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Key Messages

Demand recovers

In 2010, electricity demand recovered in the EU-27%eaching 2008 — and thus pre-
recession — levels Figure 1 (OWEVER THE RECOVERY DID N
FOR INNGRRAEED ELJ
BY AND RESPECTIVELY BUT DIDL NO)IN Y&ETTH
DEMAND ROSE TO ABOVE PRE RECESSIONREBSELSVE
4HE TREND OF INCREASING ELECTRIICATION CONTIN

%UROPE )N "ERMANY AND 3PAIN

Capacity increases

The EU’s total installed capacity continued to grow in 2010, reaing 870 GW — an
increase of 28 GW, or 3%Table 3 & Figure5 2ENEWABLES OTHER THA
the fastest growing sources, with over 22 GW being connectedthe grid; this accounts
FOR MORE THAN THREE QUARTERS OFORENNEWHEARINY
2 GW were withdrawn from the grids, notably due to the closuré the Ignalina power
PLANT IN ,ITHUANIA &OSSIL IRED CAPACGTNAAILSO

Generation grows

All power generation technologies contributed to the increasén electricity generation

Renewables made up the lion’s share, sustained by good perfornee of hydro in southern
Europe, due to favourable weather conditions in the referencespod, and an increase
OF INSTALLED CAPACITY FOR WIND SOOANRGARNDVBAD
RENEWABLE ENERGY SOURCES 2%3 GENBEAEIOCN BY
GENERATION SAW AN INCREASE OF AR RNCR & IASHE L
in comparison, with 1% above 2009 levelsTable 4 & Figure 4
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Variability increases

Data shows the increasing share of variable generation technagies in the power mix
WIND INCREASED FROM -7 TO -7 BEANLE BN
FROM -7 TO -7 IN THEaBIABM EGROHRRHOMASTS FOH

are even more spectacular, afigure 6 DEMONSTRATES 4HE GAP B
GENERATION IS THEREFORE EXPANDINB CRPAUCIRYN
be especially true up to 2020, since alternative and complemésry means such as
LARGE SCALE STORAGE OR DEMAND SIDE MENBWNRES

Technologies: Use them all!

Power was and will be generated using all available technologies @dwer Statistics &
Trends 2011 shows that the entire range of power generation technologidgs been
USED ALTHOUGH THE PROPORTIONS HEARGEIBBH IATE DS
ENSURE SECURITY OF SUPPLY AND TOTMWEHINE WEA RN B
MEXIBLE AND BACKigu4&PaBIAL ITY

The electricity mdustry has invested
SIGNIICANTLY IN 2%3 CAPACITY

4HE ELECTRICITY INDUSTRY HAS TAKEMEOA JIGEN 08 A D
in‘new’' RES MAINLY WIND SOLAR AND BIOMASS GQCGAPHCI
nearly doubled since 2000 Figure 6 "UT FOR THE INDUSTRY TO
— carbon-neutral, commercially viable, at affordable prices — system approach has to
BE APPLIED DEVELOPING BOTH 2%3 ANEDB%UR OPEW
MARKET WHICH IS YET TO BE SET UP
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1

New conventional capacity Is required

There is an important need to replace ageing power plants in Europetime next years

4HE ,ARGE #OMBUSTION OLANT $IREQTIVEMIASI|IQ/ESLS
TAKE MANY OLDER PLANTS OUT OF TH Boger Statitids &/Trénds
2011 reveals that the needed installation of new capacity is noaking place, apart from

a limited switch to gas and a massive introduction of renewaldeas a result of generoug
SUPPORT SCHEMES )NCENTIVES FORTSEEAREN GACK I
operation hours affect business cases just as negatively asgelatory uncertainty and

INSUFICIENT R ERgUrélTaRdAanI©ON

Total CO, emissions decrease, but

SPECIIC EMISSIONS INCREA

As a result of decreased electricity generation between 2008 @n2009, the power
sector’'s CQ emissions fell further in 2009, from 1,186 GT CQo 1,127 GTCQO (OWE
THE CARBON INTENSITY OF THE ELEN GRIEVSEOIRD@es
EACH K7H OF ELECTRICITY GENERATED nGIKNCREIASE
G K7H IN I POSSIBLE EXPLANATNGN YC & IXDBR H
OF THE FOSSIL IRED mEET ENFORCED B&3 T &E CEDP M
frequent starts and stops as well as more frequent part-loagerations, thermal power
PLANTS BECOME LESS EFICIENT AND EMIT MORE #/

Conventional plants are less
available — despite more maintenance

Availability of conventional power plants has deteriorated despite increased maintenancs

efforts 4HE ANALYSIS IN THIS YEAR S SIRAE/QIIAIABSISITE
POWER PLANTSv PAGES SHOWS THHAT TN E REQ]
THE LAST TEN YEARS EVEN THOUGH MAUNTRHREAMIGHE I

RATE AND MAINTENANCE NEEDS CAN POSBLEL®PERA
| E PART LOADING OF THE CONVENPIOWER mEET I
THAN OF THE CONVENTIONAL POWER BEETONONMLO
of conventional generation is severely constrained by the laof revenues for existing
PLANTS AND THE LACK OF INCENTIVES FOR REPLACI

%MISSIONS DATA IN THIS SECDIOMNA REERER NOT YEASAVAILA)JBLES FQ RES ¥ MHeAISSiEDNY ik ROAELILll Be slightly
HIGHER THAN IN BECAUSE OFGEWNERRASED EREVCHWRIEYTDEMAWDN R ECCFO CARB ONHEN DENVEITOP I N
SUBSTANTIAL INCREASE IN 2%3 SENERAWMIGHM BEHRAWEHNRIVEN

DBOUArNH @ 8 RFBFOONB ANBILEYNASILBY INCRIBANSED PART

OF FOSSIL IRED PLANTS HENTCENRETBABANRING @A RPo@iSEdiEs &BlAesds POIAND % UROPEAN %NVIRONMENTAL !C
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What is Power Statistics & Trends 2011 ?

