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Abstract

Since the first design of an electric engine in3,8he evolution of electric cars has remained
slow and difficulties for the integration of thisnkl of clean transportation have stopped this

technology being successful.

The integration of electric cars in the electrinatwork supposes an increase in the total amount
of electricity per domestic dwelling involving risk exceeding the maximum electrical peak and
direct affection of the electrical profile. Thisgpect covers the analysis of the electricity system
terms of integration of electric cars. This docatwill be focused in domestic plug-in electric
cars and how the electricity system can be altethgtarameters related to the electric cars and
network can affect the whole system and which thresequences of modifying them may be.

The main objective of this project is the developimef control software (with C++ and php
languages) in which, employing data of consumptiwrdomestic dwellings, a control system will
be created, where different parameters and infoomdtom a determined period of time will be

obtained.

Different strategies will be selected in order &velop a complete study of the integration electric
car. The first strategy is developed for reducing ¢lectricity cost, while the second one selects
the periods of charging for the most reduced, €@issions. Finally, the last strategy included in

the software will be focused on the minimum impadhe network.

Additionally, a control software for regulating tperiods of charge in order to reduce the impact
in the network will be created. The option of sélega renewable source as supplier of electricity
will be introduced in the Control Software in otheranalyze the effects of this integration in the
grid in combination with electric cars. An analy§is long periods of time will be included for

long time simulation.

The results show the benefits of selecting tauifith reduced prices for off peaks periods in order
to reduce bills and the impact of the charge oftele cars simultaneously. The almost invariable
CO, emissions independently on the periods selectedcctiarging was detected. The control
software shows the high number of interruptionsumegl during charging for long period of time

and the small number of periods for dischargingcdre When the renewable system is integrated,
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the number of interruptions decreases considerabty the number of discharging processes

increase for short periods of charge.
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EV
FCV

GHG

GSHP
ICE
kwW
Kwh/d
km

Mpg
Ofgem
Ppl

PV
UCs

Electric Vehicle

Fuel Cell Vehicles
Grams

Greenhouse Gas

Ground Source Heat Pump
Internal Combustion Engine
kilowatts

kilowatts hour per day

Kilometres

milles per gallon

Office for gas and electricity market
Pence per litre

Photovoltaic

Union of Concerned Scientists
Watts
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Chapter 1

Introduction

Nowadays, the implementation of electric cars pos®geral doubts related to the electrical
capacity of the current grid system and the vigboif integration of EVs in the electric network.
Question as: “How can the impact on the electrid ¢pe reduced by controlling the domestic
plug-in system for electric cars?” Or “How will rewable energies be combined with electric cars
consumption in order to development a more staage boad grid?” are presented in this project

and will be answered.

From the appearance of electric cars, thanks tceRoknderson, who invented the first crude
electric-powered carriage between 1832 and 183Sciwtland (Ahmed, 2012), the evolution of
this technology has been unhurried, due to seee@omical and industrial events. At the end of
ninetieth century, electric vehicles competed watbam and gasoline-powered cars in the UK
(Anderson & Anderson, 2010). By 1904, a third of ttars in New York, Boston and Chicago
were electric (Anderson & Anderson, 2010). Nevded® this good beginning was stopped by
the higher speed and level of independency of wahsmotors of internal combustion. Although
supporters of electric cars claimed for chargingtieh in the decade of 10s (Anderson &
Anderson, 2010), the low priced or almost “freeélfgmainly in the USA due to the discovery of
massive oil wells), the higher cost for manufactgr{for hybrid cars) in comparison to ICE cars
and the difficulties for creating a electrical netk outside urban areas dispelled the opportunities

for the integration of electric cars in the earBsZWestbrook, 2001).

During the wartime (First and second Word Wars)use of electric cars continued dropping even
though electric taxis around the word and vansnfdk deliveries in the UK continued been

employed (Hgyer, June 2008). The reason for thaspstiecline in the use of electric during these
periods was the huge reservoirs of oil of somehefdountries participating in the wars and the

higher power developed by ICEs cars.

Due to the first oil crisis of 1973 (Chan et aD09), the transport sector (the largest energysect
and also the most important costumer of petroletrdyxts) suffered the high prices of fuels and
a new thought about the utilization of electricscamerged. Fuel cell vehicles (FCVs), which use
fuel cells to generate electricity from hydrogem air to propel the vehicle, were studied during

the next years and comments on 1974°s newspapérshagh- density batteries are just around

10
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the corner...we look to the battery industry for ehtelogy break thought” (Anon., 1974) were
some of the facts that reveal the increasing istenethe electric car.

However, it is not till the beginning of the newntary when the electric cars started having a
space in the transportation market and a commeai@n of electric cars started being
considered viable. In 1999, the first hybrid caswaunched by Honda (Hayer, June 2008) and the
good results opened the path for hybrids cars laadnvestment in the study of electric cars. New
batteries and reduced consumption of electric chreew generation are improvements that

allowed the quicker increment in popularity of teistem of transportation last years.

Nevertheless, currently the market of electric cargrowing slower than predicted due to
different factors and future implications of thechieology. Rare or high-cost materials for
batteries, lack of stations for electrical chargiagd the increase of electrical demand and
accommodation in the electrical grid are the maallenges that electric cars are facing

nowadays.

The development of new batteries has been studiddirevestments by big companies in this
technology are continuous. The new battery coudhsthe price of electric vehicles by cutting the
battery cost by half according to predictions of/lanbattery Manufacture Company). According
to that information big automotive companies, asdewample GM, are investing huge sums of
money into this kind of companies (in January o R@hey put $7 million into Envia (Krisher,
2012)) in order to achieve more efficient and irelegent electric cars.

While the word of batteries continues evolving, lidek of stations for electrical charging remains
being a gap in the integration of EV. The curremtiber of charging stations for electric cars is
insufficient and does not allow the complete depmlent of the technology in terms of

independency of the technology. Several studiespaactical experiments around the word have
been carried out in order to develop a electricadleh for charging electric cars. For example, the
UCLA Smart Grid Energy Research Center is studyiregpossibility of wireless communication

technology and smart charging stations for eledais (Mok, 2012). However this technologies

are far away from being implemented in reality.

In terms of impact in the network, the analysighe effects that the electric car will have in the
grid supposes a key point in terms of future dgualent of the technology. As reported by some

studies, the present intrusion of electric carghe UK network is sufficient considering their

11



management at off-peak periods due to the sur@padity (Department for Business Enterprise
and Regulatory Reform: Department for Transpor80However, the random charging is not
demonstrated to match the electric generation wimehlns that the probability of saturation of the
current electric system will be high if there ist mocontrol system to regulate the charging for a

penetration of a 30% of electric cars (Acha et2410).

Estimations for future electrical consumptionstesstudy carried out by David JC MacKay in his
book “Sustainable Energy - without the hot air’” @ay, 2008), shows that for the plan of 2050,
the required electricity supply will be increasedni 18KWh/d to 48KWh/d per person which

supposes a total increment of more than 160%. Amajythe total electric demand for 2050 (see
Figure 1), 18 of this 48 KWh/d per person, a 37.%80assumed to be due to consumption of

electric cars.

current
consumption
e
losses in
CONVersion
¥ elncerivity future consumption
consumption breakdowns
Electrical Electrical . _—
things: things: L:;E:;?l}z
18 kWhid 18 kWhid
\ql'j‘idwn:_u
, e Electricity:
!:-.m.-rgg.' 12 kWhid
inputs: Heating:
125 kWhid 40 kWhid Heating: l’umpu:d
3 heat:
Sl | euwhia
Wood: 5 kWhid
Solar HW: 1 kWh/d
efficiency
Biofuel: 2 kWwh'd
Transportk: r e
40 kWhid
Transport: Electricity:
20 kWhid 1BkWh/d
T
2008 2050

Figure 1. Consumption for 2008 and predicted comtion for 2050
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This estimation shows the huge influence that etecars will have in the future network and the
necessity of an analysis for the accommodatiorhigftechnology. This project will be focus on

the control of the domestic charging for EV in arde reduce the impact in the network. The
analysis of parameters, as tariff or incremenhé@Q emissions due to electrical generation will

integrated in this project. Nevertheless, the ckabte generation system predicted for next
decades, due to the penetration of renewable @sergiust be considered. As a result of this
consideration the integration of renewable systertide also a key point for this project.

13
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Objectives and Activity Scope

The aim of this project is the development of safevfor controlling the charging periods of

electric vehicles in order to reduce the impact this technology has in the electrical network.
The main objectives of this project are summarinetie next bullet points:
-ldentification of main parameters affecting int&tipn of electric cars.

-Determination of main strategies affecting theaedlepment of the technology and the electricity

network. Analysis of restrictions affecting thesategies is required to complete this objective.

-Identification of variable or statistics paramstend analysis of influence and importance of

them in the current electrical system.

-Evaluation of the influence of renewable energiethe electrical network combined with electric

cars.

The main scope of this project is the creation afitmwl software that allows the analysis of
multiple parameters affecting the integration @fo#ic cars in the grid system.

The boundaries of this project are establishedWolg different directions:
-Data: the consumption and temperature data wititiiained per minute for UK locations.
-Tariffs: Three different tariffs will be selectéar the developed program.

-Battery characteristics: A standard battery fectic cars will be selected and its charactesstic

will be fixed for the analysis.

-Strategies: Multiple strategies could be selectedertheless the lack of time impedes the study

of all the possible options and only three straegyill be analyzed in the software.

-Sources of electricity: The analysis of the sosrotelectricity in order to determinate the £O
emissions per hour as being determine for UK statsdand it is not extensible to other regions or

countries of the world.

14
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-Integration of renewable energies: A unique reriBgvaources will be selected for connecting to

the electrical network of the dwelling. The teclomyt selected will be photovoltaic panels.

15



Chapter 2

Methodology

The following diagransummarizes tt complete methodologysed for the development of tt
project.

N
» Analysis of main problems involving the integration of

the technology

* Obtaining of data
v,

» Development of the control software )
» Development of strategy software
 Control software for reduction of impact in the netv

* Improvements in the software —
Interruptions, discharging periods and integratio

renewables in the grid y,
N
* Practical utilization of software for Models
J
™
« Statistical analysis of results
J

Figure 2. Diagram of methodology

A deepdescription of all the different parts of this medlology is ircluded in the next paragray.

First step - Analysis of main problems involving the integrationof the technology anc
obtaining of data:

The initial step for the development of this proje@s the determination of the main proble
integrating the contradf the electric car chargir

16
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In order to focus on these problems a literatuvéere was carried out. From the literature review

the following ideas were obtained:

-An economical analysis was determined as a keytoi the implementation of the technology.
The analysis of the current tariffs in the UK wasriad out in order to select the three main tariff
existing in the current electrical market. Data w@htariffs and classification of periods according

to the level of demand by electricity utilities wehe central outputs of this research.

-The environmental impact was the second pointis€ugsion. The COemissions generated
during the production of electricity was considetkd main environmental impact resulted from
the integration of electric cars in the grid systdpata for the C@emission depending on the
technology used for the generation of electricigswvobtained, additionally a research of data per

hour for the amount of electricity generated byheldiad of system of supply was selected.

-The main point of analysis, the impact in the reetwas interpreted. Data referring the current
UK consumption and information about the maximumdi@dmitted by the current grid system

was obtained.

-An analysis of renewable disposals was carriedfauthe determination of the most probable
renewable system implemented in the domestic @egtid. The integration of photovoltaic
panels was selected as the adequate renewablsai$pothis study. Data of energy produced by
this technology was obtained.

-The last research step of this section was therh@tation of data for kilometres travelled in the
UK and period of the day of occupancy of dwellingbis information was required to understand
the discharge of the battery during travels andpthesible period for pluging the EV.

Second step - Development of the control software:

The development of the control software starts hin design of an initial software for different
strategies for charging the electric car. Folloi@dhe creation of a software which allows a year

analysis of the influence of the electric car texbgy in the grid.
For the programming of this softwares C++ and PHPevemployed.

C++ is a basic programming language that allowsd#faition of different functions and classes.

The C++ language will be used for the programmihthe main body of the software.

17



z[a

PHP is other script language to utilize data aspknwvariables which allows an easier

manipulation of the database required for the Gafinare.

The software is linked to a website by using a webver, Apache and a Data Base Server

MySQL. More information about how to use the sofsvencluded in Appendix A.

The development of the software was carried outhiee different parts. Detailed description

about these sections of the software is specifigte following paragraphs:

Strategy software

The first step is the creation of the strategywsafe. Its main objective is the definition and

calculation of results for tree strategies.

Additionally, this step allows the definition ofe¢hmain parameters for the software, fixing some
variables for an easiest programming. The main ablbge is to create first software able to
calculate the results required for the determirteategies using the data provided. The input for
this software is the period of time when the cagaosg to be charged, the state of charge of the
car and the kind of strategy selected by the pettsanis going to control the charging. The output
will depend on the kind of strategy selected.

The strategies are selected according to the diffeffields affected by the electric car

implementation.

The first sector affected was the economical, dseke in the past step. The strategy selected
facing this problem was the “minimum cost”. Thigastgy allows the calculation of the best tariff
according to the hours for charging. The tariffs garee and data for the determination of the most

common ones has been selected in the past step.

