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Abbreviations and Acronyms

Acronym Description

CVRMSE | Coefficient of Variation of the Root Mean Squared Error

ESCO Energy Services Company

M&V Measurement and Verification

OocCcC OnecClass Classification

ORDC Operating Reserve Demand Curve

P4P Pay for Performance
PCA Principal Components Analysis
TSO Transmission System Operator
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Executive summary

This deliverable proposes a methodology to quantify the value ofeaergy efficiency
improvement project or a portfolio of such projecisas a power grid resourc&he main
assumption is that retrofit project can be regardedis a grid resource if telps in either
phasingout old, polluting power plants that are onkept commissioned for the provision of
capacity reservesr reducing curtailment of renewableased power generation to improve

6KS INARQA K2alGAy3a OFLIOAGEe F2NI NBySslofSao

Energy efficiency improvementia buildings may affect power consumption in two $&ys:

(a) Decrease power consumption by improving the efficiency of a piece of electric equipment
(such as the efficiency of an air cooling system) or reducing the total amount of work that
must be performed by an existing piece of electric equipment (suchupggading

envelope insulation so that to reduce the cooling load);

(b) Increasepower consumption due to fuel substitution, such as when an oldusalled

boiler is replaced by an electric heat pump.

The deliverable promotes the position thathen energy eficiency projects lead to power

consumption changes thatJSNE A a G Sy idf e Y2RAFe GKS LR2oSN aeai:
KENXY2yAT S gAGK GKS | iheéyshlipddbe rdalfadlas &anBbie gri@i2 | f a
resource. @antifying and rewardinghis value isa way to coordinate two energy policy

aspectsthat are generallydetached from each othethe mediumterm planning for resource

adequacy in the power systeand the operation of public programmes that provide financial

support to energy efficiency improvements in buildings.

The presented results suggest that it is possible and straightforward to define what an
appropriate profile of power consumption changsisould be and how the value ofratrofit

project that contributes to such power consumption changes can be calculated. In addition,

the proposed methodology is implemented using the same process and the same tools that

power system operators use for capiggcadequacy studiesT hishowcass that the design of a

program that compensates energy efficiency for its contribution to the grid does not need a

radically new toolset, butather a different way to treaenergy efficiency; energy efficiency is

not justa change in average yearly consumption, but has seasonal/temporal characteristics

GKFG YIFé RSONBIFIaS 2NJ AYONBl &S (KSRgridposiive O2ad 2

energy retrofitproject, i.e. one wherdhe positive impactdor the gridoutweigh the negative
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has value, and rewarding this value is a wainftuenceenergy retrofit projectdo implement
measures that aréetter aligred with the needs and challenges that the power system faces

towards decarbonization.

Pay for Performance (P48)hemes can be utilized for rewarding energy retrofits to the extent

GKIFG GkKkSe tSIR (2 f2FR &aKFLIS OKIy3aSa GKFG | NB
premise of the P4P concept is simple: compensate an asset or a service according to its actual
impact.! R2LJGAY3 tnt A& ySOSaalNe o06SOldasS Ittt 20KSN
reliability ¢ capacity reserves and demand responseare compensated based on their

performance. Treating energy efficiencyon equal basiswith the alternative options that

system operators have at their disposal means that energy efficiency is rewarded based on

actual rather than deemed impacts.

In the most general case, P4P is not meant to replace energy efficiency grants and subsidies;
subsidizing the upfront investment costs is a strong driver for energy efficiency upgrades and,
in particular, for deep retrofits. Instead, SENSEI promotes the idea of offering a premium to
energy efficiency retrofit projects that can be regarded as valughl resourcesand using

P4P as the mechanism to provide this premium.