Power Statistics & Trends 201fathers the latest available data from the Europeaelectricity sector,
INCLUDING FORECASTS FOR UP TO

It contains data:

° FROM %52%,%#42)# MEMBERS FROM ALL S %W MENMBIEARDBTAODR:
A4URKEY &OR THE IRST TIME WE ALSOM®A/MNHER BEWE MMBER § RAONV
WORKSHOP WITH THE ORGANISATION INARIENWNEASE RHBORPRR
FOR #ROATIA "OSNIA (ERZEGOVINA E3EARHE A NATSE WIE LTLO AGO MOPR. |
collection for the other states of the region in the coming years;

o FOR THE YEARS AS WELL AS FORECASTS

concerning:

e the structure of the electricity industry;

e trends in general economic indicators;

e peak demand and load management;

e medium and long-term generating prospects;

e sectoral electricity consumption;

e electricity balances;

e fuel consumption in and emissions from the electricity sector;

AVAILABILITY OF POWER PLANTS IN %UROPETNMBERAPROVIDED

Power Statistics & Trends 2011ALSO CONTAINS PRELIMINARY DATA FOR

4HIS SYNOPSIS CONTAINS KEY MEBGIAGEINBPABOTUR YTARDELES PO

)T INCLUDES A SPECIAL ISSUE MNE®M6 %5Q806 , PiHd 2)¥ASLABRLTITY U
POWER PLANTS
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Macroeconomic and Regulatory Trends

Recovery of electricity demand to pre-crisis level

In 2010 the European electricity sector recoveretbm the severe several EU member states have become an existential threat
IMPACT OF THE ECONOMIC RECESSION ONOELHE ERJIROT Y OONEEMIAINSIE LFHILE

TOTAL ENERGY DEMAND DECREASIED BY BETWEEN AN

THE SECTOR SAW A CATCH UP O® IRRE CROSIGRDENVMAND LEWEOSTAT '$0 GROWTH WAS N
(OWEVER THE RECOVERY WAS NOT BERNMRAONRM AR ROHE %3JROFELLING BY NEARLY IVE PO

3PAIN AND "ULGARIA FOR INSOASNGEIIEANCTR)TIREOEWRERED TO IN AND AVERA
increased compared to 2009 (by 5%, 3% and 2% respiely) but PROSPECTS FOR AND ARE INDICATED 7
DID NOT YET REACH LEVELSD )N ORHASHB AINGHSA TODEDMAHIT IN %5 AVERAGE I[N

far beyond pre-recession levels (Belgium saw a 1litcrease over Figure 1highlights the parallel evolution of electricity demand
JN SEVERAL COUNTRIES DEMVANBECO/ERBUED PONDERCEMECTS THE SEVERE IMPACT
2009 and 2010, with Romania accounting for the biggt decrease BOTH )T ALSO DEMONSTRATES THAT ENERGY |
FOLLOWED BY BOTH %STONIA AND 1A HTAEB® EHECTRICITY IS NEEDED FOR AN INC

4HE STANDARD OF LIVING IN % URPEE TEBD PER

Gross domestic product trends increase at a very low rate of roughly 1-2% annuglinear or even
ABOVE INMATION RATES 2ECOANERISSIKUBD R/E

ILTHOUGH ECONOMIC GROWTH RESUM E Dalthhugh foredastEal® EoatEadc®hOaNd \edlire fther detailed
HAVE A LONG TERM IMPACT EVEN BEYONINALYS)S WHE BEGBIHFRCRRHESSRRMEEON SAANDRE S

to recover the important losses in gross domestic product infrastructure, including energy, electricity andssociated networks,
'$0 ACROSS %UROPE IN THE NEAR FUTWVMEEBENSNMAHETIRONG CRCERNI INEEDFEIR INVESTM

Figure 1: EU-27 Total electricity demand (TWh) and GDP growth (1996-2009)

3,500 14,000,000
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= GDP
3,000 12,000,000
_—
2,500 10,000,000
2,000 80,000,00 2
< =i
= |
Z s
1,500 60,000,00 =
=
1,000 40,000,00
500 20,000,00
0 0
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Year

Source: EURELECTRIC (Electricity demand) / Eurosté&t (@ta)

2 $ATA FROM %UROSTAT HTTP HRPVMEUARBAETHAO EABEURBIPA IBUT PLBGODELIANEBAGE EN
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Table 1: EU-27 Total electricity demand (TWh)

Total Electricity Demand

Source: EURELECTRIC

Demography: low population growth to be
offset by dynamic migration

$EMOGRAPHIC TRENDS IN THE %E2ZLOWWIHILEONTANYVYE TFOOFWLATION OF NPPSROX
a low growth scenario Table 2, with some countriesona EXPECTED TO DECREASE TO MW ERIO® D
NEGATIVE GROWTH TRACK &OR UNAT IORYhEMICTIHrEgr&IRMMsAeNpér@dto be an importarfactor
WILL DROP FROM MILLION IN TON OMFASHONING THIS TREND

Table 2: Demographic evolution of the EU population (thousands, at year end)

1980 1990 2000 2007 2008 2009 2010 2020 2030
Population 501,125 515,125

Source: Eurostat 2011

Policy and regulatory trends in 2011
ENERGY EFICIENCY ROADMAPS INFR

4HE FOLLOWING IGURE PROVIDES AN OVERVIEBW N F HHE E QWA N MED EINME RGIY BOIOIR T

Figure 2: EU legislative framework

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015...upto 2020...up to 2030...up to 2040...upto 205 O

Maret tliberalisali
Veeaiiesiam 1st liberalisation package 2nd |iberalisation package 3rd |iberalisation package

oy 5 =3 GECTTTEEE) GECTTTNN)
20% by 2020 ets phase 1 ets phase 2 ets phase 3
Energy
Effciency (EE)
-20% by 2020

infrastructure package

eu energy strategy 2020

eu roadmap 2050 (climate, move,
5t framework prog. 6% framework prog. 7t framework prog. horizon 2020

RDD &

Innovation | I
electricity SoS directive
gas SoS directive gas SoS regulation

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015...upto 2020...up to 2030...up to 2040...upto 205 0
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Overall energy policy: targets and roadmaps Legislative trends on power generation
technologies