The strategy followed to determine how the envirental field was affected is the “minimum
CO, emissions”. This strategy uses the data for, E@issions of the past step to calculate the
total emission depending on the period of the day the consumption for that moment. The
periods for charging with the minimum G@missions will be the output of this strategy.

The third selected strategy is related to the Belgyi of the current electric network for the
integration of electric car. It was called “minimumpact in the network” and analyzes the period

for plugging of the car in a dwelling without geaeng a saturation of the grid. The output of this

18



strategy will be the period for which the car cancharged generating the minimum impact on the

grid.

This software allows having a clear idea of themarameters affecting the technology.

Control software for reduction of impact in the network

According to the priority of this project, the aysik of the impact due to the electric car is
required. Following this observation, the shapé¢hefsoftware was modified to accommodate the
analysis of the impact in the network of the domeeglug-in in order to control the periods of

charge.

The output of this software will be the period bkeging for reducing the impact on the network.
The probability of saturation of the grid is an ion@ant factor to consider. The integration of
interruptions in the charging period is an improeamthat allows the analysis of potential
saturation. Information from studies of saturatgrids were used to determine the level of load

for considering an interruption on charging.

It must be taking into account that the period bérging could not be large enough for the
complete charging of the car, in this case theesttcharge of the car will be included into the
results obtained.

In cases when the car can be charged completeilygdilre period of it is at home, it is possible to
discharge the car to balance the time of large wopsion in the dwelling. The design of this
application was integrated in the software by aratythe consumption.

Improvements in the software —Integration of renewhle energy system in the grid

The last step on the construction of the final waft is the integration of renewable energy
system which allows achieving one of the objectieésthis project was the analysis of the
renewable systems that can be integrated in thdlidgueThe photovoltaic cells seem to be the
most probable disposal for this integration. Usthg data provided in the first step of this
methodology description, the electrical productisias integrated into the demand/supply
analysis. The objective of this integration is tiady the match of the electric car consumption and

the generation of the PV panels.

19
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Third step - Practical utilization of software for Models

In order to test the correct operation of the safwand to apply it into real cases, five different

models were selected.

These models were chosen considering the extresshpldies of charging. The analysis covers
the charging of the car for a period of two hoursider to estimate how short periods of charging
affect the grid (Models 1 and 3).Periods of eighiits were then introduced (Models 2, 4 and 5).

The strategies were testing in Models 1 and 2Hortsand long periods of time. With the purpose
of analysing whether the software controls therimgions and possible discharge periods, Model

3 and 4 were developed for short and long periods.

Additionally, the analysis of the renewable sys{gW panels) is tested in the last model with the
utilization of charging and discharging periodsegrating the power generated by renewable

energies (Model 5).

The models are analyzed in summer and winter penath the purpose of detecting how the

different consumptions will affect the integratiohelectric cars.
Forth step- Statistical analysis of results

For the analysis of results a descriptive stasisivere be used. This methodology is focused on
the description, visualization and summarizing afadobtained from the research done, in this

case the different models results.

The utilization of graphics for the descriptionrekults and the comparison of parameters using

this method allowed an easy and comprehensiblerstasheling of the results of this project.

20
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Literature Review

Introduction

Battery electric vehicle@BEVs) produce significant effects on the electrical egesgstem. These
effects can be positive or negative depending €fierdnt parameters which will be explained in

the next chapters.

This review document will analyze the current giectar and electric system fields to create a

global idea about the overall implications of electehicles intrusion in the grid system.

In order to generate a useful background anabtsmit this topic, the current market of electric
cars and the main difference related to conventieelaicles will be discussed. The evolution and
main kinds of battery for electric vehicles will begroduced and the main technical and financial
parameters affecting the evolution of this techgglexplained. In addition, an introduction to

possible future situation related to the electarsanarket will be discussed.

The electricity energy sector will be explained dhd different factors upsetting positively and
negatively the supply/demand profile will be expbaad examined.

The interaction between electric cars and the mtattsystem, including the impact of the
renewable market, will be analyzed and the maitofaaelating both fields specified in order to
understand all the implications of the effectsletic cars. The necessity of control system & th

electrical grid will be justified.

Finally, a reflection about how the electrical &ystis affected by this technology and how this
project can face this problem will be defined.

Electric car vs. ICE cars

Electric cars or Electric vehicles (EV) (Hybrid 8aR2010) are defined as automobiles power-
driven by electric motors. The electricity is sdrusing batteries or another kind of storage

device. This thesis will be focused on batterytlecars, being excluded hybrid cars.

The main advantages of electric cars in comparisonthe conventional cars (internal

combustion automobiles) are:
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Reduction in air pollution and GHGs

Reductions in GHGs emissions produced by direct afsthe electric car have been clearly
demonstrated. However, the indirect greenhouseegassions originate by the generation of
electricity and manufacture of electric cars eleteéna variable parameter and requires extensive

analysis.

The UCS (Union of Concerned Scientists) (Stenq@i1,2), compared the emissions of EVs and
ICE vehicles including the “wells-to-wheels” emmsss, which account the emissions for the
whole fuel cycle. They took into account not onhe tGHG emissions depending on the area
where the car was going to be charged but alsombments when the emissions of power

generation will be higher per region in the USA.

From this analysis it was proved that there wereareas where electric vehicles have higher
global warming emissions than the average new m@sekhicle. In addition, the 48% of the
population lives in an area where EVs have lowabagl warming emissions than a 50 mpg

gasoline-powered vehicle (Mahmassani, 2012).
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Figure 3. Green Gas Emissions from Electricity Raichn

According to this report (Mahmassani, 2012): “Invarst-case situation, with electric power
generated from a high proportion of coal, an eieatar will generate slightly more full-cycle
global-warming emissions than the best gasolinerergubcompact”.

The chief executive of Nissan and Renault, Carlbesd supports this perspective and go even

further commenting that: “Even if you could useatticity only from coal, you're still better off
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using an electric car than using gasoline” takintp iaccount the continuous environmental

restrictions for coal powered plants (Stenquisf,20

The emissions generated during the manufactureatieres are another point of discussion.
Battery recycling methods require high quantityenérgy and consequently they produce elevated
GHGs emissions. According to some studies (Ric&tloLtd, 2011), the 43% of the emissions
for standard mid-sized electric cars manufactuceranycling methods arise from the battery. The
following graph gives a preliminary proportion affdrent kinds of cars where the proportion of

GHG emissions generated from production varies ft8nto 24%.

=

Share af total lifetime GHG
REEsa8838s6

lzlz(mlelelzlzlzlalzlzlzlalzlz]z
e RN R E = B R e e
¥ E E £ |E (5|2 E v | & | E E|2IE O Produc tian
2lzlz|z|%| a|=|3 =
£1818] | £ :
Samaras 2008 AEA 2007 | Helms 2010

Figure 4. Estimated proportion of GHG emissionsfiaroduction and usage phases for hybrids
and EVs based on different literature sources( $a@@08, SEI 2007 and Helms,2010)
(Gopalakrishnan et al., April 2011)

Multiple factors, as the type of batteries, vaifipiof charging and power plants emissions
depending on the kind of use of the cars makescdiffto determine with accuracy the total

emissions generated by electric cars. Additionalhe changeable future in terms of power
generation and the improvements in storage systgmsrates a complicate prediction of future
emissions. However, based on conservative studgsnations for 2030 predict a reductions in
the total emissions generated by electric carss @acrement will be done by charging the electric
cars without electricity from coal plants (BrouwEgbruary 2010).
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Increment in the independence of fuel fuels

This advantage was one of the main causes of iga#isins about electric car during the fuel
crisis of 1970°s (Castonguay, March 2009). Howetlex,technology developed was not enough
to compete with conventional vehicles. It mighttbeugh that in the future the improvements in
the system of batteries could allow an easier comialezation. Nevertheless, the reduction in the
fuel prices in the future due to the introductionebectric cars could have a rebound effect.
According to several studies, the implementatioreleictric cars in Europe would generate a
decrease in the fuel prices and the consumptiong by developing countries and a highly

possible increment in electrical tariffs (Europ&ommission DG ENV, 26 April 2011).

Additionally, if the dependence from fuel materialecreases, the necessity of determined
materials for the battery is another point of di¢ian. Although the quantity of main materials for
manufacturing batteries is enough for the prediadethand and the possibility of continuous
recycling of this material (20 tons of spent li-iare transformed in 1 ton of Lithium) is possible
(Talison Minerals, 2008), the high cost of this qgass implicates cheaper prices for lithium
obtained directly from mining extraction. Furthem@omain countries where lithium can be found
are Bolivia, Argentina, Chile, Australia, China atimeg USA (Mohr et al., 2012), which means a
dependence on new material and a consequently yaitability that cannot be controlled from
Europe. This problem restricts again the indepetcyleon determined markets of the

transportation field.
Reduction in total fuel costs

In order to compare the cost of fuel utilized ftaatric and conventional cars, the average price of
fuel per kilometre was calculated in similar coradis for both cases.

If the current average electrical consumption fice.EV as Honda EV Plus is 3 km per kWh
(Gopalakrishnan et al., April 2011) and the curmettric tariff according to Ofgem data for 2011
(Ofgem, January 2011) is 0.129 £/KWh., the pricehef “electric fuel” per kilometre would be

4.28 pence/km.

A similar operation is carried out taking into agob data from January 2011 (Arval UK Ltd,
2011), 139.3pence per litre for diesel and averagsumption of 11.065 [/100Km (Transport for

London, n.d.). The average price per kilometre4d pence/Km for a common diesel car.
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The results of these calculations show a consiterdifference of price per distance travelled.
However, the continuous increments in electridfaand energy policies, estimated as a 33% of
increase from 2010 to 2020 in domestic energy kspartment of Energy and Climate Change,
2011), generates a state of uncertainty that cabhaotalmed with the increment in oil price
prediction of more than a 50% for 2020 (Butter, @01

The main disadvantages are:

Shorter distance range without charging requiremens

Current battery system for EV provides 100 to 180 & travel in average for each deep cycle.
The end-of-life for this systems is estimated andilb0,000 and 240,000km (Gopalakrishnan et
al., April 2011).

Comparing these values with the conventional caspthe difference is that a deposit of 50 litres
of an average diesel car allows to travel 451 Knutt@, 2010) and the end-of-life for a
diesel engine with these characteristics can rd@h000 kilometers (van Setten et al., 2001), a
40% more than electric cars.

These differences are one of the main constraimtsustomers when they have to decide between
the electric and ICE cars.

Longer time for recharging

Time for charging is a factor that determines the af electric cars highly. The time required for
charging is directly dependant to the number ofrbcand kind of route that is going to be
travelled. The average number of hours requirectii@rging a battery of 20 kWh is estimated on
6-8 hours (Success Charging, 2011). The compamgaiis parameter with the few minutes
necessary to refuel conventional cars is overwheimiowever, most of the EVs will likely be

plugged almost every day; hence the charger titidoeiireduced to few hours per day.
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Main technical characteristics of electric cars

Robert Anderson invented the primitive electricrigaye in Scotland (1832-1839) whictsed no
rechargeablelectricbatteries for powering the machine. Improvemergsevearried out, however
the lack ofpractical rechargeable batteries and the motorgldeed by the Belgian engineer
Etienne Lenoir ICE vehicles in 1863, produced arel®ent on the popularity of electric cars
(Guarnieri, March 2011).

ICE Cars dominated the automobile sector until 2000°s when the evolution of hybrid cars
opened the door to full electric cars vehicles.r€ufty, the technology is still not developed and
disposals are trying to be improved for the bagtedand the system for charging. Next paragraphs

will give an overview of these two important pavfghe electric car.
Batteries

Batteries are a storage disposal of electricityeyTtransform the stored chemical energy into
electrical energy. The batteries are grouped depgnoh the kind of materials that composed
them. The current types of battery integrated ecteic cars aréead-acid nickel metal hydride
(NiIMH) batteries and lithium-ion (Li-ionbatteries (Steinweg, 2011).
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The high prices of the materials composing theebatis the main issue that it is trying to be
solved. The energy density (Wh/kg) of the battergne of the main parameters affecting the price

of the batteries.

Next figure (Armand & Tarascon, 2008) shows thengsted evolution on price and capacity of
batteries till 2030:

Battery type Specific Energy density in Wh/kg Cost to OEM*
2012 lithium Mn Spinel 105+ 5 € 200 per battery + € 620 per kWh
2020 Li Mn Spinel 125+5 € 180 per battery + € 310 per kWh
(Battery 1)
2020 Silicon lithium 160 + 5 € 200 per battery + € 350 per kWh
(Battery 2)
2025 Silicon lithium 190 + 10 € 180 per battery + € 185 per kWh
(Battery 1)
2030 Silicon Li-5 300 +20 € 200 per battery + € 200 per kWh
(Battery 2)

Cost of 20 kWh battery in 2012 will be € 200 + € 620 per kWh * 20 kWh or € 12,600.

These are manufacturer costs, no retail prices.

Figure 6. Unsubsidised battery costs over time

The success on the evolution of the batteries delbend not only in the cross-interaction of
different field to achieve better results. Biofueélls and high-voltage liquid-electrolyte

microbatteries inspired by electric eels have ayebeen demonstrated (Armand & Tarascon,
2008).

