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1 Introduction

This report summarizes the results obtained by WRagkage 5.6 “Development and
application of specific tools for energy security the Electricity Sector”of the
SECURE project concerning the following topics, [tedth in the different tasks of the
work package:

» costs of electricity interruptions,

» assessment of the impact of gas shortages riskeeqrower sector,

» optimisation of transmission infrastructure invesits in the EU power sector,
» role and responsibilities of TSOs for security opgly,

» electricity security of supply with increased pmese of distributed generation.

Finally, some general policy recommendations camnogr security of supply in the
electricity sector are reported.
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2 Costs of electricity interruptions

One of the main tasks of the electricity industsyto provide reliable electricity to
customers at a reasonable and competitive priaeceSworldwide, and mostly in
developed areas and countries, the share of elegtto total energy consumption is
growing, higher quality (reliability) levels of alticity supply become an unavoidable
request to the utilities. Indeed supply interrupspanyway theoretically possible, are
less and less accepted by customers and societyynmcause their socioeconomic
effects are heavier and heavier.

More in general, very severe outages and blackbatsoccurred in the past years in the
United States and in Europe clearly showed thatides the price of electricity, Quality
of Service (in terms of reliability / continuity aupply) is also a very important issue
for customers and society as a whole. Therefogrjlaéors and institutions are strongly
promoting the improvement of electricity qualitys#rvice.

Thus reliability of supply and its value are keygttas for the decision making process
underlying expansion plans not only of electricggneration systems but also of
transmission and distribution networks.

It is evident that low levels of investment canutesn unreliable supply (unacceptable
low quality), while excessive investments can resulinnecessary expenditures with a
resulting increase of the cost of electricity tetauners. Following the radical changes
occurred in the institutional framework of the éfaity supply industry since early
90’s of the past century, it is nowadays widelyogruzed that investments related to
the provision of electricity quality of service muse carefully evaluated through an
explicit cost-benefit analysis that provides thesibafor answering the economic
guestion:How much reliability is adequate from the custosperspective?

To answer this question it is necessary to movenfi “criteria-based” planning
approach to a “value-based” planning approach, dopanting for both utility’'s and
customer’s perspectives.

Moreover, it has to be taken into account that ¢betinuity of supply to the final
consumers can no more benefit of the coordinatimorey Generation, Transmission
and Distribution sectors, as in the previous motisfio and vertically integrated
framework, because they are now unbundled and antous from both the regulatory
and the economic point of view. Therefore, the gtreent optimization process is
carried out separately for the G, T and D segmamdsso three independent optima are
calculated, thus resulting in an overall quasitoptin quality level for consumers.

In a liberalized framework, optimization of the ¢jtyalevel and of related investments
can be based on the fact that, from the consurperspective, the total cost of the
electric service consists of two components: cbseovice received, proportional to the
cost borne by utility, and the cost of service rnniptions (that is the cost of
unreliability), which are non linear functions et reliability level, as shown iRigure

1.

The cost-of-service received, that is the cost &doy the utility to provide customers
with electric service at a given quality level, idip increases as quality (continuity)
grows while, on the contrary, customer’s cost duenterruptions is very high when
reliability level is low and it rapidly decreasesraliability grows.
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Figure 1: Adequacy optimization in a power system.

Consumers are then best served when their totdl isosinimized, that is in the
condition defined by equating the marginal cost éimel marginal value of service
reliability.

The assessment of the best compromise betweenioaddliinvestment costs and
corresponding benefits to consumers needs to qa@wvely determine thevalue of
quality (or of adequacy. This is a very complex task and it cannot belemented as a
direct method mainly because no market existsHerquality of electricity supply or,
conversely, for interruptions of that supply.

At present, a usually adopted approach to get thwemobstacle is to assess the reverse,
that is the cost associated to lack of continuliging aware that the latter is not
identical to the value of quality although repraaére of it, perhaps a lower bound.

In the framework of the SECURE project (see [1] dolditional details) a survey has
been carried out aimed at investigating and disegssiethodologies and techniques
used worldwide to assess the cost incurred by mestodue to supply interruptions and
at collecting the results of their application ®alr power systems. This in order to
provide a reference framework enabling to quaritisyeconomic index Cost of Energy
Not Supplied (CENS), also known as VOLL (Value ObsL Load) or IEAR
(Interrupted Energy Assessment Rate).

To this aim, the study has been mainly focused aur topics, discussed in the
following:

» the costs of interruptions and the relevant indicat

» the approaches and methods to assess them,

» the regulation of the quality of service and itpant on continuity of supply,
» the available estimates of interruption unit castdhe European context.
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2.1 The cost of interruptions: main factors and indices

The cost of supply interruptions depends on maryofa relevant to the consumer

categories and to the interruption characteristicd they must be measured through
suitable quantitative indices.

The cost of supply interruptions is related to twnhsequences (economic losses)
incurred by consumers when an electricity shortageurs. In particular, consumer’s

interruption costs depend on the:

* type of consumesuch as industrial, commercial, residential, #tat differ in their
dependency on electricity;

» interruption characteristics such as time of occurrence, duration, advance
notification or not, extent, etc.

» perceived reliability level that is strongly determined by the incidence of
interruptions in the past (the more structuralrnnfptions took place previously, the
lower the perceived reliability) and by the levélsocioeconomic development and
welfare.

As a result, interruption cost indicators are noamfified as a single value, but rather
they can imply a large range of values dependertherrelative importance of these
factors.

Useful indices to quantitatively represent the @toit losses due to interruptions can
be expressed in terms of €/interruption, €/kW at leeak load, €/kWh of annual energy
consumed, €/kWh of energy not supplied. Three exliare most frequently used and
referenced in the literature:

* |EAR (Interruption Energy Assessment Raiéis a system-wide interruption cost
index. It is expressed in €/kWh and, thereforeetbgr with the adequacy index
EENS Expected Energy Not Supplied per yeatr provides an estimation of the
expected annual economic damage incurred on avdmggeustomers due to
interruptions.

 VOLL (Value Of Lost Load in the literature, its prevailing meaning is ceptually
equivalent to the IEAR, even though it is sometinmtended as the value (€/kWh)
an average consumer puts on an unsupplied kWhesggnrather than the incurred
cost.

«  WTP (Willingness To Pgy it represents the customer willingness to paiyrprove
its continuity of supply, by decreasing frequeneyl/ar duration of interruptions
and by avoiding specific types of accidents, ehgsé ones lasting more than a
defined upper limit. WTP may be expressed in €/k@tconsumed energy, if it
represents the propensity of customers to payrfan@aease of their electricity bills
in order to have a given quality improvement, o€asent, if the customer’s goal is
to reduce or to avoid interruptions at all.

2.2 Approaches and methods to assess interruption cost
indices

The cost of supply interruptions is related to @m®nomic consequences incurred by
consumers when an electricity shortage occursaBleitapproaches and methodologies
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have been developed in the last decades to asgessiption cost indices and are now
available and used by institutional bodies for taguy purposes and by utilities for
expansion planning studies.

The approaches are categorized according to fpotdgies:

a) Revealed preferencewhose main advantage is that relatively accutata can
be collected through observations and analysisonfumers’ market behavior,
while the main drawback is that only large conswemean provide suitable
signals.

b) Stated preferencedased on customer surveys. This approach hasmain
advantages: firstly, it provides utilities with @mtuption cost data suitable for
planning purposes, and secondly, it is customezdAbottom-up, and therefore
it directly incorporates customers’ preferencese fmain drawback is the high
cost to implement it.

c) Proxy methods(including the production function approach), whosain
advantage is that they are quite easy to apply,nmgakse of readily available
data, such as Gross National Product, total enexgysumption, sector
production functions, etc., and moreover they am&ctrally inexpensive to
implement. The main drawback is that most of theenkeased on limiting and
sometimes unrealistic assumptions.

d) Case studiesased on collection of as much data as possinieediately after
the occurrence of large-scale power supply intéioanp. Their main advantage
is that interruption cost values are directly rethto consumers’ experience of
real interruptions, rather than hypothetical scesamThe fundamental drawback
is that the number of case studies and relevara dats is very small and
therefore the meaningfulness of the calculatednmp¢ion cost indices may be
relatively poor.

As far as the assessment of interruption cost @wdis concerned, it has to be noted that
the Stated Preferences approach is the most frédguesed by utilities and regulators.
On the basis of customer surveys, utilities usuadlject cost data for each interruption
type and duration. In this case, the assessmesaystém interruption cost indices in
principle requires three computing steps:

a) Processing of raw collected datthat mainly consists of normalisation of
individual customer data either by annual consuereergy (MWh) or by peak
load demand (MW), in order to make it possible andsistent the subsequent
grouping or aggregation process into customer oaiesgy(sectors).

b) Setting up of customer interruption cost mogdelsually based on Customer
Damage Functions (CDF) that represent the nornthlzest of Interruptions as
a function of outage duration and parameterizedraotg to consumer and
outage characteristics. CDFs are usually formulate@onsumer level (CDF), at
Sector level (SCDF), by aggregating all consumdrshe same sector and
weighting the relevant CDFs, and finally at Compo§ionsumer level (CCDF),
by weighting and combining the previously deterrdi&CDFs.

c) Computing of power system interruption cost indicélsat involves the
convolution of interruption cost models, of load dets and of system model,
concerning interruption statistics and power flamalysis.

In particular, computing of interruption cost ines requires the availability of both
frequency and duration of interruptions and of¢beresponding load shortages.
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Should an “ex post” interruption cost investigatitoe carried out, the system

information on the frequency and duration of iriptrons, as well as on the total
energy not supplied due to outages of network comapts, can be obtained from
recording and processing operation data.

When, on the contrary, an “ex ante” interruptiorstcanalysis is requested, as in the
case of network expansion planning, power systeterruption indices must be

assessed by using suitable network modelling amdpating procedures, based on
either state enumeration methods or on probabilstnulations, such as Montecarlo
sampling techniques.

2.3 Regulation of electricity quality of supply

The key motivation for quality regulation in theeefricity sector mainly lies in the
strong incentives to cost reduction by utilitiexjuced by privatisation and price capped
tariffs. In this context, indeed, if quality is nehforced or not incentivized, operators
could reduce network investments, thus causingvaerauality of service for the final
consumers. Incentive regulation for quality canueeghat cost cuts required by price-
cap regimes are not achieved at the expense afygiise|f.

In some European countries national regulatory aiites have started implementing
quality regulation schemes since the beginnindneflast decade.

The reference reliability indicators usually comsied are SAIDI $ystem Average
Interruption Duration Indekx SAIFI (System Average Interruption Frequency Index
and ENS Energy Not Suppligd

As far as the distribution service is concernedthat end of 2005 incentive/penalty
schemes were in place in 8 countries out of thesd®eyed by CEER (Council of
European Energy Regulators): Italy (from 2000), Wy and Ireland (from 2001),
Great Britain (from 2002), Hungary and Portugabiffir 2003), Sweden (from 2004),
and Estonia (from 2005). Meanwhile, some other t@sexpressed interest for setting
up an incentive scheme in the future, such as kahl&rance, Lithuania, Poland, Spain,
and Slovenia.

In those countries where quality incentive scheh@®& been adopted, beneficial effects
on supply continuity indicators have been expeednas summarized below:

SAIDI: GB: -19% (3 years), HU: -65 % (5 years), Fb3% (5 years)
SAIFI: GB: -15% (3 years), IT: -34% (5 years)
ENS: NO: -40% (4 years)

Average continuity: 1E: +28% (5 years)

The analysis of the adopted regulation schemesvalto obtain the VOLL values that
have been either explicitly or implicitly assumeyg Regulators for their formulation.
According to the 8§ Benchmarking Report issued by CEER in 2005 arBritish and
Italian Regulators’ documents, the quality incemtschemes adopted in six countries
assume the values of VOLL shownTiable 1below.
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VOLL (reference year: 2003)
Country | Sector €/KWh not £/kW
supplied interrupted
Great Distribution: all sectors 4.18
Britain Transmission: all sectors 52.9
Italy Transmission: all sectors 15.0
urban 12.0 2.5
Sweden | pistribution:  suburban 8.8 1.9
rural 7.4 1.6
residential 0.96
Norway | pistribution: commercial 11.8
industrial 7.9
Ireland Distribution:  all sectors 7.2
Portugal |Distribution: all sectors 15

Table 1: VOLL values adopted for quality regulation schemes.

2.4 Estimates of VOLL values

For some European countries, the survey alloweasbtain the VOLL values shown in

Table 2.

Moreover, the University of Bath estimates VOLL wed at the horizon year 2030
shown in the following Table 3.

Some authors warn about the fact that VOLL do mat@de with the value of quality

(reliability), since it can be better consideredtasower bound.

The values of VOLL available in the literature haween obtained through different
approaches and computing methodologies and, maredkiey are expressed in
different currencies and are referred to differggrirs. Then, it is difficult to compare
them to each other.

However some general conclusions can be drawn:

* VOLL tends to be higher for developed countriestf@ developing ones, mainly
depending on the respective shares of electrigitgtal energy consumption;

e such differences could be smoothed by expressingLM® PPP (Power Purchase
Parity) rather than in US$ and current internati@xahange rates;

» the spread in VOLL values in absolute terms, and the “risk” for a high value of
VOLL, is higher for more developed countries thandeveloping ones; in any case
their distributions seem to be left-skewed so thatlian values are closer to lower
bound than to upper bound of each relevant interval
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Country Sector VOLL Approach Remarks
Great Britain Residential 2.5+9 US$(2004)/kWh
Industrial 4+10 US$(2004)/kWh
Obtained from CDFs
All sectors =
4+6  US$(1993)kwh and SCDFs of a 1993
_____________ Survey survey
Al sectors 11 + 13 £(1996)KWh
Expected VOLL through
probability method and
1993 data
Sweden Residential 2.5+5 US$(2004)/kWh
Commercial | 49.0  US$(2004)/kWh
Industry 6.2+18.2US$(2004)/kWh
------------- Survey
WTP
All sectors 9.4 + 13.5 SEK(2004)
per 1h outage
Norway Residential 1.0 US$(2004)/kWh
Commercial | 5.0 US$(2004)/kWh
_____________ Survey
All sectors 3+4  US$(1991)/kwh
The Al sect 100 US$(2004)kWh
Netherlands sectors ’
VOLL as a decreasing
Finland All sectors 2.0 +3.8 US$(1999)/kWh Survey function
of outage duration
Ireland Residential 62.0 €(2007)/kwWh VOLL assessment by
Others 9.0 €(2007)/kWh Proxy using
Average 40.0  €(2007)/kWh method linear production
functions
. SECI
Slovenia All sectors 1.0 +3.0 €£(2007)/kWh L
inquiry
SEE Area:
Albania 0.5 £(2007)/kWh
Bulgaria 2.0 €(2007)/kWh SECI
. All sectors L
Croatia 2.56 €(2007)/kWh inquiry
Romania 0.8 €(2007)/kWh
UNMIK 0.4 €(2007)/kWh

Table 2: VOLL values resulting from the literature survey.

10
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VOLL in US$(2007)/kWh
Entire economy (all consumer’s sectors)

Maximum range 90% CL range
Developed countries 4+ 40 5+25
Developing countries 1+10 2+5

Table 3: Estimated VOLL values at year 2030 (maximmn range and 90% confidence limit
range; source: University of Bath).

11
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3 Assessment of the impact of gas shortages risks o n the
power sector

Electricity security of supply remarkably dependsfeel security of supply. It is widely
recognized that the role of gas in power generatidghe EU Member States is growing
today and will significantly increase in the futurdetermining risks of insecure
electricity supply in case of gas supply shortages.

Within this context, this study quantifies the impan the overall European power
system of possible gas supply shortages occurtingwb countries whose power
generation is largely based on natural gas, nartialy and Hungary (see [2] for
additional details). The reference year considévethe shortage scenarios is 2015.
The impact assessment, carried out using a sironlatiodel of the European power
system, is focused on the security of electricitpy, as well as on the impact on
electricity production costs and on the environraknmpact (in terms of CO
emissions) deriving from the redispatching of poweneration (with possible fuel
substitution) necessary to face the gas shortagjeng into account cross-border
electricity exchanges.

In the following, the results of the study will lbeported according to the six-steps
methodology defined within the SECURE project.

3.1 STEP 1: threat identification and assessment

The threat taken into account in this study is a gi@ply shortage occurring in two
countries whose power generation is largely basedaiural gas, namely Italy and
Hungary. The reference year considered for thetaperscenarios is 2015.

In particular, the gas shortage scenario for lggumes an interruption of supply from
the TransMed “Enrico Mattei” pipeline connecting Algeria to Italy (entry poiat
Mazara del Vallo, Sicily) via Tunisia.

This pipeline has an annual maximum capacity ob 3&m, and the interruption is
assumed for the 5 months between November and Meectthe most critical ones in
terms of gas consumption in Italy, due to heatiegand.

As for the assessment of the probability of ocaweeof this threat, it must be noticed
that it is not so remote as it would seem at & §lance. In fact, on December 19, 2008,
one of the five lines composingansMedwas damaged by the anchor of an oil tanker
in the Channel of Sicily. In mid-2009, maintenaoperations of the damaged line were
still ongoing.

As for Hungary, the gas shortage scenario assumé@stexruption of supply from the
Beregovo pipeline from the Ukraine, which has aac#iy of 11 bcm per year. The
interruption is assumed for a period of 5 monthst jike the aforementioned Italian
shortage.
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3.2 STEP 2: impact assessment

The monthly balance between gas supply (storagedad) and demand in Italy and in
Hungary in the reference year 2015 has been esititnet order to calculate the amount
of gas available for power generation in case #gesypply shortage occurs.

In the Italian case, we assumed:

» aprogressive reduction of gas national production,

» the availability of the newGl Poseidorpipeline (8 bcm/year) allowing Italy and the
rest of Europe to import natural gas from the Cais@ea and the Middle East,

* the availability of the new LNG terminal in Livorn(8.75 bcm/year),

» the use of all gas storage capacity for modulagEmwice,

» arecovery of industrial gas consumption to thegmenomic crisis levels,

* gas consumption on distribution networks correspantb the heating demand in a
cold winter whose probability to occur is once gv20 years.

The results are shown in the following Table 4.

November December January February March
National
production 0.11 0.11 0.11 0.11 0.11
Import
N 6.34 6.34 6.34 6.34 6.34
SUPPLY pipelines
LNG terminals 1.21 1.21 1.21 1.21 1.21
Storage 0.95 2.01 2.94 2.34 0.47
TOTAL 8.61 9.67 10.60 10.00 8.13
Distribution
networks -4.57 -6.30 -6.68 -5.47 -4.49
Industry -1.7 -1.7 -1.7 -1.7 -1.7
DEMAND Network
consumptions -0.13 -0.13 -0.13 -0.13 -0.13
and losses
TOTAL -6.40 -8.12 -8.51 -7.29 -6.32
Gas available for power
ceneration 2.21 1.54 209 | 271 | 1.82

Table 4: Monthly amount of gas available for powergeneration in the considered Italian
shortage scenario (bcm).

As for Hungary, which is expected to add in 201 @as storage with a capacity of
approximately 1.9 bcm, of which 1.2 bcm is reserfgedstrategic purposes, the demand
/ supply balance (without resorting to strategioraje) shows that gas available for
power generation in the considered shortage seaemarvery little, i.e. abouf.079
bcm/month.
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3.3 STEP 3: assessment of EU vulnerability to energy risks

In order to assess the vulnerability of the Europpawer system to a gas supply
shortage, it is interesting to take into accouetghare of gas-fired production over the
whole electricity production in each country. Ire tfollowing Table 5data provided by
Eurostat for year 2007 are reported.

Country EIe_ctricity Gas-fire(_j electricity %
production [GWh] production [GWh]
Luxembourg 4001 2895 | 72.4
The Netherlands 103241 59038 | 57.2
Italy 313887 172646 | 55.0
Ireland 28226 15463 | 54.8
Turkey 191558 95025 | 49.6
United Kingdom 396143 164474 | 41.5
Latvia 4771 1924 | 40.3
Hungary 39959 15232 | 38.1
Spain 303293 92509 | 30.5
Belgium 88820 25384 | 28.6
Portugal 47253 13124 | 27.8
Croatia 12245 3064 | 25.0
Greece 63497 13774 | 21.7
Romania 61673 11559 | 18.7
Denmark 39154 6912 | 17.7
Lithuania 14007 2405 | 17.2
Austria 63430 9871 | 15.6
Finland 81249 10544 | 13.0
Germany 637101 73342 | 11.5
Slovakia 28056 1617 | 5.8
Bulgaria 43297 2336 | 5.4
Estonia 12190 590 | 4.8
France 569841 21987 3.9
Czech Republic 88198 3175| 3.6
Slovenia 15043 453 3.0
Poland 159348 3062 | 1.9
Switzerland 67950 750 1.1
Norway 137471 730 | 0.5
Sweden 148849 781 | 0.5
Cyprus 4871 0] 0.0
Malta 2296 0| 0.0

Table 5: Share of gas-fired electricity productionin 2007 in the European countries
(source: Eurostat).

It can be seen that Hungary, Latvia, United Kingdoharkey, Ireland, Italy, the
Netherlands and Luxembourg have quite relevantfigeg-production shares, ranging
from about 40% to more than 70%.
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In any case, in terms of security of supply, wisatmportant is the share of gas-fired
generation on the available overall generation ciépavioreover, also import capacity
must be taken into account as a possible substdutgs-fired generation.

To assess the vulnerability of the power systerthefdifferent European countries to
gas supply shortages, we took into account theewipéak load value of year 2008,
including grid losses.

As for gas shortage, we assumed a severe and dstigg one, so that no gas is
available for power generation (both CHP and norRPLHven from storage facilities,
at peak load time.

As for thermal power plants fired with fossil fugther than gas, we assumed that they
can operate at their maximum nominal power. Moreowe assumed that gas-fired
conventional steam turbine power plants can switmim gas to fuel-oil.

As for reservoir and pumped storage hydro powentplaheir power generated at peak
load time has been estimated on the basis of freduction in the corresponding
month.

As for the remaining power plants, which includehoaun-of-river hydro and the other
Renewable Energy Sources, their power generatpéadt load time has been estimated
on the basis of their production in the correspogdnonth, assuming a flat generation
profile.

Finally, regarding cross-border interconnectionbas been assumed that during the gas
shortage the concerned country can import as msigiossible from all its neighboring
countries, according to the NTC (Net Transfer Céppealues.

In the following Table 6the results of the analysis are reported, highihghin red the
critical values of available power lower than péa&d. In addition to EU countries,
other interconnected countries (or aggregate ohttms) taken into account in the
model of the European power system developed #ostindy have been considered.
According to the assumptions made above, on this bashis analysis, the considered
countries can be divided into three different catezs:

e countries that, in case of such a severe gas sgpplifage, cannot meet peak load,
even with the help of other neighboring countriéseece, Spain, the Netherlands
and United Kingdom;

e countries that could deal with such an emergenay,obnly with the help of other
neighboring countries (provided that they are rifetcéed by the same gas shortage):
Austria, Belgium and Luxembourg, Italy, Latvia, @& Republic and Switzerland;

e countries that, according to this rough analysdiat(tas above mentioned, does not
take into account the requirements of heat demapglied by CHP gas-fired plants
and takes for granted the possibility of saturaimgort capacity), can meet peak
load with their own remaining generation resources.
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2008 winter peak load Available power [MW]
Generation
ALl Day Hour ElE Generation | Import plus
[MW] .
import
Austria 26 Nov | 18:00 | 9374 9367 4985 14352
Balkan countries | 31 Dec | 18:00 | 13607 14624 3160 17784
Belgium &
Luxembourg 14 Feb | 19:00 | 14518 13609 6580 20189
Bulgaria 13Jan | 19:00 | 7034 8893 1550 10443
Croatia 31 Dec | 18:00 | 3009 3126 2920 6046
Czech Republic 14 Feb | 15:00 | 10010 13743 4150 17893
Denmark 3 Jan 18:00 | 6408 8302 4430 12732
Estonia 7 Jan 17:00 | 1479 2101 2100 4201
Finland 4 Jan 17:00 | 13770 14913 3800 18713
France 15 Dec | 19:00 | 84730 99658 10745 110403
Germany 15Jan | 19:00 | 76763 92382 16900 109282
Greece 31 Dec | 18:00 | 9010 6833 1100 7933
Hungary 9 Jan 17:00 | 6473 6813 4300 11113
Ireland 17 Dec | 17:00 | 4900 6231 200 6431
Italy 23Jan | 18:00 | 53194 50925 8040 58965
Latvia 7 Jan 18:00 1419 489 2650 3139
Lithuania 7 Jan 18:00 | 1843 3970 3380 7350
Poland 4 Jan 18:00 | 23115 30301 3540 33841
Portugal 2 Dec 21:.00 | 8961 9834 1300 11134
Romania 10Jan | 18:00 8589 12853 2450 15303
Slovak Republic 9 Jan 18:00 | 4342 4111 2500 6611
Slovenia 9 Jan 18:00 | 1963 2441 1710 4151
Spain 15 Dec | 19:00 | 42920 37503 3200 40703
Sweden 23Jan | 17:00 | 24500 26556 6990 33546
Switzerland 28 Nov | 11:00 | 8132 7651 6980 14631
The Netherlands | 15Jan | 18:00 | 18465 7718 6950 14668
Ukraine West 5 Jan 17:00 | 1047 2528 1100 3628
United Kingdom 3 Jan 17:00 | 58207 47812 2068 49880

Table 6: Assessment of the vulnerability of the poer systems of European countries to
severe gas supply shortages (values of availablewsr lower than peak load reported in
red).

