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Abstract

Worldwide concern on CO, emissions, climate change, and the energy transition made us pay
more attention to Demand-side Management (DSM). In particular, with Demand Response (DR),
we could expect several benefits, such as increased efficiency of the entire electricity market, en-
hanced security of electricity supply by reducing peak demand, and more efficient and desirable
investment as well as the environmental advantage and the support for renewable energy sources.
In Europe, France launched the NEBEF mechanism at the end of 2013, and South Korea inaugu-
rated the market-based DR program at the end of 2014. Among a number of economic issues and
assumptions that we need to take into consideration for DR, Customer Baseline Load (CBL) esti-
mation is one of the most important and fundamental elements. In this research, based on the
re-scaled load profile for an average household, several CBL estimation methods are established
and examined thoroughly both for Korean and French DR mechanisms. This investigation on CBL
estimation methods could contribute to searching for a better and accurate CBL estimation method
that will increase the motivations for DR participants. With those estimated CBLs, the Cost-Benefit
Analyses (CBAs) are conducted which, in turn, are utilized in the Decision-making Analysis for DR
participants. For the CBAs, a simple mathematical model using linear algebra is set up and mod-
ified in order to well represent for each DR mechanism’s parameters. With this model, it is ex-
pected to provide an intuitive and clear understanding of DR mechanisms. This generic DR model
can be used for different countries and sectors (e.g. residential, commercial, and industrial) with
a few model modifications. The Monte Carlo simulation is used to reflect the stochastic nature of
the reality and the optimization is also used to represent and understand the rationality of the DR
participants, and to provide microeconomic explanations on DR participants’ behaviors. In order
to draw some meaningful implications for a better DR market design, several Sensitivity Analyses
(SAs) are conducted on the key elements of the model for DR mechanisms.

Keywords: Demand Response (DR), Customer Baseline Load (CBL), Cost-Benefit Analysis (CBA), Monte
Carlo Simulation, Optimization, Sensitivity Analysis (SA), NEBEF, Load Aggregator (LA)
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Résumé

A cause de la préoccupation mondiale sur les émissions de CO,, le changement climatique, et
la transition énergétique, nous faisons plus d’attention a la maitrise de la demande d’électricité.
En particulier, avec I'effacement de consommation électrique, nous pouvons profiter de plusieurs
avantages, comme 'augmentation de I'efficacité de lensemble du marché de I'électricité, la sécurité
d’approvisionnement d’électricité renforcée, et I'investissement plus efficace et souhaitable ainsi
que l'avantage de l'environnement et le soutien aux énergies renouvelables. En Europe, la France
a démarré le mécanisme de NEBEF a la fin de 2013, et la Corée du Sud a lancé le programme de
'effacement de consommation électrique basé sur le marché fin 2014. Parmi un certain nombre
de questions et d’hypothéses que nous devons prendre en compte en termes de I'effacement,
estimation de la courbe de référence est I'un des éléments les plus importants et les plus fon-
damentaux. Dans cette recherche, sur la base du profil de consommation redimensionné pour
un ménage moyen, plusieurs méthodes d’estimation de la courbe de référence sont établies et
examinées a la fois pour les mécanismes de l'effacement francais et coréen. Cette investigation
sur les méthodes de l'estimation pourrait contribuer a la recherche d’'une méthode d’estimation
meilleure et plus précise qui augmentera les motivations pour les participants. Avec les courbes
de référence estimées, les analyses colits-bénéfices ont été réalisées, elles-mémes utilisées dans
'analyse décisionnelle pour les participants. Pour réaliser les analyses cofits-bénéfices, un modeéle
mathématique simple utilisant I'algébre linéaire est créé et modifié afin de bien représenter les
parameétres de chaque mécanisme de leffacement. Ce modéle nous permet une compréhension
intuitive et claire des mécanismes. Ce modéle générique peut étre utilisé pour différents pays
et secteurs, résidentiel, commercial et industriel, avec quelques modifications de modéle. La
simulation de Monte Carlo est utilisée afin de refléter la nature stochastique de la réalité, et
loptimisation est également utilisée pour représenter et comprendre la rationalité des partici-
pants, et pour fournir des explications microéconomiques sur les comportements des participants.
Afin de dégager des implications significatives pour une meilleure architecture du marché de
l'effacement, plusieurs analyses de sensibilité sont effectuées sur les éléments clés du modéle pour
les mécanismes.

Mots-clés: 'Effacement de Consommation Electrique, la Courbe de Référence, l'Analyse Cofits-Bénéfices, la
Simulation Monte Carlo, 'Optimisation, lAnalyse de Sensibilité, NEBEF, 'Opérateur d’Effacement

iv of 247



Optimization and Simulation Based - Table of Contents
Table of Contents
Acknowledgements i
Abstract iii
Résumé iv
Table of Contents v
List of Tables vii
List of Figures ix
List of Glossaries xiv
Acronym & Abbreviation XV
Notation & Nomenclature xviii
List of Boxes xxi
1 Introduction: Electricity Demand and Role of Demand Response 1
1.1 Background . . . . ... L e 1
1.2 Theoretical Rationale for DRin Economics . . . . . . . . . . v v v vt v v i oL 4
1.3 Objectivesand Scopeof Research . . . . . . . . . . .. ... .. ... ... ..., 7
1.4 Literature Review . . . . . . . . . . Lo Lo e e e e e e 10
1.4.1 Definitionof DSMandDR . . . . . . . . . .. ... .o 10

1.4.2  Relations between DSM, DR, Smart Grid, Renewable Energy, Climate Change, and

CapacityMarket . . . . . . . . . e e e e e e 16

1.4.3  Advantagesand Challengesof DR. . . . . . . . . .. ... ... ... ..... 17

1.5 Conclusion . . . . . . . . . e e e e e e e e e 23

2 Case Studies: The U.S., France, and South Korea 24
2.1 CaseoftheU.S. . . . . . . o . o e e e e 24

2.2 Case of France: NEBEF (La Notification d’Echange de Blocs d’Effacement) Mechanism . . . 27
2.2.1 Background and Motivations to Introduce NEBEFin France . . . . . . . ... .. 27

2.2.2 Introductionof NEBEF . . . . . . . . . . . v v it e e e e 34

2.2.3  Evolutionof NEBEF . . . . . . . . . . . i i e 35




Optimization and Simulation Based - Table of Contents

2.3 Case of South Korea: Demand Resource Trading Market (DRTM) . . . . . . . ... ... 46
2.3.1 Motivationsto Introduce DRTM . . . . . . . . . . . .o i vt vt 46

2.3.2  Recent Performance of DRTM in SouthKorea . . . . . . . .. ... ... .... 50

2.4 Conclusions on Comparisons between France and South Korea . . . . . . .. ... ... 55

2.5 Conclusion . . . . . ... e e 58

3 Customer Baseline Load (CBL) Estimation 60
3.1 Importance of the Accurate CBL Estimation Methods and Difficulties . . . . . . .. . .. 60

3.2 Methods to Calculate Customer BaselineLoad . . . . . . ... ... ... ....... 62

3.3 ToAssessthe Estimated CBL . . . . . . . . . . . . it i i it e 64

3.4 CBLforanAverage Householdin SouthKorea . . . . . . ... ... ... ... .... 66

3.5 CBLforanAverage HouseholdinFrance . . . . . . .. . ... ... ... ....... 74

3.6 Conclusion . . . . . . L e e e 89

4 Cost-Benefit Analysis of Demand Response 91
4.1 Necessity of Cost-Benefit Analysis . . . . . . . . . .. .. Lo . 91

4.2 Costs & Benefits to Be Considered and PreviousCBAs . . . . . . . . . .. .. ... ... 92

4.3 CBAon South Korean Demand Resource Trading Market . . . . . . . .. .. ... ... 95
431 AModelfortheCBA . . . . . . . . . . e 95

4.3.2  Decision-making Analysis for South KoreanDRTM . . . . . . .. ... ... .. 110

4.4 CBAonthe French NEBEF Mechanism . . . . . . . .. ... .. ... ... ...... 114
4.4.1 A Model for the Case of Load Shedding . . . . . ... ... ... .. ...... 116

4.4.2  Decision-making Analysis for the Case of Load Shedding BasedonCBA . . . . . . 126

4.4.3 A Model for the Case of Load Shifting . . . . . . ... .. ... ... ...... 128

4.4.4 Decision-making Analysis for the Case of Load Shifting basedonCBA . . . . . . . 131

4.5 Sensitivity Analysis . . . . . ... L. 135
4.5.1 SAforthe CBAoftheSouthKoreanCase . . . . . . . . . . . v v v v ... 135

4.5.2 SAfortheCBAoftheFrenchCase. . . . . . . . . . .. .. .. ... ...... 147

4.6 Conclusion . . . . ... e e e e 170

5 Conclusions and Implications 172
Bibliography 177
Appendix A: Supplementary Figures & Tables 186
Appendix B: Résumé en francais 227
Index 245

viof 247



Optimization and Simulation Based -

List of Tables

List of Tables

1.1

1.2

2.1
2.2
2.3
2.4
2.5
2.6

2.7

3.1

3.2

3.3

3.4

3.5
3.6

3.7

3.8

3.9

4.1
4.2
4.3
4.4
4.5
4.6
4.7

Summary for the Sources of Datasets used in the Analyses of CBL Estimation Methods and
CBAS . . e e e e e e e e e

The Top 10 States in terms of the Number of Customers and AMI Penetration Rate in the
Residential Sector . . . . . . . . . ... L

The Monthly Reserved and Realized NEBEF Volume and Total in 2014 MW) . . . . . . . .
The Monthly Reserved and Realized NEBEF Volume and Total in 2015 (MW) . . . . . . . .
The Monthly Reserved and Realized NEBEF Volume and Total in 2016 MW) . . . . . . . .
The Size of the Fund for DR Program in South Korea from 2012t02016 . . . . . . . . . . .
The Performance of South Korean DRTM in 2014, 2015,and 2016 . . . . . . « « v v « « . .
Comparison of the Electricity Market Structure between France and South Korea . . . . . .

The Comparison of the DR Mechanisms between France and South Korea . . . . . . . ..

The Top 5 Regions in terms of Number, Total Consumption, and Average Consumption in
Residential SectorinSouthKorea . . . . . . . . . . . . ... ... ... ...,

Summary of the Established CBLs for the Event Times (W) . . . . . . . . ... ... ..

The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs Established with Dif-
ferent Methods . . . . . . . . . e e e e e

The Top 10 Département in terms of Number, Total Consumption, and Average Consumption
inResidential Sector . . . . . . . ... L. L

Summary of the Established CBLs for the NEBEF (DR) Event Times (W) . . . . .. .. ..

The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs Established with Dif-
ferent Methods . . . . . . . . . L

Summary of the Established CBLs for the NEBEF (DR) Event Times Applying csL VM2 pac and
cBLWMA | gap (W) e e e e e e e e e e e e e e e e e e e e

The CBL Accuracy Comparison (MAPE and RRMSE) between the Two CBL Methods of

cBLVMA Lpacand cBLWMA Lsan oL L L L

Overview of the Results: Accuracy of CBL Estimation Methods (MAPE & RRMSE) . . . . .

The Percentiles of the Cumulative Density Function of the Maximum Reference Days (W) . .
Descriptive Statistics of SMP in 2015, 2016 (South Korea) . . . . . . . . .. . ... ...
The SMP for the Event Times 3/Wh) . . . . . . . . .« o o v v i e e e e e i i e
The Unit Retail Price for Residential Usage (Korean Won, w/kWh) . . . . . . . ... ...
Different Time Periods for Peak and Off-Peak Periods (South Korea) . . . . . . . . . . ..
ToU Tariff Scheme (South Korea, %/Wh) . . . . . . . . . . . . . . o v v v v ..

The Percentiles of the Cumulative Density Function of the Maximum Reference Days (W) . .

21

68

72

73

77

84

86

87

vii of 247



Optimization and Simulation Based - List of Tables

4.8
4.9
4.10

4.11

A1

A.2

A3
A4
A5
A.6
A7

A8

A9
A.10

A.12

A.13

A.14

A.1s
A.16
A.17
B.1

B.2
B.3
B.4

B.s

Descriptive Statistics of SMP in 2014, 2015, 2016 (France) . . . . . . . . . . . . . . . .. 122
The SMP for the DR Event (NEBEF) Times (€/MWh) . . . . . . . . . . . . . .. ..... 123
The Unit Average Retail Price for Residential Usage (Euro,€/MWh) . . . . . .. ... .. 123
Summary for Results of Sensitivity Analyses . . . . . . . . . ... ... ... .. 169
The Top 10 States in terms of the Number of Customers and AMI Penetration Rate in the

Commercial SECtor . . . . . v v v e e e e e e e e e e e 187

The Top 10 States in terms of the Number of Customers and AMI Penetration Rate in the

Industrial Sector . . . . . . . . L e e e e e e e 189
Descriptive Statistics of Loads in 2014, 2015, 2016 (France) . . . . . . . « « v« o v« o . . 196
Descriptive Statistics of Loads in 2015, 2016 (South Korea) . . . . . . . . . .. .. .. .. 207
The Performance on the Reductions of Electricity Demand MWh) . . . . . . .. ... .. 210
The Composition of Participants by Industry . . . . . . . . . . . .. ... ... ... 212

The Payments for the Capacity and Reductions of Electricity Demand (Korean million Won,
FHEL,000,000) & & v v e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 213

The Top 10 Département in terms of Number, Total Consumption, and Average Consumption
inIndustrial Sector . . . . . . L L L 215

Summary of the Established CBLs for the Event Times (2016-01-21, South Korean DRTM) (W) 218

The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs Established with Dif-
ferent Methods (2016-01-21, South Korean DRTM) . . . . . . . . . . . . . oo . .. 219
Summary of the Established CBLs for the NEBEF (DR) Event Times (2016-07-19, French
NEBEF) (W) . . . . o o o e e e e e e e e e e e e e e e e e e e e e e e e e e 222
The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs Established with Dif-
ferent Methods (2016-07-19, French NEBEF) . . . . . . . . . . v v v v v v v i e o 223
Summary of the Established CBLs for the NEBEF (DR) Event Times Applying csL VM2 . pac and
cBLWMA | 5aa (2016-07-19, French NEBEE) (W)« « o v v v v v e e e e e e 223
The CBL Accuracy Comparison (MAPE and RRMSE) between the Two CBL Methods of
cBLWMA . pac and cBLlWMA - saa (2016-07-19, French NEBEF) . . . . . o v v v v o ot 22.4
The Actual Load and Estimated CBL for the EventDay (W) . . . . . . . . . . . ... ... 225
The Required Load Reduction Level and the Target Reduction on 20%, 30%, 40%, Max Level (W) 225
The Target Load Reduction Level and the Target Reduction on 20%, 30%, 40%, Max Level (W) 226
Résumé des sources des données utilisées dans les analyses des méthodes d’estimation des
CBLSetlesCBAS . . . v v v vt e e e e e e e e e e e e e e e e e e e 229
Comparaisons des structures des marchés de I'électricité entres France et Corée du Sud . . 232
Comparaisons des mécanismes d’effacement entre France et CoréeduSud . . . . . . . . . 233
Apercu des résultats: précision des méthodes d’estimation des courbes de référence (MAPE

SRRMSE) . . . . e e e e e e e e e e e e e 234

Résumé des résultats des analysesdesensibilité . . . . . .. . .. ... ... ... ... 238

viii of 247



Optimization and Simulation Based -

List of Figures

List of Figures

1.1

1.2
1.3
1.4

1.5

1.6

1.7

1.8

1.9

1.13

1.14

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

2.9

2.13

2.14

Locations of Shin-Gori Nuclear Reactors No. 5 & 6 Construction Site (left) and Other Existing
Nuclear Power Plants (right)inSouth Korea . . . . . . . . . . .. ... ... .. ....

Timeline around Background and Introduction of South Korean DR Program . . . . . . .
Inefficiencies of Average-Cost Pricing . . . . . . . . . . . . ..o
Impact of DR in Regions with Organized Wholesale Markets . . . . . . . ... ... ..

Impact of Demand Elasticity on Wholesale Price and Simplified Effect of DR on Electricity
Market Prices . . . . . v v v v i e e e e e e e e e e e e e e e

Graphical Analysis of the DR in terms of Commercial (left) and Physical (right) Electricity with
Inelastic Demand and MeritOrder Curve . . . . . . . . . . . ... oo v vt

FlowoftheResearch . . . . . . . . . . . . .. . ..
Categorization of DSM . . . . . . . . . . v i i e e e e e e e e
Categorization of DRPrograms . . . . . . . . v v v v v v v v v i et e e
Categorization of DRby NERC . . . . . . . . . . . . . oo i it e i st
Entities Play as Load Aggregators in Europe (previouslyandin2014) . . . . . . . . .. ..
Smart electricity meter installations (2013-2017) . . . . . . . . . ... L.
The Number of Residential Customers by State, 2016intheU.S. . . . . . ... ... ...

Residential Smart Meter Adoptation Rates by State, 2016 intheU.S. . . . . . . . ... ..

DRMapof Europeasof 2013 . . . . . . . o v vt e e e e e e e
DR Mapof Europeasof 2014 . . . . . . . . . . i vt i e e e e e
DRMapof Europeasof 2017 . . . . . .« o v v vt i e e e e e e
France’s Peak Demand over the Past Decade (Since 2007, GW) . . . . . . . . . v v v . ..
The Total Installed Capacity in 2015, 2016, and 2017 (MW) . . . . . . . . . . .. .. ...
Heatmap of Loads, France in 2016 (MW) . . . . . . . . . . . o v i v v v it
Timeline around Background and Introduction of French NEBEF . . . . . . .. .. ...
Load Duration Curve of France in 2014 (MW) Considering NEBEF Actualized Days . . . . .
Load Duration Curve of France in 2015 (MW) Considering NEBEF Actualized Days . . . . .

The Volume of Demand Reduction of France in 2016 (Programmes d’Effacement Retenus
agrégés, MW) . . . . . . e e e e e e e e e e

The Volume of Demand Reduction of France in 2016 (Chroniques d’Effacement Réalisé
agrégées, MW) . . . . . . . . L e e e e e e e e

Load Duration Curve of France in 2016 (MW) Considering NEBEF Actualized Days . . . . .
Comparing the Chronological Actualized NEBEF between 2014, 2015, and 2016 . . . . . . .

