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Reservoilrs

Focus on approach and collection of inputs 04 December 2010
- ecember
- UPDATED post webinar Rev.02 — post Stakeholders webinar




Webinar on the CBA assessment of the time period required for FCR providing units or

groups with limited energy reservoirs to remain available during dlert state

 The Webinar is related to the activity of Cost Benefit Analysis in accordance with Article 156(11) of
the Commission Regulation (EU) 2017/1485 of 2 August 2017.

* The methodology «All Continental Europe and Nordic TSOs’ proposal for assumptions and a Cost
Benefit Analysis methodology in accordance with Article 156(11) of the Commission Regulation
(EU) 2017/1485 of 2 August 2017 establishing a guideline on electricity transmission system
operation» has been presented in a public dedicated WS and consulted.

« The methodology has been approved by Continental Europe and Nordic National Regulatory
Authorities after a request for amendments.

« All TSO’s have gathered all the data (both technical and economical) needed to perform the CBA in
the months following the approval.
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Webinar on the CBA assessment of the time period required for FCR providing units or

groups with limited energy reservoirs to remain available during dlert state

* The steps following the approval of the methodology and the input data collection activities has

been shared in System Operation — Europan Stakeholder Committe during regular meetings.

This Webinar is then aiming at presenting and discussing the input data of the CBA
methodology.

We kindly ask the audience to focus on the discussion of input data and, as long as possible,
limit questions/comments on the CBA methodology.
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Input type for the Monte Carlo model

Where do the input data are used in the simulation models?
Afpictorical Outages statistics
® ™

Calculation of
DFD mitigation actions in force (Y/N) freqizt:crﬂ;:;g:ions @ Most relevant frequency events @ Historical Df
Af deterministic
. @ Most relevants events data
Scenarios data: \I/ wlee i ===
+ Outages occurrence probability Model for FCR; e s AT
+ Statistical data on longlasting probabilistic
frequency deviations frequency o [ - @ Costs (LER & non-LER)
* Horizonyear simulations FCR
+ LER Share increase
+ Tmin LER
Model for The input shall be
If a LER depleti T .
occurs,aisquaseigt:alg;state pfrObabmStlc COmpIefer def’ned before
f ithi ; . X
teady wate frequency | Y the run of the simulations.
o . . .
deviation” Even a slight difference in
l the input implies the need
Critical LER of a complete re-run (with
@ LER and non-LER FCR depletion? (V/N) the consequent delay).

System cost

According to the approved Methodology, if the required input parameters will significantly

change, all TSOs shall submit the results of an updated cost-benefit analysis
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1. Outages

Data collection on failure rate of
system/equipment potentially involved in
frequency degradation




Ovuiages - Event types considered

According to Article 4.2.c of the CBA methodology, the
outages of relevant grid elements are one of the 3 sources of
frequency disturbance used as inputs of the Probabilistic

° °
Simulation Model.
Calculation of
DFD mitigation actionsin force (Y/N) deterministic
frequency deviati
Afde rministic
°
The outages taken into account are: - —
? e;:;:gse:;:.currence probability Model for FCR;
° ° ° . Statisticaldata_ol_'llonglasting probabilistic
* Failure on generation unit . [z doiain
+ LER Share increase
+ Tmin LER ics

 Failure on HVDC connection

steady state frequency
deviation?

Are instead neglected the events related to:

LER and non-LER FCR
costs curves

« Failure related to loss of load (due to critical busbar fault T
or critical substation blackout) system cost
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Simulation model

Monte Carlo - Outages smulation and FRR effects

[ ouagesstatatc | [ tong Lastng sttt Outages statistics W
e | e \ T
400
Hominal MWz curve APDI" ) AfL{
e st Nl - " - L FRR effects are taken into account only
[ e andom extractions in each minute .
AP nn : : against dP due to outages.
Pagter ar, of outages. Concomitant outages o
Jar are possible since all the events are
I e stochastically independent. 250 FRR effects on dP due to LL and DFD are
e epietion HEEE EENEEEEEEN ct>on ‘ '
T E already implicitly considered in the df
A 200 themselves
e
./__Ln\f‘:,,pzuo:f.n}\—.wu 150 . LT T
~"
100
Apout 50
0

For each LFC area the FAT is the average of aFRR and mFRR, weighted on m dP Outages Minutes
the typical aFRR and mFRR quantity: — I
600
FATaFRR . aFRR + FATmFRR - mFRR AR FRR as a first order SyStem with:
FATtOt == S . 500 T = FAT/3
aFRR + mFRR aFRRactlvatlon|SS|muIatf-zd|n F\RF\\\\I\\ S —
response to dP. Its effect is
considered reducing the power 200 \ e.g.: FAT = 3x’ -> Terg = X’
imbalance of e/ FRRU each minute \ \
The synchronous area equivalent FAT is the average FAT of the single LFC 300 \
areas, weighted for the k-factors: \
Z. k: - FAT , APout+FRR 200
IESA ™1 tot,i \
FATSA == \
ZiESA kl 100 \‘\
\\\\~
0 B
- . . mmdP Outages =—dP Outages+FRR Minutes
Unlimited FRR is considered \%
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Ovutages of Generation Unit - List of units

The list of the Generation Unit to be considered is
derived from ENTSO-E Transparency Plaiform.

It is used the «Production and Generation Units»
table (with 2020 as reference year).

The total number of Generation Unit considered is:

« 191 for the Nordic Synchronous Area

« 1245 for the Continental Europe
Synchronous Area

N

rrrrrrrrrrrrrrrrrrrr

Filter applied to data:

Generation Unit Status = “Commissioned”

GU Installed Capacity > 100 MW

/
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Outages of Generation Unit - Failure rate

An outage on a Generation Unit is a sudden loss of production leading to a power imbalance
on the synchronous area.

To each Generation Unit shall be then associated:
* The probability of the event (yearly average number of occurrence)
 The power loss if the event occurs

The yearly number of occurrence of the event is derived from literature data.
The values are associated to different technologies.
Literature sources:

 Thermoelectrical Unit VGB official Publication: “Analysis of Unavailability of Power
Plants 2008 - 2017”

 Hydroelectrical Unit Source still to be defined.

 Renewables Unit Solar and Wind units failure rate is neglected
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Outages of Generation Unit - Failure rate

Thermoelectrical Unit

The «Analysis of Unaivalability of Power Plants 2008 — 2017» VGB report has been analyzed. These are the main results in terms of yearly failure rate:

Fossil-fired Combined Cycle |Gas Turbine [Nuclear [Hydro
. - Hydro data
Hard coal |L|gn|te |Gas/on| S
Average failure rate [n°events/unit/year]* 7.92 6.62 0.88 1.2 still missing
Number of surveyed units 181 53 42 20 Load rejection/fast shutdown events with
Surveyed years 2008-2017 total loss of power.