3.4 STEP 4: cost assessment

The impact and cost quantitative assessment ofgdisesupply shortages taken into
account have been focused on the following maie&sp

» security of supply (i.e. electric energy not sueg)i
» competitiveness (i.e. electricity production cgsts)
» sustainability (i.e. C@emissions).
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The assessment has been carried out by develomidgranning a model of the
European power system, based on the MTSIM simyldexeloped by ERSE.

MTSIM (Medium Term SlIMulatdr is a zonal electricity market simulator able to
calculate the:

* hourly marginal price for each market zone;

* hourly dispatching of all dispatchable power plants

» fuel consumption and related cost for each thepuoaler plant;

* emissions of C@ (and of other pollutants) and related costs foriseion
allowances;

» power flows on the interconnections between mazkats;

* revenues, variable profits and market shares ofnbdeled generation companies.

The model can handle several types of constrasois) as the maximum allowed fuel
consumption over a certain time period: this feathas been used to model the gas
shortages.

In the present study, MTSIM has been used to sit@ulae optimal behavior of the
modeled European power system, having as objefilivetion the cost (fuel and GO
allowances) minimization. No market power exerdiss been simulated, in order to
focus on the “natural” best response of the powestesn to the considered gas
shortages.

As for the model of the European power system Ailidgransmission network has been
modeled with an equivalent representation (seer€ig) where each country (or
aggregate of countries, such as in the Balkansg¢psesented by a node (i.e. market
zone), interconnected with the neighboring coustri@ equivalent lines characterized
by a transmission capacity equal to the correspmndiross-border Net Transfer
Capacity (NTC, data provided by ENTSO-E).

As far as the electricity exchanges via DC intenmmions are concerned, it was
decided to impose an hourly profile. The same lesldone for AC interconnections
with other power systems.

For all those interconnections for which marketadatere available, the most recent
hourly profiles have been adopted, taken from éhevant electricity markets websites.
For all the other ones, the 2008 monthly excharadges (source: ENTSO-E) have been
profiled according to the load profile of the impog country.

As for generation capacity, in the model each aguimas been “collapsed” into a node
of the equivalent AC European network, therefoog, dach country, an “equivalent”
power plant for each main generation technologyldess defined.

In general, the net generation capacity values €fxh technology/fuel and for the
reference year 2015), have been taken from the s@wative Scenario” (Scenario A)
of the UCTE (now ENTSO-Epystem Adequacy Forecast (SAF) 2009-2(&ch
scenario takes into account the commissioning of pewer plants considered as sure
and the shutdown of power plants expected duriagthdy period.

Additional information necessary for a more dethigibdivision of the UCTE data
have been taken from the results of the FP6 prig@COURAGED and of the FP7
project REALISEGRID, as well as estimated by ERSE.

'In the figure, “BL” represents Belgium and Luxernbg, “BX” represents Albania, Bosnia and
Herzegovina, Kosovo, Montenegro, Republic of Macgd@nd Serbia, while “DE” represents Germany
and Denmark West.
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Figure 2: The model of the European power system CGross-border AC interconnections
(in black), DC interconnections (in red) and AC inerconnections with other power
systems (in blue).

As for the other main scenario assumptions (comugrfuel prices, C@ emissions
valug and electricity demand), they have been derivechfthe POLES scenarfGR-

FT Global Regime with Full Trade”

This scenario assumes the introduction of a global on emissions, with abatement
programs corresponding to a cost-effective prograsulting from a unique carbon
value, as introduced either by a global carbon etask by an international carbon tax.

In any case, it must be noted that, as far as 2@H85 is concerned (that is the reference
year of the present study), the various POLES siesiare quite similar: in fact, their
differences become evident mainly after 2020 6@, i.e. in the second part of the
considered time horizon.

For both the Italian and the Hungarian shortag@aes, two simulations have been
carried out, in which the modeled European powstesy has been dispatched to cover
the load foreseen for the reference year 2015:

» the “base case”, without any gas shortage,
» the “shortage case”, with the assumed gas supplyasie.

Then, the results of the simulations of the twoesasave been compared in order to
draw conclusions, as reported in the following (ak reported data refer to the five
months Novembetr March when the gas supply shortage occurs).

% That is quite low, i.e. 13.25 €GO
% In addition to GR-FT, there are two other POLE8nstios: MT -Muddling Throughand EA-Europe
Alone(see paragraph 4.4).
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As for the ltalian shortage, in the following Table a comparison between gas
consumption for power generation in the “base cam®l the estimated amount of
available gas (seeable 4 without resorting to strategic storage is rejhrte

November | December | January | February | March | Nov+Mar
Gas available for
power generation 2.21 1.54 2.09 2.71 1.82 10.37
Consumption of
CHP power plants -1.58 -1.63 -1.63 -1.48 -1.60 -7.92
Consumption of
non-CHP power -1.04 -1.13 -1.58 -1.83 -1.17 -6.75
plants
Balance -0.41 -1.22 -1.12 -0.6 -0.95 -4.3

Table 7: Comparison between gas consumption for p@v generation in the “base case”
and the estimated amount of available gas, withouesorting to strategic storage (bcm).

It is quite clear that there is no gas enough lowafor a “normal”’ operation of the
Italian generation system, that would require aditamhal consumption of about.3
bcm out of the 5.17 bcm strategic storage capacityredeer, it must be taken into
account that the more strategic storage is deplé¢bediess the daily peak flowrate of
the extracted gas, so that, in case of cold dayseanast part of the winter, supply can
be at risk even if gas reserves are not exhausted.

As for the “shortage case”, we impose the amougiagfavailable for power generation
(seeTable 4 as a constraint to the MTSIM simulator.

In such a case, the modeled European power systeadispatched to provide more
energy to ltaly, in order to compensate for itsuetl generation. Moreover, in Italy the
available fuel oil-fired generation capacity isgiitched to face the gas shortage.
Finally, a constant import of 500 MW (the NTC valueom the Italy-Greece DC
interconnector is assumed.

Under these conditions and assuming not to usettheegic gas storage for non-CHP
thermal power plants a criticality shows up only in December (the nfomtith the
greatest lack of gas: s@able 7, when the modeled power system is not able tplgup
349.5 GWh i.e. about 1.38% of the monthly load.

Assuming to produce such energy with a CombinedleC@&as Turbine power plant
with a 55% efficiency, it would correspond to a gassumption of abou6 Mcm, that
could be easily provided by the strategic storage.

Moreover, it can be seen that the neighboring geioer systems do their best to help
Italy to tackle the shortage: in fact, when thexeenergy not supplied in Italy, import
capacity from Austria, Slovenia and Greece is satal, while thermoelectric
generation in France and in Switzerland is at isimum capacity. It is basically not
possible to increase imports through France andz8dand from other countries due to
saturation of other relevant cross-border intereations.

492 Mcm of strategic gas storage are necessary in Decetmbeep all CHP gas-fired power plants in
operation.
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In the following Table 8 a comparison between pwotiden by different fuels of non-
CHP plants in the modeled power system in the “lcase” and in the “shortage case”
is reported.

Overall, the fuel substitution by fuel-oil (thatags in Italy) appears evident (see also
Table 9). It can also been noticed a somewhat wwag decrease of hard coal
production, that the simulator performs to accomatedthe greater energy flows
towards ltaly, taking into account the constrairdé the meshed cross-border
transmission network. The dependency of such phenom from network flows
appears clear looking at the results of the “untaimed shortage case” (see in the
following), where, removing any network constraiggneration of hard coal-fired
power plants significantly increases.

“base case” “shortage case”
Fuel A%
[GWh] [GWh]

Nuclear 317341 317177 -0.1
Hard coal 189231 185315 -2.1
Lignite 111115 110744 -0.3
Natural gas 138275 132080 -4.5
Fuel oil 218 10510 4722.6

Table 8: Comparison between production by differentfuels of non-CHP plants in the
modeled power system in the “base case” and in tlishortage case” (GWh).

“base case” “shortage case”
Fuel A%
[PJ] [PJ]

Nuclear 3298.46 3296.70 -0.1
Hard coal 1947.94 1905.39 -2.2
Lignite 1147.58 1143.76 -0.3
Natural gas 900.15 877.72 -2.5
Fuel ol 2.18 100.18 4495.4

Table 9: Comparison between fuel consumption of ne@HP plants in the modeled power
system in the “base case” and in the “shortage cdsgJ).

Of course, in the “shortage case” £€missions of the Italian power system decrease
(by 1946 ktCQ), due to the reduced production of its power @atgused by the gas
supply shortage.

Anyway, due to substitution of gas generation wébs efficient and more emissive
fuel-oil power plants, C@emissions decrease much less (-5.6%) than powneragton
(-20.9%).

As for the entire modeled European power system,difference is significant: GO
emissions of the non-CHP power plants in the “slgwtcase” are 355367 kig@hat is
1904 ktCO, greater than the “base case” (353463 kiCO
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As for the cost assessment, as above mentione, make the (unrealistic) assumption
not to use in any case strategic storage for noR-@érmal power plants operation,
about 349.5 GWh of energy would not be suppliedetember. With a 20 €/kWh
VOLL, this would entail the astronomical cost obab 7 billions €.

If, on the contrary, we assume to use a very spaatl (66 Mcm) of strategic gas storage
to avoid such energy not supplied, the extra-ctss the modeled European power
system must bear due to the Italian gas shortagbasically due only to the change of
fuel mix and to the increase of @@missions and of the related need for allowances.
As reported in Table 10, the resulting total extoat is quite high, being arourtd6
ME.

Extra-costs [M€]

Change of fuel mix 619
Increased CO, emissions 27
Total 646

Table 10: Extra-costs borne by the modeled power stem due to the gas shortage in Italy.

As for the Hungarian shortage, In the following Tealtl, a comparison between gas
consumption for power generation in the “base cam®l the estimated amount of
available gas (see paragraph 3.2) without resottirsgrategic storage is reported.

November | December | January | February | March | Nov+Mar
Gas available for
power generation 0.079 0.079 0.079 0.079 0.079 0.395
Consumption of
CHP power plants -0.207 -0.207 -0.207 -0.207 | -0.207 | -1.035
Consumption of
non-CHP power -0.016 -0.013 -0.045 -0.085 | -0.006 | -0.165
plants
Balance -0.144 -0.141 -0.173 -0.213 | -0.134 | -0.805

Table 11: Comparison between gas consumption for peer generation in the “base case”
and the estimated amount of available gas, withowesorting to strategic storage (bcm).

It is quite clear that there is no gas enough lowafor a “normal”’ operation of the
Hungarian generation system, that would requireadditional consumption of about
0.8 bcmout of the 1.2 bcm strategic storage capacity.

As for the “shortage case”, we impose the amouigiasfavailable for power generation
as a constraint to the MTSIM simulator, but we assume that CHP power plants
operate like in the “base case” to supply theirt ldmamand, using gas coming from
strategic reserves for an amoun0d#4 bcm
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In such a case, the modeled European power systeadispatched to provide more
energy to Hungary, in order to compensate foretkiced generation.

Under these conditions and assuming not to usesttheegic gas storage for non-CHP
thermal power plants, no criticality occurs in terof energy not supplied.

Moreover, it can be seen that the neighboring geioer systems do their best to help
Hungary providing it with more energy.

In the following Table 12 a comparison between pobidn by different fuels of non-
CHP plants in the modeled power system in the “lcase” and in the “shortage case”
is reported.

Overall, the differences between the two casesqgare small, also as far as fuel
consumption is concerned (see Table 13).

“base case” “shortage case”
Fuel A%
[GWh] [GWh]
Nuclear 317341 317341 0.0
Hard coal 189231 189396 0.1
Lignite 111115 111112 0.0
Natural gas 138275 138051 -0.2
Fuel oil 218 278 27.7

Table 12: Comparison between production by differenfuels of non-CHP plants in the
modeled power system in the “base case” and in tlishortage case” (GWh).

“base case” “shortage case”
Fuel A%
[PJ] [PJ]
Nuclear 3298.46 3298.46 0.0
Hard coal 1947.94 1949.68 0.1
Lignite 1147.58 1147.56 0.0
Natural gas 900.15 899.98 0.0
Fuel ol 2.18 2.77 27.1

Table 13: Comparison between fuel consumption of mCHP plants in the modeled power
system in the “base case” and in the “shortage cdsgJ).

Of course, in the “shortage case” £®missions of the Hungarian power system
decrease (by 306 ktGY) due to the reduced production of its power @argused by
the gas supply shortage.

As for the entire modeled European power systest, ljke for fuel consumption, the
difference is quite small: COemissions of non-CHP power plants in the “shortage
case” are 353661 ktCOthat is198 ktCO, greater than the “base case” (353463
ktCOy).

As for the cost assessment, the extra-costs tleamibdeled European power system

must bear due to the Hungarian gas shortage aimtpslue to the change of fuel mix
and to the increase of G@missions and of the related need for allowances.
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As reported in Table 14, the total extra-cost igeglimited, being around0 M€.

Extra-costs [M€]

Change of fuel mix 7.42
Increased CO, emissions 2.63
Total 10.05

Table 14: Extra-costs borne by the modeled power stem due to the gas shortage in
Hungary.

3.5 STEP 5: remedies assessment

Remedies to tackle the impact of gas supply shestaq electricity security of supply
can be put in practice both in the short and inahg term, and they can affect both the
gas and the electricity sector.

3.5.1 Short-term remedies in the gas sector

« Maximize imports from the remaining supply sources

The most natural remedy to tackle (at least péyligthe failure of a supply source is, of
course, to maximize imports from the remaining sesr Typically, pipelines and LNG

terminals are not used at their maximum capacaythat a certain margin to increase
imports remains available.

* Use gas storage

The availability of a significant amount of gas rsige, both for modulation and,
especially, for strategic purposes, is the bedirarece against a gas shortage in the
short term, as shown above.

Nevertheless, it must be taken into account thatniore strategic storage is depleted,
the less the daily peak flowrate of the extractas, go that, in case of cold days in the
last part of the winter, supply can be at risk egas reserves are not exhausted.

* Reduce demand

In order to reduce gas demand in case of shorilaiggyossible to resort to interruptible
contracts, typically with industrial consumers tihave fuel switching capabilities in
their production processes.

Moreover, it is possible to set up information camgps or regulations aimed at
limiting the temperature of residential and testigpace heating.
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As an example, all of the above actions (import im&ation, use of strategic storage
and demand reduction) were put in practice in ltklsing the cold 2005/2006 winter.

3.5.2 Long-term remedies in the gas sector

+ Diversify supply sources

In the longer term, one of the best ways to redheerisk of shortage is to diversify
supply sources, that means to diversify not onlyppsiers but also supply
infrastructures.

In particular, LNG terminals are the most flexiklay to implement diversification.
Moreover, the diversification of supply infrastructs, for example in case of new
pipelines with different paths, can reduce the rigskshortages caused by transit
countries.

* Increase gas storage capacity

As above mentioned, once a shortage takes plaeeavhilability of a significant
amount of gas storage, both for modulation ande@afly, for strategic purposes, is the
best insurance for all gas consumers.

* |ncrease enerqgy efficiency in gas consumption

There is a good margin for reducing gas demancdhéneasing energy efficiency in end
uses, especially as far as space heating is cattanrthe residential and in the tertiary
sectors.

To this aim, European directives (such as Direc#062/91/EC of 16 December 2002
on the energy performance of buildings, DirectivBO232/EC of 6 July 2005
establishing a framework for the setting of ecoglesiequirements for energy-using
products and amending Council Directive 92/42/EE@ ®irectives 96/57/EC and
2000/55/EC, Directive 2006/32/EC of 5 April 2006 energy end-use efficiency and
energy services and repealing Council Directive! 8EEC, etc.) and national laws and
regulations have been issued and are being impleahen

Additional increase of efficiency in gas consumpticould be achieved by a further
development of CHP plants, according to Directid@4&8/EC of 11 February 2004 on
the promotion of cogeneration based on a useful demand in the internal energy
market and amending Directive 92/42/EEC.

 Develop Renewable Energy Sources

Renewable Energy Sources (whose development isogegdpat the EU level by the
Directive 2009/28/EC on the promotion of the usespérgy from renewable sources
and amending and subsequently repealing Direct2@l/77/EC and 2003/30/EC),
such as solar thermal, biomass and geothermakféectively substitute gas for heating
applications, thus reducing its demand.
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3.5.3 Short-term remedies in the electricity sector

» Perform fuel switching

If generation capacity fired with fuels other thgas is available, it can be dispatched in
order to substitute gas-fired generation. The mnobis that such kind of reserve is
typically made of costly and inefficient power pignsuch as fuel-oil fired steam
turbines or even gasoil fired open cycle gas twhinherefore fuel switching is a quite
expensive remedy, both in terms of extra fuel castsin terms of extra G@&@missions
costs (see for example the 640 M€ of extra cogtsrted in paragraph 3.4 for the Italian
gas shortage scenario).

In principle, also reservoir hydro generation cob&lincreased to substitute gas-fired
generation, but in case of long-lasting shortageskind of remedy is hardly viable.

* |ncrease electricity imports

Of course, gas-fired generation can be substitaled by additional imports from
neighboring countries, provided that import capaistnot saturated and that the foreign
generation systems can produce the required additenergy. This remedy, generally
speaking, is more efficient than fuel switchingétom the economic and from the
environmental points of view.

e Reduce demand

Just like in the gas sector, in case of necessityracts for interruptible loads can be
activated to reduce electricity demand.

Moreover, where implementeBemand Side Managemamtograms can help reducing
peak loads (for example wit@ritical Peak Pricingschemes) and the related stress on
the power generation system.

3.5.4 Long-term remedies in the electricity sector

+ Diversify generation sources

As for gas supply sources, a diversification ofctleity generation sources is highly
desirable to reduce security of supply risks.

A further development of Renewable Energy Soursegported by the aforementioned
Directive 2009/28/EC, is a must not only for setyuof supply, but also for several
other reasons.

In countries where the share of gas-fired genarat&pacity is quite high (such as in
Italy), a further development of coal-fired and wiiclear power plants could be
desirable from the diversification point of viewgtwithstanding the high CQemission
rates of the former (possibly tackled in the futlme CCS — Carbon Capture and
Storage technologies) and the problems of social acceltyaband of waste
management of the latter.

In any case, it must be taken into account that BESne side and coal and nuclear on
the other side, are not perfect substitutes offigad-generation technologies.
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In fact, the former are in most cases non dispatehand affected by a significant
volatility, while the latter are base-load techrgpés, characterized by a lower degree of
flexibility than gas-fired ones, such as CCGTs.

This means that the diversification process musinig case aim at obtaining a well
balanced and well adapted to the load generation se

* Increase cross-border transmission capacity

The reduction of bottlenecks in the European trassion network, especially the ones
affecting cross-border trades, would make easietraosport energy where it is
required, increasing security of supply, but aldlowang for a more optimized
operation of the generation set, with significacdreomic benefits.

This subject has been analyzed in more detail Jiis@e also chapter 4), nevertheless a
simple simulation can be done with the model of Eh@opean power system we
developed for the present study.

In particular, we can compare the results of thdalh “shortage case” with a purely
theoretical ideal scenario (that we will call “umstrained shortage case”) where all
cross-border AC transmission capacity constrairgs@moved, in order to assess their
strength in constraining the system. In the follagyithe results concerning the five cold
months when the shortage occurs in the two case®ported.

First of all, in the “unconstrained shortage case’energy not supplied in Italy occurs,
since electricity imports from the northern frontiecrease by 72% (see Table 15).

Interconnection shor'[[aGgV?/rc]:jal s€ unco[né\tlzlaﬂ?ed A%
FR=IT 7203 13431 86
CH= T 5671 8237 | 45
AT = 1T 712 1317 85
SI=IT 1951 3750 92

Total 15537 26736 72

Table 15: Increase of electricity imports from thenorthern frontier in the “unconstrained

shortage case” w.r.t. the “shortage case” (GWh).

Moreover, such greater availability of “foreign” esgy allows not to dispatch Italian
fuel oil-fired power plants; in addition, a sigmiint increase at the European level of
cheaper coal production (due to the low Gfnissions value of 13.25 €/t assumed in
the POLES GR-FT scenario taken as a referencejisues not only fuel oil-fired, but
also gas-fired generation, as shown in Table 1@ ddrresponding results in terms of
fuel consumptions are shown in Table 17.
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“shortage case” “unconstrained” 0

Fuel [GWHh] [GWHh] A%
Nuclear 317177 317395 0.1
Hard coal 185315 199865 | 7.9
Lignite 110744 111577 | 0.8
Natural gas 132080 127345 -3.6
Fuel oil 10510 0| -100

Table 16: Comparison between productions by diffenat fuels of non-CHP plants in the
“unconstrained shortage case” w.r.t. the “shortagease” (GWh).

“shortage case” “unconstrained”

Fuel [PJ] [PJ] A%
Nuclear 3296.70 3299.01 0.1
Hard coal 1905.39 2062.59 8.3
Lignite 1143.76 1152.35 0.8
Natural gas 877.72 800.11 -8.8
Fuel oil 100.18 0] -100

Table 17: Comparison between fuel consumption of meCHP plants in the
“unconstrained shortage case” w.r.t. the “shortagease” (PJ).

The increased coal production causes an increaseOpfemissions of about 3584
ktCO; in the “unconstrained shortage case”.

In terms of costs, as shown in Table 18, due ttr@ang reduction of fuel costs, the
“unconstrained shortage case” is ab@@® M€ cheaper than the “shortage case”, that is
254 M€ cheaper even than the “base case”, where no gasgh occurs.

A costs [M€]

Change of fuel mix -946
Increased CO, emissions 46
Total -900

Table 18: Difference of costs between the “unconstined shortage case” and the “shortage
case” (M€).

* |ncrease energy efficiency in electricity consumpti

Just like for the gas sector, a greater end usgrielenergy efficiency would entail a
demand reduction that would decrease the criticafite power generation shortage. EU
IS supporting this process with some of the Dikexdi above mentioned and EU
countries are implementing them within the framdwaf their National Energy
Efficiency Action Plans.

27



SECURE-SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,
Secure RISK AND ECONOMIC IMPLICATIONS
) PROJECTNO 213744

E Securtyof Energy Considering s Uncertainty, Risks and Economic mplcatons =/ DELIVERABLE NO5.6.6 o H S b
o PROGRAMME

Another beneficial action would be the promotiortted above mentioned Demand Side
Management programs to increase demand resporasarof critical situations.

3.6 STEP 6: how remedies should be financed / paid for

3.6.1 Short-term remedies in the gas sector

Import maximization and use of gas storage bagiadtl not entail particular extra
costs, since they simply substitute the gas unggpmue to the shortage, that is not
paid.

Costs related to interruptible contracts are siz@dlin the tariffs, since they benefit the
whole system with a greater security of supply.

Temperature reduction in space heating entails & saving for end users, at the
expense of a lower comfort.

3.6.2 Long-term remedies in the gas sector

The diversification of supply sources entails qureevant investments in new
infrastructures that, in case of new pipelinespine also all the transit countries.

As for financing issues, typically a certain shafdghe investment is financed through
equity provided by shareholders in proportion teitttstakes in the project, while the
remaining share is covered by external financing ayonsortium of banks (for
example, the Nord Stream project connecting Russ@@ermany is said to be financed
with 30% equity and 70% debt). The European InvestnBank (EIB) can be a major
player in this field.

In any case, financial structures of these projeets be quite complex, resorting to
different combinations of financing sources.

As for the increase of end-use energy efficienggnaf most of the actions in this field
have a “negative” cost, some promotion is necessgpycally with fiscal incentives
together with obligation schemes, such as Whitetif®ates, whose costs are
socialized, like incentives to support the (morpexnsive) development of Renewable
Energy Sources.

3.6.3 Short-term remedies in the electricity sector

As above mentioned, fuel switching is an expensameedy, whose costs are in the end
borne by consumers, paying higher electricity @ioetariff components.

For example, in the cold 2005/2006 winter, to facgas crisis the Italian government
imposed “must-run” operation to fuel-oil fired powplants; the related extra costs
borne by producers were then quantified and refdriieough the increase of a tariff

component.

As for the increase of electricity imports, ext@sts are more probably lower, but they
are borne by consumers as well.
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As for demand reduction, costs related to interblgtcontracts are socialized in the

tariffs, since they benefit the whole system witlgraater security of supply. On the

other hand,Demand Side Managememrograms can reduce costs both for the
participating consumers and for the system as dewho

3.6.4 Long-term remedies in the electricity sector

As for the diversification of generation sourcesER development is typically
supported by incentive schemes (such as GreenfiCatds or feed-in tariffs), whose
costs are socialized.