The List of the NEBEF OPerators . . . . .« v v v v v v v v et e e e e e e e e e e

37
39

41

ix of 247



Optimization and Simulation Based - List of Figures

2.15
2.16
2.17
2.18
2.19

2.20

3.1
3.2
3.3
3.4
3.5
3.6

3.7
3.8
3.9

3.10

3.11

3.12

3.13

3.14
3.15

4.1

4.2

4.3
4.4
4.5

4.6
4.7
4.8

4.9

Heatmap of Loads, South Koreain2016 MW) . . . . . . . . . . . . oo v v 46
Peak Load of South Korea from 201202016 (GW) . . . . . . . . v v v v v v v v e e 47
Load Duration Curve of South Koreain 2016 MW) . . . . . . . . v v v v v v v v v v . 48
Planned Capacity in 2017, 2022,and 2030 (GW) . . . . . . . . . . . . o oo v i 49
The Composition of Participants by Industry . . . . . . . . . . . ... ... ... ... 53
The Payments for the Reduction and Capacity at South Korean DRTM in 2014, 2015, and 2016 54
One Demonstrative Customer BaselineLoad (CBL) . . . . . . . . . . . v v v v v v .. 60
The Number of Residential Customers by Region, 2016 in South Korea . . . . . . . . . .. 67
The Total Consumption of Residential Customers by Region, 2016 in South Korea (MWh) . . 67

The Average Consumption of Residential Customers by Region, 2016 in South Korea (MWh) 68

The Visual Comparison among the CBLs Established with Different Methods (W) . . . . . . 72
The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs Established with Different

Methods . . . . . . . . . e 73
The Number of Residential Customers by Département, 2016 in France . . . . . . . . . . 75
The Total Consumption of Residential Customers by Département, 2016 in France (MWh) . 75

The Average Consumption of Residential Customers by Département, 2016 in France (MWh) 76

The Visual Comparison among the Loads of the Previous Ten Days, Actual Loads, CBLs based

on the Ten Day Average and Median Method (W) . . . . . . . . . . .. ... ... ... 81
The Visual Comparison among the Loads of the Previous Four Weeks, Actual Load, CBLs

based on the Four Week Average and Median Method (W) . . . . . . . . . ... .. ... 83
Comparing the Actual Loads with all the Four CBLs (W) . . . . . . . . .. ... ... .. 84

The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs Established with Different
Methods . . . . . . . L e 85

WMA

Comparing the Actual Loads with the Two CBL Methods of cBL -pacand cBLWMA L san . 86

The CBL Accuracy Comparison (MAPE & RRMSE) between the Two CBL Methods of cLWMA .
pacand cBLMA fsan L L 87

Cumulative Density Function of the Maximum Reference Days (20 days prior to Aug. 12, 2016) 96

The Remained Loads according to the Required Load Reduction Level (20%, 30%, 40%, Max,

and CBL) (W) . . . o ot e e e e e e e e e e e e e e e e e e 97
SMP, South Korea in 2016 (Korean Won (#)/kWh) . . . . . . . . . . . . . . .. . ... 103
Raincloud Plots of SMPs in 2015, 2016 (South Korea, s%/kWh) . . . . . . . . .. .. ... 104
Actualized Load Comparison between without DR and with DR Participation (Wh, South Ko-

rean DRTM) . . . . . o e e e e e e e e e e e e e e e e e e e e e 112,
Cost-Benefit Plane: DRvs. without DR . . . . . . . . . . . .. ... ... .. 113

Cumulative Density Function of the Maximum Reference Days (20 days prior to Jan. 18, 2016) 115

The Remained Loads according to the Target Load Reduction Level (20%, 30%, 40%, Max, and
CBL) (W) . o e e e e e e e e e e e e e e e e 116

SMP, France in 2016 (EUR(E)/MWh) . . . . . . . . . . . o v i i ittt 121




Optimization and Simulation Based - List of Figures

4.10

4.11

4.12

4.13

4.14
4.15
4.16
4.17
4.18

4.19

4.20

4.21

4.22,
4.23

4.24

4.25

4.26

4.27
4.28
4.29

4.30

4.31

4.32

4.33

4.34

4.35

4.36

Raincloud Plots of SMPs in 2014, 2015, 2016 (France, €/MWh) . . . . . . . . . . . . . .. 122

Actualized Load Comparison between without DR and with DR Participation in NEBEF

Mechanism (W) . . . . v v v e e e e e e e e e e e e e e 127
Cost-Benefit Plane: DR vs. without DR (NEBEF, Load Shedding) . . . . . ... ... ... 128
Actualized Load Comparison between without DR and with DR Participation in NEBEF

Mechanism (W) . . . . v v v e e e e e e e e e e e e e e e e, 133
Cost-Benefit Plane: DR vs. without DR (NEBEF, Load Shifting) . . . .. ... ... ... 134

1,000 Time Simulation in terms of the Different Values of ‘Cap Variable and Mean f Value 136

Sensitivity Analysis according to the Values of 5 (South Korean DRTM) . . . . . . . . . .. 137
The Distribution of the # Value for Each 3 Level (South KoreanDRTM) . . . . . . ... .. 138
Sensitivity Analysis according to Change of Tariff Scheme (ToU) (South Korean DRTM) . . . 139

The Distribution of the 6 Value for Each 3 Level according to Change of Tariff Scheme (ToU)
(South Korean DRTM) . . . . . o v v o e e e e e e e e e e e e e s 140

Sensitivity Analysis accoridng to Change of Form of Function Coef(d) (South Korean DRTM) 142

The Distribution of the 6 Value for Each (3 Level accoridng to Change of Form of Function

Coef(d) (South Korean DRTM) . . . . v v v v v e e e e e e e e e e e e e s e e e 142,
Highest & Lowest SMPs, South Korea in 2016 (Korean Won (#)/kWh) . . . . . .. .. .. 144
Sensitivity Analysis accoridng to Change of SMPs (Highest, South Korean DRTM) . . . . . 145
The Distribution of the § Value for Each (3 Level accoridng to Change of SMPs (Highest, South

Korean DRTM) . . . . . . . o et e e e e e e e e e e e e e e e e e e e e e 145
Sensitivity Analysis accoridng to Change of SMPs (Lowest, South Korean DRTM) . . . . . . 146
The Distribution of the # Value for Each (3 Level accoridng to Change of SMPs (Lowest, South

Korean DRTM) . . . . . . o o e e e e e e e e e e e e e e e e e e e e e e e e 146
Threshold SMP of Net Benefit for Each [ Value (South Korean DRTM, s#/kWh) . . . . . . . 147
Sensitivity Analysis according to the Values of 5 for NEBEF (Load Shedding) . . . . . . . . 149
Sensitivity Analysis according to the Values of 3 for NEBEF (Load Shifting) . . . . . . . .. 150
Sensitivity Analysis according to the Values of /5 for NEBEF (Load Shedding) based on the

cBlWMA L saaMethod . . . . .. e 152

Sensitivity Analysis according to the Values of 5 for NEBEF (Load Shifting) based on the
cBLWMA L gaaMethod . . . ... e 153

Sensitivity Analysis according to the Values of § for NEBEF (Load Shedding) with ToU Tariff

Scheme . . . . . . . 155
Sensitivity Analysis according to the Values of 5 for NEBEF (Load Shifting) with ToU Tariff
Scheme . . . . . . e 156
Sensitivity Analysis according to the Values of 3 for NEBEF (Load Shedding) with cBLWMA4-saa
&ToUTariffScheme . . . . . . . . . . .. 158
Sensitivity Analysis according to the Values of 3 for NEBEF (Load Shifting) with cBL"YM4 - saa
&ToUTariffScheme . . . . . . . . . .. . 159

Sensitivity Analysis according to the Different Form of Function coefN¢ based on ToU Tariff
Scheme (Load Shifting, French NEBEF) . . . . . . . . . . . . ..o v v .. 161

xi of 247



Optimization and Simulation Based - List of Figures

4.37
4.38
4.39
4.40
4.41
4.42

4.43

Al
A2
A3
A4
Ass
A6
A7

A8

A9

A.10
A1l
A2
A.13

A.14

A.1s
A.16
A7
A.18
A9
A.20
A.21
A.22
A.23

A.24

A.25

Highest & Lowest SMPs, France in 2016 (EUR(€)/MWh) . . . . . . . .. ... ... ... 162
Sensitivity Analysis according to the Change of SMPs (Highest, Load Shedding, French NEBEF) 163
Sensitivity Analysis according to the Change of SMPs (Lowest, Load Shedding, French NEBEF) 164
Threshold SMP of Net Benefit for Each /3 Value (Load Shedding, French NEBEF, €/ MWh) . . 165
Sensitivity Analysis according to the Change of SMPs (Highest, Load Shifting, French NEBEF) 166

Sensitivity Analysis according to the Change of SMPs (Lowest, Load Shifting, French NEBEF) 167
Threshold SMP of Net Benefit for Each 3 Value (Load Shifting, French NEBEF, €/ MWh) . . 168
The Number of Commercial Customers by State, 2016 intheU.S. . . . . . ... ... .. 186
Commercial Smart Meter Adoptation Rates by State, 2016 inthe U.S. . . . . . . ... .. 187
The Number of Industrial Customers by State, 2016 intheU.S. . . . . . . . ... .. ... 188
Industrial Smart Meter Adoptation Rates by State, 2016inthe U.S. . . . . . . . . . . . .. 188
Heatmap of Loads, France in 2014 (MW) . . . . . . . v v v v v v v i e et e e e 189
Heatmap of Loads, France in 2015 (MW) . . . . . . . . . . . o v v i v v it 190
The Volume of Demand Reduction of France in 2014 (Programmes d’Effacement Retenus

agrégés, MW) . . . . . . L e e e e e e e 191
The Volume of Demand Reduction of France in 2014 (Chroniques d’Effacement Réalisé

agrégées, MW) . . . . . . . . e e e e e e e e e e e 192
For the Comparison between the two volumes of NEBEF (MW) in2014 . . . . . .. .. .. 193
For the Comparison between the two volumes of NEBEF (MW) in 2014 (Continued) . . . . . 194
Load Duration Curve of France in 2014 (MW) . . . . . . .« v v v v v v v i e e e 195
Raincloud Plots of Loads in 2014, 2015, 2016 (France, MWh) . . . . . . . . . . . . . ... 197
The Volume of Demand Reduction of France in 2015 (Programmes d’Effacement Retenus

agrégés, MW) . . . . . . L e e e e e e e 198
The Volume of Demand Reduction of France in 2015 (Chroniques d’Effacement Réalisé

agrégées, MW) . . . . . . . L. e e e e 199
For the Comparison between the two volumes of NEBEF (MW) in2015 . . . . . .. .. .. 200
Load Duration Curve of France in 2015 (MW) . . . . . . . & v v v v v v v e e e e 201
For the Comparison between the two volumes of NEBEF (MW)in2016 . . . . . .. .. .. 203
For the Comparison between the two volumes of NEBEF (MW) in 2016 (Continued) . . . . . 204
Load Duration Curve of Francein2016 MW) . . . . . . . . . . o v v v i v e 205
Heatmap of Loads, South Koreain2015 (MW) . . . . . . . . . . v v v v v v v v v .. 206
Raincloud Plots of Loads in 2015, 2016 (South Korea, MWh) . . . . . . . . . . ... ... 208
Load Duration Curve of South Koreain201s(MW) . . . . . . . . .« v v v v v v v v . 209
The Reductions of the Electricity Demand at the South Korean DRTM in 2014, 2015, and 2016 211
The Registered Capacity and the Number of Participants of the South Korean DRTM in 2014,

2015, a0 2016 . . . . . e e e e e e e e e e e e e e e e e e e 212
The Number of Industrial Customers by Département, 2016 in France . . . . . . . . . .. 213

xii of 247



Optimization and Simulation Based - List of Figures

A.26 The Total Consumption of Industrial Customers by Département, 2016 in France MWh) . . 214

A.27 The Average Consumption of Industrial Customers by Département, 2016 in France (MWh) . 214

A.28 SMP, South Korea in 2015 (Korean Won (3#)/kWh) . . . . . . . . . . . . . ... .. ... 216
A.29 SMP, France in 2014 (EURE)/MWh) . . . . . . . . . . . o v i e e e e e e 216
A.30 SMP, Francein 2015 (EUR€E)/MWh) . . . . . . . . . . v i o e e e e 217
A.31 The Visual Comparison among the CBLs Established with Different Methods (2016-01-21,
South Korean DRTM) (W) . . . v v v v o e e e e e e e e e e e e e e e s e s 218
A.32 The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs Established with Different
Methods (2016-01-21, South Korean DRTM) . . . . . .« v v v v v i e e e e e e e 219
A.33 The Visual Comparison among the Loads of the Previous Ten Days, Actual Loads, CBLs based
on the Ten Day Average and Median Method (2016-07-19, French NEBEF) (W) . . . . . . . 220
A.34 The Visual Comparison among the Loads of the Previous Four Weeks, Actual Load, CBLs
based on the Four Week Average and Median Method (2016-07-19, French NEBEF) (W) . . . 221
A.35 Comparing the Actual Loads with all the Four CBLs (2016-07-19, French NEBEF) (W) . . . . 221
A.36 The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs Established with Different
Methods (2016-07-19, French NEBEF) . . . . . . v v v v v i e e e e e e e e e e 222
A.37 Comparing the Actual Loads with the Two CBL Methods of cetWMA . pac and cBLWM# + saa

(2016-07-19, French NEBEF) (W) . . . v v v v v e e e e e e e e e e e e e e 223

A.38 The CBL Accuracy Comparison (MAPE & RRMSE) between the Two CBL Methods of ca."MA .
pac and cBLWMA 4 saa (2016-07-19, French NEBEE) . . . . o o v v v v i e e e 224

B.1 Analyse graphique de leffacement en termes d’électricité commerciale (2 gauche) et physique
(a droite) avec demande inélastique et courbe d’ordre de mérite . . . . . . ... ... .. 228

B.2 Déroulementdelarecherche . . . . . . . . . . . . . e 230

B.3 Comparaison de charge réalisée entre sans et avec participation de 'effacement (Wh, DRTM
enCoréedusSud) . . . . . . . . . . e e e e e 236

B.4 Analyse de sensibilité selon les valeurs de 5 (DRTM en CoréeduSud) . . . . .. .. ... 237

xiii of 247



Optimization and Simulation Based - List of Glossaries

List of Glossaries

event day The day in which there is a call or order from the DR sys- 62
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reference days 10 or 20 days. The candidates for the similar non-event 62
days. To choose the reference days, the prior DR event
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similar non-event days  The days that are used in the computation of CBL, and it 62
does not include the previous DR event days.
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Cap

CBLg,

CBLan.
cBLVE4

CBL2YE10

CBLmed'4

CBLmed.lO

ceLWMA . pyc

cBLWMA 4 gan

CBLWMA

CoefI NC

Coeff,,NC

Ly

INC;

Notation & Nomenclature

the relative ratio of inconvenience to the unit present
value of the electricity consumption at the DR event
time

a vector of the capacity factor, which represents the po-
tential capacity to accept some part of the total required
load reduction. In order to represent ‘stochastic’ capac-
ity, individual property, daily condition, it is ‘random
number (pseudorandom number)’ from uniform distri-
bution between ‘0’ and required flexibility level (RFL).
Cap ~ U(0,RFL)

0 < Cap, < RFL,

teT={1,2,...,24}

customer baseline load for the DR event day, d, at the
event time, t,

de D={1,2,...,365},t € T ={1,2,...,24},
S (wi X lg—it)

avector of CBL established with simple average method
a vector of CBL which is calculated with the method of
‘Moyenne 4 jours’

a vector of CBL which is calculated with the method of
‘Moyenne 10 jours’

a vector of CBL which is calculated with the method of
‘Médiane 4 jours’

a vector of CBL which is calculated with the method of
‘Médiane 10 jours’

a vector of proportionally adjusted CBL

a vector of CBL with Symmetric Additive Adjustment

a vector of CBL established with the weighted moving
average method

a vector of generalized coefficients representing addi-
tional inconvenience of load shedding (or load shifting),
teT={1,2,...,48}

a generalized inconvenience coefficient for each time
slot,t e T'=1{1,2,...,48}

a vector of time distance from DR event time to shifted
timeslot,t € T ={1,2,...,24}

actual load at the time slot t and on the day of d,
de D=1{1,2,...,366},t € T ={1,2,...,24}.

additional inconvenience costs,

teT=1{1,2,...,24}

108

98

63

62
82

80

82

80

70

71

70

124

125

108

108
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la_iy actual load at the time of t, and on the day of d — i (i*" 63
day before the DR event day)

2 a column vector consisting of the actually consumed 100
load without DR for each time slot, t € T =
(1,2,...,24}

A a column vector consisting of the actually consumed 98

loads with DR for each time slot, t € T =
{1,2,...,24}, if we consider only load shifting, not
load shedding, then the total electricity consumptions
remain the same with DR event and without DR event,

12,0 = 13,0 thatis, "2 | £, = S22, 1) where, 13 is
a sum vector with all the elements of 1

L3858 04 a matrix of aggregate loads, 366 rows X 24 columns, in 69
2016 (there were 366 days in 2016)

| - amatrix of aggregate loads of France measured forevery 78
10 minutes, 366 rows X 144 (=24 X 6) columns, in 2016
(there were 366 days in 2016)

L3828 48 amatrix of aggregateloads of France measured forevery 78

30 minutes, 366 rows X 48 (=24 X 2) columns, in 2016
(there were 366 days in 2016)

Lige od a matrix of rescaled loads of an average household in 69
(Wh), 366 rows X 24 columns

Ligeras a matrix of rescaled loads of an average household of 78
France in (Wh), 366 rows X 48 (=24 X 2) columns

MinBase minimum base load defined as the fifth percentile of the 95
cumulative density distribution of all the hourlyload for
the maximum reference days (20 days prior to the event

day)

w; a weight for i'" day before the DR event day. 63
w a transposed vector of the weights for i day before the 70
DR event day,

p a column vector consisting of the retail price for each 98

timeslot,t € T = {1,2,...,24}

a column vector consisting of the retail price with uni- 105

form tariff scheme for each time slot, t € T =
{1,2,...,24}

ptou a column vector consisting of the retail price with Time- 105
of-Use tariff scheme for each time slot, t € T =
(1,2,...,24}

PAC Proportional Adjustment Coefficient for the weighted 70
moving average method

10) the proportion to SMP for a residential participant, 98
therefore, the proportion to SMP for a load aggregator

1S(1—¢)),0§¢§1

r avector of actualized load reduction, 98
A = CBL — ¢ (actualized load with DR)
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RFL reuiqred flexibility level, such as, 0.2 (20%), 0.3 30%), 98
0.4 (40%), or 1 (max)

S4 a matrix of the similar non-event 4 days 82
S6 a matrix of the similar non-event 6 days 70
S1o a matrix of the similar non-event 10 days 80
SAA additive adjustment coefhicient for the SAA option 71
SMP avector of SMP 98
0 ratio of the cost differential over the benefit differential 110

between two cases, DR participation and no DR partici-
A(Ci1=Co) _ AC

ation (status quo), ABi=By) — AB

te DR event ending time 64

ts DR event starting time 64

v a vector of transfer (‘'versement’) to the electricity sup- 120
plier.

X a column vector consisting of the proportions to the to- 98

tal required load reduction that will be shifted to other
time slots,
teT =1{1,2,...,24}, except 17h and 18h
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Chapter1. Introduction: Electricity Dem -

§Chapter 1

Introduction: Electricity Demand and Role of
Demand Response

1.1 Background

If the electricity market is perfect, that is, perfect information and no transaction costs, then the supply
and demand for electricity always meet, and there is no need for other complementary mechanisms (Kep-
pler, 2014b, p. 7). However, in the real world, the market is not fully competitive and liberalized, and there
are market failures. As a result, there is an imbalance between the supply of electricity and the demand for
electricity. In other words, the energy-only markets cannot provide the ‘adequate level of the capacity for
electricity’. The energy-only markets do not send the right signal for investors to invest in politically and
socially desirable levels of capacity (Keppler, 2014b, p. 3).

In order to ensure the security of the electricity supply, there are two approaches to the solutions.!" The first
one is dealing with the supply side. For instance, we could come up with increasing the capacity or using
the Capacity Remuneration Mechanisms (CRMs). Another is managing the demand-side and employing in-
voluntary or voluntary Demand Response (DR) programs. Many advanced countries, such as the U.S. and
western European countries, have already introduced Demand-side Management (DSM) programs and con-
firmed its positive functions, benefits, and effects. The stakeholders and policy-makers in Europe are well
aware of the value and necessity of DSM and DR as flexibility resources (He et al., 2013).