All the functionality that has been developed to enable the implementation of the proposed

methodology has been opespurced and can be accessed latps://github.com/hebes

io/eevalue

Deliverable D4.2The drivers of the value of energy efficiency as an ermrespurce Page7


https://github.com/hebes-io/eevalue
https://github.com/hebes-io/eevalue

SENSEI H2020 project, Grant agreement n° 87066

1 Introduction

The ongoing EU goal for the decarbonisation of the power systerans thatdecentralized
and fluctuating solarand winddriven power generation substiteas more and more power
from dispatchablefossitfuelled power plants. This results to increased variability of supply
and to power system operators requiring more options féiceently handle the stability and
adequacy challenges of the power grid. While the most often suggested optidenisnd
flexibility, i.e. the fastresponding adaptation ofpower consumption to the variable
generation, the SENSEI project examines the ttwht energy efficiengyi.e. the persistent and
maintained changesin power consumption compared to a baseline level, can play in a

renewablesbased electricity system.
Energy efficiency improvementsay affect power consumption in two (2) ways:

(c) Decreas power consumption by improving the efficiencyaopiece oklectric equipment
(such as the efficiency of an air cooling systemjedudng the total amount of work that
must be performed by @ existing piece of electric equipment (such asupgrading

envelope insulation so that to reduce the cooling load)

(d) Increasepower consumption due to fuel substitution, such as when an olduslled

boiler is replaced by an electric heat pump.

Accordingly, mergy efficiency improvements may redupewer demand duing the hours
when the probability of load loss is high and/or hours when persistent variability in the net
load'leads to ramping eventsin both of these cases, energy efficiency can help phase out old,
polluting power plants that are only kept commissioned for the provision of capacity reserves,
as well ageduce the amount of new generation capacity that is needed to serve the future
load growth.On the other handthere aretimes when increasedower demand may be
actually beneficial, such as during periods of renewable power -gereration and
curtailment. If energy efficiencyterventionsreducedpower demand during those hours, the

system needfor demand flexibility would increase.

Under this perspectiveenergy efficiency could be regarded by the power grid dead

modifying resourcealthough it is not dispatchable by the power or capacity market, energy

1 Net load is the difference betweethe total system loadand the electricity generation from
renewable sources

2 Defined as large changes in the magnitude of the net load lasting for a period of up to three (3) hours
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efficiency isable thJSSNRAA &GSy df e Y2RATEe GKS LR2ggSNI agadsSvyQa
gAOK GKS aeaidsSy 2LISNIG2NRa 3I2Fftaszx adzoOK a LIS
renewables, reducing steep upward and downward ramps, and reducing the overall costs of

power procurement.

The study ofLangevinet al. (2021} has shown that mplementing efficiency measures
alongside flexibility measures can be of high value to grid operatoras toavoid future
investmentsin generation capacity and reliey@ressure on power storage deployments to
support variable renewable energy integration. These results are alignedheithutcomes of

the Southern California EdisoBGE) Preferred Resources Pijltite primary objective ofvhich

was to determine whethelocally deployed distributed energy resources can reliably serve the
forecasted load growthThe main insight from the pilot was the need for a diverse mix of
resource types to manage load growth, sincesirgleresource type has all the performance

chaacteristics to meet local and temporal grid needs.

In general a load modifying resource would be most valuable if it could induce persistent
changes in the power consumption profile that increase demand during some time periods
and decrease demand durirgihers, so that to better align with thdaily/seasonal net load
profile. This means thathe value of an energy efficiency project for the power grid is highly
dependent on the temporal profile of the power consumption chantjes it induces some
aspeds of a consumption profile change may increase the value of the project, such as when
power demand decreases during periods of high probability of capacity deficit, while others
decrease its value, such as when the probability of renewable generatiomilment is

increased.

Accordingly, the value of an energy efficiency project for the power grid can be determined
through acomposite indicatorthat consolidates the different ways the project affects the grid.