The development of generation technologies likd eod nuclear requires, especially
for the latter, relevant investments.

The typical debt/equity ratio for financing the stmiction of a conventional thermal
power plant is 75-80% / 20-25%. In case of a nugkeaver plant, in absence of state
guarantees the investment could be much riskieretare requiring a higher equity
share.

Within this context, an interesting case studyes ¢onstruction of the new EPR nuclear
power plant at Olkiluoto (Finland), where the compgTVO) that invested and will
operate the plant strongly reduced financial risksigning long-term contracts with its
shareholders to sell them at production cost allehergy that will be produced by the
plant. This allowed for a debt/equity ratio of 80%0%, with a debt interest rate of 5%
and a debt duration of 40 years.

As for the increase of cross-border transmissigracidy, it can be carried out by TSOs,
whose investments are remunerated with a fairmgttough transmission tariffs, or by
private investors building the so-called “merchiamgs” that, due to Third Party Access
exemption, are basically remunerated by electrigitice differentials between the
markets they interconnect.

As for increasing energy efficiency in electricitpnsumption, even if most of the
actions in this field have a “negative” cost, sgonemotion is necessary, typically with
fiscal incentives together with obligation schem&sch as White Certificates, whose
costs are socialized.
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3.7 Conclusions

This study quantified the impact on the overall dgagan power system of possible gas
supply shortages occurring in two countries whas&gy generation is largely based on
natural gas, namely Italy and Hungary. The refezeyear considered for the shortage
scenarios is 2015.

The impact assessment, carried out using a siroolatiodel of the European power
system, has been focused on the security of alggtaupply, as well as on the impact
on electricity production costs and on the envirental impact (in terms of GO
emissions) deriving from the redispatching of poweneration (with possible fuel
substitution) necessary to face the gas shortagjeng into account cross-border
electricity exchanges.

The results for Italy showed that a limited usestoétegic gas storage can avoid electric
energy not supplied; moreover, the assumption e$gwing as much as possible the
rest of strategic gas storage proved to be quipemsive, since the fuel switching
towards fuel oil causes both an increase of €@issions and, especially, a significant
cost increase of about 646 ME€.

The results for Hungary showed that a significaseé wf strategic gas storage is
necessary to keep CHP plants in operation. Prowvioadthis is done, the cost increase
to face the assumed shortage is limited, beingtab@ME£.

Several remedies can be envisaged to tackle thacimgf gas supply shortages on
electricity security of supply, that can be pupnactice both in the short and in the long
term, and that can affect both the gas and thérelieg sector.

As for the gas sector, in a long term view, the imelective remedies are the
diversification of supply sources, both in terms sbippliers and of supply
infrastructures, and the increase of gas storagecty.

As for the electricity sector, the most effectiveng-term remedies are the
diversification of generation sources, as well fas development of the transmission
network to increase transfer capacity.

Moreover, for both the gas and the electricity @egtan increase of energy efficiency in
end-uses, by reducing demand, can mitigate thestefigf an unforeseen gas supply
shortage.
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4 Optimisation of transmission infrastructure inves tments
in the EU power sector

This study is aimed to assess the impact of a m@bimal development of the European
cross-border electricity transmission network (&dor additional details).

The assessment has been carried out by developidgrunning a model of the
European power system (based on the MTSIM simyla@eveloped by ERSE) and is
focused on the security of electricity supply, asllvas on the impact on electricity
production costs and on the environmental impactgfims of CQ emissions).

In particular, with the model, we compared scersacioaracterized by the developments
of cross-border interconnections proposed by tliferdnt European TSOs with the
optimal developments determined by MTSIM. The refiee years considered in the
study are 2015 and 2030.

The reference framework within which this modeleygrcise has been carried out are
the three POLES scenarios developed in the SECUREegb to analyze climate
policies and their consequences on energy secWlitgldling Through (MT,)Europe
Alone (EA)andGlobal Regime with Full Trade (GR-ET)

In the following, the results of the study will lbeported according to the six-steps
methodology defined within the SECURE project.

4.1 STEP 1: threat identification and assessment

The threat taken into account in this study is a-aptimal development of the
European cross-border electricity transmission agkw

Indeed, this is currently not a threat but a f&ross-border interconnection capacity
was originally developed in Europe for securitys@as and for mutual support between
different power systems, but, especially after twning into force of directive
96/92/EC that liberalized the electricity sectothamihe aim to create a single Internal
Electricity Market, cross-border trading activitibecame more and more important,
thus requiring an increase of transmission capacity

Unfortunately, the development of cross-borderdnaission network did not keep the
pace with the development of demand, of generatimhof the related trading needs.

In fact, even today many EU countries do not reaehminimum interconnection level
agreed in the EU Council held in Barcelona in Ma@®0D2, corresponding to a
transmission capacity at least equal to 10% ofitisalled generation capacity. Such
target should have been attained by 2005.

That's why the Council of European Energy ReguRt@CEER) in its 2010 work
program plans to produce “Status Review on regional electricity interconnent
management and use’stating that regulators airfio create a reliable regulatory
climate for_new and massive investments in thesebosder capacity that the EU
needs’

Similarly, the European Network of Transmission t8gs Operators for Electricity
(ENTSO-E), in its“Ten year network development plan 2010-202f¥als with the
investment needs on the European power grid, lgigtafig the insufficiency of cross-
border transmission capacity in several frontieath in the mid and in the long term.
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So, provided that the current status of cross-yotcEnsmission infrastructures is
definitely non-optimal in Europe, the probability meaching an optimal status with
future developments in the next=1D years is quite low.

In fact, as ENTSO-E highlights, the completion etwork projects frequently requires
more than 10, and sometimes up to 20 years, whéor wiastacles are encountered.
Within this context, the main cause of delay are tbng permitting procedures
involving a multitude of different authoritietypically strongly influenced by the lack of
social acceptance that characterizes such kindogggds.

As ENTSO-E statescross-border lines are frequently perceived by phblic as mere
“transit lines” or “commercial lines” of limited ornil benefit for the local community
and therefore, opposition against these lines tisro$tronger”.

Moreover, since such projects involve different moies, incongruous permitting
procedures can cause additional problems and coestdelays.

4.2 STEP 2: impact assessment

The non-optimal development of the European crasddy electricity transmission
network, as explained in paragraph 4.1, is nottarg@l threat but a certainty, not only
considering the current situation, but also forribg&t 16-20 years.

As for the Step 2 of the SECURE methodology, theessment of the impact of this
“threat” would require to define an “optimal” levef network development, and then
quantify a “sub-optimal” level to be analyzed i thurther steps of the methodology.

In such a case, the definition of an “optimal” Ilewan derive only from the cost
assessment carried out in Step 4 of the methodoludggse refer to paragraph 4.4 for
more details on this issue.

As for the assumptions concerning the “sub-optim@Vel, we took into account the
cross-border network investments foreseen by ENES{D- its development plan,
focused on interconnections which are expectecttoomgested in the future, as well as
the TEN-E-Energy-Invest study, a European Wind gynésssociation’s report and the
network development plan of the Italian TSO TERN&gether with estimations made
by ERSE within the context of the FP7 researchgmtdREALISEGRID.

Such investments have been assessed either byTé&@hindividually or through
bilateral grid studies, on the basis of scenaripoliyeses used in the Transmission
Development Plan of each TSO. Therefore, they atethe result of a Europe-wide
optimization process, like the one that will berat out in the present study.

Moreover, some of the proposed projects are quikura (already or nearly under
construction), while others are only under study aimeir probability of realization
depends also on the considered time horizon.

It must also be taken into account that the analyairied out in the present study takes
as a reference the main assumptions deriving frerdifferent POLES scenarios, that,
in particular in terms of generation / load devehemt, might be different from the
scenario hypotheses used by the TSOs that fordsavaforementioned cross-border
network expansions.
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4.3 STEP 3: assessment of EU vulnerability to energy risks

In order to assess the EU vulnerability to non+optidevelopment of the cross-border
electricity transmission network, we calculated hdeaded were the different

interconnections in July and in December 2008 (pleaki periods), on a monthly

average.

The calculations have been done by dividing thethigrenergy flows by the maximum

amount of energy that could have been transmittedesponding to the NTC (Net

Transfer Capacity) of each interconnection times 744 hours of each month (data
source: ENTSO-E).

The results are reported in Figure 3 and in Figdre

It is evident that several interconnections ardlyidpaded even on a monthly average:
this means that congestion is likely to occur wesal hours.

The fact that cross-border congestion is a sigmitiqoroblem in the European power
system is clearly shown in Figure 5, reporting tleeurrence of congestion in the
different frontiers in 2006.

July

Black: 0-40%
Green: 40-60%
Blue: 60-80%

Red: >95%

Figure 3: Average loading level of cross-border irgrconnections in July 2008.

® In the figures, “BL” represents Belgium and Luxesubg, “BX” represents Albania, Bosnia and
Herzegovina, Kosovo, Montenegro, Republic of Macgd@nd Serbia, “BT” represents Estonia, Latvia
and Lithuania, “DE” represents Germany and Denmiatkst, while “SE” represents Sweden and
Denmark East.
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Figure 4: Average loading level of cross-border irdrconnections in December 2008.
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Figure 5. Occurrence of cross-border congestion icontinental Europe in 2006 (source:
UCTE).

34



SECURE-SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,

RISK AND ECONOMIC IMPLICATIONS
, Se Cur e PROJECTNO 213744
plcations /'

BB secuity of nergy Considering its Uncertainty,Risks and Economic m

e

DELIVERABLE NO5.6.6 " SEVENTH FRAMEWORK
PROGRAMME

4.4 STEP 4: cost assessment

The impact and cost quantitative assessment ofnaoppmal development of cross-
border electricity transmission network has beaus$ed on the following main aspects:

» security of supply (i.e. possible electric energy supplied);
» competitiveness (i.e. electricity production cgsts)
e sustainability (i.e. C@emissions).

The assessment has been carried out by developidgrunning a model of the
European power system, based on the MTSIM simyldareloped by ERSE (see also
paragraph 3.4).

An important new feature recently implemented ie tsimulator is the “network
expansion” capability: it can increase inter-zotransmission capacities in case the
annualized costs of such expansions are lower thanconsequent reduction of
generation costs due to more efficient dispatching.

In the present study, this feature has been use@teyrmine the optimal expansion of
the European AC cross-border transmission network.

As for the expansion of DC interconnectors, it baen done “manually” by selecting
the most congested ones, by expanding them byieatygize (e.g. 1000 MW), and by
checking that the related extra-cost is lower ttien reduction of the overall system
costs due to the expansion.

Thus, with the model, we compared scenarios cheniaetl by the developments of
cross-border interconnections proposed by therdiffteEuropean TSOs (see paragraph
4.2) with the optimal developments determined by3W.

The reference framework within which this modeleygrcise has been carried out are
the three POLES scenarios developed in the SECUREeg to analyze climate
policies and their consequences on energy security:

e Muddling Through (MT)this scenario supposes a failure in the effartdevelop a
common framework of targets, rules and mechanismglfmate policies; in this
case only weak domestic climate policies are impleted without any element of
coordination of the different actions;

» Europe Alone (EA)this scenario supposes that Europe goes alontyirent
climate policy line, while the rest of the worldntmues on the same line as the
Muddling Through

* Global Regime with Full Trade (GR-ETthis scenario assumes the introduction of a
global cap on emissions, with abatement programesgponding to a cost-effective
program resulting from a unique carbon value, d@duced either by a global
carbon market or by an international carbon tax.

The reference years considered in the study arg 206d 2030. It must be noted that, as
far as year 2015 is concerned, the various POLESasms are quite similar: in fact,

their differences become evident mainly after 26R2@050, i.e. in the second part of

the considered time horizon. Therefore, for theneice year 2015 we will consider
only the GR-FT scenario, while for year 2030 ak tinree POLES scenarios will be

taken into account.

As for the model of the European power systens [idsically an extension to a greater
number of countries of the model developed for shedy reported in chapter 3, as
shown in Figure 6 and in Figure 7.
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In the figures, cross-border AC interconnectionsb{ack), DC interconnections (in red)
and interconnections with other power systems I(ie)oare shown.

As far as the electricity exchanges via DC intermmtions are concerned, differently
from the study reported in chapter 3, their hoymigfiles have not been exogenously
imposed, but they have been determined by the MTSilwulator, basically on the
basis of the hourly electricity price differencedveeen the zones they connect.

As for AC and DC interconnections with other povegstems, hourly profiles have
been imposed. In particular, for each interconoectfirstly the prevailing direction of
annual net power exchanges has been envisaged, fhieeNTC value and the annual
net electricity exchange have been hypothesizemhlllyj this latter value has been
profiled in accordance with the load profile of ihgorting country.
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Figure 6: Equivalent representation of the Europeartransmission network in 2015.
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Figure 7: Equivalent representation of the Europeartransmission network in 2030.

As for the power generation system, for the refeeeyear 2015 the same net generation
capacity values (for each technology/fuel) defifedthe study reported in chapter 3
have been used, with some minor updates.

As for the countries that have been added to thdeinf.e. the United Kingdom,
Ireland, Norway, Sweden, Finland, Estonia, Latvia d&ithuania), the net generation
capacity data have been taken from the respectra@simission System Operators’
annual statistic and system adequacy reports, bhesviEom other available sources.

As for the reference year 2030, all generation cigypaata have been derived from the
results of the three POLES scenarios MT, EA andF3R-

As for the other main scenario assumptions (comegrfuel prices, C@ emissions
value and electricity demand), again, they havenlokived from the different POLES
scenarios.

As far as network expansion is concerned, we uledaverage cost data considered
within the context of the FP7 REALISEGRID projetiased on publicly available
sources and feedbacks from TSOs and from manuéstudf course, it must be taken
into account that cost values may vary dependindiffarent parameters, such as line
length, power rating, voltage level as well as ewmesal local factors, like manpower
costs, environmental constraints, geographical itiond, etc.
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As above mentioned, we compared scenarios chawmedteby the developments of
cross-border interconnections mainly proposed bydifferent European TSOs (that we
will call “proposed expansion), with the optimal developments determined by MVISI
(that we will call“optimal expansion’) in the different 2015 and 2030 scenarios.

Of course, the decision to build a cross-borderstm@ssion line is based on a detailed
analysis of several factors that are not taken atimount in the simulations carried out
in the present study, nevertheless, even if appratad, the results reported in the
following can provide an interesting insight on timality (in terms of costs) level of
the European cross-border transmission network.

In particular, in this study MTSIM has been useditoulate the optimal behavior of the
modeled European power system, having as objedtimetion the cost (fuel, CO
allowances and network expansion) minimization.Merket power exercise has been
simulated, in order to focus on the “natural” bessponse of the modeled power
system.

As far as security of supply is concerned, the nggneral result of the simulations is
that in no one of the considered scenarios theEnesgy Not Supplied (ENS). As for
the rest, in the following, for each considerednsec®, we report the main results
concerning:

e impact on congestion,

* impact on electricity prices,
* impact on fuel consumption,
e impact on CQemissions,

e impact on costs.

4.4.1 2015 scenario

As for the impact on congestion, in Figure 8, Fgg@®; Figure 10 and Figure 11 a
comparison between the percentages of hours witestion (i.e. when the power flow
saturates the interconnection transmission capadaitythe different cross-border
interconnections in July and in December 2015 with“proposed expansion” and with
the “optimal expansion” is reported.

In the July 2015 “optimal expansion” scenario, iaynbe noted that the number of
interconnections characterized by a congestionepéage exceeding 80% (red lines) is
basically halved.

In the December 2015 “optimal expansion” scenammgestion is still reduced, even if
in a less significant way than in July 2015.
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Figure 8: Percentages of hours with congestion inuly 2015 with the “proposed expansion”.
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Figure 9: Percentages of hours with congestion irully 2015 with the “optimal expansion”.

39



SECURE- SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,
*B 0 Secure RISK AND ECONOMIC IMPLICATIONS
PROJECTNO 213744

E Security of Energy Considering its Uncertainty, Risks and Economic \mpluanm\s DEL|VERABLE NO 5 6 6 e FRAMm
o PROGRAMME

Dec. 2015
“proposed”

NL
Black: 0%
Green: 0-30%
/ Blue: 30-60%
| E [+ K] | BL
Red: >80%
FR

GR

Figure 10: Percentages of hours with congestion iDecember 2015 with the “proposed expansion”.
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Figure 11: Percentages of hours with congestion iDecember 2015 with the “optimal expansion”.
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As for the impact on prices, in a zonal electricitarket, like the one modeled in the
present study, congestion causes price differéoidtetween the zones. Therefore, it is
interesting to see how electricity prices (or, &etimarginal generation costs, in our
case) vary when cross-border network is “optimakypanded, w.r.t. the “proposed
expansion” scenario.

In this way it is possible to determine “winnersida“‘losers”, i.e. countries where the
optimal expansion causes, respectively, a deciwmame increase of electricity prices.

In the following Figure 12 “winners” are shown iregn, and “losers” are shown in red.
The reported numerical values are the differenagsden the annual average zonal
prices in the “optimal expansion” and in the “prepd expansion” scenarios.

It can be noted that the main “winners” in thisrem@ are Poland, Portugal and Spain,
while the main “losers” are Sweden and Denmark ,EBsince, Austria, Romania,
Bulgaria and Slovenia.

2015 Aprice El
[€/MWh] +0.32
i +0.68 +7.74 e
+0.21 035
DE L

E UK - -0.35 -1.38
-0.02 -0.35 +1.03 i
z W

.0.38 +1.28 -

cu +1.00

e +5.67 -
E’ s - . 5}

PT| |Es L] e s g B

-1.30 -1.22 +0.39 +0.05 +3.95

GR | -0.30

Figure 12: Zonal price differences between the “ominal expansion” and the “proposed
expansion” 2015 scenarios.
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As for the impact on fuel consumption, the conseqaeof the “optimal expansion”
(that reduces network constraints) is an incredspraduction by cheaper base-load
power plants (nuclear, hard coal and lighitat the expense of mid-merit / peak-load
natural gas fired power plants. Overall, the greatse of less efficient generation
technologies slightly increases total fuel consuompt

As for the impact on COQemissions, due to substitution of natural gasifgeneration
with less efficient and more emissive (apart frootlear) power plants, overall GO
emissions slightly increase, by ab&60 ktCO,.

As for the total costs, it can be noted that aiigant reduction of fuel costs (about 600
M€) is partially compensated especially by the atimad investment and O&M costs
related to cross-border network expansions, so thattotal saving is abou?35
millions of Euros.

4.4.2 2030 “MT — Muddling Through” scenario

As for the impact on congestion, in Figure 13, Fegt4, Figure 15 and Figure 16 a
comparison between the percentages of hours witigestion in the different cross-
border interconnections in July and in January 2080 the “proposed expansion” and
with the “optimal expansion” is reported.

In the July 2030 “optimal expansion” scenario, iaynbe noted that the number of
interconnections characterized by a congestionepgage exceeding 80% (red lines) is
basically halved.

In the January 2030 “optimal expansion” scenammgestion is still reduced, even if in
a less significant way than in July 2030.

® It must be noted that this scenario is charaeedrizy a quite low COemissions value (13.25 €/t).
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Figure 13: Percentages of hours with congestion iiuly 2030 with the “proposed expansion”.
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Figure 14: Percentages of hours with congestion ifuly 2030 with the “optimal expansion”.
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Figure 16: Percentages of hours with congestion tranuary 2030 with the “optimal expansion”.
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As for the impact on prices, in Figure 17 we repbe differences between the annual
average zonal prices in the “optimal expansion” amdhe “proposed expansion”
scenarios.

It can be noted that the main “winners” in thisremo are United Kingdom, Germany,
Baltic countries, Belgium, Ireland, The Netherlaraisl Switzerland while the main
“losers” are Romania, Poland, Bulgaria, Ukraine Wasl Greece.

2030 MT | o |
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PT ES T 311 B -
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Figure 17: Zonal price differences between the “ominal expansion” and the “proposed
expansion” 2030 MT scenarios.

As for the impact on fuel consumption, the conseqaeof the “optimal expansion”

(that reduces network constraints) is an incredspraduction by cheaper base-load
power plants (nuclear, hard coal, lighitand power plants equipped with CCS
technology) at the expense of mid-merit / peak-loatliral gas and fuel oil fired power
plants. Overall, the greater use of less efficigeneration technologies slightly
increases total fuel consumption.

" It must be noted that this scenario is charaedrhzy a relatively low CQemissions value (24.26 €/t).
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As for the impact on CQemissions, due to substitution of natural gasdfgeneration
with less efficient and more emissive (apart frootlear) power plants, overall GO
emissions increase, by abdit.9 MtCO,.

As for total costs, it can be noted that a sigaificreduction of fuel costs (about 1650
M€) is partially compensated by G@missions allowances and by the annualized
investment and O&M costs related to cross-borderodk expansions, so that the total
saving is abouf28 millions of Euros

4.4.3 2030 “EA — Europe Alone” scenario

As for the impact on congestion, in Figure 18, Fag9, Figure 20 and Figure 21 a
comparison between the percentages of hours witigestion in the different cross-
border interconnections in July and in January 2080 the “proposed expansion” and
with the “optimal expansion” is reported.

In the July 2030 “optimal expansion” scenario, iaynbe noted that the number of
interconnections characterized by a congestionepéage exceeding 80% (red lines) is
reduced to one third.

In the January 2030 “optimal expansion” scenammgestion is still reduced, even if in
a less significant way than in July 2030.

EA - July 2030
“proposed”

Black: 0%
Green: 0-30%
Blue: 30-60%

Red: >80%

Figure 18: Percentages of hours with congestion iiuly 2030 with the “proposed expansion”.
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Figure 20: Percentages of hours with congestion ifanuary 2030 with the “proposed expansion”.
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Figure 21: Percentages of hours with congestion tranuary 2030 with the “optimal expansion”.

As for the impact on prices, in Figure 17 we repbet differences between the annagkrage
zonal prices in the “optimal expansion” and in theposed expansion” scenarios.

It can be noted that the main “winners” in thisrem® are Germany, Baltic countries,
Norway, Sweden, Finland and The Netherlands wihiéerhain “losers” are Romania,
France, Ukraine West, Poland, Bulgaria, and Greece.

As for the impact on fuel consumption, the conseqaeof the “optimal expansion”
(that reduces network constraints) is an increaseroduction by power plants
characterized by the lowest @@mission rates (nuclear, natural gas and plants
equipped with CCS technology) at the expense ofntbee emissive ones (hard coal,
lignite and fuel oil). In fact, the “Europe Alonstenario is characterized by a very high
CO, emissions value (90.28 €/t). Overall, the greatss of less emissive generation
technologies sligthly decreases total fuel constompt

As for the impact on COemissions, due to substitution of more emissiveegation
with less emissive one, overall g@missions significantly decrease, by abéut
MtCO .

As for total costs, it can be noted that the vegheduction of C@costs (5145 M£) is
only partially compensated by the increase of faests and by the annualized
investment and O&M costs related to cross-bordevaork expansions, so that the total
saving is aboud362 millions of Euros
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Figure 22: Zonal price differences between the “oftnal expansion” and the “proposed
expansion” 2030 EA scenarios.

4.4.4 2030 “GR-FT — Global Regime with Full Trade”  scenario

As for the impact on congestion, in Figure 23, Fegd4, Figure 25 and Figure 26 a
comparison between the percentages of hours witigestion in the different cross-

border interconnections in July and in January 2080 the “proposed expansion” and

with the “optimal expansion” is reported.

In the July 2030 “optimal expansion” scenario, iaynbe noted that the number of
interconnections characterized by a congestionepéage exceeding 80% (red lines) is
basically halved.

More or less the same happens in the January 2fj80rfal expansion” scenario.
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Figure 23: Percentages of hours with congestion iiuly 2030 with the “proposed expansion”.
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Figure 24: Percentages of hours with congestion ifuly 2030 with the “optimal expansion”.
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Figure 26: Percentages of hours with congestion ranuary 2030 with the “optimal expansion”.
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As for the impact on prices, Figure 17we report the differences between the annual
average zonal prices in the “optimal expansion” amdhe “proposed expansion”
scenarios.

It can be noted that the main “winners” in thisrem® are Germany, Baltic countries,

Norway, Sweden, Finland and The Netherlands wihiéerhain “losers” are Romania,
Ukraine West, France, Poland, Bulgaria, and Greece.
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Figure 27: Zonal price differences between the “oftnal expansion” and the “proposed
expansion” 2030 GR-FT scenarios.

As for the impact on fuel consumption, the conseqaeof the “optimal expansion”
(that reduces network constraints) is an increasgroduction by power plants

characterized by the lowest ¢@mission rates (nuclear,

natural gas and plants

equipped with CCS technology) at the expense oftbes emissive ones (hard coal,

lignite and fuel oil).

