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0.

INTRODUCTION

As introduction to our project we will make somébhistorical review to see the
beginnings of electric car. For this we have hhil table where we can see easily the
evolution of the Electric Car:

YEAR DESIGNER/MAKER | PLACE FEATURES

1828 Anyos Jedlik Hungary Tiny model car
powered by an
early type of
electric motor

1834 Thomas Davenport USA Small model car
with short circular
electrified track

1835 Sibrandus Stratingh | Netherlands Small-scale EC

) powered by non-
Christopher Becker rechargeable

primary cells

1838 Robert Davidson Scotland Electric locomotive
that attained a
speed of 6,4 Km/h

1839 Robert Anderson Scotland Crude Electrica
carriage

1865 Gaston Plante France First rechargeable
battery

1867 Franz Kravogl Austria Electric powered
two-wheel cycle

1881 Gustave Trouvé France Working three
wheeled
automobile

1884 Thomas Parker England Innovations such
as electrifying the
London
Underground

1899 Camille Jénatzy Belgium “Jamais Contente”




Among the most notable of these records was trekbrg of the 100 km/h (62 mph)
speed barrier, by Camille Jénatzy on April 29, 1BBBis 'rocket-shaped' vehicle
Jamais Contente, which reached a top speed of A8&& (65.79 mph).

Figure 1: “La Jamais Contente”

Source: Electric and hybrid cars

On 1930 Electric Cars are extinguished becauskeofdl in the price of gasoline.

On 1973 General Motors developed an urban elezarievith a battery charger, which
was presented in USA.

The same company created in 1999 the EV1 modelhwhés the first electric car
completely modern, fast, clean, efficient, mechalhycsimple and with a range of 130
km.
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Figure 2: “EV1” Source: General Motors




1. MOTIVATION OF THIS PROJECT

Nowadays, everybody talk about Electromobility asiething revolutionary but
distant. Over recent years there has been a go@al swareness about global warming
due to greenhouse gases. People are aware ofddehehanging in order to the
current situation does not harm future generatiohs hagesultedn policiesand laws
atnational and Europedavel, in additionto globalagreementbke the Kyoto protocol
and moraecentlythe Copenhagen summih particularin Europewe findanincrease
in taxeson morepolluting vehicles restrictionson CO2 emissionsf newproduction
vehicles subsidies fovehicleswith environmentallyfriendly, and integration plans
electric vehicle.

Electric cars enjoyed popularity between the mithX®ntury and early 20th century,
when electricity was one of the preferred metha@dsudnning cars.

But the electric car was not successful becausadtsome severe disadvantages:

1. The need to recharge the battéryou own an electric car need to plan at what
moment it is necessary to recharge the battery,Mgou are thinking of buying an
electric car, then you must make an honest assessieow much you will use your
vehicle.An extended or unplanned trip could be probleméagou haven't had time to
fully recharge the batteries.

2. The batteries of these cars are very heavyekample, cell battery pack in a Tesla
Roadster can reach up to 450 kilos. This is mudghtéo carry and reduces the car's
efficiency.

3. Electric car price which is high. What makestle vehicle expensive is the battery.
The batteries used in electric cars are lithium-wghich are expensive. Also keep in
mind that the battery will need to be replacedhay have a life of approximately 3 to
4 years.

4. The autonomy of the electric cHryou drive long distances the electric car may no
be able to meet your needs, so you will need tsiden how far you plan on driving
your car. Most of the electric cars have limitshmw many miles they can go before
needing a recharge.

Despite these difficulties, the electric car is the of the future and that is the reason
why we consider interesting making a deep studyibo




Electric cars improve energy efficiency, reduce @GDitssions and pollutants in the
cities and also allows the reduction of oil depargeand use of energy sources
indigenous (in the case of Spain involve the usth@f sources CO2-free generation,
especially renewable energy which already accae@fis of electricity generation and
in 2020 will involve 40%).

Electric cars have come a long way in recent yearstill have to overcome a few
more obstacles before becoming widely embracedsatuion for many consumers.

Currently, there is a social awareness to protecenvironment and therefore the
electric car is an attractive alternative for peogb it is important to focus on this issue.
Additionally, consumers are also interested intelecars in the wake of the rising
price of gasoline (electricity is cheaper than fuel

Expect a great change in the automotive industtly thie development of electric cars
and a great success based on the reduction otipalluising gas prices and less
dependence on oil. World governments are pledgitigrs to fund development of
electric vehicles and their components.

It is important that the electric vehicle as a r@msumer of electricity may become

an advantage to operate more efficient electrigstiesn, reducing the large

differences that happen between periods of highéd@ver power consumption and
facilitating the integration of renewable energgr Best operation of the system is very
important that the demand shifts towards the pea&s, and this is where the nocturnal
slow recharge electric car can play a key roldatigning the demand curve.

Also the electric car can be a reversible elestiicage system. Batteries should be
recharged at night when demand is smaller, anchgdine day may shed electricity to
the network (but this point is yet to be developed)

Thus, improvements to the system by the electriovoald be:

1. Contribute to flatten the demand curve, therebyrawe system efficiency. For
this purpose, consumers would have to rechargevbicles during lower
consumption periods (between 1:00 a.m. and 7:00@ameduce the differences
in consumption between peak hours and valley hdlws, flattening the demand
curve




2. Renewable energies can easily integrate into thesywith security conditions.
Wind power energy generation is extremely varianld frequently increases at
night, when it is not always possible to integthis energy generated into the
system if the electric energy offer is greater thatelectricity demandror this
reason, recharging electric vehicles during nightthours reduces the possible
disconnection of the wind farms should their pradircexceed the system
safety limits which have been set.

3. Thanks to the electric vehicle the countries cauce its oil dependency for
energy and C@emissions, contribute to improving the air quadihd reduce
the noise levels in cities.




2. ELECTROMOBILITY NOWADAYS

The world of Electromobility has much yet to ex@prou could say that today is
beginning to “take off”. Lots of plans are beingvd®ped by the governments all over
the world but in this chapter we will focus in thein strategics plans of Spain and
Germany. It is interesting to know that in the HEemobility Guide “Wegweiser
Elektromobilitat” there is an overview of 150 prcie that have been identified in
Germany, Europe and on an international scalegritst six months of 2010.

2.1.Electromobility in Spain.

Electric cars are new consumers which come to septeover the next decade 2% of
current demand.

According to studies by Red Eléctrica Espafia cbelithtegrated in the coming years to
six and a half million electric cars without addital investment in generation or in the
transmission if we make a nocturnal slow recharge.

However, we need to develop intelligent chargeesystthat allow a communication
network-vehiclgintelligent networks) and install meters with tiiscrimination to
help users make intelligent recharging. We will geg point deeply in another chapter.

Comprehensive Strateqy for the Promotion of Eledfehicles in Spain:

At the beginning of 2010, some working groups fodrbg various Spanish companies
and institutions gathered for the elaboration of #trategy. These associations are as
follows:

MOTOR GROUP: Ministry of Industry, Tourism and Trade, Foundatlostitute for
Sustainable Technology auto-FITSA, Institute fovésification and Saving Energy —
IDEA.

DEMAND AND PROMOTING GROUP: Acciona, ACS, Asaociacion Espafiola
Renting, Berge Automocion, Citroén, Endesa, EorC FGas Natural /Unién Fenosa,
HC / EDP, Iberdrola, Iveco, Mercedes, Mitsubishsgen, Peugeot, Race, Renault,
Reva, Seat, Tata, Toyota, Vaesa.




INDUSTRIALIZATION, RESEARCH, DEVELOPMENT AND INNOVATION
GROUP: Anfac, Ford, Grupo PSA, Iveco, Mercedes, Nissarel@neral, Motors
Espafa, Renault, Seat, Sernauto, Volkswagen.

INSTITUTIONAL GROUP: Heads of Government, Home Office, Ministry of
Economy and Finance, Ministry of Environment, mini®©f Development, Ministry of
Science and Innovation, Spanish Federation of Mpailities and Provinces,
Autonomous Communities.

The quantitative objective of the Comprehensivat8gy to promote Electric Vehicles
is to facilitate the introduction of Electric casplug-in, until in 2014 there will be
250000 units of these vehicles in Spain.

In order to achieve this goal, the promotion ofdiie Vehicle has to go through four
lines of action, in accordance with this strategy.

Inside of these four areas there are programgitfate the actions to be taken.

Here is a brief summary of them:

) Boost demand and the promotion of electric vehiclase:
[.1) Program to boost demand:

It is estimated that if there are 250000 Electrahiles in 2014, 85% will belong to
companies and public institutions and the remaidii will be vehicles for personal
use. It aims to provide economic aid to the usérths kind of vehicles and develop
plans for this reason (an example is the MOVELE RL#&hich will provide between
750 and 20000 Euros, depending on the type of leehitanaging to give up to 7000
Euros in case of the electric cars).

[.2) Urban benefits program:

It is intended to give the electric vehicle urbavantages compared to internal
combustion vehicles:

- Preferred parking and circulation on public roads.

- Allow the movement of EV in restricted areas ibies.

- Extended hours loading / unloading.

- Reduce Tax Disc.




- Reserve space for quick reloads for emergencicheshurban fleets serving sensitive
areas: medical, police, etc...

- Reserve space for taxi fleets refills when autonp&V is sufficient to provide this
service.

1)) The promotion of industrialization and the research development and
innovation for electric vehicle:

[1.1) Promotion program of development and industrial@atf electric vehicles in
Spain, its components and equipment environment:

The purpose of this program is maximize the indalstation of specific components
and modules for electric vehicles and plug-in hypboth elements characteristic of EV
associated with EV (EV communication, infrastruetaharging, etc..) and establish
production lines of these vehicles on Spanish plamsatisfy, in large measure, the
demand will strengthen, not losing, likewise, positas the third European country in
the manufacture of automobiles.

[1.2) Program of research, development and innovation:

This program aims to provide specific and expbcipport in:

- Lines of R + D + i priority to improve the suppdy builders and specific components
of electric vehicles, and specifically the batter@ad battery management systems and
control.

- Lines of R + D + i for the development of enesyypply infrastructure and load
management: intelligent charging, control and comications equipment, etc.

- Lines of R + D + i for the problems related te tie of the vehicle: Security, vehicles
out of use (recycled from batteries, motors, etc.).

- Promote centers of excellence for R + D + i Eyaiale of doing research, testing,
standardization, training, etc.




