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Abstract

The carbon emission has been rising in recent years. The government and global
organizations attempt to fix the problem by creating the amazing technologies, such as
carbon capture. One of the main reasons that cause problems is from current
traditional vehicles, which emit carbon monoxide. Thus, people are more interested in
clean power. So, electricity generators via renewables from wind, solar, and waves

were invented to compete and eventually replace the use of coal and gas.

This is a significant change that spurs humanity to developing a sustainable world.
Electrical vehicle is one of the more recent technologies that people currently take an
interest in, due to the engine use of clean energy with little to no toxic emissions. For
example, electrical, hybrid, and hydrogen cars. However, there is a problem with
charging electrical vehicle (EV) through the grid, especially when the energy demand
has reached the peak load.

Thus, this thesis primary focus is on the off-grid system with the placement of
charging point in the existing service station that divided into 3 groups, small,
medium, and large service stations with the 3 demand cases, light, medium, and
aggressive energy demand. The power for recharging EV’s battery is from
renewables, such as wind turbines and solar panels. The systems were situated beside
the motorway and looked at the number of renewables needed to supply the demand
for the whole year. To make the simulations more accurate, they were separated into 3
scenarios: that the charging points were supplied by wind turbines only (assumed that
it was cloudy), solar panels only (assumed that it was claim wind), and the
combination of them. Also, the situation of the EV battery performance reduction

during the winter.

The simulations were done with the modeling tool; Merit, which was created by the
University of Strathclyde. The results from Merit were analyzed mainly from the
number of renewables needed, and the area for the renewables farms. Also, the use of
maps was to create a comparison, with already existing service stations beside the M8
motorway and around the UK. From the simulations, they show the acceptable
systems for all demand cases and scenarios. However, there are the factors that cannot

be overlooked that presented in the discussion section.
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Chapter 1: Introduction

1.1 Electrical vehicles in the UK

The car is one of the most important modes of transportation. More than that, it highlights
the status and provides the opportunity for personal control and autonomy (European
commission, 2017). However, The UK government has announced a plan to ban the new
selling of diesel and petrol cars from 2040 (Craig, 2017). That means the number of
electrical vehicles (EV) tends to be higher than the number at present and will be the

main transportation in the UK as it shown in the figure 1.1.
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Figure 1.1: vehicle licensing statistics by model in the UK 2014 - 2017

The figure 1.1 is a bar chart that shows the up-trend of the number of registered EV in the
UK. Surprisingly, the number of all EV brands are going up from 2014 to 2017.
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However, the most 2 popular EV brands in the UK are the Nissan Leaf and Mitsubishi
Outlander (Lilly, 2017). The technical data from those 2 brands will be used for the

demand profiles.

However, there is a problem with the grid when the demand of charging EV’s has been
rising, especially when car owners charge their cars at the same time as the peak energy
demand (Autovista Group, 2017). Scottish and Southern Electricity Networks (2017)
reported that the most popular charging time is immediately after the owners return home
from their work places. It is at the same time before the energy demand reaches the peak
point of the day. That means the grid ability to supply power is threatened and can cause
a lack of energy running in the grid. Having a smart charge in the charging point, it can
defer the maximum charging power during the peak load period and stop the process

when the battery capacity is full.

Another way of reducing the problem occurring in the grid is avoiding them. Having an
off-grid system would have zero effect to the grid. That means, the power supply must
come from renewable energy technologies. The charging point can be at home, work, or
the car parks. Due to the limited area of individual house and the charging time e.g. at
night, it will rely on wind turbine only because there is no solar direct at night. Also,
having the charging point at work place or car park around the city center, it requires a
higher number of renewables depends on the number of cars, which means a larger area

for the renewable farm as well.

Thus, the renewable farm can be situated either side of the motorway, such as wind
turbines, because they are the unused area, unattractive, and only few people live there,
claimed by Baroness Brown, the UK’s green energy ambassador (Bawden, 2016). That
leads to this project of situated renewable farms beside the motorway with the charging
points on the existing petrol stations. The detail of the project will be present in the

following section throughout the thesis.
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1.2 Aims and objectives

The project was mainly aimed to further human lives towards the sustainable way of
using natural resources, taking the advantages of them, and negating harm towards the

earth. The aims of the project were listed as following:

- To mitigate the effects of dump charging causing grid problems via simulation of
off-grid systems.

- To create a model of charging stations on the motorway by using renewable
energy systems only.

- To define the least surface area required for renewables farms for wind turbines

and solar panels.

To meet the aim of the project, the objectives of the project were listed as following:

- Define the scenario for EV charging, such as charging time at the charging
stations.

- Simulate the system by creating the demand profiles with the power from
renewables e.g. wind turbines and solar panels.

- Study additional effects, such as: climate, renewables, additional technologies e.g.

battery storage.

1.3 Scope

The project has been scoped via the following: EV, renewable technologies, and charging

stations.

- The electrical cars were analyzed in the project are household electrical cars,

which are Mitsubishi Outlander and Nissan Leaf.

12



- The charging stations will be situated on the M8 motorway between Glasgow and
Edinburgh.
- The power charged into the EV’s batteries from the electricity that was generated

from renewables e.g. wind turbine and solar panel.

However, this project focuses on specific aspects due to sensitivity in creating demand
profiles, including the other factors that are uncontrollable. This is a list that is out of

scope of the project as following:

- The other models of sustainable cars, for example, hybrid and hydrogen cars.

- The model systems that are off-grid (grid-to-vehicle: G2V) and neglect the system
of vehicle-to-grid: V2G.

- The position of charging stations and permission.

- Financial cost.

1.4 Methodoloqy

To get the suitable systems for charging stations on the motorway, the project was

followed step-by-step as presented below.

First of all, the electric cars in the UK were examined to create the demand profile by
using technical specifications, such as battery capacity and charging duration. To supply
the demand, the potential of renewables in Scotland were used for generating power,

including battery storage.

The position for charging stations will be on the M8 motorway in Scotland. The length,
the existing petrol stations, and area around the route were examined to define the
maximum area that can be used for the charging stations. From the aforementioned

details, the maximum number of wind turbines and solar panels will be estimated.
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Thirdly, the scenarios were defined to create the completed demand profile, which

includes the data from the first and second step.

Finally, the area needed for the renewables farms were defined whether they are the
acceptable areas beside the M8 motorway. Furthermore, to apply the charging points into

the service stations around the UK were considered.

14



Chapter 2: Literature review

2.1 The potential of renewables in Scotland

Scotland is one of the country that has high potential of renewable energy because of the
climate and its geology said by the Scottish Government (2017). From the figure 2.1, it
shows the increase of renewable electricity capacity in Scotland over 8 years from 2008
to 2016. The average annual capacity increase over 660 MW since 2008.
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Figure 2.1: total installed capacity of renewable electricity in Scotland 2008 -2016

Renewable Renewables (2017) reported that the current mix of installed capacity of
renewable electricity is 9,309 MW by 2017. The biggest capacity was from onshore wind
turbine, which is over 72% of the total capacity. The other main sources are hydro, solar

photovoltaics, and bioenergy respectively.

Thus, it is clear that onshore wind turbine is the major renewable technology in Scotland

that supply to the national grid. However, there has been used for the smaller scale such
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as for generating electricity in the household or the charging stations for EVs. Especially

wind turbine and solar panel that were used widely.

2.2 The significant motorway in Scotland

Traveling by vehicles, motorway is a choice of the driver for the travelling in long
distance or in rush hour. The M8 motorway is one of the most significant motorway in
Scotland (Baird, 2015). The total distance is around 60 miles, which links between
Glasgow and Edinburgh via Renfrewshire, Lanarkshire and West Lothian. This
motorway is used in the rush hour in the morning from 07:00 — 09:00 and again at
evening from 16:00 — 18:00. Thus, it made the M8 motorway is one of the busiest in
Europe with the number 180,000 vehicles running on the motorway every day as shown
in the figure 2.2.

Figure 2.2: the M8 motorway near Glasgow

The motorway in Glasgow is contained in the boundaries of the former Strathclyde
Regional Council area. It is counted roughly from Harthill Services near Junction 5 to
Junction 31 near Bishopton.
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2.3 The existing wind farm beside motorway in the UK

From the section 2.1 of the potential of renewables in Scotland, it shows that wind turbine
is one of the most effective renewable technology. Also, it has a project of situating wind
farm beside motorway, which called Clyde Wind Farm. The wind farm is can be seen
easily from the A74(M) motorway as shown in the Figure 2.3.

Figure 2.3: Clyde wind farm view on A74(M) motorway

The Clyde wind farm was created for powering around 200,000 homes, which consists of
total 152 wind turbines. The wind farm project was approved in July 2008 by the Scottish
Parliament after getting a planning permission to build a wind farm on either side of the
motorway by Scottish and Southern Energy (SSE). It was under construction in in early
2009, finished in 2012, and opened in September 2012 at a ceremonial ribbon cutting by
First Minister of Scotland Alex Salmond (Dixon, 2014).
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The wind farm is currently one of the biggest single consented wind farms in Europe,
which is situated between Biggar and Moffat in the total area around 47 square
kilometers.

However, SSE Renewables was granted consent in July 2014 by the Scottish Government
to extend the existing 152 turbine Clyde Wind Farm by operating a 54-turbine extension.
It is currently constructed by expecting to complete by mid-2017. Allison (2016) said that
after the extension is commissioned, the equity stake jointly owned by UKW and GLIL
will be diluted to 30% with SSE retaining 70%.

The Clyde Wind Farm after an extension will has a maximum generating capacity of
172.8MW from 54 Siemens 3.2MW direct drive turbines. There are two permanent met
masts on site and 35km of access tracks. The final rotor will be lifted into place be the
project team by July 2017. With the new 54 turbines, it continues to towards completion
of the wind farm.

2.4 The existing solar farm beside motorway in the UK

From the section 2.1, solar panel is one of the main sources of renewables in Scotland.
Wessex Solar Energy (2014) has constructed the Park Wall 5 MW Solar Farm beside the
M5 motorway about 0.5 km to the east of Bridgewater. A planning application were
submitted to Sedgemoor District Council for the permission for the construction in May

2017 as shown in the figure 2.4.
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Figure 2.4: the top-view Park Wall 5 MW Solar Farm

The figure 2.4 shows the whole solar farm from the top-view and presents the total solar
panels in the farm, which over 20,000 solar panels in the area of 8 hectors or 0.08 square
meters. The solar panels are placed on top of the panel table, makes the PV tile angle is
between 20 and 35 degrees from the horizontal, and up to the ground 3.5 meters to reach

the panel tables.

The solar farm generates the electricity around 5,000,000 kWh per year to support over
1,000 homes. Moreover, it has been accounted that the solar farm can prevent the carbon
emission up to 4,500 tons. However, the electricity is exported through the existing

underground network called tee-in, which is operated by Western Power Distribution.
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2.5 Software review

To simulate the scenarios about using the renewables to produce electricity, there’s a
multiplicity of software that can be used, for example, ESP-r, Merit, EnergyPLAN, and
Homer. The aforementioned software’s will be reviewed for defining the most suitable

software for the simulation in this project.

ESR-r is a software that was created in 1974 by the University of Strathclyde, United
Kingdom. It allows to focus the energy and environmental performance in the building. It
works in a manner of the realistic and actual physical systems by using the design of the
building for an integrated performance. The building designs, which are: the building

form, the material such as fabric, airflow, and shading.