In fact, the “Global Regimeith Full Trade” scenario is

characterized by a quite high g@missions value (63.26 €/t). Overall, the greats
of less emissive generation technologies sligtielgrelases total fuel consumption.
As for the impact on COdue to substitution of more emissive generatiorhiess
emissive one, overall G@missions significantly decrease, by al2i6 MtCO..
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As for total costs, it can be noted that the ghigg reduction of C@costs (2124 M€£),
as well as the reduction of fuel costs is only ipiyt compensated by the annualized
investment and O&M costs related to cross-bordevaork expansions, so that the total
saving is about916 millions of Euros

4.4.5 Comparison among scenarios

First of all, as far as security of supply is camesl, as above mentioned, it must be
noted that in no one of the considered scenargrgtis Energy Not Supplied (ENS).

As for cross-border network expansions, in theofsihg Table 19, the first five
interconnections with the greatest increases afstrassion capacity in the “optimal
expansion” w.r.t. the “proposed expansion” scersare reported.

2015 MT 2030 EA 2030 GR-FT 2030
ES—FR FR—DE FR—DE FR—DE
FR—DE DE—PL DE—PL DE—PL
DE—NO SK—HUA W ES—FR SK—HUA W
DE—-SE ES—FR SE—PL ES—FR
FR—UK BX—RO SK—UA W BX—RO

Table 19: Interconnections with the greatest increges of transmission capacity in the “optimal
expansion” w.r.t. the “proposed expansion” scenarig (interconnections that occur in different
scenarios are highlighted with the same color).

It can be noted that the interconnections betwEemce and Spainand between
France and Germanyare among the most expanded both in the 2015ratitki2030
scenarios.

Moreover, as far as 2030 scenarios are concerted,interconnections between
Germany and Poland Slovak Republic and Ukraine Westand betweerBalkan
countries and Romaniaare among the most expanded, too.

Other interconnections that are often significargkpanded in the optimal w.r.t. the
proposed expansion scenarios are the ones betdemnany and Norway, Germany
and Sweden Sweden and Poland, Romania and Ukraine West, Finlahand Baltic
countries andPoland and Baltic countries

This means that, for the aforementioned intercotmes, the proposed expansion levels
seem to be far from the optimal ones under thenagBans of the considered scenarios.

Concerning the electricity price differences betwélee “optimal expansion” and the
“proposed expansion” scenarios, the main 2015 “esitifi.e. countries where the
average price decreases) countries Raand, Portugal and Spain) do not maintain
their positions in the 2030 scenarios, where thenrfwinners” areGermany, Baltic
countries, The Netherlands and Belgium, together with Norway, Sweden and
Finland especially in the two most environmentally frigndicenarios (EA and GR-
FT).
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On the other hand, the main “losers” (i.e. coustméhere the average price increases)
are most ofteiRomania, Poland, Bulgaria, Ukraine West, France andGreece

As for the impact on fuel consumption (see Tablg 2Gan be noted that in the 2015
and in the MT 2030 scenarios, characterized bytivelst low CO, emissions values
(respectively, about 13 and 24 €/MtgJQhe “optimal expansion” causes an overall
increase of fuel consumption, by reducing natueal @and increasing coal and lignite (as
well as nuclear in 2015) consumptions.

On the other hand, in the two most environmentligndly scenarios (EA 2030 and
GR-FT 2030), where COemissions values are quite high (respectively 80 &3
€/MtCQ,), the “optimal expansion” causes an overall deswea fuel consumption, by
increasing consumption of power plants charactdrizethe lowest C®emission rates
(nuclear, natural gas and plants equipped with G&®$nology), but significantly
reducing consumption of the more emissive onesl(baal and lignite).

In any case, the variations of fuel consumptiorwken the optimal and the proposed
expansion scenarios are not very high, ranging frar8 to -4.4 Mtoe.

Euel A 2015 A MT 2030 A EA 2030 A GR-FT 2030
ue
[PJ] [PJ] [PJ] [PJ]

Nuclear 142.8 5.9 198.5 91.1
Hard coal 77 287.3 -482.2 -173.5
Lignite 25.9 108.6 -201.3 -167
Natural gas -164.3 -369 127.5 -22.3
Fuel oil - -5.4 -2.1 -1.3
Coal CCS - 0.7 139.6 74.8
Gas CCS - 0.2 34.4 28.1
Total [PJ] 81.4 28.3 -185.6 -170.1
Total [Mtoe] 1.9 0.7 -4.4 -4.1

Table 20: Variations of fuel consumption of non-CHPplants in the “optimal expansion”

w.r.t. the “proposed expansion” in the different senarios.

The aforementioned fuel consumption data haveexdaonsequence on the variations
of CO, emissions, reported in Table 21. It can be ndtad twvhile variation of the 2015
scenario is almost negligible (due to the increds®iclear production that compensates
the greater hard coal and lignite productions),Mie2030 scenario is characterized by
a slight increase of CQemissions. On the contrary, the more environmbgntaéndly

EA and GR-FT 2030 scenarios show more significadd €missions reductions.
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Euel A 2015 A MT 2030 A EA 2030 A GR-FT 2030
ue
[MtCO,] [MtCO,] [MtCO,] [MtCO,]
Hard coal 7.24 27.00 -45.32 -16.31
Lignite 2.62 10.98 -20.34 -16.88
Natural gas -9.20 -20.66 7.24 -1.22
Fuel oil - -0.41 -0.16 -0.1
Coal CCS - 0.01 1.31 0.71
Gas CCS - - 0.29 0.23
Total 0.66 16.92 -56.98 -33.57

Table 21: Variations of CO, emissions of non-CHP plants in the “optimal expanen”

w.r.t. the “proposed expansion” in the different senarios.

As for the variations of the costs of the modeled/gr system, reported in Table 22, it
can be noted that in the two scenarios (2015 and2PB0) characterized by low GO
emissions values the main component of cost restuds fuel cost, while in the two
more environmentally friendly scenarios (EA and 6R2030) the main component is
by far the reduction of costs related to £#nissions allowances.

In this latter case, cost savings due to the “ogltiexpansion” w.r.t. the “proposed

expansion” can be significant, ranging from 1.9 billions Euros.

) A2015 | AMT 2030 | AEA 2030 | A GR-FT 2030
Cost item
[M€] [M€] [M€] [M€]
Fuel consumption -601 -1650 237 -249
CO, emissions allowances 9 411 -5145 -2124
Investments / O&M AC lines 112 199 257 216
Investments / O&M DC lines 145 312 289 241
TOTAL COSTS -335 -728 -4362 -1916

Table 22: Variations of the costs of the modeled peer system in the “optimal expansion”
w.r.t. the “proposed expansion” in the different senarios.

45 STEP 5: remedies assessment

Remedies to tackle the impact of a non optimal gweent of the European cross-
border electricity transmission network can be ipupractice both in the short and in
the long term.
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45.1 Short-term remedies

+ Dispatch more expensive generation in the importioantries

Actually, this is not exactly a remedy to the coesed threat, but a natural
consequence, since cross-border network constaiet®nt cheaper energy from going
where it is needed.

e Reduce demand

Instead of dispatching more expensive generatiarder to tackle the impossibility to
import more cheaper energy, another possibilitp iseduce demand, especially at peak
load time.

In case of necessity, contracts for interruptibbads can be activated to reduce
electricity demand, but this typically happens &arcurity reasons and not only for
economic reasons.

Similarly, where implementedyemand Side Managememtograms can help reducing
peak loads (for example wit@ritical Peak Pricingschemes) and the related stress on
the power generation system.

4.5.2 Long-term remedies

* Increase cross-border transmission capacity

Needless to say, the main remedy to a non optiexaldpment of the European cross-
border electricity transmission network is to invesnew interconnections, so that the
reduction of bottlenecks makes easier to transgmebper energy where it is needed,
increasing security of supply, but also allowing éomore optimized operation of the
generation set and for an increase of competitiorthe market, with significant
economic benefits.

This remedy is of course not so easy to implemeeither by TSOs, nor by private
investors interested in merchant lines projectstabt, such investments are typically
affected by several uncertainties, mainly due to:

o complex legal and regulatory contexts, especialtypermitting procedures, stemming
from a multitude of different authoritieswith different administrative levels
(European, national, local) that may differ fromearountry to another and that may
have different priorities;

o the lack of social acceptance that severely dedaysopardizes the realisation of such
projects;

0 due tothe long-term time horizon that characterizes netwwojects,the inherent
uncertainty in predicting the future location amdoaint of generation and consumption,
as well as the changes over time in the way etafytis generated and consumed, also
due to the impact of different policies (and offeliént policy implementation options)
such as energy demand reduction and efficiencygwahle energy sources integration,
CO, emissions reduction, decommissioning of pollutimgs, etc.

To reduce such uncertainties:
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o the establishment of thigency for the Cooperation of Energy RegulatorsGER
foreseen by the 8 Energy Package should be a significant step tosvardnore
harmonized regulatory framework at the Europeaaljev

o as for the several other authorities involved i plermitting procedures, ENTSO-E
in its “Ten year network development plan 2010-202€tates that‘competing
priorities are one of the major sources of slowalepment processes, requiring
guidelines with a strong influence on national aiso local governments in a way
that all involved stakeholders are able to unambiggly prioritise projects’

0 to speed-up permitting procedures, ENTSO-E in é@sent“position paper on
permitting procedures for electricity transmissianfrastructure” provides the
following recommendations:

= The public interest of important electricity inftagcture projects shall be stated
in law. The need for the development of these pi®jeshall be stated
“objectively” (e.g. in a list of high priority pragcts) and therefore the
justification does not always need to be argued $@s during the proceedings.

= There should be clear and explicit linkage betw&EN-E projects and national
law (recognition of TEN-E projects in national lawhe public interest of TEN-
E projects should a priori be recognised by thegfinition.

= Authorisation procedures for strategic infrastruetu projects should be
centralised at one (national) level.

= The number of permits required should be reducedrbgting an integrated
procedure for infrastructure projects or for projscsubject to an environmental
impact assessment including the connection to atibes with the same
requirements in all regions of the country.

= The result of the procedure for transmission lined for substations should be
a building permit with the right of way that allowsonstruction to start
immediately.

= There should be simplified procedures with a shiafteation for the upgrading
of existing lines (e.g. to a higher voltage).

= There should be effective and compulsory time dinatgrant the TSOs legal
certainty as regards the timely completion of pdting procedures (including
the closing-off of submissions of allegedly newtestents and evidence
opposing the construction of an infrastructure pxd).

= There should be a clear definition of what docummeare needed during the
authorisation procedures (e.g. during EIA).

= Effective consultation mechanisms are vital espigca the very beginning of a
project. Duplication of such time-consuming mechars shall be avoided if
their purpose can be achieved through only onelsicgnsultation, otherwise
there must be a coordination between different ahasons (e.g. between the
Environmental Evaluation for the whole Grid Plandathe Environmental
Evaluation for the single project of the Grid Plan)

= A Region should not have the right to stop strategitional and cross border
infrastructure: it should be stated that the finaérmitting decision should
remain with the National Authorities.

= It should still be possible to build necessaryasfructure projects in protected
areas (e.g. Natura 2000) if the environmental e$feaxf these projects can be
mitigated and compensation measures are taken.
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= There should be a simplified procedure for the sssent of the effects on the
environment of certain Plans approved on annuaidésg. Grid Transmission
Plans).

= It should be possible to reserve so-called “infrasture corridors” for high
priority infrastructure projects.

= Common agreement with involved parties concernimagridors and in
particular common dedicated corridors for differetypes of infrastructure
(pipelines, highways, railways, high voltage linets.) would be desirable.

= The relevant authorities should define new infrasture corridors for high
priority infrastructure projects.

= For new infrastructure and/or upgrading of the ¢ixig infrastructure existing
routes should preferably be used.

= Sufficient and specialized manpower is necessargiel with infrastructure
projects in an effective and timely manner in tHeO§ as also in external
resources (e.g. authorities).

o as for the lack of social acceptance, a correctcamaplete information provided to
the involved populations by all the concerned bedkeof paramount importance; in
particular, concerns about the environmental impad¢he projects (e.g. impact on
natural areas, visual impact, alleged health effectelectromagnetic fields, etc.)
must be discussed on a clear and sound scien@iBesbin order to allow for an
informed comparison between such “cons” and thespof the projects;

o as for the “pros”, the public benefits of the patge must be clearly stated and
guantified, especially from the security of suppfypm the sustainability (in
particular when renewable energy flows are invojvaat from the economic points
of view; also, the strategic importance that chi@rmes cross-border transmission
projects must be highlighted with the support @f tighest political decision levels;

o the economic side of the problem is very import@ngain consensus among the
involved populations: they must know that the m=stion of the projects will reduce
their electricity bills (either by imports of cheap energy or by direct
compensations), otherwise thienbyattitude would be their first and easiest choice;

o as for the uncertainties concerning the future lbgwveents of generation and
demand, they can be effectively tackled by carrgingadequatscenario analyses
just like it has been done in the present studtherbasis of POLES scenarios; this
approach is supported also by ENTSO-E that ifiTie year network development
plan 2010-2020" states that'scenario analyses at national, regional and pan-
European levels are key elements in order to deoiwlegrid extensions and to
adequately assist political reasoningaking into accountfuel prices, economic
and monetary conditions, geopolitical developmemsgteorological conditions,
technological breakthroughs, market mechanisms, uledgry and legal
frameworks”

Up to this point we have discussed the problensedltoeach genericdevelopment of
the European cross-border transmission networkit lsitvery important to end up with
anoptimalsetof developments, according to the considered eafss scenarios.

Again, this is exactly what has been done in thes@mt study, following an approach
supported also by ENTSO-E, that in its recéResearch and Development Plan”
foresees the development‘@dvanced tools for analyzing the pan-European roekw
expansion options according to energy scenariogkfmope (i.e. expansion optima that
must be searched to maximize European welfarg)ecifying that optima are to be
searched at EU level and no longer at national.leve
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* |ncrease energy efficiency in electricity consumpti

A greater end use electric energy efficiency waarithil a demand reduction that would
decrease the criticalities related to the impobsilio import more cheaper energy.

EU is supporting this process with some Directi{g@gh as Directive 2006/32/EC of 5
April 2006 on energy end-use efficiency and enesgyices, Directive 2009/125/EC of
21 October 2009 establishing a framework for thergeof ecodesign requirements for
energy-related products, Directive 2010/30/EU ofM8y 2010 on the indication by
labelling and standard product information of trensumption of energy and other
resources by energy-related products, DirectiveOEBIIEU of 19 May 2010 on the
energy performance of buildings, etc.) and EU coesitare implementing them within
the framework of their National Energy Efficiencgt#on Plans.

Another beneficial action would be the promotiorited above mentioned Demand Side
Management programs to increase demand resporaserof critical situations.

4.6 STEP 6: how remedies should be financed / paid for

4.6.1 Short-term remedies

The economic consequences of dispatching more sxegeneration are in the end
borne by consumers, paying higher electricity [wice

As for demand reduction, costs related to interblgtcontracts are socialized in the
tariffs, since they benefit the whole system withreater security of supply.

On the other hand)emand Side Managememtograms can reduce costs both for the
participating consumers and for the system as dewho

4.6.2 Long-term remedies

Investments in new cross-border transmission cgpaan be carried out either by

TSOs or by private investors building the so-cafiegrchant lines”.

Investments by TSOs are remunerated with a faurmethrough transmission tariffs

defined by regulators.

Due to the strategic importance of cross-bordegslirregulators may acknowledge to
such projects a rate of return higher than for radrimansmission lines: for example, in

Italy, investments that increase cross-border Nanhdfer Capacity are acknowledged
an increase of the rate of return of 3% for 12 year

As for investments in “merchant lines”, they aresibally remunerated by electricity

price differentials between the markets they irdanect.

In fact, due to regulations no. 1228/2003 and @92 such projects may be exempted
for a limited period of time (by the regulatory hatities of the Member States

concerned) from Third Party Access requiremengleished by directive 2003/54/EC

and confirmed by directive 2009/72/EC. Such exeomptnay cover all or part of the
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capacity of the new interconnector, or of the éxgsinterconnector with significantly
increased capacity.

As for financing issues, apart from banks, a kdg s often played by the European
Investment Bank (EIB), especially concerning theng-European Energy Networks
(TENS) projects.

EIB’s contribution typically does not exceed 50%tlné total investment cost, in order
to capitalize on its first-rate lending terms téradt other sources of financing. This
enables the borrowers to set up a diversified fieaplan in partnership with other
financial institutions and banks. As for the borews; they can be public authorities or
private entities, including special purpose velsclas well as banks and financial
institutions.

Examples of cross-border interconnectors finangedIB are the following:

* NorNedproject, a 580 km-long HVDC hybrid bipolar subnm&ripower cable link
across the North Sea between Eemshaven (in Theefgids) and Feda (in
Norway); the project is a joint venture between fetch (TenneT) and the
Norwegian (Statnett) TSOs that have invested 600 dfi€hich 280 M€ financed
by the EIB;

» BritNed project, a 260 km-long HVYDC submarine power cdiple between the Isle
of Grain in Kent (UK) and Maasvlakte near Rotterdéfime Netherlands); the
project is a joint venture between the Dutch (Té@nnand the British (National
Grid) TSOs that invest 600 M€, of which 300 M€ ficad by the EIB;

 EWIC (East-West InterConnectgjoject, a 256 km-long HVDC submarine power
cable link between Woodland (Ireland) and Deeswlalés); the Irish TSO EirGrid
invests about 600 M€, of which 300 M€ financed lsy EIB.

As for increasing energy efficiency in electricitpnsumption, even if most of the
actions in this field have a “negative” cost, sgonemotion is necessary, typically with
fiscal incentives together with obligation schem&sch as White Certificates, whose
costs are socialized.

4.7 Conclusions

This study assessed the impact of a non-optimaéldpment of the European cross-
border electricity transmission network.

Indeed, such non-optimality is currently not a &’ but a fact, since the development
of cross-border transmission network, originallyimhaaimed at operational security
and at mutual support between different power systalid not keep the pace with the
development of demand, of generation and of thatedltrading needs deriving from
the electricity market liberalization. This is algashown by the level of congestion that
affects several interconnections.

Moreover, the long delays that affect new transimisprojects, mainly due to complex
permitting procedures and to lack of social acaegea entail that the probability of
reaching an optimal status with future developmemtthe next 1620 years is quite
low.

The impact assessment of the considered “threat”ben carried out by developing
and running a model of the European power systease(b on the MTSIM simulator,
developed by ERSE) and has been focused on thetgedfuelectricity supply, as well
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as on the impact on electricity production costd an the environmental impact (in
terms of CQ emissions).

In particular, with the model, we compared scersacivaracterized by the developments
of cross-border interconnections proposed by tliferdnt European TSOs with the
optimal (least cost) developments determined by NMIISThe reference years
considered in the study are 2015 and 2030.

The reference framework within which this modeleygrcise has been carried out are
the three POLES scenarios developed in the SECUREegb to analyze climate
policies and their consequences on energy secWiigdling Through (MT)Europe
Alone (EA)andGlobal Regime with Full Trade (GR-ET)

The results of the simulations show that in no ohéhe considered scenarios there is
Energy Not Supplied (ENS), therefore there are mablpms in terms of security of
supply due to insufficient cross-border transmissiapacity or to available generation
capacity.

Moreover, the proposed cross-border network expassare clearly sub-optimal: in the
considered scenarios, for example, the intercororecbetween France and Germany,
France and Spain, Germany and Poland, Slovak Riepadl Ukraine West, Balkan
countries and Romania, as well as several otherfhe “optimal expansion” case are
expanded significantly more than in the “proposeplasion” case.

In the “optimal expansion”, the countries where #verage electricity price decreases
(w.r.t. the “proposed expansion” case) are Poldttugal and Spain in the 2015
scenario, while in the 2030 scenarios they areacggl by Germany, Baltic countries,
The Netherlands and Belgium, together with Norw&weden and Finland especially in
the two most environmentally friendly scenarios (&#d GR-FT).

On the other hand, the countries where the avepaige increases are most often
Romania, Poland, Bulgaria, Ukraine West, FranceGirggce.

It can also be noted that in the 2015 and in the 2080 scenarios, characterized by
relatively low CQ emissions values (respectively, about 13 and Mt@&D,) the
“optimal expansion” causes an overall increasaief €onsumption, by reducing natural
gas and increasing coal and lignite (as well aseanen 2015) consumptions.

On the other hand, in the two most environmentlgndly scenarios (EA 2030 and
GR-FT 2030), where CQOemissions values are quite high (respectively 80 &3
€/MtCQ,), the “optimal expansion” causes an overall deswez fuel consumption, by
increasing consumption of power plants charactdrizethe lowest C®emission rates
(nuclear, natural gas and plants equipped with G&®$nology), but significantly
reducing consumption of the more emissive onesl(baal and lignite).

In any case, the variations of fuel consumptiorwkeen the optimal and the proposed
expansion scenarios are not very high, ranging frar8 to -4.4 Mtoe.

The aforementioned fuel consumption data haveexdaonsequence on the variations
of CO, emissions: while variation of the 2015 scenarialimost negligible (due to the
increase of nuclear production that compensatesgtbater hard coal and lignite
productions), the MT 2030 scenario is characteribgda slight increase of GO
emissions (about 17 MtG{ On the contrary, the more environmentally frignBA
and GR-FT 2030 scenarios show more significant, G&nissions reductions
(respectively, about 57 and 34 MtgO

As for the variations of the costs of the modeledvgr system, it can be noted that in
the two scenarios (2015 and MT 2030) characterisetbw CG emissions values the
main component of cost reduction is fuel cost, il the two more environmentally
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friendly scenarios (EA and GR-FT 2030) the main porrent is by far the reduction of
costs related to CQemissions allowances.

In this latter case, cost savings due to the “ogltisxpansion” w.r.t. the “proposed
expansion” can be significant, ranging from 1.9 billions Euros.

The main remedy to a non optimal development oBhepean cross-border electricity
transmission network is of course to invest in neserconnections, so that the
reduction of bottlenecks makes easier to transgmebiper energy where it is needed,
increasing security of supply, but also allowing fomore optimized operation of the
generation set, with significant economic benefits.

This remedy is not so easy to implement due tséwveral uncertainties that affect such
kind of investments, mostly related ¢complex legal and regulatory contexts, especially
for permitting procedures, stemming from a multgwaf different authorities, to the lack of
social acceptance and to the inherent uncertamtpredicting the future location and
amount of generation and consumption, as well asctenges over time in the way
electricity is generated and consumed.

To reduce such uncertaintthe establishment of thAgency for the Cooperation of
Energy Regulators — ACERreseen by the"™3Energy Package should be a significant
step towards a more harmonized regulatory framevabrthe European level. As for
permitting procedures, besides being more efficat clear, they should also have a
reasonable and mandatory time limit for their diorat

As far as the lack of social acceptance is conckrtie public benefits of the projects
should be clearly stated and quantified, especfaetiyn the security of supply, from the
sustainability (in particular when renewable enefigws are involved) and from the
economic points of view. In particular, the economide of the problem is very
important to gain consensus among the involved latipas: they must know that the
realization of the projects will reduce their etegty bills (either by imports of cheaper
energy or by direct compensations), otherwiseningby attitude would be their first
and easiest choice.

Moreover, the strategic importance that charaasrazzoss-border transmission projects
must be highlighted with the support of the highpstitical decision levels: the
proponents of the investments must not be leftaalon

As for the uncertainties concerning the future dgwaents of generation and demand,
they can be effectively tackled by carrying out@aee scenario analyses, that should
be used as a reference to determine a set of bovds+r network expansions that is
optimal at the European level and no longer onlyhatnational level, as done in the
past: this implies the necessity of a higher lefetoordination that can be effectively
carried out by the European Network of TransmisSgatem Operators for Electricity
ENTSO-E.
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5 Role and responsibilities of TSOs for security of supply

In the liberalization process of the Electricity Mets, networks, given their physical
nature, have been considered as Natural Monopdiigs.institution in charge of the
transmission of electricity was named TransmisSigstem Operator (TSO) and had the
ultimate goal to ensure a secure and reliable tiparaf the power system, as well as to
grant market participants a non-discriminatory asde the network.

As markets started to function, the complexity bisttype of institution has been
realized, then for over fifteen years there hasil@eeonstant debate on the institutional
structure of TSOs and the most appropriate typegdlation. In Europe this issue has
also an extra dimension as TSOs of different caesmshould work together towards the
realization of an integrated market.

Our work has three aims (see also [4]):

1) to introduce the reader to the main principles $OB institutional design,

2) to present some of the main topics of discussioteims of European market
integration,

3) to give an update on the current activities carnatd by Regulators and TSOs
under the coordination of the European Commission.

All the issues discussed in the following have reatior an indirect impact on security
of supply, which is the ultimate objective (“kedqetlights on”) a TSO has to guarantee
with its activity, both in the short and in the tpterm.

5.1 Role and functions of TSOs

Our objective in this chapter is to introduce tb&rand the functions of TSOs in the
electricity system. It is not a definitive assessmbut rather an overview of the various
possibilities. The definition of the role of TSGsalso clearly an ongoing process as it
will evolve over time as new technologies will eglathe set of options for the control
of the system; TSOs will also have to adapt acogrdio the type of generation
available.

Our analysis is mostly concerned with institutioaapects and more specifically with
topics related to the implementation of the Europ& mmission Third Legislative
Energy Package.