) The development of freight infrastructure and energtic management:
[11.1) Deployment program of burden infrastructure:

About charging points, this program provides thattee horizon of 2014 there will be
62000 points private households, 263000 car flegtty, 12150 points in public parks
and 6200 on public roadk.also provides the installation in 2011 of fas&dling point

for every 400 vehicle charging point individuals,tBat on the horizon 2014, reach 160
stations.

[11.2) Management Program of Energy Demand:

The program aims to provide adequate assurancéhiabst of electric vehicle energy
is significantly lower than cost of the combustemergy. Along with incentives to
purchase electric vehicle, this economy makes takat introduction of this new
propulsion technology easier.

Ministry of Industry, Tourism and Trade will proneothe existence of power deals with
the kWh price ranges and articulate legal provisithrat promote demand management
to take advantage of the benefits when electriecleis recharging in times of low
electrical consumption.

V) Horizontal Programs
IV.1) Actions of communication and strategic marketing:

This program focuses on tiaplementation of communication plans and strategic
marketing reporting what is an electric vehiclse féatures, its advantages, charging
different rates, optimal load times, effmplementation, coordination and management
of strategic marketing and their communicationg bel carried out by the Ministry of
Industry, Tourism and Trade.

IV.2) Regulatory Activity and Suppression of Legal Basiie

The aim is to identify and overcome legal barribie hinder the momentum of demand
and the deployment of charging infrastructuriee Directorate General of Industry,
Ministry of Industry, Tourism and Trade, with th&saciated organization of this
Technological Institute Foundation Sustainabilitgter-Fits-and with the involvement
of two groups of work or specific interest (Manufaers and energy services industry)
identify the needs to amend the regulations and liwat are apply to these vehicles,
and charging infrastructure.




IV.3) Promotion of Specific and Specialized vocationalifing

This section will attempt to identify and proposeaéalog of courses required for
development and manufacture of electric vehicled,far maintenance, repair and
recycling and for those professionals who, forrtlsafety, will require minimum
knowledge. The ongoing identification of these #ipeneeds and knowledges will be
conducted by training, business and technologyrozgéons.

In order to continuously monitor the objectivesiagbd and try to solve the problems
encountered, a group of Monitoring will be creased managed by the Ministry of
Industry, Tourism and Trade and will be formed by Ministry of Energy and the
General Secretariat Industry through the DGs tiay tlesignate, and may

part of the same institutions and companies treatansidered necessary for

it. They are invited by the Ministry of Industrypilirism and Trade for this

purpose and the Ministry of Environment and theistiny of Science and
Innovation support participating in the developmeinthe Comprehensive Strategy
Impetus to electric vehicle.

Also there will be a specific follow-up to Promdiéectric Vehicle with
Autonomous Communities in the framework of the @oafce and Industry Sector
Energy (C.S.LLE).

2.2.Electromobility in Germany.

A strategic plan was created in August 2009 anithslahat Germany is a leader in
Electromobility and thain 2020 a million of these electric vehicles wid birculating
in Germany. Let's see a brief summary of this jpleaccordance with the information
extracted directly from the German Federal Govemtfadlational Development Plan
Electromobility:

German Federal Government’s National ElectromgHilgvelopment Plan:

The German Federal Government’s Integrated EnargyCimate Programme cites
Electromobility as a major component and its impdatation report calls for drafting a
National Electromobility Development Plan.




Electromobility is therefore an issue of major &ggc importance for the German
Federal Government, as stipulated in the Integratestgy and Climate Programme in
combination with energy supply from renewable sesrd he responsible ministries,
the Federal Ministry of Economics and TechnologWl{ii), the Federal Ministry of
Transport, Building and Urban Affairs (BMVBS), thederal Ministry for the
Environment, Nature Conservation and Nuclear Sg@WU) and the Federal Ministry
of Education and Research (BMBF) entered into sitenjoint dialogue with the
business and science community to discuss theetiggs and opportunities and draft
guidelines for implementing the ten-year plan tbieege its Electromobility goals.

The activities and measures of the German Federaéi@ment are based on a variety
of ongoing programmes and activities, which ardimed here. Assistance to date has
concentrated on the following priorities:

-Research and development.
-Enabling framework.

-Markets.

Likewise, the activities will be carried out in && phases:
) Phase 1 (2009/2011) Market preparation

I.1) Research and Development:

Research and development as well as start-up dfiption of ' generation Li-ion
batteries and™ generation Li-ion batteries and double layer capes

Production of PHEV and BEV based on existing vehpthtforms and prototypes.
Drive technologies (engines/converters) adaptgeetiormance category, installation
space, safety and reliability. R+D for electriegdkctronic and mechanical vehicle
components for PHEV and BEV.

[.2) Enabling Framework:

Research and development of new components imftasiructure. Testing and
simulation facilities for grid integration trialBirst public charging stations. Studies
and demonstrations for coupling with renewable giesr Safety standards. Regulatory
framework. Standardisation of interfaces




1.3) Market Development:

Application in fleet tests.

1)) Phase 2 (2011 -2016) Market escalation
II.1) Research and Development:

Demonstration and field tests of Li-ion batteriesl @ouble layer capacitors. Mass
production of H'generation Li-ion batteries. Production start-ug8fyeneration Li-ion
batteries and double layer capacitors. R+D Br-3™" generation Li-ion batteries
Production of PHEV and BEV based on existing platf® by all OEMs in small lots.
Serial production maturity of 2nd generation PHBEY platform. R+D for
economical drive technologies and vehicle companfmt2nd generation platforms.

[1.2) Enabling Framework:

Charging infrastructure in many towns and regidtesearch, development and initial
trials for grid integration (load management). Clogpwith renewable energies.
Development of advanced charging and energy traassom systems.

Use of procurement guidelines for the public secdppraising systems of incentives

I1.3) Market Development:

First private users. Business models for chardemgback and batteries

) Phase 3 (2017 -2020) Mass market (aim: lead market in Electromobility)
[11.1) Research and Development:

Mass production of"® generation of Li-ion batteries and double layevazitors.
Production start-up of8generation Li-ion batteries Continuation of R+Dldfion
batteries and alternative storage technologies

Mass production of"® generation PHEV/BEV. Production of higher perfonte
BEV/PHEV.




[11.2) Enabling Framework:

Field tests on complete systems under realistiditons. Full-coverage charging
infrastructure. Grid integration and feedback.i#titrials of fast loading, contactless
energy transfer.

11.3) Market Development:

One million electric vehicles on Germany’'s road2020. Germany is the lead market
for Electromobility.

2.3.Brief comparison between the two types of plans

The GFGNEDV (German Electromobility Federal Goveemt's National Development
Plan) was launched in August 2009 while the CSPEM8nprehensive Strategy for the
Promotion of Electric Vehicles in Spain) startedhet beginning of 2010.

The first major difference we found between the plans is that both have different
aims: whereas in Spain the aim is to facilitateitfieduction of electric vehicles in
2014 so that there is 250000 pieces of these \eshitl Germany they want to be
leaders in Electromobility market so that in 20B8re will be a million electric cars on
the roads in Germany

The structure of the plans is also different: in@any is structured in phases which are
defined in dates in which to achieve their shomrtebjectives and actions in Spain to
carry out are not dated.

Both plans give utmost importance to the reseatetelopment and innovation in the
electric vehicle industry and aim to facilitatefasas possible the acquisition of an
electric vehicle by consumers.

There are currently circulating in Germany abou@@ 6lectric vehicles while in Spain
there are only about 680.

In Spain today has 356 public charging points oicwI82 are in Madrid. In Germany
there are about 900 public charging points of wlalbbbut 80 are in Berlin and 5 are
located in Dusseldorf.

These figures are reflected in major breakthromgBermany with respect to Spain in
terms of electro-referred.




3. TECHNICAL DETAILS OF ELECTRIC CARS

3.1Types of batterie:

Lead-Acid

Flooded Lead-Aid batterie are the cheapest and most used in thermals velfoel
boot them because these types of batteries cardprbigh current levels in shc
periods oftime. However because of their poor autonomy, diferand their lon¢
period of load (between 10 and 16 hours), thetyiili electric vehicles is limited 1
auxiliary systems as radio, lights... These battealss require inspection of electrol
level and replacement of wat

The advantages of Leadc@ batteries are their mature technology, highlalgity
and low cost.

Like all batteries, they have significantly lo\ energydensity than petroleum fuels,
this case 3@0Wh/kg. The efficiency is between-80% and the power around 1
W/kg. These types of batteries can work 500 cyofdsad and can support overloa
The average value in each celltage is 2V and the appropriate range of tempega
is between20°C and 60°C. Trmonthly self-discharge rate is 5%.

PbO, + Pb + 2H,S0, < 2PbS0, + 2H,0
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Figure 3: “Lead-acid battery construction” Source:Tpub




Nickel-Cadmium (NiCd)

The endurance of the Nickel-Cadmium batteriesgbér respect the Lead-Acid
batteries, but a European rule limited her usedéan the Cadmium a heavy metal
with problems for the environment.

The reaction that takes place inside the batteag if®llow:
Cd + 2H,0 + 2NiOOH < 2Ni(OH), + Cd(OH),

One advantage of this kind of battery is that it peovide high current level with
reduced voltage. On the other hand these battesles memory effect, this means if the
battery is recharged before losing the entire adrfpr example when the battery is at
50% of its capacity, will appear Cadmium crystassing the next time that it will be
recharged it will assume that the new level 0 @frgkd is that was 50%.

Its energy density is 60 Wh/kg and 50-150 Wh/liildrey have a moderate overload
tolerance and the range of temperatures for tloerect operation is between -40°C and
60°C. The average voltage in each cell is 1,25d&tha monthly self-discharge rate is
20%.
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Figure 4: “Nickel-cadmium battery”




Nickel metal hydride (NiMH)

Nickel-metal hydride batteries are now considereelatively mature technology.
While less efficient (60-70%) in charging and dising than even lead-acid, they
boast an energy density of 70Wh/kg and 143-300 &h/far higher than lead-acid.

When are used properly, nickel-metal hydride bisertan have exceptionally long
lives (approximately 1000 recharge cycles, ten siloager than the Nickel-Cadmium
batteries), as has been demonstrated in theinusgorid cars like the Toyota Prius or
RAVA4EV that still operate well after 100,000 mik$0,000 km) and over a decade of
service. Another is that with this technology tmelgpem of memory effect due to
Cadmium, disappear.

