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ABSTRACT

Asturias, a Spanish province located in the nodéist of the country, is considered as
an exporter region in terms of electrical energg tluits favourable characteristics for
the exploitation of energy sources such as hydrepowind power and fossil fuel
power.

Despite at present the tight electric power trassimin system operating in Asturias
withstands current levels of generation, futurergneplans for the region could risk
power system reliability.

Electrical generation within the region is estindaatie increase by 37% by 2011 in terms
of new wind farms and combined cycle gas turbime @p to 120 % by 2015 because
of the addition of new combined cycle power plahktswever, the current transmission
system would be unable to manage such dramatieaserof energy through the lines.
So it is essential to design a new 400 kV powex gnd to transport the energy within
Asturian substations and export the surplus toniticregions.

The dissertation here presented evaluates thentgitaation and future horizons of the
Asturian high voltage power system. On the one ha@oaver plants, substations and
power lines currently in operation along with catrgeneration and demand trends. On
the other hand future projects and upgrades asaseadikpected generation and demand
trends for the following seven years.

In that way, the study carried out models and sitmomhs of the Asturian power system
with the aid of Power World simulator in order &tdr on go through a detailed analysis
of the transmission grid overloads over severahaes of increasing generation and
exportation alternatives.

The results obtained from the study show an upate dpproach to the electrical energy
situation in Asturias nowadays and in a 7 yeamnteZurrent and future high voltage
power system needs and requirements to make pessihe projected plans for the
region.
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Chapter 1: Introduction

1.INTRODUCTION

1.1. A view to the Asturian industry and energy
background

The principality of Asturias is a province withirhe Iberian country of Spain.
Geographically located in the north coast of Spdifiaces the Cantabric Sea on the
north and the Cantabrian mountains that lead tdildasn the south.

Asturias has always been characterized by its tndupast. During the last part of the
19" century coal mining began to stand out as the neaionomy for the region,
positioning Asturias as a real competitor for tlleeo countries in that time exporting
coal to Spain. That thriving situation would connall along the first half of the 90
century as Asturias was considered the main s ieoal for the rest of the Spanish
industry. However, over the last decades of the 2&ntury, the competence from
countries such as China or South Africa is so gttbat it has caused the closedown of
many mines. During the nineties the situation hatl \wyorse to a point in which
currently the future for the mining industry in Aggs is quite uncertain.

Another industry sector that simultaneously rose We steel industry. After having
evolved gradually over the first years of the"2@entury it was not until times of
Franco’s dictatorship when Asturias was the ceofr€pain’s steel industry. The then
state owned ENSIDESA steel company, now part ofelsrc Mittal Group, created
many jobs which resulted in significant migratiearh other regions in Spain. But once
again, over the last years of the™2@entury the competency from Asiatic countries
drove those industries to important staff reductipolicies and a more limited
production

Currently the main industrial economy in Asturiasri the energy sector, as opposed to
the steel and aluminum industries. Which, althosiglhin constant production, are not
as thriving as forty years ago.

Asturias is in terms of electrical energy consideaesurplus region. With a population
of around 1,000,000 inhabitants and in spite of seeeral high electric demand
industries operating, the current internal consumnpof electricity is set to be around a
30% percent of its maximum total production. Thatams that up to a 70 % of surplus
energy could be exported from the region.

Before the Spanish electricity market reform durthg 1990s (Spain was the first
country to establish a Regional Transmission Omgditn), Asturian power stations
had fixed their generation. The internal demandbfeéd a constant trend so, as said
before, generators did not experience importanttdiations in their generation.
However, the new wholesale electricity market, bage competing generators which
offer their electricity output to retailers, chadgeompletely the management of energy
in power plants. With the new system the purchamk sale of electricity is affected
using supply and demand to set the price amongetheral electrical companies. In that
way the generation capacity of Asturias power sysés well as the exportation and
importation of energy between the vicinity regidres became a crucial target for the
reliability of the Spanish power system.
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Nevertheless, despite of the surplus charactesistic Asturias, the Spanish power
system is still considered as importer of energyorder to meet the increasingly higher
demands of energy in the peninsula, Spain is fotoeichport around 4500 GWh per
year from France. [16]

Hence, the future plans for the Asturian power eaystdepend on the increase of
electrical generation rates. Hydro power energyasconsidered in the plans because
this source of energy is completely exploited intuligs. The addition of new
conventional coal fire power plants is also notsidered as currently Asturias does not
meet Kyoto protocol or have the enormous investroapital necessary in order to have
the current plants meeting satisfactory emissiovel®e And finally the national
government and public opinion has placed completghinst nuclear power generation.
The only exit for future generation alternativesras to point to:

On the one hand, the incorporation a large amounew wind farms, up to 23
according to the government plans.

On the other hand, diverse combined cycle gasrtar@CCGT) power plants,
up to 7 new units which would replace old coal firgts and therefore reduce
the gas emissions in a reasonable percentage.

The reason for this controversial anti — distrilbbugeneration policy, which contradicts
most of the environmental and greens views, canfdend in the excellent
characteristics of Asturias for the implementatidthe above noted generation sources.

In reference to wind power generation, half of Aistsi is located on the north western
area of Spain, where the wind conditions are thst fiw the implementation of wind
farms. For that reason western areas of Asturféegtad by those high speed winds, are
where all the wind farms existing in the regionrently operate and also where almost
all the future wind farm projects for the regionliviie located. It is also necessary to
state that another factor that triggered the masskploitation of wind energy were the
bonus offered by the EU for the commission of nemewable projects in order to meet
a 12 % of renewal energy production by 2010.

In reference to combined cycle gas turbine powemtgl the future project of a
regasification plant in Musel, Gijon (the main haub of Asturias), has been the factor
that sparked off the large number of CCGT projémtshe region.

But, it is not all about advantages. In order tiilfall those ambitious projects of new
generation it will be necessary to overcome sompoitant constraints existing in
Asturias power system:

First, the inexistence of an adequate transmissystem to move such a big
amount of MW within the region. It will be necesgdo increase the power
capacity in those transmission lines which run fritre substations where the
new units are expected to be operating to the atibss where the energy is
delivered to internal consumers or send away ofidest as surplus energy.
Second, the inadequate state of the transmissn@s lio send energy out of
Asturias. Current major transmission power linesciwiconnect Asturias with
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the rest of Spain would not resist notable increageenergy to be exported. So
it is of the utmost importance to plan new routastiie exportation of energy.

An effective transmission grid, not only within tlegion but in between bordering
regions, is crucial for the security and stabilitythe power system. The duties of a
proper transmission system go beyond the simplespa@rt of energy, it is also essential
having enough transport capacity when facing @litsituations in which it is necessary
to carry on quick regulations of energy between gowystems. Furthermore,
unexpected overloads of the power lines could teatthe disconnection of generators,
fall of lines, cascade falls and even multiple ktads and outages.

1.2.  Aim of the project

The project will firstly describe current situati@md future horizons of the Asturian
high voltage power system, for later carry out arendletailed analysis of the
transmission grid. Discovering current weak poiatsl future problematic situations
that could flag up as well as suggest alternatives/ercome those difficulties are other
matters here developed.

1.3. Specific objectives

The specific objectives of the project are:

To model the Asturian high voltage power systerstlijfrfor the current (2008)
and later for the future (2008 — 2015) situationthwhe aid of Power World
simulation tool.

To simulate several scenarios of operation andilplessontingencies in the
grid.

To study performance and stability of the powertesys under the proposed
situations.

To analyze one of the major future problems of tgion: how to deal the
future pushing increase of generation with thetkahipossibilities of electricity
exportation in the Asturian electrical grid.
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1.4. Structure of the thesis

The thesis is organized according to the follonéhgpters:

Chapter 2: Power system basicBhis chapter reviews the basic knowledge
about power systems: Description of the typicalatire of a power system as
well as an explanation of each one of the stagadiah it is split up.

Chapter 3: Methodology of the studyirstly, working procedure carried out
during the study is detailed step by step. Nextessary simulations are defined
in a chronological order. Finally, a brief reviewtbe simulation program used
during the study is given.

Chapter 4: Asturian electrical netwarkThis is a descriptive chapter where
current situation of the Asturian power systemdsounted by giving general
information about power plants, substations and grolines. Also a brief
introduction to the demand situation is shown.

Chapter 5: Study of the current situation (2Q0Bhis chapter firstly details the
necessary data for building the model and how wadbtained. Next, notions
about reliability criteria are shown for later aysa$. Finally, simulations and
analysis of the power system current situation @lavith some possible
contingencies are carried out.

Chapter 6: Asturian future electrical networks the previous chapter 4, this is
a descriptive one where the future plans for théud@an powers system are
expound.

Chapter 7: Study of the future situations (2008045). In a similar way as in
the chapter 5 new models for the future situatiars built in this chapter.
Simulations and analysis are also carried outHerdeveral plans proposed in
the previous chapter.

Chapter 8: ConclusionsA final summarized review of the whole projecdan
situation of Asturian power system is show in fimal chapter.
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2.POWER SYSTEM BASICS

2.1. Power system structure

Electrical power systems mission consist on thé nainsfer and delivery of electrical
energy from the power plants where energy sourcesailable to several consumers
in urban areas, industry parks and other demand<oi

Therefore a power system structure can be spiit tipe following three stages:
Electricity generation
Electricity transmission
Electricity distribution

Energy sources Hydro Fossil Fuel Nuclear | | Renewable |
s memmeeee.a l ....i... ....t... .................
Generation @ @ El

How Transmission, distribution and interconnection grid
POWER Transmission |

-

Distribution

Delivery Delivery Delivery

E - % """" % """" %

Figure 1. Power system structure [2]

On the first stage power plants generate elegtratitvoltage levels that normally vary
between 6 and 20 kV for later being stepped up uohmhigher levels (220, 400 kV) in
the transformers located within substations attd¢behe power stations. The reason of
those increases in the voltage level is no othem the optimization of energy transport.
By increasing voltage levels it is possible to sort large amounts of electricity from
remote distances reducing the fraction of energitm Joule heating effect.

Normally the transmission grids interconnect adl gower plants with a mesh structure
of different voltage levels (220 kV or 400 kV) obwer lines which merge and diverge
in the transmission substations. The fact of altmaglectricity to take alternative routes
in case of unexpected failures in the power linégeg the power system more
reliability.

From those big substations power lines usually gbee directly to high demand
consumers (Such as in the case of metallurgy inglastd similar) or indirectly to the
rest of consumers (conventional industry, urbamasrécal villages), reducing in that
last case their voltage levels in the distribusaoibstations.

In those substations, apart from all the transfosntbat step up and down voltage
levels, there are other important elements for mmeasure and protection of the
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transmission power system, as well as communicatioits which transfer all the
variables information to the control centers.

Distribution substations step down voltage leveld 82, 66, 45, 20, 3 kV in order to

supply energy to the local grids which can eitherdirectly to medium size industrial

consumers or to end consumers. In that last casgyers delivered among the several
distribution transformer centres, usually locatedhe underground or ground floor of
the buildings, where electricity is finally steppddwn to final consumer levels (380
and 220 kV).

Transmission grid

ﬂ ﬂ ﬂﬁ-zuw “HH  Distribution grid
b Al 13266 kv
) .

" ——T T O
Power plant Powier plant substation Transmission
substation

Local grid &6 -3 kY

220- 380V )
| == =
ol '
I=—————}
Final Distribution Industrial Distribution
consumer transformer centre consumer substation

Figure 2. Electrical network structure [17]

Therefore as long as there are not technologieth®émassive storage of electricity and
generation must equal demand constantly, it is $8scg to have proper electric grids
interconnecting all the elements and voltage letlels compose the system.

Some of the electrical grid tasks can be summasazed

To guarantee the interconnection of the generatodsthe big demand areas.
To allow the transmission of the most economicattical energy generation
anytime.

To constantly guarantee that generation meets diéman

To contribute to the reliability of the power syste(keep voltages and
frequencies inside the security margins, avoid gega

2.2. Energy demand

Electrical demand reflects the amount of energy ihleing consumed at a given time
by the users of the power system (both industneseand users). Since energy demand
and generation are two terms closely related bo¢hnzeasured using the same units.
For a high voltage power system the terms typicadigd are megawatts (MW), which
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refers to the amount of energy consumed/generataedji@en time and megawatts hour
(MWh), which refers to the total energy for a pdraf time.

Depending on the amount of demanded energy, conmsuoa be split up in the
following groups:

Large industry consumers. They are characterizedhbyr high demands of
electricity and thus are directly connected tottaesmission grid (normally 220
kV). The most typical cases are the aluminum, aod steel industry.

Industry consumers. They usually are factories eoted to the distribution grid
(132 - 66 kV)

End consumers. Such as home consumers, officeps stiosmall factories
connected to the low voltage grid (220 — 380 V)

Electric rates for industry and end users are afjyidixed depending on the amount of
energy they are consuming. In that way large userd to get more favorable rates than
small users. It will also depend on the time of tagy are demanding the energy, day
or night rate.

Despite the complex and large number of loadsghape the total energy demand and
some facts that can modify demand patterns sudhitas a winter/summer month or if
it is a holiday/working day, the final demand cualeays follows a typical daily trend.
In the following picture it is shown the demand vaurfor a working day during
February in Spain.
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Figure 3. Electrical energy demand curve [18]

In the graph four different demand stages can stnduished:

Firstly, a valley load between 00:00 and 07:00 kowhich coincides with the
time in which most of the people is sleeping aretdfore the consumption falls
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down. Consumption of energy can be justified by edarge industries which

keep operating 24 hours.

Secondly, a first peak load, between 07:00 and(L#Bich coincides with the

working day hours in most of the offices and works.

Thirdly, A second valley hour between 14:00 and0@Q9which represents the
time in which people are out of work but have reatah home yet.

Finally, a second peak load that coincides with rifghtfall, when people are
coming back home and beginning to turn off all Huisehold appliances and
lights.

Bearing in mind the previous demand stages and kmpthat some power plants need
many hours to start up operating, energy demandigemnent and forecasting is a very
important task in order to maintain a quality aafessystem.

In the short term predicting demand of electriéatlythe whole day is important in order
to choose which generation is the most economicakleen will it be necessary to
import or export surplus energy. For example, tt@rpower plants keep operating
constantly supplying energy both, valley hours geeék hours. While other power
plants with quicker starting times, such as hydroambined cycle meet the peak loads.

In a long term the management of demand can helgetide what investments in
generation or transmission stages the power syséss.

2.3. Generation

Electricity generation is the first process in theivery of energy to the customers.
Electricity is most of the times generated at a @owlant by electromechanical
generators driven by steam/gas turbines fueled H®macal combustion or nuclear
fission, but also by water and wind turbines. Audfially electricity is generated
according to standardized patterns of frequencyvaitege.

The most common power plants currently in operaicn
Hydro electric power plants
Thermal power plants (including coal, gas and comdbicycle)
Nuclear power plants
Renewable power plants (Wind farms, biomass, plutaic power stations)

2.3.1. Hydro power plants

Hydro power plants use water as an energy sourgerierate electricity by driving the
fluid across a turbine coupled to a generator. @lae several types of hydro power
plants depending on how the water is harnessed:

The most common type are the dam hydro power piamaich the potential energy of
the dammed water drives a Kaplan or Francis turatrtee bottom of the dam. Another
similar type are the pumped storage hydro powertplavhere electricity is produced in
high peak demand hours or consumed during low ddrhanrs by pumping water to
higher reservoirs.
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When the hydroelectric power plants have no resetliey are called run-off-the-river
plants, since it is not possible to store the watethis case the water usually runs down
the mountain across a large pipe which ends irrlante room where the water impact
against the blades of a Pelton turbine.

A last type of hydro generation, is that from snszaihle hydro electric plants. They are
usually committed in areas that formerly used welteels. They can be divided into
mini-hydro, when the generation is around 1MW andranhydro, when the generation
is up to 100 kW.

Among the advantages of those power plants arelthenation of the cost fuel, the
minimum cost of operation and the lack of greenkayess emissions.

Some disadvantages can be found on the high irubats, the long period of time
needed to make them profitable and the environrheddéage to surrounding
ecosystems.

2.3.2. Thermal power plants

In a thermal power station water is heated by thahwustion of any fossil fuel (coal,
fuel oil or natural gas), which then turns intoasteand spins a steam turbine which
drives an electrical generator. After passing tgtothe turbine the steam is condensed
either in a condenser tower or thanks to the rivesea water.

Another type of thermal power plants are those hictv the waste heat from a gas
turbine is used to raise steam to be recirculdtemlgh a second turbine in the so called
combined cycle. The main characteristic of thosegroplants is its higher overall
efficiency.

The main advantage of those power stations is itjie &amount of energy that can be
generated, always necessary to meet the base derhaledtricity.

On the other side the disadvantages can be listed a
Firstly, the typical low efficiency of a conventianthermal power station.
Normally it is between 38 % and 48 %, limited dshakt engines by the laws of
thermodynamics.
Secondly, the low adaptability for coupling and aggling to the electrical
network. The times necessary to turn on/off thdelbare around seven hours.
That led the plant engineers to consider sometimepossibility of having the
thermal power plants operating even when it is netessary to generate
electricity.
Thirdly, the contribution to the increasing air lpgibn due to high emissions of
greenhouse gases.

2.3.3. Nuclear power plants

The principle of operation is quite similar to gheevious thermal power plants; in fact
some classifications include those as another tiyéde thermal power plants.
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However, in nuclear power plants heat is providgadbclear fission inside the nuclear
reactor core.

The nuclear fission process consists on an atomdtens which is hit by a neutron,

then it forms two or more smaller nuclei as fissimoducts, releasing energy and
neutron which will trigger further fission and sm.oThe nuclear chain reaction is
strictly controlled in order to harness the energheased to heat water and drive a
turbine that generates electricity.

The electricity generated by power plants, likethe case of coal fire power plants,
supplies the constant values of base demand ascHreyot be regulated to stop or
begin working depending on the pick demands.

There are many pros and cons when debating the ®iomng of new nuclear power
plants. On the one hand, those proponents of thkeauenergy suggest that nuclear
power is a sustainable source that reduces carbussiens and increases energy
security by decreasing dependence on foreign ailtt@ other hand, critics state that
nuclear power is potentially dangerous. As posdiblzards they point to the problem of
storage of radioactive waste and the possibildfesevere radioactive contamination by
unexpected accidents.

2.3.4. Renewable energies

The majority of renewal energies are powered bysting directly harnessing the solar
radiation in photovoltaic process or indirectly fiorm of wind and ocean currents.
Despite some references consider hydro power amewable energy, the renewable
power plants here considered are:

wind farms

Biomass

Photovoltaic

There are many others such as geothermal, biofwalse power or marine current but
their global generation levels are much lower thiaa previous listed. Besides, they
only operate in certain countries where their redttesources are available.

2.3.4.1. Wind power
wind power is the conversion of wind energy inteadlicity using wind turbines.
Initially wind turbines were used to provide elégty to isolated locations, currently
wind turbines are implemented in large scale forfimwind farms connected to the
electrical grid.