As in Agrell and Bogetoft we can distinguish six main activities for a TSO:

1) Market facilitator

2) System operator

3) Grid builder: planner

4) Grid builder: constructor
5) Grid maintainer

6) Grid owner/leaser

In the description we will see how the type of datpry control varies greatly across
these activities; a careful analysis is then nesgss order not to produce contradicting

8 Agrell P. and Bogetoft P. (2002)‘Charter of Accountability for Transmission Operast,
www.sumicsid.com
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or incomplete overall policies resulting from agomrect assessment of the institutional
framework.

1) Market facilitator : TSOs are fundamental in the development of marlkst
their actions can significantly influence pricesthamthe impact being both on
short term variations and long term trends. In btdesupport the day ahead and
balancing markets it is key that the TSO shouldlble to perform the dispatch
efficiently and provide adequate and transparerforimation to market
participants. On the long term side the main tamksthe connection of new
generation and the building of the Transmissionndet. The TSOs can have a
huge impact as these are actions with a fundamenpalct on future prices and
that have to be taken using the correct informationcerning the system and
the evolution of global Energy Markets.

2) System operationrefers to the dispatch of generation, congestianagement
and the acquisition of ancillary services. In terofigegulatory control it is a
challenging task to verify the effectiveness of deeisions taken by the TSO as
there are strong informational asymmetries betwbker SO and the Regulator.
There is a great deal of institutional complexisysystem operation deals at the
same time with the safety of the system and thekebtasutcomes. Increasing
operation margin often increases market priceshaseetare more chances of
creating congestion. These issues become more esmaplcross border level,
where several operators are involved.

3) The planning of the network is possibly the most difficult issue to address
since the change to liberalized markets. The TSt role of optimizing the
system under the monitoring/approval of the Regulttking into consideration
the evolution of demand and generation capacity. Key issue is that network
investments determine the value of supplied el@ttrand then the profitability
of generators; it is then understandable how therec of the TSO should be
under close scrutiny. Unfortunately there are red adternatives to this form of
centralized planning as merchant lines (grid inwestt made by private
investors) are a solution only for specific issuéss is due to the unique nature
of the network, which does not allow a satisfactomynputation of the allocation
of the costs of grid expansion. There are two &l factors affecting grid
investments: first these have a lifetime of at €23 years, second these are
basically not modular (they cannot be executedementally). It is then clear
the great degree of uncertainty concerning thecefieness of decisions, which
should be based on long term forecasting.

4) Grid building is a regulated activity and is not covered in cualgsis; the point
iIs to have the system built in the cheapest wayemithe quality of the
components and the conditions where lines are gla@eerall efficiency is very
hard to estimate as there is for example a tradebefween quality and
durability of assets that is hard to estimate gitrenlong lifespan of assets. One
interesting remark is the fact that this activigncbe either carried out by the
TSO or being outsourced: this has a consideralgp@dtnon the type of company
as one choice or the other can affect drastictlgize.

5) Grid maintenance is relevant for our study as it has safety implaag. In
terms of regulation, there are indexes of qualityperformance, which are
designed to give some incentives, still there idaek of comprehensive
regulatory assessment of the activity.
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6) Grid ownership: the financing of the infrastructure has generatembmstant
debate since the liberalization. The tendency teapize the network has never
been widely accepted for the electricity sectorekghthe investments should
take into consideration also security and publicvzise aspectsThe rates of
return on the assets are basically negotiated pulttic authorities and networks
have often been considered by utilities an exceilerestment with a very low
risk factor.

TSOs can also play a key role in the process afirerg both in the short and in the
long termgeneration adequacy i.e. its capability to keep the supply/demandchbat
(taking into account network constraints).

Generation adequacy is mostly related to the awéitha of an installed capacity
sufficiently larger than the expected peak loaal,the availability of a sufficiemeserve
margin Nevertheless, the sole amount of installed geioeraapacity is not sufficient
to ensure adequacy, since in addition the generad must be wekhdaptedto the
load, as well as to the increasing penetrationntérimittent renewable sources: this
means that the composition of the generation sétrms of base-load, mid-merit and
peak-load power plants (characterized by diffexgrerating flexibility), as well as in
terms of dispatchable and non-dispatchable onest baucorrectly balanced.

In this respect, it is widely recognized that dliedly price signals coming from the
market are, by themselves, not sufficient to engareeration adequacy, mainly due to
informative asymmetries and to lack of sufficientripetition that make market players
unable to collectively obtain an “optimal” developm of the generation set, both in
time and in space (i.e. in terms of location in leéwork).

Moreover, the often long and uncertain permittingcedures, as well as investors’ risk
aversion that makes them wait until they can bétysure of the profitability of new
investments, introduce significant delays betwdmnmoment when a new power plant
Is needed and the moment when it becomes available.

This could cause the so-calledom-and-bust cyclesvhere periods with high reserve
margins and consequent low electricity prices tmnot incentivize new investments,
due to subsequent progressive load increase amttdommissioning of old power
plants, alternate to periods with low reserve nrexditherefore with low security of
supply) and consequent high electricity pricest tbauld lead to a new wave of
investments, thus restarting the cycle.

To tackle the aforementioned problems, in sevefattecity markets worldwide,
regulatory authorities, under the approval of Gawents, defined and/or implemented
specific intruments such as tendering proceduresiéav capacity, capacity payments,
capacity markets/obligations, call options, etc.

According to Regulation (EC) no. 714/2009, Transmois System Operators (TSOs)
are in charge of assessing the present and futieguacy of the power system both at
the national level and, through ENTSO-E, also atHuropean level. In doing so, we
suggest that TSOs should not only “passively” wyehvisage the future generation
development according to market players’ investnbetiavior, but they should support
the implementation of the aforementioned adequastruments being “proactive” and
providing a technical evaluation of how much newegation capacity of the different
types is needed, when and where (the locationam#étwork is very important), on the
basis of scenario analyses concerning in particdlemand evolution, intermittent
renewable sources penetration and network developme
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Of course, it would be desirable that this wholecess could be coordinated and
harmonized at the EU level to increase its effectass and to avoid market distortions.
Furthermore, it must be taken into account thatreegation set that is adequate in terms
of installed capacity and in terms of compositiounld again be insecure if its fuel mix
is not sufficiently diversified, so that a large @amt of capacity could become
unavailable in case of a fuel supply shortage.

In fact, the objective of a greater primary souwloeersification could be reached using
the same above mentioned regulatory instrumentsetnimg capacity adequacy; of
course, the highest political levels responsibtelie overall energy policy are in charge
of the quantitative definition of the objectivedlf in this case TSOs could only play
the role of consultants for technical aspects cormicg the implementation of the
objective and its impact on system adequacy.

Given this short description of the basic functioms can try to define the institutional
arrangements concerning the organization of trassion. We need to clarify that there
is no “one size fits all” approach, as it has totdleen into account what is the final
purpose of the categorization.

In Leveque et al.there is a review of the literature and severabirmtive ideas aimed

to define what type of organization would work bettto serve the purpose of
integrating European Markets. Their classificai®mbased on two dimensions:

« the separation of ownership between Generatiora(@)Transmission (TO),
» the relationship between transmission ownershipsystem operation (SO).

The first point deals with “ownership unbundlingih issue which has not been solved
in Europe yet. There are many variations of howasspn can be put in place: it is
possible to simplify the matter defining companibjch are actually independent (1)
of each other and those, which have a single owlmetrr,have differentiated legal
structures (L).

The second point can de divided into two institodilb arrangements: Transmission
System Operator (TSO), where there is a single emyealing with all the six
activities of the Agrell and Bogetoft list; or Sgat Operator (SO) and Transmission
Operator (TO), where the SO deals with functions 2 and the TO with the remaining
three.

It is possible to combine these functions and tustinal arrangements to provide four
reference institutional frameworks:

1) The independent transmission system owner and pglaSO), where there
is a single company, independent by generatorsagiag SO and TO.

2) The legally unbundled TSOLTSO), where there is a vertically integrated
company with legal separation of activities.

3) ThelSO/ITO where these two activities are completely sepdryethe rest of
the industry.

4) The Independent System Operati®@@/LTO) where the SO is an independent
company (not for profit), with the assets owned/bytically integrated utilities.

° Lévéque F, Glachant J.M., Saguan M., de Muizon(ZB08): “Comparing electricity transmission
arrangements; www.microeconomix.com
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Still following Leveque et al. we quote a seriedieé criteria, which have the purpose
to compare different institutional arrangementsider to define which would be more
suitable to support the objectives set by the EemopCommission in terms of markets
integration.

1) Transaction cost savingsif we consider the functions of a TSO there is an
advantage, from the coordination point of view,h@mve them grouped in the
same company. This is also valid from the pointiefv of the users, who have
to interact with only one company.

2) Performance Based Regulation implementationPBR is a mechanism, which
has the aim to improve the efficiency of the conyp#aking into account a
larger spectrum of parameters in the analysis efgitoductivity of a firm. A
more standard approach is Rate of Return (ROR)laggn, which simply
considers observed costs. PBR is better suitedapture the interactions of
assets with the control (costs of balancing andgestion management) and
maintenance of the system.

3) Conflicts of interests these can arise inside an integrated companyQ)T&
different entities could have diverging objectiv@tere are clear examples as
the tradeoffs between investment and congestioragenent/balancing, which
could induce to sub optimal decisions, increasirgglével of the investments as
these bring superior profits. In terms of SecuatySupply and reliability there
are also clear issues in terms of allocation opaasibilities among different
entities with all the possible institutional arrangents. In the case of vertical
integration, there is a lack of transparency amiild be difficult to determine
ex-post what went wrong, both in terms of operaicend in terms of
planning/investments. In the cases where theralmindling (any type), there
are risks of coordination failur€s which could lead to take uneconomic
decisions. The measures taken can induce overmeestin networks, reduced
use of network capacity, excessive mandatory reserand excessive
investments in generation capacity.

4) Non discriminatory access basically we refer here to the creation of a leve
playing field. There are three possible dimensianghe release of data by the
TSO,; ii) the possibility to connect at fair tariffand iii) the fair allocation of
network capacity and the guarantee of a socialfigieft development of the
network. In terms of data TSOs should guarantee ttiea adequate type of
information is available to market participantsaimon-discriminatory manner.
TSOs also should provide a socially optimal useeaifvork capacity in order to
allow socially efficient transactions and a codlecive development of the
grid.

5) Benefits from regional integration this is aimed to check how the
characteristics of a TSO would be compatible with process of integration
with other TSOs as it is under way in Europe. We paint out two general
dimensions: i) the set of regulatory mechanismsl usecoordinate operation
(e.g. balancing markets, congestion managemenj, ad ii) the institutional
framework. This is to say that good rules are nough, these have to be
backed by institutions, which have the adequatepatemces to monitor and
enforce the decisions taken. This is clearly thedtiion taken with the Third

191n this kind of situation also the ex-post alldcatof responsibilities would be complex.
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Legislative Package, which started the processdnting new actors like
ACER (the agency for the coordination of Regulgtaad ENTSO-E (the
association uniting all the previous TSOs assamig).

We have then presented three categories: i) a igisaor of the activities, ii) four
options in terms of organizational structure amjdfive possible criteria to compare the
efficiency of TSOs institutional arrangements.

These categories are clearly arbitrary: they hheepurpose to help understanding and
comparing companies. Each TSO has a very specganzational structure and a very
unique business environment, which can only bdypeaptured by a general definition.
The point is that TSOs, even if organized usingmmon framework, could have still
disparities that should be taken into account whgslementing policies.

We can list some factors:

* The overall mission of TSOs is the obligation t@yde non discriminatory
access to the network. This means that the TSOotaselect its customers,
which is a clear constraint as there is no fulltowinon all the aspects of the
business.

* The territory (type and size) and weather condgtiare such that TSOs could be
confronted with different challenges both in ternod operations and
investments.

* The same applies with the energy mix, which is ati@rized in this specific
moment in history by a great deal of uncertaintytémms of its possible
developments.

* Policy obligations: a TSO being a monopolist dedinies objectives jointly or
under the close scrutiny of Public Authorities. &nergy policy having an
impact on so many areas of society can clearly bariable difficult to control
and which can exacerbate differences among operator

The concepts laid out will give us the basis tospre# some of prominent issues
concerning TSOs and the development of an integjfateopean Electricity Market.

We have three institutional topics: i) the choidecongestion management method, ii)
merchant lines and iii) the choice of organizatianadel of TSO.

Then we will take a look at the current institutamctivities: i) the work program of

ACER, the recently formed association for the coafen of Energy Regulators, ii) the
Ten Year Network Development Plan of the assoaiaticthe European TSOs ENTSO-
E and iii) the ENTSO-E Research and Development.Pla

The aim is to give on one side the flavour of thecassions behind the institutional
design and on the other side an update on howigelkee being currently implemented.
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5.2 Institutional Topics

5.2.1 Congestion Management

In this section we will give an overview of the igpis in terms of congestion
management for the European MatkefThe topic of market integration has a long
history with solutions developed since the earlys9@ Scandinavian countries and
since 2000 in Central Europe. It keeps being exttgmctual as the system will have to
accommodate more renewables, requiring an increfsetwork investments and the
use of smart grids.

Congestion management is essential in order torataael the value of investments
both in terms of generation and of transmissionhWES the location of investments
cannot always be freely decided and then it isnoftet close to the zones with higher
consumption. It is then clear the importance obaert assessment of the value of the
transmission grid as it can be a considerablegddahe whole investment.

With RES the use of the interconnections acrostesyswould also be increased since,
given the random nature of generation, this caieotoordinated with load, with the
ensuing necessity of redirecting flows towards deinan other control areas. Using
congestion management adequately it is possibiectease the available capacity of
the interconnectors to avoid additional grid inwesits. Another positive effect is the
possibility to have more flexible markets, whicle @apable to fully use the available
information, approaching then trading and real toperations. This would impact the
development of Demand Response and facilitate slkeeofiwind or other RES forecast
data.

There are currently two systems in Europe for chmssler congestion management:
explicit auctioning of physical transmission riglatrsd market coupling.

Explicit auctioninghas market participants acquiring through auctit|eesmission
rights for specific interconnectors between twortdes. The auctions are carried out
before market results and TSOs jointly decide tengjty of rights available.

Market participants then, in order to complete rthinsactions need a corresponding
amount of transmission rights. TSOs use balanaamgices in order to compensate for
deviations with respect to the planned dispatch.

This type of auction is limited by the fact thaisitbased on estimates both by TSOs and
by market participants. TSOs have to assume networlditions to determine the
available capacity on the interconnectors and marketicipants need to forecast the
price differentials across markets. The output theald be not efficient as forecast
errors or attitudes towards risk could lead to sireée outcomes. TSOs for example
could reduce the capacity made available as otBerttiey would incur in balancing
costs. As markets clear the day ahead also theoaudbes not have the necessary
flexibility to incorporate accurate wind forecastg)ich can be obtained only few hours
in advance.

1 we follow K. Neuhoff (2011)“Europe’s Challenge: A Smart Power Market at then@e of a Smart
Grid”, Climate Policy Initiative.
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Market Coupling® is a method that uses the bids on the power exelsato integrate
markets in different areas. Power Exchanges amrnrdd by the TSOs about the
available capacity between countries, then theythesdids subject to the transmission
constraints to clear the markets. If we compaseitih the explicit auctioning then the
market participants do not participate in the arctior transmission as their bids are
automatically taken into consideration for the srberder markets.

Besides these two there are also two other availaptions that could be taken into
consideration in order to improve the performanicine system.

International Loop Flowsas we have seen in the previous examples onlgifspe
interconnectors are auctioned. Power flows in praado not follow a unique path, but
separate at the origin taking different routes atiog the laws of physics. Then a
transaction could go through several borders impglydifferent calculations for
transmission capacities. Then we can see how inptegious types of auction a
simplified approach has been taken, that has theetuence of inducing TSOs to give
a conservative estimate of the available capacitiesrder to calculate power flows it is
necessary to know the origin of the generation,ctvhs not made available to other
TSOs. It has been then proposed to take this irdtam into the calculations in order to
increase the accuracy of the forecast.

Locational Marginal Pricing (LMP) LMP represents a market where prices at each
nodé? reflect transmission and generation constraints.

These location-specific prices are made up of thomeponents: energy, congestion and
losses. The energy component (or marginal costg¢fimed as the cost to serve the next
increment of demand at the specific location, aeyavhich can be produced from the
least expensive generating unit in the systemgtiahas available capacity. However,
if the transmission network is congested, the negtement of energy cannot be
delivered from the least expensive unit.

The congestion component, or transmission congestst, is calculated at a node as
the difference between the energy component optlee and the cost of providing the
additional, more expensive, energy that can beeled at that location. The congestion
component can also be negative in export-constlageas where there is more
generation than demand.

Nodal prices are adjusted to account for the mafginst of losses. If the system was
entirely unconstrained and there were no losse)y@aLMPs would be equal and would
reflect only the energy price.

In order for market participants to hedge for puidgerences between nodes LMP type
markets provide Financial Transmission Rights (FTIR)R are financial instruments
that entitle the holder of the FTR to receive aslud the excess payments collected for
congestion costs that arise when the transmissimhig congested in the day-ahead
market. The amount of money of the FTR can be usedffset congestion costs
incurred for higher Locational Marginal Pricing thaarket participants may have to
pay, or it can be an additional source of reverareFinancial Transmission Rights
market speculators.

2 This method is currently used for the interconioest between France, Germany, Belgium and the
Netherlands. It is also called implicit auctionirgs market participants do not bid directly for
interconnection capacity.

13 A node is a point in the system where either glett is injected or extracted.
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Comparing the models one can notice that we hagesepted them according to an
increasing ability to represent real situations. rikda Coupling incorporating
transmission bids into power exchanges is moreidlexwith respect to Explicit
Auctioning as it does not require market particigaio forecast the necessity of cross
border transactions.

The International Loop Flows methodology captutes impact of cross border loop
flows on the system, with clear advantages in teah@lanning and definition of
availability of lines.

LMP adds an additional dimension as it considess #he congestion occurring inside
the control areas, which is very frequent. It cafphthen to have a better view of the
system for planning purposes as there is morenmdton on the value of the network,
but also to reduce the number of critical situagian there is less need of redispatching.
LMP also allows to better operate intra-day andgbehg markets. These would have
an increasing importance with the deployment of RE& Demand Response.
Intermittent generation can be forecasted with emuonly few hours before dispatch,
it is then not fully compatible with day ahead netgk Then it is important to have
performing intra-day and balancing markets as itfld¢de a way to integrate these
resources more efficiently and having them considiers a suppoand not a problem
for the network.

The same applies to Demand Response which needlsldlenarkets in order to fully
exploit its potential.

Market Integration then offers some attractive lest:

» Visibility of the system: TSOs having full visitiji also of other control areas
can have a dramatic improvement of their understgndf the overall system.
This can reduce unexpected emergencies that ipastehave occurred for a lack
of transmission of information across control areBSOs then can take more
easily coordinated actions to react to accidents.

» Pricing reflective of transmission constraintsstig not possible with the first
three methods as these are based on estimates 86s, also performed with
a limited knowledge of the system. The consequesg®t having a realistic
valuation of the cost of producing and transmitthectricity.

» Generation constraints: using full information twe system allows to take into
account production patterns of individual unitafstup costs and ramping). The
effects are also an increase in efficiency andréuiction of risks of having
unexpected unavailable generation.

LMP being a well defined methodology which produt@ge amounts of information
would facilitate the regulatory control of TSOsieities™*:

e It would eliminate the risk of collusion with natial or vertically integrated
producers through limiting access to national mstke

* It would also allow a better monitoring of TSOseirtal management.

« As we have mentioned before, the definition of ke cross border
transmission capacity could induce to unnecessangarvative estimates. The
incentive of TSOs are either the reduction of risksincreasing operational

14 Basically it would reduce or eliminate the asynmiestof information between Regulators and TSOs.
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costs or the preference to motivate network exjpansther than using it more
efficiently™®.

The scope of this overview is not to propose sohsj but rather to show the basis of
the current discussions on improvements of the estign management procedures and
the consequent implications for TSOs.

5.2.2 Merchant Transmission Lines

Merchant Transmission Lines are grid investmentgeld@ed not by TSOs, but by
private investors in order to exploit price diffeces created by bottlenecks between
areas. They are not subject as TSOs assets toreggiflation and Third Party Access
(TPA), but they are compensated with special sckemleich have the purpose to
stimulate this specific type of investments.

Given the objective of creating an integrated EsespMarket and the current situation
of underinvestment in interconnections, they hasenbconsidered an interesting tool to
achieve current policy objectives.

Following Rious® we are interested here in the analysis of ingitad risk, which
investors should consider before taking their deois

First it is necessary to define the differencesvben the investment approach of a
regulated TSO and that of private investors.

TSOs have the objective to optimize the transmissietwork, in economic terms this
means equating the marginal cost of additionalstrassion capacity with the social
benefits, which in a market model is the priceati#hce between zones.

It is a standard case of public goods, that how#wemn does not fit necessarily into the
logic of a monopolist as the profits deriving frgmice differences do not allow to
recover fixed plus variable costs.

The monopolist would choose instead to build a Enalapacity, which implies a
higher price differential. The optimal capacity Bmonopolist is set at the point where
the marginal cost of building equals the marginalenue given by the price
differentials, the point where congestion rentsmaximized.

Permission to build lines is granted by Regulatetsp accept non-optimal investments
as they are still improving social welfare with pest to the situation where these were
not carried out.

This is a network expansion at no cost where thesliare used only if it makes sense
from the economic point of view; customers arectarged for the lines, they pay only
if they use them.

The question is then why these lines are then eoigbbuilt by TSOs; apart from
permitting procedures, there can be multiple reasae can say that often when two
countries are involved welfare improvements andcalfion of costs cannot be easily
assessed, not inducing TSOs to find an agreement.

Clearly the asymmetry in regulatory regimes giviedent incentives, then it is not
surprising that under certain conditions privateestors could replace TSOs.

> The TSOs could option for an unnecessary developroé the network as it could reduce the
operational risks and increase their asset base.

'® Rious V. (2010)“Regulatory risks for merchant interconnectors retEuropean electricity network”
WWW.microeconomix.com
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In the Third Package of the European Commissiorethee rules for handling decisions
over Merchant Lines.

The investors have to ask permission of exemptiom fTPA (or to be able to retain the
rights of congestion management) to the involveniliaors; ACER, the Agency for the

Cooperation of Energy Regulators, can interveng ¢mimediate if Regulators have

different views and give an advice on the applargtibut it cannot overrule the

decisions taken at national level.

It is then a case of subsidiarity, which is in aywaasonable as it deals with clear
interference on national interest.

In the Third Package there are guidelines for dateéng if Merchant Lines could be
accepted:

(a) the merchant interconnector should enhance @titiqn in electricity supply;

(b) the level of the risk is such that the invesim&ould not take place unless the
exemption is granted,;

(c) the interconnector must be owned by a persgallye separate from the TSOs;

(d) charges must be levied on users of the interector;

(e) since the partial market opening referred toAinicle 19 of Directive 96/92/EC, no
part of the capital or operating costs of the im@nnector has been recovered from any
component of charges made for the use of transonigsidistribution systems linked by
the interconnector;

(f) the exemption is not to the detriment of coitipator the effective functioning of the
internal electricity market or the efficient furming of the regulated systems to which
the interconnector is linked.

The principles from (c) to (e) are fairly straightivard as they deal with standard
unbundling arguments. Clearly participation to t&nership by TSOs could give
incentive to perverse strategies in order to ir@aghe demand for the Merchant Lines,
with consequent extra profits.

Lines also should not be financed through tarifist rely only on congestion charges
paid by users in order not to interfere with staddeSOs revenues.

The three remaining points instead, even if thaiionale is fairly evident, might lack
effectiveness in terms of implementation.

It is easy to agree on the principle behind coadifa), but it seems difficult to verify if
competition is effectively increased by the investin For example investors might
back their investments at any time with long tentcacts, which could bring negative
effects. These still could be hardly verified exeaas also their impact could vary over
time.

Condition (b) is vague as we do not see how thecasild be estimated. It also does not
deal with one typical feature of these exemptionthe duration. Investors negotiate a
period of time, which is necessary to allow to remoinvestments; the risk factor it is
then captured by the length of period under whiuh investors are allowed to keep
congestion charges.

Condition (f) partly duplicates (a), being a softa softer version, probably more
suitable to the situation as it indicates that stneents should not be allowed which
could favour anti-competitive practices. It is inm@amt to notice also the part of
interference with the system, as there is the pogito increase system costs if new
lines are introduced.
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We can see how the discipline is based on veryrtaingparameters that do not seem to
give the necessary framework to start what is dlyc@pplication procedure by the
potential investors.

It should be then made an effort to provide a lag@n, which could help investors to
realize ex-ante the potential of approval of thewestments, instead of having to rely
on what is basically a on a case by case procedure.

The regulatory framework as a matter of fact, & tibjectives are considered a potential
benefit for the society, should be a facilitatopesally in a sector where there are
structural conditions that do create a complexrmss environment.

Transmission investments have very high costs dodalife span of 30 years or more,
revenues depend on price differentials between etark we think about the day ahead
the investment analysis should focus on the joourly volatility in the two markets
connected by the merchant line.