DSM is a particularly promising option in countries with strong demand-supply imbalances such as South
Korea. In particular, the South Korean government realized that the supply-oriented policy cannot be sus-
tainable and will reach the limit soon. In fact, these days the government is facing the difficulties to search
for the available power plant sites for additional capacity due to the public’s low acceptability for the power
installations'” and the enhancement of the environmental regulations. Therefore, it is almost impossible for
the government to increase the electricity supply facilities without addressing those social issues first.

Traditionally, the South Korean government has placed focus on increasing electricity capacity rather than
reducing or managing the electricity demand so far. However, recently, the government has changed its focus
and perspective of the energy policy. Representing this change of focus, the market for DSM, especially for DR
resources, was introduced on November 25, 2014 in South Korea—it is also called the ‘NegaWatt market’."!
To operate the market mechanism of DSM in an appropriate manner, South Korea needs to better understand
its mechanism, advanced countries’ experiences, and know-how.

W) Apart from the supply and demand-side solutions, there are also other possible options, such as interconnection
between power systems and regions, electricity storage, and so forth.

219 One of the examples is the case of the ‘Miryang Transmission Tower Construction Conflict” in South Korea. It
is the conflict between the local residents in Miryang and the state-owned Korea Electric Power Corporation (KEPCO)
since 2002, and for the recent years (2012-2014) it has been much more serious drawing public attention.

Bl There were a series of debates among some prominent economists whether or not ‘Negawatts” and ‘Megawatts’
are the same resources for electricity (Chao, 2011, p. 72).
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Figure 1.1: Locations of Shin-Gori Nuclear Reactors No. 5 & 6 Construction Site
(left) and Other Existing Nuclear Power Plants (right) in South Korea

More recently, DR is getting more important in the context of the new South Korean government’s energy
policy, especially on nuclear, coal, and Renewable Energy Sources (RESs). President Moon was inaugurated
on May 10, 2017. As he promised to phase out nuclear power during his election campaign for the nuclear-
free era in South Korea, he let the ‘Public Deliberation Committee on Shin-Gori Nuclear Reactors No. 5 &
6" decide whether or not to stop the construction of two nuclear reactors, Shin-Gori Nuclear Reactors No. 5
& 6 (Fig. 1.1). After the three-month public debate, on October 20, 2017 the committee announced the rec-
ommendations for the government—the resumption of the construction of the Shin-Kori Nuclear Reactors
No. 5 & 6. Following the recommendations, the South Korean government announced the ‘Energy Transition
(nuclear phase-out) Roadmap’ on October 24, 2017 Ministry of Trade, Industry and Energy (MOTIE) (2017b).
In the energy transition (nuclear phase-out) roadmap, the government declared to drop the existing plans
to build new nuclear power plants and not to extend the lifespan of nuclear reactors. It aims to decrease the
share of nuclear energy to the total energy from 30.3% in 2017 to 23.9% by 2030. According to the roadmap,
the number of the total reactors in operation will be 28 in 2022, 18 in 2031, and finally 14 in 2038.

President Moon also pledged to permanently shut down at least 10 aged, coal-fired power plants before his
five-year term ends in order to reduce Greenhouse Gas (GHG) and fine dust emissions. To fill the energy gap
resulting from both the nuclear energy and fossil fuel energy policies, the government plans to increase the
share of the RESs from 7% now to 20% by 2030 [ ‘8™ Basic Plan for Electricity Supply and Demand (2017-2031)’
published on December 29, 2017] (Ministry of Trade, Industry and Energy, 20172). The installed capacity of
the RESs as of 2017 amounts to 17.2 GW, and it should increase to 62.6-67.7 GW by 2030. This intermittent
RESs need more flexibility and back-up, therefore it is expected that DR will play a more significant role in
this context. The following Figure 1.2 summarizes the important events, acts, policies, and plans relevant to
the DR in South Korea.
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Since 2002 ,l

On September 15, 2011 -®

In summer, 2013 -

In April, 2014 *l

On November 25, 2014 *T
From July 24, 2017--¢

to October 30, 2017
On October 24, 2017 -e

On December 15, 2017 -

In August, 2018 -e

‘Miryang Transmission Tower Construction Conflict’ between
the local residents in Miryang and the state-owned KEPCO

Unprecedented rotating blackout

e unexpected cut off of the electricity for about 1.6 million
households for over four hours
e a huge uproar of the public

South Korean people had to turn off air-conditioners at all
government and public office buildings

Revision of ‘ELECTRIC UTILITY ACT’

o legislation for South Korean DRTM was passed allowing
DR to participate in its wholesale market
Demand Resource Trading Market (DRTM) was introduced

Public debate by ‘Public Deliberation Committee on Shin-
Gori Reactors No. 5&6’

‘Energy Transition (nuclear phase-out) Roadmap’
e decleared to drop existing plans to build new nuclear
power plants
e not to extend the lifespan of nuclear reactors
‘8™ Basic Plan for Electricity Supply and Demand (2017-2031)’

e plans to increase the share of the renewable energy re-
sources from 7% to 20% by 2030

‘ond Master Plan for Smart Grids (2018-2022)

e plans to expand the ToU tariff scheme for households
o the pilot program with 2,000 households until 2020

Figure 1.2: Timeline around Background and Introduction of South Korean DR

Program
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1.2 'Theoretical Rationale for DR in Economics

Before conducting a detailed economic analysis of DR we need to understand how DR works and what the
impacts of DR in the market will be both in the short term and long term by using the visual graphs. There
were many studies explaining the mechanism of the market-based DSM and DR from the economic perspec-
tive. In the report of the U.S. Department of Energy (DOE) (2006), the short-term economic benefit of DR
is well described (Figure 1.3) (U.S. Department of Energy (DOE), 2006, pp. 69—72)—which is the increase in
the efficiency, and, in turn, the societal benefit, or the decrease in the dead-weight losses caused by the retail
electricity rates based on average costs rather than the marginal supply costs. In other words, DR programs
based on the marginal supply costs can increase the efficiency.
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Figure 1.3: Inefficiencies of Average-Cost Pricing

Source: Benefits of Demand Response in electricity markets and recommendations for achieving them by
U.S. Department of Energy (DOE), 2006, p. 70.

After that, it demonstrates how demand reductions by DR lower the price of electricity in the organized
wholesale market and create the benefit by the price down (Figure 1.4) (U.S. Department of Energy (DOE),
2006, p. 73).

4 of 247



Chapter1. Introduction: Electricity Dem - 1.2. Theoretical Rationale for DR in -
A
EIe;trlchy Demand
Cost D d
emand,,
C b e e e e e e e e e e e e e e e e
‘®w-r-----—- - - - - " —"—-————-
demand
reduction
DR benefit:
avoided variable
supply costs

>
Qe Q Quantity of
Electricity

Figure 1.4: Impact of DR in Regions with Organized Wholesale Markets

Source: Benefits of Demand Response in electricity markets and recommendations for achieving them by
U.S. Department of Energy (DOE), 2006, p. 72.

The same above-illustrated market impact of DR on the electricity price and social benefit is shown in the In-
ternational Energy Agency (IEA) report (2003, p. 45) and a research paper (Figure 1.5) (Albadi and El-Saadany,
2008, p. 1991). However, in the two papers, they focused on the change in the elasticity of demand for elec-
tricity. With DR, the originally assumed inelastic demand curve turns into a little bit more elastic demand
curve. As a result, it lowers the electricity price and improves the efficiency and social benefit in the entire

market.

Price DI - Inelastic
A demand
response
! Supply

Pl - Inelastic clearing price

D2 - Elastic demand response

\ .
P2 - Elastic clearing price \ |
:\\
I ..
I >
Quantity

Figure 1.5: Impact of Demand Elasticity on Wholesale Price and Simplified Ef-
fect of DR on Electricity Market Prices

Source: The Power to Choose: Demand Response in Liberalized Electricity Markets by IEA, OECD,
2003, p. 45; “A summary of demand response in electricity markets”, by Albadi and El-
Saadany, 2008, Electric Power Systems Research, 78(11), p. 1991.
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Contrary to the previous graphic analysis which placed emphasis on the impact of DR on the electricity de-
mand curve, Keppler (20142) gives us the visual explanation in which he focuses on the impact of DR on the
electricity supply curve when demand-side resources are transacted at the wholesale market or capacity mar-
ket. In addition, it is more in detail using the merit order curve and specific numbers helping us to under-
stand more easily. Therefore, it is worthwhile to review his exposition. Looking at the following Figure 1.6,
in brief, with the newly inserted supply by the electricity reduction (by DR or DSM, in yellow), it replaces the
technology that is more expensive than the demand-side resources. Even though the quantity of the electric-
ity consumption is the same (Q, = Q,), the surplus of the consumer increases thanks to the decrease of the
electricity price (50€ — 40€) by implementing DR. Moreover, from the perspective of the physical electricity
producers, it is the reduction of their electricity demand (Q, — Q,). It causes a decrease in the surplus of the
supplier (the dark orange area in the right graph). However, regarding the public’s benefit, it is beneficial
for the environment reducing the externality (external negative effects)—it cannot be expressed in the graph
because the externality literally means ‘out of the market’ and ‘out of the demand-supply curves’.

€/ MWh4e €/ MWh4
Demand Supply without DR Demandpg Demandpg
(in green) with DR without DR
Supply of physical electricity (PE)
-
€50 b= — €50
? Supply with DR >
(in yellow)
€40 €40
r— A physical production

> >
0 Qo = Q1 commercial MWh 0 Q1 Qo physical MWh

Figure1.6: Graphical Analysis of the DR in terms of Commercial (left) and Phys-
ical (right) Electricity with Inelastic Demand and Merit Order Curve

Source: The author, Seungman LEE, has recreated the original figures in the following ref-
erence for translating it into English. ANALYSE ECONOMIQUE DES BENEFICES PRIVES
ET PUBLICS EN TERMES DE CONSOMMATION ET PRODUCTION D’ENERGIE D'UN EFFACE-
MENT DANS LE CADRE DU NEBEF, by Keppler, 2014a.
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1.3 Objectives and Scope of Research

The ultimate objective of the research is to provide DR program-related entities, especially DR system op-
erators, with a decision-making framework based on the Cost-Benefit Analyses (CBAs) in which the opti-
mization (linear programming) is utilized in order to represent the rationality of the DR participants, and to
provide microeconomic explanations on DR participants’ behaviors. In other words, we are going to figure
out under what kind of conditions or circumstances a residential client participates in a DR program, how
much loads does the client reduce or to which time slot does the client shift the electricity consumptions in
order to minimize the costs. In addition, in order to take into consideration all the possible variations in
terms of the key variables, the Monte Carlo simulation method will be utilized both for the Decision-making
Analysis based on the CBA and its Sensitivity Analyses (SAs). Moreover, for the sake of convenience dealing
with vast data and a number of repetitions of calculation, matrix algebra (linear algebra) is used as well as
arithmetics. In the end, based on the CBAs, Decision-making Analyses, and SAs, we are going to draw policy
implications for a better DR market design both for South Korea and France.

To that end, before CBAs, Decision-making Analyses, and SAs, we are going to establish experimental CBLs
because Customer Baseline Loads (CBLs) are the most important and fundamental for the all following anal-
yses. It is the first step and base to calculate the ultimate remuneration that can decrease or increase the
motivation of DR participation. Considering these aspects of CBLs, it is expected that figuring out the im-
pact of different CBL estimation methods on the DR markets by comparing two Demand Response Mecha-
nism (DRM) of South Korea and France will provide us, to some extent, with the explanation for the different
levels of the performance in South Korea and France. In addition, comparing and investigating the CBL es-
timation methods give us relatively more rooms to easily improve the DR market design and ameliorate the
performance of French NEBEF mechanism than just trying to make a modification of given market condi-
tions such as the Cost-based Pool (CBP) for South Korea or the price bidding system for France.

To analyze the different CBL estimation methods in South Korea and France, first of all, we are going to
examine the currently used different CBL estimation methods in South Korea and France and assess them in
terms of accuracy in order to find out the best one. Itis expected that if one CBL estimation method performs
better than others in one country, then, in a similar manner, it could significantly improve the performance
of the DRM in another country.

The subject of this research is explicit (incentive-based) DR programs, not implicit (price-based) DR pro-
grams. In addition, the focus will be placed on the residential sector rather than the industrial or commer-
cial sectors. The target countries for the comparative analyses are South Korea and France. The focus hour
and date are the peak periods both for South Korea and France in 2016—at 5 p.m. and 6 p.m. (two time slots
t = 17h andt = 18) on Aug. 12, 2016, and at 7 p.m. (two time slots ¢ = 37 and ¢ = 38) on Jan. 18, 2016,
respectively.

The following Table 1.1 summerizes the Sources of Datasets used in the Analyses of CBL Estimation Methods
in Chapter 3 and CBAs in Chapter 4.
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Table 1.1: Summary for the Sources of Datasets used in the Analyses of CBL
Estimation Methods and CBAs

South Korea France

Loads KPX ENTSO-E
Information on “Electricity Big Data Center” RTE; CRE; Enedis
residential clients: by KEPCO
proportion, number
Data & Statistics “Electric Power Market Statistics” “PORTAIL CLIENTS”
about DR Programs by KPX by RTE
SMP KPX EPEX
Tarift scheme (price) ~ KEPCO; IEA; EDF

“EPSIS” by KPX
Other informationon IEA; “PRIS” by IAEA IEA; "PRIS” by IAEA
electricity production
& consumption

This dissertation is structured as follows (Fig. 1.7). In Chapter 1 the background and theoretical rationale of
DR are explained, and the objectives and scope of the research are presented. Also, examining the previous
studies on DSM and DR, many closely related concepts will be dealt as well as the advantages and challenges
of DR. Before the analyses of the CBL estimation methods and CBA, brief case studies will be done for the
U.S., France, and South Korea in Chapter 2. In Chapter 3 the experimental CBLs will be established, and
analyses of the different CBL estimation methods will be conducted. Moreover, in order to guarantee the
robustness of the analysis of the CBL estimation methods, the same analysis will be done with the different
load profiles of the different seasons. In Chapter 4 the models for the CBA will be built using linear algebra,
linear programming for optimization, and Monte Carlo simulations, and the methodology for the Decision-
making analysis will be presented. After a thorough investigation of the results of the CBAs and Decision-
making Analyses, the SAs will be done in order to cover different conditions for a given DR market design.
Finally, in Chapter 5 taking into consideration the results and discussions, meaningful policy implications
will be drawn for a better DR market design in terms of the accurate CBL estimation methods, and other key
factors of the DRMs.
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Figure 1.7: Flow of the Research
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1.4 Literature Review

1.4.1 Definition of DSM and DR

The most frequently cited definition of DR*' is that of Federal Energy Regulatory Commission (FERC) (Fed-
eral Energy Regulatory Commission, 2012).”*) As a number of DR programs are introduced by Independent
System Operators (ISOs), Regional Transmission Operators (RTOs), and utilities, FERC and North American
Electric Reliability Corporation (NERC) are categorizing and closely monitoring those DR programs.

The concept of DSM, simply, is the opposite to the supply-side management, which is focused on the ex-
pansion of electricity capacity installations. The term ‘Demand-side Management' itself was first coined by
Clark Gellings in 1984 (Warren, 2014, p. 942), but as Warren found that the definition of DSM varies in what
they include or exclude, there is no one widely accepted definition of DSM. According to his review, some
people use almost the same definition of the SA and sometimes that of DR by others (Warren, 2014, p. 942).

According to the Charles River Associates (2005, p. 6), DSM of electricity is “systematic utility and govern-
ment activities designed to change the amount and/or timing of the customer’s use of electricity” for the
collective benefit of the society, the utility and its customers. For Bruninx et al. (2013, p. 1), DSM is a (market)
concept that actively uses options at demand- and supply-side to modify electricity demand to increase cus-
tomer satisfaction and, at the same time, to produce desired changes in load shape of consumers. Moreover,
Warren (2014, p. 943) argues that the definition of DSM should cover the recent objective and focus of the
countries’ energy policies, such as the reduction in emissions of GHG and energy security.

DSM includes various categories of activities such as load management (usually it refers to DR),'’ energy
conservation (the energy efficiency improvements), fuel substitution, load building, and so forth—in Figure
1.8, as indicated here, DSM is ‘higher and more comprehensive concept’ than DR. However, when I mention
DSM in this dissertation, it means DSM which especially focuses and concerns on DR. In addition, we also
notice the categorization of DSM in terms of the purpose of it. In this case, DSM may take two forms. First,
it is emergency DSM to absorb a sudden fluctuation in demand which supply capacity and reserve power
cannot meet. The second one is economical DSM which adjusts consumption to prevailing market conditions
to avoid price hikes and steeply increased generating costs (Clastres, 2011, p. 5403). When it comes to the
measures (or tools) of DSM, there are financial incentives and time-varying pricing. DSM schemes based on
financial incentives give customers payment for reducing consumption during periods of peak demand.

(It is also called ‘Load Response’ by PJM Interconnection (PJM).

619" Demand Response (DR): Changes in electric use by demand-side resources from their normal consumption
patterns in response to changes in the price of electricity, or to incentive payments designed to induce lower electricity
use at times of high wholesale market prices or when system reliability is jeopardized”.

181 Load management includes load shedding, peak clipping, valley filling, and load shifting. Kirschen (2003, p.
522) points out the condition for the possible demand shifting that only if the consumer is able to store one of the factors
of production, demand shifting is possible. Therefore, if we would like to enhance DR, we need a form of storage as well
as some communication and control electronics.
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Demand-side Management (DSM)

Demand Response

(Load Management) Energy Efficiency
(Energy Conservation)

[Load Shedding]

—[Peak Clipping] — Fuel Substitution

H Valley Filling | | lioadiimiding
(Energy Conservation)

—[Load Shifting]

Figure 1.8: Categorization of DSM

Since the 1970’s oil crisis, DSM has evolved significantly. In the 1980s, it was much more systematically uti-
lized with the least-cost capacity expansion and Integrated Resource Planning (IRP) programs. In the 1990s,
as the world paid more attention to the environment and climate change, DSM received more attention and
support recognizing its potential benefits. Despite this significant evolution of DSM, it was not a success
because the market participants lacked both the incentive and the means to respond. There were regulated
retail prices, no advanced metering technologies, no real-time price information and policies focusing on
supply-side resources (IEA, OECD, 2003, p. 10). However, recently with the unstable supply and high en-
ergy prices, many countries, such as the U.S., the UK, and so forth, highlighted the importance of DSM and
introduced the market mechanism of DSM.

Among the categories of DSM, many scholars and practitioners have usually focused on load management
and energy conservation (energy efficiency improvements). Usually, load management refers to DR,” and
demand-side resources refer to variable loads created as customers change their electricity consumption in
response to price signals and other incentives (IEA, OECD, 2003, p. 9). In the capacity markets of many
advanced countries like the U.S. and European countries, the demand-side resources are on the market as
one of the capacity resources, which means demand-side resources have the same status competing with
other capacity resources.