Some of the advantages of this form of energy iarie: clean, easy to implement, has
small environmental impact. However, it has a maj@wback: the intermittency of
wind sometimes creates problems when using windepdw supply big amounts of
demand.

2.3.4.2. Biomass
The ambiguous term biomass refers to the use oflwgants, waste or crops which are
specially grown for electricity generation. Diremimbustion in power plants burn the
biomass fuel directly in boilers that heat waterntake steam circulating through a
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turbine that spin a generator as it happens in ravargional thermal power plant.
Another possibility is that offered by biomass §aation, where biomass is converted
into gas methane that can then fuel steam gensratombustion turbines, combined
cycle technologies or fuel cells.

Environmentally, biomass is considered as a “canbeutral fuel” as it is part of the
carbon cycle: Carbon from the atmosphere is coaderh biological matter by
photosynthesis. Then, burned carbon goes backhet@atmosphere as carbon dioxide
so plant matter can be used as a fuel that canrstantly replaced by new growth.

2.3.4.3. Photovoltaic

This technology consists on the conversion of gimlidirectly into electricity by
chemical processes happening on solar cells. Téesns to be a future thriving
alternative for the generation of energy as the ufearture of photovoltaic arrays has
expanded dramatically in recent years. One of taermroblems of this technology is
the high capital cost of installation and materidbwever, some important PV power
plants with outstanding peak powers of around 20 W/ currently operating in Spain
and Germany.

2.4. Transmission

Electric power transmission process refers to thié bransfer of electricity from the
power plants generation areas to the populatedrahtrial demand areas. As most of
the times power plants (such as hydroelectric)l@ated hundred of miles away from
the consumer centres and the amounts of power edolare typically large,
transmission power system works at high voltageltewf 220 KV or 400 kV to reduce
the losses in the power line wires.

Another important duty of the transmission systentoi interconnect the whole power
system and give reliability to the global grid whHange amounts of energy need to be
transmitted to other regions of the power system.

Transmission networks are designed as efficierglyeasible was possible. Typically
transmission lines use a three phase AC curretérsysAn alternative is high voltage
direct current (HVAC) but it is the only possibjiitvhen:
Transmitting large amounts of power over very laiigfances. In the situation
of interconnecting remote areas the transmissioenefgy using direct current
instead of alternating current can be more econaindoe to the reduction of
energy loss in the resistance of the wires.
Interconnections between asynchronous grids. Fetmieal reasons DC power
facilitate transmission when interconnecting coestwith different voltages or
frequencies.
Undersea cables. Where high capacitance causdadtiosses in AC wires.

According to the Spanish regulations (Real Decdéd65/2000) the main components
that defined a transmission power system are:
Power lines with voltages of 220 kV and above.
Power lines interconnecting different countries nmatter the voltage level.
Substations and all the relevant machinery (transdos, reactances, circuit
breakers...) with voltages of 220 kV and above.
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Communication, control and protection devices
Buildings and constructions necessary for the djperaf the substations.

2.4.1. Substations

Substations can be found either in the generatramsmission or distribution stages.
The main duties of a transmission substation are:

Interconnect two or more transmission lines.

Transform voltage from high to low or the reverseng transformer.

Connect and disconnect power lines.

Control and monitor power flow quality of the syste (Voltages and
frequencies must keep between fixed values )

PwbhrE

Substations content the following main elements:
Transformers, to step up/down voltages
Circuit breakers, used to interrupt any short c¢iscar overload currents
Instrument transformers, necessary for the meastreurrents and
voltages
Switches, for the safe operation of the workers.
Reactances, which regulate voltage levels.
Bus bars, where all the power lines drain eledyrifdr redistribution.

Substation design does not follow standardizedepat as there several options
depending on the number of input / output powerdjmumber of transformers, lay out
of the elements.

2.4.2. Power lines
Power lines operating in the transmission grid eafigm 220 kV and above. The
reason of using those levels is no other than iaguosses in the wires due to Joule
heating. For a given amount of power, a higheragsdtreduces the current and thus the
resistive losses in the conductors according tddimaula “Ross = 1> R” where the major
component of power loss is due to ohmnic lossdkanconductors and is equal to the
product of the square of the current and the r@stgt of the wire.

However there is a limit, at extremely high voltdgeels (more than 2000 kV) corona
discharge losses are so large that they can dfiselower resistance loss in the line
conductors.

Very related with the power lines it is always tentroversial issue about the effect of
the electromagnetic fields. Some research has fthatdhat exposure to elevated levels
of magnetic fields such as those originates bystrassion lines may be implicated in

some diseases such as children leukemia.

2.5. Distribution

Distribution is the last stage of an electrical powystem just before final consumption.
It includes three voltage levels:

High voltage: 132 kV — 66kV

Medium voltage: 66 — 1kV

12
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Low voltage: Belo 1000 V

High voltage (below 132 kV) power lines leave franansmission substations to
distribution substations through an interconnectetivork named distribution grid. In
between, power lines may supply some industriesagielimg high voltage electricity.

Distribution substations are considerably smaltext transmission ones as they work
with lower voltage levels. However, their main dsti are basically the same:
Interconnect transmission lines, transform voltageanect and disconnect power lines,
control and monitor power flow.

Power lines leaving distribution substation with diuen voltage levels (66 — 1 kV)
shape a local grid also known as radial networkabse its structure is not as
interconnected as in previous stages. Those pomes tan go directly to factories or to
end consumers. But end consumers must receive ddtage electricity levels so the
last transformation takes place in the either iflistion transformer centres (for the case
of urban areas) or pole-mounted transformers (fercase of rural areas).

SR Local grid 66 -3 kY Distribution arid
s *
| 132 - 66 kv
[=———]
Enil Distribution Industrial Distribution
consumer transformer centre conswumer substation

Figure 4. Distribution network [17]

2.6. Monitoring and protection

In order to maintain a reliable and safe powereysit is necessary to carry out two
important control activities in power plants, poviaes and substations:

Monitoring

Protection

Monitoring means to be aware of the state of aesysso in the systems here studied,
high voltage power systems, two stages of monigoaire distinguish:

First stage of monitoring takes place in a contehtre where SCADA (Supervisory
Control And Acquisition Data) is managed. In thi@ige all the basic components of the
power system (power plants, power lines and substgtare controlled from a central
computer system which monitors in real time powestesm variables such as generation
in power plants, load flows in the lines, voltagedls in the substations or frequency
distortion.

Those SCADA control centres take care of the paystem general reliability.

The working procedure is the following: Firstly, SBA receives all the power system
variables from remote locations. Then, after stngythe current situation of the system
and simulating alternatives, SCADA offers the epgirs the possibility to operate the
system by remote control. In that way, they carepiidcreases in the generation of

13



Chapter 2: Power system basics

certain power plants or open/close lines in suiostat All of that with the only purpose
of maintaining a safety in power system.

Second stage of monitoring takes place in the p@haats. It offers two possibilities of

control:
Speed regulation: Speed regulators duty consisiagfng generation meeting
demand constantly. So if a generator slow dowrpeeds up due to an overall
power imbalance frequency slightly varies. In ortiebring frequency back to
standard values speed regulator modifies the steamwater intake in the
turbine.
Voltage regulation: Voltage levels must remain hestw certain operation
margins in order to have a secure system. Voltageld can raise or fall
depending on the reactive power of the systemnSutuations such as a very
high demand of reactive power or when capacitorkbasupply to much
reactive power, voltage regulators modify excitataarrent of the generators in
order to have them generating more or less reaptweer.

Power system protection deals with the protectibthe electrical power system from
faults by isolating the faulted part from the redtthe network. The most typical
electrical fault is the short-circuit, an excessalectric current (over current) when it
takes a different path from the one intended. Ndyntlue to the accidental connection
between two nodes of the circuit or due to the egction to ground.

Therefore, protection is carried out in power agmd substations:

In power plants, electrical protection consist oragsurement devices, alarms
and tripping relays which take care of the generato

In substations, electrical protection take carethaf whole high voltage grid

(transformers and power lines) and consist on selayrcuit breakers and
switches.
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3.METHODOLOGY OF THE STUDY
3.1. Working procedure

The working procedure developed during the studthefcurrent and future situations
of the Asturian power system followed the next step

General description of the electrical network
Modeling the network

Power system simulation

Analysis of the results

PwbhE

3.1.1. General description of the electrical network.
Firstly for the current situation and later on tbe future ones, general information
about substations, generation, demand and powes, li{existing or predicted) were
detailed in this introductory step of the study.

3.1.2. Modelling the network
As a general idea about the electrical network alesady gained, the purpose of the
second step of the project working procedure wasbtain detailed data necessary for
building the model as well as built the model itsel

3.1.3. Power system simulation
Once the model was ready, next step consisted ory ca a series of diverse
simulations depending on the situation of studythiat way the situations under study
were the following:

Current situation: Summer 2008
Future situations:

0 Horizon 2011

o Horizon 2015

Therefore the simulations carried out were theofeihg:

Current situation: Year 2008 simulations:
0 Standard situation
o Contingencies situation (3 contingencies in powerd)
Future situation:
0 Year 2011 simulations: (4 scenarios of new 400 kWex lines)
0 Year 2015 simulations: (3 scenarios of new powanisl )

3.1.4. Analysis of the results
Load flow calculation was the analysis tool useddgamining the electrical network.
Results from the model simulation provided:
Voltage profiles for the nodes
Load percentages in power lines and transformers
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Which were examined to verify the compliance orlation of the reliable operation
conditions. In other words, voltage in the nodestmmeet a permissible voltage range
while load in the lines must remain below a maximoad limits.

3.2. Simulation tool

The simulation tool used for the modelling and datian of the project case of studies
was Power World Simulator, and interactive packimgehe operation of high voltage
power systems.

Some of the features of the program are:

User friendly interface The Simulator allows visualizing the system tlgiou
colorful and consistent one-line diagrams.

Animated one line diagramSimulator animates power lines flow as arrows
along the line the size of which is proportionalth® magnitude of the flow.
Also provides pie chart that indicate the flow gseacentage of the line
Interactive one line diagranCircuit breakers that allow opening or closing
lines, loads and generators with automatic recafimu of the system.

Model Explorer It offers spread sheet like views of power systéata and
tabulations. It allows sorting and filtering thetalaas well as copy to or from
other applications.

Numerous solution optiong-ull AC or DC solution; Single solution option or
continuous; Convex cost curves; Post-power solwiiions.

Simulation control optionsSpecify maximum iterations; Step through the powe
flow solution by single iterations.

Contingency analysis tool#Management, creation, analysis, and report fist o
contingencies and associated violations.
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4.ASTURIAN ELECTRICAL NETWORK

As already said in the introductory chapter thespng¢ Project is centred on the study of
Asturias, a region mainly characterized for beirgaeter in terms of energy.

To clarify the term “exporter”, a map of the nomheegions of Spain together with the
energy exchanges among themselves (in GWh) is septed in the figure 5 shown
below:
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Figure 5. Energy exchanges in the north of Spain [2

So Asturias holds a surplus of Energy that needsma away to nearby regions:

Asturias Castilla 7080 GWh
Asturias  Santander 1743 GWH

Table 1. Power flows between Asturias and border gions

4.1. Electrical companies in Asturias

Most of the electrical grid in the region is cofied by HC Energia, a company
founded at the beginning of the™@entury with the aim of harnessing the energgnfro
some waterfalls existing in the hilly areas of Aits.

Nowadays HC Energia, subsidiary of EDP (EnergiaPdetugal) is in charge of the
generation, transport (up to 220 kV) and distribotiof electricity in Asturias.
Transportation of 400 kV voltage level used to Weoamanaged by HC Energia.
However since the last decade, the recently crasédnal organization Red Electrica
Espafa (REE) is in charge of the regulation androbaf high voltage power lines over
the whole national grid in Spain.

It also needs to be mentioned that the distributibelectricity in the North West area
of the region and three councils in the south argrolled by Enel — Viesgo (E on).

Finally, there is a small third electrical compamgmed Electra de Carbayin, which
controls the council of Bimenes.

The map of Asturias with all its councils and thetian area of each electrical
companies working in Asturias is represented infelewing figure 6.
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N

* Enel-Viesgo
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~* Enel-Viesgo

Bimenes council

Electra de Carbayin

Figure 6. Electrical companies working in Asturiag2]

4.2. Electrical areas in Asturias

In order to explain the electrical infrastructumsrently existing, Asturian electrical
network was divided in seven geographical areasithiNwest, South East, North
(Aviles), North (Gijon), Centre (Oviedo), East a®duth.

In the following figure 7 the seven areas were dkedl over the electrical-geographical
map of the region:
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Figure 7. Electrical areas in Asturias [3]

North West:This area is far from the main cities, the onlgctlical demand is
due to some small towns and villages. However, sitcharacterized by
favourable wind conditions. This fact led to theation of some wind farms
over the last eight years. Another point to emeag this area is the Hydro
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power plant of Salime which was the second biggeg&urope when finished
during the fifties.

South EastReferring to demographic population, as in thevfmus case, this
area is characterized by many scattered villagesunar its forests and
mountains. The large number of rivers that sprimognf those mountains made
possible the construction of many hydro power [glamsars ago.

North (Aviles} Aviles is the third biggest city in Asturias withpopulation of
83,500 inhabitants. It is located by the side okatuary and characterized as an
industrialized city. It holds many high energy dewmandustries such as the
steel industry Arcelor-Mittal, the aluminum indystAlcoa or the chemistry
DuPont.

North (Gijon} Gijon is the biggest city in Asturias with a pdgion of 279,000
inhabitants. It holds an important harbour curgenthder expansion for the
erection of a future regasification plant that viilel the future combined cycle
power plant to be built in the region during théildeing seven years. It still
keeps part of what used to be another big steeking complex, Uninsa. Also a
big coal fired power plant refrigerated by the seder characterizing this area.

Centre (Ovieda)Oviedo is the capital of Asturias with a popusatiof 220,000
inhabitants. This town lacks industry, most of #deenomy of the city is oriented
to the tertiary sector services. On the outskirtsth® town it is located
Corredoria substation, which distributes and dedivmost of the energy in the
132 kV voltage level throughout Asturias.

East The east of the region has no remarkable indugtsf some small towns
and a large amount rivers that serve as settlefoemany hydro power plants
such as Dobra, Camarmefia, Camporriondi and Tanes.

South The south of the region is characteristized byirfa thriving coalfield
area during the last century (Nalon and Caudaldfieddls). Despite most of the
mines closed over the last fifteen years some inéssand mines continue with
their modest production in the present days. Mabelgause of the mining boom
experienced in this area of Asturias during theelf and sixties, it counts with
three coal fired power plants Soto, Lada and LadRar

4.3. Substations

Here is a classification of the different typesobstations existing in Asturias:

Transmission substation3heir aim is to interconnect large power line®Q4
and 220 kV voltage levels) and sometimes supplyrggnéo big industry
consumers.

Distribution substationstheir aim is to reduce voltage levels from trarssion
power lines (400 and 220 kV) in order to deliveery through distribution
power lines (50 and 20 kV) to consumers.
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GIS (Gas insulated substation$his type of substation is four times smaller in
comparison with a conventional one. They are cotajyleenclosed using
sulphur hexafluoride as insulator mean. This featueke them the best option
when the room is very reduced, case of ground $loobuilding basements.
Power plant substation§hese substations are just at the side of povesrt
Their aim is to step up voltage levels and so rediasses and cost in the
transmission of the generated energy.

Industry substations/ery similar to power plant substations but irstbase the
objective is to step down voltage levels for the oflarge amounts of energy.
These substations usually are property of the fadteey are supplying.

In the following table 2 all the substations exigtin Asturias above the 132 kV voltage
level are shown along with a description of theditage level, area of location and a
brief explanation about the type of substation thelong to according to the previous
classification:

Name Voltage levels Area Specifications
Corredoria 132 Centre(Oviedo) |Main distribution substation
San Esteban 132 Centre(Oviedo) |Distribution and GIS
Puente SanMig 220 East Transmission substation
Siero 132 /220 East Transmission substation
Tanes 132 East Hydro power plant substation
DuPont 132 North (Aviles) | Chemistry industry substation
Maruca 132 North (Aviles) | Steel industry substation
Tabiella 132/ 220 North (Aviles) | Transmission and distribution substation
Trasona 132 North (Aviles) |Distribution substation
Abofio 132/ 220 North (Gijon) Coal fire powerplant substation
Carrio 132 /220 North (Gijon) Transmission and distribution substation
Castiello 132 North (Gijon) Distribution and GIS
Pumarin 132 North (Gijon) Distribution substation
Uninsa 220 North (Gijon) Steel industry substation
Arbon 132 North West Hydro powerplant substation
Cuesta-Palo 132 North West Wind farm substation
Curiscao 132 North West Wind farm substation
Doiras 132 North West Hydro powerplant substation
Pico Gallo 132 North West Wind farm substation
Salime 132 North West Hydro powerplant substation
La Pereda 220 South Coal fire powerplant substation
La Robla 400 South Transmission substation
Lada 132 /400 South Coal fire powerplant substation
Langreo 132 South Distribution substation
Soto 132/220/ 400 South Transmission and powerplant substation
Ujo 132 South Distribution substation
Villablino 220 South Transmision substation
La Barca 132 South West Hydro powerplant substation
Miranda 132 South West Hydro powerplant substation
Narcea 132 /400 South West Coal fire powerplant substation
Proaza 132 South West Hydro powerplant substation
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4.4. Generation

The three main types of power stations operatingsiurias are:

Hydro power stations
Coal fire power stations
wind farms

New emerging power plants such as PV panels, bisraagogeneration plants were
left behind in the present study for not presen@ngonsiderable amount of energy
generated in comparison with the total.

4.4.1. Hydro power stations
Due to Asturias topography and climate conditioitsi a mountainous and rainy
region) dozens of small Hydropower plants are soadt around the South and East of
the region. However all the hydro power plants wibs than 10 MW of rated power
were left aside for the work considered in the pnéstudy.

The hydro power plants considered for the modeewer

Maximum
Name cap;::ity EJMW) Area
Camporriondi 15 East
Dobra 14 East
Camarmefia 13 East
Salime 112 East
Arbon 56 North west
Doiras 42 North west
Silvon 63 North west
Tanes 125 North west
Proaza 48 South west
La Barca 54 South west
Miranda 65 South west

Table 3. Asturian hydro power plants [4]
The hydro power plants shown above are represemtbeé following map of Asturias:
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Figure 8. Asturian hydro power plants [19]
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Some of the most important power plats are expthmere in detail over the following
lines.

4.4.1.1. La Barca hydro power plant
This power station property of HC Energia was bmill966. The first two generators
started working in 1967 and a third one later iY49It is placed in the course of
Narcea River, one of the most important in thearegiThe typology of the power plant
corresponds to a typical arch gravity hydroeleatiacn made of concrete and seated in
between the natural walls of two rocky mountairntse @am is sixty meters high and the
length of the reservoir is around eight miles.