A project can be considered gdd positiveif the positive impacts outweigh the negativehis
deliverable proposesnd demonstratesa methodology to estimate such an indicatoThe
proposed methodology is implemented using the same process and the same tools that

system operators use focapacity adequacy studieShere aretwo (2) reasons for this

3 Jared Langevin, Chioke B. Harris, AvenSd#tey, Handi ChandrRutra, Andrew Speake, Elaina
Present, Rajendra Adhikari, Eric J.H. Wilson, Andréw-Jii OKg St f OonHnum0 a! {
YR Ft SEAOATAGE I a Iy St SOGNRO INKR RI8, 2
https://doi.org/10.1016/j.joule.2021.06.002

4 SCE PreferreResources Pilot, Lessons Learned About DER Sourcing and Deployment, 2019

g o
Z o
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approach.The first reason is that the coordination between the needs of the power system
and the incentives for energy efficiency improvements must take place during the medium
term planning for resource adequacy in the power system. The second reasoshisvwoase
that the design of @rogramthat compensates energy efficiency for @sntribution to the grid
does not need a radically new toolset, beain be done using the tools that power system

operators already ustor capacity adequacy planning.
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2 Methodology

2.1 Energy efficiency andapacity adequacy

The identification of thecapacityadequacyneedsfor the different EU Member Stat@ower

systems is carried out by thespectiveTransmission System OperatoisSOs Theseneeds

I NB ljdzZt yGAFASR Ay GKS ¢{haQ OFL}IOAGE | RSI|dza Oe
strategy for planning the introduction of new power plants and the decommissioning of old

and polluting onesThe assessment of capacity adequacy evalua¥eg2) man aspects:

a) Adequacy opeak capacityThe assessment evaluates the extent to whicl sum ofthe
expected available capacitieis sufficient to meet the demandminus the expected

generation from renewable sources.

b) Adequacy offlexibility. The assessment evaluat@ghether the existingcapacityhasthe
right technical characteristics to copeith the expectedand unexpectedvariationsin
demand andrenewable powergeneration Flexibility can be distinguished into two (2)

types:

o0 Slow flexibility According to the ELIA Adequacy and Flexibility Study for Belgium 2022
2032, & Xslow flexibility represents the ability to deal with expected deviations in
demand and generatiorbased oninformation received between the daghead
market (up to 36 hours before retime) and the intraday forecast received several

hours before reatimS ¢ ©®

o Fast flexibility Fast flexibility represents the ability to deal with wpected power

deviations in real time

This deliverable aims at exploring thetential contribution of energy efficiency to the overall

needs forpeak capacityndslow flexibilityof a power system.

Peak capacity

The capacity marginof a power systemis the proportion by which the total available
generation exceeds théemandat any given time period:
"0 w0

0 Qi 80 —F— @D

where:
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O is the available capacity of all the dispatchable power generation plants atdii
(MW)

WO s the variable power generation that is available at timéethe nameplate capacity
multiplied by therespectivecapacity factor (MW)

0 is the totalload at timed (MW).

The assessment of the capacity adequacy focuses on the probability that the maligin
become less than oneinder some conditions in the futureéThe capacity margin is not
deterministicdue to the variability in the demand and generation from renewable sources, as
well as the forced outages of the dispatchable capacity. Howevet, does exhibit

seasonal/temporal pattars.

The plot of Fig. 2.shows the yearly distribution of the lowef0% of the daily capacity margin
values, whereas the plot of Fig2aepicts the average daily profile of the capacity margin in

the Greek power system for the period 262820.

Heatmap of the 10% quantile of the capacity margin daily values
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Figure2.1¢ Yearly distribuibn of lower 10% of the daily capacity margin vafoe20182020

The average intra-day profile of the capacity margin
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Figure2.2¢ Average intraday profile of the capacity margfior 20182020
Slow flexibility

Theramp-up requirement®f a power systencan beapproximatedas:
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6O 2.2

g(

YY | A@® O
where 0 Oisthe net loadat time t (MW).

The plot in Fig. 3.shows theaverage intraday rampup needs in the Greek power systdar

20182020 where a temporal pattern is obvious.