Hydroelectrical Unit
VGB does not provide information oh Hydro

A possible wide and reliable data source could be the GADS (Generating Availability Data System). It is a database collected by the NERC (North American Electric Reliability
Corporation).

The specific data that we needs are unfortunately not public. Together with ENTSO-E we contacted NERC for having/purchasing the data.
For clients outside USA the request needs to be officially approved by NERC management.

Possible back-up solution: to use the failure rate of thermal units

Renewables Unit

The failure rate of these Generation Units is neglected thanks to the typical distributed plants’ organization.
The consequences on frequency of their failure are considered as error in the forecasts.

Partial Outages

The previous outages are “full events” (after them the power output is zero). For some technologies (e.g. Nuclear, Coal, etc.) partial outage are also very likely.
For these technologies also the statistics of partial outages will be considered (failure rate & typical power loss). These statistics will be derived from

ENTSO-E Transparency platform.
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Outages of Generation Unit — Generation Loss

When the Monte Carlo model randomly picks an outage (on the basis of its failure rate) also the power
lost is needed. The power loss is equal to the power imbalance affecting the frequency deviation.

The actual power loss was the power produced at the moment of the outage.
Since in the simulation the actual productions are not modeled, the power loss has to be assumed.

Average production when in service [pu]

The data come from ENTSO-E Transparency
Platform (“Actual Generation Output Per Unit”
tables).

The average production is calculated for each
technology as the average output [pu] of each
05 Generation Unit belonging the specific production
040 type.
The average output of the single Generation Unit is
m the average production when the Unit is in service
015 (the hours with P = 0 MW are not considered in the
010 calculation).

uuuuu Geothermal Fossil Brown Fossil Hard coal Hvd 0 Run: f Fossil Gas Fossil Peat Hvd 0 Wate! Biomass F IC al-  Hydro Pumped Wind Offshol Fossil Oil ste Wind Onshor
oal/Lignite servoir Storage
pou d age
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Outages of Generation Unit — Generation Loss

N
GU InstalledCag 7|

( )
Power Loss [FIEdFact]El

Synchronous Country ¢~ | Country “E ProductionType - Failure rate leuenthl
Mardic 10 MO Maorw ay Hudra ' ater Feserwair E1.7 .06
Mordic 136 MO Morw au Hudra ' ater Reservair T6.2 3.06
MNordic 100 RO Marw ay Hudro ' ater Reservair 56.1 3.06
Nordic 100 O MNarw au Hudro ' ater Reservair 56.1 3.06
Nordic 220 [ MNarw au Hudro ' ater Reservair 1235.3 3.06
Nordic 10z O Marw ay Hudro ' ater Reservair 57.2 3.06
MNordic 102 pO Marw au Hudro w'ater Resaruair 57.2 3.06
Moardic 104 pO Morw au Hudra ' ater Reservair 53.3 3.06
MNordic 120 PO Marw ay Hudro ' ater Reservair BT.3 3.06
MNordic 120 PO Marw ay Hudro ' ater Reservair ET.3 3.06
Nordic 175 O MNarw au Hudro ' ater Reservair 351 3.06
Nordic 0 o MNarw au Hudro ' ater Reservair B1.7 3.06
Nordic 0 RO Marw ay Hudro ' ater Reservair E1.7 3.06
Mardic 103 MO Maorw ay Hudra ' ater Feserwair 577 3.DEI
Moardic 103 MO Morw au Hudra ' ater Reservair 57.7 3.06
MNordic 103 PO Marw ay Hudro ' ater Reservair 57T 3.06
Nordic 105 PO MNarw au Hudro ' ater Reservair B0.5 i
Nordic 100 RO MNarw au Hudro Fun-af-river and poundag E1.4 3.06
Nordic 105 PO MNarw ay Hudro Fun-af-river and poundag Gd.5 3.06
CE 340 CH Switzerland Hudro ' ater Reservair 130.6 3.06
CE 421 CH Switzerland Hudra ' ater Feserwair 236.0 .06
CE 105 CH Switzerland Hudra ' ater Reservair G0.5 3.06
CE 123 EH Switzerland Hudro ' ater Reservair 65.3 3.06
CE 40 CH Switzerland Hudro ' ater Reservair T8.5 3.06
CE 176 CH Switzerland Hudro ' ater Reservair 35,7 3.06
CE 1020 EH Switzerland MNuclear 351.2 12
CE 130 CH Switzerland Hudro w'ater Fesaruair 06.5 3.06
CE 230 EH Switzerland Hudra ' ater Reservair 123.9 3.06
CE 283 CH Switzerland Hudra ' ater Reservair 161.4 3.06
CE 354 EH Switzerland Hudro ' ater Reservair 2152 3.06
CE 1254 EH Switzerland Hudro ' ater Reservair TOZ2.3 3.06
\ J \ J

Assumption: power loss equal to the installed power
multiplied for the reduction factor calculated from ENTSO-E

Transparency Platform.

The reduction factor depends on the generation unit

technology. The values are:

Technology Reduction Factor

Hydro Run-of-river and poundage 0.61
Hydro Water Reservoir 0.56
Fossil Gas 0.60
Wind Onshore 0.28
Hydro Pumped Storage 0.46
Nuclear 0.96
Wind Offshore 0.45)
Geothermal 0.83
Fossil Hard coal 0.70
Fossil Brown coal/Lignite 0.81
Solar 0.00
Biomass 0.56
Fossil Oil 0.40
Other 0.56
Waste 0.28
Fossil Coal-derived gas 0.54
Fossil Peat 0.59

e.g. : A Hydro Water Reservoir Generation Unit having 300
MW installed power cause a loss of production equal to 168

MW when an outage occurs on it.
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Ovutages of HVDC - List on connections

The HVDC connections that can affect the frequency on the Nordic and CE are those which have at
least one end connected the these synchronous areas.

Unt A1 [sA2 [instolled Power (W] _[Power toss [WW]
storepaett  Jee o | ew | 0 |
ontel—JeeJnordic | ew | s0
BattcGoble  Jee nodic | ew | a0 |
swepol_—Jee o | ew | s0

List on HVDC in which at least one end belongs to C.E. or Nordic S.A.