Rated power 55.3 MW
Effective head 58 m

Turbine model Francis
Number of turbines Three

Mean energy generated per year 135000 MWh

Table 4. La Barca hydro power plant [19]

4.4.1.2. Miranda hydro power plant
This power station presents a run off the riverotggy with a 385 meter fall. It was
built in 1962; in this same year the four genestooupled to Pelton turbines began
working. In that case no big dams are necessargusecthe water is taken from small
reservoirs existing up in the mountain and divettadugh a subterranean pipe to the
turbine building inside the mountain.

Rated power 64.8 MW
Effective head 385

Turbine model Pelton

Number of turbines 4

Mean energy generated per year 250000 MWh

Table 5. Miranda hydro power plant [19]

4.4.1.3. Salime hydro power station

The project of this impressive hydroelectric arcavify dam power station began to
take shape after the conclusion of the WW II, butvas not until 1953 when the

overambitious dam was inaugurated. At that timeds the second biggest in Europe.
The first position was held by another one alreadyking in Russia. Due to the rugged
landscape of the location the previous works toettextion were very complex. It was
even necessary to build a 24 miles cable railwagatoy all the clinker cement from the

nearest harbour.

Rated power 112 MW
Effective head 114

Turbine model Francis

Number of turbines 4

Mean energy generated per year 350000 MWh

Table 6. Salime hydro power station [19]
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4.4.1.4. Tanes hydro power station
This hydroelectric power station was built betw@&®&@0 and 1978. It has two reservoirs
up river. While the second one has only a capafi®.8 Hm3 the first one, just upriver
the turbine room, has a capacity of 25.3 Hm3. Othmportant characteristics of this
power station are: First, it is the only one inss that has pumping system. Second,
the main reservoir store and supply water to thelevhentral region of Asturias.

Rated power 123 MW
Effective head 102 meters
Turbine model Francis
Number of turbines 2

Mean energy generated per year 85000 MWh

Table 7. Tanes hydro power station [19]

4.4.1.5. Proaza hydro power station
Proaza hydro power station was constructed in 1968he electrical company HC
Energia. It runs off the river Nalon river basindapresent 138 meter fall pipe which
carry the water from an upper reservoir to theitelvoom where two Francis turbines
coupled tow 14 MW generators are installed.

Rated power 48 MW
Effective head 138 meters
Turbine model Francis
Number of turbines 2

Mean energy generated per year 100000 MWh

Table 8. Proaza hydro power station [19]

4.4.1.6. Prianes hydro power station
Finally Priafies power station is an old one cowstd in 1952. By that time it was
composed of two generators. In 1967 a third groubpite-generator was installed. The
water harnessed in the turbines comes from the Negareservoir which is also used
to supply water to the close village of Priafies.

Rated power 18.43 MW
Effective head 18 meters
Turbine model Kaplan
Number of turbines 3

Mean energy generated per year 60000 MWh

Table 9. Priafies hydro power station [19]
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4.4.2. Coal fire power stations

the basis of electrical generation in Asturias taermal power plants. All of them are
coal fire power plants, mainly due to the miningtphistory of the region. The two
main coalfields of the region are:

Narcea coalfield in the south west

Nalon and Caudal coalfield in the south

Power plants currently operating in Asturias are:

Name Ma’?‘m”m Area
capacity (MW)
Abofio 930 North (Gijén)
Soto 675 South
Narcea 595 South West
Lada 505 South
La Pereda 50 South

Table 10.Asturian coal fire power stations [2]

Asturian coal fire power plants along with asturiemalfields are represented in the
following map:

MNalon and Caudal
Narcea coald field coalfield

Figure 9. Asturian coalfields [20]

4.4.2.1. Aboiio coal fire power station
The conventional coal fire power station of Abo8ddcated 6 miles away from the city
of Gijon and just 2 miles from the harbour. Thexumty to the main harbour made the
erection of a cooling tower unnecessary. The cggiirocess is carried out thanks to the
proximity to the sea water.

Generation unit Power output (MW) | Commision date
Abofio | 380 1974
Aboiio I 545 1985

Table 11. Abofio coal fire power station [2]
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4.4.2.2. Soto coal fire power station
Soto coal fire power station is located 5 miles yviem Oviedo, the capital of
Asturias. Despite being constructed by a riverbtrk cooling process is carried out
thanks to a cooling tower in order to avoid ovetimggthe water of the river Nalon.

Generation unit  Power output (MW) | Commision date
Soto | 70 1967
Soto Il 255 1967
Soto llI 350 1984

Table 12. Soto coal fire power station [2]

4.4.2.3. Narcea coal fire power station
This power station is the only one existing in muthwest coalfield of Asturias.
Originally it was designed to burn the coal surpx$racted from this area. However,
over the last years, due to the decrease in tiraatxin of coal from the mines, the
power station had to modify its structure in orttebegin admitting imported coal.

Generation unit  Power output (MW) | Commision date
Narcea | 65 1965
Narcea Il 166 1969
Narcea lll 365 1984

Table 13. Narcea coal fire power station [2]

4.4.2.4. Lada coal fire power station
Despite the fact this power station is criticizegdthe Green Party due to the increased
contamination in the area. It is importance overl#st years was crucial for the welfare
of the mines in Asturias. As this power stationnesses the bituminous coal that comes
from the main coalfield existing in the south oftéas.

Generation unit

Power output (MW)

Commision date

Lada |

155

1967

Lada Il

350

1981

Table 14, Lada coal fire power station [2]

4.4.2.5. La Pereda coal fire power station
La Pereda is a small power station constructed tnyoda, the main mining company in
Asturias. As Hunosa is not a consolidated eledtdompany La Pereda is a very small
power station with just one 50 MW generator. Howelvas under planning a future
expansion to a new combined cycle generator.

Commision date
1974

Generation unit
La Pereda

Power output (MW)
50

Table 15. La Pereda coal fire power station [2]
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4.4.3. Wind farms

The number of wind farms currently operating in gs is 11, however there are 35
proposals in process for the construction of newdwiarms over the following years
that would increase the current capacity of 291 M&Varound 1000 MW. The
favourable wind conditions existing in the westareas of the region have encouraged
many companies to study the area and prepare $ewatafarm projects.

So far the wind farms currently operating in thgioa are shown in the following table:

KW Maximum
Name Company Towers capacity |Area (County)
(generator) (MW)

Pico Gallo Northeolic 37 660 24.42 |North West (Tineo)

Penouta Parque eolico de 9 660 6 Noth West (Boal)
Penouta

Cuesta Sma_e energia’y 12 750 9 North West (Salime Allande)
medio ambiente

Palo Sma_e energia y 59 660 38.9 |North West (Salime Allande)
medio ambiente

La Bobia Ig:;anova energy 58 600 34.8 |North West (lllano)

San Isidro Ig:;anova energy 58 600 34.8 |North West (lllano)

El acebo Sma_e energia y 27 750 20.2 Nor_th West (Grandas
medio ambiente Salime)

Bodenaya Northeolic 18 1000 18 [Sout West (Salas)

Curiscao Sma_e energia y 63 690 42.5 |North West (Salas y Valdes)
medio ambiente

Belmonte Barbao 53 660 35 South West (Belmonte)

Baos y Pumar Sma_e energia y a1 750 30.6 North West (Salas, Cudillero
medio ambiente y Valdes)

Table 16. Asturian wind farms [4]

Wind farms are also represented in the map of Astighown in the following figure:
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Figure 10. Asturian wind farms [7]
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Some wind farms such as “La Bobia and San Isidro™@uesta and Palo” are
represented together due to the close distancesbateach other and also because they
are owned by the same company.

45. Demand

Since Asturias is an energy exporting region, fidsstinction within demand of
electrical energy can be made between internal etdrnal demands. The energy
surplus, available to meet external demand (72.,7c#) be up to more than twice the
internal consumption (27.3 %). In that way extedihand is organized as follows:

Doiras A 5 % of the total 72.7% surplus is sent to thesinbordering region
(Galicia) through Doiras substation which is alreadthe border.

Puente San MigueA 20 % of the total surplus energy is sent toehst border
through the double circuit 220 KV power line Sier®uente San Miguel.
Villablino: Another 5% of the total energy surplus is senth® south-western
border through the 220 kV line La Pereda — Villabli

La Robla Finally, most of the energy to be evacuated féssturias (up to 70
% of the total surplus) follows the southern rotdgehe rest of the peninsula.
The lines used for this purpose are the 400 k\sltBeto — La Robla and Lada —
La Robla. [21]

In the following figure 11 a pie chart shows theafienergy demands from Asturias and
from neighbouring regions:

Internal

27%
External
iLa Robla)

50%
External {Doiras)

4%
External (PSM)
15%

External
(Willablino)
4%

Figure 11. Internal / External energy demand in Astrrias

The internal demand of energy (27.3 %) was dividetsvo major groups:

On the one hand, Industrial demand, which represamproximately a 70% of
the internal consumption with strong demand infthiewing nodes:
0 Aszinc (10.65%), which supplies energy to the clstmyiindustry
Asturiana de Zinc.
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0 La Granda (3.59%), which supplies energy to thenalum industry
Alcoa.

0 Uninsa (10.34%), which supplies energy to the sie@listry Arcelor
Mittal.

On the other hand, home, tertiary sector and t@hsiemands representing the
remaining 30 %.

In the following figure 12, the pie chart shows thigision existing within the internal
demand of energy in Asturias:

Home
14,2%

Tertiary
sector

— 14,9%

| Transport

Industry 0,8%

70,1%

Figure 12. Internal energy demand in Asturias [6]
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4.6. Power lines

Asturian power lines interconnecting generation a®mand points through the
substations previously shown are represented iriolf@ving tables according to their
voltage level:

400 kV Power lines

From To Duty
Soto Lada Interconnect South 400 kV substations
Narcea Soto [Transport generation from Narcea Coal fire power plant
Soto La Robla Evacuate of energy towards the south of Asturias
La Robla Lada
220 kV Power lines
From To Duty
Tabiella Carrio [Transport energy from the Noth (Gijon) generation area to North
Tabiella Carrio (Aviles) demand area
Tabiella Soto Transport not consumed energy from North to South areas
Carrio Uninsa Supply energy to Metallurgy industries
t: EE;ESZ \S/icljlg)blino Evacuate energy towards the south of Asturias
IAbofio Carrio [Transport energy from generation substation of Abofio to
/Abofio Carrio distribution substation of Carrio
Carrio Soto [Transport energy from North to South for later evacuation
Siero Puente SanM|_ :
Siero Puente SanM Evacuate energy towards the east of Asturias
Siero Soto Transport energy from South to East for later evacuation
132 kV Power lines
From To Duty
Trasona DuPont Supply energy to Chemistry industry
Pumarin Castiello Supply energy to Gijon city
Salime Cuesta-Palo |Interconnect wind farms
Arbon Pico Gallo |[Interconnect wind farms
Corredoria Tabiella Distribute energy from Centre to local consumption in the North
Corredoria Tabiella (Aviles)
Langreo Lada Supply energy to residential areas and small industry
Ujo Doiras Transport energy from the North West to the South for later
Ujo Pico Gallo  |evacuation
Pumarin Tanes [Transport of energy from Tanes Hydro power to North (Gijon)
Distribute energy from Centre to local consumption in the North
Castiello Corredoria |(Gijon)
Langreo Corredoria  Distribute energy from Centre to local consumption in the South
Tabiella Trasona Supply energy to Metallurgy industry
San Esteban |Proaza [Transport of energy from Proaza Hydro power to Centre (Oviedo)
[Transport energy from Arbon hydropower for later evacuation
Arbon Doiras towards the West
Transport energy from generation substation of Abofio to
Carrio IAbofio distribution substation of Carrio
Ujo Siero [Transport energy from South to East for later evacuation
[Transport energy from La Barca hydropower to Narcea Substation
La Barca Narcea for later 400 kV transport
Distribute energy from Centre to local consumption in the North
Pumarin Corredoria  |(Gijon)
Corredoria San Esteban |Interconnect distribution substations
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132 kV Power lines

From To Duty
Soto Ujo Distribute energy to local consumption in the South
Narcea Trasona [Transport energy from South West to North (Aviles)
Transport energy from North West wind farms to South West for
Curiscao La Barca later evacuation
Distribute energy from South to local consumption in the Centre
Soto San Esteban farea
Tabiella Maruca
Tabiella Maruca Supply energy to Metallurgy industry
La Barca Trasona [Transport energy from South West to North (Aviles)
Ujo Lada Distribute energy to local consumption in the South
Cuesta-Palo  |Corredoria
Salime Corredoria [Transport of energy of North West wind farms to the Centre area
Corredoria Siero [Transport energy from Centre to East for later evacuation
Transport of energy of South West hydro power plants to the Centre
Miranda Corredoria__jarea
Lada Soto Interconnect South substations

Table 17. Asturian power lines
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5.STUDY OF THE CURRENT SITUATION
(2008)

5.1. Acquisition of reliable data for the model
In the previous chapter, general aspects of geoararansmission, distribution and
demand stages of the Asturian electrical poweregysivere presented. However, in
order to build the model for the simulations itniscessary to found a reliable source
offering more detailed information related to:

1. Technical data of from power lines and substati¢p@ver line capacities,
length, resistance parameters...)

2. Real time load flows in power plants and consumptiweas (power outputs,
load demands...)

The source consulted to obtain the data was Rexdriel® Espafia (REE).

REE is the national company in charge of the glabardking of the Spanish electrical
network. The duties of the company could be sunwedras:
Transport of high voltage electricity (220 kV — 46&) throughout the
country.
Interconnections with vicinity countries (Francertagal and Morocco)
Control and operation of the Spanish electricalvoek from its central offices
in Madrid.

REE website has a section named “e.sios” where pbssible to access and download
real time data about the whole Spanish power systém procedure followed to obtain
this data is explained as follows:

1. Once log in the websitiettp://esios.ree.esthere is an upper toggle bar with an
option called “Publicaciones OS”.

2. After clicking, another toggle bar turns up on tef side with an option called
“Casos PSS/E”.

3. Atfter clicking, a field for the search of monthlylgications pop ups in the
centre of the screen. When selecting a month avlist daily files is shown on
the web site.

4. Those files in .zip format contain all the powestgyn data for the related day.

In the following figure the process detailed ab@/ehown as it looks on the website:

Direccion ‘@ hitkp:/fwwnn . esios ree.esfweh-publical B = :’vjl I VineLlos
RED ol - -
ELECTRICA . v - \ %

DE ESPARA : e \ e SI0S

7

Cansulta de publicaciones por mes Mes (mm/aaaa)q 06/2008 (% 3rd [ consultar ‘

e S

liquidaciones 5
2nd Casos PSS/E utilizados en el analisis de restricciones técnicas del PDBF, Mes Junio de 2008

Lasos PS5/E Fecha Publicacién

Sistamas eléctricos
extrapeninsulares

09-06-2008 2649166 MDCASOS20080609 i

12-06-2008

Figure 13. REE website capture
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These files are suitable for working with SIEMEN&nsmission system analysis and
planning program PSS/E. However they can also lemexb with any word processor.
The only disadvantage when opening the files witvoad processor is found in the way
the information is shown, as the data is diffidoltidentify. Nevertheless, the data can
be easily distinguished with the aid of a PSS/E gsale.

The lengthy information supplied in those filesetated to the whole Spanish electrical
grid. So for the present study just informationatetl to Asturias was taken into
consideration.

The essential information picked up from the fileselaboration of the Asturian model
was:

BUS DATA (Substations information): Nodes numbeames, voltage levels,
location.

LOAD DATA (Demand information): Demand nodes, Loealues, nature of
the load.

GENERATOR DATA (Generation information): Generatiorodes, power
generation, maximum generation, type of generation.

BRANCH DATA (Power lines information): Origin andné of each line,
length, voltage levels, power capacity, load fltime parameter.
TRANSFORMER DATA (Transformers information): Nodésterconnected
voltage levels, power capacity, load flow, transfer parameters.

5.2. Modelling the network

First of all, before going in depth with the modwdl procedure, main characteristics of
the network to be modeled for simulations of theent situation (summer 2008) need
to be outlined:

According to voltage levelsl32 kV, 220 kV and 400 kV voltage levels were
considered for the modelling of the network. Thogeltage levels are
represented in substations and power lines. Lowkage levels such as 50 and
20 kV were rejected as those lines are mainly @isethe distribution of energy
in between localities and the connection of smgdlrb power stations with less
than 5 MW of power installed.

According to demandsConsiderable industrial demands, general consompt
from main urban areas and external export are ¢meadds taken into account
for the model.

According to generatioriThe power stations represented in the model argt m
of the hydro power plants (all over 10MW), all tbeal fire power plants and all
the wind farms in operation so far.

Over the following pages it is described which dats essentially necessary supply to
Power World simulator when building the model oé tburrent situation. It is also
detailed the data itself in tables as well as wassumptions and simplifications were
considered for the model under study.
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The elements included in Power world model were:
Buses
Loads
Generation
Power lines
Transformers

5.2.1. Bus data

Bus is the term used by Power World when refertmthe nodes representing voltage
levels of a substation. That is the reason whyhenfollowing tables some nodes were
represented two of three times, because they ceisd to either 132 or 220 or 400 kV
for the substation in question.

It was necessary to introduce the following data iower World when laying out the
nodes:

Node Numberwhich is assigned by REE
Node Nameit usually coincides with the name of the sulistat
Voltage Level each of the voltage levels in the substation

The nodes considered in the present study ard listéhe following table:

“S?neber Node Name V(()It[\a;?e Area

1040 Corredoria 132  |Centre (Oviedo)
1158 San Esteban 132  |Centre (Oviedo)
21160 Puente SanMiguel 220 [East

1159 Siero132 132  |[East

21185 Siero220 220 [East

1180 Tanes 132 East

1044 DuPont 132 North (Aviles)
1081 Maruca 132 |North (Aviles)
1177 Tabiellal32 132 North (Aviles)
21200 Tabiella220 220  |North (Aviles)
4447 /Abofiol132 132  |North (Gijon)
24125 IAbofio220 220  |North (Gijon)
1018 Carrio132 132 North (Gijon)
21025 Carrio220 220  |North (Gijon)
1021 Castiello 132 North (Gijon)
1098 Pumarin 132 North (Gijon)
1189 Trasona 132 North (Gijon)
61215 Uninsa 220  |North (Gijon)
1001 IArbon 132 North West
2001 Cuesta-Palo 132 |North West
61216 Curiscao 132 |North West
1043 Doiras 132 |North West
2018 Pico Gallo 132 |North West
1155 Salime 132 North West
21117 La Pereda 220 South

11030 La Robla 400 South
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Hz?neber Node Name V(()Il(t\all)ge Area

1072 Ladal32 132 South
11035 Lada400 400 South

1075 Langreo 132 |South

1162 Soto132 132 South
21195 Soto220 220  |South
11065 Soto400 400 |South

1204 Ujo 132 South
21240 \Villablino 220 South

1064 La Barca 132 South West
1090 Miranda 132 South West
1099 Narceal32 132 South West
11050 Narcea400 400 South West
1129 Proaza 132 South West

Table 18. Power World model nodes [21]

The most logical way to place the nodes in the loere diagram was to follow the
geographical location of the substation they regrasd.