Downsides include the poor efficiency, high seBdliarge (30% per month), very
finicky charge cycles, poor performance in cold theaand the low resistance to
overload. These batteries also are more expersvethe previous and the average
voltage in each cell is low (1,25V). GM Ovonic pungd the NiMH battery used in the
second generation EV-1, and Cobasys makes a ndarical battery (ten 1.2V 85Ah
NiMH cells in series in contrast with eleven cdtis Ovonic battery). This worked very
well in the EV-1.

Figure 5: “Toyota hybrid car equipped with NiMH”

Source: Pwerpulse




Lithium —lon

Lithium-ion batteries, widely known through their use ipttgos and consum
electronics, dominate the most recent group of E\tevelopment. Thtraditional
lithium-ion chemistry involves a lithium cobalt ox cathodeand a graphii anode. The
energy density is one of the @antages of this type of battes that is around 2(
Wh/kgas well as 80 to 90% charge/discharge efficiencl/lagh autonomy. They a
also recyclable and haven’t memory effect in adehdip a low weight and a lo
monthly selfdischarge (10%

The downgles of traditional lithiur-ion batteres include a not very long | (hundreds
or thousands charge cycles) and significant degjradwith age. The cathode
somewhat toxic. Also, traditional lithi.-ion batteries can pose a fire safety ris
punctued or charged improperly. Nowadays the maturitshcsf technology i
improving so much.

But the most important problem of these battesefe poor resources of lithiu

According to a study by William Tabhil, the directoir Research of Meridia
Interrational, if all thermal vehicles (900 millons) weeplace for electrical vehicle
equipped with iorlithium batteries of 20 kWh, would be necessarggend the 50% ¢
the current resources of lithium. For this and e ofwould be necessary 75 yeifor
building all of those batteries, currently

industry is focusing odevelopmer of battery technologies mowable like Zebra o
Zinc-Air batteries.

30%

25%

20% -

15% -
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Figure 6: “Percentage ofesourcesmetalallocated to electrify 900 million vehicles equidpeith
10kWh batteries” Sourceéderidian International Research
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Lithium Nickel Zinc

Figure 7: “Years needed to make batteries for 90lian vehicles”

Source: Meridian International Research

The Tesla Roadster uses "blades" of traditiotiauim-ion "laptop battery" cells that
can be replaced individually as needed.

Most other EVs are utilizing new variations onilim-ion chemistry that sacrifice
energy density to provide extreme power densitg, riesistance, environmental
friendliness, very rapid charges (as low as a femutas), and very long lifespans.
These variants (phosphates, titanates, spinel$ hetee been shown to have a much
longer lifetime, with A123 expecting their lithiumon phosphate batteries to last for at
least 10 years and 7000 charge cycles, and LG @xpecting their lithium
manganese spinelbatteries to last up to 40 years.

Much work is being done on lithium ion batterieghe lab. Lithium vanadium oxide
has already made its way into the Subaru proto84e doubling energy density.
Silicon nanowires, silicon nanoparticles, and timoparticles promise several times the
energy density in the anode, while composite apedatticecathodes also promise
significant density improvements.

In 2009 Mitsubishi (i-MIiEV) and Subaru (Stella)iotluced electric vehicles offered for
fleet then public sale.
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Figure 8: Comparison of production, reserves andahequirements in million tons for electrify 900
million vehicles with 10 kWh battery

Lithium Polymer

These kind of batteries are characterized for laapiastic electrolyte so they don’t need
metallic coating and they can take many forms dkagehey are safer than ion-lithium
ones.

Although they can provide good energy density (A@0@9kg) and also a high power
(3000W/kqg), they are just used in some devicesstyeey thin because their features
are similar or worse than the ion-lithium batteries

Zebra

The sodium or "zebra" battery uses a molten ofrolalominate (NaAICl4) sodium as
the electrolyte. This chemistry is also occasignadferred to as "hot salt”". This
relatively mature technology, hasn’t a high enafgysity, this is around of 120Wh/kg.
They must be heated for use because these batipeeste at a high temperature range
(270°C-350°C), but cold weather doesn't strondlycafor the operation except for
increasing heating costs and spending much en&hgyr performance is very high

near of 100% and they have a long life besidessagport short circuits very well. The
nominal capacity is 38 Ah and 20 kwh.
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They have been used in several EVs, for exampleeilModec vehicle since it entered
production in 2006, or the Think City which is epgped with Zebra batteries of 28,3
kWh.

The only company that manufactures this type akbias is Mes-Dea from
Switzerland.

Figure 9: “Zebra Battery” Source: Vehiculos verdes

Zinc-Air

According to investigations, the future of Electi@ility is linked to Zinc-Air batteries
for their high energy density (370Wh/kg, 3 timeghar than lithium), their long life
because they can be recharged and recycled astmaasyas you want, and also for the
low cost of this kind of technology. Others advagetare the low weight, high safety
and zero CO2 emissions.

Unlike the situation with lithium, there are availa resources of Zinc for produce
billions of these batteries as mentioned in WhibeBof Meridian International
Research, that also says world production of zirzli months would be sufficient to
produce a billion of electric vehicles equippednaiO kWh batteries zinc-air, while it
would take 180 years to produce enough lithiunttiersame number of batteries.

The downside is for recharge these batteries yoa textract the Zinc from inside of
the battery, for being recharged outside. Butign& a big problem because this
process can be quickly made in a station serveg@acing the old Zinc for another one
new or recycled.
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Nowadays these batteries are used for hearingaadiportable electronic systems, but
all researching talk about Zinc like the electuelffuture.

As abstract of all type of batteries we will see tiext table comparing the
characteristics of each:

Figure 10: “Zinc-Air batterie” Source: Treehuger

Type of Energy Energy/Volume | Power/Weight | Life Energy
battery (Wh/kg) (Wh/liter) (W/kg) (Cycles) efficiency %
Lead-Acid | 30-40 60-75 180 500 70-80
Nickel- 60 60-150 180 500 82
Cadmium

NiMH 70 143-300 250 1000 60-70
Li-ion 200 270 1800 1000 80-90
Lithium 200 300 3000 1000 90
Polymer

Zebra 120 300 nd 1000 99
Zinc-Air 370 750 nd 1000 99




Figure 11: “Comparative table”

According with Meridian International Research tost to manufacture a battery of 30

kWh with the differences view technologies is:

Li-ion: 30 kWh - 240 —— = 7200€
kWh

Zebra:30 kWh - 100 —— = 3000€
kWh

Zinc-Air: 30 kWh - 70 —— = 2100€
kWh

3.2.Constructive Aspects

In this chapter we will try to give an overviewtbe different possible configuration

that make possible the transition from thermal tagsure electric cars, through

hybrids.

We will see the most important characteristicshele available configurations which

are Hybrid, Plug-in Hybrid and Pure Electric.

Thermal [::::$> Hybrid

Hybrid Electric Vehicle (HEVS)

This kind of car has two engines, the thermal orethe electric one, and there are

—

Plug
Hybrid

—

Pure
Electric

three different configurations for propel the darall the cases the car cannot be

plugged to the net, and the batteries for feectlbetric engine are recharged by the

thermal engine which move a generator and alsbi&ydgenerative braking. So these

cars don’t have the problem of autonomy like the glectric cars, they are more

efficient and their price is not much higher thaa thermal cars. This is the first step to

the pure electric cars.

The most usual configuration is both engines caction the wheelgpgrallel
connection). The electric engine works alone below 30 knw'hhe noise is zero and

alsoCO2 emissions.




Reservaoir

Figure 12: “Parallel configuration schem:

Source: Sport car buzz

The batteries must to have more capacity thandkteres from the cars equipped w
conventional combustion engine and auxiliary systems like
air conditioning opower steering are fed from the electric enginerfgorove the ca

performance because these systems can work tcacosgieed regardless the speed
you are driving.

Nowadays the most commercial car of this technoledlge T«ota Prius. It has NiMt
batteries of 8 modules with a consumption 6,5 Ah and a nominal voltage of 201,¢
Include its lonconsumptio and low CO2 emissions.

Figure 13: “Toyota Prius’ Source: Motor pasion
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The thermal engine always operates at peak efigiand whether it generates
more energy than necessary electric motor actsm@ergtor to charge batteries.

Another technological advancement is being intredueven in vehicles with internal

combustion engine is called Start-Stop, which spomsible for turning off
the engine when you make a stop (traffic lightslgstrian crossing) for reduce
CO2emissions.

Serial Connection The internal combustion engine does not dirattbye the wheels,
only used to generate electricity. Thermal Engiperates at an optimal capacity and

recharges the battery until it is fully filled. Théeels are powered completely by

electric energy from the battery. The thermal eag&turned on again when the battery

is nearly depleted. E-REV is another name for sdridorid car, also defined as an
electric (not hybrid) car that uses a gasoline magis internal recharger.
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Figure 14: “Serial configuration scheme” Source: \Rewcar

As the combustion engine is not connected to tihécless transmission, it can rotate at

a constant speed, so its performance is quite tbofeeoretical, about 37%.

Energy produced by the combustion engine must floaugh the

generator, batteries and electric motor, which cedperformance. In long
distances mostly of the energy is provided by thernal combustion engine
as its yield is reduced compared to the paralleleho

For reduce the losses on items such as transnssaiahdifferentials, the option is
put an electric motor on each wheel.




Combined Hybrid: Hybrid car that uses both series and parallel cardigon. Serie:
hybrid is more efficient in low speed and paraligbrid at high spee

Battery

]

Charger IConverter

Electric
motor

Reservoir

Figure 15: “Combined Hybrid” Source: Reviewc

Plug-in Hybrid Electric Vehicle (PHEVS)

The PHEV is postulateais thc precursor to pure electric
vehicles. It offers all thbenefits of HEVs becaust has a combustion engine and
electric engine but tan bi connected to theetwork for recharge the batter

This kind of vehicleslso solveithe problem exists today becausgobr
infrastructureto recharge tt batteries through the network because if you ca
connect the vehicles to the rit can be recharged through the combustion er

As in the case of HEV, PHEV has two different figurations. Parallel configuratic
that both engines can give traction to the whesld, serial connection that t
combustion engine can only provide energy to thetat engine

Nowadays the vehicles that are available are Toyadtes Plu-in and tte Chevrolet

Volt which hasautonomy of 64 km using just the electric enginasTistance is highe

than the average distanicaveled b the majority of the population, so
throughout the year most the miles would be made with

the electric engine antiérmal engin is only used to recharge thatterie on long
trips.