The average intra-day ramp-up needs in the Greek power system, 2018-2020
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Figure2.3¢ Average intraday rampup needs in the Greek power sysi&9182020

The existence of seasonal/temporal patterns is an argument in favour of considermngye
efficiency support schemes as a way to reduce the needs for peakiragnpingcapacity.In

this case, the value of energy efficiency can be derhaskd onthe capacity reserves that it
canreliably displae. The value of these reservesn be quantified usinthe operating reserve

demand curve (ORD@yhichis calculated as:

Y @O00000Y (2.3)
where:
Y The reserve capacitpat the systemshould carry before resorting to involuntau
load shedding
W'Y The value of the reserve capacity

w0 00 The value of lost load

00 0'Y The loss of load probabilityiven the available amount of reserve capadity

The loss of load probability (LOLP) at a given time peisoderived as:

DO 01 ¢€d wOo O 0 m (24)

where:
O is the crossorder inflows at timed (MW).

The plot in Figure 2.depicts astylizedORDC
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Value of reserves 4
(Euro/Mw)

Capacity reserves (MW)
Figure2.4¢ Stylizedoperating reserve demand curve

Based on the aforementionedtrategicload reductions at some hours of the yeean be
beneficial to the grid. However, this does not mean that load reductions are always beneficial.
It should beexpected forinstance that load reductions are detrimental for the grichen they
increase theprobability of renewable generation curtailmenfccordingly, the value of an
energy efficiency project for the power grid can be determined through a composite indicator
that consolidates the different ways the project affects the gilile proposed methodology
offers a way to estimatesuch anindicator using the same process and the same tools that

capacity adequacy studies use.

To this end, the quantitative analysis thatcarried out utilizes a unit commitment model to
identify the conditions under which energy efficiency improvements are most valuable for the
power system and its operatiof.he details of the model are presented in Chaptdr In this
section it is suficient to note that the model
A 9mulates the state of a national power system given scenarios for future demand and
supply;
Identifies when conditions of missing capacity may arise

Allocatesa limited amount of load modifying resources to the hours whiengest impact

on minimizing the overall system operation coah be achieved.

2.2 Thequantitative analysisworkflow

The proposedquantitative modellingand analysisapproach consists of the follving six (6)

stages:
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1. Preprocessingtage The preprocessing stage implements thestering of thepower plants

based on their technology (such as combined cycle gas turbines or steam turbines) and
primary fuel (such as natural gas, coal or water/hydrbhe quantitative analysis that is
proposed by this deliverable utilizes a unit commitment model to identify the conditions under
which energy efficiency improvements are most valuable for the power system and its
operation.To limit the computational cst of solving unit commitment problems, power plants

are aggregated into amallnumber of clusters Existing literature includes examples where
clustered unit commitment formulationare applied to generation expansion planniagd/or

to integratingflexibility constraints in longeterm operationalplanning.

Furthermore, this stage performs Principal Components Analysis (PCA) on a data matrix that
includes all hourly historical time series, and stores the principal components that explain up
to 90% ofthe variability (this is a useatefined parameter and can be changed). The
components are utilized during simulation to generate scenarios for all hourly time series (such
as demand, wind and solar availability factors, maximum levels of power importsxaaits,

and so on).

2. Backtesting stage The backesting stage runs gimulation using historical datso asto
compare actual and predicted nalés in terms of committed capacities per technology cluster.
This helps evaluate how well the simulation aeb performs, as well as whether calibration to

historical data is required.
3. Calibrationstage The calibration stage is a sequence of two (2) steps:

A The 1% step identifies a function that predicts theffective availability factoof the
hydropower resources Although nominal availability data for hydropower plants can be
F2dzyR FNRY GKS NBaLISOGAGS aeadSy 2LISNI (2 NEC
cannot be used in an unconstraint fashion, since reservoir water levels cannot be
replenished at will The effective availability factor of thieydropower resourcess
estimated as a function of their nominal availability factor and the value of water. The
latterislj dzr YGAFASR a4 GKS AYy@SNES 2F GKS- NI GA2 2

term average

A The2" step (optional) identifies dunction thatgeneratesa markupto be added to the
variable cost of eactechnologyOf dza 4§ SNJ 3A @Sy GKS LIRgSN) a2aiusSy