Ovutages of HVDC - Failure Rates

The failure rate of HVDC are derived from data on ENTSO-E Transparency Platform:

Source Table Filter applied to data: 12/2014 |:> 06/2019

o .. . . AreaTypeCode = “CTA”
Unavailability in Transmission Grid -

Planned Unavailability in the Transmission Grid [10.1.A] ‘ Status = ”ACtiVG” I I l I I |
Changes in Actual Availability in the Transmission Grid [10.1.8] . Type = “Forced” 55 months of
. Production Type = “DC Link” observation
. MRID univocal

Unit Observed months Yearly avg failure rate [event/year] There are interconnections without any recorded
Interconn. France Angleterre 55 15.3 outage.
BritNed 55 134 For them the considered failure rate is equal to the
NorNed 55 0.0 »| average failure rate of the others:
Skagerrak 1_2 55 5.4
Skagerrak 3 55 0.0 Average HVDC Failure Rate = 7.47 event / year
Skagerrak 4 53 0.0
Konti-Skan 1 55 8.0
Konti-Skan 2 55 0.0

Results: [sworesaelt 55 0.0
Kontek 55 8.3
Baltic Cable 55 3.9
SwePol 55 4.3
NordBalt 41 8.2
Estlink 55 4.6
Estlink 2 55 0.0
LitPol 42 1.0
Nemo 4 12.0
Vyborg 55 5.3
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Ouvutages of HVYDC - Power Loss

When there is an outage on a HVDC connection, the effect on frequency depends either on the
power flow and on the direction.

« Since in the simulation the actual flows are not modeled, the power loss has to be assumed.

The assumption is that the average power loss is equal to half the installed fransmission capacity.

* The flow is not considered equal in both the direction.

Starting from the ENTSO-E Transparency Plaiform data, the number of hours in which the HVDC is
working in each direction is calculated.

On the basis of these values the total failure rate is allocated on the two directions.

Example on interconnection Two different kind of events are considered:

- I :
France - Angleterre The flow is in the 89% of the * Failure when France is exporting with failure rate equal to

hours from France to GB 15.3 *0.89 = 13.7 event/year

These events are loss of load for the CE
The total failure rate from | oo

ENTSO-E TP is equal to 15.3 * Failure when France is importing with failure rate equal to
event/year 15.3*0.11 = 1.6 event/year

A

These events are loss of generation for the CE
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Ouvutages of HVYDC - Power Loss

Equivalent HVDC to be assigned to CE Equivalent HVDC to be assigned to Nordic

Connection Name Power Loss Failure Rate Connection Name Power Loss  Failure Rate
Interconnexion France Angleterre - CE Export -1000 13.66 NorNed - Nordic Export -350 7.47
BritNed - CE Export -500 12.61 Skagerrak 1_2 - Nordic Export -250 4.09
NorNed - CE Export -350 7.47| Skagerrak 3 - Nordic Export -150 7.47,
Skagerrak 1_2 - CE Export -250 1.78 Skagerrak 4 - Nordic Export -350 7.47|
Skagerrak 3 - CE Export -150 7.47 Konti-Skan 1 - Nordic Export -170 3.32
Skagerrak 4 - CE Export -350 7.47 Konti-Skan 2 - Nordic Export -170 7.47,

CE Export Konti-Skan 1 - CE Export -185 4.61 Nordic Export StoreBaelt - Nf)rd|c Export -300 7.47
Konti-Skan 2 - CE Export -185 7.47 Kontek - Nordic Export -300 4.97|
StoreBaelt - CE Export -300 7.47 Baltic Cable - Nordic Export -300 2.16
Kontek - CE Export -300 3.49 SwePol - Nordic Export -300 3.18
Baltic Cable - CE Export -300 1.76 NordBalt - Nordic Export -350 6.35
SwePol - CE Export -300 0.45| Estlink - Nordic Export -175 3.54]
LitPol - CE Export -250 0.38 Estlink 2 - Nordic Export -325 7.47

. b, |
Nemo - CE Export -500 11.20 Vyborg - Nordic Export I -175 I\ 0.06) Vyborg max export
Interconnexion France Angleterre - CE Import 1000 1.61] NorNed - Nordic Import 350 IR towards Russia = 350
BritNed - CE Import 500 0.69 Skagerrak 1_2 - Nordic Import 250 1.78 MW
NorNed - CE Import 350 7.47| Skagerrak 3 - Nordic Import 150 7.47|
Skagerrak 1_2 - CE Import 250 4.09 Skagerrak 4 - Nordic Import 350 7.47|
Skagerrak 3 - CE Import 150 7.47 Konti-Skan 1- Nordic Import 185 4.61
Skagerrak 4 - CE Import 350 7.47 Konti-Skan 2 - Nordic Import 185 7.47|
- - StoreBaelt - Nordic Import 300 7.47

CE Import Konti-Skan 1 - CE Import 170 3.32] Nordic Import . i p
Konti-Skan 2 - CE Import 170 7.47 Kontek - Nordic Import 300 3.49
StoreBaelt - CE Import 300 7.47| Baltic Cable - Nordic Import 300 1.76|
Kontek - CE Import 300 4.97, SwePol - Nordic Import 300 0.45
Baltic Cable - CE Import 300 2.16 NordBalt - Nordic Import 350 0.98 Vyborg link is a back-to-
SwePol - CE Import 300 3.18 Estlink - Nordic Import 175 1.09 back HVDC with four
LitPol - CE Import 250 0.64 Estlink 2 - Nordic Import 2 7.47_» converter blocks. The
Nemo - CE Import 500 0.42 Vyborg - Nordic Import 250 5.28 considered average

— outage is 1/4 of installed
power.

For each SA, each HVDC is considered twice: one for the import and the other for the export.
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Outages related to loss of load

A further potential source of power imbalance is the loss of load due to critical busbar/substation

fault.
This kind of outages are neglected due to their unlikelihood and limited effects.

The ENTSO-E official «2017 Incident Classification Scale ANNUAL REPORT» reports:

* Continental Europe Synchronous Area:
“There were 374 incidents reported for transmission network elements (T0) in 2017, of which 6 cases (3

cases from Transelectrica) also involved load disconnections ranging from 15 to 198 MW (...)"”. Pg.31

* Nordic Synchronous Area:
“The majority of the incidents were classified as incidents on transmission network elements (T1) (...) two

were incidents involving load (L1)”. Pg. 47
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2. Historical frequency deviations

Data collection on actual frequency on both
synchronous areas.

Frequency deviation analysis.




Historical frequency deviations

Data Collection

Afhisl:ori(:al

Continental Europe SA Note:

Calculation of

E . . DFD mitigation actions in force (Y/N) deterministic
d . = Missing data or full-scale values reenee eqencsdevations
H 9 Se‘l‘ ‘I‘o 50 HZ Afaeterministic
- cenarios data: \I/
" Fr.equen_(:y Overcged TO ] S Outag:socdlrrenceprobability Model for FCR;
minute fime-step ey o 1 ey,
+ Horizonyear simulations FCR
= 2004-2007 dataset under " Toin LR

investigation

If a LER depletion
occurs, is quasi steady state
frequency within maximum
steady state frequency
deviation?