Merit is a software for evaluation of tools and determines the relationship of the climate
such as wind speed and direct solar, with the renewable supply and battery storage. By
matching demand and supply with the certain technologies. It aims to meet the electrical
and thermal (heat and hot water) demand via renewable energy systems and low carbon
energy system such as photovoltaic (PV) components, wind turbines, fuel cells, CHP,

heat pump.

EnergyPLAN is a software for the national energy systems in every hour of all sectors
such as electricity, heating, cooling, industry, and transport. It also helps in decision
making for an energy system strategy on a future national scale with relation to

environmental and economic impacts (Ostergaard, 2015)

Homer (Hybrid Optimization Model for Multiple Energy Resources) is a global standard
software for optimizing microgrid design of all sectors from the small scale, such as
village power, to the national grid (HOMER Energy LLC, 2014). To meet the demand,
Homer can be customized via 9 individual modules, for example, the renewable sources
like hydro, biomass, and hydrogen, and the thermal demand of combined heat & power,
and the advance systems such as Advanced Load, Advanced Grid, and Advanced

Storage, and the other sources from Multi-Year and MATLAB Link.
20



From the research, Merit is a software that meets the aims of the project. Because Merit
allows creation of a model for the mix supplies from the renewables for the demand,
which is the power required for charging the EV’s battery as shown in section 3.4
demand profiles. Then calculate the area needed by the number of renewables that
required in each scenario to meet the demand. The process of the software is shown in

figure 2.5.

Climate database DIt reiles

(Electricity, thermal)

Auxiliary database Renewable systems database

(Battery, CHP etc.) (Battery, CHP etc.)

- Solar (PV, collector)

- Wind (onshore and offshore)
- Tidal

- Heat pump (GSHP)

Figure 2.5: the process in the modeling tool Merit

The process of the modeling tool of the project, Merit software, is presented in figure 2.5.
It starts at the climate profile step, which needs to be devised where the system is going
to be situated. The systems in this project focus on the M8 motorway, which links

between Glasgow and Edinburgh. So, the focused climate will be in Glasgow. The next
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step is demand profiles, which are shown in the sector 3.4 demand profiles. The auxiliary
database was used due to the intermittent power generated from the renewables, which
was explained at the beginning of section 3.5 renewable required. Finally, the renewable
system step. There are multiple choices of renewables that can be used for both electricity
and thermal demand. However, this project will be focused on electricity demand by

providing the power from solar panels and wind turbine onshore.

The technical analysis is shown in section 3, which has the explanations about the

modeling tool that will be used for the simulations in this project.
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Chapter 3: Technical analysis

3.1 Scenario definition

The charging stations will be situated beside the M8 motorway which links between
Glasgow and Edinburgh. The traditional process is for the EV to be driven to a station,
the driver charges their car (EV’s battery) and wait until it has reached full capacity, once
full, the car will vacate the station. From that process, it takes between 1.5-14 hours to
fully recharge, depending on the charging duration of each EV brand. Consequently, most

owners prefer to recharge their EVs overnight.

Instead of spending the time, in this project, the station has a set of EV’s battery. The
battery from EV will be charged via the use of renewables throughout the day and night.
Thus, the process is as follows: the EV is driven to the station, the EV’s battery is
changed to a full capacity, and the car drives out of the station. Due to this project being
based on a future scenario, the changing EV’s battery step can be done by a robot. So, the

whole process would be done in a few minutes.

There are many kinds of renewables, but only wind turbine and solar panel were used for
simulation in this project. Due to the 2 renewables are the most suitable technologies for
applying beside motorways, where there’s a limited area. Moreover, the critical point is
the surface area needed for the system. Wind turbine and solar panel appear to be suitable
sources for producing power as well as the system is not connecting with the national grid
(off-grid).

Thus, it has been divided into 3 scenarios. The first 2 scenarios are the systems, which
have power supplied via 1 kind of renewables, wind turbine is for the first scenario and
solar panel for the second scenario. They are created to consider the worst-case scenario,
that there is no wind or sun to produce the power. Finally, the last scenario is the

combined technologies of wind turbine and solar panel.
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However, there is another one simulation considering about the effect of EV’s battery
during the winter. Also, the scenario of applying the charging point into the existing
petrol stations around the UK, might happen in the future.

Before conducting the simulation, it is important to define what is the assumption of the

simulation, which will be explained in the section ‘3.2 simulation assumption’.

3.2 Simulation assumption

To do the simulation, assumption of the project need to be set before. The scenario was
created to find the maximum number of renewables as well as the area needed for the
renewables farms. To determine the maximum number of renewables that is acceptable
for situating the farms on either side of the motorway, the number of renewables were
taken from the existing wind farm and solar farm which has been used in the real

situation.

Determinizing of the area needed for the wind farms, it will be defined by referring to the

Clyde Wind Farm map as shown in the figure 3.2.
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A: top-view of the whole wind farm B: the distance of 1 kilometers

Figure 3.2.1: Clyde Wind Farm map

From the figure 3.2A, it shows the whole map of 152 wind turbines in the area of 47
square kilometers. While figure 3.2B shows the 6 turbines arranged in a single column
which require the distance of 1 kilometer approximately. It can be assumed that wind

turbines require a gap between them 0.28 kilometers.

Normally, wind farms will be designed by using the distance needed, for example, the
wind turbines will be situated along the motorway with a distance such as 1km (figure

3.2.1B). However, the project will be focused on the area required for the renewables
25



farms between wind and solar farms. To compare those 2 renewables sources, the unit
needs to be the same. Due to solar farms are calculated by area needed, the wind farm
will be calculated by area needed as well. It was assumed that the area of the wind farms

is shaped as a square with equal sides as shown in the figure 3.2.2.

0.28 km

Wind turbines

o
()
o0
=
3

Figure 3.2.2: the wind farm assumption

The assumption of the area needed for the wind farm will be defined by referring to the
Clyde Wind Farm as shown in figure 3.2.1. The square area of the wind farm consists of
4 wind turbines with an equal distance between them. Thus, the total area of 4 wind
turbines requires 0.06 square kilometers. So, a single turbine requires 0.015 square

kilometers.

Due to the off-grid system, the wind farm needs to be around the service station. To use
the area of Clyde Wind Farm as a maximum area for wind farm for 1 service station, it
takes too much land-use. So, the large service station beside M8 motorway will be used
as a comparison for the maximum acceptable area for a wind farm. For example,
Morrison shopping and petrol station (G34 9JJ), which is indicated as a large service
station, can be used to determine the maximum area for the wind farm, as shown in figure
3.2.3.
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Figure 3.2.3: Morrison shopping and petrol station

The example of the large service station on motorway is Morrison shopping and petrol
station. It has the total area 0.045 square kilometers including a shopping mall, petrol
station, and car park. Thus, it can be assumed that 4 times of the Morrison shopping and
petrol station area is an acceptable size for the wind farm. So, the maximum area of the
wind farm would be 0.18 square kilometers.

Next, the area required for solar farm will be defined in the same way as used for the
wind farm. A good example of the solar farm in the UK is Park Wall Solar Farm.
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Figure 3.2.4: Top-view of the whole Park Wall Solar Farm

The figure 3.2.4 shows the whole solar farm, which covers approximately 8 hectares or
0.08 square kilometers with 20,000 solar panels. Thus, an average of a single panel
required is 4 square meters. It is an acceptable size due to the existing measurements of
Park Wall Solar Farm, so it includes other parameters, such as PV shading, tilt, and
azimuth angles. Also, the area of the Park Wall Solar Farm was assumed to be the

maximum area for solar farm in the simulations.

Moreover, the simulation of power generating needs to be set for the angle of the PV for

the maximum power output, as shown in the figure 3.2.5.
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Figure 3.2.5: PV factors

To get the maximum power output from the PV, there are other factors that need to be
considered e.qg. tilt, azimuth, and angle of incidence as shown in the figure 3.2.5. The type
of PV from the modeling tool is a PV array fixed tilt as presented in figure 3.2.4A. The
main parameter of the PV is tilt. Tilt (B) is the angle between the ground base and the
horizontal, as presented in figure 3.2.5B. And the figure 3.2.5A shows the azimuth (y),
which is the angle of the planar rotation West or east. While figure 3.2.5C shows angle of
incidence (0), which is the angle between the vector perpendicular to the ground base and
the projection of the sun to the PV (Brownson, 2016). The relationship between those 3

factors is as follows in the equation below.

cosO = sing sind cosP — cosd sind sinf cosy +COSP cosd cosP cosm

+ sing cosd Sinf cosy cosw + cosd sinf siny sin®

The suitable angle was calculated in different climate based in Glasgow during winter,
spring/ autumn, and summer. The results are the tilt angles in different climate, which are
80, 56, and 32 degrees respectively. (The Solar Electricity Handbook, 2017).
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Furthermore, the other factor that needs to be considered is azimuth. The experiments
from the private organization called the EEM Energy has presented that PV operates the

most effective with the angle of azimuth about 0 degrees and tilt 30 degrees.

Thus, simulating the whole year scenario, the angle 32 degree was used as a tilt (degrees
from horizontal) due to the fact that power is generated maximumly during the summer
and less during winter. So, PV tilt should be at 32 degrees, which is the optimal angle
during winter. Thus, the PV systems are set at 32 and 0 degrees of tilt and azimuth

respectively.

In addition, battery storage was used in the simulation. Because of the intermittent power
generated from the renewables, battery storage needs to be added in the system to
discharge when renewables produce inefficient power. Thus, the high quality of 145Ah

6Volt battery storage was used in the simulations.

To sum up, the assumptions of the simulations were defined. The critical point of the
project is the number of renewables for supplying the demand. That means the area
needed for the renewables farms both wind and solar farms can be summarized in table
3.2.1.

Table 3.2.1: the summary of the assumptions

The maximum | The area of asingle | The maximum area
Renewables
number of renewable for the renewable farm
Farms
renewables (sg. m.) (sg. m.)
Wind turbines 12 15,000 180,000
Solar panels 20,000 4 80,000
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From the table 3.2.1, it shows the maximum number of the renewables and the amount of
area needed, and the area for each wind turbine and solar panels. The numbers were taken
from the existing wind and solar farms: Clyde Wind Farm and Park Wall Solar Farm. It is
clear that from the table, that the acceptable number of renewables between wind and
solar farms is totally different. Due to the area needed for a single solar panel is only 4
square meters, while a wind turbine required is 15,000 square meters. The wind turbine
requires that much area because it needs the space for the length of the turbine and the
turbulence of the wind between the wind turbines. So, the maximum number of wind
turbines is less than the number for the solar panels. Thus, the total acceptable area for

the wind farm is higher than solar farm.

After defining the assumptions, the modeling tool needed to be validated to get the
accurate results from the simulations. The validation is presented in section 3.3

Validation.

3.3 Validation

From the software review section, Merit is the modeling tool that will be used for the
simulation, by following the scenario definition and simulation assumption as shown in

the section 3.1 and 3.2 respectively.

To make sure that the modeling tool is working accurately. The power output of
renewable technologies, wind turbine and solar panel, need to be validated. In this
project, 800 kW, 15 kw, 10 kW, and 1kW wind turbines and 167W, 100W, and 30W

solar panels were used as the renewable power supplies.