5 Meus, J.,PonceletKand Delarued ® ¢ vApplicakility &f a Clustered Unit Commitmeltodel in
t 26 SNJ { & a i SiNVIEBEZTRuSsachoyisi Bower Systemls 33, no. 2, pp. 2195204
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function to make sense, it should be consistently related to factbes one would
SELISOG G2 RSTAYS (KS LR6SN LI IFYyiaQ o0ARRAYST
available capacity in the system, and thedue of water

4. Forward scenario simulatiostage This stage creates forward scenarios for the parameters

that define the state of the power system (such as demand, available generation capacity,

etc.), runs the corresponding simulations, and stores both the scenarios and the results. By

default, the model stores results on committed capacities per technology cjusteiailment

of renewable generation andd& of peak and ramping capacity

5. Replay scenario simulation stag&his stage simulates the same scenarios that the previous

stage (created and) simulated, but now adds storage and/or loadifying resources. The

goal is to identify: (a) how to best utilize the available storage/@ndbad modifying

resources, and (bp KI & G KS&AS NBaz2dz2NDSaQ AYLI OGO Aa 2y GK

deficit and renewable power curtailment.

6. Counterfactual comparison stageThis stage compares the results of the two (2) previous

steps to construct an indicator that associatdsrage capacity levels and/or load profile
changes at specific hours of the year with reductions in capacity deficit and renewable power
OdzNIiF Af YSYylGd ¢KAa AYRAOIG2NI RSTFAySa (G4KS a3INA

pul

its pre- and postretrofit power consumption profiles.

The whole workflow is summarised in Rich below.

X X X X - 3
[~ O
o
| v | | csv | | csv | |_csv |
Historical market data Historical market & Scenarios for yearly Daily scenario Energy efficiency project
technology cluster data market evolution variations value indicator
Preprocessing .| Back-testing Calibration N Forward Replay .| Counterfactual
stage stage stage simulation stage simulation stage comparison stage
I l 3
v " X
X X X i
| csv | | csv | w | csv | Simulation results
Technology cluster data Goodness-of-fit Effective availability & Daily scenario variations & ‘
& principal components evaluation markup models simulation results

Figure2.5¢ The modelling workflow

The details of each modelling step are presented in Chaptais Svell. All the relevant

functionality has been opesourced and can be accessed Htps:/github.com/hebes

io/eevalue
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3 TheValueof Energy Efficiencin the GreekPower System

3.1 Introduction

This chapter applies the methodology of Chapter 2 to the case of the Greek power system
usingdata that is publicly available through the websitetioé Greek TSQADMIEB®. For the
development of future scenarioslatafrom the Public Consultatiohon Assmptions of the

new National Resource Adequacy Assessmelth®iGreek system operatavas utilized

3.2 Overview of power capacity in Greece

The historical data that is used for calibration purposes include information from 2018 until
the end of 2020The power generation plants in the Greek power systhing 2020can be

clustered as iMable3.1:

Table3.1 Clusters of power generation plants in the Greek power system

Parameters Units Cluster 1 Cluster 2 Cluster 3
N units - 15 16 10
Technology - STUR HDR comMC
Fuel = LIG WAT GAS
Power capacity MW 317.1 198.2 425.2
Minimum stable output MW 150 0 94
Efficiency % 0.36 1 0.55
CQ intensity TCQ/MWh 1.35 0 0.44
Minimum up time hour 8 0 2
Minimum down time hour 6 0 2
Ramp uprate MW/hour 190 4,758 765
Ramp down rate MW/hour 190 4,758 765
Ramp starup rate MW/hour 52.8 160 212
Ramping cost EUR/MW 189 0 35