In this way, and taking also into account the sesfattrical areas considered in the
previous chapter (North West, South West, NortlegijNorth-Aviles, Centre-Oviedo,
South and East) Power World one-line diagram loaést is shown in the following
figure 14:
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Figure 14. Power World model
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5.

2.2. Load data

Energy demand was set considering a peak demand(hbiBOam) of a week day
during the summer month of June. Loads were groupgether and named according

to the

node they were attached. This simplificafiorolves loosing some information

related to the different consumers they could regme as it is not specified if it is
industrial or home demand. Nevertheless, the typemand was specified in the last

colum

n of the table 19.

It was necessary to introduce the following data irower World when laying out the

loads:

Bus Number

Bus Name

MW Value: Real power demand
Mvar Value: Reactive power demand

The loads considered in the present study arellistéhe following table:

“E(rjneber h%?ge g e V(&I(t\a;?e Area Load (MW) [Type of demand

11030 La Robla 400  |South 1659 External

21160 Eﬂ‘g‘é‘f San 550 [East 474  |[External

1081 Maruca 132 |North (Aviles) 131 Industrial (chemistry)
1018 Carrio 132  |North (Gijon) 126 Industrial (aluminum)
1043 Doiras 132 North West 118 External

21240  |Villablino 220  |South 118 External

1098 Pumarin 132 |North (Gijon) 98 Lg?t?;g'al /" home
61215 Uninsa 220  |North (Gijon) 92 Industrial (steel)

21200  [Tabiella 220 North (Aviles) 92 Lgﬂ}‘;g'a' /" home /
1040 Corredoria 132  [Centre (Oviedo) 75 Home / tertiary

1177 Tabiella 132  |North (Aviles) 41 Industrial

1075 Langreo 132  South 38 Lgﬂ:;srt;lal /" home
1204 Ujo 132  |South 37 Home

1021 Castiello 132 |North (Gijon) 34 Home / tertiary

1158 San Esteban 132  [Centre (Oviedo) 33 Home / tertiary

1189 Trasona 132 |North (Aviles) 23 Industrial

1072 Lada 132  [South 14 Home / tertiary

1155 Salime 132 North West 13 Home

1129 Proaza 132 |South West 12 Home

1099 Narcea 132 |South West 10 Home

1001 Arbon 132 North West 8 Home

1090 Miranda 132  [South West 6 Home

1044 DuPont 132  |North (Aviles) 6 Industrial

Table 19. Power World model loads [21]
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Layout of the Asturian electrical grid one-line giam modeled with Power World is
shown again in the following figure 15, but highiijng now the external demand (in
red) and internal demand (in blue):

Figure 15. Power world model loads

5.2.3. Generator data
It was necessary to specify the following data whetering generator values in Power
World:

Bus Name

Bus Number

MW Output: Real power being generated during theugation.

Max MW Output: Maximum power output from the gertera

Mvar Output: Reactive power being generated dutirey simulation (despite
this is only an initial value as the reactive pougefixed by Power world after
the load flow simulation)

Unit type: The type of unit the generator represestich as combined cycle,
steam, hydro, wind farm...

Rest of fields were left as default.
The power plants considered in the model underysiuete coal fire, hydro and wind
farms. Leaving apart small hydropower plants (beld@MW) and other renewal

energies not yet consolidated in the region sudche@small scale PV panels or biomass
plants.
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COAL FIRE POWER PLANTS GENERATION
Max. Power|Power
Power Station [Unit name Node name Voltage (kV)  |Output output Area
(MW) (MW)
ABORO Abono | Abono 132 380 330 No_rth
Abono I Abono 220 543 525 (Gijon)
LA PEREDA |La Pereda La Pereda 220 50 50 South
LADA Lada | Lada 132 155 147 South
Lada Il Lada 400 350 347
Narcea | Narcea 132 65 52
South
NARCEA Narcea Il Narcea 132 166 154.2 West
Narcea lll Narcea 400 364 347
Soto | Soto 132 70 62.8
SOTO Soto Il Soto 132 255 239 South
Soto Il Soto 400 350 346

Table 20. Power World model generators (coal fire)21]

Most of the power plants are located in the No@hgn) and South areas:

Figure 16. Power world model generators (North -Gipn)

Figure 17. Power world model generators (South)
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HYDRAULIC POWER PLANTS GENERATION

P
Power Station |Node name Voltage (kV) (l;/l 2 [HEs 03:;3': Area

utput (MW)

(MW)
Proaza Proaza 132 48 48 South West
Arbon Arbon 132 56 56 North West
Camporriondi  [Siero 132 15 15 East
Dobra Siero 132 14.4 14 East
Camarmefia Siero 132 13 13 East
Doiras Doiras 132 42 42 North West
Silvon Dorias 132 63 63 North West
Tanes Tanes 132 125 62 East
La Barca La Barca 132 54 26 South West
Salime Salime 132 112 33 North West
Miranda Miranda 132 65 60 South West

Table 21. Power World model generators (hydro) [21]

Hydro power plants can be found either in the eastest of the region.

Figure 18. Power World model generators (East)

WINDFARMS GENERATION
Max. Power B
Wind farms Node name | Voltage (kV) Output Area
output (MW)
(MW)
Pico Gallo Pico Gallo 132 24 19 North West
Penouta Arbon 132 6 6 North West
Cuesta - Palo Cuesta Palo 132 48 39 North West
La Bobia-San Salime 132 67 39 North West
Isidro
El Acebo Salime 132 20 20 North West
Bodenaya Miranda 132 18 15 South West
Curiscao Miranda 132 43 35 South West
Belmonte Miranda 132 35 30 South West
Baos - Pumar Miranda 132 31 25 South West

Table 22. Power World model generators (wind farm) [21]
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Finally, wind farms mostly can be found in the west

Figure 19. Power World model generators (North We3t

Figure 20. Power World model generators (South Weyt

5.2.4. Branch data

It was necessary to specify the following data wieeering power lines in Power
World:

From / To Bus: Initial and final node of the line

Voltage level

Length: In miles

R Series resistance: Per unit impedance parameters

X Series reactance: Per unit impedance parameters

B shunt charging: Per unit impedance parameters

MVA limits: Capacity of the line

Lines represented in the model along with theirrabtizristics are shown in the
following table 23:
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From To Vc(JII(t\a;?e C(i}lo\a}z)ty I(_ringg; R (pu) X (pu) B
Trasona DuPont 132 280 2.49 |0.00139 |0.00653 [0.0207
Pumarin Castiello 132 190 3.11 |0.0019 [0.0101 [0.0044
Salime Cuesta-Palo 132 100 18.64 |0.0551 [0.55096 [0.03
IArbon Pico Gallo 132 200 21.75 |0.01994 |0.03994 [0.01
Corredoria  [Tabiella 132 280 23.61 |0.00698 [0.06979 |0.0043
Corredoria  [Tabiella 132 280 23.61 |0.00698 [0.06979 |0.0043
Langreo Lada 132 280 1.55 1(0.0017 [0.009 0.0042
Ujo Doiras 132 200 62.14 |0.0812 |0.15124 (0.0655
Ujo Pico Gallo 132 200 49.71 (0.09129 (0.19294 [0.035
Pumarin Tanes 132 380 37.28 |0.00888 |0.06861 (0.0292
Castiello Corredoria 132 146 15.53 |0.01526 [0.06037 |0.0156
Langreo Corredoria 132 190 11.18 |0.00579 |0.03134 |0.0073
Tabiella Trasona 132 275 2.49 |0.00162 |0.00763 [0.004
San Esteban [Proaza 132 150 12.43 1|0.01065 |0.03728 |0.0079
IArbon Doiras 132 200 11.18 1|0.01889 [0.03519 [0.0152
Carrio Abofio 132 595 1.68 |0.00308 |0.03081 [0.015
Ujo Siero 132 110 15.53 |0.02087 |0.04813 [0.016
La Barca Narcea 132 132 4,97 0.0097 (0.031 0.0109
Pumarin Corredoria 132 190 18.64 |0.00579 [0.03134 |0.0073
Corredoria [San Esteban | 132 190 3.73 |0.00372 |0.02015 [0.0047
Soto Ujo 132 110 5.59 |0.01128 |0.03765 (0.0074
Narcea Trasona 132 132 40.39 (0.0374 [0.1199 |0.0423
Curiscao La Barca 132 200 18 0.01994 |0.03994 (.01
Soto San Esteban | 132 164 2.49 |0.00215 |0.0117 [0.0005
Tabiella Maruca 132 190 435 [0.00978 [0.04451 (0.0097
Tabiella Maruca 132 190 435 [0.00978 [0.04451 (0.0097
La Barca Trasona 132 132 31.07 |0.0354 [0.1135 [0.0401
Ujo Lada 132 110 12.43 1|0.013 0.02465 |0.0099
Cuesta-Palo |Corredoria 132 100 62.14 |0.05836 [0.28365 (0.04
Salime Corredoria 132 150 74.56 |0.05894 |0.20339 (0.0455
Corredoria  [Siero 132 150 15.53 |0.00434 [0.01472 |0.0028
Miranda Corredoria 132 150 18.64 |0.0213 |0.07456 |0.0158
Lada Soto 132 122 9.94 |0.007 0.0268 [0.011
Tabiella Carrio 220 636 8.7 0.00112 |0.0101 [0.0244
Tabiella Carrio 220 636 8.7 0.00112 |0.0101 [0.0244
Tabiella Soto 220 470 21.75 |0.00579 |0.05785 |0.0546
Carrio Uninsa 220 366 1.24 |0.00034 [0.00291 [0.0333
La Pereda [Soto 220 220 497 (0.00312 (0.01089 [0.0159
IAbofio Carrio 220 640 0.62 |0.00017 |0.00165 [0.02
IAbofio Carrio 220 640 0.62 |0.00017 |0.00165 [0.02
Carrio Soto 220 636 21.75 |0.00253 |0.02213 |0.0549
La Pereda |Villablino 220 200 435 (0.01891 [0.06557 [0.0944
Siero Puente SanM| 220 340 90.1 |0.0182 |0.08832 [0.2537
Siero Puente SanM| 220 340 90.1 |0.0182 |0.08832 [0.2537
Siero Soto 220 510 9.94 |0.00118 |0.00875 [0.0234
Soto Lada 400 1210 10 |0.00036 [0.00343 [0.0962
Narcea Soto 400 1210 31.07 |0.00081 [0.00848 (0.2413
Soto La Robla 400 1540 52.82 |0.00126 [0.01336 (0.3805
La Robla Lada 400 1030 52.2 0.00171 |0.01498 |0.4056

Table 23. Power World model power lines [21]
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5.2.5. Transformer data
Defining transformers followed almost the same pescas when defining a power line.
Transformers represented in the model along wighr ttharacteristics are shown in the
following table 24:

Bus Voltage step C(a'\;)\?zl)ty R (pu) X (pu)

Carrio 132/ 220 270 0,00071 |0,04690
Carrio 132 /220 270 0,00071 |0,04690
Tabiella 132 /220 270 0,00071 |0,04862
Soto 132 /220 350 0,00050 [0,04478
Lada 132 /220 300 0,00110 (0,06494
Lada 132 /220 300 0,00110 |0,06494
IAbofio 132/ 220 225 0,00021 |0,04798
IAbofio 132/ 220 225 0,00021 [0,04798
Narcea 132/ 220 350 0,00066 [0,03988
Siero 132 /220 150 0,00150 [0,05737
Soto 220/ 220 600 0,00040 [0,02356

Table 24. Power World model transformers [21]

5.3.  Power system security: reliability criteria and
operation conditions.

Before moving on to the next sections of the pipjdedicated to the simulation and
analysis of the power system it is necessary téa@xphe reliability criteria established
for the appropriate operation of the power systeateu study.

The guidelines applied in this case were obtaimerh fthe operation criteria standards
prepared by REE.

REE reliability criteria was set down taking intocaunt original design and planning of
the electrical network in order to make possibbeter use of the system.

As REE was established in 1984 many of the oldestep lines operating in Spain were
not design by REE but by other local companies wifferent operation criteria. Over
the last years those local companies have solthall transportation infrastructures
(220 kV — 400 kV power lines and substations) toEREEcording to the regulations
currently in force. So REE carried out the unificatof all the reliability standards
elaborated by the former owner companies.

Maintaining a reliable system involves keeping im@rgins the following electrical
variables:

Voltages in the nodes
Loads in power lines and transformers
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5.3.1. Operation states

Four possible operation states or situations cadligimguished in the general operation
of an electric power system:

Standard stateAll the control variables meet the operation nesgestablished
and satisfy reliability criteria.

Alarm_state In this case, control variables are adequate teweeliability
criteria is not meet when facing a contingency.

Emergency stateln this situation at least one or more systemabédes show
values out of the standard state margins. Thistitns ends up in local outages.

Restoration stateArises after a regional or national black outeThain object
in this situation is to restore quickly but step &tep supply service in the
affected area. [9]

Figure 21. Power system operation states

5.3.2. Contingency types

Three different kinds of contingencies can bemgtished in a reliability analysis:

Simple failure Of any of the elements in the power system, eigfemerator, or
power line, or transformer or reactance)

Simultaneous failureln the two circuits of a double power line asdas they
are sharing the same pylons during at least 30fkimearoute.

Special situations When after a contingency the implementation oé th
operation criteria needs an excessive time. Fomelg the coupling of a coal
fire power plant generator is considered as ar&ill9]

5.3.3. Acceptable operation margins for the control

parameters
Depending on the situation of the system thereddferent operation margins for the
control parameters:

Standard operation of the system
Voltage: Voltage control procedures for the staddsituation will meet the
restrictions set by the design margins.
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Load: Load levels will not be greater than the nwathi capacity from
transformers or thermal capacity from power linedirged for the different
seasons of the year.

Contingency type I: Simple failure

Power system must keep the following parameteosder to avoid simple failures:
Referring to power lines, there will not be steadsgte overload. However, it
could be accepted up to a 15% in transient oveslda@l minutes max length).
Referring to transformers, there will not be steathte overload but it could be
accepted a maximum overload of a 10% (in wintehesE limits can vary in
each transformer depending on manufacture features.
Voltages that guarantee a stable situation shcailoebween the next limits:

Voltage Level | Minimum | Maximum
400 kV 380 kV 435 kV
220 kV 205 kv 245 kV
132 kV * 120 kV 145 kV

Table 25. Operation margins (simple failure) [9]

Contingency type lI: Simultaneous failure

Referring to power lines and transformers, ther# mot be overload greater

than 15%
Voltages that guarantee a stable situation shaeiloebween the next limits:
Voltage Level | Minimum | Maximum
400 kV 375 kV 435 kV
220 kV 200 kV 245 kV
132 kV * 115 kv 145 kv

Table 26. Operation margins (simultaneous failure)9]

* 132 kV voltage level is not reflected in the geiiles from REE so those values
were supposed taking in to consideration maximuih @mMimum voltage values
from higher voltages levels.

5.4. Simulations and analysis of the current situation.

In the present section of the current situation080study, several simulations were
carried out:

Firstly, for the case of a standard situation (aotimgencies).
Secondly, for the case of some contingencies invéek points of the network
discovered over the analysis of the standard sitoat

Results obtained from the simulations were reptesem form of tables and snap
captures from Power World animated one line diagi@ndiscussion and analysis.
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Figure 22. Current situation simulation screen
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5.4.1. Standard Situation
The analysis carried out with the results from #mulation of the Asturian power
system under a standard situation was based omparson between the load flows in
each power line. Special attention was given tcséhoverloaded lines or close to
overload that could lead to future contingencieth@power system.

Results obtained from the simulations were sort actording to three different
transmission line voltage levels (132, 220 and KD

Each of the following result tables details thkofeing information:
Origin and end of each line;
Load levels in MW, Mvar and MVA;
Maximum load MVA limit of the line;
Percentage of load in the line in comparison withtbtal tolerated load.

5.4.1.1. 132 kV power lines running under a standard sibwati

132 kV Lines charge level

From To (f'r\zml)* (';’r';’;‘]r) (']ffc\)/rﬁ) 'l\_’:\n/]ﬁ % of MVA Limit
Trasona DuPont 6 -1,3 | 6,1 |280 2,2
Pumarin Castiello 9 1,5 9,1 [190 49
Salime Cuesta-Palo 53 -2 5,6 | 100 5,6
Arbon Pico Gallo 10,8 | -5,8 | 12,3 | 200 6,1
Corredoria Tabiella 20,3 | 4,7 | 20,8 | 280 7,5
Corredoria Tabiella 20,3 | 4,7 | 20,8 | 280 7,5
Langreo Lada -11,9 [-36,6 | 38,5 | 280 13,8
Ujo Doiras -28,8 | 13,1 | 31,7 | 200 15
Ujo Pico Gallo -28 [ 10,5 [ 29,9 | 200 15,9
Pumarin Tanes -61,6 |-19,7 | 64,7 | 380 17,4
Castiello Corredoria -25,3 | -9,6 | 27 [146 18,9
Langreo Corredoria -26,1 | 25,6 | 36,6 | 190 19,3
Tabiella Trasona -61,3 | -1,1 | 61,3 | 275 22,6
San Esteban |Proaza -359 | -2 [35,9 (150 24,1
Arbon Doiras 43,2 |-23,4] 49,2 | 200 24,6
Carrio IAbofio -145,7| -5 [145,8[595 24,7
Ujo Siero 21,3 |-16,8| 27,1 | 110 24,7
La Barca Narcea 33,4 |-10,8| 35,1 | 132 26,6
Pumarin Corredoria -45,3 [ -20,3 | 49,6 [ 190 26,6
Corredoria  |San Esteban | -52,4 |-17,8| 55,3 | 190 29,4
Soto Ujo 33,3 | -1,2 | 33,4 | 110 30,3
Narcea Trasona 40,3 | -2,2 | 40,4 | 132 30,6
Curiscao La Barca 60 -29,31 66,8 | 200 33,4
Soto San Esteban | 49,7 | 29,5 | 57,8 | 164 35,3
Tabiella Maruca 65,9 9 66,6 | 190 35,6
Tabiella Maruca 65,9 9 66,6 | 190 35,6
La Barca Trasona 51,7 | -4,4 | 51,9 | 132 39,3
Ujo Lada 32,2 |-30,8| 44,6 | 110 40,7

46



Chapter 5: Study of the current situation (2008)

132 kV Lines charge level
From To (f'r\g\r/nv)* (l;/rlgs]r) (wc\)/rﬁ) 'I\_/:\nﬁ % of MVA Limit
Cuesta-Palo [Corredoria -43,1 | 6,3 | 43,6 | 100 445
Salime Corredoria -70,4 | 19,3 | 73 | 150 49,8
Corredoria  $iero 50 |-82,5]96,5|150 65
Miranda Corredoria 98,6 |-11,5] 99,3 | 150 66,2
Lada Soto -85,7 | 23 | 88,7 |122 72,7

Table 27. Simulation results for 132 kV power lines

*Minus sign shows that the power flows in the opodirection

According to the previous results table, 132 kV poVines which could lead to future
constrains in the grid expansion were:

Lada — SotoThe 72,7% overload showed in Lada - Soto could lpossible
critical point in the future expansion of powertgys. However both substations
(Lada and Soto) are also interconnected by a 400iné/with just a 13,3 %
overload and the transformers connecting 132 —kAD®@oltage levels in each
substation were below the 50% load level.