Frequency

NOI'diC SA E tlmeframe LER and non-LER FCR

costs curves

System cost

Historical frequency is used to calculate statistics about Deterministic
Frequency Deviations and Long Lasting events > not the entire historical

frequency set is applied along the years, but only Deterministic
Frequency Deviations and Long Lasting events exiracted by the model
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Historical frequency deviations

Deterministic frequency deviations

= Market induced effects due to the power difference between contfinuous ramping of load and discontinuous/stepwise ramping of generation
according to the scheduling resulted from the market

50.04

2011-2017 CE Daily frequency deviation Al freauency rend

d 50.03
T T I T 0.06
Standard Deviation i
verage Value q
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49.94
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| )
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3 v TR y g 50.02
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50 V‘
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ooos 8 19,99
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0.035 T T T T T T T
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-_— T (Eas
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o
=

e ] 0.06 49.97
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 O

Time 49.96

49.95

49.94
00:00:00 01:00:00 02:00:00 03:00:00

The frequency frend between 55t minute and 5™ minute (included) of each hour in the entire frequency dataset

is collected, together with the hour of occurrence
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Historical frequency deviations
Deterministic frequency deviations

For each simulated day, the Monte Carlo model randomly choses the DFD trends that occurred in the same
calendar day in one of the past years.

The choice exploits an exponential function in order to consider as more likely the most recent years.

P [%] TO EXTRACT DFD
FROMTHE YEAR

o 1 _y —y_current

N
_— years
14.00% p.y N e
years

12.00%

¢ Year in which the simulation is
y_curren run (e.g. 2019)

8.00%
Number of collected years
6.00% N
years (e.g.2008-2019 ->11)

4.00%
> 00% Probability that Monte Carlo

py extracts a DFD occurred in
0.00% the yeary

2010 2011 2012 2013 2014 2015 2016 2017 2018
YEAR

10.00%
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Historical frequency deviations

Deterministic frequency deviations - Mitigation

50.04
e A\ctual frequency trend
50.03
50.02
50.01

In the model are taken into account the 49.99
possible mitigation actions that could be 49.98
developed in both S.A. according to Arf. 49.97
138. 49.96

49.95

49,94
50.03

e Deterministic df e Deterministic df with mitigation

In the simulafion with the mitigation 50.02
actions in force, the DFD are reduced by 5001
a parametrical factor equal to 0.8. 50 v-

49.99

49.98

49.97

49.96

It is chosen as a realistic short-term 49.95
factor since the target scenario for

the CBA is 2020. If significant 49B[?O:OU:OO 01:00:00 02:00:00 03:00:00
changes 2 methodology foresees

the re-run of the CBA
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Historical frequency deviations

Long lasting frequency deviations

CBA Methodology - Long lasting definition

period longer than the time to restore frequency.

= Long lasting frequency deviation is an event with an average steady state frequency deviation larger than the standard frequency deviation over a

CE lllustrative example

Df [mHz]
70

60

> 7 \_/ \ TN
) / ) VN \

30 /

20 / The following time window to be checked
/ starts at 30’ and ends at 44’

10 / \/

0 7
1 / 4 6 7 5 10 11 12 13 14 15 16 17 18 19 20 2P @2 23 M 25 6 7 28 29 30 31 32

-10

Time [min]

For each long lasting event
are collected:

 Frequency trend

« Date and time of long
lasting
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Historical frequency deviations
Long lasting frequency deviations

For each minute of the day, the Monte Carlo model randomly choses the LL trends that occurred in the same
minute of the day in one of the past years.

The choice exploits an exponential function in order to consider as more likely the most recent years.

P [%] TO EXTRACT LL
FROM THE YEAR

o 1 _y —y_current

N
_— years
14.00% p.y N e
years

12.00%

¢ Year in which the simulation is
y_curren run (e.g. 2019)

8.00%
Number of collected years
6.00% N
years (e.g.2008-2019 ->11)

4.00%
> 00% Probability that Monte Carlo

Py extracts a LL occurred in the
0.00% yeary

2010 2011 2012 2013 2014 2015 2016 2017 2018
YEAR

10.00%
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3. Most relevant frequency events

Definition and data collection of the actual events
to be considered as most relevant.




Most relevant frequency events

Continental Europe SA

The most relevant frequency events that will be taken into account for the CE SA are the following:
« 28/09/2003 Italian blackout;
 04/11/2006 CE system split event

2003 Italian blackout trend (overfrequency

on the CE system) 04/11/2006 CE system split event

50.35

511

50.30

50.9
5025 //\\ 50.7
50.20 - AN 50.5
+ \
50.3 WMM
50.15 | WM

I
\'\,\/\ 501 e ’
50.10 B L e
\ 499
5005

# 04/11/2006 22:35:00 04/11/2006 22:40:00 04/11/2006 22:45:00 04/11/2006 22:50:00

iy

50.00
03:25:00 03:30:00 03:35:00 03:40:00 03:45:00 03:50:00 03:55:00 04:00:00 04:05:00 04:10:00 04:15:00 04:20:00 04:25:00 04:30:00 Froquenz_Schweiz —— Frequenz_Grecheniand Fraquenz_Osterreich_Csten |

The most relevant events are not within the inputs extracted in the Monte Carlo analysis, but will be used to check

the different timeframe and LER share in terms of system stability*

*see Section 5.8 of Explanatory document of the CBA methodology for further information Page 23
age



Most relevant frequency events

Nordic SA

The most relevant frequency events that will be taken into account for the Nordic SA are selected based on duration
and amplitude of frequency deviations, and are the following:

« 03/10/2011 h 21-23;
« 09/05/2018 h 00-02.

03/10/2011 09/05/2018

50.25 50.25

50.2 50.2

50.15
50.15

50.1
50.1

50.05
50.05

n
" vf\l\/\ 0 \"
v\‘ 4995

49.95

49.85
49.8

49.8 49.75
ND"\Q")Q}Q'}"J mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
o o' S S PSRN g M FIEITAIONLNNARLLOgd oA FEIEANNNL e D g0
WA

The most relevant events are not within the inputs extracted in the Monte Carlo analysis, but will be used to check
the different timeframe and LER share in terms of system stability*

*see Section 5.8 of Explanatory document of the CBA methodology for further information Page 24
age



4. Cost of LER & non-LER

Data collection methodology and results




LER and non-LER costs data collection and analysis — general

assumptions

\Ll)]"
° Calculation of
2020 is the reference year both for LER and non-LER resources 07D miigaton acionsin force (10 oot
Afde MInis
« 2020 is the investment year (and the commissioning year) for new LER
specifically commissioned for FCR provision Seeparios data e probabilty o Fen,
" Hrequency devitions Phrenuensy
« Allthe scenario data used in the data collection and analysis refer to " Lensnare e incres
+ Tmin LER
year 2020
If a LER delpletion
« The supply curves resulting from the data collection and analysis f‘:;;“u::':;‘xiﬂff:ﬁ;‘li::i:
o ege steady state frequency
activities refer to year 2020 deviation?

