5m/36m

Generator type

Permanent magnet

Multi-pole permanent magnet

Rated wind speed 15m/s 10m/s
Cut in wind speed 3m/s 3m/s
Cut out wind speed 25m/s 20m/s
Extreme wind speed 59.5m/s 59.5m/s/52.5m/s
AEP @ 8m/s 369MWh/year 435MWh/year
Cost £350k £380k
Spares cost (3%/year) £10.5k £11.4k
Design life 20 years 20 years
Table 07 -
Capital costs
Renewals
within 10

Qty. | Cost per years Cost total
Turbines 2 | £350,000 1 £700,000
Batteries | 420 | £610 2 £512,400
Inverters | 10 | £4,700 2 £94,000

Total | £1,306,400
Table 08 -
Maintenance Costs
per
year 10 years
Spares (3%/year) | £10,500 | £105,000
Labour
(£16.67/h) £17,340 | £173,400
Total | £278,400
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Table 09 -

10-20-year costs

Renewals
between 10-
Qty. | Cost per 20 years Cost total
Turbines 2 | £350,000 0 £0
Batteries 420 £610 2 £512,400
Inverters 10 £4,700 2 £94,000
Spares (3%/year) N/A | £10,500 10 £105,000
Labour (£16.67/h) N/A | £17,340 10 £173,400
Total | £884,800
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NPS 100C-21

» The NPS 100C-21 features state-of-
the-art hub and blade technology with
superior aero-dynamics providing a
larger swept area. This increases the
annual energy production (AEP) of the
NPS 100C-2) is up to 11% over the previous
maodel.

» The turbine is a complete redesign of
NPS' distributed wind platform that has
been deployed around the world since
2008. The nacelle is now 30% smaller with
a completely new tower configuration
This results in lower weight and load
characteristics reducing foundation and
installation costs.

» Over 25 million hours of cumulative run
time makes the NPS 100 turbine series
one of the most reliable and proven
wind turbines in the world. The average
availability of Northern Power's global

fleet currently stands at 98%.

N

Appendix A — Northern Power 100C-21 Wind Turbine

for medium to high wind regimes

Key Benefits

» Optimised for medium to high wind
regimes

The NPS 100C-2! starts making power
at wind speeds as low as 3 metres
per second and provides maximum
generation at 12-15m/s

» Reliable

Reinforced blades, geariess design,
industry leading yaw configuration,
and best-in-class brake system make
Northern Power turbines the most reliable
small wind turbines available today.

» Generate profitable income

With low ownership costs over the
lifetime of the turbine, the NPS 100C-21
pays for itself quickly and will generate a
healthy income streamover its 20+ year
iife.

2 Year Warranty

» Our Warranty options cover up to 2
years, with service options that extend
up to 20 years. Various levels of service
packages are available to meet varying
customer needs. The Premium package
includes an avaiability and power
curve performance guarantee. Northern
Power Systems will remain your service
and maintenance provider for the entire
duration of the program. With several
multi-year options, Northern Power
Systems guarantees operational costs,
optimized for your specific needs.

Operation and Maintenance

» Dur service network guarantees rapid
response and swift repairs thanks to
our dedicated teams and spare part
warehouses distributed across Europe.

» 24/7 monitoring is provided by ouwr LI
technicians in order to minimize turbine
downtime.

» Upon request, customized reporting
services and integration into third-party
plant monitoring systems are available.
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Specifications

General configuration

Model Morthem Pover™ 100C-Z1

IEC WTES IVA aiF density 1.225 Kgimye, Svoiage

Dasign Class annual wird bBedow BB mis, S0-yT peak gust
Esclow 585 m's

Design Lifetime 20 years

Rotor Disamator 207 mi

Tower Types Steel tubular tower

Hiuh Haight 3Tm, 29 m, 22 m

Orientation Upwind, 3 blades
Active yaw orive, electomechanical controls

Yaw System guided by wind speed and cFeclion SeMSDrs;
automatic cable unwind

Powser Re-gulation ‘Wariablks speed, skall control

Certification CE compliant, CEI D21

Performance

Rated Wind Spesd 15 m's

Cui-in'Wind Epeed Amis

Cust -out 'Wind Spaed ZEmis

Extrama Wind Spocd EEEmis

Weight

Kacodle & Robos (21 m) E,500 kg

Taswar (37m] 12,000 kg

Drive train

Eoarbox Mo g [direct drive)