Figure 23. Lada — Soto load level

Miranda — Corredorialhe main duty of this line is to conduct the gygrom a
hydro power plant and a couple of wind farms lodatethe south-west area to
the central substation of Corredoria which delivier® the rest of the central
area. The west is an area with future projectsviod farms so this route could
require upgrading the line Miranda-Corredoria, eatly showing a 66.2%
overload, or even planning a new one dependingq@mtimber of wind farms to
be installed in the following years.

Figure 24. Miranda — Corredoria load level
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Corredoria — SieroThe power line Corredoria-Siero (65% overloadpme of
the three routes used to export energy from Agtuheough East of the region
along with Ujo - Siero (24,7%) and Soto — Siero,{?2). As the generation of
energy is expected to increase much more thanahsumption in the following
years it could be interesting to increase the agpatthis line.

Figure 25. Corredoria — Siero load level

5.4.1.2. 220 kV power lines running under a standard sibwati

220 kV Lines charge level
From To MW (from) (l;/rlggl]r) (';fc\)/rﬁ) ll\_/:\rr/{lat\ % of MVA Limit
Tabiella Carrio -136,9 -16,2 | 137,9 | 636 21,8
Tabiella Carrio -136,9 -16,2 | 137,9 | 636 21,8
Tabiella Soto 111 -5,7 |1 111,2 | 470 23,8
Carrio Uninsa 92 10,9 92,7 366 25,3
La Pereda |Soto -71,8 68,6 | 99,3 | 220 45,2
Abofio Carrio 350,3 28,6 | 351,5| 640 54,9
Abofio Carrio 350,3 28,6 | 351,5| 640 54,9
Carrio Soto 353,4 -10,2 | 353,5 | 636 55,6
La Pereda |Villablino 121,8 0,5 | 121,8 | 200 60,9
Siero Puente SanM|[237,9 29,8 | 239,8 | 340 71,5
Siero Puente SanM|[237,9 29,8 | 239,8 | 340 71,5
Siero Soto -363,3 -42,4 | 365,8 | 510 72,7

Table 28. Simulation results for 220 kV power lines

According to the results from simulations showntlie previous table, the 220 kV
power lines that could bring up future problemseaver

Siero — SotoAs explained before, in the 132kV study, this e @f the three
exportation routes that drain away the energy fAsturias through the East.

Siero — Puente San Miguédt is the connection between Siero substationchvh
collects energy to export from Asturias through ¢last, and Puente San Miguel,
the first substation after crossing the Easterméoof Asturias. Despite it is a
double circuit power line to fulfill exportation afnergy, the overload is still
high (71,5%) so it could be interesting upgradih route to a 400 kV line.
That would mean doubling current exporting capacity
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Figure 26. Siero — Puente San Miguel load level

La Pereda — Villablino

This line represents again an exportation route
for the surplus energy. Overload obtained from
simulation was 61%. So it could be necessary
upgrading the capacity for future increases of
surplus energy.

Figure 27. La Pereda — San Miguel load level

5.4.1.3. 400 kV power lines running under a standard sibwati

400 kV Lines charge level
From To MW (from) (I;f;/ra:]r) (x;/rﬁ) ll\_/:\rgﬁ\ % of MVA Limit
Soto Lada 159 -21,1 | 160,4 | 1210 13,3
Narcea Soto 535,6 -50,9 | 538 [ 1210 44,5
Soto La Robla 875,1 67,8 | 877,7 | 1540 57
La Robla [Lada -734,7 2 734,7 | 1030 72,5

Table 29. Simulation results for 400 kV power lines

Finally, for the case of 400 kV transmission linesblems seemed to be point again to
the exportation of energy:

Soto — La Robla and Lada — La Ralfhowing overload levels of 57% and
72% respectively, these lines export a 70% of dtel tgeneration energy
surplus from Asturias. That is because this rostethe main way to
evacuate energy from Asturias to the rest of Sgaithat case, an upgrade
of the lines could be a short term solution. Howeaealefinitive solution
must undergo planning of another 400kV corridor.
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Figure 28. Soto — La Robla and Lada — La Robla loatkvels

Once the main weak points of the power system vgEermined, the next step
consisted of the study of possible contingencies.

5.4.2. Contingencies
Contingencies to analyze were selected taking actmount the weakest points in the
power system. These points matched up most ofitestwith highest voltage levels
power lines for the exportation of energy.

Contingencies were the following:

Contingency Voltage level | Description

#1 Soto — La Robla 400 kV Main exportation line
#2 Lada — La Robla 400 kV Main exportation line
#3 Siero — Puente San Miguel 220 kV Exportation lin

Table 30. Contingencies under study
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5.4.2.1. Contingency # 1: Soto — La Robla

Soto — La Robla (1540 MVA of maximum capacity) isecof the main lines for the
exportation of surplus energy from Asturias. lagbs a 400 kV “triangle” form by
Soto, Lada and La Robla Substations. The main tgeof this triangle is to sustain a
reliable evacuation of energy from Asturias torést of Spain.

The following picture shows how the disconnectiéthe line Soto — La Robla affected
the surrounding power lines and how the flow ofrgges redistributed.

Figure 29. Contingency 1

The main problem that comes up just after the ageticy simulation is the overload
on the other exportation line Lada — La Robla (KO0. It rises from a previous 72.5%
to a new enormous 165% overload. The margins ésialol by the directions were set
around a 15% overload when facing a simple faillirés new overload is by far out of
the margins so this line could not resist the nemuoents. So the system would
automatically move to an emergency state.

Apart from that outcome, the increase in the fldwewergy from Soto to Lada is also
shown in the previous figure. First, directly onethines that interconnect both
substations and secondly, indirectly on the lites pass by Ujo substation.

The evolution (before and after contingency) inlthed level for those lines is shown in
the following table 31:

Load levels %
From  [To kV Before After
contingency| contingency
Lada Soto 132 72,7 88
Soto Lada 400 13,3 85
Soto La Robla | 400 57 0
La Robla [Lada 400 72,5 165

Table 31. Contingency 1 load levels
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Nodes which suffer voltage variations are repre=eit the following table 32:

Node Nom kV pu kV

Puente SanMiguel 220 0,927 204,026
La Robla 400 0,941 376,273
Maruca 132 0,975 128,659
Villablino 220 0,977 214,877
Castiello 132 0,980 129,418
Pumarin 132 0,981 129,464
Tabiellal32 132 0,985 130,030
Siero220 220 0,986 216,926
DuPont 132 0,986 130,161
Trasona 132 0,986 130,169
Corredoria 132 0,990 130,670
Carrio132 132 0,993 131,091
Soto220 220 0,995 218,811
San Esteban 132 0,996 131,406
Tabiella220 220 0,996 219,042

Table 32. Contingency 1 voltage levels

220 kV node Puente San Miguel showed voltage vabueghe of the safety margins:
204.026 (must be in between 205 — 245 kV). In #mmes way 400 kV node La Robla
showed voltage values out the of the safety mar@ing.273 (must be in between 380 —
435 kV).

5.4.2.2. Contingency #2: Lada — La Robla
Lada — La Robla line is a very similar case to phevious one analyzed. Apart from
following a similar route it is the other major pewline (1030 MVA maximum
capacity)responsible of the evacuation of surplus energy fAsturias.

The following figure 30 shows how the disconnectidithis line affects surrounding:

Figure 30. Contingency 2
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The situation is pretty much the same as in theipus case but now the flow is on the
other side. Now it flows from Lada to Soto substatand once there the energy is sent
away through La Robla.

As expected, the main increase of load level tumsow in the line Soto — La Robla
which moves from a previous 57 % to a current 108&cording to the reliability
guidelines from REE, an overload up to 115% cowdtood during 20 minutes. If the
overload is not resolved within this time the limeuld fall down leading to an
emergency situation.

In the following table 33 the main significant chadevels before and after contingency
are detailed:

Load level %
From To kv Before After
contingency | contingency
Soto Lada 400 13,3 46,4
Soto La Robla | 400 57 108
La Robla |Lada 400 72,5 0
Siero Siero 132/220 76,9 81

Table 33. Contingency 2 load levels

Substations that suffer voltage variations areasgmted in the next table:

Node Nom kV pu kV

Puente SanMiguel 220 0,92742 204,032
La Robla 400 0,95597 382,387
Maruca 132 0,97505 128,707
Villablino 220 0,97672 214,877
Castiello 132 0,98043 129,417
Pumarin 132 0,98078 129,463
Tabiellal32 132 0,98544 130,078
Siero220 220 0,98605 216,93
DuPont 132 0,98651 130,219
Trasona 132 0,98657 130,228
Corredoria 132 0,98991 130,669
Carrio132 132 0,99313 131,093
Soto0220 220 0,9945 218,791
San Esteban 132 0,99549 131,405
Tabiella220 220 0,99576 219,066
Langreo 132 0,99651 131,54
Ujo 132 0,99654 131,543
Uninsa 220 0,99824 219,613
Carrio220 220 0,99892 219,761

Table 34. Contingency 2 voltage levels

As in the previous contingency, Puente San Migustsdnot meet the acceptable
operation margins. So the system moves from amABiiate to an Emergency State.
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5.4.2.3. Contingency #3: Siero — Puente San Miguel (1 line)

Siero - Puente San Miguel is the second most impbroute (after La Robla) for the
exportation of energy from Asturias to the resSepfin. It is a double circuit long (90
miles) power line frequently close to overloads%j 2o when facing situations like the
one presented in this contingency, the disconnectib one of the circuits, major
overloads immediately emerge.

Figure 31. Contingency 3

The most serious problem shows up in the secormlitithat remains in operation
between Siero and Puente San Miguel overloadingecto 214%, a level of charge
completely out of the reliability margins. Some etiminor also overloads show up in
surrounding lines and transformer.

Next table 35 shows how all the remain affecteddiare under 115% overload so the
situation could be maintained up to 20 minutes fgefmding a solution.

Charge level %

From To kV Before After
contingency | contingency

La PeredalSoto 220 45,2 106
Siero Puente SanMiguell 220 71,5 0
Siero Puente SanMiguell 220 71,5 214
Siero Soto 220 72,7 112
Siero Siero 132 /220 76,9 104

Table 35. Contingency 3 load levels

Having a look to voltage variations, the always emithe limit node Puente San Miguel
drops down in that case to very worrying valued thave the system again to an
emergency state.
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Node Nom kV pu kV

Puente SanMiguel 220 0,54794 120,547
Siero220 220 0,93836 206,439
Maruca 132 0,97414 128,587
Villablino 220 0,97672 214,877
Sot0220 220 0,97809 215,179
Castiello 132 0,98034 129,405
Pumarin 132 0,9807 129,452
La Robla 400 0,98421 393,684
Tabiellal32 132 0,98454 129,959
DuPont 132 0,98564 130,105
Trasona 132 0,98571 130,113
Corredoria 132 0,98981 130,655
Carriol32 132 0,99269 131,035
Tabiella220 220 0,9938 218,637
San Esteban 132 0,99546 131,401
Langreo 132 0,99649 131,536
Ujo 132 0,99663 131,556
Uninsa 220 0,99747 219,444
Carrio220 220 0,99815 219,593

Table 36. Contingency 3 voltage levels
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5.5. Final results for the study of the current situatio
(2008)

Simulations and analysis of the Asturian power eystcurrent situation left the
following final results inferred from those powerds showing overloads above 50%.

5.5.1. 132 kV power lines

Figure 32. Overload comparison in 132 kV power ling

132 kV voltage level is closer to distribution th&m transmission stages, therefore
overload problems could be more related to increadiemands in industries or large
cities. However, results obtained from the simolagi showed overload tendencies in
132 kV lines that could have a decisive role inufatsituations but not because they had
to increase the supply of energy to increasing aehtansumers.

It was the case of Corredoria — Miranda (66.2%ygharge of the transport of wind farm
generation from the west of Asturias, where the lssd conditions are found, to the

centre of Asturias, where energy is delivered toscmers or to other substations for
exportation at higher voltage levels. Increase wjederation in Asturias is one of the
targets for the next years so the upgrade of liikes Corredoria — Miranda or the

commissioning of similar ones from the west todkatre is a essential requirement.

5.5.2. 220 kV power lines

Figure 33. Overload comparison in 220 kV power ling
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When analysing the results from the simulation 80 XV power lines, the highest
overloads were found on those lines in charge efetkportation of energy to vicinity
regions:
Villablino — La Pereda (61%) exports energy fromtukgms to Castilla
(South)
Siero — Puente SanMiguel (71.5%) exports energyn frAsturias to
Cantabria (East)
As well as in the line Soto — Siero (72.7%), thidifectly transports energy for later
exportation through the east of the region.

Therefore, even not considering future increaseblentotal generation of the Asturian
power plants, it would be interesting for the reliidy of the system designing new
power lines through the east and the south ofd@g®n for the exportation of energy.

5.5.3. 400 kV power lines.

Figure 34. Overload comparison in 400 kV power ling

Finally, both 400 kV power lines in charge of thepertation of most of the surplus
energy from Asturias show notable overloads:

Soto — La Robla: 57%

Lada — La Robla: 73%

As this route of exportation already has two povwees and therefore seems to be

overcrowded, the only possible solution for thased would be an upgrade in their
capacity.

To sum up, the current situation of the Asturiaweosystem is acceptable, no defects
were found under a standard operation simulatiah @hthe surplus energy can be
dispatched to the rest of Spain.

However, according to the future plans for the Aistu power system directing to the
increase of generation in current and new powentgld is of the utmost importance
improve the situation of:

The interconnections between western and cengakanf the region

The exportation routes to through the East andtiSout
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6.ASTURIAN FUTURE ELECTRICAL
NETWORK

According to the main strategy lines from the regiogovernment of Asturias, the
future plans (2008 — 2015) for the electrical netwaf the region will be based in two
working areas:

Firstly, the energy plans of Asturias are mainlcused on the increase of the
generation units. In a short term Asturias will ergb a steady incorporation of up to
twenty three new wind farms to the electrical newdn a long term, a much greater
amount of MW is expected to be in operation byatisig up to seven combined cycle
generation units. Those units will be installedpower plants already in operation
(replacing the oldest generation units) as wellimsnew proposed power plants.

However the current supply of natural gas to thgore could not withstand so many
projects. Thus, the creation of new combined cyptever plants relies on the

conclusion of the works of a new regasificatiomplexpected to be finished by the end
of 2012. [12]

Secondly, in order to manage this dramatic incredigsbe generation adapting the high
voltage transmission and distribution grid will bepriority of the utmost importance.
This will be the most complicated step for the fatplans of the region as the upgrade
of the grid will need to go through the erectiontbé always controversial 400 kV
power lines close to urban areas and natural reserv

6.1. Generation

6.1.1. Coal fire / Combined cycle power stations
Coal will continue being the main source of eneagjyeast until 2012, just before the
implementation of the new combined cycle power fgaMost of the coal fire power
plants will undergo upgrades consisting on decorsimisof the oldest generation units
while installing new ones.

6.1.1.1. Soto power station
Soto will be the first power station in Asturiastiegin working with combined cycle
generation units. In that way, Soto IV (400 MWkigected to be already replacing the
old Soto | (from 1967) in 2009. Short after andbalgth a power out of 400 MW Soto
V is expected to begin working.

6.1.1.2. Abofo power station
Abofio coal fire power station will undergo anytimeer the following seven years the
decommissioning of it first generation unit (19%i}h a max power output 380 MW
while expect to implement upgrade works for thestarction of an 800 MW combined
cycle unit around 2015. [14]

6.1.1.3. La Pereda power station
The limited generation from La Pereda power pl& KW) will see how its power
output significantly increases with the installatiof a combined cycle unit of 400 MW
by the year 2012. [13]
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6.1.1.4. Lada power station
As in the previous case of Abofio power plant, Ladla also change its old Lada |
generation unit (1967) for a new combined cycle wiih a power output of 800 MW.
The expected date for the operation of the newisi@012. [10]

6.1.1.5. Narcea power station
Narcea power station is so far the only one in Agsuwhich has not planned yet any
upgrade in its generation units.

6.1.1.6. Nalon Power station
This new combined cycle power station to be locatethe central area of Asturias is
expected to begging operating around 2012. The paw#put of the only group
planned so far will be 400 MW. [11]

6.1.1.7. Musel power station
Musel power station will be a new combined cyclevpo plant to be built in Musel
harbour, next to the future regasification plarttisTpower plant will be the biggest in
Asturias with an 860 MW generation unit. It is exf@el to be built around 2014.

6.1.2. Hydro power stations
Hydro power is a type of energy already highly iempented in Asturias. Most of the
locations suitable for hydro power plants were adgestudied years ago so this section
needs little expansion.

The only increase that this energy can experienmgéldvbe possible by upgrading the
already existing plants or by the installation ohinvydro power generation units. First
option has not been considered; just the secondeems to be feasible. However the
new generation implemented in this sector will betconsidered in the future models
and simulations of this study due to the small amhoof energy those generators
generate in comparison with the global generation.

6.1.2.1. Biomass and photovoltaic power plants
As in the current situation, other renewal energiesh as biomass and photovoltaic
energy have no great expansion plans in the re§orthey will continue unconsidered
for future models and simulations.

6.1.3. Wind farms

The field of wind energy will be the one to playvary important role in Asturian
generation over the right coming years. The maasoa is a moratorium that has just
been removed at the beginning of 2008.

Seven years ago, when the first wind farms begarogerate in Asturias, the
applications for new wind farm construction werersany that the government was
forced to impose a moratorium against the massnea® of wind farm projects. The
main reasons were due to the fact that most optbgcts turn out to be the same for
different locations and many of them had no intmsideration natural reserves and
environmental impact.
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Since last March 2008 the moratorium that slowedrdthe spread of wind farms was
removed. So after reconsidering the projects talggad it has been estimated that wind
energy will triple current values of generation otfee following three years.