The 4 sets of power output from 4 different wind turbine capacities are shown in the table
3.3.1 in the unit of kilowatt (kW) by an increased wind speed.
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Table 3.3.1: power output for various capacity of wind turbine from modeling tool

Power output (kW)
wind speed

800 kW | 15kW | 10kW | 1kW
1 0 0 0.00 0.00
2 0 0 0.00 0.00
3 0 0.4 0.10 0.01
4 0 1.2 0.30 0.03
5 23 2.2 0.55 0.10
6 57 4 0.90 0.15
7 90 5.2 2.50 0.23
8 165 7.8 4.00 0.36
9 257 10 6.00 0.49
10 359 12.8 7.50 0.62
11 470 14.8 9.00 0.70
12 572 16 9.80 0.75
13 668 16 10.00 0.80
14 147 15.6 10.00 0.82
15 805 15.6 0.82
16 838 14.8 0.82
17 842 14.8
18 840 14.8
19 827 14.8
20 808 14.8
21 785 14.8
22 757 14.8
23 728 14.8
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From the table 3.3.1, it is clear that the data is not for a linear line but will be a curve that
can be separated into 3 parts: at the cut-in wind speed, rated wind speed, and cut-out wind

speed.

The cut-in speed depends on the wind turbine capacity. That means the higher capacity of
the wind turbine, and the strength of the wind force to get the first lowest power from the
wind turbine. For example, it requires a wind speed of at least 5 m/s to get the cut-in
power at 23 kW for 500-kW wind turbine. While a 15 kW, 10 kW, and a 1 kW capacity
wind turbine would require only 3 m/s wind speed, to get the cut-in power. Similarly, to
get the rated power, over 15 m/s wind speed would be required for an 800-kW wind
turbine, but other capacity wind turbines requires a lower wind rate. Moreover, the cut-

out power is controlled by the limitation of generating power.

The power output from the modeling tool was compared with the data from the
manufacturers, which is shown in appendix 5, in each capacity by plotting into a graph,
which is shown as a power curve. To make sure that the power that generates from the
wind turbine is acceptable, the comparison graphs from the data from the modeling tool
and the manufacturer are shown in the figure from 3.3.1 to 3.3.4. The different percentage
should not go over 10%, so it is indicated as an acceptable wind turbine that can be used

for the simulations.
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Figure 3.3.1: power curve for 800 kW wind turbine

The figure 3.3.1 shows a set of power out-put of the 800-kW wind turbine from the
modeling tool and manufacturer. It is clear that the most different between 2 sets of data
is at the high wind speed or at out-put wind speed. The rest of data is almost the same and
shows with almost the same line. However, the different percentage is 3.26%, which is

lower than 10% (the maximum different percentage that is acceptable), so the 800-kW
wind turbine is acceptable to use in the simulations.
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Figure 3.3.2: power curve for 15 kW wind turbine

The figure 3.3.2 shows a set of power out-put of the 15-kW wind turbine from the
modeling tool and manufacturer. The 2 power curves show the peaks of the power out-
put at 13 m/s wind speed, then decreased to the rated wind speed before coming to the
cut-out wind speed at 16 m/s. The overall graph is not much different with only a 2.91%

difference. Thus, the 15-kW wind turbine is acceptable to use in the simulations.

35



[EEN
N

}

= 8
Z 6
S 4
(@]
[a

2

0 e

5 0 5 10 15 20

Wind speed (m/s)
—e—Tool Manufacturer

Figure 3.3.3: power curve for 10 kW wind turbine

The figure 3.3.3 shows a set of power out-put of the 10-kW wind turbine from the
modeling tool and manufacturer. It is clear that the significant difference between the 2
sets of data is that before the rated wind speed, where there’s a noticeable slope, and after
the rated wind speed at 13 m/s. Thus, it gave the high different percentage of 9.70%.
However, it is lower than the maximum acceptable different percentage of 10%. So, the

10-kW wind turbine is acceptable to use in the simulations.
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Figure 3.3.4: power curve for 1 KW wind turbine

Figure 3.3.4 shows a set of power out-put of the 1-kW wind turbine from the modeling
tool and manufacturer. It is clear that the most noticeable difference between 2 sets of
data is before the rated wind speed, where it slopes, and after the rated wind speed at 14
m/s. Thus, it gave the high different percentage of 6.70%. However, it is lower than the
maximum acceptable different percentage of 10%. So, the 1-kW wind turbine is

acceptable to use in the simulations.

The wind turbines have been validated and got the acceptable percentages. After that the
3 sets of the electronics characteristics from 3 different solar capacities were used for the

validation of solar panel. The electronics characteristics are shown in table 3.3.2.
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Table 3.3.2: The electronics characteristics for various capacity of solar panel from

modeling tool
Electronics Solar panel
characteristics 167 W 100 W 30 W
Vimp (V) 25.00 17.00 17.40
Imp (A) 6.70 5.90 1.87
I (A) 7.30 6.30 2.03
Voc (V) 30.00 21.00 21.2

Table 3.3.2 shows the current — voltage (V-1) characteristics of the 167W, 100W, and

30W solar panels, which are voltage at maximum power (Vip), current at maximum
power (Imp), short circuit current (Isc), and open circuit voltage (Voc), To get the
maximum power, it is the combination between the particular current and voltage at Imp
and Vpp, which is used for the ideal operation of the maximum power point (MPP), as

shown in the equation below:

From the table 3.3.2, its clear that the highest maximum output is from the 167W, 100W,
and 30W solar panels respectively. The relationship between the 4 parameters is shown in

figure 3.3.5, which shows the comparisons of each solar panel capacity including the

Praximum = Ymp X Imp

comparison between the modeling tool and manufacturers.
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Figure 3.3.5: V-I characteristics for the solar panels from modeling tool and manufacturer

Figure 3.3.5 shows the V-1 characteristics of the 167W, 100W, and 30W solar panels.
The graphs were plotted by using the data from the modeling tool and manufacturers. The
167W solar panel has the highest maximum power output with the highest Vinp and Ipp.
Moreover, 100W and 30W solar panels have a similar amount of voltage at the maximum
power point at around 17 volts. However, 100W has a higher maximum power output
than 30W solar panels. Similarly, Vo of the 100W and 30W are approximately 21 volts.

The different percentages between the data from modeling tool and manufacturers were
defined for 167W, 100W, and 30W solar panels. For 167W solar panel, it has the highest
percentage with 7.71%. Then, the lower percentages for 30W and 100W solar panels are

6.84% and 3.07% respectively. From the different percentages for all 3 types of solar
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panels, it is clear that solar panels are acceptable to use in the simulations by using the

data from the modeling tool due to the different percentages is lower than 10%.

In brief, the modeling tool Merit, has been validated and showed the different percentages
that they are acceptable. So, it is almost ready to simulate the scenario. Before that, the

demand profiles needed to be created as shown in section 3.4.

3.4 Demand profiles

Demand profiles were created by using the power for full charge for the number of cars
that come to the existing petrol stations, because the number will be taking into account
of the total number of EVs that come to the charging stations. It has been researched by
Adzuna (2010) that in busy petrol stations, it gets a customer approximately twice in a
minute or 120 cars per hour. A normal station has an average of 40 customers per hour,
while a quite station has a customer once every 10-15 minutes or around 4 cars per hour.
Thus, the power demand can be established into 3 cases. The first case is the smallest
amount of power required for charging EVs for 4 cars per hour. In the other cases number
2 and 3 there’s a higher power demand needed by 40 customers per hour and 120

customers per hour respectively.

Before creating the demand profiles, Setting the duration of customer coming to the
stations needs to be done. Referring to the petrol stations around M8 motor, most of them
open 24 hours and a few open in the morning between 7:00-8:30 and close around 22:00.
However, the rush hours on M8 motorway are 7:00-9:00 in the morning and 16:00-18:00
in the evening (Baird, 2015). So, the opening time of the charging stations was assumed
to be between 07:00 and 22:00 on weekdays.

Moreover, the power needed in each case is created by using the technical data of the

EV’s battery, which are: battery capacity, charging duration, and range. In this project,
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Mitsubishi Outlander and Nissan Leaf were used as the most popular EV brands in the
UK as shown in the table 3.4.

Table 3.4: technical specification for the most popular EV brands in the UK

EVs Battery capacity | Charging duration | Distance range

(kwWh) (hrs) (miles) | (km)

Mitsubishi Outlander 12.0 3 325 52.3
Nissan Leaf 24.0 7 124.0 38.6

(Energy Saving Trust, 2017)

From the table 3.4, Nissan Leaf seems to be the most difficult to charge their battery, due
to requiring double the amount of power in comparison to a Mitsubishi Outlander.
However, the longer charging time reduces the hourly power needed. Nissan Leaf
requires around 3.43 KW per hour of charging, which is lower than Mitsubishi Outlander
that requires 4 kW per hour of charging. In addition, Mitsubishi Outlander has a lower
distance range, which is 32.5 miles or 52.3 kilometers, while Nissan Leaf has almost 4

times higher, which is 124 miles or 38.6 kilometers.

George and Kershaw (2016) reported that the average distance people travelled by cars in
2016 was 18.25 miles per day. From the table 3.4.1, it can be assumed in the demand
profiles, that drivers use their EVs on weekdays, so Mitsubishi Outlander and Nissan
Leaf require daily and weekly charges with almost full charging. Moreover, it was
assumed that there are 2 EV brands running on the M8, half being Mitsubishi and the

other being Nissan Leaf.

After garnering required data, the 3 demand profiles have been created and have the same

trend as shown in the figure 3.4.1.
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Figure 3.4.1: 2 days demand case 1, 2, and 3 profiles

The figure 3.4.1 presents a non-linear line of the low, medium, and high demand profiles
on Monday and Tuesday. They present that there is no power needed between 01:00-
06:00 on Monday because charging stations close at this time. During 07:00-12:00, the
line has the same slope as the time between 23:00-04:00 the next day, because the EVs
arrives and vacates the station with the same ratio that it has 4 cars comes to the station in
each hour. So, the power needed in the high demand goes higher until 1080.3 kW at
13:00 until 22:00. The figure runs in the same loop during the weekdays but no power
required during weekends. Because the last set of the EV’s battery is at 22:00, due to the
longest charging duration in this project, it requires 7 hours to reach full capacity. That
means at 05:00 on the next day has no battery for charging until the stations open again at
07:00.

The other 2 demands, which is low and medium demands, have the same profile but

lower magnitudes, due to the assumption that demand case 1 and 2 has 4 and 20 EVs in
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the station per hour. Thus, the maximum demands are 36.01 kWh and 360.1 kWh for low
and high demand respectively.

Now all the data is enough to do the simulation, to define how many renewables are
needed for the specific demand, only 1 source of renewables or both of wind turbines and
solar panels is required, and how size of the area needed for the renewables farms. The

renewables required is shown in the section 3.5.

3.5 Renewables required

To recap, Merit will be used as a modeling tool to simulate demand, find the number of

renewables required under 3 scenarios, and adjust whether the systems are acceptable.

Due to the fact that renewables are intermittent of producing power, the simulations of
showing the matching percentages of demand and supply will be done before doing the

simulations with the 3 demands under the 3 scenarios.
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Figure 3.5.1: the year demand case 1 supplied by wind turbine
43



The figure 3.5.1 shows that 5 wind turbines of 15 kW generated power fluctuated,
causing multiple gaps between demand and supply throughout the year. There was very
low power from the supply that didn’t match the demand in some period of time, while
some went more than double from demand. To justify that this is not suitable, it can be

judged by the matching percentage.