All these factors present great challenges for stavs that should be taken into
consideration in the drafting of Regulations.

5.2.3 Organizational models for TSOs

Following again Leveque et al. (2008), we preskairtproposal for comparing models
of TSOs. It is an extremely interesting reflectmm the functions of TSOs considering
the context where they have to operate.

The purpose of the study was to take fairly stashdasults on the institutional structure
of TSOs and show that what seems obvious for desmgrket could deserve a different
interpretation if put in the context of an Europeaarket, which as first priority has the

integration of national markets.

Previously we have shown their methodology whicltest a series of five criterion that
they use to compare different TSOs institutionalamgements. They perform a
qualitative test for each criterion on each instoal arrangement giving either a
negative or positive mark. To compare they sunpthstive and the negative and make
considerations on the weight each criterion shdwlde. The methodology is clearly
really simple, but it allows to develop a framewddk decision making through the

process. There is clearly no empirical test capdbleassess the quality and the
performance of these institutions, thus this iseful alternative with results that have
to be taken as a starting point for discussioneraifian conclusions.

These results are based on theoretical designsdar to be used for implementation
purposes. The quality of the institutions, if nerforming adequately, can easily alter
the effects assumed in the theory.

Taking the case of a single system we go througldiffierent criteria.

1) Transaction cost savings For this the important factor is the coordination
between activities. Operation, maintenance and simvents cannot be
considered separately. Then ITSO and LTSO arerbpttdormers. It can be
said that the administration costs due to separaticactivities are only a small
fraction of the total costs of transmission. Siill terms of strategy possibly
some synergies are lost in the separation of dpasaand planning.

2) Performance Based Regulation implementationAlso for this criterion having
the activities integrated could be more desiralla. ISO could have less
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incentives to perform as it could not have to kibarfull consequences of his
actions. An ITSO would be induced to plan the nekwio reduce congestion
costs, an ISO is not responsible for planning ttes effect could be lost. Also
it might be less costly for the regulator to extraformational rents dealing
with the two activities with one firm rather tharnthvseparate firms.

3) Conflict of interests: in this case the preferred structure is the 19@e
integrated companies could have the interest touiain the planning procedure
to increase their assets rather than optimize c¢hgoalso other solutions
(centralized generation, distributed generatiowelovoltage networks). In case
of accidents it could also be easier for an integtacompany to distort the
information concerning responsibilities.

4) Non discriminatory access non discriminatory access is clearly an issueafor
vertically integrated company as the incentives against giving access to
generators owned by competitors and to reduce rdresrission network to
increase market power.

Then in order to capture the cross border dimen#ienfifth criterion has to be
checked.

5) Benefits from regional integration the evidence seems to go against the ITSO
model as international experience shows that IT8®s0t seem to achieve
cooperation easily. In terms of operation they gagrease their profits not
revealing information over their network reducingiable capacity; in terms of
investments they would try to shift the costs @érnonnectors to others as again
due to informational asymmetries it is difficult &locate costs. These effects
would be enhanced by a weak regulatory regime orass border issues. As a
matter of fact National Regulatory Authorities migiot have also any incentive
to optimize welfare at the European level as timaplicit duty is to preserve
national interests. There are examples (PJM irJ®gin favour of an ISO as a
type of company that can integrate easily otherpaomes as to coordinate with
one or more asset owners would not present a gbsaéacle. Also PJM and the
US market show examples of agreements across |S@sghbouring areas.

The results of the analysis can be then summahyéhe following table.

ITSO LTSO ISO
Transaction cost savings + + -
PBR implementation + + -
Conflict of interest - - +
Non-discriminatory access + - +
Benefits of market integration + - +

In order to have a ranking what is necessary isatee an assessment of the weight of
each criterion.

ITSO remains independently of the weights the besbn for an isolated system, but

this could not be true for an interconnected system

If the reduction of transmission costs given bye#tdy internal organization and a better
performing regulation then the ITSO model is giféferable. This case could apply to
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systems with weak interconnections, similar priaed internal congestion: basically a
reduced need/possibility of international trangatti and priorities in terms of cost
reduction at national level.

Instead an ISO could be preferred for systems \aithhigh level of international
exchanges and conflict of interest. On these lareextreme solution for Europe could
be to transfer the duties to a unique ISO withadessarily changing the ownership of
assets.

This type of conclusion is clearly questionablet, ibhas solid arguments especially if it
is considered with the adoption of LMP in termsyadrket design.

5.3 Implementation

After the analysis of topics in institutional desiq this chapter we will cover three
topics, which are the result of the implementatéthe Third Legislative Package. We
have then the description of the 2011 work progcdrACER, the ENTSO-E plan for
research activities and a description of Ten Yeatwdrk Development Plan activities
also by ENTSO-E.

5.3.1 ACER program 2011

One of the most frequent topics under discussioweming the implementation of the
European Electricity Market has been the neces$itysingle European Regulator. As
a matter of fact the process of market liberal@attould not be deployed efficiently
without a legal framework, which could address th&eractions occurring across
borders. It has been clearly shown that cooperatioa voluntary basis among NRAs
(National Regulatory Authorities) could not tackésues in terms of trading, network
investments, connection of large offshore wind &rde disturbances to the network
created by wind.

The Third Legislative Package on the Liberalisatofrthe Energy Markets is a very
concrete attempt to provide a suitable legal fraotkwto support an effective

integration of the national markets.

In this section we are not going to go throughttistory of the process that started from
the creation of the association of European Regrida{(CEER) and a series of
coordination activities, but we will rather pragmatly focus on the implementation of

the package and especially on the work program @ER, the newly formed Agency

for the Cooperation of Energy Regulators.

As can be seen from the name the Agency is noEtlepean Regulator, but rather an
institution with no legislative powers and with thesk to coordinate the activities of
NRAs and their interaction at European level witd stakeholders.

There was no agreement in the preparation of TRadkage to transfer significant
powers at EC level, still in principle it is a sificant progress with respect to the
previous situation. All the main issues hamperimg completion of the IEM have been
identified and a series of dedicated actions haen established.

This function is not negligible as there are clganblems in this type of context where
work has to be allocated to each NRA and also herastakeholders. An independent
institution with a separate dedicated budget cawige the necessary drive in terms of
management and provision of the necessary infoomatit can also improve the
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transparency of the process in terms of reportmgthie public bodies and other
stakeholders.

The list of the main duties is the following:

* In terms of TSOs the monitoring of the cooperataregional level and the
completion by the tasks assigned to ENTSO-E bylitestive.

e The monitoring of the internal market with the dtwyreport to the Commission
and the Parliament.

* To develop the Framework Guidelines for Network &€odaccording to the
priorities set by the European Commission. The @linds are not binding.

* To verify that the Network Codes developed by ENTESOn the basis of the
Framework Guidelines are, in fact, consistent withh Guidelines.

* Making recommendations to assist regulatory autiesrand market players in
sharing good practices.

* Consulting interested parties, where appropriateJ provide them with a
reasonable opportunity to comment on proposed messsuch as network
codes and rules.

» Contributing to the implementation of the guideinen trans-European energy
networks.

» Contributing to the efforts of enhancing energyusityg.

e Take individual decisions based on specific casdsted to the NRA, cross
border infrastructure and other tasks.

» Decide on cross-border capacity allocation and estign management and on
TPA exemptions for new infrastructure when it ikexb to do so by the
concerned NRAs or when they fail to reach an ageegmwithin a specified time
period (generally six months, which can be exteridddelve months).

The governance is composed by a Director who iswatable to the Administrative
Board (AB), which has the role to verify that diettasks are carried out. The AB has
nine members, five chosen by the Council and tweh dsy the European Parliament
and the European Commission. The Board of Reguslggmvides guidance and advice
especially on recommendations and decision issyedidER. The members are senior
official of NRAs and one non voting member from themmission.

There is also a Board of Appeal that will decidetba appeals with respect to the
decisions taken by ACER.

ACER will start its activities in March 2011 in ljjjana after an interim period in
Brussels.

In this section we give an overview of the workgmamme for 2011, it is interesting to
highlight a remark by the current Director indiogtihow the actual work to be carried
out could be planned up to certain degree as thiesdaf ACER depend very much on
external contributions and requests. This can barlyl inferred by the list of tasks for
example the cases of requests of exemption of TPA.

ACER is responsible for the supervision of the lyeprogram of ENTSO-E, the aim is
to monitor that the program follows the basic piphes behind liberalization or
promoting competition, guaranteeing non discrinonaticcess and a sufficient level of
interconnectivity between markets.

The other tasks directly related to ENTSO-E cont¢kenTen Years Development Plan;
ACER has to provide an advice on the plan. As igithe first year of activity ACER

77



SECURE-SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,

RISK AND ECONOMIC IMPLICATIONS
, Se Cur e PROJECTNO 213744
plcations /'

w Security of Energy Considering its Uncertainty, Risks and Economic imy DEL'VERABLE NO 5 6 6 7—S—E\EH FRAMW
o PROGRAMME

will build on the preparatory work of ERGEG and thexlicated working groups, which
are constituted by representatives of NRAs.

ACER is responsible for the drawing of Frameworkideélines for Network Codes,

these guidelines are the result of a consultatimtgss. The ENTSO-E will have the
responsibility to draft the Network Codes, whickestually will be reviewed again by
ACER.

The following Framework Guidelines for Network Cedere envisaged for completion
in 2011:

» Capacity allocation and congestion management
» Grid connection

» Operational security

» Balancing

ACER will also continue previous activities deveddp by ERGEG in terms of

monitoring national markets. This requires a spetogus on guidelines for the

collection of data and definition of indicatorsarder to have homogenous information
that can allow benchmarking exercises.

Each NRA has to deliver a national report on theettgments in the Electricity

Market. ACER has to monitor this activity, collethe reports and produce a
benchmarking report and a general assessment @vohion of markets.

The priority topics for 2011 should be the follogin

* Monitoring the progress concerning the implemeatatof projects to create
new interconnector capacity.

* Monitoring compliance with electricity and gas r&gion and related active
guidelines.

« Monitoring the Regional Initiatives of TSOs, espdlgi the implementation of
the Network Codes and related binding rules.

* Monitoring compliance with consumer rights.

ACER has the role of coordinating not only NRAs arnsOs, but also to ensure a
transparent and effective consultation processlumvg all the relevant stakeholders.

On the program there is a commitment to developdstal procedures to guarantee
consistency. This activity will follow the work derby ERGEG that already launched
several consultations in recent years.

The consultation process will be complemented Isgrées of events with the purpose
of collecting opinions and also to present thelfdwuments.

ACER will also act as a coordinator of regulatansl &n the program is indicated how

there will be a progressive change aiming to ha@ER as a sole responsible

eventually suppressing ERGEG. There is no precissngement indicated on how

formally the interaction will work, only the fadbdt a working group will be established

comprising representatives of NRAs, ACER and theogean Commission.

Being the program of the first year of activitysthard to foresee the effective impact of
ACER on the future evolution of the European Market

On one hand the approach clearly covers all thevaelt issues that is necessary to
tackle to support an effective integration of méskand the security objectives, on the
other hand there are concerns of the possiblediitistruments or resources.
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It should be verified that the lack of legislatipewer would not be an obstacle to
resolve issues that concern a large number of MerSkaes and stakeholders. This
could have an impact in terms of type of decisierthe result could be an excessive
degree of compromise and in terms of timing asetier high risk of long delays.
Another crucial point is the production of knowledgupporting the decision making;
the current process is very decentralized assigmegponsibilities to NRAs and
associations. It has then to be seen if, even th@lsupport and monitoring of ACER, it
will be effective and would not suffer of a lack bfgh quality expertise or the
impossibility to generate the adequate resourcefinamce studies on the relevant
topics.

5.3.2 ENTSO-E research activities

In this section we will give a brief overview ofeticuropean Network of Transmission
System Operators for Electricity (ENTSO-E) Reseant Development (R&D) plan.
The purpose of the report is to present the rebeaetivities carried out by ENTSO-E
as required by the Third Legislative Packdge

We find useful to analyze it as it allows to idénthe major challenges faced by TSOs
and the related level of additional knowledge nédadeorder to achieve them.

The plan is not being developed in isolation, Ibdttelongs to a series of EC initiatives
like the European Electricity Grid Initiative (EEGland the Strategic Energy
Technology (SET) plan. The EE8is a platform for TSOs and DSOs to develop R&D,
the SET coordinates a series of industrial platforms like EEGI, setting the overall
priorities in terms of development of Energy System

ENTSO-E could have a direct role in developing R&Dt the main task is to define
topics and monitor the project portfolio, focussiegpecially on an adequate level of
TSOs participation and the dissemination of restdtsall the stakeholders (Utilities,
Regulators, European Commission, NGOs, etc.).

The first plan was produced in 2010 and shouldguated every two years.

The plan is a support to the ENTSO-E vision for tevelopment of the European
Energy Policy; the following general principles a@ new, but they are complemented
by the specific angle given by TSOs to each of them

» Security: this is seen in terms of coordinated apens, indicating how the
objective is to have a fully coordinated system.

* Adequacy: a common plan of grid investment to suppearket integration
objectives and the deployment of RES.

* Market: the development of a well functioning in@gd European Market,
based on standardized principles and a transpafearogwork.

e Sustainability: basically the deployment of the @nfarid technologies that
facilitate the RES integration.

ENTSO-E also lists several actions which will supploe vision:

7 https://lwww.entsoe.eu/rd/
18 hitp://lwww.smartgrids.eu/
19 http://ec.europa.eu/energy/technology/set_plangést _en.htm

79



SECURE-SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,
Secure RISK AND ECONOMIC IMPLICATIONS
) PROJECTNO 213744

E Securtyof Energy Considering s Uncertainty, Risks and Economic mplcatons =/ DELIVERABLE NO5.6.6 o H S b
o PROGRAMME

» Collaboration with manufacturers.

» Collaboration with research centres and Univesi@ehancing the exchange of
information and providing a stable financial suggamework.

» Testing of the results by ENTSO-E members.

* Anincreased use of ICT solutions to achieve atgresystem flexibility.

» Cooperation with DSOs and manufacturers in ordestimulate the use of
Demand Response as a necessary tool to use tcéata@rmittent generation.

Given the general principles, we are going to arelye four work streams or clusters
of activities; we will give only a stylized desdipn of the two addressing only
technical issues.

Markets and Regulation

The attention here is given to the role mofrket facilitator given to TSOs. After
liberalization there has been an ongoing struggtevéen an efficient market design and
the limitations imposed by physical properties loé transmission of electricity. This
area is then extremely interdisciplinary as it ttatake into account both economics and
technical approaches. In this area the regulatespes related to integration of
decentralized generation are also analyzed.

Regqulation and Distributed Energy Resources (DER)

There are several open questions related to theyepnt of DER. As a matter of fact
the complexity of the interactions in Electricityysfems does not allow a clear
understanding of the cost benefit analysis of tlieshnologies. Moreover there is no
clear answer on what should be the institutioneupewvhich would allow to include all
the benefits.

* Network expansion and connection of DER: deterngrgéonnection rules and
an institutional framework to promote an optimatw@k expansion.

« Computation of emission savings of DER technolagies

e Innovation incentives: to develop specific inceaivschemes to support
innovation at DSO level.

* The development of a regulatory framework for Sjerand Demand Response.

There are two overall recommendations: to work towahomogeneous national
regulatory frameworks and the inclusion in the tatury methods of provisions for
guality of service and reliability.

Dynamic Market Simulation Tools

This topic deals with cross border operations avestments and their impact on price
formation in Electricity Markets.

* Modelling the strategic behaviour of TSOs as esaleattors in the market.

* New methods of cross border congestion management.

* The development of methodologies to assess thecimpa investments on
markets efficiency.
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* The impact of long term contracts on markets.

These topics are not new, but what is importanintderline is the approach proposed.
There is a commitment to integrate physical andvast market models, involving
directly TSOs with their expertise and data.

Also it is recognized the non neutral position &Js, implying the necessity to study
the incentives of TSOs to implement the desirecbadrom a regulatory perspective.
The risk of underestimating the strategic natureT80Os is to develop rules that
possibly will be not be followed adequately. As attar of fact legislators have to take
into account the informational asymmetry that oftemplicates the monitoring.

Cross Border Balancing and System Services

Due to the development of RES system servicesbeillequired to be more performing.
Two areas are indicated, one dealing with operatenmd the other concerning market
settlements:

* Maintaining frequency within predefined limits.
* Online management of network congestion arisinghfesratic deviations.

DER Deployment

An analysis of the possible solutions to deploy DEfR focus is on aggregation/virtual
power plants solutions. This implies to define #idyecoordination between TSOs and
DSOs as one of the purposes of aggregation iswe B&ER interacting with markets

and also offering balance and system services.

Pan-European Grid Architecture

The first cluster has the objective to tackle tlssues concerning planning and
investments in transmission infrastructure. Thecpss of liberalization and integration
of the European Electricity Markets created thednteepropose new methodologies in
terms of planning and solutions in order to copthwecent environmental and socio-
economic constraints.

The drivers are well known: the lack of coordinatio investments across countries,
the increase of transit on cross border lines hadrequent lack of acceptance at local
level of transmission lines.

These issues require a consistent regulatory framewhich could help overcoming
the current shortcomings with transparent rulestemrms of cost allocation and
permitting procedures.

There are three axes of research.

Scenario Building

It is unavoidable in order to support a large inrents plan to establish medium and
long term scenarios (2030/50) for demand and génara

The exercise will be carried out without considgrinetwork constraints, but only
generation. The options will have to consider auirrand possible future European
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Policy options. It is remarked how it will be exptly modelled the impact of storage

and demand response on peak demand.

It is not indicated, but the results should suppgbag ENTSO-E Ten Year Network

Development Plan, which will be covered in the nexdpter. It is instead indicated the
creation of a tool box with open access to be usedder to discuss the results with the
stakeholders.

Modelling Tools and Software Solutions for AsselaniRing

The activity is self explanatory, we should highlighe remarks in the document on the
necessity as a part of the development to defieeoperating rules for security and
establish the principles supporting the role of tif@smission grid. This indicates as
one of the real issue the fact that it is necesgatye accurate in defining the tasks of
TSOs at national and European level.

Architecture for Pan European System

System architecture is based on the two previotisitees and the technical research
developed in the other clusters. The provisions areattention to the long term
evolution of the system in order to follow the lifgcle of the investments and the
inclusion of regulatory measures.

The regulatory issues are again key as cost aidocatnong TSOs is a key issue for the
development of the European grid.

In Europe in order to maximize welfare it is notspible to allocate costs on what has
been built inside a system as many investments Ighioet undertaken to address
contingencies in other areas. It is then necedsangve tools which assess who are the
beneficiaries of the investments and charge themdaguate amount. Examples can be
countries which are transit areas (generation aad being in other countries) and then
have no incentive to reinforce their system if adéquately compensated.

Technology and Training

The last two clusters are dedicated to technol@gyulation tools and training of
operators. We will indicate just a list of techngiks without any further comment as
this is outside the scope of our analysis.

« WAMS (Wide Area Monitoring Systems).

* FACTS (Flexible Alternating Current Transmissiorsg&yms).
e Super conducting current limiters.

e Super conducting cables.

* Phase-shifting transformers.

* Underground smart cables.

» Electricity storage technology.

* Smart metering, and Demand Response supportingrequi.

The research plan also incorporates a detailedrgamee framework, which has several
objectives. There is a need of monitoring the éffas the funding will be charged to
the users of the grid; the activities will be cadriout by a large pool of actors
(Universities, Utilities, consultants, TSOs, Resba€entres, manufacturers) and it is
fundamental to award excellence choosing the beshould be provided that the
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results will be integrated in the TSOs activitieslat should be guaranteed that the
research should always be in line with the EuropBaergy Policy objectives and
discussed in a transparent manner with all theesialklers.

5.3.3 ENTSO-E Ten Year Network Development Plan

The TYNDP had its first version in mid 2010: it wasbmitted ahead of time by
ENTSO-E with the purpose to gather some essentfalmation, but without fully
developing all the tasks indicated in the Third iskgive Package, which are the
following:

* Modelling of the integrated European network.
* Scenario development.

» European Generation adequacy outlook.

* Assessment of the resilience of the system.

Our analysis will focus then on what can be consideas the intermediate results of the
2010 publication and on the scenario outlook thiitaonverge on the 2012 edition.

Investments in the 2010 TYNDP

This part was developed with a bottom up approaiing to all the TSOs to report
investment plans and investment needs at shorireaium term. These were analyzed
by TSOs at regional level with one country possipérticipating to more than one
region. Regions are then determined as areas ghesuoes that have to be tackled
together.

France for example is in three of the seven claskgih very different implications: the
North Sea (including Norway, the Benelux and the )U&s being indirectly
interconnected to the exports of Norway; the Carttal Central South with Italy and
Germany given the large amount of cross-borderanxghs and Continental South West
with the Iberian Peninsula. The connection betwEeamce and Spain are clearly a
determinant of the development of the Iberian Marke

The issues driving the clusters are the following:

* Renewable integration in the North of Europe: thesls with large deployment of
offshore wind power and the issues related to ocotiorg inland grid reinforcement
and need of increased balancing.

* Renewable integration in the South of Europe: thglayment of solar and wind in
the Iberian peninsula; again here the focus israhrginforcement and balancing.
The need for an increased interconnection with ¢é&as indicated.

» Baltic States integration: the plans for integnataf the three Baltic states into the
European Market. The new interconnections withdfidl Sweden and Poland will
also induce an internal reinforcement plan.

* North-South and East-West flows: this cluster hay diversified targets. We can
quote: the integration of increasing flows due tadypower in North Germany; the
expansion of the interconnected zone to Turkey thedUkraine; the increase of
hydro capacity in Austria and Switzerland; the dgpient of new generation
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capacity in Bulgaria, Hungary and Croatia. The etioh of the generation capacity
and the new possibilities of interconnection witlrrently not synchronous areas
will have then a huge impact on the investment seed

* Connection of non RES generation as 100 GW is glario be developed before
2020.

It is useful to quote also some data on investm&lih3020. The data reported (length
of new or upgraded connections in km) consider ahlg projects which have a
European impact, counting then not only cross-hoiolg also national projects which
are relevant for transits.

DC links 9600 km

AC Lines 32500 km
of which AC Lines 400 kV 29600 km
Total 42100 km
of which in mid term 18700 km

The 400 kV lines represent the most efficient tetbgy that also does not have
compatibility problems with the current system. T»€ links are basically all sub-sea
or underground cables.

Given that the ENTSO-E network consists of 300000df lines, the new investments
represents 14% of the existing grid.

A classification of lines according to the impact the three pillars of the European
energy policy is also provided. As each investnentid address more than one pillar
the total number is far greater than 42100 km.

Security of Supply 26000 km
RES 20000 km
Integration of European Market | 28500 km

In terms of costs, estimates are given for projecsipleted by 2015 with a total
amount ranging between 23 to 28 billion €, a figilva highlights the future challenges
for the sector.

An interesting remark is how, given the restriciomposed on new lines, unitary costs
could often be much higher than in the past. Fanmgle, underground DC cables can
cost up to 8 times with respect to a 400 kV ovedHee.

Scenario Outlook and Adequacy Forecast

The Scenario Outlook and Adequacy Forecast (SO & 28R 12025 is the first part of
the exercise leading to the 2012 TYNDP.

The purpose of the scenarios is to support theysisalo be made on investments and
markets performance. It also has to assess theaajemeadequacy both at a general
ENTSO-E level and for the six regional areas. Inm&e of adequacy there is also a
monitoring exercise made on national plans seMt®ys.
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With respect to the 2010 plan that had two bottgnscenarios A and B (conservative
and best estimate) the 2012 plan includes als@ adavn approach (EU 2020) that is
based on the on the National Renewable Energy A&lans (NREAPS).

These were submitted by most European countrigaglthre summer of 2010 showing
the process towards the 20/20/20 strategies adbgtdte European Union.

The outlook contains also a series of estimatettaors to assess the contribution of
the power sector on the above targets, reflectiegimpact of efficiency measures on
electricity consumption, the impact on €@missions and the RES share in the overall
supply of electricity.

The data collection was estimated for the year920015, 2016, 2020 and 2025, with
as reference points two days in the year, one fatewand one for summer, th& 3
Wednesday in January at 7 PM and tf{aABednesday in July at 11 AM.

In the report there are comparisons between s@aneriorder to have an idea on how
generation adequacy and investment needs will imaler different conditions.
Comparison between scenario B versus the EU 20@@ssthe differences between the
investments considered by TSOs with respect toetimexessary to meet the Political
Target and the NREAPs. Comparison of scenario A wienario EU 2020 instead
compares the investments already decided by TSOs.

The Scenario B and EU 2020 will be those used i studies leading to the
identification of the necessary grid developmeni$ adequacy assessments.

The overall results for the European Union show hbes EU 2020 scenario ensures
generation adequacy reaching:

* a 9.6% reduction of consumption of electricity dhe introduction of energy
efficiency policies;

» alevel of consumption of RES generated electriegyal to 36% of the overall
demand;

* a CQ emission reduction between 26 and 57%.