Among the several definitions of DR (Cappers et al., 2010, p. 1526; Svahnstrom, 2013, p. 3), it is common that
it is possible for customers with DR to change their behavior or the patterns of electricity use in response to
financial incentive or price of electricity. For example, according to Chao (2011, p. 71), ‘Demand Response’
refers to a customer’s actions to alter its electricity demand by reducing or shifting consumption in response
to the price of electricity or other market incentives. Also, it is noted that in the IEA report (2003, p. 17, 22),
with DR programs, it could change the customer’s price elasticity of demand for electricity. Furthermore,
Chao defines ‘demand-response capacity’ as a consumer’s right to sell unused electricity, relative to an estab-
lished customer baseline, into wholesale electricity markets; and ‘demand reduction’ is the electricity sold
when the demand-response capacity is deployed.

It is important and worthwhile pointing out clearly the difference between DR and Energy Efficiency (EE)
improvement. DR is to adjust the pattern of the electricity consumption during a given time or period (day,

79 Koliou et al. (2013) use the term of ‘Demand-side Response (DSR)’, but it means the same with DR.
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month, season, year) responding to the electricity price or incentives so that we can reduce the peak demand
whichisapartofelectricityload curve. In contrast, for EE we need to change electric equipment and electrical
appliances of low energy efficiency with ones of high energy efficiency. With electric equipment and electrical
appliances of higher energy efficiency, we can consume less electricity (energy) for the same work or objective.
To that end, it needs lots of investment to change the hardware. Once we achieve energy efficiency, we can
reduce the overall electricity demand for the entire long term period of the electricity load curve (if there is no
‘rebound effect’).®! He et al. (2013, p. 4) highlight one of the differences that with EE we maintain the same
level of end-use services using less energy, whereas DR could consume more electricity than as usual when it
is needed, requested or possible.

In addition to the distinction between DR and EE, we need to be clear with the term of ‘Active Demand Re-
sponse (ADR)" which is widely used recently. In what sense did scholars add “active’ in front of DR? In the
paper of He et al. (2013, p. 4), they exclude any DR programs which were mandatory or resulted from the cus-
tomers’ behavior without compensation. In other words, they exclude the Direct Load Control (DLC) which
does not accompany with any financial incentive or payment. Bruninx et al. (2013, p. 1) also use the term of
ADR, but it seems that, in the paper, ADR just refers to the short-term load shifting.

Aswe recognized that the main two momentums (additional financial incentives and price) of the customers’
behavioral change in the electricity demand and electricity usage patterns, when it comes to DR systems, it is
mainly divided into two systems—in Figure 1.9, incentive-based DR systems'”’ and price-based DR systems
[Time-of-Use (ToU), Critical Peak-Pricing (CPP) or Real-time Pricing (RTP) system]."® In terms of incentive-
based DR systems, it could include, for example, 2 month-ahead demand control system, 1~5 days ahead
demand control system, and demand bidding system, which is currently implemented in South Korea (Won
and Song, 2013, p. 1296).

1 The term of ‘rebound effect’ means that as a result of the improvement in energy efficiency, the de facto relatively
lower price of electricity encourages consumers to spend more electricity, that is more demand for electricity, than
before. Please, refer to Birol and Keppler (2000).

B1(The Incentive-based Programs (IBPs) are further divided into classical programs and market-based programs.
The classical IBPs include the DLC programs and Interruptible/Curtailable Load programs. For the market-based IBPs,
itincludes the Emergency DR programs, Demand Bidding, Capacity Market, and the Ancillary services market (Albadi
and El-Saadany, 2008, p. 1990, Figure 1).

(ol price-based Programs (PBPs) are also called time-based DR programs. Among them, RTP fully reflects the op-
erational costs of a marginal plant, and it is expected to carry the highest incentives (Clastres, 2011, p. 5402). Therefore,
Koliou et al. (2013, p. 2) believe that other rate structures, such as ToU and CPP, are a way to get closer to RTP, and
that the ultimate objective is to introduce RTP in the market. In addition to ToU, CPP, and RTP systems, there are also
Extreme Day Pricing (EDP) and Extreme Day Critical Peak-Pricing (ED-CPP) (Albadi and El-Saadany, 2008, p. 1990,
Figure 1). CPP is a hybrid of ToU and RTP. One of the examples of CPP is found in France. The EDF’s Tempo tariff
program, which is the world’s largest CPP program, is in operation—it was 10 million customers of the Tempo tariff
(IEA, OECD, 2003, p. 33).
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‘Demand Response Programs‘

Incentive Based Programs (IBP) Price Based Programs (PBP)
= Explicit DR Programs = Implicit DR Programs
Classical Market Based (e Time-of-Use (ToU) )
e Direct Control e Demand Bidding o Critical Peak Pricing (CPP)
e Interruptible/Curtailable e Emergency DR e Extreme Day CPP (EDCPP)
Programs e Capacity Market e Extreme Day Pricing (EDP)
e Ancillary Services Market | |__® Real Time Pricing (RTP)

Figure 1.9: Categorization of DR Programs

Source: With some modifications of the original figure of “A summary of demand response in
electricity markets”, by Albadi and El-Saadany, 2008, Electric Power Systems Research, 78(11), p.
1990 (changed the design maintaining the original contents).

Similarly, but slightly differently, in the report of the Cappers et al. (2013, pp. 2—6), the researchers categorize
the treatments into two: event-based treatments and non-event-based treatments. The event-based treat-
ments include CPP, CPR (critical peak rebate, or Peak Time Rebate (PTR)), DLC, and the non-event-based
treatments include time-based rates, information and feedback about usage behavior, or control devices
that facilitate easier changes in usage behavior, in-home displays (IHDs), programmable communicating
thermostat (PCTs), feedback mechanisms, educational efforts, and combinations of these. However, this
distinction is not so clear because there are some electric pricing structures that have characteristics of both
event-based and non-event-based treatments, such as RTP or Variable Peak Pricing (VPP), and they call it
‘hybrid’ treatments.

Those DR systems or programs are not totally exclusive to each other. Rather, they could complement and
accompany with other programs. For instance, Bruninx et al. (2013, p. 1) point out that ADR can be facili-
tated by dispatchable load programs (DLC, curtailable load, demand bidding) and/or price-based programs,
such as ToU, CPP, and RTP, because each one has its own opportunities and drawbacks. Koliou et al. (2013,
p. 2) share the same idea with Bruninx et al. mentioning that even though they have categorized DR into
two—controllable demand-side response and price-based demand-side response, but their design and im-
plementation in reality are not mutually exclusive, so the variations and combinations of those DR structures
are possible.

In addition, it is also possible to categorize DR programs in terms of the purpose of the DR programs.
‘Economic demand response resources’ can be utilized at the wholesale markets in order to decrease the
price competing with the other generation-side resources. ‘Reliability demand response resources’ can be
utilized in order to ensure the system reliability.

Moreover, in terms of the types of their services, DR can be categorized into four: 1) energy, 2) capacity, 3)
reserve, and 4) regulation (Fig. 1.10) (NERC, 2013, p. 9).
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Figure 1.10: Categorization of DR by NERC

Source: NERC, 2013, p. 9.

At the market for demand-side resources, there are several entities [implementers of DR in (Warren, 2014,
p. 943)] to participate in, such as utilities, RTO/ISO/Transmission System Operator (I'SO)/Distribution Sys-
tem Operator (DSO)—those are network operators, customers, Load Aggregator (LA) (or intermediaries for
contracts between customers and RTO/ISO/DSOs), and governments. Utilities provide customers with fi-
nancial incentives for DR. An RTO/ISO has a role to maintain the reliability of the electricity system in which
the electricity demand is rapidly increasing and to control the signal of the electricity price. Doing so, it pro-
motes a new investment of supply capacity or demand-side resources. It also establishes a plan of electricity
for its region and tries to reduce the costs for the electricity transmission of intra-region or inter-regions.

AnISO makes good use of LAs in order to increase the effect of demand reduction and to manage the risk from
the numerous small customers—also, an ISO reduces its operational costs (Gkatzikis et al., 2013, p. 1247). Be-
cause there are not only risks and responsibilities in contracts (or interaction) between customers and utili-
ties/RTO/ISO/TSO/DSOs but also a comprehensive costs and benefits, the role of LAs and their support for
the customers is substantially important to achieve ADR (He et al., 2013, p. 5). In fact, LAs are new entities in
the electricity market.!"” They are responsible for the installation of the communication and control devices at
end-user premises (Gkatzikis et al., 2013, p. 1247). Their objective is, of course, as enterprises, to maximize
their profit, that is, the income from the operator minus (-) the monetary compensation to the residential
customers. The study by Gkatzikis et al. (2013) is a valuable one that provided us a with better understanding
of the importance of the aggregators’ role as intermediaries between the utilities and a number of residential
clients in a ‘hierarchical market structure (model) .

119 For examples, as LAs, there are EnerNOC and C-Power in the U.S., Energy Pool (France), Entelios (Germany) in Eu-

rope (Smart Energy Demand Coalition, 2011). Please, refer to Figure 1.11 which indicates the DR aggregators in Europe
and the entities who plays as aggregators.
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Figure1.11: Entities Play as Load Aggregators in Europe (previously and in 2014)

Source: Demand Response development Stromback, nd, SEDC (Smart Energy Demand Coalition),
p. 19; “Demand Response: the value of non-use”, by Stromback, 2014, SEDC (Smart Energy
Demand Coalition), In BERLIN ENERGY FORUM, Berlin, 10-11 February 2014, p. 3.

In terms of customers, first, we can divide them into two: a few large size industrial consumers (large general-
service customers), and residential (households) and SMEs (small and medium enterprises) consumers (He
et al., 2013, p. 4). Or we could categorize them into three: industrial, commercial™* and residential cus-

B21(9In the report of Smart Energy Demand Coalition (2014, p. 2), it defined the meaning of ‘commercial’ as “all
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tomers. The application of various DR programs and the electricity tariff systems depends on the classes
of customers. For instance, peak-load management programs (or CPP) are available to industrial and com-
mercial classes of customers””, and usually, ToU rates are available for households with electric heating*
(Strbac, 2008, p. 4424). Gkatzikis et al. (2013, p. 1247) point out that the application of DR to the industrial
customers has been successful, but there would be challenges when we apply the same existing DR to the
residential sector (home users). The active participation of customers is essential and is one of the prerequi-
sites for the successful DR (Svahnstrom, 2013). Without proactive customers’ participation and remarkable
change in consumers’ behavior, we cannot imagine the satisfactory management of DSM and DR programs.

In the paper of Warren (2014, p. 943), he demonstrates the implementers of DR in a figure, and he puts gov-
ernments in it. He also highlights the critical role of the government’s regulatory support for DSM and DR.

1.4.2 Relations between DSM, DR, Smart Grid, Renewable Energy, Climate
Change, and Capacity Market

DSM, DR, and Smart Grid (SG) have close relations, and sometimes it is difficult to think them separately
(Svahnstrém, 2013). Sometimes some scholars just take SG as a synonym for DSM and DR because it is dif-
ficult to figure out a precise difference between them. In fact, we can find DR in the definition of SG by the
U.S. DOE (Clastres, 2011, p. 5400).*) The reason why those three concepts are similar is that they have smart
meters" or the smart metering system in common. Smart meters are the most important technology which
enables DR operating and the NegaWatt Market (Warren, 2014, p. 947; Covrig et al., 2014, pp. 90-96).

Likewise, according to Lee et al. (2010, p. 323) DR belongs to the layer of application of three layers—physical
power layer, data transport and control layer, and application layer—which are constituting SG. In addition,
IEA, OECD (2011) points out that SG is expected to be an important facilitator for increased DR.

For the link between DSM, DR, and renewable energy, we can think of the current situation in Europe. For
many countries, especially Germany, France, the UK, and Spain, the share of renewable energy in their energy
mix has starkly increased in accordance with the ‘20-20-20 targets’.!"” As a result, the predictability has
decreased, and the uncertainty has increased—with the nature of RESs that is intermittent."®) Moreover,

buildings and businesses which are not directly industrial or residential; in other words, municipal buildings, SMEs,
businesses such as hotels, office spaces, etc”.

1131 9This event-based tariff scheme has been adopted by the California ISO to reduce the peak-loads during hot sum-
mer days from noon to 18:00 when the air-conditioning system is fully employed (O’Connell et al., 2014, p. 687).

[41The most famous example of ToU was the EDF’s Tempo tariff in France, which targeted on residential customers
and was peak and off-peak rates (Clastres, 2011, p. 5402).

(5] The definition of SG: “self-healing from power disturbance events; ‘enabling active participation by consumers
in demand response’; operating resiliently against physical and cyber attack; providing power quality for 21%° century
needs; accommodating all generation and storage options; enabling new products, services, and markets; optimizing
assets and operating efficiently”.

B6lSmart meters are advanced energy meters that can read real-time energy consumption information, and that
allow bidirectional communication of data to enable information to be collected regarding any electricity fed back to
the grid from customer premises through micro-generation (Warren, 2014, p. 947).

079 Known as the ‘20-20-20 targets’, it is the EU’s ambitious climate and energy targets for 2020. It is found in
the ‘2020 Energy and Climate Package” in 2009 (the 3¢ package). The three targets are: 1) 20% reduction in EU GHG
emissions in terms of the level in 1990, 2) increasing the share of the RESs in the EU countries’ energy mix up to 20%, 3)
the improvement of 20% in the EU’s energy efficiency.

(81 The traditional power plants based on fossil fuels are dispatchable, which means they are predictable and stable
in terms of power generation, and they can adjust the output so that they can respond to a call and then they are em-
ployed whenever it is needed. On the contrary, the RESs, such as wind power, photovoltaic, are intermittent, which
means the power generation output from them is not continuously available and fluctuating, heavily depending on the
weather conditions like the speed of the wind and the intensity of sunlight. Therefore, it is said that the ‘capacity credit’
and ‘capacity factor’ of the traditional power plants are higher than those of the RESs. Asaresult, the RESs need backup
generation capacity when the output from the RESs is low.
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Europe is in the middle of the energy transition from the traditional and centralized generation mix to a
decentralized and distributed one. These days it is decentralized and distributed, so it is difficult to ensure
the flexibility from the supply- or generation-side in order to balance supply with demand. In this situation,
itis needed to seek flexibility from the demand-side, thatis, DSM and DR (He et al., 2013, p. 1). Bruninx et al.
(2013) also point out the same situation with increasing renewable energy and the alternative role of DSM
and DR. In that sense, DR is a promising measure to ensure the power system flexibility and consequently
facilitate the integration of RESs to the existing power system (O’'Connell et al., 2014, 688).

For the issues of climate change and CO, emissions, DR plays a role similar to that of RESs. As DR programs
are implemented, it reduces the electricity demand during the peak period when usually the fossil fuel-based
power plants are employed for the peak loads—also, DR could reduce the total electricity consumption and
reduce the total power generation. As a consequence, DR can reduce the amount of CO, emissions which
could have been emitted for the peak loads. It is the benefits for the entire society—the increase in the net
welfare of society.

The concept of Capacity Market is closely related to DR. In the U.S., the UK, and France, demand-side re-
sources are traded in their capacity markets in which demand-side resources are treated in the same way
with generation capacity. Through these capacity markets, demand-side resources and consumers relying
on LAs can participate in electricity markets, and they could receive the real market value of participating in
DR programs (Smart Energy Demand Coalition, 2011, p. 8).

1.4.3 Advantages and Challenges of DR

1.4.3.1 Advantages of DR

There have been a number of researches on the general benefits and challenges of DR. Bruninx et al. (2013,
p. 1) enumerated a variety of benefits of correctly applied DSM, such as “a reduced electricity generation
margin, higher operational efficiencies in production, transmission and distribution, more effective
investments, lower price volatility, lower electricity costs, and the possibility to manage highly intermittent
renewables”. Jiang et al. (2015) also pointed out that DSM has the potential to lower market prices, reduce
price volatility, improve customer options and increase the elasticity from the wholesale to the retail market.

Among several benefits, firstly we can approach from three dimensions:"” increased efficiency, enhanced
energy security, and deterred or more efficient investment. First of all, it can increase the efficiency of the
entire power system and market. Shifting the peak load to the hours of oft-peak (trough or valley), it can
improve the efficiency of the usage of generation, transmission and distribution resources (facilities). With
regard to the electricity market, Kirschen (2003, p. 520) points out that more active participation of the con-
sumers in DSM would render electricity markets more efficient and more competitive, and it would lead to a
more optimal allocation of economic resources. This increased efficiency leads to the decreased price of elec-
tricity. Some case studies have shown that with a 5% DR capability we can decrease the wholesale electricity
prices by up to 50%. Also, the introduction of DR in the U.S. led to the savings for the electricity customers
between $10 billion to $15 billion per year (IEA, OECD, 2003, p. 11).

Secondly, active participation in DR increases the security of the electricity system—in other words, it means
the increase in the power system flexibility. It is the benefit to the system operator who can increase the
number of options available for maintaining its security. With more options available to address the security

919 More in detail, Bradley et al. (2013, p. 314) summarize in the eight core benefits of DR. Benefits from 1) rel-
ative and absolute reductions in electricity demand, 2) short run marginal cost savings from using DR to shift peak
demand, 3) displacing new plant investment from using DR to shift peak demand, 4) providing reserve for emergen-
cies/unforeseen events, 5) providing standby reserve and balancing for wind, 6) benefits of DR to distributed power
systems, 7) reduced transmission network investment by reducing congestion of the network and avoiding transmis-
sion network re-enforcement, 8) using DR to improve distribution network investment efficiency and reduce losses”.
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issue, the system operator can reduce the dependency on the power generation-side, and this helps to reduce
the market power of generating companies. Therefore, the increase in the security of the electricity supply
has a value that is shared by all consumers (Kirschen, 2003, p. 526).

The benefits of DR for the long term are related to investments for generation capacity and networks (He
et al., 2013, p. 1). The U.S. Department of Energy (DOE) (2006, p. 74) considers the benefit as the long-
term market impacts of DR by reducing the system peak demand. It is appreciated that DR resources are
more cost-effective than power production in terms of power reserve (Svahnstrom, 2013, p. 3; Warren, 2014,
p- 942). Because an emergency situation infrequently happens, building new power plants as backup power
and maintaining them are much more costly. In that sense, Svahnstrém (2013) mentions the potential of DR
to reduce the need for the current fossil fuel-based power reserve and, in turn, to facilitate an increased share
of RES:s.

For example, Strbac (2008, p. 4419) argues that considering the low utilization of generation and networks
in the UK (about 50%), shifting loads by DR would reduce the need for generation capacity and increase the
utilization of generating plants and hence increase the efficiency of the investment in generation capacity. In
other words, because the expected frequency for the high magnitude of shortages is rare, DR is more efficient
than increasing the capacity installations. Also, Strbac adds that DR could provide consumers with the right
of choice regarding the usage of electricity and prevent ‘cross-subsidies *°! between two types of consumers
(Strbac, 2008, p. 4421).

In reality, we could easily confirm the aforementioned benefits of DR. The paper written by Cappers et al.
(2010, p. 1526) summarizes the existing contribution of DR resources in the U.S. electric power markets. Also,
the report prepared by the Smart Energy Demand Coalition (SEDC) (2014, p. 2) focuses on the economic and
monetary gains, which is visible and concrete benefit to consumers, from DR programs mentioning that in
2013, in the U.S., businesses and homeowners earned over $2.2 billion in revenues from DR avoiding invest-
ment in grid infrastructure and power plants.

In sum, it increases the efficiency of the electric system and substantially reduces the need for investment in
generation capacity by shifting peak load away from peak hours. Finally, it increases the energy security and
encourages market competition around consumer service offerings (Smart Energy Demand Coalition, 2014,

p. 2).