The recharges should be done at night when thetbmedowest and the price of t
energy is also lowest and t could facilitate the integration oénewabl energies like
wind energy with their generation is higher during the ni




According to studies by General Motors, if you @rthe Chevrolet Volt with the
batteries energy you will spend two cents per kdtencompared with the eight cents
that you will spend driving a car equipped withrthal engine. Driving average
distance of 22.000 km per year, the differencehenprice would be 2.200 euros (per
year) between use a conventional car or use atrielear.

Most of these cars are equipped with Li-ion bagerAs mentioned above, these

batteries present a risk of overheating and exmhoso the investigations focus on other
technologies based on Zinc or NaCl.

Figure 16: “Toyota Prius Plug In” SourceCoches eco

Pure Electric (EVS)

As stated above, the Electromobility has many athges but it still has
some barriers to break down as the developmerdttéres and the infrastructure
to recharge them.

As we said previously, projects like the MovelejBcofrom Spain focus on the
development of recharge points in public and pevaaces and also on the
development of recharge stations where users cofrglears can replace in a few
minutes the empty battery for another recharged|€Pr Better Place). These last
projects are been developed specially in Israelemmark due to their small size.
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The electrification of transport is also importémt producers of current
vehicles, because they can stay in business dinstoew concept of mobility.

Because of the limited current infrastructure adrgfing points, presents works
focuses on vehicles designed for short trips with@ncity with sufficient autonomy to
cover the distance average daily users. This edllce locaCO2emissions and noise
level in urban areas.

Electric cars have fewer mechanical parts than cmtidn cars, because these haven't
clutch, gearbox so the maintenance will lower too.

These vehicles can be equipped with one or mootriglenotor. The single engine
configuration is more suitable for big vehiclestthaed more power. On the other
hand, the arrangement of some engines placed imveaeel is more

appropriate for small vehicles eliminating transsios losses.

Therefore is necessary to develop batteries foalbleto provide more autonomy, as
well as reduce the price of these. For reducerite pthe Movele Project from Spain
proposes that the customer buys

the car without batteries, and then pay a moneytd have the battery recharged at
any point of recharge. The client will be payinfga for a service including

batteries, electricity and infrastructure availaie the initial cost of the electric

car does not differ much with a patrol car. Bubatsnecessary to expand the recharge
infrastructure points and the efficiency of theserecharge the batteries quickly.

At low speeds, electric cars produced less roadwise as compared to vehicles
propelled by an internal combustion engine. Bliede or the visually

impaired consider the noise of combustion engineslaful aid while crossing streets,
hence electric cars and hybrids could pose an woteg hazard. Tests have shown that
this is a valid concern, as vehicles operatingeatec mode can be particularly hard to
hear below 20 mph (30 km/h) for all types of roaéns and not only the visually
impaired. At higher speeds the sound created byristion and the air displaced by the
vehicle start to make sufficient audible noise.

The US Congress, the European Commission and ther@uoent of Japan are
exploring legislation to establish a minimum leg&bound for hybrids and plug-in
electric vehicles when operating in electric magtethat blind people and other
pedestrians and cyclists can hear them coming etgtidfrom which direction they are
approaching. The Nissan Leaf is the first eleaécto include Nissan's Vehicle Sound
for Pedestrians system, which will include one sbian forward motion and another
for reverse.




Available electric cars Nowadays

Model Top speed Acceleration
Wheego | 105 km/h
Whip LiFe | (65 mph)

CODA 129 km/h | 0—-60 mi/h in 11
Sedan (80 mph) seconds

REVA 104 km/h
NXR (65 mph)

Eﬁr;ﬁ 135 km/h | 0-62 mph: 9.0
(84 mph) | seconds (est)

Z.E.
J;tcaa 105 km/h | 0-62 mph: 10.0
Vista EV (65 mph) | seconds (est)

Ford Focus, 137 km/h
Electric (85 mph)

Hyundai | 130 km/h | 0-100 km/h in
BlueOn (81 mph) 131

Tesla | 193 kmyh | 0097 km/h (0

Model S | (120 mph)

Adults+kids

to 60 mph) in 5.6 5+2
s

. Market
L Nominal
Charging time release
range
date
161 km
(100 mi) Dec 2010
full charge in approx. 6 193 km
hours (120 mi) Q32011
160 km
(99 mi) 2011

6—8 hours with standard
AC power; 30 minute
rapid charge to 80%

161 km Early
(100 mi) 2011

241 km

(150 mi) Q12011
approx 6 to 8 hours,| 160 km
230 V/16A (99 mi) | Ate 2011
6 hours W|t_h 220V | 140 km
power; 25 minute rapid (87 mi) Late 2012
charge to 80%
Full charge 3.5 hours
using the High Power 483 km 2012

Connector or 45 minute (300 mi)
QuickCharge

Figure 17: “Table of some cars available nowadays”
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4. COMPARISON OF THE MEDIUM/LOW VOLTAGE
NETWORKSTRUCTURE OF DUSSELDORF AND MADRID

4.1.Medium/Low Voltage Network Structure of Madrid

Madrid is the capital and largest city of Spaine opulation of the city is roughly

3.3 million (as of December 2009); the entire pagiah of the metropolitan area (urban
area and suburbs) is calculated to be nearly @l®milberdrola provides power to
approximately 4.200.000 inhabitants in Madrid, adotg to data provided by the
company itself so that it will be the number weet@thto account in our study.The city is
located on the river Manzanares in the centre tf bee country and the Community of
Madrid.

Firstly, we are going to proceed to describe hoargyis distributed in the present
case.

We can see how energy is generated in hydrauliepawiclear power stations,
conventional thermal powerplants and renewablels asavind, photovoltaic, solar, etc.

The energy obtained is transformed to very higtaga, 400 kV (to minimize energy
loss) for transport. Red Eléctrica de Espafa igrtarager of the transmission grid and
acts as the sole transmissioner on an exclusivs.bas

As we can see in the following picture, when enagetg into the transformer
substation, it goes from having a value of 220 &\another between 66 and 45 kV
(being previously transformed from 400 kV into 2&0) so we are in high voltage area.

This energy is transported through the distributines to reach the substation
distribution transformer. There becomes mediumagat 20 kV and 15 kV.

Finally, low voltage conversion occurs in the prgiag centers where we get the 400-
230 V to supplied in urban area.




We can see and fully understand the whole processifollowing figure:

LINEAS
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-
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Figure 18: “Electricity path Madrid” Source: Iberdyla Distribution

In that picture, also we can see the length ofittes, the power in MVA and how

many centers there are of each type.

Below we see a line diagram of the network in Madri

MAT (400 kV}

1 MAT (220 ky)

A3 oT= ! MAT ( 132 kV)

10.102 MVA

]
10,621 km e
MATI/ATIMT v
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1.864 MVA \ .‘

I
1
|
1
1
1
I
I
1

1

MTy20-15 kV)

15.751CTs
8.707 MVA
16.9256 km BT

{400-230V)

MAT=Very High Voltage AT=High Voltage MT=Medium Yage BT=Low Voltage

Figure 19: “Network in Madrid” Source: Iberdrola Btribution
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There are 49 transformer substations with an ilestgrocessing capacity of 10102
MVA in total (about 206 MVA per substation).

The total length of very high voltage lines, highitage lines and medium voltage lines
is 10621 km.

The length of the lines of 132 kV, 66 kV, 45 kV (ydigh voltage and high voltage) is
1527 km so that the remaining 9094 km are mediuliage lines of 15kV and 20 kV.

In medium voltage, we can find 112 substations withnstalled processing capacity of
6193 MVA in total.

There are 63 distribution transformer substatioits an installed processing capacity
of 1864 MVA in total (about 30 MVA per substation).

Finally, there are 15751 processing centers witstalled processing capacity of
8707 MVA in total and the total length of low vajelines is 16925 km.

5212 of these Distribution and Processing Centerparticular.

Below are the types of transformers used for eatfage:

VERY HIGH VOLTAGE INTO HIGH VOLTAGE:

These transformers convert 400 kV to 220 kV. Theypmoperty of Red Eléctrica de
Espanfa. It consists of two transformers of 450 Ma&kh.

Very High Voltage
(400 kV)

High Voltage (220 kV)

-

Figure 20: “VHV/HV TRANSFORMER” Source: Iberdrolasiyibution
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HIGH VOLTAGE INTO MEDIUM VOLTAGE:

These transformers convert 220 kV to 20 kV. Theectlaree transformers of 50 MVA
each so the configuration is as follow:

-For 220 kV the system is GIS (encapsulated) dobatavhich tend to have three lines
of 220 kV.

-For 20 kV the system is GIS (encapsulated) dobatewith 3X10 outputs. There is
also a longitudinal coupling between bars of 20 kV.

[ )

High Veltage (220 kV)

Medium Veltaga (20 k) l
e

Figure 21: "HV/MV TRANSFORMER” Source: Iberdroladbiibution

AA

MEDIUM VOLTAGE INTO LOW VOLTAGE:

These transformers convert 20 kV to 0,4 kV. Igmdal transformation Center we
have two transformers of 630 KVA of power each.yhave two line breakers and two
fuses for transformers and two low voltage boxeat) three or five outputs each.
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¢

Low Voltage {04V
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Figure 22: “MV/LV TRANSFORMERSource: Iberdrola Distribution

In urban networks tend to avoid intermediate trarmsations between transport (220
kV) and medium voltage (15 or 20 kV).

In Madrid city substation typical configuration ae follow:

ST 132/15 kV with three transformers of 40 MVA 1B2kV

ST 220/15 kV with three transformers of 50 MVA 2PDkV

Although in Iberdrola the preference voltage fa MV network is 20 KV, there are
some areas with others voltage levels like Maditigwhere is supplied with 15 KV.

In Madrid is so common the “Distribution Centerhieh is a switching Center that

provides protections in its outletstand, usualgdi® 2 or 3 large section cables (AL400)
from the station. It allows reducing outputs numikethe Substations and also this way

downstream failures don’t affect the entire submtaeeder.

In MV the most used cables for urban areas are Ali@ddistribution and AL400 for
connecting the Subestation to Distribution Centers.

The MV network has a big number of interconnectjavisich allows a very important

support power between substations. The tendertoysispport even the complete

failure of a substation with the help of suppoaonir other substations. In older networks

the design of the MT network doesn’t follow a cleaucture.