The European Union has set ambitious energy and climate Renewables
POLICY TARGETS FOR 4HESE TARGHHE S/ RERENREABLENIBCRETCTIVE PASSED INTC
EFFORTS FROM THE ELECTRICITY INDUSTRY4HE ANREXRAMPEEBETISETHE %5 RENEW A
OVERALL TARGET FOR RENEWABLES W nhtrérbenRIEMQreddR Bf jdsB@@és T1 percehtade points on the
IN ELECTRICITY GENERATION MORE THANBBGSGHBINEGPHERE ENHARE OR IN
addition, new opportunities in the form of plug-in, fully edctric TARGET IS BASED NOT ON GENERATION BUT (
vehicles in road transport are planned to bring about the 10% ENERGY CONSUMPTION )T IS SHARED AMONC
TARGET FOR RENEWABLE ENERGIES IN TRENSSAPSOR TOF) AN |INOWEWHERR AL INCREASE OF
STATES HAD TO SUBMIT .ATIONAL 2ENEVWOANBITEH Eo N ER G5YU RET FOD\R OAIAINMEMBER STATES
outlining how they would reach their national targets under incremental increase, modulated according to the member
THE OVERALL GOAL STATES '$0 PER CAPITA WITH SONME ACCO!
EXISTING PROGRESS IN DEVELOPING RENEWA
In 2011, the European Commission (EC) published a number
OF TEXTS LOOKING AT ENERGY POLICY NERCSHFHEEMBHRES WHEKPA#H42)# PUBLISHED THE
IT PRESENTED THE %5 %NERGY 3TRATRGektensive grhigrénfne BfRvollk@n BeRdwWbBles showing the
the overall energy policy in line with the 20-20-20 set of pathway to the 2020 targets and which further policy measuse
TARGETS FOR )N ADDITION THREE WIQADBMEAREEPE® TO MGNEVE THESE VERY CH/
BEEN PRESENTED OR ARE FORESEEN ! h20OADMAP FOR MOVING TO A
COMPETITIVE LOW CARBON ECONOMY v Rassilsuels: morefectsBmdCAN -ARCH
AND A 7HITE OAPER ON TRANSPORT PUBdlb%iddtbe sudl€aRattidéentTii FURUSMAraTaBdRsubsequent
! DETAILED %NERGY 20ADMAP WILL F O tadicaWWdeSitldns ¢ Nuclea$ Er@ig\iB Edtne countries, the
FEATURING IVE DECARBONISATI®W SKERORRINS ROHIBEWWENBBSIL FUELS HAS BECC
EFICIENCY SCENARIO A DIVERSIIEDIGUR3S$ énd t6 € ld9ded ex@eat chat, é8edioie pfeminent in today’s
a high renewable energy sources scenario, a delayed carbon POLITICAL DISCUSSIONS 'AS PROVIDES mEXI
CAPTURE AND STORAGE ##3 SCENA®RIO PHNDOREA LOR\ENUCMEARMENEINNBI RENEWABLES )
They are compared against a reference and a current policy little public opposition and can be stored more easily than
SCENARIO !LL OF THEM FORESEE RNAA ELECTRICITY WHUWSHAVEVTOGPAS UPEIRQONT ENE
MUCH GREATER ROLE THAN NOW ALMOST DOUBLING ITS SHARE IN INAL
ENERGY CONSUMPTION FROM CURRENTFasEiViaelsSwill @ontinue td idlay an important role in the
There is also convergence on the co-existence of centralised European electricity production for some decades to come,
and decentralised power systems and heat generation providED THEIREMISSIONS CAN BE SIGNIICANTL'
including their increased interaction, on the need for very 4HE MOST PROMISING TECHNOLOGY,IS ##3 (
SIGNIICANT ENERGY CONSUMPTION R E Dd¢QCCIL Misch tEabl feRiGhe appled @ MIEcttizigeneration
DROPS BETWEEN TO IN AND O NonTaHaEgesdddeSand e ddisAd b& d&ribnstrated by integrating
OF RENEWABLES TO AT LEAST IN QOMPANREBREENT IEP®GMENTS %UROPEAN POLI
political support for a demonstration programme of industrial-
SCALE INTEGRATED ##3 DEMONSTRATION PLA|
The third package: implementation started the financial risks of such a large-scale demonsttan
PROGRAMME CANNOT BE BORNE BY THE INDU
4HE 4HIRD %NERGY OACKAGE CAME INTOIMPORTENONTO-SRB®HESS THAT ##3 SUFFERS |
OROGRESS HAS BEEN MADE n AHEAD ORCIGEHBTRRAELINEEBVBERAHEOUNTRIES
drafting of the network codes for both electricity and gas
MARKETS !GAINST THIS BACKGRIQUKE |SHEORVERMCINGOMPITHE BROADER FRAMEW(
OF NATIONAL LEGISLATION WITH THE 2ECOMERANODLAMMHIRBEYWANERGHREAN %NERGY OR
OACKAGE REMAINS MODERATE AND A NUGVMBRR BFTABAREMEBPMENNDING F®WRLISIX PR
procedures have been initiated by the European Commission DEMONSTRATE ALL THREE TYPES OF CAPTUR
TO IMPROVE THE IMPLEMENTATION OF T¢omISIEtioh GieScomblisDiorNahd o3y NMukllind) As\Wvell aswo
.OTWITHSTANDING THIS THE (EADS OF ®TAFERAEND O VERAGE OPIIONS | E WMEPLETED
THE %UROPEAN 5NION REITERATED AT TSPEHINE ARBRAUEARSY SUMMIT THE
urgency of completing the internal market in electricity and ga
BY NO LATER THAN AND STRESSED THE ROLE OF REINFORCED GRIDS
IN UNDERPINNING ROBUST AND COMPETITIVE ENERGY MARKETS
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-OREOVER THE #OMMISSION PUT FORWARDEAN THRXOAPTOS N LO 6 NI HHED W/N E R GR OIINEFRTASS
to finance a European demonstration programme in ¢h WITH CORRIDORS AREAS THAT SH®ULCL
FRAMEWORK OF THE %5 %43 h.EW %N T Rcdm&ciing AeEv®EKR af Eontirfetiall [BveN G
SCHEME .%2 IFTER DIFICULT NEG QJ dévelbpniest offaldd@nnid i r@dtSadolbyy to improve regional
was eventually reached through comitology in February cooperation between member states and regulators, leading
AND THE IRST CALL FOR PROPOSALS It8 cobEsRoRrEEY Tasy allbbbDidhR WMesh ¥nd )Méw finaial
February, project developers applied to the member states instruments to facilitate their implementation;
IN WHICH PROJECTS ARE PLANNED -EMBdeRlopmenTd 8 sifddilNedvpariEing regime for irdr
PRELIMINARY CHOICE OF THE PROJEDTS TstEtréNrojeatsD TO CO INANCE AN
TRANSMITTED THOSE SELECTED PROJECRONOROMBO BE#ABUBATE GOERNDING ON PF
to the European Investment Bank (EIB) for the due diligence COST BENEIT ANALYSIS BUT THAT WILL
ASSESSMENT WHICH SHOULD BE COMPLEVMEARKEY RAEBREARY
The list of projects will then be passed back to the Commission,
which, after a new round of consultation with member states, Following overwhelming support for the communicatio
WILL ISSUE A INAL DECISION BY THE EN ro@ Fhe European Council in February 2011, the Bpean
#OMMISSION ADOPTED ON /ICTOBER
Nuclear BN EURO ON ENERGY INFRASTRUCTURE
IFTER THE NUCLEAR ACCIDENT IN &UKU&thllatiACdnmectid@RELFbpe FacilifyH & well as a regulatio
continued use of nuclear energy in the EU gained prominence OUTLINING GUIDELINES FOR TRANS %URO|
IN THE POLITICAL AND PUBLIC DISCUSSION $ECISIONS VARY WIDELY
among member states, ranging from maintaining or even The sharp decline in gas prices in 2010, due to the economic
EXPANDING NUCLEAR PROGRAMMES n AERNSBIL ASAKMBLLT AES 5SMHEN®PHALE GAS BOC
&RANCE n TO THE PHASE OUT OF E XRS Trhriget,NnducddoreRsuRply AiCtieERrSpeamNmariieet and had a
STOPPING NEW BUILDING LIKE IN 'ERMABRENXEBWALZERERAGD CMRTHRAISECURITWYNOF S
)N -ARCH %5 ENERGY MINISTERS A G®RGEE D Jaaly ROOE ladsihg HranR &t & week interruption
TESTS FOR %5 NUCLEAR POWER PLANT®F2EBVIMAN WIAS BEOW REHREONJIED 5KRAINE
IN $SECEMBER %52%,%#42)# HAS SUBPRREOGULKAIIGAREATERS SECURITXEDF S
European approach from the very beginning, considering that all member states to take effective action in advance, set
a European energy policy without a common nuclear safety UP REVERSE mOWS AND INTRODUCED S
POLICY DOES NOT MAKE SENSE RATHER THAN A %UROPEAN LEVEL 4HE R
the concept of ‘infrastructure standard’, with a éw to
The EU has also adopted a directive on the management of mitigating member states’ dependence on single or limited
radioactive waste management and spent fuel, presented GAS INFRASTRUCTURE 4HE %# GAS COO
IN 4HE NEW LAW SETS STANDARDS EHURREWIRET gartitipdtes GddMIRLNST to monitor potential
WHICH ALL MEMBER STATES WOULD HA Vspplcrises Louiewily paitiR8arly i @R eaehievents the
for banning exports of nuclear waste to third countries has -%.! -IDDLE %AST AND .ORTH !FRICA REC
BEEN REJECTED BY THE #OUNCIL
External energy policy
Security of supply and infrastructure development 71TH THE 3TRATEGIC %NERGY 2EVIEW T&F
BECURITY OF SUPPLY IS AN ISSUE IN P 6 WAERT BE NRERAJLIORN REIFGIRGASON % URHE E A
3INCE THE IMPORTANCE OF GAS TO P Obit&Rual 82puvtitBkEd stock of RrEeGtTHEVBlodN@Nts in eneyg
increase, security of supply is likely to matter more in power policy and energy-related geopolitics, and prepares the gund
GENERATION ALBEIT INDIRECTLYSURPHYEERBUROTLVYCYFPRICEFGOTSRALCET Y N 3ERPI EMBER
strongly network related, more attention has to be paid to published an external energy policy communication elabo-
infrastructure, as well as to development plans such asthe RATING ON THE STRATEGIC PARTNERSHI
%.43/ % 4EN 9EAR .ETWORK $EVELOPMEREGLAN S4IMPORTANCE AND THE 3OUTHER
JN ITS OWN POLICY PAPER ENTITLED h/N
JN .OVEMBER THE %UROPEAN #OMMARKIEOIN P%BPRPIBHEDN2A# ARGUES THAT C
communication on energy infrastructure priorities, in which  external energy policy will be the natural result of a true
it outlined its proposal for a new methodology to address % UROPEAN ENERGY MARKET
THE ENERGY INFRASTRUCTURE CHALLENGES ON THE %UROPEAN LEVEL
This proposal included:
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Generation Trends