Table 3.5.1: matching result between demand case 1 and wind turbine

Total demand Energy supply Energy deficit
Demand Renewables % Match
(MWh) (MWh) (MWh)
5 wind turbines
Case 1 153.81 207.84 50.26 67.09
of 15 kW

From the table 3.5.1, it is clear that the system of using only wind turbine as a supply is
not acceptable due to the match percentage being too low and indicated as a poor match.
Because the total power from wind turbines is higher than the demand, it shows that there
is an energy deficit, which was around half of the demand that was supplied. Thus, to
supply demand, power generated from only 1 source, such as a wind turbine is not

enough.

The simulation of matching demand and supply of solar only presented using wind

turbine only, would be more suitable.
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Figure 3.5.2: the year demand case 1 supplied by solar panel

The figure 3.5.2 shows the similar matching that the power generated from 167 kW 1,000

solar panels fluctuated throughout the year, which caused many gaps throughout the year.

Moreover, solar panels can produce power only during daytime due to the lack of direct

sunlight at nighttime. The majority of Power from solar panel was 3 times higher than

demand at some points, except at the beginning and last period of the year that minimal

power was generated. Also, percent match needs to be considered for justifying the

acceptance of the system.

Table 3.5.2: matching result between demand case 1 and solar panel

Total demand Energy supply Energy deficit
Demand Renewables % Match
(MWh) (MWh) (MWh)
167w 1,000
Case 1 153.81 154.35 46.27 93.99
solar panels
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The table 3.5.2 presents the match between demand case 1 with solar panel only. It is
clear that this system has low rate matching of 46.27, which is indicated as a very poor
match. The energy supply is almost equal to the demand but because of the intermittent
of solar panel, there was the high amount of deficit. Thus, solar panel is not acceptable

for supplying power for demand as its own.

From matching demand with sources of renewables as a supplier as their own, it is clear
that the system cannot be without battery storage, which charges when there is energy
surplus and discharges when there is not enough power delivered for demand. To find the
most suitable systems for all demand under the scenarios. They will be presented by the
number of wind turbines or solar panels needed, which means the area needed. The

demand cases and scenarios will be simulated followed by the table 3.5.3.

Table 3.5.3: the simulations in this project

Demand Scenario
case 2 3
: % 9 Ag:\ 9
2 "g\ > e ”g“ >
3 ég* > e % 9

Table 3.5.3. shows the demand cases and scenarios that will be simulated in the following
section. The symbols were used to present the renewables and the demand of charging

power to the EVs. For example, demand case 1 under scenario 1 was used as the symbol

>

that no solar direct from the sun and rely on 1 source of renewables, is supplied for the

, Which means the power generated from wind turbines only, as it was assumed

light number of EVs in the charging stations (4 cars per hour). While NN
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represents the power generated from solar panels only, as it was assumed that there’s no

wind and rely on 1 source of renewables, is supplied for the higher number of EVs in the

charging stations (40 cars per hour). However, ’g“ > means the power
generated from both wind turbines and solar panels is supplied for the highest number of

EVs in the charging stations (120 cars per hour).

In this project, the simulations of demand case 1 under the scenario 1 will be done first, to
show the least demand with the fewest number of renewables required, and followed by
scenario 2 and 3, with the different kinds of renewable supplier. Then consider the higher
demand in case 2 and the most aggressive demand in case 3 under the different scenarios.
All of the simulations will be connected with battery storage because of the intermittent

of renewables, as shown above in the figure 3.5.1 and 3.5.2, and tables 3.5.1 and 3.5.2.

3.5.1 Demand case 1 under the scenario 1

The first simulation is demand case 1, which has a total demand of 153.81 MWh,
supplied by wind turbines only. To consider in the case that has no direct solar energy
and which system is the most suitable by relying on wind turbines only. It will be

justified by the area needed for the wind farm.
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Table 3.5.1.1: the area needed for the simulation of demand case 1 under the scenario 1

Wind turbine
Demand i Area needed
Capacity | The number ) Acceptable
case ) (square kilometers)

(kW) of turbines

800 1 0.015 v

. 15 5 0.07 v

10 10 0.15 v

1 150 2.25 X

From the table 3.5.1.1, the variety of wind turbine capacity from 800 kW to 1 kW were
simulated with the light demand. The number of areas needed in the unit of square
kilometers is varied by the number of wind turbines. From the section 3.2, it shows the
acceptable maximum area for a charging station, which is around 0.18 square meters. The
system which has a 1-kW wind turbine requires 150 turbines for supplying demand and
required 2.25 square meters, which is unacceptable size, due to being over 12 times of the
maximum area of the station. While the other capacity is acceptable, due to the areas

exceeding the assumption.

However, an 800-kW wind turbine is more than enough for supplying the demand for the
whole year but causes a lot of energy surplus due to its high capacity. That means it is not
a suitable system because of costs of higher capacity of wind turbine. Even it was
required for the least area needed, in terms of financial cost, it would be too much to pay
for. On the other hand, instead of applying the high capacity and cost of the wind turbine,
take a bit more of space for more low-capacity wind turbines would be a more rational

approach.

Thus, in the first scenario of demand case 1 under the scenario 1, there are 2 systems that
are suitable to build. The first system is supplying demand by using 5 turbines of 15 kW
wind turbine capacity, which takes around half of the total maximum area. And the other
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system used 10-kW wind turbine with the number of 10 turbines, which required under

the maximum acceptable area for a charging station beside M8 motorway.

The next simulation is still in the demand case 1 but under the scenario 2, which is

supplied by solar panels only.

3.5.2 Demand case 1 under the scenario 2

The second simulation is the demand case 1 supplied by solar panel only. That means it is
the worst situation of no wind, so no power generated from the wind turbine. In this
project, solar panels were divided into 3 levels, high, medium, and low capacity. The high
capacity is 167 W, 100 W and 30 W were indicated as medium and low capacity
respectively. Each capacity level of solar panel supplied to the demand case 1. To justify
which capacity level of solar panel is suitable for demand, it needs to be considered by

the area needed for the solar farm.

Table 3.5.2.1: the area needed for the simulation of demand case 1 under the scenario 2

Solar panels
Demand : Area needed
Capacity The number of ) Acceptable
case (square kilometers)

(W) solar panels
167 2,000 0.008 v

1 100 4,000 0.016 4
30 8,500 0.034 4

The table 3.5.2.1 shows that every system is acceptable to use as a supplier to produce
power for demand, because the area needed in each system is lower than the total area of

the solar farm, which is 0.08 square kilometers. However, the lowest capacity of the solar
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farm required surface area over 4 and 2 times of the area required for the 167-W and 100-
W solar farms respectively. However, the area required for those systems is a

significantly smaller area compared with the maximum area.

Thus, using only 1 source of renewables, it is enough to supply the whole year for
demand case 1. In the next simulation, both wind turbines and solar panels will produce

power for supplying the demand. That means it might require less area.

3.5.3 Demand case 1 under the scenario 3

To supply demand case 1, using only wind turbine and solar panel has been simulated in
section 3.5.1 and 3.5.2. Both scenarios show that it is possible to build the farm.
However, to supply power from 2 sources of renewables, wind turbine and solar panel,

might require less area for wind turbine only or solar panel only.

To reduce the area needed, this simulation was aimed to reduce half of the number of
turbines in the scenario 1 and replace the power loss with solar panels. Then justify the

system whether or not they are suitable for supplying demand.
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Table 3.5.3.1: the area needed for the simulation of demand case 1 under the scenario 3

Wind turbine Solar panel
: Area needed
Demand _ The Capacity The
Capacity (square Acceptable
case number (kW) number )
(kW) ) kilometers)
of turbines of panels

167 150 0.0456 v
15 3 100 300 0.0462 v
. 30 650 0.0476 v
167 250 0.0760 v
10 5 100 450 0.0768 v
30 1,000 0.0790 v

From the table 3.5.3.1, it is clear that to combine wind turbines with solar panels is to
reduce the area needed compared with the scenario 1 and 2. The more capacity of the
wind turbine and solar panel, the less area needed. Under scenario 3, the system that
requires the least area needed is 3 turbines of the 15-kW wind turbine with 167-W 150
solar panel. However, the total area needed for the system that has the same capacity of
wind turbines but the different capacity of solar panels has no significant difference
between them. In addition, all the system under this scenario is acceptable due to the area

needed is less than the maximum area from the assumption.

To sum up, there was no problem with applying wind farms or solar farms or both, beside
M8 motorway for the light demand. Also, the combination of wind turbines and solar
panels (scenario 3) is the most suitable way. Because it requires less area than the other
scenarios and reduces the risk of relying on only 1 source of renewable. For example, in
the cloudy or no wind. Moreover, the average area needed is shown in figure 3.5.3.1.
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Figure 3.5.3.1: the map for renewables farm for demand case 1

For the demand case 1, it can be compared with the small service station on the M8
motorway, such as BP petrol station, ML7 5TT. As the area of the station is around 400
square meters, while the solar farm required 600 square meters, which is approx. 1.5
times of the small station, plus the 3 wind turbines. However, the solar farm can be

applied to be as a solar rooftop, which almost reduces all areas for on-ground solar farm.

The simulation of the demand case 1 is done under all scenarios. It was no problem
because of the light demand, so the system requires a little number of wind turbines and
solar panels. In the higher demand, demand case 2 and 3, might show some problems

with situating renewables beside the motorway.
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3.5.4 Demand case 2 under the scenario 1

The simulation for higher demand, which supplied power from wind turbines, only will
be present in this section. The total demand, in this case, is 1.54 GWh from the customers
that come to the station, totaling at 40 cars every hour. The area needed for renewable
supply is presented in table 3.5.3.1.

Table 3.5.4.1: the area needed for the simulation of demand case 2 under the scenario 1

Wind turbine
Demand i Area needed
Capacity | The number _ Acceptable
case ) (square kilometers)
(kW) of turbines
, 800 2 0.03 4
15 50 0.75 X

Table 3.5.4.1 shows that the capacity of the wind turbine that used to be a suitable supply
for demand case 1 is not for demand case 2. Due to the higher demand, it requires more
power from renewable sources, in this case, wind turbines. Thus, the 15-kW wind turbine
IS not acceptable for supplying power for demand case 2. Because it needs a surface area
of 0.75 square kilometers, which is over 4 times higher than the defined maximum area.

However, 800-kW is more suitable to be a supplier in this system, while it was not for

demand case 1.

To look at another scenario, which is the renewables, is solar panel only. It would be

compared to the demand case 1 in the same scenario again.
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3.5.5 Demand case 2 under the scenario 2

Supplying demand case 2 by using power from solar panel only. It is definitely clear that
the area needed will be higher than the second simulation for demand case 1 under the
same scenarios as shown in the table 3.5.2.1. In this simulation, the area needed for solar

farm is presented in the table 3.5.3.1.

Table 3.5.5.1: the area needed for the simulation of demand case 2 under the scenario 2

Solar panels
Demand : Area needed
Capacity The number of ) Acceptable
case (square kilometers)

(W) solar panels
167 6,500 0.026 v

2 100 15,000 0.060 4
30 35,000 0.140 X

From the area needed for solar farms as shown in the table 3.5.3.1, there is a system that
is not suitable for supplying power, which is the 30-W solar panel. Due to a smaller
capacity, so it can produce less power. That means it requires a huge area of situating
35,000 panels, which is almost 2 times the maximum area that was assumed, to generate

power for the whole year in demand case 2.

Similarly, 100-W solar panels required the area of 0.06 square kilometers, which almost
reaches the maximum area 0.08 square kilometers. However, the high capacity solar

panels are under the given measurement of the maximum areas required.