Chargers

Currently, the market of chargers for electric w8 is wide and they are divided in different
groups according to the voltage and kind of eleityrisupplied. Four different kind of chargers

for electric vehicles are defined by InternatioBctrotechnical Commission (RTBOT, 2010):
Charger 1: slow charging from a regular electrsmaiket (1- or 3-phase)

Charger 2: slow charging from a regular socket Wwhich equipped with some EV specific

protection arrangement (e.g., the Park & Chargb®PARVE systems)
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Charger 3: slow or fast charging using a speéificmulti-pin socket with control and protection
functions (e.g., SAE J1772 and IEC 62196)

Charger 4: fast charging using some special chaegénology such as CHAdeMO.

The main kind of charger used in the electric gargshe Charger two due to the low voltage

required and the specific arrangement for EVs.

The low speed for charging of these chargers iadrio be improved. The investigation about the
called “Wireless chargers”, often called power nfatsey use a technology called magnetic
induction to transfer electrical energy from wabwer sockets to electronic devices) might be a

solution for quicker and simpler connection to gjniel.

The market of the electricity

The electrical market is a sector where three wiffe roles are presented: government, utility
companies and customers. Different countries reldtese three factors in different ways, in order
to understand the operation of this relationships, UK electrical system will be described.

The electricity legislation

The government defends the right of the custometsalso has an important role sometimes as
utility company. The government protects the cusi@irom abusive tariffs imposing regulation
systems. UK electrical system is regulated by Ofd&ifice of the Gas and Electricity Markets)
governed by the Authority a group of non-executinel executive members. The main objectives
of the Ofgem are firstly the protection of custosjeegulating the monopoly of utility companies
and promoting the competition for fair electricaritfs. Secondly, promoting sustainable
development related with gas and electricity ytitbmpanies and energy efficiency in general
(Ofgem, 2007).

Additionally another important element in the UKsggm is Elexon the UK electricity balancing
and settlement of the company which job is to fifigthe balances and unbalances and establish
the price for these phenomenon according to tharBalg and Settlement Code (BSC) that can

only be modified by the Ofgem (Elexon, n.d.).

The last service that must be mentioned to haveaa ea about how the electrical system works

in UK is the Consumer Focus (Energywatch) that astan independent watchdog for the gas and
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electricity industries, advising customers abouicipg bills and incidents with suppliers

(Consumer Focus, n.d.).

In order to focus on the penetration of electric icathe electric system, the tariffs and policies
related to energy generation and distribution pldyndamental role for accurate and efficient use
of electricity. This topic will be analysed in deepnext chapters, however an introduction to

main tariffs and policies is necessary for a cdruecierstanding.

Tariffs in UK

The electricity tariffs in the UK have been suffgyichanges last decade. The variations in the
electricity demand and the integration of renewaystems in the national network seems to be

two main reasons for these changes.

Analysing the tariffs UK, it is easy to advertidet their number is directly proportional to the
number of utility companies. The standard tarift@culated has the average of the cost of the

electricity consumed. However a similar patroroléofved for all the companies.

The majority of the companies present a “fixed ggpétariff (Which?, 2012). This tariff is also

called Standard and it is independent of the pesfodonsumption. However, it is observed that
the reduction in the consumption during night howsults in an easier accommodation of the
demand during this period. The result of this obston is the tariff called “Economy 7” which

offers lower cost electricity for a 7 hour periodrithg the night. The electricity consumed during
night hours is reduced by 3 or 4 times (dependimghe company) compared to electricity you
may use during the day (npower, 2012). “Economitid@nother tariff that also reduced the cost
of electricity for 10 hours per day included in tbensidered “off-peak” periods. These tariffs
might be beneficial in the cases where the praiilelectricity consumption matches the hours of

reduced cost.

How has been shown the tariffs are directly relatedhe demand, hence the selection of the
correct tariff could reduced highly the cost of tHael” for the electric car and boosts the

popularity of this mean of transportation.
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Interaction of electric cars and electricity system

Some studies point that with a 100% switch to EMsg, only way to be able to maintain the
generation capacity at the same level is by inttodpy a controlled off-peak charging. If this
process is not carried out, the distribution infasture can be exceeded. For example at 30%
penetration rate of EV, without controlling the memh of charging, supposes a 54% of increment
in household peak load. This peak is not able talsorbed by the distribution network (Oscar
van Vliet, 15 February 2011). At the same levepehetration, off-peak charging would produce
an average increase in a 20% during low energy dérmpaaks and therefore it does not generate

additional peaks and allows a stabilization oflithse load.

However, the necessity of charging the EV mightabgriority and the possibility of doing that
during charging period is high. How to locate theripds for charging of electric cars for
maintaining the peaks in low levels is a tricky sfin that control systems are trying to answer
efficiently.

Conclusions

Comments as: “Electrification of the automobile"ggadual” but inevitable” of Bob Lutz Vice

Chairman, General Motors, are currently heard enabtomobile sector. The gradual integration
of electric cars in the European automobile sys®going to be more gradual and slower than
predicted, due to ICE improvements and low prideeaecd that avoid the direct competition, the
inefficient government involvement in the sectooyrdnated by private companies and the poor

analysis of Utility Companies for the future dibtrtion of chargers and generation profiles.
Deeper analysis of all these factors are carri¢dnotine next bullets points

-Main problem of electric cars is that is not a gamment or an electricity company who is going
to buy a technology; millions of customers musteréhis kind of car than the conventional one.
The comparison of characteristics of electric @ard conventional cars is inevitable, and the most
important factors for customers as are price andtpmf recharging are not clear in terms of
future integration and facilities. The lack of rgaprovements and clear and good results generate
uncertainty in the customers sector. Additionadffficient consumption and the reduction of GHG
emissions (which a consequent reduction in pridelC& cars, maintain the conventional cars

market two steps ahead of new electrical cars.
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-Estimations can be correct but the energy masksbivariable that changes can occur slower or
quicker than predicted. For example the unexpeesey rapid industrialization of China forced
the investigation about Biofuels and synfuels lugrewith the emerging market the evolution is
slower than originally predicted (Lovellette & Gtaduly 2011).

- In order to attract the interest of customers,rtbcessary services for these technologies must be
properly supplied. Reliability about the fuel supf one of the most important parameter to buy
an electric car. The government and utility companithe interested organizations in the
increment in the number of electric cars are fgilihe subject of chargers distribution. Home-
charging is necessary but the additional integnatiba considerable number of plug-in points in
roads could be the real inflection point for thastinology.

-The regulation system protects customers of etecairs from the more than probable abusive
prices of utilities. Another interesting point Isetanalysis of tariffs and how they could improve

the utilization of electric cars.

-The impact on the electrical system is anothemirtgnt parameter for integration of electric cars
and its analysis poses relevant questions as:elgtiad available to manage the penetration of
electric cars without disruptions in the supply?eAeglectric cars compatible with renewable
energies in terms of creation of a standard baa#?ld’ hese questions will be tried to be solved

and clarity and results will be exposed.
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Chapter 3
Software Model

Different steps were necessary in order to progaachdefine the final control software:

Establishment of software of selected strategies:

This first step is carried out for the determinataf the main parameters affecting the electric car

integration.

The software of strategies was kept as simple asilpe. Whit this purpose, inlet parameters for
the software were considered to be known and das nequired for the electricity demand,

current electrical tariff and CGemission per generation source in the current etark

Input
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M\
\ 4
Analysis Demand v A
Data Output: Time Output:
for charging | Depending on
and level of | the strategy
_ charge for the
Output: .
Demand period
saved for
the period

Figure 7. Structure of the initial software

The above chart represents the main structureeo$dftware of strategies. The input parameters
are the time for the analysis, the state of chafghe battery and the chosen strategy. The user of
the software will select the time when the caras be plugged, the state of charge of the car at
the moment of starting charging and the strategy will want to follow during the charging

period. Data for the three different parts of fimst software are required.
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Following the main structure of the software, dethicharts for the different parts of the software

are included in the next sections.
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Function Time
This function has the objective of selecting andrgpas a different data file the period of time fo

the simulation. This output of this function wikk lemployed in the rest of the software and also in
the control software.
The following table summarizes the input varialites will save the values entered by keyboard.

Table 1. Input variables for function time

Input Variables

dd day for starting charging
mm = month for starting charging
DD day for ending of charging
MM | month for ending of charging
hh day for ending of charging
nn minute for starting charging
HH hour for starting charging

NN ' minute for ending of charging

The software will read line by line the Demand Diaila and find the values for mm/dd and hh/nn
(starting date) and save this line in a new Dal@addlled “Demand Period™ |.

Data definition:

*Before starting the data definition and data festm for the battery characteristics must be
added. The battery capacity, efficiency and totalrh of charging for the battery will be fixed for
this study as 20kwh (Hybrid Cars, 2010), 100% al@dhburs respectively (Ahmed, 2012).
Variations for these values can be done, howeverder to simplify the calculations these values

are remained constant.

Data demand:
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This data has been obtained from a research ofgrensumption in the UK called “Energy and
fuel - Environment, conservation and land use”. $haly was carried out by the University of
Loughborough (Richardson & Thomson, 2010). The deda obtained for 22 private dwellings

situated in East Midlands,for the years 2008 ar@24ith a resolution of a minute.

The data contains the date and hour of the researdhthe true active power (taking proper
account of the voltage) for the 22 houses and w®ars; For this purpose, each dwelling was fitted

with a single meter covering electricity use of Wigole dwelling.

For this software only one of the dwellings hasrbselected (model 1) and the study was carried
out only for the year 2009. The model does notenily include central heating pumps or boiler
fans. Most of the measured dwellings have oil o figed central heating. The only seasonal
effect represented in the synthetic data is inuge of lighting, which is linked to natural dayligh
conditions. The power demanded by each dwellingexasessed in kW.

Description of the flow chart:

For determining the number of lines that must heedaseveral processes can be carried out, i. e.
summing the total minutes for the charging periad aumming this value to the initial date or
looking for the ending date of charging readingeliny line. The second approach was selected
2], firstly determining if the day of the saved lirsethe day of the end of the charging. For the
case where the day is not the day of ending opéred, the software will read the lines and save
them until the next day is starting (before 23:58) p3]. When that happens, the software will
compare the next day with the final day for therghmy [4] and if it is not the process will be
repeated saving the lines of the next day. Wherd#lys match, the software will detect the final
hour saving the lines until that moment; therefinee demand for the period of study is saved in a
new Data Fil&].

*The possibility of starting the analysis on"36r 31 of a month and finishing it on thé'df the
next month has not been considered, wrong resatte achieved, hence avoid the selection of

this days for the analysis.
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State of Charge
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Figure 9. Function State of Charge
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Function State of Charge

The objective of this function is to determinehiétperiod selected by keyboard is long enough to

cover the time needed for complete charging.

The input variables entered

Table

statecharge
hour

mm

hh

nn

MM

HH

NN

by keyboard are detail¢éhe next table:

2 Input variables for function state of clearg
Input Variables

level of charge determined by the user expressétl as

number of hours for the complete charge of the car

month for starting charging

hour for starting charging

minute for starting charging

month for ending charging

hour for ending charging

minute for ending of charging

Additionally, there are some required variabled #ra defined in the following table:

Table 3.

Charging

Time

Timecharging

Required variables for function statelwdrge
Required Variables

required charging to full the battery expressed as
%

Required time for completing the charging of the
car

Total time the car is at home

FinalstatechargeFinal state of charge after charging period

aa bb

Structure that saves the total number of hours as
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aa (hours) and bb (minutes)

Data definition:

Data demand:
The data used for this function has been defindeuimction Time.
Description of the flow chart:

This function starts with the entering of the vadtiecharge. With this value the calculation of the
variables Charging and Time can be realized]. The next step is the determination of the
timecharging, the total time for charging the car. The prodeiewed is similar to the one carried
out for the determination of the Time Functien. For the case where the day is not the day of
ending of the period, the software will recalcultite total number of hours for the analysis

The total number of hours is savedtagecharging [4]. The total number of hours available for the

charging is compared to the Time required for thglete charging of the cg.

The output of this function is the determinationtloé final state of charge (Finalstatecharge), in
case the car cannot be completed charged; or tiferoation of sufficient time for the complete
charging. This information will be essential in hesteps of the software design, taking into
account that different processes will be requiregethding on the state of charging that can be

achieved.
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Function Strategies (not completed charging)

The strategies have been selected taking into at¢be most important parameters affecting the
commercialization of electric cars related to theckical network. According to this analysis,
strategies defining electricity costs, environméntgpact and impact in the grid due to electric
cars have been selected.

Data definition:

Apart from the demand dala] used in previous functions, there are data spadljicequired for
the different strategies. The following section lexped the considerations in order to obtain the

data required for this software.

Data for Strategy of Minimum cost:

This strategy has the objective of determiningrtheimum cost for the integration of an electric
cars during different ours of the day. With thiggase three different tariff where integrated in
the software. The selection of the three tariffsswearried out according to the current tariff

system, choosing the most common tariffs for theeezu utility companies.

The first tariff selected was the Economic 7 (npov2®12). This tariff allows a reduction in the
price of KWh for night hours. Concretely, the retimg is carried out during 7 hours (although
there are company that can offer a wide numberoofd) a day that can vary depending on the
season. For example in the case of Scottish Pdweeperiod of reduce prize varies depending on
the season being the period for this reductionmf@?2:00pm to 8:30am for winter periods and
from 23:00pm to 9:30am for summer periods. Thigfftapuld be very useful for these owners
that only realized daily trips. In order to simplid summary of both seasonal period has been
selected. Therefore, the night period will covemir22:00am to 8:00pm and the day period the
rest of the day.