Installed capacity vs. electricity generation:
independent trends

Figure 3 shows the importance of the capacity factor of of generating capacity, yielded lower values of eltricity

GENERATING CAPACITIES $IFFERENAV BWwdRos BNER ha ISeWwrsd diffeRe@tErunning modes of

DIFFERENT CAPACITY FACTORS WHOFH ARERO nPOBWERE P IBW TEHE4AHEP EOW CAPACITY F.

RESOURCE USED TH E TheEeforeNtBel SDaBe¥ of E T(rouped under ‘other renewables’ inFigure 3 translates

installed capacity for different technologies do not necessdy INTO RELATIVELY LOW ELECTRICITYWGENERA®

TRANSLATE INTO THE SAME SHARES IN EINSCRRLEID YRRAOITUXTICOWEVER THIS DISCRE
to biomass plants, which tend to run in base-load or mid-merit

Thus, although nuclear represented roughly one sixth of total MODE )T IS WORTH NOTICING THAT WHILST T

generating capacity in 2009, its actual share of electricity RENEWABLES INCREASED BY '7 OR IN
production was almost one third, since nuclear power plants GENERATION INCREASED BY ONLY TO 4
ARE COMMONLY RUN IN BASE LOAD MODH7HY FROMTRAST 4HHISDRXO DUE TO PARTICUL
CAPACITIES IN THE %5 WHICH REPRE®BNTEDD MSINMILAR SHARE

Figure 3: Installed capacity vs. electricity generation in 2009 in the EU-27

Installed Capacity EU-27 + 2009 Electricity Generation EU-27 + 2009
Other Renewa%eoz - Other Renewabfl;:/sD
16% Nuclear