Eenerator Type Fermanant magnet

Braking system

Redundant Braking System Dyramic  goreratr  brake  and  mulii

MELC & 1800- ke Fryirailic calipers

Control system

Controlier Type: EP-based multiprooessor embedded platfiorm

C IGET frequency converior with PR |pulse-

Ty wicth rl'l:h‘.l.lald:-Lm:hnnl:Ial

SmarfView® remoie  monboring  syshem;

Manitosing System Mocus TOP via thormet

Electrical system

Rated eloctrical powsd 100ic#, 3 Przse, 400 VAL, 50 Hz

Power Curves

MPS 100C-21 Class II/A Power Curve
2Im Rotor, Standard Conditions®

) / ~

) Jr' u
% -
;- f

. /,'"

Huly Height Wind Speed (miz)

‘ind Epoed (mis) I 2 3 4 5 & 7 B 3

Porarer (kKiWe) AlE -08 05 41 1.5 19.0 294 410 543 EEE

I 12 13 14 15 B 17 E B 20 21 22 23 24 I5

717 864 923 573 100 859 592 A4 975 953 964 96.3 SEB 9ED =AZ

Annual Energy Production: 21m Rotor
Standard Conditions®, Rayleigh Wind Distribution

]
L] —ortf
'__,r'
- -
= .
]
E =
= =
&
E -]
w
L]
w
(I I I I T T ]
Average Annual Wind Speed (mis)
Average Anmual

Wind Speed (mis) 0 &% 50 BE 70 YE BD 35 390 g™

R Sat point acjustable batween 0.8 lagging and

0.5 kading
Ruactive power o= 45 LWAR
Grid connection WLitilty approved probective reay indudod
Moise
Apparent Moise Lewel 50 dEa at 50 metres fom rec ol

Environmental specifications
Operating Temperature

Range -20°C 1o A0°T

Temperatwe Rangs in 30RT b EOPC:

Sstonage

Lighitning P Hon Receptors in biades, nacell: lightning rod and

slectrical surge probection

(Northern Power Systems) [Ref. 03]

Energy (kKWe) 47 IBS 223 251 289 335 B9 401 430 457

* Standand conditions: & density 1225 kpAn?, souvalnt 1o 15°C af sea kvl

= fhowe IEC SHO0H class

MPS, Northionn Power, Smaityicw B Huicana Resistant o rademans of Monhem Power
Shatame

Horthern Power Systems S
npi0.eom

infomings |00 com thern

+38 DI OZIHSET POWER SYSTERS
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Energy
praduction

General
characteristics

Configuration

Customization
to your site

Wind AEP [WWWh]
spaad

el [ g | o
45 138

5.0 183

55 230 253
] 276 00
E5 L= 336
70 363 388
75 01 435
B.O 415
8.5 464

Ermrgy produtlion &b conwsler aulput,
Par 100% avilabiity, seandard air dansity
(1235 kgfen™] and Raylaigh wind distribntion.

Rated power

Rated wind spoed
Cuf-in wind spead
Cutt-put wind speed
‘Wind class

Max wind gust speed
Powser regulation

Powertrain
Powser delivery
Drasign life

Rofor
Type
Blades
Powsesrtrain
Generator type
Gearbox
Craoling
Cortrol and electrical sysiem
Controller
Pitch drive
Braking system
fuerodymamic
Elactrical
Mechanical
Oriertation System
Actuator
Jamming
Emergency power supphy
Tonwner
Type
Sections

Available hub height
Mvailable rotor dismeter

Appendix B — Norvento nED100 Wind Turbine

il ey o ook Bom ]

150

50

,-4"";
—

1

a0 45 L] 55 an BES b 75

Wi dpaed @ Bl Baiight [rs]

WD W

0 m's

Im's

20 mfs

1EC 18 IEC [ha
59.5 m/s E2.5m/s
Actres variable pitch

Active variable spead
Permanent magnet direct drive generator
Elsctronic power conwerter
20 years

Three blades, upwind
Fiberglass-epowy composite

Multi-pole permanent magnet
Mo
Surface wentilated passive air cooling

State of the art industrial PLC
il free alectromechanical

Blades feathering
Brake chopper fed throwgh electronic power converter
2 hydraulic callipers

Electric Geanmator
Hydraulic Calliper
2 independent supercapacitor systems

Tubular steel tower
2 or 5, depending on hub height

24.5 m [IEC MA) - 29.5 m (IEC 1A} — 560 m (EC [}
22 m (IEC HA) — 24 m {IEC [ILA)

a0
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Quality and safety Wind Turkine
standards