1.4.3.2 Challenges for DR

Despite those several advantages of DR, in order to induce the active participation of clients and to finally
achieve the benefits of DR, there are still several challenges and obstacles to overcome. In the past, one of
the main barriers to DSM was the technical problem. There were not fully advanced Information and Com-
munication Technologies (ICTs) to apply DSM to the electricity market (Strbac, 2008, p. 4425). Chao (2011,
p. 70) also pointed out the lack of Advanced Metering Infrastructure (AMI) as one of the two main barriers to
introducing the price-responsive demand as well as the widespread practice of fixed uniform retail rates.*'!

Regarding the lack of AMI, thanks to the recent development of technology, at this moment, it is not the
main concern anymore. The required AMI has been already developed, and in many regions, its usage is
underway (O'Connell et al., 2014, p. 687). Forexample, Figure1.12, inthe U.S., as of the end 0f 2016, almost half

(201 Chao (2011, pp. 70-71) also mentions that a fixed uniform retail rate causes the problem of the ‘cross-subsidies’

that distort incentives. For instance, customers who consume most of their energy during low marginal cost, i.e. off-
peak periods, are charged the same price as those who consume most of their energy during high marginal cost, i.e. peak
periods. In practical terms, this means customers who consume electricity during off-peak periods subsidize peak
users. As a result, a uniform retail rate encourages excessive electricity consumption during peak periods when real-
time wholesale prices are higher than the retail rate, providing a perverse incentive for peak users to prefer the fixed
retail rate to dynamic pricing (Crew and Kleindorfer, 1978).

21 Here, a fixed uniform retail rate means a regulated tariff (He et al., 2013, p. 5).
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of all U.S. electricity customers had smart meters (U.S. Energy Information Administration (EIA), 2017).12
In more detail, there were about 150 million electricity customers in the U.S., and among them, 71 million
electricity customers had AMI smart meters. Therefore, the penetration rate of smart meter was about 47%
as of 2016 in the U.S—as can be seen in Figure 1.12 it is already more 50% in 2017.
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Figure 1.12: Smart electricity meter installations (2013-2017)

Source: Annual Electric Power Industry Report, by U.S. Energy Information Administration (EIA),
[On-line], Available: https://www.eia.gov/electricity/annual/html/epa_10_
10.html

Like the numbers of residential customer are different state to state in the U.S. (Fig. 1.13),'*! the penetration
rates of the AMI by state are also quite different state to state (Fig. 1.14).124

221 SFor Electric Power Annual Report and Data Tables: [On-line], Available: https://www.eia.gov/
electricity/annual/, and for detailed data files: [On-line], Available: https://www.eia.gov/
electricity/data/eia861/

23109 Please, refer to other figures for the number of commercial (Fig. A.1) and industrial (Fig. A.3) customers by state,
2016 in the U.S. in Appendix A: Supplementary Figures & Tables of this dissertation.

24 please, refer to other figures of the AMI penetration rate for commercial (Fig. A.2) and industrial sector (Fig.
A.4) by state, 2016 in the U.S. in Appendix A: Supplementary Figures & Tables of this dissertation.
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Figure 1.13: The Number of Residential Customers by State, 2016 in the U.S.

Source: Annual Electric Power Industry Report, by U.S. Energy Information Administration.;
“Electric power sales, revenue, and energy efficiency Form EIA-861 detailed data files”,
U.S. Energy Information Administration, [On-line], Available: https://www.eia.gov/
electricity/data/eia861/
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Figure1.14: Residential Smart Meter Adoptation Rates by State, 2016 in the U.S.

Source: Annual Electric Power Industry Report, by U.S. Energy Information Administration.;
“Electric power sales, revenue, and energy efficiency Form EIA-861 detailed data files”,
U.S. Energy Information Administration, [On-line], Available: https://www.eia.gov/
electricity/data/eia861/
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Table 1.2: The Top 10 States in terms of the Number of Customers and AMI Pen-
etration Rate in the Residential Sector

AMI
No. of .
Rank State Customers State Penetration
Rate (%)

1 California 13,445,133  District of Columbia 99.6
2 Texas 10,521,732 Nevada 95.3
3 Florida 9,149,214 Maine 91.7
4 New York 7,118,901 Georgia 89.2
5 Pennsylvania 5,335,555 Oklahoma 85.0
6 Ilinois 5,231,541 California 82.7
7 Ohio 4,911,597 Michigan 79.3
8 North Carolina 4,423,532 Vermont 78.4
9 Michigan 4,311,008 Arizona 76.6
10 Georgia 4,240,421 Texas 75.9

Source: Annual Electric Power Industry Report, by U.S. Energy Information Administration.; “Electric power sales, revenue,
and energy efficiency Form EIA-861 detailed data files”, U.S. Energy Information Administration, [On-line], Available:
https://www.eia.gov/electricity/data/eia861/

Instead, the remaining technological problem is the establishment of the standards and protocols, and the
compatibility of the hardware. On top of the technical issue, O’Connell et al. (2014) point out that the real
challenge is to develop accurate control and well-designed market frameworks. Moreover, the significant
investment for the information, communication and monitoring infrastructure is one of the challenges.

Furthermore, a serious concern is the lack of experience with DR, especially at the level of residential loads
(OConnell et al., 2014, p. 688). So far there have been many experiences of the load control programs with
large industrial and commercial customers, but there were not so many DR programs for households because
itwas difficult to manage and there was no platform to access for residential consumers to electricity markets.
It is true that it lacks policy measures supporting DR, and the greatest barrier for establishing a policy to
support the development of DR was the uncertainty on the true benefits and costs of such DR programs for
residential clients (O’'Connell et al., 2014, p. 688). Recognizing the lack of CBA for this infrastructure and
programs, and the lack of methodology for the quantification of the costs and benefits, we will discuss this
issue more in detail in Chapter 4.

Lastly, the distribution of the costs and benefits that come from the operation of DR among the participants
also remains as an issue (He et al., 2013, pp. 2—3). As we have looked at the various entities and actors in the
electricity market in terms of DR, there are two different implementers (players or actors): the incumbents,
such as utilities and ISO/RTO/TSO/DSOs, on the one hand, and new entrants, such as independent LAs on
the other hand. Therefore, the questions that who will take the costs—even though ultimately it will pass
through to end-users—and how they could divide the value created by DR are still thorny issues.

To overcome the challenges we can highlight the critical factors for the success of DR. In the report written
by He et al. (2013), they use a consumer-centered approach for the full activation of DR and highlight the
importance of contracts”*! which reflect a range of different consumer categories. They place an emphasis
on the change in mindset in which we should regard consumers as a source of flexibility in order to achieve
the ADR. Thanks to their report it was a good opportunity to reconsider the importance and the role of con-
sumers. They explained very well what kind of efforts we need to make to transform the consumers into very

2519 A contract in which the retailers ask consumers to reduce their loads during a peak demand period can give the
flexibility to customers in terms of their use of electricity and the flexibility to retailers in managing the elasticity of its
aggregated demand (Kirschen, 2003, p. 522).
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proactive ones analyzing on the EU level and providing suggestions (He et al., 2013, p. 3). He et al. (2013, p. 3)
call consumers ‘prosumers’ in a sense that consumers consume and, at the same time, produce and provide
electricity. Bradley et al. (2013, p. 319) also point out that the result of the CBA would be different depending
on the extent to which consumers participate in the market and the DR programs.

On top of that, an appropriate regulatory framework is essential which includes tariff structures and ap-
propriate institutional arrangements (Strbac, 2008; Bradley et al., 2013, p. 322). According to the different
regulatory circumstances, the degree of the customers’ participation would also vary.
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1.5 Conclusion

In this Chapter 1, we have briefly looked at the general idea and background of the introduction of DR. In
particular, as we have looked at the background of introducing DR in South Korea, we could realize that in
which situation DR is necessary, and that in which context DR will play more important roles. The more
detailed background and motivations of the introduction of DR in South Korea and France will be explained
in Chapter 2.

On top of the background in reality, the theoretical rationale of DR in Economics provided us with more
elaborated explanations on the roles and impacts of DR at the electricity market. We figured out that if we
introduce the time-varying tariff scheme, i.e. PBPs, we can increase social welfare. Moreover, as we offer
DR on the wholesale market and, at the same time, reduce the electricity loads physically during the peak
periods, it can decrease the marginal electricity supply costs, and, in turn, decrease the price of electricity.
This also has an impact on the elasticity of demand for electricity as well as on the security of supply.

As a part of the literature review, the definition of DR and the categorizations of DSM and DR made clearer
our understanding of DR and the distinctions with other concepts, such as EE, SG. Moreover, this catego-
rization allowed us to clarify the positioning of this research’s subject and to narrow down the scope of it.

We found that DR has a variety of advantages in many aspects. It can increase the efficiency of the power sys-
tem as DR decreases unnecessary capacity installations and related resources. Also, DR enhances the security
of supply by reducing the peak loads. Reducing loads during the peak periods means more flexibility for the
system operators. In addition, as DR deters additional capacity expansions, we can avoid the additional costs
for transmission and distribution. All these effects lead to environmental benefits, such as less GHG emis-
sions, fewer power plants, and less transmission and distribution installations. Lastly, DR is helpful for the
easier integration of RESs.

However, we also specified the challenges to overcome in order to make good use of DR. These days the
technological issues are less problematic, but the framework and market design, and the rational CBAs for
DR programs should be dealt with more. These issues offered the motivations of this research.
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Case Studies: The U.S., France, and South Korea

2.1 CaseoftheU.S.

The case study of the U.S. is quite important because the U.S. has been the leading country in terms of DSM
and DR programs, and therefore, it can play a role as the reference case for other following countries, such as
the European and Asian countries which are promoting DSM and DR programs recently. The DSM and DR
programs of the U.S. can be traced to the history in the early 1970s. In the early 1970s, utilities made use of
load management programs and interruptible/curtailable tariff schemes. In the late 1970s and 1980s, with the
IRP" utilities increasingly realized the system cost impacts for meeting peak loads and began to considerload
management as a reliability resource. In the mid-1990s, there was the restructuring of the electricity markets
in the U.S., and with the problems in many restructured electricity markets, policymakers concluded that all
forms of DR are essential to the efficient functioning of wholesale electricity markets (Cappers et al., 2010,
p. 1527).

The concept of DSM in policy can be found for the first time in the USA's "National Energy Conservation Policy
Act’ and 'PURPA’, which were introduced as part of the ‘National Energy Act 1978" (Warren, 2014, p. 944).
This was the first case of DSM being legislated nationally as a solution to the energy security issues of the
1970s. DSM programs grew in the U.S. in the 1980s and 1990s, and by 1995, 600 energy utilities had conducted
2,300 programs involving 20 million participants. Notably, between 1989 and 1995, 260,000 gigawatt—hours
(GWh) were saved from cumulative spending of USD 14 billion. Since 1995 DSM programs declined in the
U.S. as energy security issues became less prominent at that time.

On the contrary, at this moment, the U.S. Federal Government is promoting demand-side resources as the
federal government entitled the same value and status to demand-side resources as supply and generation-
side resources in capacity markets. Inline with the government’s active support for it, it is worthwhile noting
down that the ‘Energy Policy Act (EPACT) 2005 set the key objective of the U.S. national energy policy that
‘it should eliminate unnecessary barriers to the wholesale market DR participation in energy, capacity, and
ancillary service markets by customers and LAs, at either the retail or wholesale level’ (Cappers et al., 2010,
p. 1527).

As a result of the government’s strong initiatives, it was estimated that the potential size of peak load reduc-
tions from then existing DR resources, relative to national peak demand, was about 5% in 2006 and grew to
5.8%in 2008 (Cappers et al., 2010, p. 1527). In 2008, about 93% (about 38,000MW) of the peak load reduction
from then existing DR resources in the U.S. was provided by various types of ‘incentive-based’ programs—
compared to the ‘time-based’ retail rates (2,700MW). Overall, residential and commercial customer DR re-
sources account for 30% (8,600 MW) and 23% (6,462 MW) of the 2012 national potential peak reduction from
‘retail programs’, respectively—for industrial customer DR resources, it was about 46.5% (13,261 MW) (Fed-

W51t was introduced by ‘Public Utility Regulatory Policy Act (PURPA)’ in 1978, and the IRP involved energy utilities
evaluating options for meeting future electricity demands and providing energy services at minimal societal costs to
customers (Warren, 2014, p. 944).
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eral Energy Regulatory Commission, 2014, p. 10). The potential peak reduction from RTO and ISO DR pro-
grams increased by 9.3% (2,452 MW) from 2012 to 2013—as a percentage of total peak demand, it was 5.6% of
peak demand in 2012 and 6.1% in 2013 (Federal Energy Regulatory Commission, 2014, p. 10).

The Federal Energy Regulatory Commission (2014, p. 1) concluded in its annual report? that potential peak
reduction from DR in the RTOs, I1SOs, and Electric Reliability Council of Texas (ERCOT) markets increased
by 2,451 MW to 28,503 MW from 2012 to 2013 or 9.3%. Also, the report highlighted that DR resources made
significant contributions to balancing supply and demand during the late 2013 and early 2014 extreme cold
weather events and helped preserve Eastern RTO and ISO reserve levels.

The extreme cold weather events in the eastern U.S. happened during the period of January 6-8 and January
17-29, 2014 (Federal Energy Regulatory Commission, 2014, pp. 12—13). It caused a sudden high demand for
electricity and generation outages. It was a harsh challenge for the eastern RTO/ISOs, and they had to rely
on DR to balance the supply and demand and to avoid reserve shortages. Actually, PJM called on 2,000 MW
of DR during the morning and evening peaks on Jan. 7, and more than 2,500 MW of DR on Jan. 23 and 28.
In fact, for the period there was no obligation for clients to respond to the call, but about 25% of registered
demand resources activated, which proved the ‘year-round value of DR’. In order to deal with the same
situation, New York Independent System Operator (NYISO) activated the ‘Emergency Demand Response
Program’ and a ‘Special Case Resources’ capacity market program on January 7 and called on the demand
reductions of about 900 MW.

Nowadays various DR products are provided by a number of DR programs throughout the U.S. (Paterakis
etal., 2017; Smart Electric Power Alliance (SEPA), 2018). Some of them are operated by RTOs/ISOs, and oth-
ers are operated by utilities. However, as this research is focusing on DR programs which provide energy
(capacity or ancillary services) in the wholesale market (capacity market or ancillary services market), we will
review these kinds of DR programs run by major RTOs/ISOs, such as ISO New England (ISO-NE), NYISO,
California Independent System Operator (CAISO), and PJM.

In ISO-NE, the Price Responsive Demand (PRD) was fully integrated into energy and operating reserve mar-
kets on June 1, 2018 (Smith, 2017), which means DR resources in the PRD can participate in the day-ahead
and real-time market and provide energy, and in the real-time and forward reserve market to provide oper-
ating reserves. Moreover, it has the same opportunity to participated in the capacity market. In detail, in the
new PRD framework, Demand Response Resources (DRRs), which is also called active demand resources, can
participate in the energy and reserve markets. If DRRs participate in the Forward Capacity Market (FCM),
it is mapped into and called Active Demand Capacity Resources (ADCRs). For the DRRs, participants [with
Demand Response Assets (DRAs)] can bid in the day-ahead and real-time energy market, and if the offers are
accepted, it can be dispatched by ISO-NE. It receives wholesale market payments like other generating re-
sources. For the CBL calculation, ISO-NE utilizes the average load over ten most recent weekdays excluding
holidays and DR event days (called dispatch days) with the adjustment (Lehman, 2019, p. 22). Itis an additive
adjustment, and the interval or range for the additive adjustment is the fifteen minutes—it is equivalent to
the three-time slots because the unadjusted CBL is calculated for every five minutes—immediately prior to
startup instruction of the DR event (Lehman, 2019, p. 29).

NYISO administers four DR programs (New York Independent System Operator (NYISO), 2020). Among
them, the Emergency Demand Response Program (EDRP) is a reliability program and the Day-Ahead De-
mand Response Program (DADRP) is an economic program, and both of them provide energy in the wholesale
market. The other two DR programs are the Installed Capacity — Special Case Resource (ICAP/SCR) program
and the Demand-Side Ancillary Services Program (DSASP). The ICAP/SCR program is one of the reliability
programs of NYISO supporting emergency operations. The DSASP is one of the economic programs of NY-

©21The annual report of the FERC deals with six requirements by ‘Energy Policy Act (EPACT) 2005, such as ‘existing
demand response programs and time-based rate programs, the annual resource contribution of demand resources, the
potential for demand response as a quantifiable, reliable resource for regional planning purpose, regulatory barriers
to improved customer participation in demand response, peak reduction and critical period programs, and so forth’
(Federal Energy Regulatory Commission, 2014, p. 2).
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ISO, and it provides program participants with an opportunity to offer their load curtailment capability into
the Day-Ahead Market and Real-Time Market to provide Operating Reserves and Regulation Service. How-
ever, for the DADRP, there was no offer submitted since December 2010, and it means it is inactive. When
it comes to the two reliability programs, the EDRP and ICAP/SCR, the number of end-use locations is a to-
tal of 3,540 and its volume is a total 0f 1,287.9 MW as of July 31, 2019. This amount represents 4.24% of the
2019 Summer Capability Period peak demand of 30,397 MW. The ICAP/SCR program accounts for 99.5% of
the total MW enrolled in the two reliability programs. Therefore, it can be said that in NYISO, the main DR
program is the ICAP/SCR program. In addition, the data from the previous 30 days is utilized for the CBL
estimation, and for the actual load reduction, it is paid at the level of the Locational-Based Marginal Price
(LBMP).

In CAISO, there are two types of DR resources (California Independent System Operator (CAISO), 2019).
The Proxy Demand Resource (PDR) provides energy, spin, non-spin, Residual Unit Commitment (RUC) bid-
ding in the Day-Ahead energy market, Day-Ahead and Real-Time Non-Spinning Reserve market, Spinning
Reserve market, and 5-Minute Real-Time energy market. It is an economic DR program. The Reliability De-
mand Response Resource (RDRR) provides energy in the Day-Ahead and reliability Real-Time market, and it
is used for reliability purposes (a reliability DR program). In order to calculate CBLs, CAISO basically uses
‘10-in-10 non-event day baseline methodology’ with a bi-directional morning adjustment capped at 20%,
called the Load Point Adjustment (LPA) (Morning Adjustment) for the day (California Independent System
Operator (CAISO), 2014), and CAISO allows participants to choose alternative baseline methodologies with
the CAISO’s approval.

In PIM"/, DR is integrated into PJM’s wholesale electricity markets, and, as a result, retail customers have
the opportunity to participate in PJM’s energy, capacity, and other markets through Curtailment Service
Providers (CSPs) (PJM Interconnection (PJM), 2017). For economic demand response, participants have a
day-ahead option or a real-time option, and for the reductions with the day-ahead option, it is paid based
on the day-ahead prices [Locational Marginal Prices (LMPs)], and, with the real-time option, it is paid based
on real-time prices. The capacity market in which DR can participate is called the Reliability Pricing Model
(RPM) capacity market. It was designed to secure long-term grid reliability and approved by the FERC on De-
cember 22, 2006 (Pfeifenberger et al., 2008).1*! It is based on three-year forward-looking. For the 2017/2018
delivery year, a total of about 9,770 MW of DR were traded as capacity resources (PJM Interconnection (PJM),
2017, p. 2). As PJM’s DR was a role model for South Korea, PJM’s CBL estimation methodologies are closed
related to those of South Korea. Therefore, the evolutions of the CBL estimation methods will be explained
in more detail in Section 3.2.