The wind farms already approved by the local govesnt and some of them currently
under construction are shown in the following table

KW Maximum
NAME Company Towers Capacity |[Area (County)
(generator)
(MW)
Carondio - . North west
Muriellos North eolic 51 750 427 | Allande - Villayon)
El segredal Cantaber generacion 750 44.2 Nc_)rth west
eolica (villayon - valdes)
. Energias renovables del North west
Vidural principado de Asturias 7 1500 25.5 (Navia y Villayon)
. North West
San Roque Gamesa Energia 16 1500 24 (Villayon - Allande)
Mancebon Energias renovable_s del 24 1500 36 N_orth west
principado de asturias (tineo - Allande)
. Terranova Energy Corp) North West
Pico Quemado SA 37 850 315 (Allande - Tineo)
Ouroso Terranova 55 660 36.3 North . west
_ (Taramundi)
Panondres E'?erg'as renovable.s del 29 690 43.5 |North west
principado de asturias
Producciones North West]
El candal energeticas de Asturias| 66 750 49.5 |(Castropol -
SL Vegadeo)
Bobia I“rleTotaIfina eolica 45 800 36 North west
cruces (Castropol - Boal)
. . Terranova Energy Corp North West
Pico Jarrio SA 21 850 17.8 (El Franco - Coafia)
Monte Pereira Terranova Energy Corp 31 850 26.3 North _ West
SA (Taramundi)
Monte bufio North Eolic 15 1300 19.5 |North west (Tineo)
Busecoll  |Asturwind 28 | 1500 42 ('\\'/‘I}{;:‘K‘;‘;]esil neo)
Sierra Tineo  |North eolic 28 1750 49 North west (Tineo)
Palancas Asturwind 11 1500 16.5 |North west (valdes)
Las Cruces Engrglas renovabl.es del o8 1500 435 N.orth west
pricipado de asturias (tineo -valdes)
Busceo | Asturwind 19 | 1500 | 285 ('\\l/c;rlfjhe\;v?fitneo)
Begaga Barbao 68 660 473 (Sé’;;jome) West
El Cordel Engrglas renovabl.es del 29 1500 435 North west .
pricipado de asturias (Valdes - Navia)
Terranova Energy Corp North West
Estoupo SA 31 850 26.35 (Valdes - Tineo)
Pico de Liebres 'SI'eArranova Energy Corp 23 850 19.6 |North West (Tineo)
Carrocedo Energia  Hidroelectrica 58 850 49.3 |South (Lena - Aller)
de Navarra SA

Table 37. Future Asturian wind farms [4] [8]
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The twenty three wind farms listed above will maké¢otal of new 1090 MW power
output installed in the west of the region.

However, before the full operation of all thoseufet wind farms the western
transmission grid must undergo important transfoiona.

6.2. Power lines and substations

The main problem arising from all the future plarfiggeneration is the transmission of
energy. The electrical network currently existimg Asturias is unable to bear the
dramatic increase of MW to be running over its polirees once new wind farms and
combined cycle power plants were ready to operate.

So the solutions proposed are summarized as fallows

400 kV route “ASGA”

400 kV connection Nancea — Tineo

400 kV central ring

Upgrade 400 kV power lines Soto — La Robla and L-adla Robla
400 kV power line Soto — Penagos

400 kV power line Lada — Velilla [5]

In the following figure all the previous proposedwer lines are represented in red
dotted line over the map of Asturias:

Figure 35. Asturian future power lines and substatins [3]

6.2.1. 400 kV route “ASGA”

All the lines currently transporting the energynfravind farms located in the west of
Asturias to the centre are 132 kV power lines. Ehliises are enough for the current
wind farms in operation but they will not be albedieal with the future wind generation
plans. New 400 kV power lines need to be erectedgathe same route in order to
satisfy wind generation requirements. So the mamgses of the route ASGA are:
On the one hand, transport the energy generatékebyind farms to the central
area of Asturias.
On the other hand, as it is connected to Galitiwjll improve the evacuation
on energy route to the west.
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The capitals ASGA stand for Asturias-Galicia. Th@04kV route ASGA plans to

interconnect the western border county, Galicighviihe centre area of Asturias by
erecting several 400 kV power lines which will alsterconnect the new 400 kV
substations planned for the coming wind farms.

The following 400 kV substations were planned fa &ccomplishment of this route:

Boimonte. Located in Galicia, Boimonte is considees the starting point of
the route

Pesoz. It will collect all the energy generatedhsy northwestern wind farms.
Palo. Former 132 kV Cuesta - Palo substation wilupgraded to a new 400 kV
one named Palo.

Tineo. It will collect all the energy generated the most southwestern wind
farms.

Santa Maria. Located in the centre area of Asturissconsidered the other end
of the route. Here the ASGA route will be connethwihe Central ring. [5]

In the same way, the consequent 400 kV power liessgnated for the connection of
the previous substations will be:

Boimonte — Pesoz
Pesoz — Palo

Palo- Tineo

Tineo — Santa Maria

The 400 kV route ASGA in between the western regidnGalicia (light brown

background) and Asturias (light pink backgroundjeipresented by a dotted red line in
the following figure:

Figure 36. ASGA route [3]

6.2.2. 400 kV connection Narcea — Tineo

A short 400 kV power line of just 5 miles will beeeted in between Narcea substation
and the new substation of Tineo. The main objechisfline is interconnection ASGA
route and the already existing South West — SonéhNlarcea — Soto and therefore give
more reliability to the 400 kV network. [5]
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6.2.3. 400 kV central ring

400 kV central ring will interconnect the northercentral and southern areas of
Asturias. It will consist on the following 400 k\ilsstations:

Santa Maria. Already projected for the ASGA routevill be located in the
central Area.

Tabiella. The former 132 / 220 Tabiella substatmzated in the North (Aviles)
area will be upgraded to a new 400 kV one.

Carrio. As in the previous case, the former 13220 XV Carrio substation
located in the North (Gijon) area will be upgrade@d new 400 kV one.

Lada. The already existing 400 kV substation witht meed any major
modification.

Soto. The already existing 400 kV substation witht meed any major
modification. [5]

The consequent 400 kV power lines needed for niterdonnection of the previous
substations will be:

Santa Maria — Tabiella
Tabiella — Carrio

Carrio — Lada

Lada — Soto (already existing)
Soto — Santa Maria

The central ring and its substations are repredeantéhe following figure over the map
of the Asturian 400 kV electrical network

Figure 37. Central ring [3]

In a short term, the central ring would necessanytlie evacuation of energy from the
new wind farms. However, from 2012 on it will besestial in order to distribute the
enormous amounts of energy generated by the prdmasebined cycle power plants.
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6.2.4. Upgrade 400 kV power lines Soto — La Robla and
Lada — La Robla

A first solution to the upcoming problems related the exportation of the
approximately new 1000 MW generated by the propegad farms from Asturias will
be the upgrade of the Southern lines Soto — La &kalnld Lada — La Robla. The
increase of capacity considered has been set aso@félb of new load in their lines.

However, this will not be a definitive solution. @meal solution for the evacuation of
new energy is no other than the planning of new Kd@ower lines from Asturias to
the southern and eastern border regions. [5]

6.2.5. 400 kV power line Soto — Penagos

Soto - Penagos is the first of the two projectedvgrolines to be ready for the
exportation of electrical energy from Asturiaswitl run from Soto substation (south of
Asturias), towards the east to Penagos substatiochws located in the border region
of Santander. Once finished, along with the ASG#teoit will make possible a 400 kV
connection between all the northernmost regiorfSpafin.

Despite the fact most of the pylons for the cordiom of this line had already been
erected in 2000, the works were held up due to niamgal complaints from resident
associations of the nearby villages that movedHigh Court to officially stop the
works. It forced the execution company (REE) to ghenning of alternative routes
where the line runs close to opposing villagesrzatdral reserves.

Nowadays the final layout of the line has alreatijamed the legal permissions from
the High Court, so the line is expected to be rdadthe end of 2009. [5]

Figure 38. Soto — Penagos power line [3]

6.2.6. 400 kV power line Lada — Velilla

This is the second of the projected lines for tkygoetation of energy from Asturias. In
this case the line runs from Lada substation thndhg south of Asturias until it reaches
Velilla, located in the border region of Castilla.
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The project of this line first came up more tharemy years ago, in 1986. Since the
beginning it was a controversial project, as pdrthe route ran across “Picos de
Europa” natural resource. Even though half of tine Was erected it could not be
completed due to the constant disputes held betvileencontractors and the city
councils of Castilla. [5]

Furthermore, over the course of the years morenami@ complaint associations were
established. Because of the persistent struggke®xkbcution company was forced to
propose an alternative route, whose environmemtglact study is currently under

approval process. The estimated date for the csioriwf this line has been set in 2011.
In the following figure the power line is repressmthalf with a red dotted line

(unfinished) and the other half with a continuans finished).

Figure 39. Lada — Velilla power line [3]

6.3. Demand

In reference to the demands of energy and takittgaocount trends registered over the
last years, the situation showed up that an ineredshe 7% in the internal demand of
energy could be considered each 3 years over Hosving time of the study. [15]

Regarding the external demand, surplus will be eshaut among the new external
demand points:

Villablino

Doiras

Puente San Miguel
Robla

Penagos

Velilla

The percentages of energy absorbed by those ektdemand points will vary
depending on the power lines in operation and tbeep plants installed, so more
precise values will be detailed in the simulatiod analysis chapter.
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7.STUDY OF THE FUTURE SITUATIONS

Study of future situations were carried out by dating several possibilities of
generation and exportation of surplus energy.

As the future situation showed in the previous ¢tbagvas developed as far as year
2015 and considering the gap of seven years tap flenthe study. It was decided to
split up future situation in two horizons of anadys

2011 horizonOn the one hand, in reference to upcoming geioeall the new
proposed wind farms (800 MW aprox) are expectetieayradually operating
during the three years gap between 2008 - 2011 #s new combined cycle
generation units (400 + 400 MW) will be operatingdoto power plant. On the
other hand, in reference to power line works, thee¢ mayor 400 kV
exportation of energy projects (Velilla, Penago§GX) are expected to be
finished by the end of 2011.

2015 horizon Over the last years of the future study, the mewbined cycle

power plants of Nalon, La Pereda, Lada Ill, Musel &bofio (up to 3310 MW)

were analyzed independently. In order to get retidy last two generation
projects (Musel and Abofio) it was essential haviesady the 400 kV central
ring which will transport all the new energy froimetnorth to the south of the
region for later exportation.

Thereby, previous Asturian network model used du£0608 simulations was updated
in two new models designed for each horizon.

In relation to the acquisition of new data for faéure models, as the infrastructure is
not yet in operation it was not be possible gettimg data like previously done from
REE. Hence, most of the new information relatednix power capacity of the new
installations and project deadlines were obtaimeihf

BOPA: Boletin oficial del principado de Asturias stArian goverment

publication) [5]

BOE: Boletin oficial del estado (Spanish governnartlication)

University journals

News and articles

Other more technical data, such as generationanntbment of the simulations and

reactance parameters of the power lines, was asstmkéng into account previous
model trends.
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7.1. 2011 Horizon
7.1.1. Modelling the network

Over the following sections it is detailed the newcessary data as well as
modifications and additions to the previous 200&letan order to get it ready for the
new simulations.

No specifications are given about how to introddata in Power World simulator, as it
has already being explained for the current 20Q&80n.

7.1.1.1. New bus data
The new buses added to the 2011 model are mainbphaequence either of the new
wind farms projects or because of the layout fromrniew power lines.

Node Name |Voltage (kV)/Area Duty

Velilla 400 South Exportation of energy coming from Ladal
to the south

Penagos 400 East Exportation of energy coming from Soto to
the east

Santa Maria 400 Centre Part of ASGA route

Tineo 400 South West Part of ASGA route

Palo 400 North West Part of ASGA route

Pesoz 400 North West Part of ASGA route

Boimonte 400 North West Part of ASGA route

Villalana 132 South Collect energy from wind farm

Tineo 132 South West Collect energy from wind farms

Pesoz 132 North West Collect energy from wind farms

Salas 132 South West Collect energy from wind farms

Table 38. New Power World model nodes

New Asturian power system model is representedha following figure slightly
modified due to the insertion of the new nodes.
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Figure 40. New Power World model
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7.1.1.2. New load data

In the future horizons no new internal demand owre considered. However, these
energy demands have been assumed to increase aefo%he following three years.
The final demands for the year 2011 were:

Load / Node Name|Voltage (kV)|Area Type Load (MW)
Corredoria 132 Centre (Oviedo) [Internal 80.25

San Esteban 132 Centre (Oviedo) (Internal 35.31

Maruca 132 North (Aviles) |Internal 140.38

Tabiella 132 North (Aviles)  [Internal 43.65

Dupont 132 North (Aviles) |Internal 6.42

Trasona 132 North (Aviles) |Internal 24.73

Tabiella 220 North (Aviles) [Internal 98.31

Pumarin 132 North (Gijon) Internal 104.69

Castiello 132 North (Gijon) Internal 36.70

Carrio 132 North (Gijon) Internal 135.03

T uninsa 220 North (Gijon) Internal 98.44

Salime 132 North West Internal 13.91

Arbon 132 North West Internal 8.56

Langreo 132 South Internal 40.66

Lada 132 South Internal 14.98

Ujo 132 South Internal 39.12

Narcea 132 South West Internal 11.02

Miranda 132 South West Internal 6.85

Proaza 132 South West Internal 12.84

Puente San Miguel 220 East External 423.49 (variable)
Penagos 400 East External 882.27 (variable)
Doiras 132 North West External 105.87 (variable)
Boimonte(ASGA) 400 North West External 176.45 (variable)
Villablino 220 South External 105.87 (variable)
La Robla 400 South External 952.85 (variable)
Velilla 400 South External 882.27 (variable)

Table 39. New Power World model loads

The last seven values of external demands are efotittdve as they varied during the
simulations depending on whether all the evacudim@s or just some of them were in
operation. Nevertheless for the case of havingtredl exportation lines working the
values of the table are the appropriate.

External demands are represented in the followiggré 41. New demand points are
shown in red while the old demand points are ireblu
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Figure 41. New Power World model loads

7.1.1.3. New generator data

As already said before, new generation (to modeil #011) consisted on the
commission of wind farms and combined cycle uritew wind farm generation and
essential data for Power World model is shown enfttlowing table:

Wind farm Node name Vc(JII;[\a;?e (g/lua;;htP(ol\\;lvvevr) POV\(’&W;J,} put Area
Carondio y muriellos PALO 132 42.7 32.03 North West
El segredal PALO 132 44.2 33.15 North West
Vidural PALO 132 255 19.13 North West
San Roque PALO 132 24 18.00 North West
Mancebon PALO 132 36 27.00 North West
Pico Quemado PALO 132 315 23.63 North West
Ouroso PESOZ 132 36.3 27.23 North West
Panondres PESOz 132 435 32.63 North West
El candal PESOZz 132 49.5 37.13 North West
Bobia Las cruces PESOZz 132 36 27.00 North West
Pico Jarrio PESOZz 132 17.8 13.35 North West
Monte Pereira PESOz 132 26.3 19.73 North West
Monte bufio TINEO 132 19.5 14.63 South West
Buseco Il TINEO 132 42 31.50 South West
Sierra Tineo TINEO 132 49 36.75 South West
Palancas SALAS 132 16.5 12.38 South West
Las Cruces SALAS 132 43.5 32.63 South West
Busceo | SALAS 132 28.5 21.38 South West
Begaga SALAS 132 47.3 35.48 South West
El Cordel SALAS 132 435 32.63 South West
Estoupo TINEO 132 26.35 19.76 South West
Pico de Liebres TINEO 132 19.6 14.70 South West
Carrocedo VILLALANA 132 49.3 36.98 South
TOTAL 1090.07 826.7625

Table 40. New Power World model generators (wind fan)
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*As the power output for the simulations was unknpw was supposed to be a 75% of
the maximum power output from each wind farm.

All those wind farms were located in the west (agahg Carrocedo which was on the
south) and thus connected to the 400 kV route AS@#h interconnects the western
areas of Asturias with the centre.

Figure 42. New Power World model generators (windarm)

Another power plant that will suffer modifications this period of time was Soto
power station, in which two new combined cycle inels were added to the model
(Soto IV and Soto V) while the oldest coal firetui8oto I) was deleted.

THERMAL POWER PLANT GENERATION
Max. Power| Power
g?;’:iﬁrn Unit name Ezgr?fe Voltage (kV) Output output |Area
(MW) (MW)*
Soto | (decommission) Soto 132 70 62.8
Soto Il Soto 132 255 239
SOTO  |Soto Il Soto 400 350 346  |South
Soto IV (new) Soto 400 400 380
Soto V (new) Soto 400 400 380

Table 41. New Power World model generators (CCGT)

*As in the case of the wind farms the power outpetessary for the simulations was an
unknown value, so it was supposed to be a 95%seofzximum power output.

Hydro and rest of coal fire power stations did emperiment any upgrade in this first
future period of study of time (2008 — 2011).
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7.1.1.4. New branch data

New power lines added to the model for the fututeason with horizon 2011along
with their necessary characteristics for the modake:

Voltage | Capacity |Length
i E (kv§J (l\/FI)VA)y (milgs)
Boimonte Pesoz 400 1300 | 43.75
Pesoz Palo 400 1300 12.5
Palo Tineo 400 1300 15
Tineo Santa Maria 400 1300 | 21.87
Santa Maria Soto 400 1300 | 13.75
Soto Penagos 400 2415 | 1125
Lada Velilla 400 1600 62.5
Narcea Tineo 400 1300 3.75
Salas Tineo 132 280 11.25
Villalana Ujo 132 280 7.5
Soto Robla 400 1848 | 52.82
Lada Robla 400 1236 52.2

Table 42. New Power World model power lines

Despite Soto — Robla and Lada — Robla already exkist the current situation they
were included in the list of new power lines siraoe upgrade of their capacity was
carried out with the object of improve the overleddoute of La Robla.

Per unit impedance parameters R, X and B were wmkna@lues for these future lines,

however they were dispensable as power world haspdion that calculates those
parameters for the simulations.

7.1.1.5. New transformer data

Te new transformers added to the model with theiacity and voltage levels are listed
in the following table:

Bus Voltage step |Capacity
Santa Maria 400/ 132 300
Palo 400/ 132 450
Tineo 400/ 132 450
Pesoz 400/ 132 300

Table 43. New Power World model transformers
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7.1.2. Simulation and analysis of the 2011 horizon

The situation to be studied over the following thyears (2008 / 2011) was organized
as follows:

All the old power plants (except for those to beaemissioned), new wind
farm and new combined cycle units are in operadioing the whole horizon.
The simulations were carried out in a series opsteking into account the
several different proposed upgrades in the time tfer 400 kV transport
network.

In that way the simulations were split up in fooesarios:

1. Scenario1All the generation and addition of the new ASGAite

2. Scenario Il Addition to the previous scenario La Robla roupgrades

3. Scenario Ili Addition to the previous scenario the 400 kV exst®n line Soto
— Penagos

4. Scenario IV Addition to the previous scenario the 400 kV aiaton line Lada
— Velilla

Like in the past analysis for the 2008 situatioe #malysis of the future situation was
also based on a comparison between the load lehelwed by the power lines and
transformers.

7.1.2.1. Scenario I: ASGA Route

During the first scenario of study it was studiedvithe power system responded to the
increase of generation due to:

The new 23 wind farms in operation: 826.76 MW
The new 2 combined cycle units from Soto: 760 MW.
With the only modification of the 400 kV ASGA routethe transport system.