In modern networks (urban and rural) the trenthefloads is based on two
complementary systems:

- From the substation feeding Distribution Centecated near major
consumption areas, from these Distribution Cergatsables that
connect with the Transformation Centers and fims&nother
Distribution Center (or Substation)

- Loads closer to the substation are feeded diréwiy the substation
with distribution cables which finish in anothelbstation or other
Distribution Center.

The low voltage that coming out of each TC run tiglothe streets connecting the
points of low voltage supply in so-called CGPs (E&aneral Protection), which
basically allow the referral to the client is pritd by a fuse. In Spain they are the
property line between the distributor and low vo#aupplies.

Now we are going to see some examples with photos.

The following picture shows a typical Medium Voleabletwork in the center of
Madrid:

Figure 23: “Medium Voltage Network” Source: IberdaoDistribution
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Now, an example of a Low Voltage Network:

Figure 24: “Low voltage Network” Source: IberdroRistribution

Finally, the last picture shows the interior of tpmcessing centers, namely CT Crial
and CT Comandante Fortea:

Figure 25: “Processing Centers” Source: Iberdroladiribution
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4.2 .Medium/Low Voltage Network Structure of Disseldrf

Dusseldorf is the capital city of the German stdtBlorth Rhine-Westphalia and centre
of the Rhine-Ruhr metropolitan region. The popolaif the city is nearly 586200.
Dusseldorf is in the middle of the lower Rhine basin the delta of the Diissel River
where it flows into the Rhine.

Energy landscape in Dusseldorf roughly as follows:

About 20% of the energy of the city is importednfrthe company RWE in Essen, such
transport is carried at very high voltage, 400 kV.

The remaining 80% is generated in DUsseldorf, whebstations are approximately
3800 and 2700 which belong to Stadtwerke Dusseldaid that they are able to cover
90% of demand in the city.

Within the city there is a conventional gas turhiima&t works with a generator and has a
capacity of 90 MW (Heizkraftwerk Flingern, it watetfirst big power plant in
Dusseldorf). The more powerful central is LauswRadver Station which has three
generators and a power of 580 MW. Lausward cogénarplant is a combined cycle
power plant (CCPP), and since 1957 the largest ppilaat in North Rhine-
Westphalia's capital Dusseldorf. It is locatedhe port of Dusseldorf and its tall
chimneys are visible from far away.

This power station was originally a hard coal postation. Since 1998 the gradual
conversion of the power station to natural gaofedld. The power station produced
also long-distance heating.

Schematically, the distribution of energy in Dusgeef would be as follows:

%

RWE

a 10/23 k7
400/110 k7 A0k

Figure 26: “Electricity path Disseldorf”




Below we see a line diagram of the network in Dliks&

MAT (400 kV)

S

l MAT (220 kV)

MAT (110 kV)

61'3 g?’
AT (66-45 kV)

v

@ MT (25-10 kV)
%

MAT=Very High Voltage AT=High Voltage MT=Medium Yage BT=Low Voltage

Figure 27: “Network in Disseldorf”

The data discussed below date from 2009 and arenigéhs of the lines. The source of
information has been Stadtwerke Dusseldorf:

The length of the network without connections (8gstis 9819 km.
High voltage network (110 kV) is 130 km long.

Medium voltage network (10 to 25 kV) is 3383 kmdon

Low voltage network (0.4 kV) is 3462 km long.

Also, there are 89623 house connections, 46116étdighting units and 433701
counters.
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2700 stations belong to Stadtwerke Dusseldorf eartstormers are about 2800 so, in
most substations there is only one transformer0 1&hsformers have power of 630
kVA and the rest are rated at 500 kVA. The remastations (1100) are owned by the
customers themselves.

Now we are going to see some examples of the Di@m$eletwork structure with
pictures.

The first image shows an example of very high \gdtaetwork that goes from 400 kV
to 110 kV:
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Figure 28: “VH Network Diisseldorf”

Source: Stadtwerke Diisseldorf
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The second image shows an example of the netwoek wdkes place the conversion of

220 kV to 110 kV
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Figure 29: “220kV/110kV Network” Source: StadtweiBasseldorf

Now we can see an example of the 10000 volts grtte following picture:
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Figure 30: “10kV Grid” Source: Stadtwerke Dusselélor
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Now let's get into the inside of a typical transfier station.

Firstly we can see the low voltage part with a agé of 400V:

Figure 31: “Substation Low Voltage part” Source:a8twerke Disseldorf

It is interesting also the medium voltage part A@Oolts), this figure shows the
location of the switches:

Figure 32: “Substation Medium Voltage part” Sourcgtadtwerke Dusseldorf
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Finally we see the picture of the transformer wipabduces the decrease in tension of
10 kV to 400 V:

Figure 33: “MV/LV TRANSFORMER”

Source: Stadtwerke Dusseldorf

E



4.3.Comparison of Medium/Low Voltage Network Structire of
Dusseldorf and Madrid

The first thing to note is that the number of inketts is significantly higher in Madrid
than in Dusseldorf (4.2 million versus 586.200) #metefore all figures will be higher
in relation to demand, production, infrastructete,

Once reviewed this, we proceed to list the feattoemmpare:

1. Voltages

We can see in the following picture how the voltgee not exactly the same between
both cities:

MAT {400 KV|

MADRID

-._.-

MAT {220 kv})

AT [66-43 KV}
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Figure 34: “Comparison Dusseldorf/Madrid Network”

As we can see, the first major difference is thailevin Madrid transport of energy at
very high voltage is performed at 132 kV, in Dudsel occurs at 110 kV.

This can be justified as they need to transporhtpk voltage power over long
distances while minimizing losses and maximizing power transported.

A voltage increase means a decrease in currenighrine line to carry the same power
and therefore heat losses of the conductors actt@eagnetic effects. A higher
voltage, lower intensity and, consequently, lowsgrgy loss, which is very important if
we take into consideration the fact that powerdiaee often long distances.

In addition, a greater intensity requires more eh$vsection, and therefore a higher
weight per unit length.

For all these factors, it raises voltage’s trantspeducing the intensity and lowering
transport costs.

We appreciate that in Madrid this voltage is grebezause, as we will see, the lines are
longer and require more transportation energy asaded increases.

In medium voltage the values are also differentslenn Madrid distribution lines are
to a tension between 15-20 kV in Dusseldorf theyadra voltage between 10-25 kV.
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In relation to this, we can say that the capabibtgistribute energy is higher in

Dusseldorf than in Madrid despite being a smaliigt. ¢

2. Length of the Lines

We see clearly in the following comparative tatdesectrical lines are longer in
Madrid than in Dusseldorf as the energy in the ity is transported from longer

distances and in greater proportion.

MADRID DUSSELDORF

1.527 km 130 km HIGH VOLTAGE
9.094 km 3.383 km MEDIUM VOLTAGE
16.925 km 3.462 km LOW VOLTAGE

Figure 35: Table length lines.

3. Substations

Source: Stadtwelkisseldorf and Iberdrola

Here also we see as the number of substationgh&thin Madrid than in Disseldorf, of
course, because of having a higher energy manageAwording to data provided by
Stadtwerke Dusseldorf and Iberdrola Distribucionkmew that:

In Madrid there are 15.751 centers of energy transformagioycéssing centers) of
medium to low voltage and 5.212 particular or pievsubstations. There are also

2.029.359 counters.

In Dusseldorfthere are 2.700 centers of energy transformatimtgssing centers)
which belong to Stadtwerke Dusseldorf and 1100iqdar or private substations.

There are also 433.701 counters.




4. Transformers

Here we find similarities between the two citiesdngse both use transformers of 630
KVA for the most part though each city has its piecities:

MADRID:

Medmm Voltage (206 /— \\

¢

Low Voltage (0,40

" J

Figure 36: “MV/LV Transformer in Madrid” Source: Hrdrola Distribution

As we saw in the previous description, the typamaifiguration is two transformers per
substation with a capacity of 630 kVA each.

DUSSELDOREF:

Mednm Voltage f |
26-10 Ky L _

Low Voltage

00-230 4 \ /

Figure 37: “MV/LV Transformer in Disseldorf” Sourc8tadtwerke Dusseldorf
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The typical configuration in this case is a transfer per substation as there are 2800
transformers for 2700 substations. 1500 of thesestormers are rated at 630 kVA and
the other nearly all have a capacity of 500 kVA.

5. Energy Management

In Madrid the energy demand is covered as follows (accordiREE):

35.6% Renewable Energies
16.6% Nuclear
47.8% Fossile and other energy forms

According to the Aragonese Institute of Statis{aata for 2009), in the same city 36
GWh is generated by Hydropower and 1677 GWh iniapsegime (Combinated Heat
and Power, waste treatment, biomass, solar enadyywand power).

In Dusseldorfthe energy demand is covered as follows (accorir®adtwerke
Dusseldorf):

27.7% Renewable Energies
19.8% Nuclear
52.5% Fossile and other energy forms

According to Stadtwerke Dusseldorf (data for 200853704 MWh were generated in
the city itself, particularly in Lausward productiplant and Flingern power plant.




The following graph shows visually the proportidreach energy source used to meet
demand:

MADRID

DUSSELDORF

Figure 38: “Graph of energy sources”

Where number one in blue is for Renewable Energmber two in maroon
corresponds to Nuclear Energy and number threeigelcolor corresponds to Fossil
and other forms of energy.

Dusseldorf note that the percentage of energy mextlby Fossil fuels and Nuclear
energy is higher than in Madrid while the perceatafjenergy produced by Renewable
Energy is higher in Madrid. Both, in this orderpguce more energy from Fossil fuels,
followed by Renewable Energy and Nuclear Energalfyn We see that although the
percentages are different, they are close.

Let us focus now on demand. According to the Aragerinstitute of Statistics, the
total demand in Madrid in 2009 was 30.528 GWh whil®ilsseldorf, according to
Stadtwerke Dusseldorf, the total demand in 20092v657.250 MWh.