LER and non-LER FCR
costs curves

System cost

All costs/prices are expressed in real terms in €2019

ECB yearly average exchange rates and IMF inflation rates have been used

Page 26



LER for FCR provision: available technologies and possible services

Electrochemical

Chemical
(gas storage)

Mechanical

Electrical

Thermal

Lithium-ion

Batteries

Flow Batteries

Lead-acid
Batteries

Hight-temperature

Hydrogen

Pumped Hydro

Compressed Air

Flywheels

Superconductive
Magnetic Coil

Supercapacitor

Thermal Hot
Water Storage

Other Thermal..

Batteries
Nicke+based Transmission Distribution Customer
Batteries Bust‘r:rc::g, J::g:::g infrastructure infrastructure ma::ge;gn{ent 0ff-grid
services services services
Main Electricity Storage Systems classification. Source: Flectric energy
IRENA, Electricity storage and renewables: Costs and it urpttomal updedefonal  Powerqualty . Ot el
markets to 2030, October 2017 and EASE website.
Mini-grids:
Electric supply Transmission
i Voltage support Power rellability System stability
capacity ongestion relief services
Mini-grids:
Retail electric
energy time shift Faﬂ;?éﬁo'}gv&uh
Primary, secondary &
tertiary frequency control
Demand charge
LLRen management
Increased
Boxesin red: Energy storage services directly supporting the “";?’“wﬁm“"“
integration of variable renewable energy

Range of services that can be provided by electricity storage. Source: IRENA, Electricity
storage and renewables: Costs and markets to 2030, October 2017.
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LER for FCR provision: services per technology

100% 100% 100% 100%
A \
Q0% Q0% §J 1 0% Q0%
I \
I 1
80% 80%: 1 80% 80%
|
|
% 5 ! %
g 70% % 70% II g 70% 70%
Q aQ 1 a
3 g ! 8
B 60% o 60%‘1l H 0 60% 60%
o T o
s ©° \ ! 5
 50% S 50% S 50% 50%
B Service/Use Case (PHS group) b Service/Use Case (elec-chem group) 2 Senvice/Use Case (slec-mech group) Service/Use Case (thermal storage group)
w M Electric Energy Time Shift © M Frequency Regulation « | On-Sife Power B Renewables Capacity Firming
40% M Electric Supply Capacity 40% M Electric Supply Reserve Capacity - Spinning 40% M Biack Start 40% Renewables Energy Time Shift
M Black Start M Electric Bill Management M Bleciric Supply Copacity Il Orsite Renewable Generation Shifting
i Renewables Capacity Firming M Electric Energy Time Shift M Electric Enesgy Time Shift M Eleciric Enengy Time Shift
20% M Electric Supply Reserve Capacity - Spinnin 30% B Renewables Capacity Firming 30% B Frequency Regulation 30% W Eleciric Bill Management
All other N All other All otfwer N All other
20% 20% 20% 20%
10% 10% 10% 10%

0%

0% 0% 0%
Pumped hydro storage Electro-mechanical Thermal storage

Global operational electricity storage capacity shares by service/use case and ESS group as at mid-2017. Source: IRENA, Electricity storage and
renewables: Costs and markets to 2030, October 2017. Page 28




LER for FCR provision: most common technologies

Thermal Chilled Water Thermal Storage [l 4%
160 Storage Heat Thermal Storage Ice Il
Thermal Storage 2%
c; A0 Molten Salt Thermal Storage | /5%
g 120 Other Thermal Storage N 15%
8_ Electro- Electro-chemical Capacitor [} 4%
D 100 chemical Flow Battery |
% 8o Lead-acid Battery J3%
® 60 e Lithium-ion Battery I 5% _ ~ ==
Nicketbased Baftery 2% \ -~
40 Oth . N.B.: e-mobility
er Electro-chemical |IIEEN19% :
. substantially
20 Sodium-based Battery 8% contributed to
Sodium Sulphur Battery 3% the uptake of
o® © — =, Vanadium Redox Flow Battery | li-ion batteries
59 9 _8 _8 Electro- Compressed Air Storage |GGG
25 8 E §  mechanica Fiywhee! N 55%
VhLr O Y e
2 T % 3 00 05 1.0 15 2.0 25 30
£ £ O &
o > ‘8 o GW rated power
F ax N —
—_ o 8
i

Global operational electricity storage capacity by technology as at mid-2017.
Source: IRENA, Electricity storage and renewables: Costs and markets to 2030, October 2017.
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LER for FCR provision: duration (lime period) per technology

Uninterruptible power supply Transmission & distribution grid support Bulk power management

power quality load shifting

Flow Batteries: Zn-Cl Zn-Air ZBFB
VRFB PSB New Chemistries

NaS Battery
High-energy Advan-ced Lead-acid Battery
Supercapacitors NaNiCl Battery
Li-ion Battery

Hours

Minutes

Lead-acid Battery

High-Power Flywheels

Discharge Time at Rated Power

Seconds

High-Power Supercapacitors

1kW 10 kW 100 kW 1MW 10 MW 100 MW 1 GW
System Power Ratings, Module Size

Positioning of some electricity storage technologies according to their power rating, discharge times at rated power and their main application.

Source: IRENA, Electricity storage and renewables: Costs and markets to 2030, October 2017.
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LER for FCR provision: other sources pointing to Li-ion batteries

European Association for Storage of Energy (EASE)

» Li-ion batteries for frequency regulation applications

Terna’s pilot project on “Energy Intensive” and “Power Intensive” storage

» 5 Li-ion (0.5 /1 h duration) for the “Power Intensive” Storage Test Labs

Lazard’s 2018 levelized cost of storage analysis

» Focus only on commercially available technologies — only Li-ion for all use cases

US DoE Global Energy Storage Database

> 1600 projects, 60% electrochemical systems, 40% Li-ion

: Further crucial element: actual data availability
| — Sufficiently detailed costs data (differentiated according to the duration)




LER for FCR provision: three categories

@ New LER* dedicated to FCR provision

@) New LER* non specifically commissioned for FCR provision

€© Existing LER

*New LER are considered in the model only in the simulations where the LER share exceeds the current existing LER amount.
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1 New LER dedicated to FCR provision — main data sources

> |IRENA -"Electricity Storage and Renewables: Costs and Markets to 2030" (October 2017)
» LAZARD - “Levelised Cost of Storage Analysis — Version 4.0” (November 2018)
» U.S. Energy Information Administration — *“U.S. Battery Storage Market Trends” — (May 2018)

» U.S. Department of Energy - Global Energy Storage Database -
https://energystorageexchange.org/