Because of the new exportation route energy denfandhis case was split up as
follows:

General energy balance

Total Generation  |4480.96 MW
Internal demand  |951.88 MW
External demand [3529.08 MW
External energy balance
Villablino (3%) 105.87 MW

Dorias (3%) 105.87 MW
P.SanM (12%) 423.49 MW
Robla (77%) 2717.39 MW
asga (5%) 176.45 MW

Table 44. Energy balance (scenario I)
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The reason why the new 400 kV ASGA route was naiceating greater values of
energy is due to the fact that the vicinity regainGalicia, like Asturias, also presents
surplus of energy. So the route ASGA can not be& aésea main exporting route like
happens with Robla.

From To kV | MVA Limit |% of MVA Limit
Tineo132 Salas 132 280 48.2
Santa Maria400 [Tineo400 400 1300 32.9
Soto400 Santa Maria400 400 1300 32.8
Palo400 Tineo400 400 1300 14.5
Boimonte Pes0z400 400 1300 13.8

Ujo Villallana 132 280 13.3
Tineo400 Narcea400 400 1300 3
Palo400 Pesoz400 400 1300 1.9

Table 45. Simulation results for new power linessgenario I)

As shown in the previous table 45, none of the pewer lines exceed the 50% of their
level of charge.

However in the following table 46, which shows thid lines whose overload exceeds
50% load level, gave some negative results foretrecuation lines (Lada — La Robla
and Soto — La Robla).

From To kV MVA Limit | % of MVA Limit
Lada400 La Robla 400 1030 121.4
Soto400 La Robla 400 1540 101.8
Siero220 Sot0220 220 510 70.3
Miranda Corredoria 132 150 65.9
Siero220 Puente SanMiguel| 220 340 65.4
Puente SanMiguellSiero220 220 340 65.4
Ladal32 Sot0132 132 122 64.1
IAbono220 Carrio220 220 640 57.8
IAbono220 Carrio220 220 640 57.8
S0t0220 Carrio220 220 636 55.6
Ladal32 Ujo 132 110 55.5
Soto400 Lada400 400 1210 54.4
\Villablino La Pereda 220 200 54.1
Corredoria Siero132 132 150 50.1

Table 46. Simulation results for old power linesgcenario I)

Old power lines with charge levels over 50%
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Figure 43. Simulation results (scenario |)

On the one hand, the 102 % overload in the powsr liada — La Robla was not
acceptable for the operation of the system. Bistlielow the 115% limit set in the REE
standards so the power system operators would bpve® 20 minutes to solve the
problem.

On the other hand, the 121.4 % level of chargéénpower line Lada — La Robla was
completely unacceptable. The system could not dfaisdoverload situation provoking
the fall of the line.

As for the case of transformers load level bothrtbes ones and the old ones showed
acceptable levels below or slightly above 50% maeail

From To kV MVA limit % of MVA Limit
Tineo400 Tineo132 132 /400 450 55.9
Peso0z400 Pes0z132 132 /400 300 53
Palo400 Palo132 132 /400 450 46.3
Table 47. Simulation results for new transformersgcenario [)
From To kV MVA limit | % of MVA Limit
Siero220 Siero132 132/ 220 150 60.2
Narcea400 Narceal32 132 /400 350 49.8
Lada400 Ladal32 132/ 400 300 38.8
Ladal32 Lada400 132/ 400 300 38.8
IAbono132 Abono220 132/ 220 225 40.1
IAbono132 Abono220 132/ 220 225 40.1
Tabiellal32 Tabiella220 132/ 220 270 35.3
S0t0220 Sot0132 132/ 220 350 26.9
Sot0220 Soto400 220/ 400 600 23.1
Carrio220 Carrio132 132/ 220 270 5.5
Carrio220 Carrio132 132/ 220 270 5.5

Table 48. Simulation results for old transformers §cenario I)
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7.1.2.2. Scenario Il: Soto — La Robla and Lada — La Roblgrage

For the second scenario of study, as a short teldotien to the previous scenario
overload problems, it was carried out the upgrddine 400 kV power lines that send
out the energy through La Robla.

Both evacuation lines (Soto — La Robla and Ladaa—Robla) experienced a 20 %
increase in their power capacity: Soto — La Roblayed from a previous 1540 MVA
to a new 1848 MW. While Lada — La Robla moved framprevious 1030 MW to a new
1236 MW.

Referring to demand, as no new evacuation line® weoposed in this scenario, the
external demand remained the same as during th@psescenario:

External energy balance
Villablino (3%) 105.87 MW
Dorias (3%) 105.87 MW
P.SanM (12%) 423.49 MW
Robla (77%) 2717.39 MW
asga (5%) 176.45 MW

Table 49. Energy balance (scenario I1)

The following table shows once again how new poliuges kept under the 50%
overload.

From To kV | MVA Limit % of MVA Limit
Tineo132 Salas 132 280 48.2
Santa Maria400(|Tineo400 400 1300 32.9
Soto400 Santa Maria400( 400 1300 32.8
Boimonte Pes0z400 400 1300 13.8
Palo400 Tineo400 400 1300 14.5

ujo Villallana 132 280 13.3
Palo400 Peso0z400 400 1300 1.9
Soto400 Penagos400 400 2415 3.6
Tineo400 Narcea400 400 1300 3

Table 50. Simulation results for new power linessgenario I1)
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However, improvements carried out in the evacuatmrte through la Robla did not
seem to be enough, overload problems arose again:

From To kV | MVA Limit | % of MVA Limit
Lada400 La Robla 400 1236 101.2
Soto400 La Robla 400 1848 84.8
Miranda Corredoria 132 150 65.9
Siero220 S0t0220 220 510 70.3
Siero220 Puente SanMiguel (220 340 65.4
Puente SanMiguel|Siero220 220 340 65.4
Ladal32 Sot0132 132 122 64.1
|Abono220 Carrio220 220 640 57.8
|Abono220 Carrio220 220 640 57.8
Sot0220 Carrio220 220 636 55.6
Ladal32 ujo 132 110 55.5
Soto400 Lada400 400 1210 54.4
Villablino La Pereda 220 200 54.1
Corredoria Siero132 132 150 50.1

Table 51. Simulation results for old power linesqcenario I1)

Figure 44. Simulation results (scenario Il)

In that case Soto — La Robla load level went doremfa previous 102 % to a new 85
%, which is a worrying value but acceptable. THeeotine Lada — La Robla went down
from a previous 121 % to a new 101 %, and kephasacceptable situation.

Having a look to the transformers results, both rmew old ones, load levels remain
under tolerable values.

% of MVA
From To kV MVA Limit Limit
Tineo400 Tineo132 132 /400 450 55.9
Peso0z400 Pes0z132 132 /400 300 53
Palo400 Palo132 132 /400 450 46.3

Table 52. Simulation results for new transformergscenario I1)
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% of MVA

From To kV MVA Limit Limit
Siero220 Siero132 132 /220 150 60.2
Narcea400 Narceal32 132 /400 350 49.8
Lada400 Ladal32 132 /400 300 38.8
Ladal32 Lada400 132 /400 300 38.8
IAbono132 Abono220 132 /220 225 40.1
IAbono132 Abono220 132 /220 225 40.1
Tabiellal32 Tabiella220 132 /220 270 35.3
Sot0220 Soto132 132 /220 350 26.9
Sot0220 Soto400 220/ 400 600 23.1
Carrio220 Carrio132 132/ 220 270 55

Carrio220 Carriol32 132 /220 270 5.5

Table 53. Simulation results for old transformers §cenario Il)

7.1.2.3. Scenario lll: 400 kV line Soto — Penagos

A solution to the constant evacuation problems gtbw previous scenarios was the
addition of the new 400 kV exportation power linet— Penagos.

As a consequence, the external demands variee ifollowing way:

External energy balance
Villablino (3%) 105.87 MW
Dorias (3%) 105.87 MW
P.SanM (12%) 423.49 MW
Robla (39%) 1376.34 MW
asga (5%) 176.45 MW
Penagos (38%) 1341.05 MW

Table 54. Energy balance (scenario Il1)

All the external demand previously managed by Rablin this case split between
Robla and Penagos.

Simulation results from the new and old lines devw in the following tables:

From To kV | MVA Limit |% of MVA Limit
Soto400 Penagos400 400 2415 73
Tineol132 Salas 132 280 48.2
Santa Maria400 [Tineo400 400 1300 33.5
Soto400 Santa Maria400 |400 1300 33.4
Palo400 Tineo400 400 1300 14.9
Boimonte Peso0z400 400 1300 13.8

ujo Villallana 132 280 13.3
Tineo400 Narcea400 400 1300 2.9
Palo400 Peso0z400 400 1300 1.9

Table 55. Simulation results for new power linessgenario Il1)
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From To kV | MVA Limit | % of MVA Limit
Siero220 Sot0220 220 510 69.9
Miranda Corredoria 132 150 65.9
Puente

Siero220 SanMiguel 220 340 65.4
Puente

SanMiguel Siero220 220 340 65.4
Abono220 Carrio220 220 640 62.6
Abono220 Carrio220 220 640 62.6
So0t0220 Carrio220 220 636 61.5
Ladal32 Sot0132 132 122 60.3
Villablino La Pereda 220 200 54.1
Ladal32 ujo 132 110 52.8
Lada400 La Robla 400 1236 52.3

Table 56. Simulation results for old power linesqcenario I1)

By commissioning this new evacuation route throtlgheast of the region, a lighten in
the previously overloaded power lines (Soto - LeblRcand Lada — La Robla) was
obtained. Both lines decreased their values fro®o 8 40.4% and from 101% to
52.3% respectively.

Figure 45. Simulation results (scenario II)

Once again transformers did not experiment anornsalalues in their load level:

From To kV MVA Limit |% of MVA Limit
Tineo400 Tineo132 132/ 400 450 55.9
Palo400 Palo132 132/ 400 450 47.7
Peso0z400 Pes0z132 132/ 400 300 53

Table 57. Simulation results for new transformergscenario Il1)
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From To kV MVA Limit |% of MVA Limit
Siero220 Siero132 132/ 220 150 61.6
Narcea400 Narceal32 132/ 400 350 53.1
Ladal32 Lada400 132/ 400 300 36.9
Lada400 Ladal32 132/ 400 300 36.9
Tabiellal32 Tabiella220 132/ 220 270 39.4
Abono132 Abono220 132/ 220 225 40
Abono132 Abono220 132/ 220 225 40
Sot0220 Soto400 220/ 400 600 32.4
Sot0220 Soto132 132 /220 350 28.1
Carrio220 Carrio132 132/ 220 270 5.5
Carrio220 Carriol32 132/ 220 270 5.5

Table 58. Simulation results for old transformerg(scenario Ill)

7.1.2.4. Scenario IV: 400 kV line Lada - Velilla

The last scenario of study for the 2011 horizomreitsituation was the addition of the
second large project for the exportation of endghggugh the south of the region: The
400 kV power line Lada — Velilla, which is expectedbe in operation by the end of
2011.

The introduction of the new external demand on\elhakes necessary a recalculation
of the energy surplus to be sent away to otheprsgi

External energy balance

Villablino (3%) 105.87 MW
Dorias (3%) 105.87 MW
P.SanM (12%) 423.49 MW
Robla (27%) 952.85 MW
asga (5%) 176.45 MW
Penagos (25%) 882.27 MW
Velilla (25%) 882.27 MW

Table 59. Energy balance (scenario 1V)

Results from the simulations for the new powerdia@d old power lines (above 50%
overload) are shown in the following tables:

From To kV |MVA Limit|% of MVA Limit
Lada400 \Velilla 400 1600 56.5
Tineol132 Salas 132 280 48.2
Soto400 Penagos400 400 2415 38.9
Santa Maria400 [Tineo400 400 1300 32.9
Soto400 Santa Maria400 400 1300 32.7
Palo400 Tineo400 400 1300 14.4
Boimonte Pes0z400 400 1300 13.8
ujo Villallana 132 280 13.3
Tineo400 Narcea400 400 1300 3
Palo400 Peso0z400 400 1300 1.9

Table 60. Simulation results for new power linessgenario 1V)
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From To kV | MVA Limit |% of MVA Limit
Siero220 Sot0220 220 510 70.3
Miranda Corredoria 132 150 65.9
Puente

Siero220 SanMiguel 220 340 65.4
Puente SanMiguel [Siero220 220 340 65.4
Ladal32 Soto132 132 122 64.1
IAbono220 Carrio220 220 640 57.4
IAbono220 Carrio220 220 640 57.4
Soto400 Lada400 400 1210 57.2
Ladal32 ujo 132 110 55.5
Sot0220 Carrio220 220 636 55
Villablino La Pereda 220 200 54.1
Corredoria Siero132 132 150 50.1

Table 61. Simulation results for old power linesgcenario 1V)

The main 400 kV exportation power lines experimdriéeeven greater lightening in
their overloads:

Soto — Penagos moved from 73 % to 38.9 %

Lada — La Robla moved from 52.3 % to 29.9 %

Soto — La Robla moved from 40.4% to 32 %

Figure 46. Simulation results (scenario V)

Transformers did not experiment major changes

From To kV MVA Limit | % of MVA Limit
Tineo400 [Tineo132 132/ 400 450 55.9
Pesoz400 [Peso0z132 | 132/ 400 300 53
Palo400 Palo132 132/ 400 450 46.3

Table 62. Simulation results for new transformergscenario 1V)
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From To kv MVA rating | Percent
Siero220 Siero132 132 /220 150 60.1
Narcea400 Narceal32 132 /400 350 49.6
Abono132 Abono220 132 /220 225 40.1
Abono132 Abono220 132 /220 225 40.1
Ladal32 Lada400 132 /400 300 38.8
Lada400 Ladal32 132 /400 300 38.8
Tabiellal32 [Tabiella220 132 /220 270 34.9
Sot0220 Soto132 132 /220 350 26.9
Sot0220 Soto400 220/ 400 600 22.4
Carrio220 Carrio132 132 /220 270 5.5
Carrio220 Carrio132 132 /220 270 5.5

Table 63. Simulation results for old transformers §cenario 1V)

7.2. 2015 Horizon
7.2.1. Modelling the network

The new model for the 2015 horizon will be obtainsdadding to the previous 2011
model new expected generation and the buses, dnégransformer related. No new
evacuation lines were considered in this periotinoé.

7.2.1.1. New bus data
The new nodes considered for 2015 horizon werengemuence of the new combined

cycle power plants (Musel and Santa Maria) and dtweclusion of the central ring
(Tabiella and Carrio).

Voltage
Node Name Area Dut
(kv) Y _
Musel 220 |North (Gijon) Co_nnecnon _of a new combined cycle
unit to the grid
Carrio 400 [North (Gijon) [Part of the central ring.
Tabiella 400 [North (Aviles)[Part of the central ring.
. Centre Connection of a new combined cycle
SantaMaria | 132 }uiedo)  |unit to the grid

Table 64. New Power World model nodes
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Figure 47. New Power World model
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7.2.1.2. New load data

As in the previous 2011 horizon, internal energgnded remains the same according to
the number of demanding points but once again a&mease of another 7% was
assumed. So final demands for the year 2015 were:

Load / Node Name V(()Il(t\a}?e Area ki Load (MW)
Salime 132 |North West Internal 14.82
Arbon 132 [North West Internal 9.12
Narcea 132 |South West Internal 11.74
Maruca 132 [North (Aviles) Internal 149.56
Tabiella 132 [North (Aviles) Internal 46.51
Dupont 132 [North (Aviles) Internal 6.84
Pumarin 132 |North (Gijon) Internal 111.55
Castiello 132 [North (Gijon) Internal 39.10
Corredoria 132 |Centre (Oviedo) Internal 85.50
Carrio 132 |North (Gijon) Internal 143.87
Trasona 132 |North (Aviles) Internal 26.357
Miranda 132 [South West Internal 7.29
Proaza 132 |[South West Internal 13.68

San Esteban 132 [Centre (Oviedo) Internal 37.62
Langreo 132 |South Internal 43.32

Lada 132 [South Internal 15.96

Ujo 132 |South Internal 41.678
Tabiella 220 [North (Aviles) Internal 104.743

T uninsa 220 |North (Gijon) Internal 104.88
Villablino 220 [South External 124.19 (variable)
Doiras 132 |North West External 124.19 (variable)
Puente San Miguel | 220 |East External 496.74 (variable)
La Robla 400 [South External 2483.72 (variable)
Boimonte(ASGA) 400 [North West External 310.47 (variable)
Penagos 400 [East External 1366.05 (variable)
Velilla 400 [South External 1303.95 (variable)

Table 65. New Power World model loads

The seven last values of external demands are efotittdve as they varied during the
simulations depending on the number of new germratunits in operation.
Nevertheless for the case of having all the neweg®ors in operation the values of the
showed in the table were the appropriates.

7.2.1.3. New generator data.

As in the previous case hydro power plants were exqgiected to experiment any
upgrade. Neither did wind farms. So the only madifions on the generation took place
in the coal fire power plants, as several new caetbicycle units are expected to begin
operating by the end of 2015.
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In the following table shows (for the 2011 — 20E3ipd of time):
The old coal fire units to be decommissioned (Abbfiada I)
The new combined cycle units to be built in alreagisting power plants (Lada
Ill, Abofio Ill, La Pereda Il)
The new power plants expected to be operating byetid of 2015 (Musel,

Nalon)
THERMAL POWER PLANT GENERATION
Voltage Max. Power| Power
Power Station [Unit name Node name (kV? Output output [Area
(MW) (MW)*
Soto Il Soto 132 255 239
SOTO Soto Il Soto 400 350 346 South
Soto IV Soto 400 400 380
Soto V Soto 400 400 380
Abono I
ABORIO (decommission) Abono 132 380 330 North
Abono I Abono 220 543 525 (Gijon)
Abofio IIl (new) Abofio 220 800 760
LA PEREDA La Pereda La Pereda 220 50 50 South
La Pereda Il (new) La Pereda 220 400 380
Lada | (decommision) [Lada 132 155 147
LADA Lada Il Lada 400 350 347 |South
Lada Ill (new) Lada 400 850 807.5
Narcea | Narcea 132 65 52 South
NARCEA Narcea Il Narcea 132 166 154.2  |\west
Narcea Il Narcea 400 364 347
. Centre
Nalon Nalon (new) Santa Maria 132 400 380 (Oviedo)
Musel Musel (new) Musel 220 860 817 ?‘gi;g;l)

Table 66. New Power World model generators (CCGT)

*Like in the previous model, the power output neeag for the simulations is an
unknown value, so it was assumed to be a 95% ahtreémum power output.