Given these favourable perspectives the challeigadiis to confront these figures
with possible transmission arrangements so as @oseghthe most efficient among the
possible options.

5.4 Concluding remarks

The purpose of this chapter is not to draw conohussisince the current situation can be
considered as a period of transition.

We covered two main aspects: some key institutissales on the role of the TSOs in
the European Electricity Markets and the first stepthe implementation of the Third
Legislative Package.

On the institutional issues we have presented ft®rs of organizational models of
TSOs at European level and the options in termscralss border congestion
management. These two topics have been under disausr more than ten years and
have been the concern of many serious studiesatieateflected in our survey, but
neither of them has been the subject of a thoraungthysis done at the right institutional
level and with the participation of all the staklslers.

Then the only recommendation could be to decidedtel of priority in the reforms
agenda and an appropriate framework for decisiokimgaThe process does not seem
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easy as there are very different views among stdéiels and researchers, with an
industry in general reluctant for reforms and stgdshowing the benefits of radical
changes.

On the implementation of the Third Package theemnursituation is still at the really
beginning and then there is not enough evidenewdtuate the results.

The proposals that have appeared so far are eXfremeouraging and they are written
following all the good principles, but they cleanbresent a great risk in terms of
implementation.

The weakness is the lack of centralized contral toalld be necessary to regulate the
European Market. The question is then to see ifrttezest of the involved stakeholders
will be sufficiently aligned so as not to createftiats or inefficient solutions as a result
of an excessive degree of compromise.
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6 Electricity security of supply with increased pre sence of
distributed generation

In [5] we provided an overview of recent advancescerning Distributed Generation
(DG). The concept of DG since the first planningtile SECURE project has been
rapidly evolving and now it is basically encompakbg the term Smart Grids. We did
not deal with the whole Smart Grid domain, but weited ourselves to the economic
and regulatory aspects related to the distributiemvork, including, besides generation,
also the issues related to customers’ participation

The focus is on trying to clarify what are the mamplications of deploying new
technologies and how the management of the powsersyshould be adapted; it is
quite striking, but electricity markets have beenyslow in terms of innovation, due to
a lack of an adapted institutional framework.

Our analysis is not specifically framed in termsSefcurity of Supply as security (in all
its dimensions) cannot really be separated fromtughtne ultimate goal of an efficient
design of the power system. Also being our appraoaamly institutional, the focus is
limited to the European market, which at the momentery interesting as there is a
concrete effort to define a common approach, ainaingetting standards in terms of
technology and regulation.

As mentioned above, our survey covers a subsdteoaitea that is called Smart Grids,
which relates to the distribution network. For whahcerns generation we clearly refer
to DG, which is connected to medium and low voltagavorks. The technologies used
are RES (Renewable Energy Sources such as phaimyosmall hydro and wind,
biomass and biogas, etc.) and Combined Heat an@R&P).

The perception of DG has rapidly evolved in recgrrs; initially the principf@ was
that the system should absorb all the generatiodymed without any attempt to control
both the generation patterns and customers’ denlantrms of support mechanism
this has been implemented by a system of flat feetdriffs, which give a fixed
compensation for the electricity produced and inepts network operators to give
priority of dispatch. The main driver of the feedtariff system is the need to create a
favourable and stable investment environment ireiotd deploy new technologies. As
governments have often granted fairly generousrsekahen these programs have been
quite successful, but quite expensive in the enddosumers.

The main problem with the feed-in tariffs is thenmquete separation from the market
and the development of the network. In an efficidrgralized market electricity should
be paid taking into account where it is produced emnsumed and when it is bought
and consumed.

As a matter of fact, generation, especially if atistd near customers, can be considered
as a substitute for the transmission and distioutnetworks; this is valid if the
electricity is consumed in the same area wheseptaduced.

In order to obtain an efficient deployment it iethnecessary to take into account local
demand when connecting new Distributed Generasistthe real value of the electricity
could be increased by the avoided investmentsam#twork. Ideally then there should
be some form of compensation for the investmeniswbring benefits to the system.
Nonetheless demand does not have only a locattmmaponent, but there is also a time
factor as generation might not be always avail&bksatisfy demand. This is clearly the
case of RES as these are not controllable, bt &lso valid for CHP as electricity

% This principle is the most used today, but thadris to find more advanced compensation schemes.
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generation has to follow often heat demand in orerbe profitable. Additional
profitability can also be obtained by offering sees to the network such as balancing
and ancillary services.

The Smart Grid denomination refers then to a systhat is not passive with
unidirectional flows from top to bottom, but instieié allows for a wider type of control
and investment decisions based on all the availatlftemation. The main driver
towards change is the increased possibility offdrgdecent technologies to acquire
more precise data and exchange information intnew. It is then possible to manage
large numbers of generating units and custometiseatlistribution network level in a
way that resembles transmission, or to use a mymandic approach where there is a
constant interaction with the generators and tlséegy is optimized in real time.

We can see immediately how Security of Supply (Se$)early an essential feature of
the DG and Smart Grids, which introduce alternatixggy/s to increase the capacity of
the network and allow the supply of services, whatle used up to the real time
balancing of the system.

6.1 Key Issues

Given that a power system has deeply interconnaxigtgponents, there is not a precise
logical order to present our topic; we will thetraduce a series of issues and reconcile
them at the end highlighting what messages shailgtained.

6.1.1 Hosting Capacity

In electricity systems the transition to more inatve solutions cannot be radical, it has
to be progressive as previous investments have tphmsed out”. In terms of DG then
it is important to understand what are the stagemdihg towards an increased
penetration, this as the system does not have ¢tesearily undergo a complete
revolution from the beginning.

The concept of “hosting capacity” defines the rattgpenetration of DG a distribution
network can handle; this is very important in ortierunderstand at what level it is
absolutely required to upgrade the type of corifahe system.

Following recent studiés the key parameters to be considered in order terme
“hosting capacity” are the coincidence of load gederation, the homogeneity of the
HV - MV substation feeders in terms of locationladd and generation and the voltage
control margins.

The most intuitive is the first, coinciding genéoat and load basically cancel out in
terms of impact on the network; what can be enwdagre control strategies to
reconcile load and generation through control astidn terms of voltage there are
options: if we consider a medium penetration, esffigan urban networks, voltage can
be set according to the coincidence of load aneémgeion. In the case of rural networks,
instead voltage should be adjusted dynamically raicg to the operating conditions.
The first of the two approaches is of the type ditd forget”, the second is called
“active management”; the two terms are self exglamyaone is similar to what has

2L \www.eudeep.con2009).
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been used in traditional networks, the second nsoge innovative solution, which is
particularly interesting when feeders are very lamgl covering sparsely populated
areas. If the penetration ratio dramatically insesa then an active management
approach is always necessary; this could implyamty a dynamic control on voltage
(soft active management), but also a direct contblgeneration (hard active
management), which could lead, in extreme casesuttilment of units. Demand
Response can also provide a relevant contributiuch a case.

The concept of “hosting capacity” gives a sort ohdmap of the evolution of the
system; in the first stages of penetration the tgeintervention of the DSO
(Distribution System Operator) in terms of openasids limited; as the percentage
increases, the system has to be controlled diffigremquiring more innovative
solutions. In this transition one characteristi¢hiat the role of all the actors would be
evolving: DSOs will have to act as TSOs with realet operations and demand and
generation should be flexible taking into accolnet heeds of the system.

6.1.2 Network Value

One factor that greatly complicates the deploynoémG is its impact on the network,
especially since it is not straightforward to ewdéy moreover, the impact can vary
according to the type of network and the networkditions can be both positive and
negative.

As there are different actors involved in the dgpient of DG, then there is a clear
issue in terms of cost allocation; if the impacDd cannot be assessed, then actors will
not have the correct incentives with respect testments in DG.

A simple example: if a DSO is compensated onlytl@r electricity transported on the
grid then it will not have incentives to promoteethonnection of DG, which will
probably generate only additional costs.

In the EU DEEP project, a methodology has beenldped to assess the impact of
load and generation in a low voltage distributiogtwork. Given the nature of our
survey it is not necessary to go through the metthod rather we should highlight
certain features, which are useful to understantdebehe issues raised by DG
deployment.

One of the key conditions is to know independetitly characteristics (called footprint)
of load and generation. In order to achieve this ihecessary to set up an adequate
smart metering system, which should automaticabject the data in short intervals.
These should be analyzed ex-post in order to asisessipact on the different network
components during the yearly peak conditions ohedement.

For example, in the case of a micro CHP in Nortieurope, there is a correspondence
between the peak of consumption, which is duringteviwhen there is a high demand
for heating, and the generation. On the other BMén Northern Europe will be mostly
effective in summer, when the system is not unttesss. This means that only micro
CHP could receive a compensation as they contrigmige network replacement.
Conversely a micro CHP in Southern Europe, beifigiefit during the summer peak
generated by air conditioning, would not be rematest.

The assessment of tariffs is a way to understardotterall trend in the cost of the
network. As we have seen the impact of technologpesgreatly vary according to local
conditions, the indication is that policies should set in order to capture these
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differences also in order to promote an efficies¢ of energy, installing units where
they are the most profitable.

Unfortunately the deployment of DG could increasenork costs, which is then a fact
that should be taken into account in terms of sygi&nning.

The scope of tariffs is then to induce actors tketaptimal decisions, which
progressively would reduce the overall costs ofstysem.

If the tariff mechanism is not set appropriatehen the main effect is to induce DSOs
to try and reduce the number of connection of geoes, given that an increasing
amount of DG could deeply affect their profitalyilit

DSOs are the central actors of the system, whicduldhpromote and not obstruct
innovation and should not see DG as an obligatian, rather like an opportunity to
increase their profits.

Security of Supply in this context is representgdhe lowering of the cost of network
infrastructures, or simply to have more generatiomnected with lower investments.

6.1.3 Services Value

This is a topic that has recently surfaced anajmsdty evolving as further studies are
carried out in order to allow TSOs, DSOs and seraperators to take full advantages
of the flexibility offered by DG (and Demand Respeh to provide balancing and
ancillary services. It is easy to see how this radical change from the feed-in tariffs
system as here DG interacts directly with shorhtand even real time operations.
Electricity markets differ in their design espelgiavhen dealing with balancing and
ancillary services. In general the trend is to mseket-based methods for the provision
of such services. DG, using the adequate provisioaa offer these services; we
mention provisions as markets are not normallygiesi to interact with small units
and some rules could block the participation of DG.

It is then necessary to evaluate what type of mat&sign should be the most effective
to capture all the values of DG. The driver shalldays be efficiency and not a fixed
objective like deployment targets. Also market gesshould induce generators to
provide more innovative solutions in order to aghienarket participation at a lower
cost.

There are two main concerns in this area.

One is the size of the units, which are allowegaddicipate; increasing the number of
units could add excessive complexity to the market.

The second is a general concern for the TSO orrelmbility of small units in the
provision of services dedicated to emergenciess la delicate interaction as these
services are the last resource available beformty@erious accidents.

It should be reminded that there is a wide gap eebnhese procedures and what was
implemented before liberalization. TSOs at the twere the owner of the resources
and then there was full coordination and a commewelbpment of activities.

Currently these operations are carried out throcmttractual arrangements, which on
one side do induce a more competitive attitudesimegators, leading them to reduce the
costs of the services, but also clearly cannotidaia the level of trust and interaction
among people working for the same company. Stilthese are feasible options, it
makes sense to develop methodologies that could@wve these issues.

2 This topic will be resumed in the section dedidateRegulation and Innovation.
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6.1.4 Aggregation

The first perception of DG was that of a system mgheustomers could participate
directly to the market at an equal level with largatities. This created many concerns
as it would have had implied an extreme level ahplkexity. Even if this would have
been technically accepted, it did not seem efficieam an economic point of view. As
a matter of fact, in order to effectively partidipdo the markets an actor needs a series
of skills and a considerable amount of time spewtyaing the available information:
these are not justified for small units or smalhsemption as the savings would not
compensate the efforts. It was then necessaryntb di rational way to exploit the
existing potential.

The principle of the solution was to have an ageting as an intermediary between the
market and small operators. The concept is not awegvit is being applied widely in
other contexts; basically an agent handles theureas of its clients for a percentage of
the profit$>. The intermediary, having a large number of cBespreads the fixed costs
necessary to take optimal decisions and to eskathies interaction with the centralized
market.

In the DG literature this concept has taken the enaim*aggregator”. The word comes
from the concept of aggregating the functions eks& generators, with the possibility
of offering a unique supply profile.

Our survey is based on the results of two Europdauprojects (EU DEEP and Fenix),
whose main focus was on providing integration of &@l Demand Response through
aggregatiorfs.

In the previous sections we did not go into anycHjmedescription of the system, we do
it at this stage as aggregation is basically thg vemward and then these are the
challenges which companies and institutions willhto face in the coming years.

The concept of aggregation is to link medium andilsrgeneration and customers
ranging from small industrial down to residential,order to coordinate them with the
electrical system and the various electricity megke

One major shift with respect to a classical sysiethat network operators can interact
with these types of generation and demand. Prelyioaperators could passively
receive only aggregate information and could nehteend any type of signal in order
to modify their behaviodr.

The aggregator can also be a provider of servicdsst customers in order to optimize
their energy performance.

The following is a list of activities, which can barried out by an aggregator:

* buying electricity from DG;

» selling electricity into the centralized markegtng);

» selling electricity directly to customers (retagin

* providing balancing services to his own customers;

» providing balancing and ancillary services to T&0d DSOs;
» providing maintenance to the units under its cdntro

% There are many possible examples of contractistioaships, besides percentages of profits.

24 \www.fenix-project.org(2009).

% For example customers in emergency situationsdcbel curtailed, but without knowing their actual
individual consumption.
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e heat supplier;

e providing support to generators in order to recesubsidies (feed-in tariffs,
green certificates, support to CHP, etc.);

* implementing Demand Response actions.

From the list we can see that there are other iaddit business possibilities; these
derive from the fact that the aggregator can expha relationship with his customers
in order to improve their energy consumption.

It all depends on the type of information, as ttas be used to provide more than one
type of service.

This information it is not only used on a clienttlient basis, but the optimization is
carried across customers as different profilesb@aoombined in order to obtain a better
overall performance.

A very intuitive example can be made with balancihgenerators have imbalances in
different directions then in the aggregated outcdhese would to a certain extent
cancel out. If these had to be considered genelatogenerator, then imbalances
charges would be high8r

The above list helps us also to understand what dfpcompany could operate these
services. First it is important to mention the fawt not all these should be performed
by the same company: in order to reach profitahiBbme companies could prefer to
specialize.

Also, it is possible to have some of the servicessaurced as monitoring and
coordination of external activities is often fedsjbwhat seems important is rather to
have the customers interacting with a single comparorder to reduce the level of
skills and understanding on the customer side.

There is no predetermined organizational model dggregators, while some of
activities share competences and information reéltdethe retailing business (basically
a knowledge of the market conditions and the datadividual customers).

Then there are more technical tasks like thoseeel@ installation, management of the
units, analysis of the customer’s energy needsghvaire areas covered by the so-called
ESCOs (Energy Services Companies).

What should determine the choice is the charatitesisf technologies the aggregator
must deal with and the characteristics of the custs.

Sometimes even if the range of activities is thaesahe relative profitability of each of
them could greatly differ, justifying different agizational choices.

An ESCO can for example have simplified tradingvétaés given a limited flexibility

of the units available and instead concentrateesg small units, where, given the large
numbers of customers involVédmore complex maintenance and installation tasks a
required.

For our purposes a general message that can beissé¢hat the business is not
necessarily aimed at small or medium sized compatiere are many characteristics
which can take advantage of large economies oéscal

If we take into account all the possible interattitoetween the different activities, then
it is possible to infer that large companies wiélvexal lines of business could have a
clear advantage.

% There is no standard way to pay for imbalancescimadges are often calculated ex-post according to
the system conditions.
2" When the units are small the number of customasstd be high in order to reach profitability.
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These considerations are quite intuitive, but suppwision of a system which exploits
decentralized resources in terms of small generaima customer participation, without
at the end fundamentally changing the type of lessractors involved.

In terms of policy this is not negligible, as itptes policy actions that should raise
public awareness given that the customers partioip&s essential, but at the same time
it requires the creation of a sound business enmemt for larger actors, who could be
those who have in many situations the best skillddress these markets.

One crucial component of the aggregation businesghe type ofcontractual
conditions which could be established between the aggregatdrits customers. This
topic is extremely relevant as contracts are tesguments that should allow and induce
actors to take efficient decisions.

The challenge here is given by the number of acors the complexity of decisions
involved, which are factors pushing towards a galn@mplification of the contractual
relationship. Still the problem is that simple aacts have the possible negative effect
of not giving the adequate incentives.

Contracts depend on the technical configuratiorthef system as what is offered by
technology can be fully exploited by actors onlyhiére is a compensation mechanism
allowing them to recover the benefits.

The main element of a contract is the ability tcaswee the effects of the actions taken
by the parties: in our context this is offered bgteting. It is then the type of metering
that determines the relationship between the agtwe@nd his customers.

Another technical element is the type of contrdttthe aggregator can have on the
generating units or on customers’s load.

A third element is the type of transmission of mfi@tion, which is possible between
the aggregators and the customers.

With these three dimensions it is possible to covest of the contractual relationships.
It is better to work through simplified examplesgige a bit of the intuition of what can
happen in practice.

An aggregator can notify a day in advafic® customers a compensation scheme at
which it will buy electricity. Then the customerrcaecide to modify his/her own
consumption in order to sell to the aggregator rdurthe hours when it is more
profitable. Customers have to calculate the pritered by the aggregator with respect
to the costs incurred to diminish their consumptieor residential customers it will be
the value created by the discomfort, for a busirtbescost of stopping or altering the
type of activity carried out at that moment.

Here we see that transmission of information daesequire a very rapid decision by
the customer. There is no control of the aggregataihe customer as he/she can decide
to accept or not to supply electricity.

If we reduce the interval of notification to a vestyort time, then this translates into real
time pricing or small customers reacting directlyaimost real time to the evolution of
prices of the Power Exchange. Clearly in ordenmplement this option it is necessary a
specific technology to allow the customers to ree¢he price quotes.

A different contract may entail an aggregator ocalfitrg the consumption of the
customers with no or very short notice. For exanapleggregator could reduce slightly
air conditioning or switch off some of the lightsrfa short period of time in office
buildings. The advantage of such strategy is thapplied at a large scale, it can have a
significant impact by allowing intervention in ergency situations, without
significantly affecting the comfort of the custommerThe important factor is the

% This could be a function of the realization of firees in the Power Exchange.
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complete control of the aggregator on a part ofciigomers’ consumption that allows
the aggregator to be able to offer services reygiai fast response.

The contracting theme can also be seen in termagsdém architecture as the control of
the system is determined by a framework of contiatelations between TSOs, DSOs
and the aggregator.

This concerns the long term evolution of the systdmre responsibilities for managing
the system could be shifted also according to ihffe possibilities in terms of control
and transmission of information. An example couidthe option to have parts of the
system run in a sort of isolation with respect tighkr level distribution and
transmission system.

This idea, labelled/icrogrids, is an extreme concept of aggregator as therddiheua
full integration of all generation and load in teeseparated areas under the control of
the aggregator, which also would have differenpoasibilities in terms of system
management, as the role of the TSO and DSO wouldried to provide last resort
security.

An important implication of contracting concernsaha company deals with customers
and what are the customers’ needs and requiremdras faced with the possibility of
choosing to install DG and Demand Response on pinemises.

In order to assess the potential diffusion of theslnologies it is necessary to take into
consideration the level of acceptance as the fdrmteraction required is fairly direct,
affecting the personal habits of the customers.

This is increased by the aggregator solution esguires a constant interaction with the
customers.

A list with some examples:

* Possible concerns of reduced safety as the newndéadies would interact
directly with existing installations.

» The effect in terms of the remote management eégtfuctures installed on the
customers’ premises should be taken into considerat

e Customers should fully understand the implicatiomduced by the flexibility,
being the main profitability driver, on their dalife.

* As the aggregator is an intermediary, it shouldtiamsparent what are the
drivers of his compensation. The customer has tergtand how profits are
shared between himself/herself and the aggreQator

e If there is the possibility of penalties, as custosncould not respect their
commitments, these should be carefully explained.

 The ownership of equipment could be either of tggragator, of another
company or of the customer. The three cases héfezatit implications, which
must be taken into account when investments takeepl

* The responsibility in terms of maintenance and irejgsaalso a crucial aspect,
which should be dealt with taking into account oustrs’ characteristics.

As an overall remark we can notice how the aggogstlution implies a remarkable
involvement on the customer side, which also shoedgiire a change in mentality with
respect to the current habits in terms of energygoemption.

% The customer could perceive the aggregator aséssipartner, then additional transparency could be
requested.
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These examples are interesting also from the puiMiew of Security of Supply, as
they deal directly with the personal security & tustomer. Along the same lines, from
a sociological point of view, customers could beuced to participate as they feel some
social obligations as they realize that their axgtibave an impact that goes beyond what
can be perceived at personal level.

The concept of aggregator is then the future fraomkwhat must be further developed
to increase an efficient penetration of DG (indejeenily of the evolution of generation
technologies) and Demand Response. It has sewapatations for Security of Supply:

it clearly improves energy efficiency allowing coisters to better exploit their
potential; it allows a wider range of methodologies be used for balancing and
ancillary services, increasing the resiliency & #ystem to emergency conditions and
lays the foundation for a more decentralized us¢éhefsystem based on parts of the
system, which could operate basically independeaitlySOs and DSOs (Microgrids).

6.1.5 Regulation

Regulation is an integral part of the DG/Smart Ggidry, the main reason being the
type of interaction between generation and the. grid

As we mentioned above, it is not straightforwardséparate the type of externalities
created by DG on the distribution network and weesa; from the regulatory point of
view this translates into mixing a regulated morg@nd generation, which is subject
to anti-trust regulation being a competitive sector

The difference with large generators is that thie @ the TSO is in a way more
“neutral” and then the impact of the actions ofi®as actors are easier to separate. For
large generation networks, regulation can be seeside constraint, while for DG
regulation is a an essential part of the businessets.

Regulation can affect DG value in three areas:

* Market design or the rules determining market pgodition.

« The support, which can be received as green tecbiesl or energy efficient
technologies.

* The value brought as network replacement.

Market designis a topic brought by the liberalization processis a still ongoing
process as it is not easy to find rules able tly tApture all the possible characteristics
of electrons. Also it will adapt in time to new keologies especially on the
communication technology side.

DG in this area is a newcomer as the markets haea designed for large generators
and it is then a challenge to make them compaiiile smaller units.

In this respect the aggregator is an interestihgfisn as from the system point of view,
it can be perceived as a large generator, withctimsequence that the market design
does not need major modifications with respech&durrent arrangement. A necessary
condition is that the aggregator has the contractlationship with the TSO and DSO,
which means that it takes full responsibility foetactions of its customers. If this is not
the case still the fact of acting as intermediaglph the customers to deal with decision
and circumstances, which might be too complex toaga.

Support mechanisnae a fundamental part of the compensation of Dé&they should
reflect the externalities provided by these tecbgies, which we know not to be
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competitive otherwise (i.e. in terms of cost pertk'dhly). Incentives can be collected
for RES production and for energy efficiency (CHfPese mechanisms in Europe vary
from country to country and the result is thasithen not possible to judge what are the
best technologies on the basis of penetrationsittias the investment conditions are
not similar.

Subsidies are also calculated in order to creat&tiaal mass of business working with
a certain technology guaranteeing a period suffidie recover sunk investment costs.
As externalities are not easy to calculate theeehaated discussions on the type and
quantity of support; as they cannot be avoide, tihen necessary a continuous process
of analysis in order to develop methodologies toaiid reveal the real benefits.

We have already discussed thetwork replacemenproperties of DG and some
properties that should be reflected into tariffs.this section will further expand the
analysis addressing the overall regulatory framé&vi@r DSOs.

It is intuitive that if it is optimal to invest iDG rather than in network components,
then the compensation for DSOs should not be basednark-ups on network
investments. The focus should be on the overalpulpgerformance provided by the
DSO, including then parameters that should be takisnaccount for the connection of
additional DG.

The overall objective is what we have already st#ébat is to develop a network where
DG is connected in the areas where it is mostiefftc taking into account then the
network configuration and customers characteristithe problem is a certain
asymmetry of information as DSOs have superiorrmédion on the network and its
possible expansion. It is then hard for an outsi@erthis case the regulator or an
investor) to estimate what is the real value ofitivestment in DG.

To describe the basic principles of the relatiopdb5O-DG developer we can define
the investments according to a classification useolasic Economic Theory. Network
replacement is a case sdibstitutabilitybetween different goods, as the DSO does not
need to expand the network as the demand is satisfcally by the new generation.

We can find insteaccomplementarityin terms of network expansion. There are
circumstances in which the first units connectedamm area could require large
investments, which would be later used by othetsuni would then increase the
chances to have the investments being made iwbudd be taken into account or if the
first units would not have to bear all the init@targes taking into consideration the
possible evolution of the network.