Thus, there are only 2 systems that can be used. There are 6,500 solar panels of 167 W
and 15,000 panels of 100 W that can be used as a supplier for generating power for

demand case 2.
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To reduce the area needed for the wind and solar farms, the combination of them between
wind turbine and solar panels is a good simulation to do. Especially the higher demand,

using both wind turbines and solar panels is a more rational system.

3.5.6 Demand case 2 under the scenario 3

In this simulation, wind turbines and solar are both provided power to demand case 2.
The capacity of the 80-kW wind turbine was used in the project. Because of the wind
turbines, which have low capacity, such as 15 kW and 10 kW required the area more than
the given maximum area. Also, the number of wind turbines was reduced to be 1 turbine.
As suggested from the results in table 3.5.4.1, the system requires 2 turbines. Thus, if the
system needs to use both wind turbine and solar panel, the number of wind turbine would
be reduced from 2 to 1 turbine. To consider the area needed from the system of the 800-
kW wind turbine and high capacity of solar panel, it is shown in the table 3.5.6.1.

Table 3.5.6.1: the area needed for the simulation of demand case 2 under the scenario 3

Wind turbine Solar panel
: Area needed
Demand _ The Capacity The
Capacity (square Acceptable
case number (kW) number of |
(kW) ) kilometers)
of turbines panels
167 1,500 0.011 v
2 800 1

100 3,000 0.027 4

As shown in table 3.5.6.1, the area needed is reduced from the scenario 1 and 2 as
presented in table 3.5.4.1 and 3.5.5.1. To supply power for demand case 2, the 2 systems

required surface less than the maximum area, which is 0.08 square kilometers.
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To sum up, generating power from 2 sources of renewables, wind turbine and solar panel
is suitable to supply for the demand case 2. Due to the system required less land use of
0.011 square kilometers with 800-kW wind turbine and 167-W solar panel. Moreover, the

average area needed is shown in figure 3.5.6.1.
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Figure 3.5.6.1: the map for renewables farm for demand case 2

For the demand case 2, it can be compared with the medium service station on M8 motor
way, such as the M&S Service Station, ML7 5SB. As the area of the petrol station is
around 1,333.20 square meters and the car park almost 8,800 square meters, while the
solar farm requires 6,000 square meters plus 1 wind turbines. It is approximately 4.5

times the area of the petrol station to be an area for solar farm but around 1.5 times lower
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than the area of the car park. So, the solar farm can be applied to be the solar rooftop e.g.

on top of the car park, instead of an on-ground solar farm.

The most aggressive demand was simulated under the 3 scenarios in the next section.

3.5.7 Demand case 3 under the scenario 1

The demand case 3 was indicated as the most aggressive demand due to customers using
the charging station 120 cars every hour. The power from renewables under 3 scenarios
was generated and supply to demand. The first scenario of demand case 3, which wind

turbine produces the power, is presented in table 3.5.7.1.

Table 3.5.7.1: the area needed for the simulation of demand case 3 under the scenario 1

Wind turbine
Demand i Area needed
Capacity | The number ) Acceptable
case ) (square kilometers)
(kW) of turbines
3 800 4 0.06 v

Even the simulation is the highest demand, the 800-kW wind turbine is still the wind
turbine that can be used as shown in the 3.5.7.1. The area for the wind farm is 0.06 square
kilometers, which is lower than the maximum area assumed. That means wind turbines
are the supply technology that can generate enough power for the most aggressive

demand. Moreover, it requires an acceptable area for the wind farm.

To look at the other technology, the simulation of the demand with the producing power

from solar panel only is shown in the following section.
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3.5.8 Demand case 3 under the scenario 2

To justify that solar is the technology that can support the whole year for an aggressive
demand. The simulation of demand case 3 and power supplied by solar panel only is
shown in table 3.5.8.1.

Table 3.5.8.1: the area needed for the simulation of demand case 3 under the scenario 2

Solar panels
Demand : Area needed
Capacity The number of ) Acceptable
case (square kilometers)
(W) solar panels
3 167 20,000 0.08 v
100 40,000 0.16 X

From the table 3.5.8.1, there are 2 systems in this simulation. One is 167-W solar panel
generated the power and the other being a 100-W solar panel. It is clear that the 100-W
was not acceptable as a supply for the demand. This is because of the low capacity of the
solar panel, so 100W solar panels needs a greater area to reach the sufficient power
demand. It required the area double of the maximum area for the solar farm, which is

0.16 square kilometers.

On the other hand, the area that is needed for the high capacity 167W solar panels is the
same area as the maximum assumption area for the solar farm. It is acceptable because it

is not higher than the maximum space solar farm.

Thus, the capacity of 100 W for a solar panel is too low to generate power and supply
demand in the limited area. So, the other option, being a 167 W capacity solar panel, is

more suitable for generating power in the system that has solar panel only as a supply.
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Otherwise, a combination of 2 renewables of wind turbine and solar panel will be seen in

the next section.

3.5.9 Demand case 3 under the scenario 3

Under the scenario 3, there is only 1 system for demand case 3, which is a combined
supply renewable between the 800-kW wind turbine and 167-W solar panel. Due to the
highest demand in case 3, it requires lots of power for charging EV’s battery. The other
capacity of both renewables in the previous demand cases and scenarios is not enough to

supply power for the demand.

To use a combination system, the number of turbines will be half of the number of
turbines from table 3.5.7.1. Replacing the lost power with solar panels. So, the area

needed for this system is shown in table 3.5.6.1.

Table 3.5.9.1: the area needed for the simulation of demand case 3 under the scenario 3

Wind turbine Solar panel
: Area needed
Demand ) The Capacity The
Capacity (square Acceptable
case number (kW) | number of |
(kW) ) kilometers)
of turbines panels
3 800 2 167 10,000 0.06 v

Figure 3.5.9.1 shows the system of demand case 2 with wind turbines and solar panels,
covers an area of 0.06 square meters. This system is acceptable from the total area
needed, which is lower than the maximum area. It would have the 2 wind turbines and
10,000 solar panels in the area. Moreover, the average area needed is show in the Figure
3.5.9.1.
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Figure 3.5.9.1: the map for renewables farm for demand case 3

For the demand case 3, it can be compared with the large service station on the M8
motorway, such as Morrison shopping and petrol station, G34 9JJ. As the area of the
shopping mall is around 22,500 square meters and the car park 47,500 square meters,
while the solar farm required 40,000 square meters plus the 2 wind turbines. So, the solar

farm can be applied to be a solar rooftop design, instead of an on-ground solar farm.

To make a comparison between demand cases and scenarios, the bar chart in figure 3.5.3

was created. The amount of area needed will be taken from the system that requires less
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Figure 3.5.3: the comparison of area needed

Figure 3.5.3 shows the area needed in the unit of square kilometers for the wind and solar
farms in each demand case and scenario. In each demand case, scenario 3 required the
least space for the renewable farms, both of wind and solar farms, except for the demand
case 1. It required a large area in demand case 1 under scenario 1 and 3 because the
system has a supplier in the form of a 15-kW wind turbine, indicated as a low capacity
turbine. So a high number of turbines are needed for generating sufficient power for
demand case 1. The rest of the systems are 800-kW wind turbines and 167-W solar
panels, which are high capacity technologies. From the figure 3.5.3, the area needed
varies to the demand case compared to the same scenario. That means the higher demand

of the system, the more area needed for renewables farm. Also, the scenario 3 required
the least area.
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In other words, the system of combined supply between the 800-kW wind turbine and the
167-W solar panel is the most suitable system for generating power to supply the EV’s
battery. That would be under the scheme of EV’s battery charged outside of the body-car
and the ratio of low, medium, and high number customers in the charging station 4 cars,

40 cars, and 120 cars every hour.

The modeling tool simulated another situation to look at the impact of EV’s battery
during the winter. Due to the fact that electric vehicle performance tends to be reduced
during the winter. Reichmuth (2016), a senior engineer in the Clean Vehicles Program,
reported that the car range will be dropped by 25% under the freezing condition from the

maximum range under the normal condition.

This simulation was created by using the worst condition in January as indicated is a
winter month. This is due to the lack of direct sunlight, which means to get the same
amount of power generated from solar panels in other months; it would need a higher
number of solar panels. The demand profile was taken from the demand case 3, which is
the most aggressive demand, and added the power required 25% more to reach the full
charging of the EV battery. So, the total demand is 745.40GWh. The renewable required

is shown in the table 3.5.4.

Table 3.5.4: the area needed for the simulation of demand case 3* under during winter

Wind turbine Solar panel
: Area needed
Demand _ The Capacity The
Capacity (square Acceptable
case number (kW) | number of |
(kW) ) kilometers)
of turbines panels
3* 800 3 167 20,000 0.125 X

* The power required was added more 25% from the demand case 3
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The table 3.5.4 shows the worst conditions of less solar direct and higher demand by
adding 25% more required power. The combination system was used due to the least area
needed for the renewable farm and not a risk system to rely on 1 source of renewables.
As shown in table 3.5.4, it required only 3 wind turbines, but a large area for a solar farm,
which is not acceptable. Due to the greater than the maximum area the solar farm

required.

From the simulations, it can be applied into the national scale for the whole UK by
applying charging points into existing petrol stations. There are around 8,460 petrol
station in the UK (Statista, 2017). Assuming from the total number of the UK petrol
stations, there are the quiet, medium, and busy petrol stations for 25%, 50%, and 25%
respectively referring to the ratio of the size of the business, which is 1:2:1 of small,

medium, and large business (Merigd and Gil-Lafuente, 2016).

Thus, there are 2,115, 4,230, and 2,115 stations that have demand case 1 for small,
demand case 2 for medium, and demand case 3 for large service stations respectively. To
consider the least area needed for renewables farms for the whole UK, 800-kW wind
turbine and 167-W solar panel were used in the simulations by taken the number of
renewables from the scenario 3 in the table 3.5.6.1 and 3.5.9.1, apart from the small
service stations that will be taken from the scenario 1 in the 3.5.1.1 of the system 800-

KW. Because it required the least area needed.

The simulations for the charging point in the service stations around the UK is presented
in the 3.5.5.
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Figure 3.5.5: area needed for the whole UK

To apply the charging point into existing petrol stations in the UK by using power via
renewables, the total area needed for wind and solar farms in the different types of
service stations are shown in figure 3.5.5. It is no doubt that the total number of 2,115
large service stations requires the largest areas of about 148.05 square kilometers. It is
almost double from the renewables farms areas in medium stations, which is 88.83 square

kilometers, while small stations required only 31.73 square kilometers.

However, only 1 wind turbine is enough for charging EV’s battery for a small service
station, which requires half of the total area for wind farms in medium and large stations.
While the other service stations need 2 sources of supply, from both of wind turbines and
solar panels. They required the same area for wind farms for the medium and large
service stations. Because the number of wind turbines needed for a large station is twice
as higher than for a medium station. But the number of the medium stations is double of

the large stations.
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Solar farms can be installed in medium and large service stations. With the high capacity
of the wind turbine, it required a few number of solar panel for producing power.
However, the large stations have large solar farms. Because of the aggressive demand
from the customers, theirs to much risk to rely the power generated from only 1 source of

renewables, especially when it is a cloudy or not windy day.

Overall, it is acceptable to build the renewables farms that required the amount of areas

as shown in figure 3.5.5.