These data are logical to be considerably more muwmsepopulation Madrid than
Dusseldorf. But if we make a more thorough analygish as calculating the
consumption per capita per year will get the follogwresults:
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6
MADRID: 3052810°kWh _ ) s qewh hab
4210%hab
3
DUSSELDORF: 289725010 KWh _ ) caawh hab
58620(hat

(data provided by Stadtwerke Dusseldorf told us i average consumption per
capita and year is 4.528 kWh in Dusseldorf, toxact

It is curious that, according to UNESA (Spanishoagsion of electric industry), as
seen in the table below, per capita consumptidgarmany is higher than in Spain:

Consumo de electricidad “per capita”
de los paises de la Unién Europea

Consumo “per capita®™
(kWhhab )

Luxemburgo 13703
Bélgica 8313
Francia b=l
Auzstria E=ElE]
Holanda V032

[ &lemania 5.744]
Ezlovenia 5391
Republica Checa 6131

[Espaiia 5.721|
ltalia 5.629
Eslowanuia 4581
Grecia 4774
FPortugal 4 736
Hungria 3893
Folonia 3422
Media 6.149

Fuerte: LUMESA,

Figure 39: “Per capita consumption table”

Source: UNESA

But if we focus our attention on our subject, whigslthe comparison between
Dusseldorf and Madrid, we note that a resident atiMl consume about 1.6 times
more than an inhabitant of Dusseldorf, which isgaghus for the city Dusseldorf
because it is an indicative of the social conseiess of the importance of saving
energy.
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5. NEPLAN SIMULATIONS OF POWER SYSTEMS WITH
ELECTROMBILITY

With the program called Neplan and with data sugapby

the company Stadtwerke Dusseldorf concerning thear& architecture of this city, we
will study the results of the load flows on a snpllt of the Disseldorf

network located in the south of the city (HabesteaWersten) to the massive influx
of electric cars.

For this study we assume a standard battery o¥@0 Wwhich is the most usual used in
the available electric cars nowadays. The instauas power consumed depends

on the recharge time, so we will see five differesdes that are a slow recharge of 8
hours, the intermediate recharges (4 hours andishand two fast recharges of 1 hour
and 20 minutes.

Because we only have a demo version of Neplananeat study the most real case
according with the data from Stadtwerke that wdaéd lines for each transformer,
each line with 10 loads for the houses and 10 loaai® for the electric vehicles in the
case that each house had just one electric veolave have decided to study a
single line with 20 loads, 10 for houses and 1Qlierelectric vehicles, for each kind of
recharge.

However, to show that the transformer could supih@t3 lines with all electric

vehicles connected with the fast recharge at theedane, we have also done

a study with 3 lines but with half elements anddbeble load, due to the demo version
doesn’t allow put more than 30 elements. Thisestost real case that we

could simulate with this program. We will see thextion at the end of this chapter.

We will start seeing the flow load of this parttbé Dusseldorf netwonkithout
electric cars with an average consumption per household of 6 kh¥¢ result is as
follow:




M1
0.4 kv
U=0,400 KV
u=00.90 %

All parameters are within limits, as well as thédtage in the last node (more than
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Figure 40: “Load flow without Electromobility”

90%) and the supported current of the cables.
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Then we will see the results of telwwest rechargevhich during8 hours. To
calculate the instantaneous power consumed fdvdttery we have done the follow
calculation:

30kWh

TR 3,75kW

So according to there is only one electro vehitleach home, we have 10 loads of 6
kW for the houses and 10 loads more of 3,75kW dmhecar.

NO P=d1, 108 MW
10k =<0, 12 Mvar
U=10,000 k¥
u=100,00 %
P, 1085 MW
150,002 Wvar +
=0, 0508
K_?)ﬂ
W1 '/
0.4 KV B=0,1085 MW
U=0,400 kW = C=-1,001 Mvar
=50,98 % P, 10645 MW 1=0,151 ki
] m
0.4k (5]
U=0,2386 kV Ev2 P, 104 MW = N3
=011 % || e=oomdmw _ ©=0,001 Mvar £20 008 MW 0.4 kV
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& A ¥
; i (7] B4RV
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Figure 41: “Load Flow with slow recharge”
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We can see the voltage on the last node is witterimits too, but a section of the line
cannot support the current flowing. We will see plossible solutions to this problem in
the next chapter.

The next case is with a rechargeddiours:.

30kWh

m =7,5kW

So changing the value of the electric cars loa@sget the following results:
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Figure 42: “Load Flow with 4 hours recharge”
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With this kind of recharge the voltage level on k&g node is also within the limits

(bigger than 90%), but we have problems in foutgaf the line, because if the power

demand increase keeping the same voltage leveatutinent will be bigger so some
parts of the line couldn’t support that current.

So as we said previously, we will see possibletswis in the next chapter.

If we want to recharge cars with this type of batie 2 hours, the demand of each car

will be:
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Figure 43: “Load Flow with 2 hours recharge”
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As we can see, in this case there are 7 partsdirth where is flowing more current
than the cables can support and also the voltagleeolast node falls bellow 90%
that is a problem for the company that distributeselectricity because they

have to ensure a voltage level 90% above the ndwahae for all consumers.

Can previse that with a faster recharge, the veltagel will fall more and the
line current will be higher. We can see it in tesults for a recharge @fhour and 30
KW:
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Figure 44: “Load Flow with 1 hour recharge”

58



In this case the voltage level fall until 72,04%tba last node and only one section of
the line can support the flow current, so we nesd solutions for make possible the
fast recharges of the electric vehicles.

The last recharge example is fastestone which during onl20 minutes
but cause serious problems to the network.
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Figure 45: “Load Flow with 20 minutes recharge”

In this case the program gave problems becauseottege on the last node is very low
(43,62%) and also the current very high for thgpe of cables.

Before go to study the solutions for the problemthe network that we have get with
the program and could make possible the integratidhe electric cars in the net, we
will see if the transformers could support the attwnfiguration with 3 lines for each
transformer, or they should replaced for anothggéi if there was an electric car in
every houses and every people wanted to rechaag¢hié same time.
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Figure 46: “Power System with Electromobility”

As we can see, the voltage on the last node isrltdvea with only one line for the same
recharge (1h, 30kW) because each part of theditenger, so there will
be more voltage drop in each part.

We can see again that the flow current is highan the cables can support, but the
transformer doesn’t have any problem with all el connected. It can provide the
total power but maybe it would need more coolirantkvithout electric cars.




6. TECHNICAL REQUIREMENTS OF THE NETWORK AS ARESULT O F
ELECTRIC CARS

As we saw in the results with Neplan, we have @otdl in the cables because if all
electric cars are connected at same time the dutosving through the cables will be
higher than it can support, even with the slowesharge (8 hours).

Also the electricity distribution company (in tldase Stadtwerke Dusseldorf) would
have problems to ensure a voltage level higher 8086 to the consumer on the

last point of the line as law required.

For find possible solutions, we are going to seeréisults of each recharged with more
detalil.

If all cars do aslow recharge of 8 hoursonly would be necessary change the second
cable of the line for another one bigger that cdwdddle the current that flow. It can
support 142 amperes and with this kind of rechfiaye 151 A, so change just this part
wouldn’t be so expensive because all of the ottedstes can support the current that is
flowing and also the voltage level on the last nsdeithin the limits (93,79%).

With arecharge of 4 hoursthe first cable can support the current but netfthlowing
four. The voltage level on the last node is 91,384t is within the limits, so this type
of recharge could be viable changing the four cafe others bigger but do this
operation would be expensive for the companiesaan@sult the

consumers could suffer a rise in the electriciigear

The threaquickest rechargesstudied are not viable for the current urban stitacture
because in all the cases the voltage on the la isoout of limits and the flow current
is so much higher than in the previous rechargeg,would need change mostly of
cables for others bigger for support the curreat\aith less impedance for reduce the
voltage drop.

This work would be expensive so the better soluttwrcan make possible the fast
recharges is build charging points in public plati&e supermarkets or garages of
workplaces, with the infrastructure appropriatedopply the necessary power. So slow
recharges may be make in the garages of the hansgegst recharges only may be
make in the recharges points enabled for that use.




As for the slow recharges as for the fast rechaigeecessary the implementation of a
smart system in the recharges points that can pessble the connection between the
electric vehicle and the net for a better energpagament. This topic will discuss on
the next chapter.
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7. POSSIBLE FINAL SOLUTIONS FOR THE OPERATION OF THE
ELECTRIC CARS

As we have seen, electric power systems are facmgjor new challenge: the future
integration into the grid of massive electric véhi(EV).

In terms of the electric power system, EV can hes@tered as:

-Simple loads, when their owners simply define tihat batteries must be charged at a
certain rate;

- Dynamic loads/storage devices, if their ownernéea time interval for the charging
to take place, allowing some EV management stradtucontrol that process.

If we understand EV as a simple load, it represansge amount of consumed power,
which easily can approach half the power consumealtypical domestic household at
peak load. Therefore, it is easy to foresee majoblpms of congestion on already
heavily loaded networks and problems of tensionpredominantly radial profile
networks, especially if the peak periods coincid &V charging periods.

There are two ways of adapting the presence of &ty charging on distribution
networks. The first is to plan for new networksiway that can be handled completely
new charges, regardless of the control scheme hwhiuires heavy investment in
network reinforcement to do so. The second is¢ateran intelligent management
system that fully integrates EV in the power systdma exploitation of the potential
also to store energy and thus optimizing netwoviestments. The latter is, of course,
the way it should be done:

7.1.V2G networks. I ntelligent Networks and Smart Grids:

V2G is an acronym for “Vehicle To Grid”.

Nowadays these type of networks are under congideraut if the electric car reaches
the expected popularity, these intelligent netwa@iesthe next step to develop.

This technology allows energy’s storage in theeyaflours and recovey of electricity at
peak times from batteries of electric vehicleshi® metwork.

V2G can charge the batteries during valley houhrgemthe kWh is cheaper, and sell to
the grid at peak hours, when kWh is more expensive.

So, with the V2G everyone wins: the owners of tbkigles, electricity companies,
society and the planet, although this requirestecrg@an entire infrastructure no longer
exists.




Figure 47: “Vehicle to Grid”

The charging of electric vehicles can be conduativenductive. The conductive system
Is the direct connection to the network as simglelagging vehicle through special
high capacity cables with connectors that proteetitigh voltage conductor. Inductive
coupling has the advantage of preclude any shatksbmore expensive and less
efficient than the first. Inductive charging consis that a few electric cars could be
adapted to recharge simply by parking on a platesmitting on the road. Citroén
electric cars are already equipped with receivilaggs under the car, allowing the
vehicle to automatically recharge wirelessly.

Figure 48: “Conductive System” Source: Chinadaily
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Figure 49: “Inductive System”
Source: Blog de Ingenieria en Redes y Tecnologj#dDi

Network provides power to the vehicle in AC modermally, the charger converts AC
mode into DC mode and provides energy properlhéddatteries (from here is supplied
to the engine and the wheels).