This tariff has been calculated by analyzing ddéfegrEconomic 7 tariffs of several UK operating
utility companies. The average values for thisfitame 10.015 pence per kWh in the case of day
consumption and 5.2 pence per kWh during the mghiods. However, in order to consider the

most restrictive case the tariff selected has been:
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Table 4.. Tariff for Economic 7

Day Tariff (pence per kWh) Night Tariff (pence per kWh)
from 8:00am to 22:00pm from 22:00am to 8:00pm

14.39 0.0854

The second tariff called Standard Tariff has beallcutated as an average of different standard
tariff obtaining a value of 14.39 pence per kWhisTtariff is an average value of the majority of
electric bills prices, obtained from a documentvyte by EDF (EDF, 2012). It does not take into
account possible discounts during off peak hoursxtra charge in case of exceeding determined

consumption during peak hours.

The third tariff taken into account for this tardbes not link concrete hours to fixed prices. The
objective of this tariff is to incentivize the camsption of electricity during off peaks. The hours
which average consumption are priced at standastd(&d.39pence per kWh) however the periods
of time when the consumption is produced duringpaffiks (when the demand is more than a 30
% lower than the average demand profile) is priwbith a reduction of 50% of standard price, in
the case of peak hours (when the consumption iis388% of the average demand) is priced which

an increment of 10%mpower, 2012).

Table 5.Standard tariff

Day Tariff (pencgperkWh) | Night Tariff (penceperkWh) from
from 8:00am to 22:00pm 22:00am to 8:00pm

6.4755 15.829
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Data for strategy of Minimum CO, emissions

The electricity generation follows some standardserms of covering the total demand of the

market. The base load is supplied by nuclear aatipiants due to the amount of hours necessary
for activation of these technologies and also thveekt prices of these kinds of fuels. Due to that,

there is always a base load that will generate @@issions; this base load is complemented by
other kind of plants or technologies more flexitdeswitch it on or off.

This strategy allows the calculation of the periofisime when the car is going to generate the
minimum quantity of C@emissions.

Future-carbon reductions am—
possible for all these technologies
g
; if the construction phase (e.g. stesl
7 .;:é by low carbon' electricity
3 £  Future reductions
=+ in raw materials
2
w1
- B S . _ !
Gas Bio P Marine Hydro Wind Nuclear
-200
‘urrent fowest footprint DFuture fowest footprint
UK, European, USA and Australian power plants)

Figure 11. Grams of CO2 generated per kWh and g&arrtechnologyParliamentary Office
of Science and Technology, 2009)
Due to the difficulties for finding the data of @@kWh with a minute-resolution required for the
the software, the creation of this data using @agsheet was necessary. The data used for this

section of the software has been obtained fromdifferent sources:

Data of g C@kWh per generation technology was obtained fronepeort of the Parliamentary

Office of Science and Technology, based in LondParlfamentary Office of Science and
Technology, 2009).

Data for the proportion of energy generated bydifferent technologies was obtained for the year
2009. This data had an hour resolution. The vafubeoparameters was extended to every minute
of the hour, due to that the data is not as acewsit is required.
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Knowing these proportions and using the demand ofatast fucntions, the power generated by
each technology per minute was obtained, this velag transformed into energy for the period
selected and multiplied into the g eq. £8§@nerated by each technology.

Data for Strategy of minimum impact in the network

This is the most important strategy in terms oégnation of electric cars. The large quantity of
energy that these devices require must be intafratehe grid. The possibility of having a
saturated grid is real if the car is plugged dummgiods when the demand of electricity is over
30% of the average demand (Kassakian & Schamalenség).28lthough this proportion could
varies being smaller for period of high demand biggier for periods of low demand and also the
characteristics of the period vary the averageevahd consequently the consideration of on-peak
demand periods, in order to simplify the softwanes tconsiderations have not been taken into

account.

Description of the flow chart:

This function was planned for the case of incongptdtarging of the Function State of Charije
From this point, the strategi€&| will be designed taking into account the time reggifor

charging due to the limitation on the independenice car that this parameter supposes.

The following steps describe the processes follofeedbtaining the different output depending
on the strategy selected by keyboard.
Strategy Minimum cost

The input variables entered by keyboard are detan¢he following table:
Table 6. Input variables for the strategy minimuwstc

Input Variables

This character must be entered as “c” in order to

Strate .
9y select this strategy

Additionally, there are some required variableg #ra defined in the following table:
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Table 7. Required variables for the strategy mimmuost

Required Variables

Demand for day periods according to Economic

TotalDAYdemand 7 Tariff

Demand for night periods according to Econornic

TotaINIGHTdemanc 7 Tariff

Demand for off peak periods according to On-

TotalOFFdemand Off PeakTariff
Demand for on peak t periods according to Cn-
TotalONdemand Off PeakTariff
: Price for day periods according to Economic 7
dayprice .
Tariff
. . Price for night periods according to Economic 7
nightprice .
Tariff
offorice Price for off peak periods according to On-O'f
P PeakTariff
onprice Price for on peak periods according to On-O'f
P PeakTariff
D TotalDAYdemand* dayprice
N TotaINIGHTdemand* nightprice
T TotalDAYdemand +TotalNIGHTdemand
A TotalOFFdemand* offprice
B TotalONdemand* ontprice
Totalcostl D+N
Totalcost2 T*t2(standard tariff)
Totalcost3 A+B

Starting with the demand data for the period ofysisi= |, the software reads line by line the data

and selects the period between 22:00 and 08:00gaikio account the information and data about
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“Economic 7” tariffs/b|. The demand data file is saved as two differdes fdepending on the
“Night” or “Day” demand|4]. The next step is the calculation of the total dedhduring “Night”
and “Day” periodg&], with these values the calculation of the totatsdor the tariff Economic 7

is determined by multiplying the total demandsédach period into their respective prices6].

For the calculation of the costs applying the f&ifOff-On peak, an estimation of off peak and
on peak periods, as done for the strategy Minimompalct in the Network, is requirdd] .Code
from the strategy number three is employed for sfiategy in order to achieve the total demand
during off and on peaks|. In the case of the standard tariff there is rexessary to divide the
total demand into different groups due to the ardynmon cost independently on the period or

characteristics of the dema/i.

The last step of this strategy is the comparisornhef three different costs calculated for the
different tariffs[9].The output of this strategy is the best tariffthoe case studyLO].

Strategy Minimum CO», emissions

The input variables entered by keyboard are detan¢he following table:

Table 8. Input variables for the strategy

Input Variables

This character must be entered as “e” in order to

Strate .
9y select this strategy

Additionally, there are some required variabled #ra defined in the following table:

Table 9. Required variables for the strategy mimmitO, emissions

Required Variables

CO,emissions/line It is the result of the multiplicatiof CQ
emission/kW* KW for the minute selected

Total CQ emissions Summarizes the total emissions for the pericd
selected

In this case, the strategy consists in calculatingCQ emissions for the period selectgdl|.
Due to the fact that the time for the plug in ig sofficient to charge completely the battery, the
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reduction of CQ emissions is a second priority. For the calcuratbthe total C@emissions for
this period of time, the data G@mission per KW is uséd. The software reads line by line the
data and selects the period for the analysi$following a similar scheme to the past flow charts.
The result of this research is another data fite #aves the C@missions/ generated KW for the
period selected, this data is multiplied into tleendnd for the same peri¢d [13]. Therefore, the
CO, emissions for the period selected is achievedthadutput of this strategy, the total £O

emissions, is calculated by summing all the;@@issions for the peridd4|.

Strategy Minimum impact in the network
The input variables entered by keyboard are detai¢he following table:
Table 10. Input variables for the strategy minimiampact in the network

Input Variables

Strategy This character must be entered as “i” in order 10
select this strategy

Additionally, there are some required variabled #ra defined in the following table:
Table 11. Required variables for the strategy mum impact in the network

Required Variables

Total demand It is the sum of all the demandsHergeriod selected
Number of lines This variable saves the numbdines for the
Average Total demand /Number of lines
Limit This variable is the limit over which it ioasidered to

have an on peak demand
Demand line Demand for the line selected

Position line Position of the line

This strategy is affected by the fact that theaczamot be completely charged for the period

selected. Therefore the strategy will determinate the charging during this period is going to
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influence the network, but no control of the penwitl be carried out in order to reduce the impact
on the grid 15].

The demand data for the period of analysis wilubed in this strategy| in order to calculate the
average demand6]. This value is calculated as the total demandHhferperiod divided by the
number of lines or minute (as each line savesrtfeemation for a minute). The data for the
saturation of the grict!| was used to determine the limit over which the aednis considered to
saturate the network 7]. The next step is the determination of the permfdgne that cover on
peak demands.8]; this analysis is carried out taking into compgrihe demand per line with the
limit obtained from the data analysis. This comgamiis done across all the lines of the demand
period datd19]. A new data file is created in order to save taequals when the demand is going

to saturate the gri?0].

The output of this strategy will be the period dor peak deman®1].
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Figure 11. Function Strategies (completed charging)
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Function Strategies (completed charging)

This function was created for analyzing differeinategies for the car charging taking into
account that the time required for the charge fiscsent for the completed charging (determined

in function State of Chargé)|.

The strategies have similar objectives to the effias of the Function Strategies (uncompleted

charging).

Data definition:

The data used for this function is the same thatde@n used for the last function
Data for the demand
Data for different tariffs
Data for CQ emission per KW per hour

Data for saturation of the network

Description of the flow chart:
The function starts with the selection of one @& three strategies as it was done for the previous

function.

Strategy Minimum cost

The input variables entered by keyboard are detail¢he following table:
Table 12. Input variables for function strategy mmam cost (completed charging)

Input Variables

Strategy = This character must be entered as ‘c”
in order to select this strategy

Additionally, there are some required variableg #ra defined in the following table:
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Table 13. Required variables for function strateggimum cost (completed charging)

Required Variables

TotalperiodOFF Demand for off peak periods accaydonOn-

Off PeakTariff
TotalperiodON Demand for on peak t periods acc@rtinOn-

Off PeakTariff
TotalperiodON TotaINIGHTdemand* nightprice
TotalperiodOFF TotaIDAYdemand +TotalNIGHTdemand

The strategy starts with the calculation of costtfie three different tariffs. The different witihet
same strategy for the case of uncompleted chartfeeafar in the period selected is that the fact of
having extra time for charging the car might allaweduction in electrical bills if the periods are
selected for achieving minimum costs. With thispmse the three different costs depending on

the tariff used for calculations are included ia fhnction.

For the standard tariff, the period of time for ijiag the car does not affect the total cost of the
consumed electricity; therefore the costs for tiaisff are directly calculated multiplying the
demand into the price per KWh|.

The Economic 7 tariff is influenced by the periddtime the car will be chargin@]|, hence the
tactic for obtaining the minimum cost accordingthés tariff is by plugging the car during night
period when the tariff is reduced. The functiopiegrammed for selecting the night periods and
comparing the total night period to the time regdifor charging the cdrl]. If the period for
charging the car is covered by the night periotls, ¢osts are calculated for night periods;
otherwise the night periods will be used for tharging of the car but additionally day periods
will be needed for achieving the 100% state of ghaif the batteries, meaning and extra cost due
to higher day tariff5].

In order to achieve the minimum cost using the Ghyi@ak tariff, a similar process to the
Economic 7 is developed. Using the same code thatuged for the programming of the different
parts of the Function Strategies (uncompleted ¢hgyg6|, data files for off and on peak periods
were created and the value of TotalperiodON analpetiodOFF are calculated as the sum of all
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the demand for these two period respectively. The calculation of the cost is calculated
considering the minimum total cost for the periaad &his kind of tariff, consequently the
maximum hours of off peak will be selected. If th&al number of off-peak hours is smaller than
the time required for charging the car, the carlwamplugged during off peaks hours reducing the
costs according to this tariff and the total cosgt ke the result of the multiplication of the tbta
off peak demand for charging the car into the ftdof this period; for the cases where the time
required for the total charge, there is necessapiug the car the extra time until completing the
charging, and the total cost will be the sum ofdbsts during off peak and on p&ak

Finally, the comparison of costs is carried ouhgsa chain of evaluations relating the three
different costg9].
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Strategy Minimum CO, emissions
The input variables entered by keyboard are detaie¢he following table:

Table 14. Input variables for function strategigeimum CQ emissions (completed charging)

Input Variables

Strategy This character must be entered as “e” in order to
select this strategy

Additionally, there are some required variabled #ra defined in the following table:

Table 15. Required variables for function strategienimum CQ emissions (completed
charging)

Required Variables

minCO2 This variable saves the minimum £&nissions
of Data 2
Period Counts the lines selected as minCO

This strategy commences with the utilization of tea for CQ emission|c| for the period of
analysis. In order to understand how this softwamegploys the data, next graphs show the
utilization of the information. The modifications ®ata 2 are explained as well as the selection

of the minimum C@emissions in each step of the software.

A copy of data of C@emissions is saved as Datal?]. In Data 2, the line of minimum GO

emissions is selected1].