Bl()PJM is the largest RTO in the U.S. as a part of the Eastern Interconnection. It is serving all or parts of Delaware,
Ilinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia,
West Virginia (13 states), and the District of Columbia. In addition, at this moment, PJM is the largest competitive
wholesale electricity market, including 61 million customers and 183 GW of generating capacity—as of 2013 (Ott, 2014;
Wikipedia, 2017). PJM is a quite important case for South Korea because it seems that it was a kind of role model for
South Korea's DR program. In more detail on PJM, please, refer to the official web site of PJM: [On-line], Available:
http://www.pjm.com/

4 Before the PJM’s RPM, it was the PJM’s Capacity Credit Market (CCM) since April 1, 1999, and it was replaced with
the current capacity market design, which is the RPM, on June 1, 2007 (Pfeifenberger et al., 2008, pp. 6—7; Bowring,
2013). Also, the previous capacity mechanism, the CCM, did not permit the participation of demand-side resources
(Pfeifenberger et al., 2008, p. 6).
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2.2 Case of France: NEBEF (La Notification d’Echange de Blocs
d’Effacement) Mechanism

2.2.1 Background and Motivations to Introduce NEBEF in France

When it comes to the case of Europe, contrary to the case of the U.S., the emphasis was placed more on

Energy Conservation and EE after the energy crisis in the 1970s, and then, due to the market liberalization

and deregulation in the 1990s in Europe, many utilities lost their interest on DSM and DR (Warren, 2014,
[5]

p. 944).

However, in the 2000s and 2010s, as the issues of climate change and energy security have placed on the
political agenda around the globe, DSM could draw attention again. (Warren, 2014, p. 944).

Currently, the European Commission (EC) has expressed its strong support for DR, and the ‘Energy Efficiency
Directive (2012/27/EU), Article 15.8 " outlined clear and specific requirements for the Member States of the EU
to encourage DR program development. It is estimated that the peak clipping capabilities with DR in Europe
range between 6% and 11% depending on each country’s circumstance (Smart Energy Demand Coalition, 2011,

p.5).

Itis interesting to have a look at the maps in the report of SEDC (Smart Energy Demand Coalition, 2014, p. 3;
Smart Energy Demand Coalition, 2017, p. 11) which shows the situation and the change regarding the activity
level of DR in Europe (Fig. 2.1, 2.2, and 2.3). The U.K., Belgium, and Switzerland have been commercially ac-
tive since 2013. For Ireland, Finland, and France, there was a change from ‘Partial opening’ to ‘Commercially
active’. While Poland still remains at the status of ‘Preliminary development’, there was a change in status
for Germany from ‘Preliminary development’ to ‘Partial opening’. Spain and Italy look inactive—'Closed .

19 According to Koliou et al. (2013), regulatory barriers from the member states of the EU were the reason why DR
in Europe was lagged behind.
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Figure 2.1: DR Map of Europe as of 2013

Source: Recreated by the author, Seungman LEE, based on Mapping DR in Europe Today: Tracking
Compliance with Article 15.8 of the Energy Efficiency Directive, by Smart Energy Demand Coalition,
2014, p. 3.
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Figure 2.2: DR Map of Europe as of 2014

Source: Recreated by the author, Seungman LEE, based on Mapping DR in Europe Today: Tracking
Compliance with Article 15.8 of the Energy Efficiency Directive, by Smart Energy Demand Coalition,
2014, p. 3.
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Figure 2.3: DR Map of Europe as of 2017

Source: Recreated by the author, Seungman LEE, based on Explicit Demand Response in Europe:
Mapping the Markets 2017, by Smart Energy Demand Coalition, 2017, p. 11.

On February 8, 2012, French people have seen the historic peak demand of 102.1 GW (Agora Energiewende,
2015, p. 17). As we can see the following Figure 2.4, the peak load of France increased a lot from 2011 to 2012
because of the increase in the massive use of electric heating in winter and the number of electric appliances
in French households whereas, in general, the total installed capacity has been maintained the same (Fig. 2.5
from 2015 to 2017). It means more temperature sensitivity to France (RTE, 20142, p. 26; RTE, 2014b, p. 33).
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Figure 2.4: France’s Peak Demand over the Past Decade (Since 2007, GW)

Source: Generation Adequacy Report: on the electricity supply-demand balance in France, by
RTE, 2014b, p. 33; RTE’'s PORTAIL CLIENTS, “Historique des consommations journal-
iéres en puissance”, [On-line], Available: https://clients.rte-france.com/
lang/fr/clients_traders_fournisseurs/vie/vie_stats_conso_inst.jsp

Comparison to South Korea: Fig. 2.16 |
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Figure 2.5: The Total Installed Capacity in 2015, 2016, and 2017 (MW)

Source: RTE’s PORTAIL CLIENTS, “Capacité installée des unités de plus de 1 MW agrégée par
filiere de production”, [On-line], Available: https://clients.rte-france.com/lang/
fr/clients_traders_fournisseurs/vie/prod/parc_reference.jsp

Compared to the Heatmaps of South Korea’s Loads in 2015 (Fig. A.20) and 2016 (Fig. 2.15) in the following
section, in general in France, the peak load happens in winter during a year, and 8 to 13 and 18 to 20 during a
day (Fig. 2.6)'°! [With the previous Fig. 2.4, for the last decade from 2007 to 2016, all the peak loads of France
happened at 7 p.m. (19:00) in winter]. During the winter peak, the high usage of electricity comes from using
electric appliances for heating and cooking in the evening. However, during the summer, it shows the low
usage of electricity because the rate of the installation and utilization of the air-conditioning appliances for
cooling is low in France (the low penetration of air-conditioning) compared to South Korea.

161YThe heatmaps of loads in France, 2014 (Fig. A.5) and 2015 (Fig. A.6) are in Appendix A: Supplementary Figures
& Tables.
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Source: ‘Data provided by ENTSO-E’, ENTSO-E, “Consumption Data”, [On-line], Available:
https://www.entsoe.eu/data/data-portal/consumption/Pages/default.

aspx | Comparison to South Korea: Fig. 2.15 ‘

France imports the expensive electricity from its neighbors to meet the peak-load for electric heating during
the extremely cold winters. With the different circumstances and energy mix, the motivations for DR in
France seems a little bit different from the case of the UK or Germany: the motivations of France have more
weights on affordability and sustainability,"” but the motivations for DR in Germany put emphasis on the
need of back-up for the high penetration or integration of RESs (Koliou et al., 2013, p. 4).

France is the only Member State in Europe which has opened all the wholesale market, capacity market, and
ancillary service markets to DR and independent aggregators (Bertoldi et al., 2016, p. 44). France is also one
of the only three Member States (Finland, UK, and France) where residential consumers are also engaged.

Looking at the history of DR in France, since 2003, large industrial customers participated in the balancing
mechanism, and from 2007, the first pilots were run in order to introduce aggregate residential loads to the
mechanism (Bertoldi et al., 2016, pp. 44—45). In 2014, an industrial consumer, for the first time, provided its
energy reduction as a Frequency Containment Reserves (FCR) or Primary Reserve (PR).

France has a history of successful DR programs led by Electricité de France (EDF), the biggest electricity pro-
ducer and supplier in France, providing the programs for residential customers (pricing programs) and in-
dustrial clients (load balancing programs). There is one famous example of DR in France. That is the EDF’s
Tempo tariff,”®! which targeted on residential customers with peak and off-peak rates, one of ToU mechanisms
(Clastres, 2011, p. 5402). As of 2009, the number of households that opted for the Tempo tariff was 350,000 in
France (Koliou et al., 2013, p. 4). It is a valuable case because market-based mechanisms, such as DR tariffs,
have been mainly concentrated only on the largest industrial consumers so far (Warren, 2014, p. 947).

Recently, France's regulator, the Réseau de transport d’électricité (RTE), the French transmission system op-
erator, designed and established the capacity market in which it is open for aggregated demand-side re-
sources. The first delivery year was 2016/2017.' For this target, the government studied the adequate amount

(91t was estimated that with a price-based DR program, dynamic pricing, it could result in a six percent cut of the
peak load on the French electricity production system (Faruqui et al., 2010).

819In detail, the EDF’s Tempo tariff was initiated in 1996 (on a full-scale basis after a pilot program). It consists of
two pricing periods, peak and off-peak, and of three day types, Blue Days, White Days, and Red Days. The peak hours
are from 6 a.m. to 10 p.m., and off-peak hours are from 10 p.m. to 6 a.m. The Blue Days are the least expensive 300
days, the White Days are the normally priced 43 days, and the Red Days are the most costly 22 days for the peak period a
year (Faruqui and Sergici, 2010, pp. 204—205). Contrary to the categorization of the Tempo tariff by Clastres (2011), the
IEA, OECD (2003, p. 33) categorized the Tempo tariff as one of critical peak pricing (CPP) programs.

¥l(9In January 2015, a decree was signed to implement the national peak power capacity mechanism starting in the
winter of 2016/2017 (Deloitte, 2015, p. 13).
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of capacity 5 years before the delivery year. After that, they finished the procedure of capacity certification
and rebalancing for existing generation capacities and for new capacities and DR capacities during the DY-4
(4 years before the delivery year) and DY-2 (2 years before the delivery year), respectively.

One of the critical issues related to DR in France is the ‘sourcing costs’ (Bertoldi et al., 2016, p. vi and pp.
47-48). Sourcing costs are costs incurred by the Balancing Responsible Parties (BRPs)/retailer when they
purchase electricity in advance in order to ensure sufficient amounts to meet the electricity consumption of
their clients. If consumers decrease their consumption as they participate in a DR program, the BRP loses
some part of their expected revenues because they cannot recover the sourcing costs spent. Because this loss
is not derived from any competitive activity at the market, BRP/retailers argue that LAs should pay them
for these losses. However, in response to their argument, there are two different points of view in France:
one from the perspective of 1) the French LAs working with industrial/commercial consumers, and another
from the perspective of 2) the French LAs working with residential consumers. French LAs working with
industrial/commercial consumers agree that LAs should pay these losses for BRPs, that it is a fair solution in
principle. In contrast, the LAs working with residential consumers argue that these payments would destroy
their business model and that it will hinder the consumers from participating in the DR programs because
the DR participants and LAs have to pay back the majority of their benefits to the retailers—about 85% of
their margin (Bertoldi et al., 2016, p. 133). This issue is closely related to the remuneration scheme for DR
participants and to the Net Benefit Test (NBT), Net Benefit Test Price or Net Benefit Threshold Price (NBTP)
in the DRTM of South Korea and transfer (Versement) in French NEBEF in that the NBTP is the price that
makes the loss of producer (or supplier) surplus and the increased consumer surplus equal from the entire
societal perspective, and that the transfer to the supplier (Versement) is for filling up these sourcing costs.
In line with the conclusion of the report (Bertoldi et al., 2016), we are going to confirm the policy implication
that we need to pay attention to the design of the DR market in terms of the DR remuneration scheme and
the sourcing cost payment mechanism as we analyze the different results of the CBAs in South Korea and
France.

2.2.2 Introduction of NEBEF

The French Law No. 2013-312, known as the ‘Loi Brotte’ (Brottes Law) (Legifrance, 2013), it was signed by the
French President on April 15, 2013. This law introduced into the ‘French Energy Code’ new articles concerning
the selling of demand reduction in energy markets and in the balancing mechanism. It aims for the prior
implementation of the use of demand reduction in the form of an experimental process to be conducted by
RTE after authorization by the French Regulatory Commission for Energy [La Commission de Régulation de
I'Energie (CRE)].

The test phase of the French DRM, called La Notification d’Echange de Blocs d’Effacement (NEBEF),"! took
place from December 2013 to December 2014 on the wholesale market. The decree, ‘Décret n° 2014-764 du 3
juillet 2014" (Legifrance, 2014), complemented the regulatory framework. Also, with ‘Délibération de la CRE
du 17 décembre 2014" (Commission de Régulation de I'Energie (CRE), 2014), CRE has extended the experi-
mental process and turned it into a new set of rules.

Since then, ‘Régles NEBEF 1, the initial regulation on the NEBEF mechanism, has been evolving, and the
latest regulation on the NEBEF mechanism is ‘NEBEF 3.1" (RTE, 20182)"" which is in effect since Jan. 1,
2018. Thanks to this law, decree, and other regulations, since 2013 it is possible to value load curtailment in

il Originally it was called ‘Electricity Load Reductions’ in English, but recently it is translated literally as ‘The Block

Exchange Notification of Demand Response (NEBEF) mechanism'.

[(5'Régles NEBEF 3.1 is the latest rules regarding the selling of demand reduction on the energy markets. Its full
title is les ‘Régles pour la valorisation des effacements de consommation sur les marchés de I'énergie NEBEF 3.1". In
addition to Régles NEBEF 3.1, there is another rule, so-called ‘Régles SINEBEF 3.1 (RTE, 2018b). It is the NEBEF IT
rule which concerns access to the information systems such as the RTE information system and the information system
of the DSO.
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the energy market (Day-ahead market and Intraday market) and balancing market (Rious et al., 2015, p. 132),
that is, the resources of DR can participate in those two markets. Now it leads to the full participation of DR
in all the existing market structures in France (Latour, 2015). France is the only country in Europe to allow DR
operators to participate directly in the wholesale markets as a resource (direct participation) (Veyrenc, 2014,
p. 13).

Since 1996 *l EDF’s ‘Tempo tariff’

e a successful history of DR program for residential cus-
tomers
e implicit (price-based) DR program

On February 8, 2012 -® Historic peak demand of 102.1 GW

On April 15, 2013 *l French Law No. 2013-312, known as the ‘Loi Brotte’ (Brottes
Law)
From December 2013 -®¢ One year test phase of NEBEF (‘Régles NEBEF 1°)
to December 2014 e day-ahead wholesale market for NEBEF

On July 3, 2014 -® ‘Décret n° 2014-764 du 3 juillet 2014’
e complemented the regulatory framework
On December 17, 2014 - ‘Délibération de la CRE du 17 décembre 2014’
e extened the experimental process
e turned it into a new set of rules
Since 2017 - Intraday wholesale market for NEBEF

Since January 1, 2018 ,l ‘Régles NEBEF 3.1’

|

Figure 2.7: Timeline around Background and Introduction of French NEBEF

2.2.3 Evolution of NEBEF

As seen in Table 2.1,"? at the beginning of NEBEF in 2014, the total volume of NEBEF was quite small (about
620 MWh) even though there were the reserved and realized volumes of NEBEF throughout the year of 2014
except February. In January and September, there were quite significant amounts of the NEBEF in total
compared to other months. Moreover, in terms of the difference between the volume of reserved and real-
ized NEBEF, even though we can observe that sometimes reserved NEBEFs were not fulfilled, the difference
was quite small, about 10% of the reserved NEBEF in 2014.

B21%You can find the visualization (Fig. A.7 and A.8) of the table in Appendix A: Supplementary Figures & Tables.
Also, Figure A.9 and A.10 are given as a reference for comparing the two volumes of NEBEF, ‘Programmes d’Effacement
Retenus agrégés’ and ‘Chroniques d’Effacement Réalisé agrégées’ side-by-side in 2014.
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Table 2.1: The Monthly Reserved and Realized NEBEF Volume and Total in 2014

(MW)

Reserved or Planned NEBEF Realized NEBEF

Month (Programmes d’Effacement  (Chroniques d’Effacement
Retenus agrégés) Réalisé agrégées)

1 134.400 119.286

2 0.000 0.000

3 4.000 3.849

4 17.400 15.742

5 5.200 5.780

6 35.600 40.270

7 34.600 32.439

8 53.000 47.450

9 236.000 203.260

10 82.400 68.382

11 40.600 38.689

12 50.400 45.319

Total in 2014 693.600 620.467

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs d’Effacement confondus, agrégés
a la maille France”, [On-line], Available: https://clients.rte-france.com/lang/fr/visiteurs/vie/
nebef_effacements.jsp

Looking at the following NEBEF indicated Load Duration Curve (LDC)™ (Fig. 2.8)"* we can see that there
were heavy loads in winter and light loads in summer in 2014."*! Also, we can see that at the beginning of
the year, that is January, February, and March, even though there were heavy loads in winter, NEBEF was not
activated, and since September, even though there were not heavy loads, NEBEF was activated often. With
this observation one may think that NEBEF could be actualized even if it is not for the peak load, that is,
NEBEF can be utilized even in summer where there are relatively higher reserve rates than that in winter.
However, I think it is because of the fact that at the beginning of the NEBEF program, it was not very well
known among potential participants and not very well organized yet.

1319A LDC is a profile of system demand for specified periods of time, for example, annual. It is graphed as a his-
togram, a cumulative distribution function (CDF) (Cardell, 2018). The loads can be categorized into three: 1) base load,
2) intermediate load, and 3) peak load. The ranges for three loads are not absolute, but relative.

14 YThe original LDC (Fig. A.11) and detailed information are given in Appendix A: Supplementary Figures & Tables.
Figure 2.8 is the same load duration curve with Figure A.11 except that I indicated in red the load of the specific hour in
which there was the actualized NEBEF. Therefore the y-axis is still the hourly load value (MW) not the amount of the
actualized NEBEF.

Bs19Also, in general, higher variability of loads compared to South Korea—relatively large standard deviation
(Std.Dev) in Tab. A.3 and longer interquartile range (IQR) in Fig. A.12 in Appendix A: Supplementary Figures & Ta-
bles.
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Figure 2.8: Load Duration Curve of France in 2014 (MW) Considering NEBEF
Actualized Days

Source: ‘Data provided by ENTSO-E’, ENTSO-E, “Consumption Data”, [On-line], Available:
https://www.entsoe.eu/data/data-portal/consumption/Pages/default.

aspx ; RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs
d’Effacement confondus, agrégés a la maille France”, [On-line], Available: https://
clients.rte-france.com/lang/fr/visiteurs/vie/nebef_effacements.jsp

As seen in Table 2.2, the total volume of NEBEF increased to about 2,970 MWh in 2015—it is about five
times from the year of 2014. However, there were the reserved and realized volumes of NEBEF only in Jan-
uary, February, August, September, November, and December in 2015. In January and February, its amount
was negligible, and in August and September, the amount was quite small. In contrast, in November and
December, there were quite significant amounts of the NEBEF in total for each month.

[16]

(OYou can find the visualization (Fig. A.13, and A.14) of the table in Appendix A: Supplementary Figures & Tables.

Also, Figure A.15 is given as a reference for comparing the two volumes of NEBEF, ‘Programmes d’Effacement Retenus
agrégés’ and ‘Chroniques d’Effacement Réalisé agrégées’ side-by-side in 2015.
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Table 2.2: The Monthly Reserved and Realized NEBEF Volume and Total in 2015

(MW)

Reserved or Planned NEBEF Realized NEBEF

Month (Programmes d’Effacement  (Chroniques d’Effacement
Retenus agrégés) Réalisé agrégées)

1 0.600 0.660

2 0.200 0.291

3 0.000 0.000

4 0.000 0.000

5 0.000 0.000

6 0.000 0.000

7 0.000 0.000

8 18.100 4.372

9 16.800 5.243

10 0.000 0.000

11 1,713.388 1,632.000

12 1,425.000 1,328.000

Total in 2015 3,174.089 2,970.304

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs d’Effacement confondus, agrégés
a la maille France”, [On-line], Available: https://clients.rte-france.com/lang/fr/visiteurs/vie/
nebef_effacements.jsp

As can be seen in Figure 2.9,"” in 2015, NEBEF is less frequently activated than in 2014 even though there
were larger total consumption and higher peak load in 2015 than in 2014.