Shttps://www.admie.gr/en/market/marketstatistics/detaitdata

"https://www.admie.gr/en/node/124648and
https://www.admie.gr/sites/default/files/diaboyleyseis/diabouleu8il-07-
2021/Public%20Consultation%200n%20the%20assumptions%200f%20the%20new%20National%20Reso
urce%20Adequacy%20Assessment%200f%20IPTO.pdf
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On Februarg2" of 2021, the Public Power Corporation (PP@fficially announcedthe
retirement of the lignitefleet due to economic lossef\ccording toa subsequentcapacity
adequacy study by theystem operator the capacity gap due to lignitehase outcould
O2YLINRYA&S GKS udtittielb&vieng of 2AR8, dvheh Aelv ower plants are
expected to beoperational. As a resulg Strategic Resenseheme has been proposed so as to

postponethe total phaseout of lignite

Since energy efficiency has value for the grid mainly under conditions of capacity scarcity, the
analysis carried out in this chaptesduses on the year 2025 assumingltamseout of lignite
happens until the end 02024 In this way, the analysiaims to explorewhether energy

efficiency can help in phasing out lignite in the Greek power system.

In particular,the baseline scenario fagntries and exits of conventional power plants is the

following:

Table3.2The baselinscenario for entries and exits of conventional power plantSreek power system

Unit Fuel Capacity(MW) Year
Entries

New CCGT Gas 825 2023
Ptolemaida V Lignite 615 2023
Hydro with reservoir Water 29 2025
Ptolemaida V Gas 1000 2026
Hydro with reservoir Water 160 2026
Hydro with reservoir Water 83 2028
Exits

Old lignite Lignite 2,871 2024
Oldnatural gas Gas 1,574.4 2034

Furthermore, he baseline scenario for the capacity for generation from renewable resources
is:

Table3.3The baseline scenario frenewable generation capacity expansion

Year Wind PV
(MW) (MW)
2022 4246 4239
2023 4513 4934
2024 4813 5457
2025 5117 5885
2026 5393 6261
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Year Wind PV

(MW) (MW)
2027 5645 6612
2028 6022 6961
2029 6387 7184
2030 6619 7342
2031 6770 7436
2032 6883 7477
2033 6997 7519
2034 7111 7560
2035 7224 7601

3.3 Overview of power generationn Greece

The Greek power system is dominated by natural gas and renewables. The platrén3Flg
shows the average daily profile of all generation, including net imports (Greece is net importer
of electricity). Renewable gesration (mainly solar) is doinant during noon hourswhile
hydropower is mainly used for filling the gap during evening hours when renewable generation

decreases significantly.

Average daily profile of generation in 2020

-
5000 STUR_LIG

N COMC_GAS

-
5000 RES

BN HDR_WAT
a000 M IMPORTS
3000
2000
1000

[
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23

Figure3.1¢ The average daily profile of all generationthe Greek power system

The plot in Figre 3.2 shows the average daily profile of the net Idadthe years 2018, 2019
and 2020(upper panel) and the average profile of the emeur-ahead changes in the netdd
(lower panel) The profils showalreadya & R dzOryeé & K bdeland increases and solar
irradiation decreasesluring the eveninghours the available generation resources need to

ramp up fast up to the demand peak that occurs at around 20:00.
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Average daily profile of net load
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Figure3.2¢ The averagelaily profile of the net loath the Greek power system

Finally, the plot in Figurg.3 shows the relationship between the value of water (upper panel)
and the committed capacity of hydropower generation (middle panel). It can be seen that
significantly low water values can be associated with increased hydropower generation-(green
coloured period). However, this may not be true when high levels of power imports are
present (redcoloured period).It should be noted that negative values of net imports imply

that imports exceed exports.
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Figure3.3¢ Therelationship between value of water and committed capacity of hydropower generation
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3.4 Scenarios for the future evolution of the Greek power system