Hydro 28%
12%
Hydro
17%
Fossil Fuel Fired Fossil Fuel Fired
54% 52%

5 4HE CAPACITY FACTOR OF A POWER PLANTRICSDUKKERAN I® ®@IVENP BRTWA T & LTHHET RY®IO YTHEPUITAL MAXI
IF IT HAD CONTINUOUSLY OPERATED AT FULL NAMEPLATE CAPACITY
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A new, less carbon-intensive mix emerges —
but is put into question by nuclear phase-outs

ICCORDING TO THE ASSUMPTIONS BY %52%/H#BRCGMMEMBEBHRFUELS TREASSESR
(Figure4 LOW CARBON GENERATION SOURKEGMSUCHNAS 293 HYDRO ,OW CARBOI
and nuclear, will constitute the major generation surce sources will continue to dominate the generation mi

by 2020, delivering about 2,000 TWh, compared to &t THEREAFTER

Figure 4: Evolution of electricity generation in the EU-27 in 2009 and 2020

Electricity Generation EU-27 + 2009 Electricity Generation EU-27 + 2020

Other Renewables
8%

Other Renewables
Nuclear 19%

28%

~— Nuclear
Hydro 24%

12%

Hydro
11%

Fossil Fuel Fired

Fossil Fuel Fired /
52% 46%

Capacity by technology: use them all

Il CLOSER LOOK AT GENERATION CAPA®Qudlear BendsTafiéer Fukashimac Y CLEARLY

demonstrates that the European electricity mix builds on

a wide variety of energy sources and is set to remain highly 4HE %UROPEAN 5NION S NUCLEARRPRRANCC
D1V E R SFkigar®e 5 4HE BALANCE BETWEEN LOWSCARBOGN HEW ARE MORE NHAENE A R ECAARPH
FOSSIL IRED GENERATION WILL REVER $EedB¢in the refékehteHpefidd RO0O-RTLD was ragh limited,
SHRINKING BY PERCENTAGE POINTS T@BOUT IT THE SAME TIME '7 WERE TAK

Figure 5: Evolution of installed capacity in the EU-27 in 2009 and 2020

Installed Capacity EU-27 + 2009 Installed Capacity EU-27 + 2020

Other Renewables Nuclear
13% Nuclear S 14%
Other Renewables

28%

Hydro
17%

Fossil Fuel Firec

Hydro 2419%

17%

Fossil Fuel Fired
54%
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Fossil fuel capacities remain stable; the share of gaséreases ~ New installed capacity: RES dominates,
followed by gas
.ATURAL GAS HAS BEEN DISPLACINAGSDIL AND COAL IN THE
decade, creating the so-calleddash-for-gas’ 4HANKS TO! ST 8H O Wiglréand Table 3 some 28 GW of new capacity
lower carbon content of the primary fuel, shorteromstruction have been added between 2009 and 2010, of which three
lead-times and lower capital costs, a major deployant of QUARTERS WAS 2%3 )N CONVENTGORANMAL POV
combined cycle gas turbine plants (CCGTSs) has beeitnessed REMAINS THE FASTEST GROWING TECHNOLOG"
throughout the continent, with capacity of gas-depedent
ELECTRICITY INCREASING MASSIVELTYOFRIOM REGARDBNTO NUCLEAR THIS YEAR S ST
IN . ATURAL GAS IS ASSUMED T GeFGeRnBM BRse M@ ROEA®E the decommissioningf
in the upcoming decades, as nuclear capacities arto be the Ignalina nuclear power plant, which explains the slight
PHASED OUT IN COUNTRIES LIKEPARWMANECREABACBFUPOMA '7 BETWEEN AND
IT WILL PLAY A FUNDAMENTAL ROLNGINHEXIBLY COMPLEME
integration of variable renewables generation intdthe EU RES capacity takes off
ELECTRICITY MARKETS
4HE ADVENT OF NEW 2%3 WITH HYDRO RET
4HE INSTALLED CAPACITY OF OIL IRED PRHWRE PISACONDEREREEASEBR MROO®R TREND "ET\
-7 TO -7 BETWEEN 5> ANDIRED2% 3 CAPACITY MAINLY WIND SOLAREAND BIOI
GENERATING UNITS ARE STILL USED FORIANEAKINEEBURRPOMEABOIUE IN'7 TO MORE TF
TIMES OF HIGH ELECTRICITY DEMANDB &URENDRIG CFROR ECONWH COUMNTRTENUE UP TO
ESPECIALLY SMALL ISLAND SYSTEMS SICGAHRALCST-YAMNAL #HWR/E USR8 BE D "7
many non-interconnected islands of Greece still rely on oll
to generate their electricity, although a shift towards gasis !S THE MAJOR RENEWABLE ENERGY SOURCE IN
ENVISAGED ACCOUNTED FOR ROUGHLY '7 OF INSTALLE
ILTHOUGH HYDROPOWER CAPACITY IS PROJEC
ILTOGETHER THE SHARE OF COAL BASikEdkraseAl AMO0TiM reld \8ill REBAMAdrNAED in certain EU
nearly stable between 2000 and 2009, with a minor decrease areas it will provide the primary back-up for variable renewée
FROM TO -7 GENERATION SUCH AS WIND AND SOLAR POWE

4HERE IS NO DOUBT THAT CARBON CAPTall& BEefN bigl8ightsRha Gdhds#wiich Matke bydro as the
INMUENCE THE FUTURE USE OF COAL ANVMAGM R ENEHWEBGEENERAR CENOMIXOP OF THE LIS
provided the technology reaches maturity and commeial "Y ON AND OFFSHORE WIND WILL HAVE
ROLL OUT STARTS IN THE PERIOD 30LAR 06 AS WELL AS BIOMASS SHOW IMPRE
TRAJECTORIES 4HE SIGNIICANT SHARE OF V/
SOLAR n AND TO A LESSER EXTENT HYDRO IS

Table 3: Generation capacity in the EU-27 (MW) in 2010 compared to 2008 and 2009

2008 2009 2010 2009/2008 2010/2009 2020
Nuclear 130,538 19 -2,323
Fossil Fuel Fired 8,018
Hydro 1,211
Other Renewables
ofwhich 3OLAR 82 10,102 22,981