To sum up, the land beside M8 motorway is acceptable to be used for renewables farms
for generating power supply the service stations on M8. Applying the charging points in
the existing petrol stations in the UK, it can be done with the limited areas beside the

stations.
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Chapter 4: Discussion

Renewables are clean and sustainable sources for the production of power and electricity.
However, due to its intermittence and reliance on nature, for example, wind, solar, and
wave, it can be unpredictable and inconsistent. Figure 3.5.1 shows the intermittence of
the wind turbine, while figure 3.5.2 shows the discontinuity of the solar panel. They
present the fluctuated power generated that sometimes produced very high power, while
sometimes there can generate minimal or no power. Also, the energy deficit caused by
the discontinuous power generation from renewables is shown in the table 3.5.1 and
3.5.2. However, they can produce the high amount of power but didn’t match with
demand and caused the energy surplus. That means the systems need to have a baseload
such as: gas, coal, or nuclear power. As well as additional technologies e.g. battery

storage for keeping energy surplus and discharging when there is not enough power.

In this project, battery storage also plays an important role, because of the intermittence
of power generated from the renewables for charging the EV’s battery to full capacity

and on time for the next EV coming to the station.

Also, some renewable technologies, such as wind turbine, which generates high power
but the power fluctuates on an hourly basis, which causes the problem with the grid
stabilization. Having an off-grid system, it needs battery storage. To make a comparison,
connecting battery storage with solar panels is more effective than with wind turbines.
Because when power was generated, it is very high but on a non-windy day, it can
produce zero power from the wind turbine. In contrast, power from solar panel is
produced every day, but not at night, so battery storage can be charged for storing power
and discharge power when it needs. That is one of the reasons that the system prioritizes

the use of solar panels with a few wind turbines.

It has more conditions about setting up for some renewables, for example, solar panels.
There are many controlled variables, tilt and azimuth. In this project, the angle was

defined to get more power primarily during winter. Because there is less power than other
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seasons, due to during the winter is very cloudy or less solar direct. To make the system
more efficient, the adjustable solar panels is more suitable to apply. However, the area for
solar farm needs to be calculated in every climate due to the different angle of the sun.

The area needed for wind turbine in the simulation was calculated from the high capacity
of the wind turbines in the Clyde Wind Farm. In contrast, the lower capacity was used in
this project. That means the area needed for the wind turbine for the charging stations
would be lower than defined. Moreover, after the wind rotates the turbines, it will cause
turbulence, which can affect another wind turbines behind it. So, the gap between the
wind turbines need to be calculated more accurately. However, it was acceptable areas for
the wind farm. Thus, when applying to real situations, the area would be lower than it

was required in the simulation.

In this project, it has total of 9 simulations, which are the 3 demand cases and 3 scenarios
of renewable supply. It is an explanation about the simulation between demand and
supply in table 3.5.3. As the reason of the intermittent renewables, all of the simulations
were connected with battery storage as well. For the first demand, which is the least
power required from the 4 customers in every hour in the station. It shows that only 1
wind turbine with 800 kW capacity is enough for the light demand and required the least
area as shown in table 3.5.1.1. However, to reduce the risk of using 1 source of
renewables, table 3.5.3.1 presents the system can be a mix of 3 wind turbines of 15 kW
capacity and 150 solar panels of 167 W capacity. However, this required around 3 times
of the area for an 800-kW wind turbine farm as shown in the figure 3.5.3.1.

For the medium rate of 40 EVs arriving at the station per hour, it was defined as the
demand case 2. Table 3.5.6.1 shows the least area required for the renewables farm,
which included an 800-kW wind turbine and 1,500, 167-W solar panels. The area was
compared on the map with the medium size of the service station beside M8 motor way,

as shown in figure 3.5.6.1.

The most aggressive demand was case 3, where 120 customers arrive the station every

hour would require 2, 800-kW wind turbines and 10,000, 167-W solar panels to supply
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the power generated as shown in the table 3.5.9.1. This system is the most suitable for the
demand case 2, due to the smallest required area for the renewables farms being 0.06
square kilometers, as shown in figure 3.5.9.1.

To sum up, the combination of 2 sources of renewables, which are 800-kW wind turbine
and 167-W solar panel, is the most suitable systems for charging stations beside the
motorway with an acceptable area needed in each demand cases. However, due to the
lowest demand of case 1, only 1 wind turbine is enough to supply power to the demand
for the whole year. Also, figure 3.5.3 presents the area needed for each demand and

scenario, which highlights which system required the least area.

However, the first 2 scenarios were created for the worst situations for no solar direct
from the sun and no wind to generate power in scenario 1 and 2 respectively. For the
demand case 1, it is acceptable to use only 1 wind turbine for scenario 1, as shown in
table 3.5.1.1. Similarly, the scenario 2 was acceptable by using 2,000 solar panels. Due to
the light demand, the area needed for the renewable farm is not high and under the
maximum area as shown in table 3.5.2.1. The comparison between the area of the
existing small petrol station, which is 400 square meters, it is perfect to apply 1 wind
turbine beside the station. However, it might not suitable for the solar farm as an only
renewable supply. Because the solar farm required equal to 20 stations small petrol

stations, which would use an unnecessary amount of land to be the sustainable.

For the second demand case, it required 2 wind turbines when cloudy, but 6,500 solar
panels when it has no wind, as shown in table 3.5.5.1 and 3.5.6.1. To compare the area
for the renewable farms with the size of the medium petrol station, it is perfectly fine too
use 2 wind turbines. However, it required almost the area of 20 medium petrol stations,
which is not acceptable.

For the highest demand case, when it is cloudy or theirs no wind, it required 4 wind
turbines and 20,000 solar panels for the worst situations respectively, as shown in table
3.5.7.1 and 3.5.8.1. It is acceptable to apply the wind farm beside the large station due to

the area needed is little. Also, it requires the area of 2 more large stations for the solar
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farm, which is acceptable. Also, the solar farm can be fit on the roof of the car park
instead of ground-mounted as shown in figure 3.5.9.1. That means no area needed for the

solar farm.

From the simulation of the worst situation of relying on 1 renewable source, it requires
too much area for solar farms. However, it is acceptable for the demand of case 3 due to
the large area of the petrol station. For scenario 1, which was assumed for the cloudy
situation, it is perfectly fine due to the wind turbine requires less area than solar panels,
compared with the power generated and the number of renewables, including the area for

the renewable farms.

However, the car range of the EV tends to be reduced by 25% during the winter. As
shown in table 3.5.4, it is unacceptable for providing power to the demand case 3, which
has 120 EVs in the station every hour, and added 25% increase in power demand.
Because of the lack of solar direct during the winter, it required higher number of solar
panels than other months. Thus, the maximum area for solar farm were needed. So, the 3
wind turbines were unacceptable, but they were needed to generate power. In short, the
situation of the EV’s battery performance for driving the engine is reduced during winter,
it is not suitable for recharging via renewables, due to the land use for the renewable

farms are required too much to accept as the sustainable way.

The solar farms in this project were mentioned both ground-mounted and rooftop solar.
They have different factors that need to be considered before making a decision on using

ground-mounted and rooftop solar.

Ground-mounted solar is the traditional way of the solar farm. Because it is easier to be
created and less initial cost, but requires higher land-use and time for the installation of
underground wiring and the stabilization of the panels. While rooftop solar has no need
for on ground area, and the cost of installation is cheaper, if it already has a roof.
However, this project primarily focuses on solar farm where there is plenty of unused
land. Thus, it is not a verdict on which option is better, but it depends where the solar

farm is going to be situated.
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Moreover, solar panels can be more than a technology for generating power, but can be
worked as a noise barrier or bike lane on the motorway. For example, the A13 motorway
in Switzerland, solar panels are situated along the motorway and cover an area of 968
square meters. They also have another purpose to be a noise barrier from vehicles on the
motorway. Moreover, the 20-mile highway in South Korea between Daejeon and Sejong.
There is a bike lane between inbound and outbound road on the highway. The point is the
roof of the bike lane is covered by solar panels. Thus, instead of being situated as a
ground-mounted solar panel, it can be created in the form of solar roof-top either on

carpark or bike lane or a solar noise barrier to reduce the land used.

In the national scale, the charging point can be added into the petrol stations around the
UK. Figure 3.5.5 presents the area needed for wind and solar farms for each kind of the
service stations, which are quiet, medium, and busy service stations. Only the quiet
station that only has 1 turbine was needed. While there’s a mixed system of wind turbine
and solar panel, which were required to support the charging point in the medium and

busy station.

From all the simulations, the system of wind turbine and solar panel is the most suitable
supply for the charging stations. Because they work better together and reduce the risk of
reliance on 1 source of renewables. For example, when 1 source is not available, there is
another source that can produce the power for the demand, especially when cloudy or a
non-windy day. In contrast, when there’s strong wind and strong sunlight at the same
time, the battery can charge even faster.

In term of financial cost and land use, it is cheaper to have both of wind turbines and
solar panels. Due to the price per watt, but solar panel remains more expensive than wind
turbine. Also, solar panels require more area to reach the same power generated than
wind turbines. Thus, having 2 sources of renewables is more suitable than relying on 1

source of renewables.

However, in consideration of a combination system, it is important that placement of

wind turbines does not cast a shadow over the solar panel. The impacts of each
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renewables are still appearing. The reflection of the solar panels is the direct impact of
situating them beside the road. When the solar direct has a specific angle with the solar
panel, the glistening light can be reflected to the driver’s eyes, which is very dangerous
and can cause the road accident. Although wind turbines produce noises, due to the
rotation of the blades in a strong breeze. In this project, it was situated beside the
motorway where no one lives, so there’s no significant impact on that factor. However,
some area either side of M8 motorway has small towns, villages, and factories, which can

be a point to consider before creating a wind farm.

Due to the EV’s battery efficiency, it tends to be reduced in the winter. Because the
electricity is not only used for driving the engine, but also the heating system. That means

the demand of charging EV’s battery will increase during the winter.

Although it seems to be possible to recharge the EV’s battery via renewables, the
simulations are for the idealize scenarios. There are unpredictable factors in real
situations that need to be considered, especially the demand profiles and the intermittent

renewables.
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Chapter 5: Conclusion

According to the renewables required in section 3.5 and discussion in section 4, the
charging stations for the electric cars by renewable sources is possible to happen, due to
the area needed for the renewable farms in each demand case or size of the service
station, and the supply scenario is acceptable. From figure 3.5.3.1, 3.5.6.1, and 3.5.9.1,
they show the area of the existing service stations beside the M8 motorway compared

with the renewable farms.

However, the demand might be higher during the winter, due to the performance of EV’s
battery is reduced. Thus, they need to be recharged more often. Moreover, it has less solar
direct, which is the main parameter for generating power from solar panels. That means,

the demand during winter tends to be higher but with a low power supply.

To apply in a real situation, it can be done via the application of charging points into
existing petrol or service stations. Using the space around the station for the renewables
farms, or application of rooftop solar, it is still acceptable by ignoring the car range in the

winter.

From all of the simulations, wind turbine and solar panel work better together. Because of
factors like: area needed, financial cost, the difficulty of the installation, and the risk of

relying on 1 source of renewables.

Having an off-grid system for charging the EV’s battery reduces the problem of dump
charging that causes problems to the grids stabilization. In term of commercial

perspective, it increases the employment rate, which can aid in unemployment issues.
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Chapter 6: Future work

The majority of the project is to show the possibility of using renewable technologies for
charging stations for electric cars. It shows the number of renewables required, including
the area for installation. Moreover, study the impacts of relying on 1 source of
renewables and use the battery storage as a back-up when there’s minimal or no power

generated from the renewables.