As we mentioned, there are informational asymmstiie practice it is not possible for
the regulator to set adequate tariffs reflectiregabsts of connection and the advantages
of avoided network replacement as the regulatos sm¢ have precise information on
the actual costé and does not have an adequate estimate of futovetlyin demantd.

The DSO has better information on these costsrlgledth some uncertainties as
network expansion is always being determined inchabilistic way.

Unfortunately the incentive of the DSO is to ovatstthe costs incurred for connection
and diminish the advantages it could receive byiDGrder to obtain higher profits.

In view of the above, a possible regulatory solutshould then be to compensate the
DSO on overall efficiency objectives and not toowallit a return based on each
connection.

The DSO should be allowed to determine up to aamemxtent the charges for DG
investors in order to induce them to invest wherg more convenient.

%' We have to remind that costs vary according tatioa and customers consumption behaviour.
%1 To be used in the complementarity case.
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This could raise controversy as there would be ssipte lack of transparency on the
DSO side as there could be questions of how thesdedermined.

Still this solution seems preferable: the main e@as that it can capture better the need
to allow for a long term evolution of the systers, these technologies require heavy
investments, which cannot be captured by simplémasunit analysis.

This approach could be used to promote a susta&nagulation, in the sense that
regulation should keep pressure on costs redudbohalso consider an horizon that
should go beyond possible short term managerietests.

On these lines, support for innovation is alsolaviant topic. DSOs have traditionally
operated in fairly simple systems, instead DG am@u$ Grids require an implication in
research and innovation also for DSOs.

Being a monopolist, and thus not subject to coripati the DSO does not have
naturally many incentives to innovate; this is evarer if the innovation from the
society’s point of view entails substantial changad significant uncertainty as to the
results and especially the time horizon necessaaghieve them.

It is then a regulatory concern to provide a framgwunder which the DSO would
perform these activities and be adequately comped$ar the effort.

Above we have suggested the possibility of outpgulation; however, when it comes
to innovation, research and demonstration projéashard to define an output as these
activities have a high risk of failure.

Thus the solution would be more input driven, legrniowards mechanisms inspired by
those used for financing standard research. It avaldo be useful then to favour the
interaction with external experts and award comagms through competitive
tendering.

As in standard research, differences in financieghods should be based on the type of
activities, considering that some imply more risé&rt others.

Regulation has also an important role in standatitia as this is often a barrier to cost
reductions. Being Europe in principle a single nerkhere should be an effort to avoid
unnecessary costs for companies to adapt to lechhical standards.

This consideration is not limited to componentd, ddso to all the regulatory measures,
which as we have already noticed, can have an foadtl impact on the profitability
of a business model.

6.2 Security of Supply

The aim of this chapter has been to give an overafthe current and future drivers of
Distributed Generation and the part of Smart Gradated to the distribution sector and
their role in the evolution of the system. We tlgghlight here the connection with the
theme of the SECURE project, i.e. Security of Syppl

From the customer’s point of view, an importanvdriis to guarantee himself/herself a
level of reliability superior to that offered byehsystem. This is very common for
example for hospitals and factories where even allsatteration of the quality of
service could imply great damages to the productjahe.

If we take this to a more “philosophical” level, wan notice how networks offer in

general extremely high level of reliability, whiee not only the effect of the skills of
the workers, but mostly of massive investments pgidll the customers.
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In the past this was a necessary solution as ildvoot have been possible to offer a
tailored level of reliability to each customer.

With the current technology this is an option battthe individual customer level or in
a near future for an entire ar&a.

The point of the argument is not really to decreseactual overall standards, but to
evaluate if improvements should be generalized h& ¢ustomers should choose
individually for a higher level of reliability. Thpoint is to give the customer the option
to pay for the services he/she really needs.

We can see how the aviation industry has pushedctmcept offering extremely low
prices and offering travellers the possibility tamaire additional services, which before
they were taken for granted. This is all possikleelg the technology, which makes
detailed bookings extremely easy. The same priesiptould be applied to the
electricity sector as the supporting technologyali®ady available and ready to be
widely deployed.

The principle that customers receive somethingttiey do not really need, can be seen
in contracts where an operator buys the optionegratie the service offered or curtail
the supply of electricity. For example a customesuld be compensated with a
reduction on his/her bill. The interest for the kgier could be various as it could reduce
with such action either its operational costs (ldillary services) or its equipment
costs as it can delay the expansion of the network.

Thus new technologies allow to respond more efiityeto the customers’ needs and
preferences by offering them the required levadrolvision of services, and by reducing
their electricity bills.

In terms of policy recommendations it is importémtremind that customers cannot be
totally pro-active: given the complexity of the sym, independent initiatives to
increase their safety would often be extremely agp@. Such options should be
necessarily provided by utilities and network opars with the support of regulatory
authorities.

The solutions have then to arrive from the top #relaggregator model that we have
presented is a clear example, where the custonmesdsnto be put in a simplified
environment in order to use efficiently their pdtehin terms of generation and
flexibility.

We have shown also the effect of reducing netwovlestments, with a decrease in the
overall costs of the system.

The substitution of networks can also reduce thksrof accidents of those areas that
cannot expand their network connectifirand have an increase in demand. Then DG
and Demand Response can be crucial to avoid enmrgénations.

DG can provide balancing and ancillary servicesicwhare the services needed for
emergencies. These can be provided especially thitthelp of the aggregator, which
has the role to facilitate the interaction with thi#erent markets and network operators.
For a system under stress even small quantitiélexible generation and demand can
avoid accidents, so this feature of DG is extremelgvant and can be one of the driver
of its future diffusion.

We have seen that DG is composed of RES and eredfigient technologies; this
implies that DG expansion would bring a reductidnimaports and a reduction of

32 \We refer to the Microgrids example.
% For example, due to environmental constraints.
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consumption of imported primary fuels. These aremajor effects at the moment, but
they could increase their importance accordindnéolével of penetration.

In Europe, electricity has been considered as l# fay the citizens, but there can be
situations where remote locations imply excessmestments with respect to the type
and quantity of demand served. DG can in many gistances solve these issues,
allowing customers to decide the level of serviceytrequire. Islands fall into this
category as very often they have a very peculiaratel profile, being frequently tourist
destinations with huge differences in consumptietwieen summer and winter. Then a
more flexible system with investments driven byalodemand can be a better solution,
allowing to follow the growth dynamics of local camnities.

To conclude we can assess that DG, together withaddd Response and Smart Grids
are technologies which can have an impact in the@duEuropean electricity system as
they are very much in line with the current EU EjyePolicy objectives and as they are
rapidly becoming compatible with the existing marke

Our survey had the objective to give an overviewbét we consider the issues, which
should be taken into consideration from a policsspective.

Given this general framework we have pointed oentlwhat are the implications in
terms of Security of Supply; we can notice thatreNehis is not the main driver there
are many advantages brought by DG in terms of ggcur

Clearly the importance will raise according to tleailable capacity and the
technologies that will prove most successful indbming years. This holds not only in
terms of generation, but also in terms of netwonke&tering and communication
technologies, which are key factors to fully exptbe potential of DG.
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7 Policy recommendations

Electricity security of supply has implications a¢pthe whole chain, from generation,
to transmission/distribution, to demand.

As far as generatiois concerned, the main issue is to ensure batheirshort and in the
long term itsadequacy i.e. its capability to keep the supply/demandabeé (taking
into account network constraints).

Generation adequacy is mostly related to the awéitha of an installed capacity
sufficiently larger than the expected peak loaal,the availability of a sufficiemeserve
margin Nevertheless, the sole amount of installed geioeraapacity is not sufficient
to ensure adequacy, since in addition the generad must be wekhdaptedto the
load, as well as to the increasing penetrationntérimittent renewable sources: this
means that the composition of the generation sétrms of base-load, mid-merit and
peak-load power plants (characterized by diffexgrerating flexibility), as well as in
terms of dispatchable and non-dispatchable onest baucorrectly balanced.

In this respect, it is widely recognized that dliedly price signals coming from the
market are, by themselves, not sufficient to engareeration adequacy, mainly due to
informative asymmetries and to lack of sufficientripetition that make market players
unable to collectively obtain an “optimal” developm of the generation set, both in
time and in space (i.e. in terms of location in leéwork).

Moreover, the often long and uncertain permittingcedures, as well as investors’ risk
aversion that makes them wait until they can bétypsure of the profitability of new
investments, introduce significant delays betwdmnmoment when a new power plant
Is needed and the moment when it becomes available.

This could cause the so-calledom-and-bust cyclesvhere periods with high reserve
margins and consequent low electricity prices tmnhot incentivize new investments,
due to subsequent progressive load increase amttdommissioning of old power
plants, alternate to periods with low reserve nrexditherefore with low security of
supply) and consequent high electricity pricest tbauld lead to a new wave of
investments, thus restarting the cycle.

To tackle the aforementioned problems, in sevetattecity markets worldwide,
regulatory authorities, under the approval of Gawents, defined and/or implemented
specific intruments such as tendering proceduresiéav capacity, capacity payments,
capacity markets/obligations, call options, etc.

We recommend the implementation of such instrumenfaish investors to pursue the
“optimal” development of the generation set anavoid the above mentioned capacity
“bust” situations, but we also recommend to relyyan “market based” mechanisms
able to get the most efficient solution through pefitive procedures (e.g. fixed
capacity payments administratively defined shoutlbe taken into account).
According to Regulation (EC) no. 714/2009, Transmis System Operators (TSOSs)
are in charge of assessing the present and futleguacy of the power system both at
the national level and, through ENTSO-E, also atBEhropean level. In doing so, TSOs
should not only “passively” try to envisage theunat generation development according
to market players’ investment behavior, but theguth support the implementation of
the aforementioned adequacy instruments being &pixee and providing a technical
evaluation of how much new generation capacityhefdifferent types is needed, when
and where (the location in the network is very im@ot), on the basis of scenario
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analyses concerning in particular demand evolutiotermittent renewable sources
penetration and network development.

Of course, it would be desirable that all this gesbe coordinated and harmonized at
the EU level to increase its effectiveness and/tocamarket distortions.

Furthermore, it must be taken into account thatreegation set that is adequate in terms
of installed capacity and in terms of compositiounld again be insecure if its fuel mix
is not sufficiently diversified, so that a large @amt of capacity could become
unavailable in case of a fuel supply shortage (s of risk has been analyzed in [2]
and in chapter 3).

As for the most interesting remedies from the popoint of view, as far as the power
system is concerned, the most obvious remedy telsstipply shortage in the long term
Is to pursue a greater primary source diversificatn the generation set. In this respect,
a further sustainable development of Renewable dggneSources, supported by
Directive 2009/28/EC, is a must not only for seguof supply, but also for several
other reasons. Nevertheless, as above mentionef,iiRErmittent nature requires an
adequate backup capacity, made of conventionahttispble power plants.

In fact, the objective of a greater primary sowloeersification could be reached using
the same above mentioned regulatory instrumentsetoimg capacity adequacy; of
course, the highest political levels responsibtelie overall energy policy are in charge
of the quantitative definition of the objectivedlf in this case TSOs could only play
the role of consultants for technical aspects comicg the implementation of the
objective and its impact on system adequacy.

Another important remedy to the risk of fuel supglyortage concerning the power
system is the increase of cross-border transmissagacity, so that foreign power
systems can help more the country affected byhbéage: we will be back to this later
on, when discussing specifically of transmissicues.

Of course, effective remedies to a fuel supply &u® can also be put in place outside
the power sector: in particular, the results of shedy reported in [2] and in chapter 3
showed the importance of the availability of a figant amount of gas storage, both
for modulation and, especially, for strategic pwg® that is the best insurance for all
gas consumers. The development of an adequate ambgas storage infrastructures
both at the European level and, especially, incthentries where natural gas has a large
share of primary energy consumption, should hakigl priority in the overall energy
policy.

Another important remedy to a fuel supply shortagehe diversification of both
suppliers and of supply infrastructures: the formeztuces the counterpart risk, while
the latter reduces the risks related to accidents &or example, in case of new
pipelines with different paths, can reduce the ridkshortages caused by transit
countries. As for natural gas, LNG terminals are thost flexible way to implement
diversification, since their supply is tied neithter a single supplier nor to a single
pipeline.

In this respect, the main policy recommendatiothexefore to prioritize new energy
supply infrastructures at the European level adgogrtb their diversification capability.

As far as the transmissigrart of the electricity supply chain is concernied,3] and in
chapter 4 we assessed the impact of a non-optievalapbment of the European cross-
border transmission capacity.

Needless to say, the main remedy to a non optiexaldpment of the European cross-
border electricity transmission network is to invesnew interconnections, so that the
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reduction of bottlenecks makes easier to transgmebiper energy where it is needed,
increasing security of supply, but also allowing &ogreater integration and for a more
efficient operation (with reduction of local markabwer) of the Internal Electricity
Market and, in the end, for a more optimized openabf the generation set, with
significant economic benefits.

This remedy is of course not so easy to implemeeither by TSOs, nor by private
investors interested in merchant lines projectstabt, such investments are typically
affected by several uncertaintiésmainly due to:

« complex legal and regulatory contexts, especially permitting procedures,
stemming from a multitude of different authoritiagith different administrative
levels (European, national, local) that may difierm one country to another and
that may have different priorities;

» the lack of social acceptance that severely detayjgopardizes the realization of
such projects;

* due to the long-term time horizon that charactsrizetwork projects, the inherent
uncertainty in predicting the future location, amband type of generation and
load.

To reduce such uncertaintigs

» the establishment of thigency for the Cooperation of Energy RegulatorsGER
foreseen by the @ Energy Package should be a significant step tosvaranore
harmonized regulatory framework at the Europeaaljev

« as for permitting procedurei is necessary:

o to act on the legal framework:
= simplify and rationalize the procedures (reduce thenber of entities

involved, the number of phases, etc.):

= in case of strategic infrastructure projects, tlmecedures should be
centralized at one (national) level,

= upgrading of existing lines should require simplifiprocedures with a
shorter duration;

set reasonable maximum time limits for the comptetf procedures;

harmonize the procedures and criteria for authtiamzaat the EU level,

through binding guidelines;

= get an early binding pre-approval of the projecssraported in TSOS’
development plans, to avoid TSOs spending timeustfy the need for the
projects during permitting procedures;

430

0 to designate an “arbiter” / “facilitator” (e.g. AGE promoting compromises,
dealing with controversies and speeding up theza#dn of strategic projects in
trans-national cases;

34 As a general remark, one of the main barrierbong term investments in the energy sector (that
usually are quite capital intensive) is regulatand legal uncertainty: it is fundamental to guazant
investors with some basic key conditions under tvhieey will have to operate, in order to let them
correctly assess their risks.

% Some of the following policy recommendations areing further discussed within the EC
REALISEGRID project, coordinated by RSE.

% Additional detailed recommendations that can tereshare reported in the recéBNTSO-E position
paper on permitting procedures for electricity temmission infrastructuresdf 29 June 2010.
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» as for the lack of social acceptanitas necessary:

(0]

to provide a clear and objective vision of beneditsl costs bound with the new
infrastructures (also in order to prioritize invasints to select which ones are
worth to be funded by EU);

to clearly state the cost for the society derivingm inaction or from sub-
optimal actions;

to clarify the relationship between RES integratisecurity of supply and grid
development;

to clarify the relationship between costs and déife technical solutions (e.qg.
overhead lines vs. underground cables);

to promote a cultural action dealing with all theykssues related to the public
perception of a new transmission line (negative aatp on human health,
landscape, property value, noise, migratory padtts; feelings liké'burden to
me, benefits to others”home invasion’, “lack of democracy’ lack of
“serious” information, etc.), opening a discussion on a rclaad sound
scientific basis with the help of independent anthpetent bodies, in order to
allow for an informed comparison between the “comsd the “pros” of the
projects;

to promote a thorough evaluation of property vakeas to bring about a fair
compensation (including “immaterial” aspects) tleah be agreed by all the
parties;

generally speaking, the economic side of the prolikevery important to gain
consensus among the involved populations: they knmsiv that the realization
of the projects will reduce their electricity bil(gither by imports of cheaper
energy or by direct compensations), otherwisenihgy attitude would be their
first and easiest choice; we will be back on tha@np later on discussing
“locational signals”;

« as for the uncertainties concerning the future kgwments of generation and
demand

(0]

they can be effectively tackled by carrying out e scenario analyses, just
like it has been done in the study reported indB§ in chapter 4, based on
POLES scenarios; this approach is supported aldeNoySO-E that states that
“scenario analyses at national, regional and panrgpean levels are key
elements in order to decide on grid extensionstaratdequately assist political
reasoning”taking into accountfuel prices, economic and monetary conditions,
geopolitical developments, meteorological condgion technological
breakthroughs, market mechanisms, regulatory agdl lBFameworks?

moreover, generation companies should be discodragéath economic
penalties) from initiating permitting procedures tiiey are not strongly
committed to realize the investments;

« finally, the use of appropriate technology solusiofe.g. FACTS) can increase
transmission capacity of the existing infrastruefuthus avoiding the need for
investments in new lines; these faster and lesserestpe solutions must be
adequately incentivized and remunerated by reguiati

Up to this point we have discussed the problensedltoeach genericdevelopment of
the European cross-border transmission network (andt of the above mentioned
issues are relevant for expansions of nationakimagsion networks, too), but it is very
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important to end up with aoptimal setof developments, according to the considered
reference scenarios.

Again, this is exactly what has been done in theysteported in [3] and in chapter 4,
following an approach supported also by ENTSO-R&t th its recentResearch and
Development Plan’endorses the development ‘@édvanced tools for analyzing the
pan-European network expansion options accordingeriergy scenarios for Europe
(i.e. expansion optima that must be searched toima& European welfare)”
specifying that optima are to be searched at theldvdl and no longer only at the
national level.

As it is desirable to harmonise generation andstrassion development, it is important
that regulation foresees the provision of “locatibrsignals”, i.e. the spatial
(zonal/nodal) differentiation of electricity pricddue to maximum transfer capability
constraints and losses on the lines) and of tressam charges (calculated on the basis
of how much each agent uses the network).

Locational signals can therefore provide adequaien@mic incentives to market
players about the dependency of the energy supmis @on the physical location of
production/consumption facilities, thereby leadtoga more efficient system operation
in the short term and promoting a more optimizéithgiof new generators and loads in
the longer term. Moreover, as above mentioned, woess that are exposed to
locational electricity prices may directly benedig. from price reductions due to the
installation of a new power plant nearby or of ariEnsmission lin¥, so that they get
correct incentives not to assume an a pnoribyattitude.

As far as_distributionnetwork is concerned, the main challenge is itsgmssive
transformation from a “passive” to an “active” nerk, due to the increased penetration
of distributed generation. In this respect, DireetR009/72/EC states thd¥lember
States should encourage the modernisation of Hidion networks, such as through
the introduction of smart grids, which should beiltoin a way that encourages
decentralised generation and energy efficiency”

Generally speaking, current distribution networlasénsome margins to host a limited
amount of distributed generation but, over a certavel, the quality and reliability of
service can no longer be guaranteed, so that additmeasures, ranging from simple
changes in protection or control settings to maseetwork investments, are needed.
Therefore, the development and deployment of newnnconication and control
technologies is the key to make distribution gfslmarter”, i.e. able técost efficiently
integrate the behaviour and actions of all usersrexted to it — generators, consumers
and those that do both — in order to ensure ecooaltyi efficient, sustainable power
system with low losses and high levels of quality security of supply and safetyés
stated in the ERGEG'$0sition paper on smart grids”

From the technological point of view, cooperationoag international, European and
national standardization bodies, regulatory autiesyi grid operators and manufacturers
should be encouraged to further improve open conmwatian protocols and standards
for information management and data exchange,deraio achieve interoperability of
smart grid devices and systems so as to avoidesnmnical barrier to their deployment.
Another key point is, from a regulatory point ofew, how to support distribution
network companies in their investments in such wative technologies, to ensure that
their deployment provides a cost-effective solutiothe needs of network users.

37 Nevertheless, it must be taken into account ti@easing transmission capacity along a congesttd p
reduces prices in the importing area, but increttss in the exporting area.

104



SECURE-SECURITY OFENERGY CONSIDERING ITSUNCERTAINTY,
Secure RISK AND ECONOMIC IMPLICATIONS
) PROJECTNO 213744

E Securtyof Energy Considering s Uncertainty, Risks and Economic mplcatons =/ DELIVERABLE NO5.6.6 o H S b
o PROGRAMME

To this aim, we share ERGEG’s view that regulatorsst not attempt to choose or
impose specific solutions — they must remain tetdgically neutral — leaving network

companies to manage their business which they hkiveate control over in the most

appropriate way: regulation should focus on theelienfor network users and not on
the technical details to get them.

Therefore, regulatory schemes for promoting impmoeets in performance of

electricity distribution networks require the quéaation, through appropriate

indicators, of the effects and benefits of suctestmnents in “smartness”.

The definition of performance targets and indicatsinould be accompanied by clear,
transparent and objective measurement rules tleav & observe, quantify and verify

such targets. Moreover, performance targets shbaldbenchmarked to define their
expected values and should be strictly relatechéo gursued objectives: they should
therefore be cleansed of external effects outsidecontrol of network operators. Then,
having defined targets and indicators, it is pdesib use either incentive regulation,
where regulated entities are either rewarded iy tneerperform or penalized if they

underperform with respect to such targets, or mimmrequirements regulation, where
a minimum performance level must be accomplishedthgy regulated entity, or a

combination of both. In the above mentioned ERGE@Gsition paper a set of

indicators is proposed.

The last (but not least) ring of the chain_is dedydor which the two main issues
related to security of supply are “demand respoasé’“energy efficiency”.

Demand response is related to the capability ofgoers to respond to price signals or
to signals concerning the criticality of system mgpen with a variation of their
consumption profiles.

Demand response’s main beneficial effect is to cediemand in peak load / high price
periods, possibly moving part of it to less critiédower price hours. A lower peak
load:

* increases reserve margin (thus increasing seafrgypply) and, in the longer term,
reduces the need for investments in new generadpacity;

« reduces the stress (and possible congestion) dntkatsmission and distribution
networks, delaying the need for network expansions;

* reduces the necessity of dispatching costly anddtiiwiency power plants during
peak hours, thus reducing also fuel consumption&dgdemissions;

* by making demand more elastic to price, reduces pibgsibility of exercising
market power by producers and also reduces prileeihty.

In fact, electricity demand has always been quitelastic and an increase of its
flexibility requires:

* away to communicate the price/criticality signalsonsumers;

* a strength of such signals (or of the rewardsHerresponse) significant enough to
convince consumers to respond,;

» the real possibility of consumers to respond tosilgeals, according to their way of
life and to the electric devices they can manageualdy and/or automatically.

The aforementioned communication requirements &wedntecessity to measure and
record the amount and the time of the responsd #meaavailability of “smart meters”,
which is endorsed also by Directive 2009/72/EC t,tlggaven a positive economic
assessment of their long-term costs and benefégssthat at least 80% of consumers
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shall be equipped with intelligent metering systebys 2020. The timing of such
requirement does not seem very much ambitiouspgakito account best practices in
countries like Italy.

As for the strength of the signals, we stress atjenit is very important for the success
of demand response programs: simple peak / off-peaikfs with limited price
differences that allow consumers to spare somehgeot euros per year with their
response will not have any significant success.ddeer, the signals must be simple
and easily understandable by consumers, so that#recorrectly respond to them.
Finally, provided that the proper communication ametering devices are in place and
that there is a substantial economic conveniengeanticipating to demand response
programs, information campaigns are necessary tolleas many consumers as
possible.

As far as “energy efficiency” is concerned, in B energy policy its implementation
is foreseen as an important means to reach the at@mgydtargets concerning GO
emissions reduction and RES development (whosectdgeis proportional to gross
final consumption).

To this aim, several European directives (such iescbve 2006/32/EC of 5 April 2006
on energy end-use efficiency and energy servicegsctive 2009/125/EC of 21 October
2009 establishing a framework for the setting addesign requirements for energy-
related products, Directive 2010/30/EU of 19 Mayl@®n the indication by labelling
and standard product information of the consumptibanergy and other resources by
energy-related products, Directive 2010/31/EU of My 2010 on the energy
performance of buildings, etc.) and national lawd eegulations (such as the National
Energy Efficiency Action Plans) have been issuatiane being implemented.
Generally speaking, it is clear that a lower ener@ysumption reduces the stress on the
whole supply chain, thereby increasing securitgugply.

Moreover, most of the actions that can be carrigd@increase energy efficiency have
a “negative” cost, i.e. they repay by themselvasrdfore they are more economically
efficient than actions to support RES developmet to reduce COemissions (such
as Carbon Capture and Storage technologies).

Nevertheless, some promotion is necessary, typicailh fiscal incentives together
with obligation schemes, such as White Certificatesdd minimum standard
requirements, in order to overcome possible barguich as the financial capability of
customers to invest in more efficient applianchs, impact on their way of life of the
implementation of such actions, the short-term v@wsome industrial management,
that would avoid to reduce the profits of the cotrienancial year (by investing in more
efficient technologies), in exchange for future &wroduction costs, etc.
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