CO2 emissionsData (10 ———

05 o Data 2
204 >
E { 0,4
503 € 03 F143
202 - g o
g 8 02 - .
S 01 € inC02=0.1
& - £
U 0 = T T T 8 O i .

152 153 154 155 1:52 1:53_ 154  1:55
Time Time

Figure 12. Example of selection of minimums L£O
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The minCO2 is then saved in the File PeriodminC0O2. Additionally, the variable Period
initialized as 0 sums 1 (one minuté)3| and it is compared to the total time for the costgd

charging of the carl4].

The following graphs represent the case when thieha period is still smaller than the variable
time and the initial line MiNnCO2 is deleted to alldhe selection of the next minCO2 in Data

2[15].
Data 2

0,45
0,4
0,35
0,3 -
0,25
0,2
0,15
0,1
0,05

[15]

Delete

CO2 emissions/KW

1:52 1:53 1:54 1:55

Time

Figure 13. Example of selection of next minimurmirData 2

If the time for 100% state of the battery is eqoahe variable period, the analysis is done aed th
period for charging the car considering minimumy@@issions has been calculated].

Strategy Minimum impact in the network
The input variables entered by keyboard are detai¢he following table:

Table 16. Required variables for function strateggimum impact in the network (completed
charging)

Input Variables

Strategy This character must be entered as “i” in order 10
select this strategy

Additionally, there are some required variabled #ra defined in the following table:
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Table 17. Required variables for function strateggimum impact in the network (completed
charging)

Required Variables
minimp This variable saves the minimum demand dh2a

Periodimp Counts the lines selected as minimp

The flow chart follows the same structure that weesd for the strategy Minimum G@missions,
but employing different data. In this section tloétware starts with the selection of the demand
data file for the period of analysis|. The first step consists in copying the Data emother File
called Data B.7]. In Data 3, the line of minimum demand is seled¢ied] and saved as minimp

and the line that contains this value is storagéeénFile Periodminimpl9)].

Additionally, the variable called periodim initiakd as 0 sums 1 (one minute)] and it is

compared to the total time for the completed chey@f the caf21].

For the case when the periodimp is smaller thartithe required for the completed charging of
the car, the minimum demand is deleted in Dath&efore the software resend the function into
the research of the minimum demand for the periotith Data 3, hence the next minimum
demand line is selected and sgved This process will be repeated until the timedbarging is
equal to the variable periodimp and the periodtii@ minimum impact on the network is saved
into the file Periodminimp, the output for thisatgy|23].
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Design of control software for reduction of impactn the network

Due to the importance of the impact on the griéc#jr software for the control of this parameter

was created.

The software has two different versions. The fins¢ has been designed for the calculation of the
impact, as well as the minimum cost and,@@issions strategies are included in this software
subsequent strategies. This software allows thdysinaof a specific period of time and
determined characteristics of the battery accordinthe models designed for the next section.
The values of these parameters (period of analyst state of the battery) are entered by
keyboard.

The second software is similar to the first onewéeer in this case the period of analysis is a
whole year and random state of charge accordingtmal distribution for the number of miles
travelled per day is developed. This software didw a profile for the complete year taking into
account the most probable state of charge and owutise situation of the car inside the dwelling,

and, at the same time, minimizing the impact onmisvork.

These softwares include the possibility of inteting the charging of the car due to exceeded
demand and consequently saturation of the grid.ithaally, there is another part of the control

software that has been designed for dischargingdhe

The final version of the control software will aldhe determination of the periods of time the car
can be plugged without generating saturation ofgitieé and at the same time balancing the load

with the option of discharging the electric car wlieis feasible.

The first chart flow showed in this section is entrol software that is used for the modelling
analysis, the second flow chart is a summary of2betrol software for a year, this software gives
a general idea of how the electric car is affectihg@ network and to which level the
charging/discharging control processes are ableetluce the impact of electric cars in the

network.

Demand saved for the period selected

v

Demand saved Data for the period
and Copy in Data 2
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Figure 14. Control Software
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Control Software

The objective of this function is to determine tptimum period of time in order to minimize the
detrimental effects of electric cars in the grittefruptions and periods of discharge are included
in order to achieve this objective.
The input and required variables are detailed et tables:

Table 18. Input variables for the function consoftware

Input Variables

statecharge | level of charge determined by the user expressed as %

hour number of hours for the complete charge of the car
mm month for starting charging
hh hour for starting charging
nn minute for starting charging
MM month for ending charging
HH hour for ending charging
NN minute for ending of charging

Table 19. Required variables for the function colndoftware

Required Variables

minimp This variable saves the minimum demand dh2a
Periodimp Counts the lines selected as minimp
Interv Saves the number of intervals for demands and

under the limit value

A Saves the number of intervals which values agr o/
the limit

B Saves the number of intervals which values aoenr
the limit
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Data definition:

Data for the demand

Data for saturation of the network

Description of the flow chart:

The software starts with the utilization of the damd datei=| which is copied in a file called Data
2, for posterior modificationsl]. The average and the limit values are calculaigtie same way
they were determined for the past functiori2]|. The amount of minutes that does not pass the
limit is saved in the variable peridd|. This value is used for the determination of theeximum
charging for the car when period of time entereckéyboard is not sufficient for the completed
charging of the battery/i|. The total charge for this case is calculatedngknto account the
number of hours required for the total charging dhe real period for charging with the

interruptions considered by saturation of the {id

*No discharge periods are considered for thesescatiee to the lack of time for charging the

battery which avoid any possibility of dischargipgriods.

For cases where the time required for the chartiagcar is enough for achieving a 100% state of
charge6] the possibilities for combination of periods ohoe boosts and with this increment the
complexity of the software increases too. The fatglp of this section is the calculation of the
variables of time required for charging and disgiveg, but in this case this variable will be
considered to be the difference of a charge let®086 and the initial state of charg€. This
difference respect to the previous functions (whee maximum level of charge was 100%) is
due to the fact that discharge periods might beodhiced; hence the reduction in the level of

charge of the battery gives more freedom in terfiedods for discharging.

The following table represents the demand for d@opeof ten hour during the®lof January. As

shown in this graph the peak period is happeniograd 9:20 am.
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Figure 15. Example period of peak

If this period of time is analyzed separatehy the limit is situated in order to avoid the saturation of
the grid. According to the new graph, there is a period of time between 9:14 and 9:16 when the charging

of the car should be stopped.
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»d
L ]

\4
A

= =1 Saturation

Line
Limit line
=
4
m Demand (KW)

B Demand + electric
car charging (KW)

Q
N
IbQ

LS P P PSS
v . . % . 0 . fL. v . b . q) . Q . I»-
S SN N I O I R M\ Y I\ N

\} N \}
oS & o8

Time

Figure 16. Example of analysis of intervals

In order to reject these on peak periods, the soéwvill create to different data files A and B for
the high and low demand period respectively, cogntine intervals for each case as shown in the

last graph[8]. The software uses the variable “interv” for savihg number of changes from

60



period of off peak to on peak and vice versa andnthese change is produced the data is saved
in the respective Data Fil&][10]. If there is not data in the file A, that meanattthere is not on-
peak periods and consequently there is not negessaelocate the charging periodL| in order

to avoid them. For the case where there is datadriile A but there are not periods of off peak,
the charge of the car for all the period resultpassible[12]. For cases where A and B have
information, it is possible to implement periods abfarge and discharge if the sum of all the
periods of low demand of B 3] is bigger than the time required for charging tae 4|

When that is not possible the message “There aegruptions but no discharging periods”
appears at the screen and the final state of clierfgeior to 100%) will be calculated. If the tbta
time for low periods is bigger than the time reqdifor charging the car, the next step will be the

analysis of the intervals for the period selec¢ied

If the period has two different intervals, the aséd is addressed to two different options, an
initial low interval followed by a high interval anice versgie]. For the first case, the charging
process is completed until 100% at the first irdérand then it is followed for a discharging
period of one hour (10% of the battery ) in orttefinish the period with a 90% state of charge.
For the other casé 7], the difference between the 100% charge and themmaim level of charge,

a 10% of the battery level (that is equal to onertad charge for the specific characteristics & th
selected battery) is used for reducing the demanithgl the first peak period, the discharging will
be done commencing with the minute of highest deimAdditionally the extra time for charging
during off peak periods can be used if the on geaiod is not covered with the discharging of
the battery for an hour.

If the intervals for the period are three, a simpeocess is carried olii8]. The determination of
the nature of the last interval (high or low int@jvs determinant for the determination of theckin
of discharge19]. If the last interval is a period of high dematit discharging period covers an
hour plus the extra timg0]. However, for the cases where the last interval isw one, there is
only a high demand period and the discharging rhestalculated considering the 90% of charge
necessary at the end of the periad|.

If the period is composed for more than three wrdtksr[22], a division into smaller intervals is
carried out. If the total number of intervals ieaVv23], the period will be divided into pairs of
intervals that will be analysed following the preseof a period of two intervals, adding a

counting variable that will allow to go through #tle pair of intervalg4|.For the case of an odd
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number of intervals, the total intervals will besidied into pairs of intervals, except the last one
that will be a period of three intervéls5]|. Therefore, the intervals will be analysed as miiof
two intervals except for the last one which willdeeriod with three intervals.
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Figure 17. Control Software for long periods oféim
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Control Software for long periods of time

The objective of this software is the control oé timpact on the grid of electric cars during a
whole year. With this objective the control softedras undergone several modifications related

to the parameter for starting the operation ofpfegramme.

The fist parameter modified was the period of tilmethe analysis. The software does not select
the period for complete year. The starting daterézletermined as the 1st of January and the last

day will be the 31st of December.
The required variables are defined in the followialgle:

Table 20. Required variables for the function colndoftware for long periods of time

Required Variables

minhome Sum the number of lines for car at home
Initial state State of charge when the car comes back home
Min Saves the minutes for analysis

*No input variables are required for this process.
Description of the flow chart:

The first step of this software is the assignabbhe value of 100% to the variable “initial state
of charge”[1]. This value will be modified during the continuazlgarging and discharging for the

electric car for the period of analysis.

The software will read the series of ones and zassgyned to each minute of the year in order to
determine whether the car is at home(it can begeltror not. Different profiles are created for
week and weekend days. The next graphs show ttalpiities of the car been at home for week

and weekend days:
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Figure 18. Probability of car at home during weaks
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Figure 19. Probability of car at home during weekdays

These probabilities have been considered taking adcount the habitual use of cars and
information about traffic jams in the UK, accommubrdg in the profile a low probability for the
car at home from 8.00am to 9.00am due to the paakadfic during this period of time (INRIX,
2009) and also during the evening from 16.00pm7t&@dpm (Daily Mail Reporter, 2012).

Three different profiles have been created forofgihg these probability profiles. The result of
this calculation is three new different optionghe software, the first when the car is at home the
50% of the time, the second, the 62% and the timed70%. For one of the three options, the
software reads the state of the car (O=car nobwreh 1= car at home) until the car is at hgfie
when that happens, the software starts the studiieoktate of charge of the car. The state of

charge depends directly on number of km travelhenhce data that determines this parameter is
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required. (National Statistics, 2009). The nextphraepresents the state of charge for a random

value for the kilometres travelled per day durindays and random period for charging.

State of charge (%)

120
100 \ N
80
\ / —4—State of
) 4

charge (%)

40

20

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Figure 20. Example of states of charge for six ddyanalysis

According to the information provided by the ddtee average miles travelled per person per year
in Scotland are 5846 miles equivalent to 9408.2825 Ronsidering 365 days per year, the average
number of kilometres travelled per day per persmn 26.78 km. A random number will be
selected between 20 and 40 km (in order to noestrict the study to a unique initial state of

charge when the car is at home).

Considering a 24KWh battery with an independenc@fiKm, a relation between the number of
km travelled and the decrement in the state ofgehaf the car can be calculated. The new state of

charge will be saved in the variable “statechaiiGe”

The software saves the lines for “the car at hovieand the number of minutes (number of lines
of the period of the car at home) is saved in theable “minhome’8]. The software control is
then used for the calculation of the real periodctwarging and the interruptions and discharging
states, considering as the data for the demanideofiwelling the Data demand previously saved,
and the state of charge of the car the stochashie\obtained from the normal distributich.

At the end of the process it is necessary to kridhis is the last line of the data demand; whether
it is not the last ling10], the software addresses the process to the gueiithe car at home?
But before starting again the analysis, it is neagsto save as initial state for the next pertoal t

multiplication of the variable “totaltime” (obtaidefrom the control software) into the state of
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charge per hourllland the variable “min” as the sum of the initialnoiie and the variable
“minhome” [12]. The software finishes the process of analysismthe last minute of the year is
raised|13].
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Integration of renewable energies in the consumptits

For the analysis of the integration of renewablergies in the grid and the combination of electric
car charging and renewable energies an additiomdd¢ evas added to the main software. The
introduction of the renewable system to the soféwaill allow a reduction in the total demand

which will affect positively the integration of eleic cars in the network.

The selected renewable system is Photovoltaic pahed to their easy integration for individual

dwellings.

Demand saved for the period selected

v

PV panels generation for the period

v

Demand 2= Data demand — generation PV

Figure 21. Renewable Integration

Data description:

PV Data: The data selected for this software is not thetraocurate. A similar problem to the
CO2 Data was detected. The impossibility of findolgfa with a minute resolution for a year

imposed the necessity of creating it.