Blades
Monitoring / Manitaring
Operation /
Maintenance

Access to nacelle

Operations at nacelle

Elactrical interconnection

Grid connection

Manufacturing evaluated IEC 81200-22:2010 TOV S0D
HE&S ovaluated dinective 2006/42/CE EGE
EMC tested mach. directive 2008/42/CE 5GS
Electrical safety tested mach. directive 2006/42/CE 5G5S
FPower quality measured 1EC §1400-21:2008 Barlowento
Mcoustic noise measwned IEC §1400-11:2012 ARESSE
Diesign fior IEC HLA IEC 61300-1:2008 TOW S0
Blade tested (extrema & fatiguee) IEC §1400-25:2014 TOW SUD

Remote supensision via internat with client's app
Morvento Condrol Centre (24/7/565 available)

From within the tower

Ubsesr-friendly and safe up 1o 12mss average wind spesd

Cutput Altermating currend, three-phass
and interoparability Valtage P
Freguency 50 Hz / &0 Hz
Protection 59
Capabilities
Power delivery control in real time:
Reactive power control
Power factor compensation
Low woltage ride through
Black start
Imbegration
Communication with smart grid and system operator
Supports grid powen frequency stability
Reinforces grid Voltage Stahility
Applications
Connected to main power system
Connected to weak grids
Connected to a micro-grid
Operated as stand-alone
‘Wird - diesel / biogas systems /
W¥ird - PY systems / batteries
Moizsa Edtimanad s buMer tones
data hsesrding to ETSU-R-9T and KA Qood Prectica Guids)
T es0
Wirsd _ Distance from §
wind turbine location [m] - 00
speed a0 e
<30 [N NS
3 — i
- . - -E T
B=9 ti5 330 E ;.
9-10 a0 =®0 § ®o0 e T
-t ME 285 é o0
=12 a0 k- B
o H
AEDAOD can oparabs o Low Moisa s whizh T B @ W0 " 12

ot el il LR Feie bl aimittied By 248

By 1ha swingd lurbisss in @6 Normal mode apssution.
Buch lasune sllews & significant reduction in i

rieguiried foime bulfa,

(Norvento) [Ref. 04]

Wind speed at huls haight [ms]
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Appendix C — Renogy Core-12V 200Ah Batteries

RENOGY.

Find Your Energy Freedom=

CORE SERIES DEEP CYCLE
LITHIUM IRON PHOSPHATE BATTERY

12.8V | 200Ah

BRENOGY ek

DEEP CYCLE
LITHIUM IRON PHOSPHATE

[CORE|

RENOGY Core Series Deep Cycle Lithium Iron Phosphate Battery

The Rencgy Core Series 128V 20040 Deep Cycle Lithium Iron Phosphate Battery is designed for the drop-in replacement of
deep-cycle lead-acid batteries with its standard Battery Council International [BCI) group size.

Weighing onby half of the lead-acid counterparts, the battery can be safely discharged to 100% Depth of Discharge (DOD),
delivering twice the enengy. Manufactured with automotive-grade battery cells, the batbery features the highest safety
standards and an extended 5000+ oycle life. In additicn, the reliable Battery Management System [BMS) provides compre-
hensive protection to the battery.

KEY FEATURE * Reliable Protection Mechanisms

Designed with a sturdy internal structure for BV use,
and includes multiple levels of protection such as low
temperature cut-off and preciss balancing through
the battery management system.

* Unparalleled Performance
Features a greater energy density, a dee
higher round-trip efficien

per

- : er
chart eed ina smaller size over counterparts in . 3 .
thie rmarket. * Higher Capacity than Competitors

W

212480 instead of 2004, for a longer-lasting application.

* Uncompromising Quality
Ensures ar onal lifespan with more than 5000 * Easy to Expand
cycles (80% DOD), a continuous charge current of Upgrade to lithium batteries seamlessly with the
1004, a continuous d arge current of 2004, and a standard BCl group sizes; up to 16 batteries in & series
wide range of operating temperatures with the and 4 parallel systern connection delivering a maxi-
automotive-grade battery cells. mum of 48V [S1.2V) 800Ah with 096 KWh

renogy.com 5050 South Archibald Avenue, Ontario, CA 91762, USA i RENOGY

26



renogy.coim

TECHNICAL SPECIFICATIONS

General

Product Mame

Model Mame

Battery Cell Type

Rated Capacity (05C, 25%C)
Mominal Voltage

Voltage Range

Cycle Life (0.5CAC, 257C)
Dimension

Weight

Connection Method
Terminal Bolt Size
Recommended Terminal Torque
Probection Rating