A\

Energy & Strategy Group (Polytechnic University of Milan) — “Renewable Energy Report” —
(May 2019)

The European Association for Storage of Energy (EASE)

IEA — “World Energy Investment 2019 (May 2019)

Terna energy storage pilot projects documents

Rocky Mountain Institute “The Economics of Battery Energy Storage” (October 2015).
The US Energy Storage Association (ESA)

The Institute of the Economics of Energy Sources (IEFE), Bocconi University

National Renewable Energy Laboratory (NREL)

ElectraNet’s ESCRI-SA Battery Energy Storage System

Press releases and other documents from different stakeholders on specific project

YV V. V ¥V V ¥V VYV VYV V VY

Academic literature for specific aspects (battery degradation)
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1 New LER dedicated to FCR provision — main variables

LER costs (CAPEX - €/MW) can vary according to:

Technologies, size v the specific technology considered Bigger systems have lower co:’r per ur)kl;r of installed capacity - €/MW
and year to be set / (ceteris paribus)
SEERIEIG 19 e v the size (MW of installed power)
it OV?"ObIe q ) The costs of certain technologies, like batteries, decreased substantially in the
| ercdgﬁ‘“” v the investment year — last few years and are expected to keep on decreasing in the future
v the LER duration (Energy to Power — E/P - ratio)

The LER / \
plurohons of Higher E/P ratio — higher €/MW unit costs
interests are
The cost analysis has been conducted considering four durations:

already known
15 minutes 20 minutes 25 minutes

Which, considering that ‘ ‘ ‘ ‘

FCR requires both upward
and downward regulation,

for storage ’rechnologiea 30 minutes 40 minutes 50 minutes
means an energy capacity - _ _
that entails the following (E/P =0.50) (E/P =0.67) (E/P = 0.83)
durations:
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New LER dedicated to FCR provision — duration with degradation

Considering the expected
battery degradation is
necessary in order to
guarantee the provision of
FCR according to the
duration minimum
requirements all over the
lifetime of the system (15
years)

According to the literature
review, batteries
degradation has two
dimensions:
- calendar ageing
« cycle ageing

Academic source for the battery degradation
formula used in the calculation:

Stroe, D., Swierczynski, M., Stroe, A., Laerke, R.
Kjaer, P.C., Teodorescu, R. (2016) Degradation
Behavior of Lithium-lon Batteries Based on
Lifetime Models and Field Measured Frequency
Regulation Mission Profile. IEEE Transactions on
Industry Applications IEEE Trans. on Ind.
Applicat. Industry A.pplications, IEEE
Transactions on. 52(6):5009-5018 Jan, 2016.
https://doi.org/10.1109/TIA.2016.2597120

The cost analysis has been conducted considering four durations:

The expected
degradation has 15 minutes 20 minutes - -
been included in _ _
: Which, considering upward
the GI’]C”YSIS as and downward regulation, ‘ ‘ ‘ ‘
higher CAPEX at R e S Sl 30 minutes 40 minutes 50 minutes
the time of the durations: (E/P = 0.50) (E/P =0.67) (E/P =0.83)
investment* — —
Which, considering the ‘ ‘ ‘ ‘
ted
*This can be seen as an de;’,‘gj;ﬁ,n ?,Zr,gg 15 30* (1+xx%)
alternative to capital years lifetime, entails minutes
investments needed during investments with higher E/P =
the lifetime of the battery, durations 0.50 * (1+xx%)

which would require making
more hypothesis about
expected future trends
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E/P ratio - €£/kW for the refenerce LER for FCR target durations including
DoD & degradation - CE

850

E
& 800
E/P ratio - €/kW regression based on the data collection ‘é 750 o
2000 g O
© 700
= 1800 £ o
P ? £ © Since the cycl
“ 1600 y =169.47x+522 % ince the cycle
0 R? =0.7899 __,Q £ o ageing
8 1400 e 550 computation is
- o o based on actual
i 500 i i
E 1200 T 0.40 0.60 0.80 1.00 1.20 1.40 1.60 hlSTO”COl
E o Rt Battery duration - HOURS frequency frends,
= 1000 et (o) the final
m ot .
B oo .- _ o degradation
800 (o) (o] E/P ratio - €/kW for the refenerce LER for FCR target durations including d di |
E o DoD & degradation - NORDIC and, accoraingly,
= 600 o 900 .CAPEX,'ore
38 @ o o/ different in CE
= 850 1
2 400 () 2 and Nordic
= & 800
200 2
E 750 .
0 = 700 (o)
0 1 2 3 4 5 6 7 £ o
Li-ion battery duration - HOURS T o0 °
>
* Regression analysis based on data from 20 projects/cases & o0
» The original data refer to projects/costs from different reference years 550
+ For consistently performing the regression analysis all costs have been reported to
year 2020 (in real €/2019 terms) based on IRENA's costs outlook (Electricity storage 0 o oco 050 oo o o -
and renewables: Costs and markets to 2030, October 2017) Battery duration - HOURS
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1 New LER dedicated to FCR provision — main inputs and results, CE

. Li-ion Battery .

Duration - actual,

Batt
arery Final battery
i . OPEX . | Variable | Depth of e“e’?y investment
Project Discount ;| Battery . Round trip . capacity . ..
L. . Technology | Reference year o i (nominal . energy |Discharge - | overdimesioning
Main inputs/assumptions - CE lifetime rate size efficiency degradation | .
value) costs CE DoD (including DoD +
over 15 years - .
degradation) - CE
CE
year years % MW | €/MW/Y % €/MW(h) % % %
Parameter value - Tmin LER 15 mins | Li-ion Battery 2020 15 4.0% 10 8814 86.0% 0.19 90.0% 23.0% 44%
Parameter value - Tmin LER 20 mins i Li-ion Battery 2020 15 4.0% 10 9956 86.0% 0.19 90.0% 21.0% 41%
Parameter value - Tmin LER 25 mins 2020 15 4.0% 10 11118 86.0% 0.19 90.0% 20.0% 39%

Energy capacity
degradation
differentiated

according to the

battery duration

DoD: the max
allowed discharge

FCR cost total

Li-ion batteries FCR.provision FCR cost (CAPEX, OPEX,
cost (long run marginal cost) - | CAPEX + OPEX
- energy) - CE
€/MW(h) €/MW(h)
Tmin LER 15 mins 7.66 7.86
Tmin LER 20 mins 8.17 8.37
Tmin LER 25 mins 8.69 8.89

Duration - for CAPEX
Regression analysis results for nominal calculation CAPEX
the target Tmin LER - CE (including DoD &
degradation)
Hours Hours €/kw

Tmin LER 15 mins 0.50 0.72 644 \~>
Tmin LER 20 mins 0.67 0.94 681 OPEX (in €/MW/Y)
Tmin LER 25 mins 0.83 1.16 718 differentiated

according to the
battery duration

>
To calculate the variable costs for providing FCR it has been
taken as a reference a round-trip-efficiency 86%.