Data per day for the complete year of 2009 wasiodtafrom the (A Note On Data and Graphs,
2012) for an average dwelling in the UK.

A part from this data, the average generation fday with minute resolution was obtained from
the calculation in the Spread Sheet “Integrated &xiin Electricity Demand and PV Micro-
generation Model - Single Dwelling Simulation Exdengdor 24 Hours” provided by the

University of Loughborough (Richardson & Thomso@12).

The demand per minute is calculated as the totaladd of each day multiplied into the
proportion of power supplied by the panels per rar(taking into account the conversion of kwh
into KW). The accurate is reduced due to the lddknee to do the calculations of the proportions

of energy for the 365 days of a year. Hence, anagesproportion was estimated.
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Description of the flow chart:

This flow chart is only a part of the control pragr, and the main change incorporated by this
addition is the creation of a new demand file tt@ttents the difference of the demand and the
energy generated by the PV panels. This new defiendill be the data used for the calculation

of the periods of charge and discharge of the swéw
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Summary of different parts and final distribution of the software

Due to the complexity of the final softwares, ih@t possible to develop a complete flow chart for

each part of the final program. In order to congethge essential ideas and distribution of this

program, the final distribution of the developedtwares is represented in the next flow charts:

Software Strategies

Function: Time

Function: State of Charge

YES

A 4

Final charge
=100

Function: Function
Strategies
(completed
charging)

A 4

Function: Function
Strategies
(uncompleted
charging)

Control software

A 4

Function: Time

A 4

Renewable
System

YES

Function: Time
+
Function: Renewable
integration

Function: State of Charge

A 4

Function: State of Charge

Control software

Control software for a year

A 4

Random state of charge

A 4

Control software for a year

Renewable

System

YES

A 4

Control software

Function: Renewable
integration

A 4

Random state of charge

A 4

Control software for a year

Figure 22. Total structure of the software
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Three different softwares are included in the fid@sign. They are necessary in order to measure
different parameters and facts affecting the irgegn of electric cars in the network. They will be

utilized for the analysis of several models in hiext chapter.

The first part of the final software is the SofteaBtrategies which compares the different
strategies for several determined periods of tifflee key objective of this software is the
comparison of the different strategies in ordeunderstand how the main factors attached to the

integration of electric cars are related and aféexth other.

The second part is the Control software which & rtain software used for the model analysis
section. Its main function is to determine the qasifor the charge of the car taking into account
the possible saturation of the grid and the po#siluf discharging the battery during periods of
peak demand with the purpose of reducing the impfatite electric cars in the electric network.
This software also allows the analysis of integugtienewable energy into the grid showing how

the demand profile accommodate both technologidstagrade of match between them.

The third software, the Control software for a yisahe extension of the control software and it is
used for the simulation of charging a car durirpmplete year. This software does not allow the

selection of a period of time but it allows theestion of renewable energies into the system.

71



Chapter 4

Modelling Analysis

The modelling analysis will cover five different awls which differences will depend on the
number of hours for charging, the excess of theimam load accepted by the electrical grid, the
option of discharge of the battery of the car falancing demand/supply profile and the

possibility of charging due to the integration ehewable energy disposals.

The analysis will be carried out for two differesgiasonal periods, winter and summer, in order to
analyse how the seasonal periods affect the irtiegraf electric cars in the grid. The date
selected for the winter period is the Monday 13tdanuary, and the date chosen for the summer
period is the Wednesday 15th of July. These date® lbeen selected considering the high
demand for these specific days of the week, whilchwaanalyzing the most restrictive periods of

time in terms of energy supply.

For the realization of a deep analysis day andtnigiurs are selected with the purpose of
determining how periods of low and high demandin@nd day periods respectively) affect the

technology.

Additionally, depending on the analysed model, tNfferent initial states of charge will be
selected. The main difference between the two Bysils the grade of charge achieved after the
period for the charging; completing the charginggesss or not depending on the number of hours

for charging and the initial state of charge.
A brief explanation of the different models is sholelow:

Model 1: Two Hours Charge Model

The car will be plugged during two hours for a pdrof winter and summer and night and day
hours. The dates selected will be the ones spddiiighe introduction of this chapter: Monday
12th of January and Wednesday 15th of July. Theshaiunight will be from 00:00 am to 02:00
am and the day hours will be from 12:00 am to 1400 hence it might be observed how the

strategies for the integration of the electric aar affected by the hours of the day.

For this model two different states of charge ateced. The reason for this division is that the

strategy software is divided into two different @ions, and the initial level of charge and the
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total time available for the charge of the battamy the factors that determine which function will
be selected. In order to analyze both functionthefsoftware the initial state of charge varies for
each study between a 70% (in this case the softwilraddress the strategies into the case “Car
not completely charged”) and an 85% (the strategibde addressed into the case “Car

completely charged”).

Interruptions or discharge periods are not analgsegdto the reduced time for the charge of the
car. The objective of this model analysis is teed®ine how the different strategies are going to
affect the charging of the car for short periodsiwdrging. Therefore, the software Strategies will
be used for this purpose. Comparisons of the iefaitwinter and summer and day and night
periods are carried out in the next chapter.
The next table summarizes the different simulatwarsied out for this model:

Table 21. Simulations for Model 1

Winter period Summer period
Day hours Night Hours Day hours Night hours

State of

70% @ 85% | 70% @ 85% @ 70% | 85% @ 70% @ 85%
charge

Min cost * * * * * * * *
strategy

Min CO,
emissions
strategy

Software

Min
impact
strategy

Model 2: Eight Hours Charge Model

The car will be plugged during eight hours for aiqe of winter and summer and night and day
hours. The dates selected will be the ones spddifighe introduction of this chapter: Monday
12th of January and Wednesday 15th of July. Theshaiunight will be from 00:00 am to 08:00
am and the hours of day will cover from 12.00 ar@@d0 pm.
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As explained for the Model 1, two different statésharge are selected. The first one in this case
Is 10% (for addressing the strategies into the 8@aenot completely charged”) and 70% (in

order to analyse the function “Car completely cledi

The objective of this model is to compare how tinatsgies are affected by the different seasonal
periods when the period of time is long enoughtliercharging of the battery. According to the
objectives for these simulations, the software dsethese periods of charge is the Strategy
software. Due to the utilization of this softwaltee interruptions or discharge periods are not

analysed for this model.
The next table summarizes the different simulaticarsied out for this model:

Table 22. Simulations for Model 2

Winter period Summer period
Day hours Night Hours Day hours Night hours

State of charge 10% 70%10% 70% 10% 70% 10% 70%

Min cost strategy ¥ * | * * * * * *
1) Min CO,
g emissions * * * * * * * *
5 strategy
N
Min impact % % * % * * N N
strategy

Model 3: Two Hours Charge Model with Interruption

The car will be plugged during two hours for a pdrbf winter and summer and night and day
hours. The dates for the analysis continue beingddg 12th of January and Wednesday 15th of
July. The hours of night, as well as for the Motlere from 00:00 am to 02:00 am and the day

period will be from 12:00 am to 14:00 pm.

As explained for the Model 1, two different statéscharge are required. In the case of models

with two hours for charging the initial states bfcge selected are 70% and 85%.
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The objective of the simulation of this model ig imalysis of the impact of the electric car in the
network for short periods of time, considering th&erruptions which might be necessary for
reducing the saturation of the grid and the pobsilof discharging the model for balancing the

periods of off and on peak; hence the software tsetthis model will be the Control Software.
The next table summarizes the different simulatiarsied out for this model:

Table 23. Simulations for Model 3

Winter period Summer period
Night Night
Day hours Hours Day hours hours

State of charge | 70% 85% 70%) 85% 70% 85% 70%  85%

Control software * * * * * * * *

Software

Model 4: Eight Hours Charge with Interruption and Charge/Discharge Model

The car will be plugged during eight hours for aiqe of winter and summer and night and day
hours for the dates: Monday 12th of January andn&sdly 15th of July. The hours of night, as
for the previous model of eight hours, will be fr@@:00 am to 08:00 am and the hours of day

will cover from 12.00 am to 20.00 pm.
Two initial state of charge are again analysed)% and 70%.

The objective of the simulation carried out forstimodel is to determine how the charging of
electric cars affects the grid in terms of longipas of charge, the interruption periods and the
discharging periods for reducing the impacts onrtegvork are the main information obtained

from this simulation. Therefore, the software ug®adhis analysis is the Control Software.

The next table summarizes the different simulaticarsied out for this model:
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Table 24.. Simulations for Model 4

Winter period Summer period
Night Night
Day hours Hours Day hours hours

State of charge 10/70% 10% 70% 10% 70% 10% 70%

Control software * * * * * * * *

Software

Model 5: Eight Hours Charge with Interruption and Charge/Discharge with Renewable
Energy Integrated Model

The car will be plugged during eight hours for aiqe of winter and summer and night and day
hours; considering the possibility of interruptithge charging and also discharging the battery for
reducing the impact of the electric car. The ddfeze with the previous model is the integration of

renewable disposal for the electric supply of thveling.

The objective of this model is to analyse the @ffhat renewable energies has into the integration
of electric cars. Comparisons with the previous ehoslill be carried out for determining the

grade of relevancy that the integration of renewabiergies has in combination with the use of
electric car in order to reduce the impact of thessicles in the electric grid; hence the software
used for this model will be the Control softwar&eToption Renewable Energy will be selected at
the beginning of the simulation in order to inclutde energy supplied by photovoltaic panels into

the electrical system.

The next table summarizes the different simulaticarsied out for this model:
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Software

Table 25. Simulations for Model 5
Winter period Summer period
Day hours | Night Hours | Day hours | Night hours

State of charge 10%  70% @ 10% @ 70% @ 10% @ 70% @ 10% | 70%
Control software +
Integration of Renewable
Source

* * * * * * * *
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Chapter 5

Results and Discussion

The following graphs summarize the results forrtiedelling analysis, explanation for the values
obtained are then given. Additional information abthis result and extended tables can be found
in the Spread Sheet Folder.

Analysis of the strategy minimum costs

This first graph represents the total cost of fkeeteacity consumed including the electric car &r

period of two hours during day and night.

The lower electrical demand for summer periodiésity showed. The results do not proved the
smaller demand during night periods due to checkimg graph. It shows the high costs

independently on the period of time selected ferdtandard tariff.

Total electric cost including electric car for periods
of charging of 2 hours

Pence
0,90
0,80 B Standard Tariff Cost in
0,70 Winter

B Economic Tariff Cost in
0,60

0,50
0,40
0,30
0,20
0,10
0,00

Winter
B Off Peak Tariff Cost in
Winter
Standard Tariff Cost in
T Summer
— Economic Tariff Cost in
| Summer
Off Peak Tariff Cost in

Summer
day period 70% day period 85% night period 70% night period 85%

Figure 23. Total electric cost including electrar éor periods of charging of 2 hours

The best tariff for all the possible options is O# Peak tariff only. Only in the cases of thehrtig

periods the Economic tariff can have any possybditcomparison to the Off Peak tariff.

However, for cases where there is necessary t@eltae car during the complete period selected
(Table 24 night period 70% initial charge), the Off Peakiffdras similar cost to the Economic 7.
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This can be justify by the fact that the softwalleves to select the periods for lowest costs for
each tariff only in cases where the total timetfae simulation is more than the time required for
charging the car to the 100%. In the case of 70%hafge, the software selects all the demands
for the two hours of study, including the periodshgh demand; therefore the cost for the off

peak tariff can be increased rapidly.

Total electric cost including electric car for periods
of charging of 8 hours
Pence
4,0000
35000 B Standard Tariff Cost in
Winter
3,0000 B Economic Tariff Cost in
2,5000 - Winter
B Off Peak Tariff Cost in
2,0000 - .
Winter
1,5000 - Standard Tariff Cost in
1,0000 - Summer
Economic Tariff Cost in
0,5000 - Summer
0,0000 - . Off Peak Tariff Cost in
Summer
day period 70% day period 10% night period 70% night period 10%

Figure 24. Total electric cost including electrar éor periods of charging of 8 hours

The behaviour of the simulations are very similar periods of eight hours, although it is
significant the increment on the difference of aesipect to the standard tariff for the cases where

the lowest demand can be selected (cases withlisitite of charge of 70%).

The proportion of the total cost that is coveredhmy charging of the electric car is quite large; i
varies in the cases of short periods of time fro&1% at the Standard Tariff to a 96% for the Off
Peak Tariff. These results are logic in terms efdmall quantity of demand generated during the
off peak periods and the low price of this kinddeimand. In the case of periods of eight hours, the
quantity varies from a 62% for the Economic Tadliffring nights and a 94% for Economic tariffs

during day hours.
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Analysis of strategy of minimum CQ emissions

In the cases of the analysis carried out for twars@uring winter and summer periods, the results

are showed in the following table:

g CO2 CO2 emissions for period of charging of 2 hours
1.400

1.200

M Total CO2
1.000 emissions
+EV (g eq.
800 C02)
600
Total CO2
400 emissions
(g eq.
“h 11 7
0 = T T T T T T . T .