07)The original LDC (Fig. A.16) and detailed information are given in Appendix A: Supplementary Figures & Tables.
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Figure 2.9: Load Duration Curve of France in 2015 (MW) Considering NEBEF
Actualized Days

Source: ‘Data provided by ENTSO-E’, ENTSO-E, “Consumption Data”, [On-line], Available:
https://www.entsoe.eu/data/data-portal/consumption/Pages/default.

aspx ; RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs
d’Effacement confondus, agrégés a la maille France”, [On-line], Available: https://
clients.rte-france.com/lang/fr/visiteurs/vie/nebef_effacements.jsp

As can be seen in Table 2.3, Figure 2.10,"® and Figure 2.11, as time goes by, NEBEF has been significantly
developed in terms of the total volume (about 20,622 MWh) and the frequency of activation in 2016. There
were the reserved and realized volumes of NEBEF throughout the entire year of 2016. Almost all the months
show quite significant amounts of the NEBEF in total for each month, especially October, November, and
December compared to the previous years. Those intensive NEBEF offers at the end of 2016 were due to

U819In Appendix A: Supplementary Figures & Tables, Figure A.17 and Figure A.18 are given just for a reference com-

paring the two volumes of NEBEF, ‘Programmes d’Effacement Retenus agrégés’ and ‘Chroniques d’Effacement Réalisé
agrégées’ in 2016.
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high wholesale prices mainly because of the nuclear power plants’ unavailability and cold temperature (Smart
Energy Demand Coalition, 2017, p. 85). Considering the performances of all the previous years 2014, 2015,
and 2016, we can see the developing trend of NEBEF.

Table 2.3: The Monthly Reserved and Realized NEBEF Volume and Total in 2016

(MW)

Reserved or Planned NEBEF Realized NEBEF

Month (Programmes d’Effacement  (Chroniques d’Effacement
Retenus agrégés) Réalisé agrégées)

1 1,883.000 1,827.205

2 505.392 499.902

3 519.796 500.793

4 199.000 194.889

5 49.000 51.778

6 76.400 74.190

7 293.600 2.87.120

8 250.000 243.550

9 264.2.00 251.351

10 3,481.600 3,059.250

11 5,953.800 5,367.721

12 8,694.600 8,263.972

Total in 2016 22,170.388 20,621.721

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs d’Effacement confondus, agrégés
a la maille France”, [On-line], Available: https://clients.rte-france.com/lang/fr/visiteurs/vie/
nebef_effacements.jsp
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Figure 2.10: The Volume of Demand Reduction of France in 2016 (Programmes
d’Effacement Retenus agrégés, MW)

*halfhour: it means that the interval of the NEBEF is 30 minutes. For example, if the number
of ‘halfhour’ is 20, it means the volume between o9h30 and 10hoo, and if it is 38, it means the
volume between 18h30 and 19hoo, etc.

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs
d’Effacement confondus, agrégés 3 la maille France”, [On-line], Available: https://
clients.rte-france.com/lang/fr/visiteurs/vie/nebef_effacements.jsp
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Figure 2.11: The Volume of Demand Reduction of France in 2016 (Chroniques
d’Effacement Réalisé agrégées, MW)

*halfhour: it means that the interval of the NEBEF is 30 minutes. For example, if the number
of ‘halfhour’ is 20, it means the volume between o9h30 and 10hoo, and if it is 38, it means the
volume between 18h30 and 19hoo, etc.

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs
d’Effacement confondus, agrégés 3 la maille France”, [On-line], Available: https://
clients.rte-france.com/lang/fr/visiteurs/vie/nebef_effacements.jsp
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Looking at the NEBEF indicated LDC (Fig. 2.12)""' we can see that in 2016 NEBEF was much more frequently
activated during the peak hours than the past years. It means it works better considering the objective of the
NEBEF mechanism.
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Figure 2.12: Load Duration Curve of France in 2016 (MW) Considering NEBEF
Actualized Days

Source: RTE’s PORTAIL CLIENTS, “Historique des consommations journaliéres en
puissance”, [On-line], Available: https://clients.rte-france.com/lang/fr/
clients_traders_fournisseurs/vie/vie_stats_conso_inst.jsp

According to Figure 2.13, we can see that the frequency of the activation of NEBEF is getting higher. Also, we
can see the change in the pattern. In 2014 and 2015, NEBEF was mainly actualized during fall and winter.
However, in 2016, there are many hours in which NEBEF was actualized not only in fall and winter but also
in spring and summer even though the large amount of the actualized NEBEF is positioned after September.
In addition, the shape of the actualized NEBEF is getting similar to the shape of the French LDC.

91 YThe original LDC (Fig. 2.12) and detailed information are given in Appendix A: Supplementary Figures & Tables.
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Figure 2.13: Comparing the Chronological Actualized NEBEF between 2014,
2015, and 2016

Source: RTE’s PORTAIL CLIENTS, “Volumes d’Effacement NEBEF, tous Opérateurs
d’Effacement confondus, agrégés i la maille France”, [On-line], Available: https://
clients.rte-france.com/lang/fr/visiteurs/vie/nebef_effacements.jsp

Figure 2.14, which is based on a simple heatmap, shows the NEBEF operators (LAs) on the list for each month
since November 2016. The total number of NEBEF operators in November 2016 was 18, and then it increased
to 23 in May 2017.
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E.ON FRANCE ENERGY SOLUTIONS S.A.S. -
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Figure 2.14: The List of the NEBEF Operators

Source: RTE’s PORTAIL CLIENTS, “Liste des Opérateurs d’Effacement”, [On-line],
Available: https://clients.rte-france.com/lang/fr/clients_traders_
fournisseurs/vie/nebef_operateurs.jsp
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2.3 Case of South Korea: Demand Resource Trading Market
(DRTM)

2.3.1 Motivations to Introduce DRTM

2.3.1.1 To Increase the Reliability and to Ensure the Security of Supply

Before the introduction of the market-based DR program in December 2014, South Korea faced a series of
problems with the reliability and security of electricity supply. For example, on September 15, 2011, due to
the lack of the electricity supply to meet the high electricity demand, there was an unprecedented rotating
blackout in South Korea, and the state-owned KEPCO unexpectedly cut off the electricity of about 1.6 million
households for over four hours. Due to this blackout, there was a huge uproar of the public, and Jung-gyeong
Choi, the then head of the Ministry of Knowledge Economy, had to resign.

As can be seen in the following Figure of Heatmap of Loads, South Korea in 2016 (Fig. 2.15),%°! in general in
South Korea, the peak load happens in summer and winter during a year, and 9 a.m. to 12 p.m. and 13 p.m. to
18 p.m. during a day. During the summer peak, the high usage of electricity comes from cooling by using
air-conditioning devices. However, during the winter peak, the electric appliances for heating are not widely
used as much as in France. Also, Figure 2.16 shows the increasing trend of the peak load of South Korea. In
summer, 2013, South Korean people had to turn off the air-conditioners at all government and public office
buildings when the nation faced a power crisis because several nuclear power plants had to temporarily shut
down after the nuclear scandal. These experiences of inconvenience were the direct motivations for the South
Korean government to realize the needs to come up with a different measure for the security of the electricity
supply and to focus on DR.

Date
2016-01-012016-02-02016-03-012016-04-012016-05-012016-06-012016-07-012016-08-012016-09-012016-10-012016-11-012016-12-012017-01-01
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Figure 2.15: Heatmap of Loads, South Korea in 2016 (MW)

Source: ‘=1 MALFAZ T8 A|AE” (Public Information Sharing System on Electricity
Demand and Supply), KPX, [On-line], Available: https://openapi.kpx.or.kr/sukub.

do# | Comparison to France: Fig. 2.6 |

(20)(You can also find the heatmap of loads, South Korea in 2015 (Fig. A.20) in Appendix A: Supplementary Figures
& Tables.
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Figure 2.16: Peak Load of South Korea from 2012 to 2016 (GW)

Source: “A A5 HA A" (Operational Performance of Electric Power System), Electric
Power Statistics Information System (EPSIS), [On-line], Available: http://epsis.kpx.
or.kr/epsisnew/selectEkifBoardList.do?menuId=090120&boardId=003120

| Comparison to France: Fig. 2.4 |

South Korea is one of the most energy-dependent countries because it has very limited natural resources and
a very energy-intensive industry structure. Moreover, it is electrically isolated like an island without pos-
sible electricity imports from neighboring countries. South Korea generated about 509,016 gigawatt-hours
(GW.h) (PRIS (IAEA), 2017b) of total net electricity in 2016 with the total installed capacity of 108.25 GW (Fig.
2.17 and the detailed information in Appendix A: Supplementary Figures & Tables)”"'—with relatively lower
variability [relatively small standard deviation (Std.Dev) in Tab. A.4 and shorter interquartile range (IQR)
in Fig. A.21in Appendix A: Supplementary Figures & Tables] of loads compared to France. South Kored’s
power generation has increased by an average of 5% annually over the past decade, and Korea Energy Eco-
nomics Institute (KEEI) expects demand to grow 3.7% annually through 2017, primarily driven by industrial
use (U.S. Energy Information Administration (EIA), 2014). In regards to the electricity consumption, in 2012
about 53% of electricity consumption came from industries, 25% from commercial and service enterprises,
14% from the residential sector, and 8% from other sectors like transportation and agriculture, according
to KEEI (U.S. Energy Information Administration (EIA), 2014). With electricity consumption growing at a
rapid rate and a reliance on fuel imports to meet 98% of its fossil fuel consumption (U.S. Energy Information
Administration (EIA), 2018), South Korea is actively promoting DR to help ensure reliability (Engerati, 2014).

21 9The LDC of South Korea in 2015 (Fig. A.22) and detailed information are in Appendix A: Supplementary Figures
& Tables.
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Figure 2.17: Load Duration Curve of South Korea in 2016 (MW)

Source: “TH=01 MALF3AE T A" (Public Information Sharing System on Electricity
Demand and Supply), KPX, [On-line], Available: https://openapi.kpx.or.kr/sukub.

do# | Comparison to France: Fig. A.19 |

Despite this huge requirement of energy, it is getting more difficult to meet the demand from the supply-side.
In fact, these days the South Korean government is facing the difficulties to search for the available power
plant sites for additional capacity and infrastructure both due to the public’s low-level acceptance for the
power installations and the enhancement of the environmental regulations. One of the examples is the case
ofthe ‘Miryang Transmission Tower Construction Conflict” in South Korea. Itis the conflict between the local
residents in ‘Miryang’ and the KEPCO since 2002, and for the recent years (2012-2014) it has been much more
serious drawing public attention. With DR, the government could avoid constructing additional capacity
and transmission & distribution infrastructure. In this context, DR and peak consumption management are
strategic issues for the South Korean government (Schneider Electric, 2015).

Moreover, to achieve the policy objective to reduce the reliance on nuclear power and fossil fuel imports, the
government is promoting greater DR (U.S. Energy Information Administration (EIA), 2014). More recently
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the new South Korean government of President Moon set the new energy policy since May 10, 2017. President
Moon promised to phase out nuclear power, and the government announced the ‘Energy Transition (nuclear
phase-out) Roadmap’ on October 24, 2017. In the roadmap, the government declared to drop existing plans to
build new nuclear power plants and not to extend the lifespan of nuclear reactors. The president also pledged
to permanently shut down at least 10 aged coal-fired power plants. Instead of the nuclear power and coal-
fired power plants, the government is to increase the share of the RESs from 7% now to 20% by 2030 ‘8™
Basic Plan for Electricity Supply and Demand (2017-2031)" published on December 29, 2017].

2.3.1.2 To Achieve the Goal of the Environmental Policy

The environmental issue is also one of the reasons for South Korea to be greatly interested in DR. South
Korea is seriously concerned about the carbon emissions from electricity generation. The South Korean gov-
ernment puts emphasis on the ‘Green Growth’ policy, and the government is very well aware of the advantage
of DR in terms of the reduction of the CO, emissions. In ‘8™ Basic Plan for Electricity Supply and Demand
(2017-2031)’, the South Korean government is aiming at decreasing the GHG emissions by 26.4% compared to
the BAU (business-as-usual) in 2030—the amount of the projecting BAU GHG emissions is 322 million tons,
but the amount of the goal in ‘8" Basic Plan for Electricity Supply and Demand (2017-2031)" is 237 million
tons. To that end, the government is going to gradually decrease the coal-based power plants while gradu-
ally increasing the share of the RESs, LNG, and alternatives, such as DSM and DR. The following Figure 2.18
indicates the planned capacity in 2017, 2022, and 2030, South Korea.
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Figure 2.18: Planned Capacity in 2017, 2022, and 2030 (GW)

Source: Ministry of Trade, Industry and Energy, 2017, 8

Demand (2017-2031)

Basic Plan for Electricity Supply and

In particular, in order to aggressively promote DR, ‘8 Basic Plan for Electricity Supply and Demand (2017-
2031)" added more measures such as alleviating the barriers to entry for demand-side resources, compulsory
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activation under certain conditions, offering more incentives to increase the rate of fulfillment, and planning
to introduce ‘Demand Resource Trading Market for All Citizens’.

There is an additional economic motivation for South Korea. The South Korean government has put DR,
i.e. the inauguration of the market for DR, into the ‘Creative Economy Initiative’ because it could create a
new market and jobs encouraging the related industries, which means it can play as a driver for economic
growth. The South Korea government published the ‘Energy New Industry Creation Measures in Response
to Climate Change’ (7] &9 3} t-2 o1 x] AIAFA AF&E4HOH on July 17, 2014, and the DRTM was included as
one of the six measures'*?! to create more than 1.2 million jobs and markets that have the value of about 2.08
trillion Korean Won (%) by 2017.

2.3.2 Recent Performance of DRTM in South Korea

Actually, in the past, the DSM programs were based mainly on load management and EE. Also, it was the
government-led DSM programs based on the fund from the government. Table 2.4 shows the size of the
fund for DR programs in the past. We can observe that there was quite a big decrease from 2013 to 2014 in
terms of the size of the fund. It seems that because the market-based DR program started from December
2014 which replaces the function of the traditional DR programs, the size of the fund for the traditional DR
programs significantly decreased.

Table 2.4: The Size of the Fund for DR Program in South Korea from 2012 to
2016

Year 2012 2013 2014 2015 2016

Budget for the fund 386.8 233.9 39.5 40.0 40.0

Unit: trillion Korean Won, %

In April 2014, the legislation (revision of ‘ELECTRIC UTILITY ACT")"**! was passed in South Korea allowing
DR to participate in its wholesale market, and the recent market-oriented DRM, called the Demand Resource
Trading Market (DRTM) (> AT A2 A&}, was introduced on November 25, 2014 in South Korea. According
to Korea Power Exchange (KPX), from the inauguration of the DRTM in November 2014 to May 2015, for
the seven months, the amount of the electricity of 142,557 MWh has been saved through the DRTM. At the
beginning of South Korean DR program, there were 20 demand-side resources (1,520 MW), 11 DR companies
(LAs), and 861 participants (clients of the DR companies). Also, in May 2015, it is expected that about 10 more
LAs enter the market, such as Hyosung, GS Power, and so forth. The South Korean government is planning
to ensure 1.9 GW of the DR resource by 2017.

As there was a change on the electricity market, the new actors emerged. Recently EnerNOC, an energy
intelligence software provider, launched its commercial operation in South Korea (Engerati, 2014). Ener-
NOC Korea helps many large companies such as LG Chem, Kolon Industries, COEX, and Korea Paper which
participate in KPX’s DR programs. Also, after the launching of the DRTM in South Korea, Energy Pool and
Hyosung, a significant player in the electricity sector and as an LA, signed a ‘Business Startup Agreement’
to jointly enter into the newly created DR market in January, 2015 (Schneider Electric, 2015).

South Korea’s DRTM is just at the beginning stage, so there is a long way to be full-fledged. Until then, it is
needed to complement and improve the DR market. In line with this logic, the South Korean government

221 9In addition to the DRTM, the other five measures are the ‘Energy Management Integrated Service Project’,
‘Independent Micro-grid Project’, ‘Rental Service of the Photovoltaic Panel’, ‘Electric Vehicle Charging Service’, and
‘Project of Effluent Heat Supply from Thermal Power Plant’.

23 The english version of this act is [On-line], Available: https://elaw.klri.re.kr/kor_service/
lawView.do?hseq=42763&lang=ENG
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established a two-stage development roadmap. There would be about two years of the introduction stage in
which the government would check out the reliability of demand-side resources and technical requirements
to operate the market-based system.

Before the introduction of the DR market, the DR programs were totally separated from the electricity market
and were based on the governmental fund. Therefore, it was difficult to measure the effectiveness of the DR
programs in the electricity market. With the inauguration of the market, LAs can directly participate in the
electricity market the same as the electric power generators.

In terms of the requirements for enrollment, in order to be enrolled as one of the demand-side resources, it
should be bigger than 10 MW and smaller than 500 MW consisting of at least 10 customer participants. Also,
the demand-side resources should pass the test of Relative Root Mean Squared Error (RRMSE). As the low
RRMSE means the regular pattern of the electricity consumption and high reliability, only the demand-side
resources whose RRMSE is under 30% can be enrolled. In addition, the demand-side resource needs to go
through tests of reliability within two weeks after the initial enrollment and before the peak period in summer
and winter.

There are two types of DR in South Korea. The first one is ‘Peak Reduction DR’ (DR at the Intra-day wholesale
market, one-hour-ahead DR). In the past, this ‘Peak Reduction DR’ was called ‘Reliability DR’. Another one
is ‘Price Reduction DR’ (DR at the Day-ahead wholesale market). In the past, this ‘Price Reduction DR’ was
called ‘Economic DR’. In the reliability DR program, a participant should follow an order (or call, request) to
reduce as much as the enrolled demand-side resources for 2~4 hours within one hour from the order when
there is an emergency with under s GW reserves. When it comes to the economic DR program, participants
can bid for in the Day-ahead market when they think their resources are competitive to those of the power
generators.

The payment for the ‘Peak Reduction DR’ consists of two elements: the base payment and the performance
payment. For the base payment, it is paid as much as for the capacity of generators, thatis, capacity payment.
For the performance payment, it is paid as much as System Marginal Price (SMP) (or maximum variable cost).
For the ‘Price Reduction DR’ it is only paid as much as SMP. In sum, SMP is the remuneration for the ‘Price
Reduction DR™ (Economic DR), and (SMP + Capacity Payment) is the remuneration for the ‘Peak Reduction
DR’ (Reliability DR) in South Korea.

Since the ‘Price Reduction DR’ (Economic DR) is paid at the level of SMP, there can be issues around it. One
of the issues is that the payments for DR might be greater than the decrease in purchasing costs of electricity
for retailers, and, as a consequence, there might be a decrease in the retailers’ profit. In order to prevent this
situation, the NBT, which was introduced earlier in the U.S., 2011 by the FERC Order No. 745 (Federal Energy
Regulatory Commission, 2011), is introduced in South Korean DRTM. The NBTP is the result of the NBT, and
LAs cannot bid below this threshold price in South Korean DRTM (KPX, 2014).