For volumes and costs, the calculation has been based on
average historical frequency profiles and on average system
marginal costs in 2020 (ENTSO-E's TYNDP 2018 scenario).

For each duration, the specific investment cost, €/ MW of one benchmark unit,
is distributed among a number of annuities according to the project lifetime.

Then the cost €/MW per one hour is calculated and used to construct the cost

curve.
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. New LER dedicated to FCR provision — main inputs and results,

' NORDIC

Battery Final battery
Project Discount | Batte OPEX Round tri \,ear:zble Depth of ceanz?ty (o] ::‘tf:;z::lt'n
1 1 1 \" | 1oni
Main inputs/assumptions - Technology | Reference year . j “ . Y (nominal u . P 8y Discharge - P y . . 8
lifetime rate size efficiency | costs - degradation : (including DoD +
NORDIC value) DoD .
NORDIC over 15 years - degradation) -
NORDIC NORDIC
year years % MW | €/MW/Y % €/MW(h) %
Parameter value - Tmin LER 15 mins : Li-ion Battery 2020 15 4.0% 10 8625 86.0% 0.17 90.0% 19.0% 37%
Parameter value - Tmin LER 15 mins : Li-ion Battery 2020 15 4.0% 10 9775 86.0% 0.17 90.0% 18.0% 36%
Parameter value - Tmin LER 15 mins Li-ion Battery _ 2020 15 4.0% 10 10826 86.0% 0.17 90.0% _ 16.0% 32%
Duration - for CAPEX degradation
Regression analysis results for nominal calculation CAPEX DoD: the max differentiated
the target Tmin LER - NORDIC (including DoD & allowed discharge according to the
degradation) battery duration
Hours Hours €/kW
Tmin LER 15 mins 0.50 0.69 638 \~> > ]
Tmin LER 20 mins 0.67 0.90 675 OPEX (in €/MW/Y) * To calculate the variable costs for providing FCR it has been
Trmin LER 25 mins 0.83 1.10 709 differentiated taken as a reference a round-trip-efficiency 86%.
according to the = For volumes and costs, the calculation has been based on
battery duration average historical frequency profiles and on average system
ECRcost | TCRcosttotal marginal costs in 2020 (ENTSO-E’s TYNDP 2018 scenario).
Li-i ies FCR isi APEX, OPEX
i-ion batteries FCR provision CAPEX + OPEX (C , 0 .
cost - NORDIC energy) - Nordic ] e . .
o </MWih v' For each duration, the specific investment cost, €/ MW of one benchmark unit,
(h) (h) is distributed among a number of annuities according to the project lifetime.
Tmin LER 15 mins 7.60 7.76
oA W 20 s 7.99 8.15 v Then the cost €/ MW per one hour is calculated and used to construct the cost
Tmin LER 25 mins 8.34 8.51 curve.




. New LER dedicated to FCR provision - Costs differentiafion according

! {o the duration

E/P ratio - €/kW regression based on the data collection

E 1800 o
1600 Y R orans .0
: o g . , . .
e 5 P Li-io Batteries total installed costs (total CAPEX for turnkey solutions)
3 90 o o do not increase proportionally to the increase in the E/P ratio
S 800 oY .. e
g 07 0 . . . .
> go o » They include some costs which are parfially independent
g o ¢ from the energy capacity of the battery:

0 Q Power electronics

0 ! 2Li-ion batte?y duration -4HOURS ° ° !
Q Grid connection
E/P ratio - £/MW/Y regression based on Energy Strategy Gourp (PoliMi)

30000 data Q Civil works

25000 SS ® Such costs have a high impact in €/ MW especially when
5 considering solutions with relatively low and not highly
5 differentiated E/P ratios
5 o : : - :
T » OPEX do not increase proportionally to the increase in the
£ e E/P ratio

Li-ion battery duration - HOURS Page 39



2 New LER non specifically commissioned for FCR provision

Non-expressly commissioned for providing FCR, but that can reserve part of their energy capacity for FCR
provision

2020: only currently available technologies to be considered: electricity storage systems (stationary +
mobile, EVs)

» Total installed capacity? Scenarios assumptions — ENTSO-E’'s 2018 TYNDP
» Quota to be reserved for FCR? scenario assumptions or current share of existing LER

Which costs?e

CAPEX
Degradation costs
Opportunity costs
Variable costs

ENTSO-E’'s 2018 TYNDP for 2020:
NO specific assumptions about new stationary ESSs

1.7 million new electric vehicles — but V2G still at pilot project stage
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Calculated in the same way of the variable energy costs for new LER
dedicated to FCR provision for batteries & EVs

Variable energy costs
CE NORDIC
€/MW(h) €/MW(h)

Assumed substantially equal to zero for other technologies

Volumes?e

SURVEY
Two questions on the qualified capacity for FCR provision and the total installed capacity of
all technologies (both LER and non-LER) according to their duration and E/P ratio

1+ Survey deadline: 5 September 2019 1
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3 Existing LER — volumes according to survey resulis

Effect of different minimum activation Time Period on electrochemical storage in both SAs

Nordic SA - 2019 Existing LER

FCR FROM LER [MW]

8
15 20 25 30

MINIMUM LER ACTIVATION TIME PERIOD

7

6

%]

=

w

o]

[y

FCR FROM LER [MW]

450

400

350

CE SA - 2019 Existing LER

15 20 25 30

MINIMUM LER ACTIVATION TIME PERIOD

According to the survey results, the available FCR provided by LER has been estimated for different

minimum activation time period.
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Different Minimum Activation Time affects existing FCR providers

The effects of different Minimum Activation time on existing LER are taken into account using the results of the survey performed amongst TSO'’s.
The offered quantity in the costs curves are modified for the different Minimum Activation Times (15 -> 30°).

Germany - Battery

15 20 25 30

MINIMUM LER ACTIVATION TIME PERIOD

e.g.
In Germany the effect of actual available FCR provided by
Battery Storage due to TminLER changes are minimal.