Winter  Winter Winter Winter Summer Summer Summer Summer
Day hours Day hours  Night Night Day hours Day hours Day hours Day hours
70% state 10% state hours 70%hours 10% 70% state 10% state 70% state 10% state
of charge of charge stateof stateof ofcharge of charge of charge of charge

charge  charge

Figure 25. CQemissions for period of charging of 2 hours

It is shown that the total g eq. of @@enerated by the utilization of electric cars @age only in a

small portion the total CQproduced according to the results obtained.

The difference between the emissions produced glutay and night periods is again due to the
high demand that takes place during the night dematthough it must be added that the demand
required during night peak for this concrete daywiriter presents a peak which increases its

generation of C@a 70%. In the rest of the cases the emissionsedreed.

The analysis of C®emissions for long periods of eight hours areoihiced in the following

graph:
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4.500
4.000
3.500
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CO2 emissions for period of charging of 8 hours

L.

Winter Winter Winter Winter Summer Summer Summer Summer
Day hoursDay hours Night Night Day hoursDay hoursDay hoursDay hours
70% state 10% state hours hours 70% state 10% state 70% state 10% state
of charge of charge 70% state 10% state of charge of charge of charge of charge

of charge of charge

M Total CO2
emissions
+EV (g eq.
C02)

Total CO2
emissions
(g eq.
C02)

It is observed that during night periods in botlsesa for winter and summer periods, the,CO
emissions generated are higher than their resgeetnissions for the day. This is due to the high

demand between 7am and 8am as well as the incozasie use of “dirtier” technologies for

Figure 26. CQemissions for period of charging of 8 hours

energy generation during those hours of the day.

The portion of CQ@ emissions produced by the electric car chargimgndithese periods is again
really small, even inappreciable in some cases. dverage proportion of CGOemissions
generated by the electric is only a 1.2% of thalt@O, emissions caused by the generation of

electricity demanded for the period that the camphsgged to the network (considering the

selection of the period of charge of the car the vt most reduces the emissions o§)CO
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Analysis of strategy of minimum impact

The strategy of minimum impact in the network sedmsvork properly; the following table
shows the demand during a period of time of tworbiolihe results show that in the case of initial
charge of a 70% the car needs to be plugged fornwos in order to achieve the maximum
charge that is available (a 20% for this kind aftdxg), hence its final state of charge at the @nd
the period will be a 90% and no extra time is aledifor avoiding the periods of time where the

demand is higher.

Demand during the charging periods of two hours for completing the
charge of a 70% and 85%

2 On Peak
Demands during
1,8 charging for 70%
16 initial state of
charge
1,4 Off Peak
E 12 Dema'ndsduring
x charging for 70%
2 1 charging initial
£ state of charge
o 0,8
° |
0,6
0,4 A
0,2 — —q
V) R —— ‘ L“ L/
0 |
O N O 0 MO MO MOKMMOMOMOMOMO MO M 0
O O " 1 N AN N N - <N N O O +d =H N AN NN < < 1N W
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Figure 27. Demand during the charging periods aof urs for completing the charge of a 70%
and 85%

However, for the case when extra time is availathle,charge has been carried out by selecting
the periods where the demand was lower (green. linebhis way the total demand during the

period of charge is reduced a 37%.
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Analysis of Control software

As shown in the following graph the charge contselect the period of lower demand for

charging the car.

The strategy for discharging the car during pealtrbi@lo not seems to work, however the real
problem of this strategy is the restrictions saddtor the charging. These restrictions must be

changed in order to increment the possibilitiesharging.

The next graph shows the demand for the chargimgpgse for two different initial states of
charge. In the case of the case of 70% for indierge, the period of charging will be the total
period being connected to the grid during peakaaksriigreen line) in order to achieve a 90% of

battery charge at the end of the period.

For the case of initial state of charge of 85%ydhie extra time for the selecting the periods of
lower demand and drop the highest demands. Acagprtbnthat, the red line of this graph
represents the demand for the second initial sfatbarge.

Demand with renewable integration for a period of two hours - Caiat 70%
kw and 80% initial state of charge
2
1,8
1,6 On Peak Demand
during charge at 70%
1,4
1,2
1 . = Off Peak Demand
during charge at 70%
08 g charg g
0,6 -
0,4 -- Demand during charge
at 85%
0,2 - —
1 = 1 S =
O W N O < O O N O & © O N 0O < O O N 0 <
O O +d A N N N & <& 1N O O o A N N N < I N0
Lo I e B e B e B I T e O e B e B e R o R e AR o R o R o R o B e DR o I o B o |

Figure 28. Comparison of demand for period of gimay with the initial state of charge at the
70% and at 85%
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During the period that the car is charging the rreawf peak demand are minimum. The total
number of minutes for the charge of the car is 80 the software avoids the higest demands
when it is choosing the period of charge.
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Analysis of control software with Renewable energge

The study was not carried out for night periods tiuthe generation of null total electricity by PV
panels during this period of time. Comparing theutefor two hours of day periods to the results
of the impact in the network it is evident that #reergy provided reduced the number of minutes

charging during peaks when there is extra timdHercharge of the car.

W Demand with renewable integration for a period of two hours -
Car at 70% and 80% initial state of charge
2 I = Off Peak
1,8 Demand
1,6 during
charge at
14 70%
1,2 On Peak
Demand
1 during
0,8 charge at
| 70%
0,6 Demand
0,4 during
02 ™ p- charge at
: — H—= — R e e 85%
IR EA JES SR JRa R A B JEa JRa R o B o B s B S B B B S B B

Figure 29. Comparison of demand with renewablegnati®on for period of charging with the
initial state of charge at the 70% and at 85%
If a comparison of the results for both cases (w&hewable energies and without it), it is
observed that for the case of renewable reduciegtatal demand the number of minutes of
charging is 7, while for the same case but analytie demand without the supply of renewable
energy the minutes in on peak are 12. That denmaimstrde reduction of the impact on the

network for PV panels integrated with electric cdusing days hours.
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Chapter 6

Conclusions

Control software for the reduction of the impacthe electrical grid has been presented. It maps
the electrical demand and the perturbations pratlume the integration of electric cars. The
software uses data from the UK for analyzing tHéedBnt parameters affecting the charging of

the electric car.

The main parameters affecting the charging of Bteatar and interactions, related to the
connection of this technology to the electric grithve been identified and three different
strategies have been presented as result of thlyses A part of the main software has been
programmed in order to check the affects of vasretiin the parameters composing the strategies.
The chosen strategies are the minimum cost of ldetreeity bills, an important parameter for the
customer and also for the utility companies, theaimum CQ emissions, strategy selected for
analysing how the periods low G@missions might match the periods of low eleckritamand
and the minimum impact in the grid, that avoids sh&uration of the electrical transmission and
distribution system. Results using this softwareensehieved for two different models.

As a result of the model analysis for the stratefjgninimum cost carried out, the integration of
electric cars technology in dwellings produced aerage increase of an 81% in the total electric
cost during the period that is charging. The tardiled Off Peak matches the best results in terms

of reduction of cost.

From these results, it is observed that exits actlirelation between the lowest cost and the
reduced impact in the network. This fact is maimigtivated by the electric tariffs proposed by the
different utility companies. Although, there is imfy of tariffs, the electricity companies are

tending to unify the tariffs into a common eledtsiccost in order to allocate the electric cars in
the future and the integration of intermittent neable sources in the electric market. The
evolution of the tariff from 2009 to the presentfagused on the balance of the supply/demand
data and the results obtained for the modellindyaisacorroborate the beneficial aspect that the

new tariffs could have for the grid and the electar.

The results for the modelling analysis followinge tetrategy for obtaining the minimum €O
emissions show an average increase of the 1.2%engtams of C® equivalent due to the

integration of electric cars in the network.
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The analysis of the emissions of £@eveloped in the second strategy of the softwaosvs the
apparent independency of this parameter respettietompact in the network. The generation
profile for the year 2009 remains conservativdalé been observed that a high quantity of energy
generated for that year was produced in coal pldug to that fact, the GGemissions remain
high.

In order to carry out a deep analysis of the implat electric cars have in the electric grid, an
extension of the impact strategy has been preseifitezl Control Software not only detects the
peak periods (and the consequently interruptionshef charging process) but also determine

whether periods for discharging the battery caralbecated during the total time that the car is
plugged.

The model carried out under this Control Softwarevss that for the assumptions of discharge
specified for the model are not the ones whichssilie requirement in the best way. The main
issue is that the restriction for the first intdreé each pair of intervals of high-low or low-high

demand that must be able to cover the 90% of thessary charging of the car. It means that i.e.
for a period of 3 hours and a initial state of ¢jeaof 90% where there are four intervals (two of
low demand and two of high demand) the first anditperiods should be able to cover the 90%
of the 10% of charging, that means a 9% (54 mintdeshe type of battery selected) which is

really difficult to achieve.

The only kind of period that could be analyze fbtaining discharge periods is a short periods of
time (i.e. 30 minutes) and (i.e. 98% of initial ofp@ selecting at the same time an appropriate
period of time. The results demonstrate the inaffycof this method for discharging processes
and suggest the reduction of the value of 90% t@1580% in order to allow the possibility of

finishing the total period that the car stayed amnb with a 40% of charge instead of 90% as

aforementioned.

The development of this software is still not fimesl and several mistakes must be corrected.
However, the software provided many other possipiglications and the authors have provided
an open-source freely downloadable example of thgram in the hope that it could be used as a

guidance tool.
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Further work

-More strategies: A possible extra strategy cowdhe increment in the total life of the battery,
taking into account temperature and charge andhadige rates as main parameters for the
calculations. This analysis result essential ireotd carry out a deeper study of the benefits and
inconveniences of short and long periods for cimay,gwvith the objective of optimizing the control
software. The reductions of efficiency of the batt@ue to continuous charge and discharge of the
car are a key point for the determination of thetheeriod for charging. Interruptions in the
charging period are directly affected by this pagtan The next step for continuing improving
this control software might include the analysisttté periods of charging not only for reducing
the impact on the network but also for extendirglife of the battery.

-More tariffs: An extended study of the tariffs tdsuppose a decrease in the bills for costumers
and a possible increment of clients for supplienpanies. However, the huge number of tariffs
depending on the supplier company and the lackra avoid an exhaustive research.

-More renewable technologies: This study only cevle integration of PV panels and the data
for the power generated by this technology is mestful due to the variability of the energy

generated depending on the days and hours seléctikper study related to the power produced
by minute of this technology would improve the fe$or the simulation. Precise data per minute

might allow an easier treatment of the data anditmellations for long periods of time.

Other kinds of renewable sources for the generatiaiectricity might be added to this analysis,
as for example, wind power that might provide a ptately different profile due to the generation

of energy during night hours.

-More accurate data: The data selected for the derisaaccurate; however the dates from the 7
of October to the 0of November are not included in it. Additionaltie integration of data for
different kinds of dwellings and buildings might beeresting. The information about saturated
networks and the limit in demand for considering tirid saturated could be also extended to
different cases depending on the period of theatal/average demand for it. The data for,CO
emissions is not accurate due to the difficultiedind data per minute, the data per hour was
copied into the 60 min. Data per minute might inygréhe accuracy of this strategy considerably.
In the case, of the data for the PV panels ort &g&s been commented in the first point of this
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section, requires a deeper study. Furthermore, flata posterior years could help to better

understand how the evolution of the profile of dyfsiemand in the future.

-Modification in the conditions for the process diarging and discharging: The restrictions
applied to the discharge of the car, as for exartiefinal state of charge required (90%) might
be reduced for incrementing the possibilities starging during periods of peak. Moreover, the
periods of maximum discharge period for determiagthe cases of the Control Software might

be increased in order to reduce the impact ofritesgration for electric cars.

-Stochastic analysis: The software does not proamdstochastic analysis for the hours of the car
at home and the number of kilometres travelleddasy, due to the difficulties that of integration
of this information on the software. An interestiexfra section could be the introduction of these

data as normal distributions.

-Assumptions for the charge and discharge of thetet car: Some restrictions were required for
the development of the discharging process. Differand less strict restrictions could be

considered in order to amplify the periods of d&age for the car

-Integration of heating demand: The study of sakermal panels, GSHP or possible district
heating might introduce a reduction in terms oteleity consumption for heating and generate a

different demand profile which might accommodatsilgahe domestic plug-in of electric cars.

89



z[a

References

A Note On Data and Graphs, 2012. Earth Notes: A Note On Data and Graphs. [Online] Available at:
http://www.earth.org.uk/note-on-data.html [Accessed 15 Augustus 2012].

Acha, S., Green, T.C. & Shah, N., 2010. Optimal Charging Strategies of Electric Vehicles in the UK Power
Market. London: Imperial College.

Ahmed, W., 2012. Hybrid Technology in the Vehicles. Missouri: Industrial Technology University of Central
Missouri.

Anderson, C.D. & Anderson, J., 2010. Electric and Hybrid Cars: A History. Jefferson, North California:
McFarland & Company, Inc.

Armand, M. & Tarascon, J.M., 2008. Building better batteries. Nature, 451.

Arval UK Ltd, 2011. Fuel price report. [Online] Available at:
http://www.theaa.com/resources/Documents/pdf/motoring-advice/fuel-reports/june2012.pdf [Accessed
19 June 2012].