There is another way to store the energy instead of using traditional battery storage,
which is called green gas or gas energy storage. From the higher performance, it might
reduce the number of renewables required. For the future work, it is what I’'m interested

in studying.

Having a new farm of renewables needs permission before construction. Environmental
impact assessment (EIA) plays an important role before giving permission. It is necessary
to look at the place where the renewable farms are to be situated. For example, the noise

from wind turbine and the light reflected from the solar panels.

The system in the project is not connected to the grid, which is called the off-grid system.
Because to provide the electricity from the grid to the charging station is more complex
and has many factors that can cause the problem such as the grid stabilization, especially
the electricity from the wind turbine. If the systems were connected to the national grid, it
can support the charging stations for the Scotland or even the whole. Thus, the energy
surplus can be used for other purpose such as for thermal demand or export to another
country from a financial perspective. Also, it has back up from the traditional power
supply, for example, gas and nuclear power plants. Currently, the small charging points
connected to the grid, which call grid-to-vehicle (G2V). However, the government has
been looking at the process of returning power from vehicle-to-grid when its lacked
power supply. Thus, to study the impacts of both V2G and G2V can be potential future

research.
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Appendix
Appendix 1: Technical specification of Nordex N50 800kW wind turbine

AGWINDPOWER

www.thewindpower.net
Wind Enargy Markmt intaligence

August 13, 2017
Vain da

Rated power: 800 kW Number of blades: 3 Minimum hub hesght: 46 m Nacelle: 2341t

Rotor diameter: 50 m Type: Stall Maximum hub height: 70 m

Oid model

Offshore model: no
Commissioning: 1999

Swept area: 1963.5 m*
Power density: 2.45 m*&xW
Maximum speed: 23,6 rd/min

Gearbox: yes
Stages: 3
Gear ratio: 1:42.3

Generator

Type: ASYNC DF

Number: 1

Maximum speed: 1510 rd/min
Voltage: 690 V

Rotor + hub: 15,7t
Tower: 891
Total: 1281t

Wind speeds

Cut-in wind speed: 3 mis
Rated wind speed: 15 m/s
Cut-off wind speed: 25 mfs

Power (kW)
2

wen tremagowe: ret
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Appendix 2: Technical specification of Proven 15kW wind turbine

Proven Patented Furling
In winds of above |12m/s or 25mph. the Proven's blades twist to imit power in

response to high pm

Low Speed
Equals Durability

Marine Build Quality
All machines are
manufactured with galvanised
steel stainless steel & plastic
components

. E88BBEEEEE

Power LLIY
Output .
(Watts)

L]
o Wind speed in metres/second

78

Technical Specification Sheet

MODEL
QitIn (mh)'

Proven 15 (I5KW)
25

None

70

12

Downwind, Self Regulating
3

Glassthermoplastic Compostte
9

Beushless, Direct Drive,
Permanent Magnet

48V DC

230Vac S0H2 or 240 Vae 60H2
240V ac

150

15.000-20.000 Kwh

1100

Tilt-up, tapered, sel-supporting,
no guy wires (Taller guyed towers
lso avalable on request)
15o0r25

3Tx3Tx12 o 5x5x2

15x1 5x1.2

(no anchor foundation for 25m)
1478 or 2794

Yes

48 dBA

65 dBA

26

Beitigh Teecom

Seottish Youth Hostel Asseciation
Beitish Rai

Ingh Lighthouse Autherity

UK Lighthouse Authority
Tmobde

Orange

Shell Exploration

Saud Aramco



Appendix 3: Technical specification of Proven 10kW wind turbine

Aeolos-Vv 10kW

Power Curve

Specification
Generator Type: Three Phase L2000
Permanent Magnet 10000
Rotor Height: 5.3m (17.38 ft) F s
Rotor Width: 4.2m (13.77 ft) E x
Turbine Weight: 385kg (848.8 lbs) 000
Blades Material: Fiber Glass 1000
Blade Quantity: 3 pes e 12345678 5101112131418518
Working Temperature: -30 Tto B0 °C Wind speed { mis }
Design Lifetime: 20 years
Working Hurmidity: =05%
Protection Class: Ip55 Aeclos-V 10kW Wind Turbine Annual EnergyOutput
Wind Speed(mjs) ““mmi Wind speeofm/s) Ao Et'm;’m
Performance R b ;
3Imfs 2278 kWh 1| 8 mys 26280 kwh |
Rated Power: 1noKw e 11 R — I
Max Output Power: 12 KW 4 mys 4380 kWh | 9m/fs 35741 kWh |
Qut In Wind Speed: 2.5m/s (5.6 mph) 5mys 6657 kWh I 10 mys 42924 kKWh :
Rated Wind Speed: 12m/s (26.8 mph) : i
Survival Wind Speed: 55my/s (122.65 mph) & m/s 11386 KWh : 11 mys BE3I28 kWh E
Generator Efficiency: 96% -- - i - ]
Moise Level: < 45 dB(A) 7myfs 17958 kWh . 12 myjs B9352 kWh .
Warranty: S year e
Safety . wmams |
Blades RPM Limitation: 150 RPM 50
PWM Dump Load: 15 kW Box a 1954:93
Mechanical Brake: Manual/Auto 0
Optional § 35
30
Remote Monitoring System  ( Intermet/Wireless) .
Auto Hydraulic Brake System ( Unattended Site ) — dE(A)
Off Grid : 86V or 240V M4 s 6 78 910 M2
Grid Tie : 380V Wind speed (/8
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Appendix 4: Technical specification of Airdolphin 1kW wind turbine

—
O
wn
Q
=
=
A
>
N
Q
=
<C

AIRDOLPHIN. Mark-Zero 24V,

Porver Output D)

2500

2000

1500

1000

500

L]

0 5 14

15 2 25 30 35 40 45 53 55

Wimd Speed {m&s)

Intelligent Povwer Management System

A truly seamless power generation can be achieved from wind
speeds ranging from 2.5 més (5.6 mph) and owver, never cutting
out. The system instantly responds to wind speed fluctuations
for optimal power point production. At peak, Airdolphin
Mark-Zeroand Pro can deliver 2.3 KW output in 20 mds (44.7 mph)
winds, then shift to a gradual cutput as the wind intensifies.

Airdolphin Pro Energy Production
Annual Enm, (Caloulated Lking Rayleigh Wind Distribu tion Index) ) il

Prachid tion
10, 28
°000 25
|B,000 22
T000 19
6000 17
5,000 14
4,000 10
K a8
2000 6
1,000 E]

a 3 4 5 & 7 4 49 10 11 12 13 14 15mfs
22 A5 &7 A9 L2 134 57 178 L0 224 M6 263 290 313 FTEmph

Average Wind Speed

Model Manmme

Airdolphin Pro # Airdolphin Mark-Zero

Model Number

Z=1000-AE [\ Z= 10D0-2 4

Wind Turbine Type

Horizontal axis, up-wind

Rotor Dianmweter

1,800 mim (5 10-7/8" 1

Mass

17.5 kg (3B.5 lbs)

Toweer Diamweter

486 mm (1-15A6 "}

Mumber of Blades

3

Elade Comstruction

Carbon fiber laminate over solid foam core

Elade Mass (per piece)

380 g (13 oz}

EBlade Method

Interlock hub mounting

Body Material

Aluminum diecast

Body Construction

Sorew-less joints {baved on traditional Japanese craftmanship)

Product Finish

Anti-cormosion Teflon-based paint

Generator

Synchronows-type, three-phase power generator
with permanent neadymium iron baron rnzgnet

Comtrol Systenms

Built-in original Intelligent Power Management wwith:
1. Powrer Assist Function

2. Seam less Power Control Functions

3. safety Control

4, Battery Charge Managensent

5. Data Communication

Protection Circuit

Built=in

Data Logger Built-in (Total energy production}
W aw Contral Free yvaw (360 degrees)

Direction Control

Original Swing-Rudder System

Start-up Wind Speed

O s (Poweer Assist Functiond

Cut-in Wind Speed 2.5 mé&, 5.6 mph

Peak Power

2.3 kW (20 s, 447 mph)

Maximum Rotor Speed

1, D00 pon (20 mds, 447 miph)

Mass per WWatt

17.5 g {1 o at rated power)

Cutput Voltage

S0 DC (Z- 10004 8) £ 25 DC (Z-1000-2 4)

Braking System

Regenerative electromagnetic braking system

Communication System
(Signal CQutput}

R5-1 85

Recommended Battery Capacity

Deep ovde kead add battery 500 Ah or more
Off-grid: Deep oycle lead add battery, 500 Ah or mone
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Appendix 5: Power curve of wind turbines from manufacturers

Wind Power output (KW)

speed | an0 kW | 15kW | 10kw | 1Kw

(m/s)
1 0 0 0.00 | 0.00
2 0 0 0.00 | 0.00
3 0 035 | 010 | 001
4 0 122 | 040 | 0.03
5 0 250 | 060 | 007
6 22 401 | 1.00 | 014
7 50 528 | 200 | 0.23
8 87 768 | 350 | 034
9 166 | 109 | 500 | 0.46
10 250 | 1270 | 7.00 | 057
11 350 | 1500 | 850 | 0.66
12 474 | 16.10 | 10.00 | 0.74
13 509 | 16.23 | 11.00 | 0.80
14 700 | 1555 | 11.00 | 0.83
15 771 | 1555 0.86
16 809 | 15.23 0.87
17 832 | 15.23
18 838 | 15.23
19 838 | 15.23
20 838 | 15.23
21 838 | 15.23
22 838 | 15.23
23 838 | 15.23
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Appendix 6: Technical specification of 167W solar panel

FEATURES

« High-power module (167 W) using 125mm
square multi-crystal silicon solar cells with
12.84% module conversion efficiency

+ Photovoltak module with bypass diode
minimises the power drop causedby shade

» Textured cell surface to reduce the reflection
of sunlight and BSF (Black Surface Field)
structure to improve cell conversion
efficiency: 14.84%

» White tempered glass, EVA resin and
a weatherproof film, plus aluminum frame
for extended outdoor use

+ Nominal 24 DCoutput, ideal forgrid
connected systems

+ Output terminal:Lead wire with
waterproof connector

» Certifications: IEC 61215 & IEC 61730

SHARP modules are manufactured
in 150 9001 certified factories

LIVM 91

A DURABLE MODULE
FOR LARGE ELECTRICAL
POWER NEEDS

MULTI-SILICON PHOTOVOLTAIC MODULE
WITH 167W MAXIMUM POWER

A safe, dean, reliable source of energy, Sharp’s
NE-Q7E3E photovoltaic module is designed for
large electrical power requirements. Based on the
technology of crystal silicon solar cells developed
since 1959, this module has superb durability to
withstand rigorous operating conditions and

is suitable for grid connected systems.