France - FCR from Run-of-River

15 20 25 30

MINIMUM LER ACTIVATION TIME PERIOD

e.g.
In France the FCR provided by run-of river is approximately
halved if the TminLER change from 15’ to 30’.
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Non-LER for FCR provision: data sources

ENTSO-E 2018 TYNDP
v reference average marginal generation cost per country (faken as a proxy of the country DAM
average 2020 price)
v commodities (fuels and CO2) prices for 2020
v efficiencies, emissions factors, variable O&M costs
ENSTO-E Mid-term Adequacy Forecast (MAF) 2018
v available capacity per technology per country in 2020
ENTSO-E transparency platform for further data needed for hydro resources (pumped-hydro in
particular)
v' Current (2018, which is the last full year available) hourly DAM prices per country

v Current (2018 — 2019) installed pumped-hydro capacity per country (not explicitly reported in the
TYNDP and MAF datasets)

v Current (2018, last full year available) actual hourly generation per technology (type) per country

‘ Survey results for the volumes (MW) per technology for each respondent country

‘ For the other countries: the results (November 2018) in terms of pre-qualified capacity in the
German tenders for primary control reserve have been used as a proxy of the quotas of the total
capacity per technology that is reserved/used for FCR provision
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Non-LER cosis: DAM vs primary reserve market

Day-ahead markets (DAMs):

=
=
S~
w

Inframarginal
offers
(generators)

System marginal price markets

Inframarginal and extramarginal electricity generation units

Variable generation costs vs DAM prices
(opportunity costs)

System demand

Column series: supply
curve

System
Marginal
Price

Inframarginal offers
(generators)

N.B.: the analysis is actually
based on the average
marginal generation costs for
2020 reported in ENTSO-E 2018
TYNDP, taken as a proxy of the
country DAM average 2020
price

The difference between price
and costs is the operators’
market strategy (bid-up)

FCR cost for System Generator
one MW(h) = Marginal = variable
Price costs

The closer the variable cost of the generator
are to the system marginal price...
... the lower the cost for providing FCR is
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Non-LER costs: hydro resources

A — System demand

A — System demand DrRee e
. Non-pumped hydro ies:
2 Column series: supply curve = Column series: supply curve
= 3
v System w Sysie.m
Marginal Marginal
cost Cost
Which hours/how many
hourse
B (S — > >> Analysis of pumped-
"""""" hydro market behaviour
and DAM prices in 2018
to evaluate the number
of hours with the lowest
prices that should be
considered in each
country
> >
S Non-pumped hydro resources: MW Pumped hydro resources: MW Assumption: the
Inframarginal generators with null Inframarginal generators with technical and
variable costs (0 €/MWh) very low variable costs, but economic constraints
higher than non-pumped of pumped-hydro
power plants can be
inferred from their
. . bidding/generation
similarly to thermal bower blants Assumption: electricity behaviour on the
Similarly to other renewables, non-pumped hydro Y P P ' consumptions during the DAM

pumped hydro has a “fuel” cost: the
cost of electricity to pump water
(divided by the efficiency)

XXX hours of the year
with the lowest costs
(prices)

has zero “fuel” (variable) cost: the cost of water
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Non-LER cost curve, CE

FCR demand and non-LER supply curves in CE area

50
45

40

35
—=—FCR non-LER supply curve CE

30 —FCR demand curve CE

25

FCR price, €/ MW

20

15

10

0 3000 6000 9000 12000 15000
FCR, MW (cumulated) Page 46



Non-LER cost curve, NORDIC

FCR demand and non-LER supply curves in Nordic area
50

45

40

35 Hydro resources in Norway:

+ Treated coherently with hydro resources in

30 all other countries (variable cost =0, and,
as a consequence, opportunity cost equal

~8-FCR non-LER supply curve Nordic to DAM marginal cost), although there are
at least some hours during the year when a

FCR demand curve Nordic certain quota of the Norwegian hydro
20 capacity would provide FCR at
substantially zero price (when there is
I excess capacity considering the national
load an the total export capacity)

25

FCR price, €/ MW

15

+ The Norwegian hydro resources cannot be
fully used for providing FCR to the whole
Nordic synchronous area (limits on FCR

5 exchange)

10

0] 3000 6000 9000 12000 15000

FCR, MW (cumulated) Page 47



Examples of use of costs in a simulated scenario (CE)

euro/MWh CE non-LER FCR cost curve
20

e.g. Scenario with: ) e — Non-LER curve
* 20% LER Share

e 20’ of minimum activation time period “ @f@

* Presence of DFD mitigation " —

In the CBA only the costs to

A provide FCR are considered.
f}u.stoncul - .
10 To minimize these costs
DFD mitigation Calculation of means to maximize the social
i i deterministic 8
actions in force frequency deviations welfare (surplus producers +
Afdeterministic ° SUrp|US Consumer)
4
Scenarios data: \I/
« Qutages occurrence probability Model for FCR; 2 The total non-LER cost
« Statistical data on long lasting probabilistic is the area of "accepted” offers LER curve
frequency deviations frequency
* Horizonyear simulations FCR 0 )
. LER_: 0.2 ) I-ncrease 0 365 730 1095 1460 JSZFSCR s 2191 2556 2921 3287 3652 CE LER FCR cost curve [20'}
¢« Tmin LER = 20 minutes e

—Stacked costs curve LER required FCR
3 600 MW

If a LER depletion
occurs, is quasi steady state
frequency within maximum
steady state frequency

deviation? e.g. The output of the MC ’
v / model could be that no :
\lv(FCRﬁmz additional FCR is required.
FCR costs curves o 3 , 5
associated to a minimum 20% of LER havmg 20’ of
: H H : . . . . . . The total LER cost
activation time period ot minimum activation time s theareaof

Of 20 minutes - . " "accepted” offers

period does not affect the H

System cost system security. g

FCR [MW]
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Examples of use of costs in a simulated scenario (Nordic)

Nordic non-LER FCR cost curve

euro/MWh
10

e.g. Scenario with: 5 —Stacked costs curve Non-LER curve
e 70% LER Share
e 15’ of minimum activation time period

. . Non-LER required FCR
* Absence of DFD mitigation 7 720 MW
. In the CBA only the costs to
Afnistoricar provide FCR are considered.
\ . To minimize these costs
e lculation of .. .
actioazagjtltlgs:le%: (é’aetc:":‘ti:)i?ﬁoc means to maximize the social
° frequency deviations ) welfare (surplus producers +
Aacterministic , surplus consumer).
Scenariosdata: \|/ 2
« Qutages occurrence probability Model for FCR;
s . 1 LER curve
is the area of "accepted" offers
* Horizonyear simulations FCR .
_ ) Nordic LER FCR cost curve (15')
« LER=0.7 increase
*+ Tmin LER= 15 minutes ’ 0 365 730
FCR[MW]
9 ‘ —Stacked costs curve

If a LER depletion
occeurs, is quasi steady state
frequency within maximum
steady state frequency

/ LER required FCR
1920 MW
deviation? e.g. The output of the MC
¥ / model could be that
FCRfinal ’

additional FCR is required.

FCR costs curves =
associated to a minimum In this example 2400 MW of .
activation time period . . .
of 15 minutes ' ; FCR are required (instead of ,
2050 MW)

System cost

euro/MWh
w

The total non-LER cost
is the area of "accepted" offers

0 365 730 1095 1460 1826 2191 2556

FCRIMW]I Page 49