Wind 12,808 83,819 10,581

Biomass 9,852 10,019 52

Biogas 3,092 3,891
.OT 3PECIIED 1,198 -55 1
Total Installed Capacity 815,910

Source: EURELECTRIC

.OTE 2EGARDING THE TABLE ABOVE IHHWSIGRE GIOTTED |IGRARTE B/ HERERYSPFEAORFLF ROGMR YEETNEE RG E B KE B KAR
2%3 SUBTYPES MIGHT NOT ALWAYS TAKD UNT® IEGN SOINERAEICENS LT HE IGURBES S DIN LT AR Q\AIDES $§ MMER ELOX
OF GENERATING CAPACITY AND ON BXPECTED FUTURE DEVELOPMENT

BOURCE %52%,%#42)# BASED ON 'LOBAL$ATA OOWER % 4RACK
° B30OURCE %52%,%#42)# BASED ON 'LOBAL$ATA OOWER % 4RACK
B3OURCE %52%,%#42)# BASED ON 'LOBAL$ATA OOWER % 4RACK
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Figure 6: RES generation capacity in the EU 27 (MW) present and future trends
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Table 4: Generation in the EU-27 in 2010 compared to 2008 and 2009 (TWh)

2009/2008 2010/2009

Nuclear
Fossil Fuel Fired
Hydro
Other Renewables

of which Wind
.OT 3PECIIED
Total Generation

Source: EURELECTRIC

Power balances and the need for a single European
electricity market

Increasing foreseeable unavailable capacity,
the need for generation investment and for a
balanced generation portfolio

Il LOOK AT CAPACITY BALANCESI MCRESSETIMNETOHEROTHARS MRAND THE NON DISPAETCHA
FORESEEABLE UNAVAILABLE CAPACITY IN®MBAWLMY. AACCENTVEMBEHR IBISATREND IN TH
lines the need to improve the interaction between different
There are two reasons for this trend: on the one hand, the generation sources, as well as the need to use them all in order
ageing generation park and related maintenance requirements TO OFFSET VARIABILITY WITH NON VARIAE
are responsible for the current slight increase in foreseeable
UNAVAILABLE CAPACITY 4HERE IS ANTU RiGEddohomie ElsisT @ndGtReT paMNEE tB8mpdrary decline in
conditions right to renew the generation park in many Europea  power demand, as well as the ongoing base load to load-
countries, and to cope with the consequences of Directive FOLLOWING SHIFT HAVE WEAKENED BUSIN
%5 ON )NDUSTRIAL %MISSIONS -ANEVWPRGOESETS FNEIONRENTIONAL GENERA
PLANTS IN %UROPE ESPECIALLY COAL WWLRGNTERN OA¥F ACROSEDTPHIEA®BSS AMOUNTIN
will not be able to comply with the above mentioned directive BEING DELAYED IN THE %5 PLUS .ORW
and will have to be shut down, creating the urgent need for  4ECHNICAL PROBLEMS LIKE 4 BUT ALS
REPLACEMENT CAPACITY ESPECIALLY AHRHEENRGTHY PERMITTING PROCEDURES ACCO

Power Statistics & Trends 2011 —synopsis | 13



VGB analysis on Availability/Unavailability
of Power Plants 2001-2010

Introduction

Conventional power plants today have to deliver back up POSTPONABLE AND NOT POSTPONABLE n UNA

capacity for an increasing share of variable renewables, while unavailability refers to inspection and maintenance and repair

CONTINUING TO ENSURE THE LION S SHAREGR&F BMBIEANMBDD AITTA GE MBEENS THAT THE

operational performance of conventional power plants are CANNOT BE CONTINUED AS PLARNBODDRAWERA GD AN

THEREFORE INCREASINGLY IMPORTANT $ISTINGUISHING BETWEEN POSTPONABLE NOT
in understanding the severity of the incident regarding the

The plant operation data described here covers as many COST EFFECTIVE OPERATION OF A POWER PLA

UNITS AS POSSIBLE OF %UROPE S POWER PLANT mEET | E NUCLEAR

FOSSIL AND 2%3 INCLUDING HYDRO #lglte DATA SSTIRTATESN ISNSASSIOAPLIIED VIEW THE

OPERATION RECORDS ON THE AVAILASBILENERGY UNAVATABNLVER 3G B RIBIECT OGN S #OR6 E

for individual power plant units; the unavailability data are  The critical operation area for the power plant unit shown falls

divided into planned unavailability and unplanned outages — IN THE RANGE BELOW ANNUAL FULL LOAD (

Figure 7. % XAMPLE FOR #0% FOR A -7 HARD COAL KkRED POWER PLANT

16

14

[
N

Assumption for
Average Whole-Sale

=
o

Cost of Electricity (C/KWh)
@

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Annual Operatina Hours

Source: VGB PowerTech e.V.

1&( CORRESPOND TO AN ENERGY UTFEEDATNON QP63 POWHRIE THE PLANT IS OPERA
PLANT FULILS THIS MINIMUM REQUIREME&T THEVOREBRTHRNIDABTLHEINNIT WILL CAUSE
THE MARKET AND WILL GENERATE A MARGOSSEREZMHIRSNS)APDE EEADCAJHAGHON DEMONST
UNAVAILABILITY OR DUE TO OTHER IMARRETABFFWERSPLANKGT BREIFERENERGY UTILISATI
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Evaluation of availability and unavailability
of Power Plants

Availability of Power Plants

%52%,%#42)# AND 6'" DECIDED SOME YEARCSORGONGOT W HRIEENTUHREOREAN CODBOR®F C

data collection for the availability and unavailability of powe AND DATA EVALUATION HAVE TO BEAANO
PLANTS 4HE DATA ARE COLLECDESPEBRCOQRBDCNEGEDTROWEARNPIARNT DATA ARE AGGH

UNIFORM DEINITIONS AND RECORDING PROCEDURES

The following data evaluation is an extract of thennual report and
ONLINE EVALUATION TOOL +)339 +RAFTWERKSINFORMATIONSSYSTEM

OOWER OLANT )NFORMATION 3YSTEM

Figure 8: Example for peer group analysis regarding capacity

plants
-7
plants
-7
r :f “ plants
NA ~— R =7
plants
-7
plants

6'" "UIDELINE h&UNDAMENTALS AND SYRMIBEMATON GO RVAERBIALTOOWEREOLANTSYV
8 6'" %52%,%#42)# n IVAILABILITY OF 4HERMAL OOWER OLANTS n
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The creation of peer groups ensures that all data from the
power plants are evaluated according to similar tdémical
characteristics such as:

&OSSIL IRED UNITS

e SIZE OF POWER PLANT CAPACITY
o fuels by capacity

o furnace type by capacity

¢ units by single or dual boiler operation

¢ units by sub-critical or supercritical pressure

Combined cycle units

Gas turbine units:
e /PEN CIRCUIT
e Jet Engine

Nuclear power plants:

e Reactor type

e Capacity

e 3ERVICE LIFE

The typical outcome of the standardised availability analysis
is illustrated in Figure 9.The table shows the availability of all
FOSSIL IRED UNITS FOR THE PERIOD

The top chart shows the quotient of the energy gersted
by the power plants and the nominal energy — whicls the
product of the nominal capacity and the reference griod
CALENDAR TIME 4HIS hENERGYFRWIMLISATI
TO I'N

OOWER PLANT OPERATORS WHOSED®OISSTL IRE
REACH THE AVERAGE ENERGY UAICLEAIRON C
indication that there is something wrong with theioperation

OR OPERATIONAL MAINTENANCE VAILRATEGY
FOR THE PLANT S hENERGY UMAEADILABILIT®
Figure 9 might provide a first indicator for the used
MAINTENANCE PHILOSOPHY | DERAIHER COM
INDICATORS n SUCH AS hTIMEL AS/AATILABYLAN DV
THE PLANNED AND UNPLANNED PIARBNIAOFYWHE h
— between the analysed power plant unit and the stastics

of the peer group analysis will provide further casolidated

INDINGS

! MORE IN DEPTH ANALYSIS REQUIRES POWE
COMPARE THE hMAVERICKv WITH A CHARAC
composed of the same power plant capacity, fuel- and furnace
TYPE AND OPERATIONAL CONDITIONS 4HIS EV
done if the power plant’s characteristics match one of the
STONDARDEPEERUGEOUARS IN THE ANNUAL REF

POWER PLANT CAPACITY OF -7 FORATGEE BEECOONWERIEPALANT OPERATOR CAN CR

#: $% &2 )% )4 ., 04
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Availability of Fossil-Fired Units

Figure9: !VAILABILITY OF FOSSIL KRED UNITS %5 COUNTRIES !4 #: $% &2 )% )4

100
80 ' I ' I !
60 I
X
40
20
0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 01-10
= Time Availability Time Utilization M Energy Availability Energy Utilization

Energy unavailability

10

0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 01-10
M planned M unplanned postponable M unplanned not postponable

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 01-10

245 237 239 311 Sl S 317 315 308 316 2,914

Capacity (grossymw) 75,961 73,585 75543 114,050 114,870 113,466 114,760 114,456 110,905 115,603 1,023,198
Time Availability o) 89.5 88.3 87.7 87.5 87.2 87.5 86.1 84.9 84.3 84.0 86.6
Time Utilization (%) 59.6 60.3 61.9 66.1 66.9 68.4 70.3 66.4 67.6 65.4 65.6
Energy Availability(s) 87.4 87.2 85.4 85.8 85.6 85.1 84.2 83.6 82.2 83.0 84.8
Energy Unavailability() 12.6 12.8 14.6 14.2 14.4 14.9 15.8 16.4 17.8 17.0 15.2
planned part (%) 6.6 7.2 6.9 7.7 8.1 8.5 8.7 9.3 10.0 10.0 8.4
unplanned part () 6.0 5.6 7.7 6.5 6.3 6.4 7.1 7.0 7.8 6.9 6.8
postponable (%) 1.5 1.0 1.1 0.8 1.0 1.1 0.9 1.0 iL5 1.0 1.1

not postponable(%) 4.5 4.6 6.7 5.6 5.4 5,8 6.2 6.1 6.4 5.9 5.7
Energy Utilization(o) 49.2 51.0 53.1 58.2 58.9 59.6 61.5 57.8 57.8 57.2 57.0

Source: VGB PowerTech e.V.

.OTE S$ATA IN THIS TABLE COVER% DWMTA FRNOMO0!4 #: $% &2 )
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Analysis Unavailability of
Thermal Power Plants

Events which caused unavailability are analysed in the annual ¢ h# AUSEvV
REPORT hINALYSIS OF 5NAVAILABILPFTY OB BSIEBERNMMANORMAER WR IANNGT SASSTHUBLETIONSP E(
The relevant data are collected online by member companieson ¢ h$AMAGE MECHANISMyv
AN ANNUAL BASIS !S NOT ALL MEMBER COMFREIDEF RVAERAIRABATE ONRRBBEION AGEING V
more complex recording of the unavailability data, the analysis ¢ h$AMAGEV
IS BASED ON DIFFERENT PLANT CONGE C weansss ofateHdE defér®dtioR & M&eRidl,Ichange
period from 2001 to 2010 a total of 89,103 unavailability OF POSITION ETC
EVENTS FROM POWER PLANT UNITS WERE EVASINJATED OF FAILUREV
REQUEST OF SYSTEM COMPONENT REQUES

The unavailability events are described with an ew CHECK ETC
CHARACTERISTIC KEY %-3 4HE %-3 WARS AINTTREQBNCELOFOR MYV
It avoids double and multiple recordings of events and allows MAINTENANCE METHOD CLEANING mMUSHING
A DIFFERENTIATED EVALUATION VENTILATION ETC
e h-EASURES AGAINST RECURRENCEV
The following 12 different higher ranking event charactetis CHANGE IN CONSTRUCTION PREVENTIVE M/
keys are in use: e hERGENCY OF MEASURESV
e hAYPE OF EVENTV START OF ACTIVITIES AT OXERE DWTEHIRTCDA"
OUTAGE MAINTENANCE MODIICATION FUNCTIONING TEST ETC
e h/PERATING STATUS BEFORE EVENTvVv )N TOTAL ABOUT DETAILED %-3 ARE DEINI

START UP SHUT DOWN STATIONARY OEBSKARTPONOMNETXF EVENTS ILTHOUGH EVENTS
e h/PERATING STATUS AFTER EVENTV CAUSE DEINING KEYS ADDITIONAL SHORT STA
START UP SHUT DOWN STATIONARY OPORAERNOEEASE LATER EVALUATIONS 7HIL

e hYMPACT ON UNITv complex, the power plant operator receives in return importan
TIME FRAME FOR SHUT DOWN AUTOM Asydt€émL iofdrasadn Efer DiébhGical and economical plat
EMERGENCY TRIP ETC OPTIMISATION

e h/UTAGE IMPACT ON THE COMPONENTSV
NO OR LONG TERM EFFECT FAILURE OF COMPONENT ETC

Figure 10: 5NAVAILABILITY INCIDENTS OF FOSSIL KRED UNITS

Unavailability incidents per block and year Energy unavailability (%)
70.0 9.0
60.0 8.0
7.0
200 I
- —
40.0 5.0
=
30.0 4.0
3.0
20.0
2.0
10
. [— . I
2010 2001-2010 2001-2010 2010