Commeon applications for the Sharp NE-Q7E3E
include residences, office buildings, solar power
stations, solar suburbs, radio relay stations, beacons
and traffic lights. As one of the world’s leading
manufacturer of photovoltaic modules, Sharp
produces an extersive line of high power modules
for every electrical power requirement.
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Appendix 7: Technical specification of 200W solar panel

SIEMENS
Solar module SM110/SM100

When it comes to rellable and envi-
ronmentally-friendly generation of
elkctrical power fram light, solar
modules from Siemens Sala pravide
the perfect salution, Manufactured in
compliance with the mast stringent
quality standards, they are designad
to withstand the toughest environ
menta conditions and are character-
zed by thek long service life, Slemens
Solar power solar modules e covered
by a 25year limited wamranty on power
oulput - your quarantee of frouble-
free solar power genaration.,

PowerMax*® technology

Siemens Solar progrietary Powerhax®
technology optimizes the cells and
modules far enargy production in all
types of envirconmental conditons.
Ihis includes the growing of single
crystalline silicon ingots, water pro-
cassing under clean room conditions
and the multistage progprietary TOPS™
{Texture Optimized Pyramidal Surface)
process. The maost siriking features of
the TOPS™ process are the specia
textural etching system which aeates
a pyramii-shaped surface, combined
with surface passivation and an anti-
reflective oxide coating.

This means that light absorption s
especially high, even at low light
kvels. Siemens Solar Powerhax®
solar cells deliver maximum energy
throughout the day.

Certifications

I'he fallowing certificates and approv-
als confirm the high quality of the
Siemens Solar SM11QSMI100:

« IEC61215
« TUV satety class |l
» CEmak

Solar module SM110/SM100
* Power rating SMN0: TOW=5%
SM100: WO W 5%

+ Awvailable in 12 Vor 24 V versions
and as framed module o
laminate

+ Single crystalline PowerMax®
salar cells for maximum cpera-
tional efficiency

* Used in grid-connected systems
and for griddndepandent ruralf
stand-along power supply systems

« 25.year pawer oulpul warranty
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Technical Data
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Technical Data

Opticns

rAochlie] versions of e solar mdchle are
akso availanle, with MO phugHn contacts
Tor examgle ar a spedal version for inle-
grated building solutions . You can obtain
Iinformatian about these verskans from
o Skemers Solar dealer or direC iy
fram Slemens Solar,

High Cuality

Shemens Solar has eslablished very high
quallity stamdards . Thus, aur malin produc-
icn plands are certified 1o 150 9001,
Coors lan| chacks and inspeclions guaran-
Doy wamifiormmlly bigh quali [y, Each mocule
wihich leaves the produc tion line s sub-
e ted 1o thorough visual inspections as
wedl s mechanical and edecirical tesis,

Parformanoe wamanty

T miligh quallity of he modules resulls in
anexpected servios life of well aver

A0 years, Tha ST 1S 100 s coverad
by a8 35year Semens Sola waranty on
v i,

You will Tind further information on
rmodules, solar power generation
principles and applications in the
Siemens Solar product catalog.

IS::llar module SM110/5SM100

Collemperalue Tp = 35

Edactrical parameters SM110 ||SM110-24) SM100 ISMH.‘IH-H
Rated power P, (= 5%) e 110 10 100 100
Configuraion - 12 FIRY 12V FIRY
Rated cument bge 14] 8.3 315 5.9 2.9
Rated 'rd1-:;el.l!+ M 17.5 K] 17.0 340
Short cimui cumen L 1] 6.9 345 8.5 1.5
Cpen cirou vollaos Uy, 1] 21.7 435 21.0 420
Thermal param elers
HOCT* ['C] 4542
Ternp. coafficient of he shorbdnuil cumenl +4 1 104
Ternp. coafficient of he open-croul vallage =34 I
Limit values / Cualifications.
Ik pe it e d modube femper alure ] 4010 +85
Ikane, po il el e e rrpeerah e
ekl under solar imadiation | 4010 =50
Mol shaded (sirage lemperaire) [%0] 4010 =86
i pemifled system volfage® IVl 1000
Surf acep s [ k] 2400
M o o for' r 1.2
Huricity al 85 °C (%] 5 relaive
Haikstorm/ halislanes [roen] o
[rmv's] y= 23
[ Wiekght geth fwithout frame) ka || 11595
T (ke = Pk penaver Lver sitanctard 21 perrnal Qperating Cell Jern peralure at:
#era ] conc o Wiackarce E = S0
(b poser 1045 W, 095 W) Armblent fempeaire T, = 200
A hAass A =15 Windspead W= TS
wradBnce E = 1000 31 Protecionclass B B0

41 Diagyorsad Fing of the madule plane
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MSX-Lite

Photovoltaic Modules

Appendix 8: Technical specification of 30W solar panel
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N  SOLAREX

MSXeLite™ modules, part of Solarex's Megamodule™
series, are designed for applications requiring a combina-
tion of light weight, compactness, and ruggedness. They
are particulady useful as 1 2VDC power sources for expe-
ditions, mobike communications, recreational vehiclkes
and railroad signaling devices.

Four models of MSX-Lite are available, the MSX-5 Lite,
MSX-10 Lite, MSX-20 Lite and the MSX-30 Lite, delivering
typical peak power of 4.5, 10, 20, and 30 watts respec-
tively at Standard Test Conditions (STC), They are intend-
ed primarily for use in single-module power systems, but
may he interconnected—up to a 30V nominal limit—to
provide increased voltage or current,

Individually Tested, Labeled
and Warranted
As part of the fimal inspection procedure, every MSX-Lite
module is tested in a solar simulator and labeled with its
actual output—vohage, current, and power at maximum
power paint (P, O—at Standard Test Conditions and
Standard Operating Conditions, Furthermore, Solarex
guarantees:
* that no module will generate less than its guaranteed
minimum P, when purchased;
* at least Y% of the guaranteed minimum Py for
five years,
Contact Solarex’s Marketing Department for full terms
and limitations of this wamanty.

Proven Materials and Construction

The materials used in these modules reflect Solarex’ two
decades of experience with solar modules and systems
installed in virtually every climate on Earth.,

* Polycrystalline silicon solar cells; efficient,
attractive, stable.

* Modules are rugged and weatherproof: cdl strings are
laminated between sheas of ethylene vinyl acetate

* Proven cell intercommection technigque and
maisture-resistant metallization ensure electrical
integrity in severe climates,

Light, Rugged, Easily Mounted

Although extremely rugged, MSX-Lite modules are
compact and lightweight, The largest, the MSX-30 Lite,
weighs only 6 1/2 pounds (3 kg). The modules may be
mounted from front or hack through four grommet-
finished holes which accept fasteners up to 0.2° (Smm)
diameter. Total module thickness is only 16 mm, includ
ing the mounting grommets and the low-profile output
termination box. The termination box is on the mod-
ule's front, facilitating mounting on Nat surfaces,
MSX-Lite modules can also be mounted on curved
surfaces: they will conform to curvature up to 1
inch per foot.

Ample Charging Voltage

With 36 cellsin series, MSX-Lite modules generate
sufficient voltage to charge 12V hatteries in virtually
any climate, as shown by the electrical characteris-
tics on the reverse of this sheet,

Solarex Quality
MSX-Lite modules are tested and inspected in our SO
900 Lcentified factories to demanding spedfications,

Variables Affecting Performance

The performance of typical MSX-Lite™ modules is
described by the -V (current/vohage) curves and electr-
cal chamcteristics table on the reverse side, Each mod-
ule's actual, tested output characteristics are printed

on its label.

Options

MSX-Lite modules may be ordered with an integml block-
ing diode, which prevents battery discharge at night or
during periods of poor insolation.

(EVA) with astainkess steel substrate and Tedlar™ cover.

630 Solarex Court, Frederick, MD 21703 USA « PHONE (301) 698-4200 * FAX (301) 6984201 * www solarex.com « infodsolarex com
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Mechaonical Characteristics

MEX-30 Lite MSX-20 Lite MEX-10Lite MSX-5 Lile
Weightin
pounds fog)  6.5(3.0) A45(21)  25{1.1)  15{07)
i mension
[see dwg) - Inches (millimeles)
i 24566 1750345 7S (ME 1075279
] 19.5(495)  19.5(495 105267 105 (267)
C 2275(578) 160408 16.0(406  9.25(235)
0 16.0(406)  16.0(408  7.0(178)  7.0(178)
E BAIG  SBIY 41305 413 (105)

Duiput cable: 3 meters long, AWG #18-2,
Dimensions:  Dimangions in brackats ara in millimeatars,
Unbracketed dimensions are in inclhes.

Orverall todarances +18" (3mm)

=

P

r—“jﬁ$
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Typical Electrical Charocteristics*

MEN-30 MSX-20 MEX-10 MSK-5
Lite Lite Lie  Lite

Maximum power (Fogd ... 30W . 200 . 10W . 45W
Voltage @ Fryge Vg ... .. 1709 A7V 70V 168V
Current @ Pay (g - ... 1784 L 1I7A L 058A . .0.27A
Guarameed minimum P, . 27W . 1BW . 8W . AW
Short-gircuit current (g .. 1904 | 1.27A 0604 0,294
Open-circuit woltage (V) . . 210V 208V . 211V . 206V
Temparaturg coefficient of I, .. (0065:0.005%/°C ...
Temperature cogfficient of Ve ... .. —{(BOL10)mVC L. ...
Approximate effect of

temparature on power ... ... ... =(0.5:0,08)%C . ...,

MOTES
* These dhit represent the porknmeanoe of typcal modubes as s uned

an thedr anpan Cabee temmdnatins, and do e inchile the effeo of
such acldithomal expuipmeent as diodes. The dat are based on measuremeens
michake in a sobir sinvubitor 8 Stodard Test Comditions ST, wlich ams

= IHumsdnation of 1 KW amed 1 sun at spaectral distribation of AM 1.5
= Cell vemperature of 25°C or as otherwise specified (on curves).

Operating chasacie risics in sunlight may differ slightly,

|-V Characteristics
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| Download CAD |
SIDE WIEW
| Download MSX-20 & MSX-30 XLS |
| Download MSX-5 & MSX-10 XLS |
For more information, contact:
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Appendix 9: Technical specification of 145Ah 6volts battery storage

AGM Series

@25AMPS

@T5AMPS

BES Minutes

225 Minutes

SPECIFICATIONS CHARACTERISTI
Mominal Voltage B Valt . 20 Hour Rate (20,84 to 5.25 Violts) 415AH
Ca
Rated Capacity |20 Hour Rate) A15AH zs‘cpﬁ;;p 10 Hour Rate (37.4Ata 5.25 Volts) | 374AH
Total Height (e B sty 424mm 5 Hour Rate (68A to 5.1 Volts) 340AH
Height A04mm Internal Resistance Full Charged Battery 25°C [77°F) 1.6mo
DIMENSIONS
Length 295mm a0 C{104°F) 102%
Width 179mm C’F‘_‘;"“ “ﬁ':““ 2y 15T TR 100%
e perature Ry
Weight 56.0Kg (20 Hour Rate} 0"C{32°F) 85%
L5°C [5°F) 65%
—_— Capacity after 3 Maonth Storage 91%
— Self-Discharge -
- Rasery Tamg erstare: T2 25°C (77°F) Capacity after & Month Stomge B2%
' :l Capacity after 12 Month Storage 64%
b T TTT——y 1 — TR Max. Discharge ;5 .
3" T \_L TAr-y Cument 25°C (77°F) DO0A TS+
3 " ¥ ¥ ™ e h o
£ Loh- a1 Terminal | Standard o1
= Initlal Charging Current < 0.2 x C20
Cha )
! et L P L 7,25V~ TASW25°CT T°F)
Y- - e Float B8V~ 6925 C[TTF)
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A Division of Barden UK Ltd.
T. +44 (0)1489 570770 E. info@rolls-battery.com  www.rolls-battery.com