According to the data from thaforementionedpublic consultationtwo (2) demandevolution

scenariosan be considered:

Table3.4Scenarios the demand evolution

Year Baseline Increased
(GWh) demand

(GWh)
2022 51506 52146
2023 52674 53333
2024 52970 54144
2025 53711 55112
2026 53838 55768
2027 53957 56432
2028 55910 59033
2029 56728 60311
2030 57327 61117
2031 57952 61977
2032 58593 62742
2033 59236 63509
2034 59886 64282
2035 60543 65060

The consultation used theuel and C@ prices that are considered in the ERAA Z02dd
TYNDP 202&ports by ENTSE, presented in Table3

Table3.5Scenariosor fuel and carbon prices

2022 2025 2030 2040
e kD' Lignite 3.10 3.10 3.10 3.10
€ kD' Natural gas 5.17 5.57 6.23 6.90
e kisz CQ price 40 40 70 90

Given the available information so far (April 2022), the fuel angpfiCes for 2022 have bee
significantly underestimated. However, since the Greek power system is dominated by natural

gas and renewables, this price underestimation does not fundamentally change the results.

8https://www.entsoe.eu/outlooks/eraa/

https://2022.entsostyndp-scenarios.eu/
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3.5 Simulation results without consideringpad modifying resources

For the forward simulation, the year 2 was selected, so that to test the system under
conditions of lignitefuelled generation phaseut. In total,six hundred (600yearly scenarios

were evaluated.

The plot in Figure 3.4 shows the probability of demand exceeding supply in all simulated
scenarios. A clear daily and yearly profile can be detected. The existence of a clear pattern
suggests that there is scope for using energy efficiency as one of thefty supporting the

phaseout of lignite.
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22201816 141210 8 6 4 2 O

0.4
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0.0

Figure3.4¢ Theprobability of demand exceeding supply in all simulated scenarios

D

At the same time, the plot in Figure 3.5 offers a complementary view ot.#8eg SNJ a2 a i SyYQa
needs. In particular, the plot shows the probability of renewable generation curtailment in all
simulated scenarioslhe plot indicates that there are specific hours and seasons during a year

that demand reduction is not beneficial for theidj since it increases the need for curtailment.
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Figure3.5¢ Theprobabilityof renewable generation curtailment in all simulated scenarios

Finally,the distribution of the missing capacity resutiger all the simulated scenarios can be
used for determining the loss of load probability (LOLP) given different levels of additional

capacity in the system (Figure 3.6).
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Figure3.6¢ LOLP givedifferent levels of additional capacity in the system

For the value of lost load, this deliverable uses the results from Giaccaria,, LBftigimiadis
and Bouman (20182 OK224S I @Fftdz2S 2F Hn e€ek(12K®d ¢KSy:
ORDCurve is ckeulated as in Figure 3.7 below.
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Figure3.7¢ ORDC curveased on all simulated scenario results

3.6 Simulation results with loadnodifying resource available

Optimal allocation of load modifying resources would leaghéosistent changes in the power
consumption profile that increase demand during some time periods and decrease demand
during others, so that to better align with thdaily/seasonal net load prd& (Figure 3.8).
Accordingly, he methodologyestimates separately the impact from reducing demand during

specific hours of the year and the impact from increasing it.

DAL OOF NA I {®Z [2y32 ! ®% 9T KA ppletiaitoh aftedergy sédirity, 2 dzYl y ¢
Volume 4: Value of Lost LoaD NS SOS¢ 3 W2Ay(d wSaSINOK / SydSN
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Stylized shift dispatch

12AM IAM 6AM 9AM 12PM 3PM 6PM 9PM

Figure3.8: Optimal direction for loachodification
(Source: Source: LBNL for the Load Shift Working Group)

3.6.1 Impact from loadsheddingresources

The mpact from loadsheddingresourcesis estimated fromthe change inoverall capacity
deficit whenthey becomeavailable To this end, thescenarios that were used by the forward
simulation (Section 3.5) are replayed for a new simulation that has enabled load modifying
resources whichare allowed to only reduce demand when it is optimal in terms of overall
system operation ast. The total amount ofthe availableload modifying resources remains
always less than total missing capacity so that ie&sonable to assume a linear relationship
between load reductions in each of the 8,760 hours of the year and the yearly reduction

missing capacity.