Some engines operate in AC mode, so that an invesist convert the DC of the
battery.

As the price of energy is lower in valley periodsyould be usual to recharge the
batteries at night. A Smart Grid with a large numtifecharging points in roads and
parking areas with appropiate software would tedl ¢ar when to recharge, stop and
even shed electricity to the network.

On average 95 percent of all cars are parked artecplar time, being used on average
an hour a day. It would be desiderable economientice (as we saw in the Chapter of
Electromobility nowadays) for making the rechargethe valley hours and allow to

use the enery stored in the batteries in caseeaf paying for that energy a higher price.

The intelligent load management, how to make ther@onnection of charging points
with the system supplier and a tariff model thahiine with the new demand, are the
main challenges facing industry to make the elecr can also perform the function of
regulator.
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That is why electric vehicles can play a key rolstart better manage the network,
flattening the load curve, use the active reservemof which is wasted (the amount of
electricity available to ensure the immediate alality when needed by an unexpected
increase in the demand) and permit an increadeeicdntribution of wind and other
energy renewable, and may involve a restructurfrigeelectric and transport leading
to new specialized companies.

An electric vehicle type, which runs some 17,00@ema year, and makes
recharge by 80% night rate, would spend about 8@@sea year in electricity.
Travel the same distance with gasoline or dies&l @mund 2,000 or 2,500 euros
in fuel, given normal driving patterns.

The Californian Company AC Propulsion has beerfiteeto develop electric vehicles
with two-way communication with the network, theee®which incorporates TZero
patented technology. This system allows bidirecigrower flow for 50 or 60 Hz,
allowing the vehicle's own battery provides powsesre

to a house. It also allows the connection betwedmcles (V2V, vehicle to vehicle)
thus enabling to perform a roadside assistance tegtric vehicle that has run out of
battery power by applying a fast charge.

When EV are required to make long trips, battepfasement stations will start
appearing outside city areas, perhaps nearby roaasr The concept of “Electrolinera”
born in the company Better Place, which has itsigearters in California. The idea is
to have a service station for electric cars wihiees recharge batteries in about a
minute through the exchange of their batteries.

7.2.Electric Car Battery Swap Station (ECBSS):

Such stations would consist of a robotic device gletely change the car battery for a
full load.

Explaining the process is entering a rail car wigigle which will accommodate on a
mechanism to remove the battery that is below #&neand then mount the new one to
go down a ramp as if nothing in no time.
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Figure 50: “Better Place ECBSS”

Source: Noticias.coches

Better Place has the idea that all infrastruct@eessary for the operation of the station
is installed underground, and that the same stovatal2 batteries with electrical
connection to the network, to load all the stockhimi one hour. In the future we will
see in California, Israel, Denmark and the mairgiof Spain.

Undoubtedly it is an interesting idea but not vesgful unless it is for a specific sector
such as the carriers with fleets of cars as a nause is not generally end up charging
the car battery in a day, can get home and pluglging on charging ports in public
parking lots, shopping centers or their own offices

The biggest problem is that all automakers woublkha make their batteries and
containers of them in a standard way to perform thebughout, but as we know the
consensus between the marks seems impossible.
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9. ACRONYMS

EV: Electric Vehicle

R + D + i: Research + Development + innovation
R + D: Research + Development

DGs: Direccion General de seguros

C.S.1.LE.: Conference and Industry Sector Energy
PHEV: Plug-in Hybrid Electric Vehicle

BEV: Battery Electric Vehicle

GIS: Gas Insulated Switchgear

ST: Substation

TC: Transformation Center

UNESA: Asociacion Espafiola de la Industria Eléati8panish Association of the
Electricity Industry)

AC: Alternating Current

DC: Direct Current
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10. SPANISH ABSTRACT

e Introduccién

Como introduccion a nuestro Proyecto hemos comlstrumna tabla en la que podemos
ver resumidamente los comienzos y la evoluciorcdehe eléctrico, donde tuvieron
lugar las primeras construcciones de estos velsgud disefiador 6 fabricante

correspondiente:

cala
1S

===

ANO | DISENADOR/FABRICANTE | LUGAR | CARACTERISTICAS

1828 | Anyos Jedlik Hungria Modelo de coche a pequeia
escala propulsado por un moto
eléctrico

1834 | Thomas Davenport USA Pequefio modelo de camhe ¢
una pista circular electrificada

1835 | Sibrandus Stratingh Holanda | Coche eléctrico a pequefia es

. propulsado por células primarig
Christopher Becker no recargables

1838 | Robert Davidson Escocia Locomotora eléctriga q
alcanzaba una velocidad de 6,4
Km/h

1839 | Robert Anderson Escocia  Carruaje eléctrico

1865 | Gaston Plante Francia  Primera bateria redargab

1867 | Franz Kravogl| Austria| Vehiculo de dos ruedas
propulsado por un motor
eléctrico

1881 | Gustave Trouvé Francia  Automovil eléctricdrds
ruedas

1884 | Thomas Parker England Innovaciones tales como
electrificar el metro de Londres

1899 | Camille Jénatzy Belgium “Jamais Contente”, vehiculo
eléctrico que superaba los 100
km/h




* Motivacién de este Proyecto

Los motivos que nos han impulsado a realizar estgeleto sobre el coche eléctrico son
diversos ya que este tipo de vehiculos aportan asuabntajas, no solo
medioambientales sino también a la Red.

Algunas de ellas son:

-Mejoran la eficiencia energética del vehiculo.

-Reducen las emisiones de CO2 y, por tanto, contamimenos. También producen
menos ruido y por tanto disminuye la contaminaeiéastica.

-Reducen la dependencia del petréleo.

-A largo plazo resulta mas rentable pues la et@dad es mas barata que la gasolina.
-Contribuyen a aplanar la curva de demanda y po @ mejorar la eficiencia del
sistema. Para ello los consumidores deberian r@cang coches en las horas valle.
-Facilitan la integracion de las energias renovaidgs condiciones de seguridad.

Aunque el vehiculo eléctrico tiene muchas ventajasno ha alcanzado el éxito
esperado pues cuenta con algunos inconvenientepag@a poco, se estan tratando de
resolver:

-La necesidad de recargar la bateria, lo cualemezl consumidor cierta dependencia
pues tiene que estar pendiente en todo momentateetgia de la que dispone y del
tiempo necesario para recargar la bateria.

-Las baterias de estos coches son muy pesadasrgdilice la eficiencia del coche. Por
ejemplo, la bateria del Tesla Roadster pesa ur&itigramos lo cual afecta al
funcionamiento del vehiculo. Actualmente se edrahdo a cabo muchos proyectos
de investigacion y desarrollo para conseguir baderada vez menos pesadas y con mas
capacidad.

-Por su construccion, el vehiculo eléctrico es munlds caro que uno con un motor
convencional. También el hecho de que hay que @artzbbateria cada 3 ¢ 4 afos lo
encarece. Los gobiernos tratan de solventar esbégona dando subvenciones a los
usuarios de este tipo de vehiculos.

-La autonomia del coche, es decir, la distanciaegusapaz de recorrer con una sola
recarga, la cual puede ir desde los 200 km hast4d0 km dependiendo del vehiculo.

Como vemos, la bateria es el principal inconverieet coche eléctrico y en este
Proyecto estudiamos los tipos de baterias corrilasipales caracteristicas de cada una
para ver cual es la mas idonea dependiendo detasidades. También estudiamos las
soluciones para los problemas tales como la aut@nora posible sobrecarga de la
Red.




» Electromovilidad hoy en dia

> Electromovilidad en Espafia

A principios de 2010 varias empresas esparolasai@munos grupos de trabajo para la
elaboracion del PLAN INTEGRAL ESTRATEGICO PARA LAR®MOCION DEL
VEHICULO ELECTRICO EN ESPANA, con el proposito demover la
electromovilidad en este pais. El objetivo de pkia es facilitar la integracion del
vehiculo eléctrico de tal manera que el 2014 hagalando en Espafia 250000
unidades de este tipo de vehiculos.

Para ello algunas de las medidas tomadas segUplastson:

-Dar ayudas economicas a los usuarios de los Vekieléctricos y facilitar en la
medida de lo posible la adquisicion de uno medianbsenciones.

-Dar ventajas al coche eléctrico con respecto adobes con motor convencional tales
como reduccion de impuestos, aparcamientos ylagicun preferente en la via publica
0 acceso a areas restrictivas por parte del vehatattrico.

-Programas de investigacion, desarrollo e innovaag& como la industrializacion a
gran escala del coche eléctrico y de sus compamente

-Habilitar la infraestructura necesaria para larga de las baterias en el mayor nimero
de zonas posible, tanto publicas como privadas.

> Electromovilidad en Alemania

En 2009 se cred en Alemania un plan estratégioualies PLAN NACIONAL DEL
GOBIERNO FEDERAL ALEMAN PARA EL DESARROLLO DE LA
ELECTROMOVILIDAD cuyo obijetivo era que el pais gemo fuera lider en
Electromovilidad. Se espera con ello un total denilion de coches eléctricos en las
carreteras alemanas para el afio 2020. Este pkessicturado en fases con distintos
objetivos a corto plazo en los cuales se pretergfgapar el mercado primero, luego
propulsar la venta de estos vehiculos y por ultarmoduccion masiva de ellos
mediante la investigacion y el desarrollo de lasiias, la habilitacion de la
infraestructura y la promocion en el area de ladasey el mercado.
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» Comparacion entre las estrategias Espafia/Alemania

La principal diferencia entre los dos tipos deatstia es el objetivo perseguido puesto
gue mientras que en Espafia se pretende la singoteopion del vehiculo eléctrico, en
Alemania quieren ser lideres mundiales en Electuwilidad. También se diferencian en
la estructura pues en el plan espafiol estan lasnasca desarrollar y en el aleman
ademas se nombran los objetivos a alcanzar inalloykas fechas en las cuales se
pretenden llevar a cabo. Ambos planes dan sumariammia a la investigacion y
desarrollo del vehiculo eléctrico y hacen hincapiéar el mayor nimero de ventajas y
comodidades a los usuarios de éste.
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Detalles técnicos de los coches eléctricos

» Tipos de Baterias

En este capitulo han sido estudiados los diferdiptes de baterias disponibles y
en desarrollo, que son:

Plomo-Acido

Niguel-Cadmio
Niquel Metal Hidruro

lon-Litio
Polimero Litio
Zebra
Zinc-Aire

Como resumen a las caracteristicas de cada urasl@ernos la siguiente

tabla:
Tipo de Densidad Energia/Volumen Potencia/Peso Vida util Eficiencia
Bateria Energética | (Wh/litro) (W/kg) (Ciclos) Energética

(Wh/kg) %

Plomo- 30-40 60-75 180 500 70-80
Acido
Niquel- 60 60-150 180 500 82
Cadmio
NiMH 70 143-300 250 1000 60-70
Li-ion 200 270 1800 1000 80-90
Polimero 200 300 3000 1000 90
Litio
Zebra 120 300 nd 1000 99
Zinc-Aire 370 750 nd 1000 99
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» Aspectos Constructivos

Dada a la escasa infraestructura existente pdiaamelas recargas eléctricas y al alto
coste de los vehiculos puramente eléctricos, tadntciéon de la Electromovilidad esta
vinculada a una primera integracion de vehiculasrqudependan completamente de la
red eléctrica para su funcionamiento. Asi en esgpéalo hemos tratado de mostrar las
caracteristicas, ventajas e inconvenientes dedbiculos Hibridos, Hibridos
Enchufables y Electricos Puros.