Brouwer, A.S., February 2010. Powering future mobility: generating electricity for electric cars in the long-
term future. Utrecht, The Netherlands: Utrecht University.

Butter, A., 2010. The Market Oracle. [Online] Available at:
http://www.marketoracle.co.uk/Article24849.html [Accessed 17 June 2012].

Castonguay, S., March 2009. Green Technologies: Electric Cars with Hydrogen Fuel Cells.

Chan, C.C., Wong, Y.S., Bouscayrol, A. & Chen, Y., 2009. Powering SustainableMobility:Roadmaps of
Electric, Hybrid, and Fuel Cell Vehicles. 97(4).

Consumer Focus, n.d. Consumer Focus. [Online] Available at:
http://www.consumerfocus.org.uk/?s=watchdog [Accessed 18 June 2012].

Daily Mail Reporter, 2012. Mail Online. [Online] Available at: http://www.dailymail.co.uk/news/article-

2162436/Stuck-traffic-66-hours-Britains-jams-worst-Europe-theyre-particularly-bad-Fridays.html
[Accessed 04 Augustus 2012].

Department for Business Enterprise and Regulatory Reform: Department for Transport, 2008.
Investigation into the Scope for the Transport Sector to Switch to Electric Vehicles and Plug-in Hybrid
Vehicles. Cenex.

Department of Energy and Climate Change, 2011. Estimated impacts of energy and climate change
policies on energy prices and bills. London.

EDF, 2012. EDF. [Online] Available at: http://www.edfenergy.com/products-services/for-your-

home/documents/prepayment-prices.pdf [Accessed 06 28 2012].

90



Elexon, n.d. Elexon. [Online] Available at: http://www.elexon.co.uk/about/what-we-do/introduction-to-
the-bsc/ [Accessed 18 June 2012].

European Commission DG ENV, 26 April 2011. ADDRESSING THE REBOUND EFFECT. European
Commission.

Gopalakrishnan, D., van Huib, E., Kampman, B. & Gri, M., April 2011. Impacts of Electric Vehicles -
Delirable 2. CE-publications.

Guarnieri, M., March 2011. When Cars Went Electric. Industrial Electronics Magazine, IEEE, 5 (Issue: 1),
pp.61- 62.

Hoyer, K.G., June 2008. Volume 16, Issue 2, Pages 63—71 The history of alternative fuels in transportation:
The case of electric and hybrid cars. Oslo University College, Norway: Elsevier.

Hybrid Cars, 2010. www.hybridcars.com. [Online] Available at: http://www.hybridcars.com/electric-car
[Accessed 15 June 2012].

INRIX, 2009. UK traffic scorecard. [Online] Available at:
http://euscorecard.inrix.com/scorecard eu/UK/summary.asp [Accessed 04 Augustus 2012].

Kassakian, J.G. & Schamalensee, R., 2011. The Future of the Electric Grid. Massachusetts: Massachusetts
Institute of Technology Massachusetts Institute of Technology.

Krisher, T., 2012. GM backed battery company may have breakthrough that boosts range of electric cars.
[Online] THE ASSOCIATED PRESS Available at: http://thechronicleherald.ca/wheelsnews/126202-gm-
backed-battery-company-may-have-breakthrough-that-boosts-range-of-electric-cars [Accessed 13
Augustus 2012].

Lovellette, H.L. & Grant, July 2011. Will Electric Cars Transform The U.S. Vehicle Market? Cambridge, USA:
Harvard Kennedy School.

MacKay, D.J., 2008. Sustainable Energy - without the hot air. High-resolution edition.

Mahmassani, D.A.a.A., 2012. State of Charge, Electric Vehicles’ Global Warming Emissions and Fuel-Cost
Savings across the United States. 2 Brattle Square Cambridge, MA 02138-3780 : UCS Publications.

Mohr, S.H., Gavin, M.M. & Damien, G., 2012. Lithium Resources and Production: Critical Assessment and
Global Projections. Minerals, 2(1), pp.65-84.

Mok, H., 2012. UCLA Engineering. [Online] Available at: http://www.mae.ucla.edu/news/news-

archive/2012/rajit-gadh-and-smarter-power [Accessed 12 Augustus 2012].

National Statistics, 2009. Office for National Statistics. [Online] Available at:
http://www.ons.gov.uk/ons/search/index.html|?newquery=data+km+travelled+by+road [Accessed 22 July
2012].

npower, 2012. [Online] Available at: http://www.npower.com/Home/Electricity-and-gas/Types-of-

meter/Economy7/index.htm [Accessed 28 June 2012].

Ofgem, 2007. Ofgem. [Online] Available at: http://www.ofgem.gov.uk [Accessed 18 June 2012].

91



Ofgem, January 2011. Typical domestic energy consumption figures. London.

Oscar van Vliet, A.S.B.T.K.M.v.d.B.A.F., 15 February 2011. Energy use, cost and CO2 emissions of electric
cars. 196(4).

Parliamentary Office of Science and Technology, 2009. CARBON FOOTPRINT OF ELECTRICITY GENERATION.
London: Parliamentary Office of Science and Technology Parliamentary Office of Science and Technology.

Ricardo UK Ltd, 2011. Green Cars Congrees. [Online] Available at:
http://www.greencarcongress.com/2011/06/lowcvp-20110608.html [Accessed 20 June 2012].

Ricardo UK Ltd, 2011. Green Cars Congrees. [Online] Available at:
http://www.greencarcongress.com/2011/06/lowcvp-20110608.html [Accessed 20 June 2012].

Richardson, I. & Thomson, M., 2010. Economic and Social Data Service. [Online] Available at:
http://www.esds.ac.uk/findingData/snDescription.asp?sn=6583 [Accessed 2012 June 20].

Richardson, I. & Thomson, M., 2011. Integrated Domestic Electricity Demand and PV Micro-generation
Model - Single Dwelling Simulation Example for 24 Hours. Spread Sheet. Leicestershire : Loughborough
University CREST (Centre for Renewable Energy Systems Technology).

RTBOT, 2010. RTBOT. [Online] Available at: http://www.rtbot.net/Charge point [Accessed 16 June 2012].

Steinweg, T., 2011. The Electric Car Battery: Sustainability in the Supply Chain. Amsterdam: SOMO SOMO.

Stenquist, P., 2012. How Green Are Electric Cars? Depends on Where You Plug In. The New York Times,
April 13.

Success Charging, n.d. Success Charging. [Online] [Accessed 17 June 2012].

Talison Minerals, 2008. Availability of Lithium. [Online] Available at:
http://batteryuniversity.com/learn/article/availability of lithium [Accessed 17 June 2012].

Transport for London, n.d. Emissions Analysis. [Online] Available at:
www.tfl.gov.uk/assets/downloads/full-appendix-5.pdf [Accessed 19 June 2012].

van Setten, B.A.A.L., Makkee, M. & Ja, 2001. SCIENCE AND TECHNOLOGY OF CATALYTIC DIESEL
PARTICULATE FILTERS. Delft, The Netherlands: Delft University of Technology.

Westbrook, M.H., 2001. The Electric Car: development and future of battery, hybrid and fuel-cell cars.
London, U.K.: Institution of Engineering and Technology.

Which?, 2012. Energy tariffs explained. [Online] Available at: http://www.which.co.uk/switch/energy-

advice/energy-tariffs-explained [Accessed 28 June 2012].

92



z[;

Appendix A. Use of the Software

Using XAMPP as a server for the data selected.
Save and unzip xampp in disc C:
In order to activate the software:

1. Execute: xampp-control

2. For Windows:
Go to Apache(Web Server) / Actions and press §4BS and PORTS values should
appear on the software
Go to MySQL(Data Base Server) / Actions and preag 8IDS and PORTS values
should appear on the software

XAMPP Control Panel v3.0.12 [ Compiled: June 24th 2012 e e |
XAMPP Control Panel v3.0.12 [config ]
TRy [ hetstat |

Service Module  PID(s) Port(s) Actions

(X  apache v 80,443 [ Stop | [ Admin | [ Config | [ Loas | o el
(% mysaL 2608 3306 [ Stop | [Admin | [_Config | [ Logs ] T
X ez [(San] A | [Conia] [Togs ] | Win-Services]
Mmercury [ sta | [ admin | [ config | [ Logs | Help |
% Tomeat [stat | [ admin | [ Conbig | [ togs | [ HLout |
3506 [main] Initializing Modules &

main]  Starting Check-Timer

main]  Control Panel Ready

apache] Starting apache app..

apache] Status change detected: running
7 [mysql] Starting mysql app...

3517 [mysql] Status change detected: running

Figure 30. Apache(Web Server) and MySQL(Data Basges)

3. Copy the link:http://localhost/simcharge/index.php
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@ Battery Charge Simulation

Interval

ne  Date: |27-Aug-2009 [l Time: [12[+] [22[=]
dtime  Date: |02:5ep-2009 F] Time: [12[+][22[]

Enter the initial state of charge of the car:
%

OPTICN 1 - Select a strategy for charging the EV:
© Minimum Cost (= Minimum CO2 emi () Minimum Impact

OPTION 2 - Control software for reduction of the impact of electric cars in the network:
2 Control Software
© Contral Software +Renewables

‘ Simulate |

Figure 31. Image of the Index of the Software depet

4. Enter starting and ending dates and the hourséositmulation
5. Enter the initial state of charge

6. Select the strategy for the simulation

For checking the code and modifying fixed varialdager

Xampp>htdocs>simcharge>index

Xampp>htdocs>simcharge>mincost

Xampp>htdocs>simcharge>minCO2

Xampp>htdocs>simcharge> minim

Xampp>htdocs>simcharge> Control

Xampp>htdocs>simcharge> ControlR

Xampp>htdocs>simcharge> ControlL
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For modifying the data introduced in the software:

1. Enter in the linkhttp://localhost/phpmyadmin/ (with the Apache and MySQL running)

2. Enter the next information:
User: root
Password: 1214

3. Enter in simcharge (left column)

4. Different options are introduced in this sectianport, export, examine, etc.

*Applications with modifications of ports might &fft the correct operation process of the system.

It is recommended to close them.

*Data must be introduced as .sql file.
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Appendix B. Examples of Data

Example Data Demand dwelling

Table 26. Example Data Demand dwelling

DATETIME HOUR KwW
01/01/2009 0:00 0,18504
01/01/2009 0:01 0,18066
01/01/2009 0:02 0,18324
01/01/2009 0:03 0,18246
01/01/2009 0:04 0,18204
01/01/2009 0:05 0,18138
01/01/2009 0:06 0,18084
01/01/2009 0:07 0,18096
01/01/2009 0:08 0,18018
01/01/2009 0:09 0,17934
01/01/2009 0:10 0,18198
01/01/2009 0:11 0,17994
01/01/2009 0:12 0,18054
01/01/2009 0:13 0,18054
01/01/2009 0:14 0,18006
01/01/2009 0:15 0,17964
01/01/2009 0:16 0,1794
01/01/2009 0:17 0,17904
01/01/2009 0:18 0,17886
01/01/2009 0:19 0,1785
01/01/2009 0:20 0,17868
01/01/2009 0:21 0,17832
01/01/2009 0:22 0,1782
01/01/2009 0:23 0,17724
01/01/2009 0:24 0,1737
01/01/2009 0:25 0,17352
01/01/2009 0:26 0,17352
01/01/2009 0:27 0,1734
01/01/2009 0:28 0,17442
01/01/2009 0:29 0,17442
01/01/2009 0:30 0,17436
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Example DataCO, Emissions

Table 27. Example of Data G&missions

DATE HOUR gCO2 eq
01/01/2009 0:00 1,34516997
01/01/2009 0:01 1,31332904
01/01/2009 0:02 1,33208465
01/01/2009 0:03 1,32641435
01/01/2009 0:04 1,32336111
01/01/2009 0:05 1,31856317
01/01/2009 0:06 1,31463757
01/01/2009 0:07 1,31550993
01/01/2009 0:08 1,30983963
01/01/2009 0:09 1,30373315
01/01/2009 0:10 1,32292494
01/01/2009 0:11 1,30809492
01/01/2009 0:12 1,31245669
01/01/2009 0:13 1,31245669
01/01/2009 0:14 1,30896727
01/01/2009 0:15 1,30591403
01/01/2009 0:16 1,30416932
01/01/2009 0:17 1,30155226
01/01/2009 0:18 1,30024373
01/01/2009 0:19 1,29762667
01/01/2009 0:20 1,2989352
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Example Data Photovoltaic Panels

Table 28. Example Data Photovoltaic Panels

DATE KWh
01/01/2009 0,28
02/01/2009 0,47
03/01/2009 0,95
04/01/2009 0,5
05/01/2009 0,58
06/01/2009 1,08
07/01/2009 0,32
08/01/2009 0,94
09/01/2009 1,11
10/01/2009 0,26
11/01/2009 0,79
12/01/2009 0,13
13/01/2009 0,61
14/01/2009 0,36
15/01/2009 0,2
16/01/2009 0,3
17/01/2009 0,81
18/01/2009 1,36
19/01/2009 0,44
20/01/2009 0,64
21/01/2009 11
22/01/2009 0,81
23/01/2009 0,59

24/01/2009 1,2
25/01/2009 0,22
26/01/2009 11

27/01/2009 1,33
28/01/2009 0,24
29/01/2009 1,54
30/01/2009 1,36
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