The resulting linear model is sparse, so most hours of the year have a zero coeffibptot

in Figure PaK2ga (GKS Y2RStQa O2STFAOASyGa F2NJ I ff
positive, because reductions in load result in reductions in capacity défitdemonstration
purposeshowever, they have been negated so that is easier to recognizehbgtdorrespond

to load reductions. The way to interpret the absolute value of the coefficients is that a retrofit
project that reduces demand during a specific hour of the year dispfaseerve capacity (or,
alternatively, reduces the need of additional capacity) that is equal to the demand reduction

multiplied by the respective coefficient-axis of Figure 9).

110On averageacross all simulated scenarios
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Figure3.9¢ Impact oefficients ofstrategicload shedding

At this point, aseries ofsimple thought experimestis needed so that to better define what

the coefficientsactuallyrepresent:

A Suppose that a power system is missing 1MW of capacity. If in all scenarios, this amount of
capacity is missinduring one specific hour of the yearnanergy efficiency project that
reduces load by 1MW at that hour is equivalent to having 1 MW of exfpadcity available

for every hour of the year.

A Suppose that a power system is missing 1MW of capacity. If in all scenarios, this amount of
capacity is missing during two specific hours of the year, an energy efficiency project that
reduces load by 1MW atnly one of these hours has zero impact on the need for

additional capacity.

A Suppose that a power system is missing 1MW of capacity at different hours of the year. If
there is a portfolio of energy retrofit projects with enough diversity to include, on
aggegate, load reductions at all those hours, the coefficients of Fig@@rdvide a way
G2 OFtOdz  tS GKS O2ydidNROGdziA2Yy 2F SI OK LINR2SOi

In order to highlight what type of load changes the coefficients dictkigure 3.0 presents
the total achievable impact per season of the ydadicatively, a project that reduces load by
1 MW during all 19:00 hours of winter displaces on average 0.2 MW of extra capacity (that

should have been available for the whole year)
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Figure3.10¢ Total achievable impact per season of the yiearstrategic load reduction
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Thisis the first step towards building an indicator for the value of an energy efficiency project
from the perspective of the grid: the coefficientaap to displaced capacity, andisplacing
capacity is equivalent to shifting th®RDCcurve of Figure 3.7 to the leftThe resulting

reduction in the capacity value reflects the valugh# project.

As an examplethe plots in Figure 311show the pre and post retrofit power consumption of a
hypothetical office building where a package of envelope improvements and heating system
upgrade has been installed. The data comes from the dataset that accompanies thefwork
Langeviret al. (2021%.

Figure3.11¢ Pre and post retrofit power consumption of a hypothetical office building

Thefirst stepto calculate the value of this project is multiply the impact coefficients with

the savings in the corresponding hours of the year. The result is the time series of Figure 3.1
Then, the time series is summed to calculate the equivalent amount of disptageacity over

the year; in this case, it 80.7kW. Finally, the displaced capacity amount is multiplied by the
capacity value provided by tHeRDCurve of Figure 3.7, which would lead to a total value of
0KS LINP2SOU 10meéath A& Sldza t G2 ¢

12 Jared Langevin, Chioke B. Harris, Aven9d#aly, Handi ChandrRutra, Andrew Speake, Elaina
Present, Rajendra &dA {1 F NAZ 9NARO Wadl & 2Afazys ! yRNBEg Wo {I §0Kg
YR FftSEAOATAGE a +y StSOGNRAO 3IMIR NBa2dzNOSé s W2 dz
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