(Key H) postponable more than 12 hours
B (Key G) start-up prolongation. after grid-hook-up power enhanc  ement as specified in start-up-procedure/instruction -manual is not possible
W (Key F) start-up-time extension. Induced start-up-procedure  cannot be brought to grid-hook-up within specified ti me
B (Key E) Exceeding planned incident-time by unplanned measures (damage, failure,...)
1 (Key D) start-up or recommissioning not possible. Due to technical failur e start-up-procedure cannot be induced
(Key C) controlled shutdown within 12 hours
m (Key B) manual load-rejection/fast shutdown
| (Key A) automatic load-rejection/fast shutdown

Source: VGB PowerTech e.V.
.OTE $ATA IN THIS GRAPH COVER A EOVEANAO®FROM UNROWHRRPILANY UNITS BETWEEN AND

° 6'" %52%,%#42)# n INALYSIS OF 5NAVAILASILITY OF 4HERMAL OOWER OLAN
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Figure 10 shows a typical unplanned unavailability energy  Figure11 SHOWS THE MAIN SYSTEMS WHICH C
EVALUATION FOR FOSSIL IRED UNITS FOR TOCIDENN S HNVSTEHXAMIFAAEAL OF "
KEY ! IDENTIIES THE AUTOMATIC LOAD REBENAVAIONBIWHYCEHNERGSYEDW BRE ANALYSED
IMMEDIATE SHUTDOWN +EY " DESCRIBEX THEONUMBER OHMANUAOST OF THE UNZ
LOAD REJECTIONS WHICH CAUSED +#BY INREEDUANTESSWRASDCOAMWISED BY EVAPORATOR
type C represents the number of controlled shutdowns within PRESSURE SUPER HEATERS )N THE CASE
HOURS +EY $ REPRESENTS THE SPEC Ith€ heafTdéAerdt@m in theWebhhverttiosar part Tof thepower

up or re-commissioning of the power plant unitis not possible PLANTS CREATED MOST OF THE UNAVAILAI
DUE TO TECHNICAL FAILURES &INALLY KEY ( REPRESENTS THE NUMBER

of postponable incidents which allow further operdbn of

THE PLANT FOR MORE THAN HOURS

Figure 11: Main components causing unplanned unavailability energy of ther ~ mal power plants

Uncdefned (e, whoe it | -
Evaporstor syser |, °©
Nuctear heat generaion Y 5
HP superheater system [N : 5
Generator plant | NG :+
Conventional heat generation [ NNRNREHRMEIEIEGEGEGEN :
Generator incl. cooling equipment || NNRNRNRNRRIIEEREIMH ::
Generator transformers, incl. cooling equipment D
Reheat system | NNNEGN - 5
steam turbine plant | EEG_G_ 2.
HP turbine [N 2o
LP turbine [N 1
Reactor auxiliary systems | NS 17
Feedwater pump system [ 5
steam system || 4
Induced-draugt fan system [N 1.2
Pulverizing system (incl. classifier) [N 11
Bearings [ o.0
Economizer system [ 00
Main steam piping system [ o8
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Percentage of total unplanned unavailable energy

Source: VGB PowerTech eV.

.OTE $ATA IN THIS GRAPH COVERBIDDAIBERWHMEMN $WAND ., A
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Summary

The power statistics presented in this section give rise toeh 4HE UNPLANNED OUTAGE n WITH THE DISTIN
following, more strategically driven conclusions: not postponable — illustrates the real condition of the plant
AND OR ITS COMPONENTS 4HE RATIO OF PL
e The contribution of the different power plants to the power OUTAGES INDICATES HOW hSUCCESSFULV T&t
supply: )N PARTICULAR THE EFFECT OF hisR&4NhE &V of SaiBtEnar@disNdGavoid damage during

more and more important when analysing the relation OPERATION

BETWEEN POSTPONABLE AND VARIABLE POWER SUPPLY 4HE RATIO

of postponable to variable is an indicator for the system INOTHER IMPORTANT INDICATOR WHICH CAN
stability: the higher the postponable and the lowerthe RELIABILITY IGURES IS THE IMPACT OF COS

VARIABLE SUPPLY THE GREATER THE STORBINLENYBY MARKET PRESSURE IN TERMS OF
POSSIBLE BY COMPARING THE PLANNED UNF
e Average operating hours per year — after deducting outages: SEVERAL YEARS
The annual operation hours are an indicator of the operation
MODE OF THE POWER PLANTS WITHIN ¢I'FhE ont&yE ProbabilEy &f NenmpdrEhts add systemsThe
THESE IGURES OVER SEVERAL YEARS SFHORCEDHE EMPACTANNHEHBD EOUTA®E RATE IS
INCREASE OF 2%3 ON THE SUPPLY SYSTERMRCNOENNTES TOONAGIHH RBBABILITY "OTH
REGULATORY ISSUE OF hMUST RUNV F O Prdhaltlity %8 mtieE WholeHfleeD BEriRtEeA Sofparison
in annual operating hours for conventional plants will lead of selected power plants with the average enable &
TO SEVERE DIFICULTIES IN COVERING asSsesEmett®ftfie agding@EchnEpRneits @id the quality of
which means there are no incentives for the building of new MAINTENANCE WORK
POSTPONABLE POWER CAPACITIES
The four points above illustrate the relevance of consistently
e The reliability of the power fleet by the outage fjures: collecting and compiling statistical data — a tool which should
I[UTAGES n BOTH PLANNED AND UNPLAMMEDSEDANMD RN INXERISUIEEILY IN THE FUTURE
INDICATOR OF A PLANT S TECHNICAL STATUS

The planned outage is determined by the provisions made for

repair work on damaged or aged components, for inspections

OF THE CONDITION OF THE COMPONENTS AND FOR RETRO IT MEASURES
NECESSARY TO UPGRADE THE PLANT PERFORMANCE
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