The new added generation units are representeteirtvio following Power World
figures:

Figure 48. New Power World model generators (North)
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Figure 49. New Power World model generators (South)

7.2.1.4. New branch data

The new power lines added for the future situatiith horizon 2015 were:

Voltage Capacity Length

From To (kV) (MVA) (miles)
Carrio Musel 220 640 0.63
Carrio Musel 220 640 0.63
Santa Maria Tabiella 400 1300 16.88
Tabiella Carrio 400 1300 6.88
Carrio Lada 400 1300 17.50
La Pereda Soto 220 640 4.97

Table 67. New Power World model power lines

In this case the aim of the lines was just theramenection between power plants
substations and other distribution and transmissiobstation. No new exportation
routes were added for 2015 horizon.

7.2.1.5. New transformer data

The transformers added to complete the model anersin the following table:

Bus Voltage step | Capacity
Tabiella 400/ 220 600
Carrio 400/ 220 600
Carrio 400/ 220 600
Carrio 400/ 220 600
Santa Maria 400/ 132 300
Santa Maria 400/ 132 300

Table 68. New Power World model transformers
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7.2.2. Simulation and analysis of the 2015 horizon

In order to begin simulation and analysis of thewnfuture horizon (2015) it is
remembered over the following lines the startingnpand the process to follow with
the simulations.

Continuing the previous situation the system presethe following features:

In reference to power lines, all the evacuatioediproposed in the previous
horizon were already in operation and no more eati@n routes were added
during 2015 horizon. The only modification in tliartsmission system was the
conclusion of the central ring.

In reference to the generation, all the new wirdht&awere already in operation
but seven new combined cycle units were addedeysdhe expected to be in
operation by the end of 2015.

Therefore, 2015 horizon was split up in the followthree simulation scenarios:

1. Scenario I: Nalon, La Pereda and Lada Il combioyade units
2. Scenario Il: Musel combined cycle unit
3. Scenario lll: Abofio Ill combined cycle unit.

7.2.2.1. Scenario I: Nalon, La Pereda and Lada Ill combicyade
units

During the first scenario of the 2015 horizon, threew combined cycle units were in
operation. Two of then (Nalon and La Pereda) in pawer stations while the third
one, Lada lll, replacing the old unit Lada I.

The internal demand of energy was constant fomthele horizon and thus it did not
suffer any modification. However, the distributiohexternal demand varied because of
the increase of generation.

General energy balance
Total Generation  |5646.46 MW
Internal demand |1014.16 MW
External demand [4632.31 MW
External energy balance

Villablino (3%) 138.97 MW
Dorias (3%) 138.97 MW
P.SanM (10%) 463.23 MW
Robla (30%) 1389.69 MW
asga (5%) 231.62 MW
Penagos (27%) 1250.72 MW
Velilla (22%) 1019.11 MW

Table 69. Energy balance (scenario I)
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Overload results from new (all) and old (those &60% overload) lines are shown in
the following tables:

From To kV | MVA Limit | % of MVA Limit
Carrio400 Lada400 400 1300 26.3
Tabiella400 Carrio400 400 1300 11.4
Santa Maria400 |[Tabiella400 [400 1300 10.6

Table 70. Simulation results for new power linessgenario I)

From To kV | MVA Limit [% of MVA Limit
La Pereda Sot0220 220 220 130.6
Siero220 Sot0220 220 510 82.6
Puente
Siero220 SanMiguel 220 340 72.1
Puente SanMiguel _ |Siero220 220 340 721
Villablino La Pereda 220 200 71.5
Lada400 \Velilla 400 1600 65.8
Miranda Corredoria 132 150 65.4
Ladal32 Sot0132 132 122 63.8
Soto400 Penagos400 | 400 2415 62.4
La Barca [Trasona 132 132 58.9
Corredoria Siero132 132 150 57.7
Narceal32 [Trasona 132 132 54.2
Lada400 La Robla 400 1236 52.3

Table 71. Simulation results for old power linesqcenario 1)

The previous tables show how the increase in theergéion did not provoke any
anomalous overload in the 400 kV evacuation powmesl

Soto — La Robla: 41.1 %

Lada — La Robla: 52.3 %

Soto — Penagos: 62.4 %

Lada — Velilla: 65.8 %

But the main problem arose in the 220 kV power lmieich connects La Pereda
substation, where a new 400 MW combined cycle was installed, with Soto
substation:

La Pereda — Soto: 130.6 %
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Figure 50. Simulation results (scenario 1)

The solution to this problem was no other but uggréghe capacity of this 220 kV
power line from the limited 200 MVA to a new powere with 600 MVA.

Another line that showed worrying values was 220 &&fo — Siero, with an 82.6 %
overload. The most effective solution to that imsein the load level was the diversion
of the energy through a power line like Soto — Besavhich runs along a similar route.

Transformer levels of charge remained acceptable.

From To kV MVA Limit| % of MVA Limit
Santa Maria400 [Santa Marial32| 132/ 400 300 63.4
Santa Maria400 |Santa Marial32| 132 /400 300 63.4
Carrio220 Carrio400 220/ 400 600 32.6
Tabiella220 Tabiella400 220/ 400 600 6.3

Table 72. Simulation results for new transformers gcenario I)

From To kV MVA Limit| % of MVA Limit
Tineo400 Tineo132 132 /400 450 55.9
Peso0z400 Pes0z132 132 /400 300 52.8
Siero220 Siero132 132 /220 150 50.4
Palo400 Palo132 132 /400 450 425
Abono132 I Abono220 132 /220 225 40
Abono132 Abono220 132 /220 225 40
Narcea400 Narceal32 132 /400 350 37.4
Sot0220 Sot0132 132 /220 350 18.8
Tabiellal32 Tabiella220 132 /220 270 18.6
Ladal32 Lada400 132 /400 300 11.2
Lada400 Ladal132 132 /400 300 11.2
Sot0220 Soto400 220/ 400 600 7.4
Carrio220 Carrio132 132/ 220 270 5.3
Carrio220 Carrio132 132/ 220 270 5.3

Table 73. Simulation results for old transformers §cenario I)
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7.2.2.2. Scenario Il: Musel combined cycle unit

During the second scenario of study a new combayete turbine, Musel, were added
to the Asturian Power system.

Because of this new increase in the generatiomeifgy, the external demand of energy
also increased and needed to be redistributed atherggveral external demand points.

General energy balance

Total Generation 6463.46 MW
Internal demand 1014.16 MW
External demand |5449.31 MW

External energy balance

Villablino (2%) 108.99 MW
Dorias (2%) 108.99 MW
P.SanM (8%) 435.94 MW
Robla (40%) 2179.72 MW
asga (5%) 272.47 MW
Penagos (22%) 1198.85 MW
Velilla (21%) 1144.35 MW

Table 74. Energy balance (scenario Il)

Load levels after the simulation for the new and pbwer lines are shown in the
following tables:

From To kV | MVA Limit | % of MVA Limit
Carrio220 Musel 220 640 63.9
Carrio220 Musel 220 640 63.9
Carrio400 Lada400 400 1300 60.4
Santa Maria400 Tabiella400 400 1300 10.6
Tabiella400 Carrio400 400 1300 9.5
Table 75. Simulation results for new power linessgenario I1)

From To kV | MVA Limit | % of MVA Limit
Lada400 La Robla 400 1236 83.7
Ladal32 Soto132 132 122 80.5
Siero220 Sot0220 220 510 79
Lada400 \Velilla 400 1600 74.5
Siero220 Puente SanMiguel 220 340 67.5
Puente SanMiguel  |Siero220 220 340 67.5
Miranda Corredoria 132 150 65.4
Soto400 La Robla 400 1848 64.9
S0t0400 Santa Maria400 400 1300 59.6
Soto400 Penagos400 400 2415 58.2
Ladal32 ujo 132 110 57.3
Villablino La Pereda 220 200 55.7
Corredoria Siero132 132 150 55.6
La Barca [Trasona 132 132 52.6

Table 76. Simulation results for old power linesgcenario I1)
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The charge levels in the 400 kV power lines rentdhiwvéhin an acceptable situation:
Soto — Penagos: 58.2 %

Soto — La Robla: 64.9 %

Lada — Velilla: 74.5 %

Lada — La Robla: 83.7 %

Despite all the values remained under 100 % ovedimait, lines like Lada — La Robla
showed values that should be considered as probtemlaen facing future increases in
the surplus energy.

Figure 51. Simulation results (scenario Il)

Results from the transformers overload are showherfollowing tables:

From To kV ~ [MVA Limit|% of MVA Limit
Carrio220 Carrio400 220 /400, 600 110.5
Santa Maria400|Santa Marial32|132 /400 300 63.4
Santa Maria400|Santa Marial32|132 / 400 300 63.4
Tabiella220 Tabiella400 220 /400, 600 43.3

Table 77. Simulation results for new transformergscenario I1)

From To kV MVA Limit | % of MVA Limit
Tineo400 Tineo132 132 /400 450 55.9
Pes0z400 Pes0z132 132/ 400 300 52.6
Palo400 Palo132 132 /400 450 445
Narcea400 [Narceal32 |132/400 350 42.6
Siero220 Siero132 132 /200 150 41.9
Abono132  |Abono220 132 /220 225 39.9
Abono132  |Abono220 132 /220 225 39.9
Sot0220 Soto400 220/ 400 600 27.9
Tabiellal32 [Tabiella220 [132 /220 270 25.7
Ladal32 Lada400 132 /400 300 20.7
Lada400 Ladal132 132 /400 300 20.7
Sot0220 Sot0132 132 /220 350 14.1
Carrio220 [Carrio132 132 /220 270 5.5
Carrio220 |Carriol32 132/ 220 270 5.5

Table 78. Simulation results for old transformers §cenario II)
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And unusual load level increment showed up in thegformer interconnecting Carrio
220 — Carrio 400. This was due to the start opamadf the 860 MW unit installed in
Musel, which drain all this energy directly to Gar220.

The most efficient solution was no other that thstallation of a second transformer
identical to the already existing.

Figure 52. Simulations results after and before addg a second transformer

7.2.2.3. Scenario lll: Abofio Il combined cycle unit

During the third scenario of study the new combiogcle turbine Abofio Il was added
to the Asturian Power system.

Surplus energy increased and therefore externaladdmpoints needed to be
recalculated.

General energy balance

Total Generation 7223.46 MW
Internal demand 1014.16 MW
External demand [6209.31 MW

External energy balance

Villablino (2%) 124.19 MW
Dorias (2%) 124.19 MW
P.SanM (8%) 496.74 MW
Robla (40%) 2483.72 MW
asga (5%) 310.47 MW
Penagos (22%) 1366.05 MW
Velilla (21%) 1303.95 MW

Table 79. Energy balance (scenario Il1)

Load levels results for power lines are shown anftillowing tables:

From To kV MVA Limit | % of MVA Limit
Carrio400 Lada400 400 1300 96.6
Carrio220 Musel 220 640 64.1
Carrio220 Musel 220 640 64.1
Santa Maria400 Tabiella400 400 1300 31.6
Tabiella400 Carrio400 400 1300 16.1

Table 80. Simulation results for new power linessgenario I11)
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From To kV  |[MVA Limit|% of MVA Limit
IAbono220 Carrio220 220 640 111.2
Abono220 Carrio220 220 640 111.2
Lada400 La Robla 400 1236 97.4
Siero220 S0t0220 220 510 91.8
Lada400 \Velilla 400 1600 86
Soto400 Penagos400 400 2415 80.6
Ladal32 Sot0132 132 122 80.1
Siero220 Puente SanMiguel 220 340 78.1
Puente SanMiguel [Siero220 220 340 78.1
Soto400 Santa Maria400 400 1300 75.2
Soto400 La Robla 400 1848 73.5
Miranda Corredoria 132 150 65.4
Villablino La Pereda 220 200 63.6
Corredoria Siero132 132 150 56.2
La Barca [Trasona 132 132 50.9
Ladal32 ujo 132 110 50.6
Narcea400 Soto400 400 1210 50.4

Table 81. Simulation results for old power linesgcenario I11)

In this situation many overload problems arousetdute new generation from Abofio
[ll. The problems can be summarized as:
Problems for the transmission of energy from theergplant to the central ring
Problems for the exportation of the new surplusgne

Figure 53. Simulation results (scenario II)

The first and most worrying problem arose from tifsasmission of the new energy to
the central ring. The power two 220 kV power limegrconnecting Abofio substation
and Carrio shower 111% overload levels. The onlytem to move the new amount of
energy to the central ring would be the additioradhird 220 kV power line between
both substations.
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Figure 54. Simulation results (scenario III)

The other problem was related to the exportatiothefnew amount of surplus energy.
Three main power lines that send away energy toJbmity regions are under
acceptable but very worrying overload values.

Lada — La Robla 97%

Lada — Velilla 86 %

Soto — Penagos 81%

Therefore, with those high overloads close to tbatingency the operation of the

combined cycle unit Abofio IIl is inadmissible fdret reliability of the electric grid.
proposed for the 2015 horizon
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7.3. Final results for the study of the future situation
(2008 - 2015)

7.3.1. First part of the future study (horizon 2011)

The study of the first future situation (2008 — 2Ptvas characterized by the addition of
new power lines:

Scenario I: No new power lines

Scenario Il: La Robla route upgrade

Scenario Ill: New 400 kV Soto — Penagos

Scenario IV: New 400 kV Lada - Velilla
that eased the surplus energy exportation fromnareased of generation situation
(addition of 1000MW of new wind farms and aroundO8MW of CCGT). The
following figure shows load level trends in the exation power lines:

Figure 55. Overload trends in exportation power lires (2011 Horizon)

400 kV power lines across La Robla route (Lada —Rabla and Soto — La Robla),
showed unacceptable overloads during the firstase@nTherefore, a quick short term
solution was upgrading the capacity of the poweediin a 20% during the second
scenario, reducing the overloads but not enouglyetoa safe power system. The
effective alleviation in those lines took place whadding new 400 kV power lines for
the exportation of surplus energy during the thind fourth scenarios.
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220 kV power lines Siero —Puente SanMiguel, Vililabl- La Pereda, and Arbon —
Doiras had a very limited margin for the evacuawbrenergy. That is why the four of
them does not experience any reduction when adutng 400 kV power lines in the
last two scenarios. The 400 kV power line BoimoR&soz did have capacity for the
transmission of large amounts of energy but it eated Asturias with Galicia, another
surplus region.

So, according to the study of the first future hon, Asturian power system showed a
very convenient and reliable network from the ttscgnario on.

7.3.2. Second part of the future study (horizon 2015)

The study of the second part of the future situafR011 — 2015) was characterized by
the increase of the total generation along seseearios:

Scenario I: Nalon, La Pereda and Lada Ill CCGT.

Scenario Il: Musel CCGT

Scenario Ill: Abofio CCGT
While keeping the power lines already added inpitleious situation.

Figure 56. Overload trends in exportation power lires (2015 Horizon)
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220 kV power lines have a limited exportation cafyaso no major increases of
overload are allowed through them. They are naialgign to draw conclusions.

The lines that better reflect the increase of siggieneration are those with higher
capacities, in which is possible to distinguishtepdy step increase in the overload of
the line, cases of 400 kV power lines Lada — La IRoBoto — La Robla; Soto —
Penagos and Lada — Velilla.

So, until the second scenario all the lines keegratphg within acceptable overloads.

However the addition of the last generation unitldobring high instability to the
system as 3 out of the 4 exportation lines showloads above 80 %.
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8.CONCLUSIONS

The region of Asturias stands out from the resBpénish ones due to its potential for
the implementation of generation technologies eeitbnewable or conventional.

On the one hand, referring to the renewable enengstern areas of Asturias are
affected by favorable winds conditions already kased by several wind farms. In
addition, many more are expected to be in operati@n the following years.

On the other hand, referring to conventional emsgpreviously thriving coal fields in

the southern areas of Asturias made the implenmientat many coal fire power plants

in their surrounding areas possible. Currently coahes are undergoing a closure
process, however, the future of thermal power planli move on from coal to natural

gas. The future regasification plant in the mainbbar of Asturias (currently under

construction) will trigger the commission of sedazambined cycle gas turbines in the
already operating power plants as well as in neyjepted ones.

An increase in electricity generation is the maujeotive for the next years according
to the region energy strategies. The reasons oirtrease tendency, focused in the
addition of new wind farms and combined cycle poplants, respond to the following

energy requests

As Asturias is an exporting region and Spain anairtipg country in terms
of energy. New generation plants in the region wihd out most of their
generation in order to try to mitigate Spanish delemce on French energy.

Asturias, currently not meeting Kyoto protocolaisegion with an important
presence of sectors (iron, steel and electricitydpction) with intensive
emissions of CO2, the chief greenhouse gas. ThexefAsturias will

undergo a slow but steady process for the replaceroé the highly

contaminating oldest coal fire generation unitsriewv CCTG units, fueled
by the cleanest of the fossil fuels: natural gas.

According to the European energy policy the dirextaims to establish a
national renewal energy target consisting on a 306%e of renewal in EU
by 2020. Thus, the Asturian government has alreatyved a moratorium
that prevented over the last years the constructiorew wind farms and has
already approved new wind farm projects for thglitation of wind energy

generation over the following years.

However, all those projects for the increase ofegation in Asturias are not compatible
with the current transmission grid operating in tiégion.

Analysis of the Asturian electrical grid showed egutable levels of reliability and

security for the current situation. But when aneilgzfuture situations characterized by
increases of generation without an adequate upgvadiee electrical grid, overloads
arose in some of the main transmission lines. Tloseloads took place most of the
times in the lines which duty is to send away sis@nergy from Asturias.
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Therefore, the main solution to the drainage o€telgty from Asturias to the rest of
Spain is no other than the construction of new 4&¥0transmission power lines.
According to the analysis, the essential 400 kV @oVlines to fulfill the generation
plans of the region were:

Firstly, the so called ASGA route necessary fonggeort of all the new wind
energy from remote western areas of the regiohgaéntral areas where the
energy can be distributed to internal or exteroalsamption.

Secondly, in order to send away the new amoungigflus energy, a new
route for the evacuation of energy through the eashe region, currently
covered by a 220 kV double circuit line.

Thirdly, a central ring indispensable for the trassion of the coming large
amounts of energy generated by the programmed cmmibtycle power
plants.

Finally, at the same time as the central ring, & raute for the exportation
of energy through the south of the region is neagss send away the
surplus energy from the forecasted combined cya¥eep plants.

Apart from the technical problems analyzed in thaget for the exportation of energy
there are other important constraints that shooldbe overlooked as in Asturias they
were most of the times the real obstacle when ptiog power lines:

1. Environmental impact. Some of the projects propofedthe exportation of
energy did not have environmental impact studiescamsidered the erection of
400 kV power lines through nature reserves.

2. Neighbour or affected villages. People are reluctanthe implementation of
new power lines in their vicinities mainly becaw$ehe fear to the controversial
magnetic fields emitted by the power lines.

Despite Asturias having a surplus energy and nal riee extra energy to meet its

internal demands, increases of energy generatiahoWring together an increase in the
economy of region and even less dependency omattenal imports of energy for the

country. But those purposes only can be achieveshwiew power lines were ready. So
the first priority of the region is to look for astainable solution for the construction of
new 400 kV exportation power lines in Asturias, tung people complaints and

industrial requirements.
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