Certification

Operation Parameters
Charge Voltage

Maxirmurm Continuous Change Current
Maximum Continuous Discharge Current
Peak Discharge Current

Charge Temperature Range
Discharge Temperature Range
Storage Temperature Range

Operation Relative Humidity

REMOGY Core Series Deep Cycle Lithium Iron Phosphate Battery

RETI2ZZ00LFP-01

Lithium lron Phosphate

20040

[=R=iY

100 b 8

000 Cycles [(BOMREOL, BOMOOD)

2055 x 945 = BEZ in 522 = 240 x 219 mim
13 s [ 2145 kg

Series & Parallel {454F)

M8 x 125 x 1% mim

885 inch-lbs to 1062 inch-lbs 10 N-rm to 12 H-m
IPES

MSDS, UMZE3E, FOC, CE, PSE, and UKCA

4.4V
1004

2004

S00AG0:

22°F to 1E1°F (0°C to 55°C)
-4°F 1o 140°F (-20°C to 60°C)
-I3°F to 145°F [-25°C to B5°C)

10% to D5%

5050 South Archibald Avenue, Ontario, CA 91762, USA

& RENOGY
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(Renogy) [Ref. 06]

Core-12V 24V 48V 200Ah Deep Cycle Lithium Iron
Phosphate Battery

SKU: RBT12200LFPx4-UK

5 (3) Write a Review o D

£5:55909 £2,439.99

+24390 Renogy Ra

Shipping Cost Notice Learn More >

-One stop for upgrade from lead-acid to lithium.

-Max. 6% positive capacity tolerance.

-Support series, parallel, or series-parallel connections.
-Atrue 200A BMS with low-temperature cut-off.
-5-year limited warranty & 24-hour timely assistance.

See the specs >

Bundle Options:
Y pE Have questic

1Battery 2-pack of Batteries 4-pack of Batteries Talk to us, ge
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Appendix D — Victron Energy Quattro inverter

victron energy

UF rewEn

Quattro inverter/charger 3kVA - 15kVA 230V Lithium lon battery compatible

Two ACinputs 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.

TwoAC 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
computersand other electronic equipment will continue to operate withoutdisruption.

The second output is live only when AC is available on one of the in puts of the Quattro. Load s that should not discharge
the battery, like a water heater for example, can be connected to thisoutput.

Split phase option
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.

Three phase capability
Three units can be configured for three phase output. But that's not all:up to 4 sets of three 15kVA units canbe paralld
connected to provide 144k W/ 180kV A inverter power and 24004 charging capacity.

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

Quattro The Quattro isa very powerful battery charger. it will therefore draw a lot of current from the generator or shore side
48/5000/70-100/100 supply (16A per SKVA 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 o verloaded.

PowerAssist - Boosting shore or generator power

This feature takesthe principle of PowerControl toa further dimension allowing the Quattro to supplement the capacity
ofthe altemative source. Where peak pow er is so often required only for alimited 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 isused to recharge the battery.

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

System configuring
- In case ofa stand-alone application, i fsettings have to be changed, thiscan be done ina matter ofminutes with
a DIP switch setting proced ure.
Parallel and three phase applications can be configured with VE.BusQuick Configure and VE.Bu s System
Configurator software.
Off grid, gridinteractive and sef-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
Quattro Several optionsare availble: Battery Mon itor, Multi Control Panel, Color Control GX or other GX device s, smartphone or
48/15000/200-100/100 tablet (Bluetooth Smart), laptop or computer (USB or RS232).

Remote Monitoring and control

Color Control GX or other GX devices.

Datacan be stored and displayed on our VRM (Victron Re mote Management ) website, free of charge.
Remote configuring

When connectedto the Ethernet, systems with a Color Control GX or other GX device canbeaccessed and settings can
be changed remotely.

Color Control GX, showing a
PV application
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Quattro

PowerCantrol / Power Assist

Energy.