Hibrido : poseen un motor térmico y otro eléctrico y npseden enchufar a la Red
para recargarlos. Las baterias son recargadasmeeéiamotor térmico y existen tres
posibles formas de conectar ambos motores. Laguoaftion en paralelo que es la mas
comun ya que ambos motores pueden dar tracciG@h&wlo, la configuracion serie en
la que solo el motor eléctrico puede traccionaedliculo y el motor térmico se usa
Gnicamente para recargar las baterias, y por Ukinitibrido Combinado que usa
ambas (serie y paralelo) siendo la configuracioeezie mas propicia en velocidades
bajas y la configuracién paralelo para velocidaadtss.

Hibrido Enchufable: reinen las ventajas tanto de los hibridos comogsleléctricos
puros ya que se pueden enchufar a la Red. Lagyooadiones de propulsion y
conexién entre el motor térmico y eléctrico sonnasmas que para los Hibridos.

Eléctrico Puro: los vehiculos eléctricos ofrecen una gran cadtakaventajas frente a
los vehiculos de combustién como son la reducoia dependencia del petrdleo, la
mayor eficiencia de estos, el menor coste de legémaecesaria para propulsar el
coche, el menor mantenimiento al tener menos pameganicas asi como la reduccion
de las emisiones locales de CO2 y ruido. A pesandtes las ventajas que ofrecen este
tipo de vehiculos, éstos también deben derribaekss como la escasa autonomia, el
elevado coste de las baterias y la infraestruptara recargarlos. Por todo esto el
desarrollo de los coches puramente eléctricosrgeacen coches para el uso diario en
las ciudades que sean capaces de recorrer laaisstaadia diaria.

El bajo nivel de ruido de los coches eléctricosna@iede una ventaja puede ser un
inconveniente para las personas ciegas, por Ieg@sta investigando para establecer
un nivel minimo de ruido para este tipo de coches.




» Comparacion de la Estructura de la Red de Media/Ba Tension de Madrid

y Dusseldorf

En este capitulo primero se hizo un estudio de nadale las redes por separado, la de
Madrid y la de Dusseldorf, y luego se estableci@ comparativa de la cual destacamos

los siguientes aspectos:

-En Madrid el transporte de energia a muy altadenss a 132 kV y en Diisseldorf es a
110 kV y en media tension los voltajes de distrimdambién son diferentes pues en
Madrid estan entre el rango 15-20 kV y en Dusséldor25 kV.

-Las lineas de transporte y distribucion son sigaiftemente mas largas en Madrid que
en Disseldorf como podemos ver en la siguienta:itabl

MADRID DUSSELDORF

1.527 km 130 km ALTA TENSION
9.094 km 3.383 km MEDIA TENSION
16.925 km 3.462 km BAJA TENSION

-El nimero de subestaciones de cada ciudad edemeite mas numeroso en Madrid,
como se refleja en la siguiente tabla:

MADRID DUSSELDORF

15.751 2.700 SUBESTACIONES
MEDIA/BAJA TENSION

5.212 1.100 CENTROS DE
TRANSFORMACION
PRIVADOS

2.029.359 433.701 CONTADORES




-La configuracién en las subestaciones puestoayuejue en ambas ciudades se
utilizan mayoritariamente transformadores de 638 k& Madrid las estaciones
cuentan con dos transformadores mientras que eseldigsf s6lo hay un transformador
por subestacion.

-La gestion de la energia en ambas ciudades puésdaoduce mas que Disseldorf
por energias renovables mientras que la ciudadaal@mproduce mas en las centrales
nucleares que la ciudad espafiola.

-También es interesante saber que un ciudadanalefdconsume mucha mas energia
que un ciudadano de Dusseldorf pues el primerouwrnesle media 7.269 kWh/afio
mientras que la media de consumo del segundo €$28 kWh/afio.

Las cifras respecto a longitud de las lineas y marde subestaciones son notablemente
mas altas en Madrid porque el nimero de habitastésstante mayor en esta ciudad:
hablamos de 4.2 millones de habitantes (en nuestra de estudio, controlada por
Iberdrola) frente a 586.200 habitantes en Disskl@dros factores como el alumbrado
publico también influyen en el crecimiento del armse de energia de la ciudad
espafiola con respecto a la ciudad alemana.

» Simulaciones con Neplan de los Sistemas de Potenoim integracion de la
Electromovilidad

El objetivo de este capitulo es obtener resultaglales de los flujos de cargas con la
integracion de los coches eléctricos en la Redtifitéanediante simulaciones con
Neplan y con los datos proporcionados por StadsvBrlisseldorf referentes a la
infraestructura de la Red de Baja Tension de estmanciudad.

Se ha considerado una media de un sélo cocheietéptr casa con una bateria de 30
kWh.

Ya que la potencia necesaria para la recarga dmtbees eléctricos depende del tiempo
de recarga, siendo mayor cuanto mas rapida seaédtan estudiado los siguientes
casos: 8 horas, 4 horas, 2 horas, 1 hora y 20 asnut

Después de hacer el flujo de cargas vemos querendega mas lenta, la de 8 horas, la
compaiiia podria asegurar al consumidor un voltggersor al 90% como marca la ley,
pero una seccién de la linea no podria soportaoriéente que circularia con todos los
vehiculos eléctricos recargando sus baterias ezlg las casas consumiendo el maximo
de potencia contratada que se ha supuesto de tkWal.o mismo ocurre con la
recarga de 4 horas, ya que el voltaje en el Ultiodp esta dentro de los limites pero la
corriente es superior a la que soportan los cables.




En las recargas de 2 horas, 1 hora y 20 minutesgakrir mas potencia, el voltaje en el
altimo nodo de la linea cae por debajo del 90%madgoria de las secciones de la linea
no son capaces de soportar la corriente circulante.

Con estos resultados, veremos a continuacion eapéulo 6 las posibles soluciones
para los problemas encontrados.

En dltimo lugar es preciso mencionar que segurusdgocomprobar en el estudio
original de los flujos de carga, los transformadare supondrian ningun tipo de
problema ya que podrian proporcionar sin probldmastencia necesaria incluso con
todos los coches eléctricos realizando la reca@arapida (20 minutos).

* Requerimientos Técnicos de la Red como resultado teintegracion de la
Electromovilidad

Para las recargas mas lentas (8 y 4 horas) sdk fadta cambiar los cables de la linea
gue no pueden soportar la corriente que circuamietodos los coches eléctricos
conectados, ya que el voltaje en el tltimo nodsugerior al 90%.

En cambio el caso de las recargas de 2 horasalyzy minutos seria poco viable
realizarlas en las casas ya que habria que refeowayoria de los cables debido a que
ademas de los problemas con la corriente, el eodajel ultimo nodo esta fuera de los
limites, por lo que este tipo de recargas seriaapéapiado realizarlas en sitios
habilitados para ello con puntos de recarga capdessaministrar dicha potencia en
establecimientos publicos como centros comercigkagjes, etc...

Como se vera en el siguiente capitulo toda estavagivn de la infraestructura no seria
necesaria con el uso del Smart Meter (Medidorilyjgate) ya que éste se encargaria de
llevar a cabo las recargas inteligentes en lo®gesien los que la demanda eléctrica es
menor, por lo que el caso de que todos los coclasas estuvieran consumiendo el
maximo de potencia a la vez seria muy poco probable




» Posibles soluciones para la integracion de la Eleotovilidad

» V2G Redes. Redes Inteligentes y Smart Meters

V2G son las siglas de “Vehicle to Grid” que, traidiacal espafiol quiere decir
“Vehiculo a la Red”. Esta tecnologia permite alnmaceenergia en las horas valle y
arrojarla a la Red en las horas pico. Se tratandsfiware muy sofisticado que
comunica al vehiculo con la Red y que le indicprapio vehiculo cuando debe de
recargar su bateria, parar de recargarla e inelngegar energia dependiendo de la
disponibilidad de la Red.

Gracias a estos medidores se aplanaria la cunead#gnanda mejorando la eficiencia
del sistema.

Este tipo de medidores inteligentes estdn ahopeso desarrollo pues seria la Unica
forma de introducir masivamente coches eléctricola® ciudades sin modificar la
estructura de la Red ya existente aunque ya hapaiiais como AC Propulsion© que
ha sido la primera en desarrollar vehiculos el&asrcon dos vias de comunicacion con
la Red y que permite al coche proveer de energf@aasa e incluso conectarlo a otro
coche eléctrico para darle energia en el caso gmeedste se haya quedado sin bateria.

> Electrolineras

La compafiia Better Place®© ha sido la encargaddesalrrollo de este tipo de
instalaciones.

Se trata de una estacion de servicio que, en tlegkr convencional manguera 'y
surtidores de combustible, ofrece la sustituciétad®ateria agotada. No se trata pues de
recargarla -con la l6gica espera- sino de reempiEzrapenas unos minutos la bateria
agotada por otra recargada.

El cambio se realiza sin tener que bajar el comuut#l coche y se hace a través de una
cadena automatizada que extrae la bateria det&ipfarior del vehiculo y la sustituye
por otra totalmente recargada. Esa bateria suigties conectada a la red y de nuevo
recargada para instalarla en otro vehiculo. Defestaa la espera se reduce a esos
pocos minutos y es un sistema muy util sobre t@ta jos trayectos largos que agotan
la escasa capacidad de las baterias actuales.