24/2000/200-100/100
45/8000/110-10041

Yes

48,/10000/140 0 | 48/15000/200-100/100

Integrated T ransfer switch Yes

AC inputs (2x) Input viltage range: 187-265VAC  Inputfrequency: 45 - 65Hz  Powerfactor 1

Maxirmum feed through current (A) 2150 %100 2x100 2x100 2x100

Irputvoltage range (V DC) 9517V 19-33V  38-e&eV

Output (1) Output voltage: 230VAC £2%  Frequency 50Hz £0,1%

Cant.output power at 25°C (VA (3) 3000 5000 8000 10000 15000

Cont.output power at 257 (W) 2400 4000 5400 8000 12000

Cont. output power at 40°C (W) 2200 3F00 5500 6500 10000

Cont, output power at 657C (W) 1700 2000 2600 4500 7000

Peak power (W) 6000 10000 16000 20000 25000

Maximum efficiency (%) g93/94 94,/ /95 o/ 9s 96 96

Zero load power (W) 20/ 20 30430735 60/ 60 a0 no

Zem load powerin AES made W) 15415 20/25/30 40/ 40 A0 75

Zeroload power in Search made (W) 8/10 10/10/15 15/15 15 20
CHARGER

Charge voltage ‘abs orption’ (W DC) 14,4/ 28,8 144 /28,8 /57,6 28,8/57,6 576 57,6

Chargevoltage 'float' (v DC) 13,8/27.6 138 /27,6 /552 27,6/55.2 552 55,2

Storage mode (VDC) 132/264 132/264/528 241528 528 52,8

Charge curre nt house battery (A ) 120/ 70 220/120/ 70 200/ 110 140 200

Chargecurrent starter hattery (4) 4 {12V and 24V madeks only)

Batte ry te mperature sersar Yes

Auxiliary output (A) (5 25 50 50 50 50

Programmablerelay (€ 3x 3x 3x I 3

Protection (2) a-q

VEBus commurication pert For parallel and three phase operation, remote monitoring and systerm integration

Generml purpose com. port M bl M M M

Remate onaff Yes

Comman Charaderistics Operating temp.:-40to +65°C  Humidity (non-cendensing): max 95%

Maximum altitude 3s00m

ENCLOSLIRE

CommonChara cte ris tics Material & Colour aluminiumi(blue RALS012) Protectioncate gory: IP 21
Batte ry-connection Four M2 bats 2 plus and 2 minus connections)
230% AC-connection Bl 'T:';:"; thlak Bolts M6 Bolts Mé Bolts Mé Belts M6
welght (kg) 19 ERENNEN] 45/ 41 51 72
AT0 x 350 x 280
Dimensions (hxwsd in mim) 362x258x218 444 5 328 %240 A70%350% 280 470x 350% 280 572 x 488 x 344
A x 328 % 240
STANDARDS

Safety

Emission, Immunity
Road vehicles
Anti-islanding

1) Canbe adjusted to 60 HZ. 120V models a ailable on reques:

2] Pretection key:
a) autput shart eireuit
b cver cad
€] batte ry woltage too high
dibattery valtage toa law
&) temperatu e toohigh
T 230 VAT on inverter output
gl input voltage ripple too high

Digital Multi Control Panel
Aconvenientand low cost solution for remate
monitoring, with a rotary knob to set
PowerControl and Power Assistlevels.

VE.Bus Smart Dongle
Measures batte y valtage
and temperature and all ows
monitoring and conrol of
Multkand Quattioswith a
smiartphore ar ather

Bluetoot h enabled device.

(Victron Energy) [Ref. 11]

EM-IEC 603351, EN-IEC 60335-2-29, EN-IEC 621 09-1
EM 550141, EN 550142, EN-IEC 61000-3-2 EN-IEC 61000-3-3, IEC 61000-6-1, |IEC 61000-6-2, [EC 1000-6-3
12V and 24% models: ECE R10-4
See our website

3) Mon-linearload cret factor 311
) Up e 25°C ambient
5 Switches off when no esternal AC souree available
& Programm able relay that can a.c. be set for general alarm,

O under valtage o ge et startstap function

ACmting: 230V /4 A

O rating: 4 A up to 35 WOC 1 A up to 60 VIO

Computer controlled operation and monitoring
Several interfaces are available:

Color Contral GX and other GX
devices

Monitoringand contral. Locally, and also
remotely on the VRM Poral.

BMV-7 12 Smart Battery

Monitor

Use asmartphone or other

Bluetooth enabled device tox

- customizesettings,

- menitorall impotant data
on single screen,

- wview historical data, and to
update the software when
new features become
available.

ME3-USB (VE.Bus to USB interface)
Connects toa USE port fseeAguideto
VEConfigure')

VE Bus to NMEA 2000 interface

Conrects the device 1o a NMEAZ 000 marine
electronics network, See the NAEA 20008 MFD
inteqration quide
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