At the beginning of the inauguration of the DRTM in South Korea, the government set the target or possible
amount of DR at about below 2% of the total capacity (1.9 GW by 2017). In contrast, the advanced countries
have set their optimal amount of DSM much higher at 3—5% of their peak demand. For instance, PJM sets the
amount of 6% of the capacity that PJM manages. Regarding the advanced countries’ targets, South Korea’s
target is too conservative despite the fact that the possible size of the demand-side resources is quite limited.
The reason why the South Korean government set this relatively small number might be that it is just the
beginning stage, so it is difficult to find and ensure reliable demand-side resources. Moreover, there was no
experience of running this market-based DR and no enough research on the optimal amount of DR compared
to the total capacity or the peak demand. Therefore, on top of the CBA, it is necessary to precisely assess the
optimal amount of DR in South Korea based on a ‘quantitative analysis’, such as econometrics, an economic
model, scenario model, or the game theory which could minimize the costs both for demand-side resources
and power generation, or maximize the entire utility (social welfare).

Since the inauguration in 2014, in 2014, 2015, and 2016, as the achievement of operating the DRTM, it has
reduced totally 632,229 MWh (Tab. 2.5). The total registered capacity of demand resources at the market was
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3,886 MW as of 2016,'**! mainly from the participants of the manufacturing industry (58.8%)—21.6% from
the participants of the service industry, 17.4% from the participants of commercial industry, and 2.2% from
the participants of the agricultural industry (Fig. 2.19)."°!

Table 2.5: The Performance of South Korean DRTM in 2014, 2015, and 2016

2014 2015 2016
Registered Capacity (MW) 1,520 2,889 3,885
Rate of Increase 90.0% 34.5%
Total Reduction (MWh) 4,750 204,852 422,627
Payments (€/%#1,300) 3,196,153 80,560,000 127,316,153
# of Load Aggregators 11 14 14
# of Demand Resources 20 24 30
# of Participants 861 1,519 2,223

Source: “Electric Power Market Statistics in 2016, KPX, 2017, [On-line], Available: http://epsis.kpx.or.kr/
epsisnew/selectEkifBoardList.do?menuld=090141&boardId=003141

24%You can find the detailed information (Tab. A.5 and Fig. A.23) on the reductions for each month in 2014, 2015,
and 2016 as well as the visualization (Fig. A.24) of the registed capacity and the number of participants in 2014, 2015,
and 2016 in Appendix A: Supplementary Figures & Tables.

251 You can find the table version (Tab. A.6) in Appendix A: Supplementary Figures & Tables.
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In 2014 In 2015

Industry Industry
I Manufacturing ~ WEEM  Service B Manufacturing WM Service
[ Commercial B Agricultural I Commercial B Agricultural
In 2016

Industry
B Manufacturing ~ WEEM  Service
[ Commercial B Agricultural

Figure 2.19: The Composition of Participants by Industry

Source: “Electric Power Market Statistics in 2016°, KPX, 2017, [On-line], Available:
http://epsis.kpx.or.kr/epsisnew/selectEkifBoardList.do?menuld=
090141&boardId=003141

Also, Figure 2.20¢! shows the amount of the payments for the reductions and enrolled capacities at the
DRTM for each month in 2014, 2015, and 2016. The figures for the payments in 2014, 2015, and 2016 in Table
2.5 are translated into Euro (€) from the Korean Won (3%). Therefore, from 2014 to 2016 the total reductions
and enrolled capacities are worth about 211 million euros (€211,072,306, equivalent to about 274 billion wons,
274,448 million wons).

261 You can find the detailed numbers of the payments for each month in 2014, 2015 and 2016 in Table A.7in Appendix
A: Supplementary Figures & Tables.
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Figure 2.20: The Payments for the Reduction and Capacity at South Korean
DRTM in 2014, 2015, and 2016

Source: “Electric Power Market Statistics in 2016°, KPX, 2017, [On-line], Available:

http://epsis.kpx.or.kr/epsisnew/selectEkifBoardList.do?menuld=
090141&boardId=003141

Even though the participation of the demand-side resources in the residential sector has been limited, the
South Korean government is now planning to introduce the ‘Demand Resource Trading Market for All Citi-
zens associated with the project for the widespread of AMI and different types of retail price scheme (ToU
Tarfhi Scheme) starting from 2018. Moreover, from 2020, it will include home appliances and electric vehicles
as the subject for demand resources. In addition, it will stabilize the market for demand resources through
the ‘automatic demand response system’ which uses communication signals for auto response.

Moreover, recently, there are active discussions to make use of standby generations'*”' in the residential sector
as DRresources more progressively (5-5] =, 2018). Of course, the South Korean government is also concerned
about the emissions of air pollutants, but the use of standby generation is not very limited as long as there
is the submission of a document of the facility for air pollutant emission (KPX, 2019, p. 124). On the other
hand, there are concerns about the safety risk using these standby generations in DR programs because it
seems that safety is not tested yet for many standby generations (++4>%1, 2018). At the very beginning of
the DR program in South Korea, according to the report by KPX in 2015 (KPX, 2015, p. 88), the share of the
standby generators in the total demand response resources was about 10.72%. In the report, it estimated
the potential of the standby generators as 1/3 of the total DR resources. As of June 2017, the capacity of the

271 YUnlike the case of South Korea, it seems that the use of standby generations as DR resources is limited in the
EU due to the ‘Medium Combustion Plant Directive (MCPD)" which regulates the Medium Combustion Plants (MCPs),

1 MWth < 2 <50 MWth, in terms of air pollutants, such as sulphur dioxide (SO,), nitrogen oxides (NOy) (European
Commission (EC), 2015).
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standby generators was about 27.3 GW (throughout all the sectors) in South Korea (5] 5, 2018).
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2.4 Conclusions on Comparisons between France and South Korea

In order to compare the two different DRMs, NEBEF of France and DRTM of South Korea, it is necessary
to understand the characteristics of the electricity markets of the two countries first because, without the
understanding of it, it would be difficult to understand the DRMs.

First of all, there is a big difference in terms of the structure of the electricity market (Tab. 2.6). In France,
there is the day-ahead wholesale market and the intraday wholesale market based on the price bidding via the
European Power Exchange (EPEX), which is the platform for trading electricity. In addition to the wholesale
markets, it is operating the capacity market, ancillary service market, and reserve market. In contrast, in
South Korea, there is only one wholesale market which is a CBP*®', not based on the price bidding system.
It means it lacks the capacity market, ancillary service market, and reserve market, even though there is the
ancillary services and reserve programs.

Secondly, there is also a difference regarding the nature of the market: competition and vertical integration.
In France, it is not the vertically integrated structure, although EDF is a quasi-monopoly for power gener-
ation. The French government is in pursuit of the competition on the market. Contrary to the French case,
it is not yet the competition market in South Korea, rather it is a monopolistic market. The KEPCO controls
almost all aspects as the main actor in the electricity market except power generation (U.S. Energy Informa-
tion Administration (EIA), 2014). In terms of the power generation, as a result of the "Act on the Promotion
of Restructuring the Electric Power Industry’ in December 2000, KEPCO’s electricity generation business
was split into six subsidiaries of the power generation companies—Korea Hydro & Nuclear Power Co., Ltd.
(KHNP), Korea South-East Power Co., Ltd., Korea Midland Power Co., Ltd., Korea Western Power Co., Ltd.,
Korea Southern Power Co., Ltd., and Korea East-West Power Co., Ltd. As of June 2018, there are KEPCO’s six
subsidiaries of the power generation companies (81%) and other eighteen private power generation compa-
nies (19%) at the power generation sector. Therefore, we can say that there is a limited competition only in
the power generation sector, and there is a monopoly by KEPCO in terms of the power transmission, distri-
bution, sales at the wholesale market and retail market.

The KPX, non-profit, specialized, and membership-based organization with electricity market participants
(generators and retailers) as the members, established in 2001 as part of the electricity sector restructuring,
serves as the system operator and coordinates the wholesale electric power market by executing the real time
dispatch and establishing the basic plan for long term electricity supply and demand (U.S. Energy Informa-
tion Administration (EIA), 2014).

Now that we understand the differences between the two electricity markets in France and South Korea, we
can start the comparison of the two DRMs. Table 2.7 summarises the comparison of the two DRMs in France
and South Korea. First of all, in France, the main market-oriented mechanism is NEBEF, which began in De-
cember, 2013, and it is the DRTM in South Korea, which started in December, 2014. In France, DR resources
can participate in all the operating markets, however, in South Korea, they can participate only in the whole-
sale market at this moment. The different CBL estimation methods in the two countries will be dealt with in
the following Chapter 3. In terms of the remuneration for the DR resources, in South Korea, it is paid at the
level of SMP, but in France, it is paid at the level of [SMP — Versement (transfer)]. The two different remuner-
ation levels in the two countries may result in the different levels of motivation for the DR participants. This
issue will be addressed in Chapter 4 later on.

281 At the South Korean CBP wholesale market, the power generation companies can bid only with their ‘variable’

costs—as indicated by ‘Cost-based’. Also, all power transactions should be done at the pooled wholesale market oper-
ated by KPX—as indicated by "Pool .
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Table 2.6: Comparison of the Electricity Market Structure between France and
South Korea

France South Korea
operating markets
day-ahead market o 0
intraday market 0 o
capacity market 0 X
ancillary service .
0 o (service)
market
reserves market .
) 0 o (service)
(balancing market)
latform EPEX KPX
P price bidding aCBP
RTE
t t KPX
system operator (owned by EDF)
competitive, not very competitive,
not vertically . .
. vertically integrated,
nature of market  integrated,
highly concentrated,
regulator CRE MOTIE
. EDF, KEPCO,
main actor .
a quasi-monopoly a monopoly
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Table 2.7: The Comparison of the DR Mechanisms between France and South

Korea
France South Korea
main DRM NEBEF DRTM
main DR operator ~ RTE KPX
December, 2013
since (test phase: December, 2014
Dec. 2013-Dec. 2014)
affordability, reliability,
sustainability, security of supply,
goals security of supply, environmental policy,
integration of drivers for

renewable energies,  economic growth,

possible market(s) for DR participation

day-ahead market o 0

intraday market o (since Jan. 2017) o

capacity market o Non-existance
ancillary service

Non-existance
market

reserves market

. Non-existance
(balancing market)

Day-matching Day-matching
method based on method based on
CBL method ) .
method(s) simple average WMA & adjustment
and median options
remuneration (SMP-Transfer) SMP
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2.5 Conclusion

In this Chapter 2, we have reviewed the brief history and the trend of DSM and DR in the U.S. We have found
that the U.S. was the first mover since 1970s and now is the leading country in terms of DR [according to
the report of Transparency Market Research, recite from (Paterakis et al., 2017, p. 878)]. In Chapter 1, as
we have found that one of the barriers to DR was the lack of appropriate regulations on DR in Europe, and
unlike Europe, the U.S. could set very well the needed regulations to introduce DSM and DR programs in the
electricity market very early on. These clear regulations were the results of the government’s strong support
and initiatives for DR. As a consequence, these days we can observe the flourishing DR programs and its
performances throughout all the major states, such as New England, New York, California, PJM regions,
Texas, and so forth. As the U.S. has implemented more DR programs actively, it was possible to accumulate
the experiences and to confirm the potential of DR as reliability and flexibility resources.

France, as one of the Member States of the EU, is also emerging as a very active country for DR together with
the UK, Belgium, Switzerland, Ireland, and Finland. It seems that the historic peak demand in 2012 was kind
of a shock for French people, and since then, they are more concerned about securer measures to guarantee
the system reliability and flexibility, especially for the extremely cold winter. The increasing share of RESs, its
smooth integration to the power system, and concerns on climate change were also the reasons behind the
introduction of the NEBEF mechanism and the full opening of the markets for the demand-side resources.
We could find it, the full opening of the markets for the demand-side resources, a strong point of the French
electric system.

As we have looked at the evolutions of the NEBEF mechanism, we could observe the trends of improving
performances. Moreover, we were able to verify the activation patterns of NEBEF as well as the electricity
consumption patterns, i.e. LDC. As we check out the NEBEF indicated LDC, it is possible to conclude that
NEBEF should be more activated during the peak periods, especially in winter, in order to achieve the intrin-
sic objective of DR—that is, reducing the peak loads, and, in turn, ensuring the system reliability, efficiency,
affordability, and sustainability. In other words, these observations provided us with some hints for this re-
search that in order to improve the performance of NEBEF, from now on, we need to put more emphasis on
the residential sector, load reductions by residential participants should be promoted during the peak peri-
ods, which happens usually at 7 p.m., and that to that end, the market design of NEBEF mechanism should
be improved in a way that it increases the customers’ motivations to participate in it.

When it comes to the DRTM of South Korea, the critical motivation to promote DR and introduce the market-
oriented DR mechanism was the reliability and security of supply. Like the experience of the historic peak
load in 2012, France, the experiences of unprecedented rotating blackout in 2014 and inconvenience they suf-
fered in extremely hot summers were the direct causes to consider DR as one of the alternative measures to
address the unstable and unreliable circumstances in South Korea. Furthermore, the recent government’s
energy policies on nuclear phase-out, close-down of aged coal-based power plants, more RESs have made
the circumstance more suitable for promoting DR.

Aswe have checked out the heatmap of South Korea’s loads, we can expect that DR should play more important
roles throughout the entire year, especially during the two peak periods in summer and winter, because there
are two peak periods in South Korea, unlike France. We could notice that South Korean DRTM performs
very well in terms of the registered capacity and total reductions even though it is a very new mechanism in
South Korea. The South Korean government’s strong support could be one of the reasons behind this great
performance of DRTM. However, we have also noticed that there was no residential participant yet in the
composition of the participants in 2014, 2015, and 2016 because until now, the main focus of DRTM is on the
industrial and commercial participants, not very encouraging for residential customers. It is expected that
as the South Korean government starts the plan of ‘Demand Response Trading Market for All Citizens” and
ToU tariff scheme for residential customers, there will be active participation of residential customers. This
research is preparing for this kind of situation in the very near future in South Korea.

The comparisons of the electricity markets and DR mechanisms between France and South Korea would
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provide us with the detailed and fundamental information for the following analyses of CBLs estimation
methods, CBAs, Decision-making Analyses, and SAs. Since the demand-side resources are only traded on
the wholesale market in South Korea, we cannot analyze the demand-side resources traded on the capacity
market, ancillary market, or reserves market in France one-to-one. Therefore, we only focus on the market-
oriented DR mechanism and demand-side resources traded on the wholesale market, i.e. NEBEF in France
and DRTM in South Korea. We also need to note that even though those two DR mechanisms seem to have
similar natures, market-oriented, and resources are traded on the wholesale market, NEBEF and DRTM are
not totally based on the same electricity market structures. Therefore, we need to take into account these
differences while we conduct the following analyses in Chapter 3 and 4 maintaining the simplicity for the
analyses as well.
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§Chapter 3

Customer Baseline Load (CBL) Estimation

3.1 Importance of the Accurate CBL Estimation Methods and Diffi-
culties

It is quite important to understand the issues around the concept of ‘CBL’ (Customer Baseline Load or cus-
tomer baseline).") The CBL means the ‘estimated load’ when there was no direction from the system operator
or no effort to reduce (or shift) the electricity consumption—business as usual (IEA, OECD, 2003, p. 127 and
p. 128, Figure 8. ‘Baseline Calculation of Demand Response). Also, Jiang et al. (2015) define baseline as the
counterfactual electricity consumption that would have occurred without DSM and is estimated from histor-
ical data from the prior year—the following Figure 3.1 shows one demonstrative CBL.
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Figure 3.1: One Demonstrative Customer Baseline Load (CBL)

1 )Inan experimental design to figure out the impacts of various DR programs (treatments) on the level and pattern
of the consumers’ electricity usage, it is similar to the concept of the ‘unbiased estimate of load’, the ‘reference load’,
the ‘counterfactualload’, or the ‘control group’ (the normal consumption patterns without demand response program
or actual reduction in electricity consumption). It represents (and is an estimate of) what the usage would have been
among treatment group customers had they not been exposed to the treatment. Also, it serves as the foundation for all
the following analyses (Electric Power Research Institute (EPRI), 2013, pp. 1-3).
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Many economists think that a price-based (implicit) demand response system is an efficient way to reach the
socially optimal price-responsive demand (Chao, 2011, p. 69). However, there exist several barriers against
the dynamic pricing system: one of them is the difficulty of determining a proper CBL. The concept of the
CBL is very important in DSM of electricity. For the electric power generators, it is easy to calculate and
remunerate for their electricity production. However, for the demand-side resources, it is hard to calculate
the exact amount of electricity reduction. Therefore, determining the CBL is the prerequisite to calculating
the payment for the clients and for the CBA.

According to Chao (2011, pp. 71-73), DR depends critically on the choice of CBL. A wrong customer baseline
can create distorted incentives and gaming opportunities. Chao (2011, p. 75) suggested a ‘contractual cus-
tomer baseline approach’ rather than an administratively determined customer baseline which could un-
dermine the efficiency of demand response programs and cause the double payment issue. In practice, it is
interesting to observe that when NYISO in the U.S. changed the method to calculate and set the CBL, and it
resulted in more tightened criteria for qualification, there were fewer demand response resources registered
as Special Case Resources (SCRs) (Federal Energy Regulatory Commission, 2014, p. 11)./

Despite the importance of the CBL, it is quite difficult to properly construct a CBL for each participant in
a DR program, especially for residential customers because it is difficult to measure customer’s individual,
subjective, and characteristic load pattern. Basically, the methods to estimate CBLs are based on the previous
load patterns of customers by using some formulas, therefore, it cannot be perfect itself.

There will be adverse effects if there are either underestimation or overestimation of CBL (Park et al., 2015). If
there is an underestimation of CBL, participants’ actual reduction will be underestimated, and participants’
efforts to reduce loads are not well appreciated. Therefore the proper payment or incentives are not given to
them. In the end, it will decrease their motivations to participate in the DR program, as a result, they would
cancel the contract with the LA and exit from the market (KPX, 2014, p. 122). If there is the overestimation of
CBL, the DR program operator needs to pay more remuneration than the actual amount for the LAs (and in
the end, for the participants), and it will decrease the motivation of the DR program operator to run the DR
program.

Due to these imperfect methods to establish CBLs, there are motivations for participants to manipulate their
daily load patterns. Jiang et al. (2015) are well aware of the fact that the baseline is subject to manipulation
because DR participants have a greater awareness of their facilities than the regulatory agencies responsible
for estimating the baseline (it is about the information asymmetry). DR participants are likely to manipulate
the baseline in order to receive greater financial compensation. An intentionally inflated baseline is shown
to result in a different resources dispatch, high system costs, and unachievable social welfare.

Moreover, a CBLofa client who participates in the demand response market should have the regularity, which
means, it should demonstrate the same or flat pattern over time. If it does not have a regularity, it means it
can change any time, so we can think that it is extremely difficult to establish a reliable CBL for the evaluation
of the actual load reduction. That kind of client cannot participate in the demand response market. We can
use the index of RRMSE to calculate the degree of how regular the pattern of the electricity consumption is.

21 The FERC added one more factor accounting for this decrease in the demand response resource registered as
SCR that relatively low capacity prices in NYISO in recent years may have also contributed to less participation in it
(Federal Energy Regulatory Commission, 2014, p. 11).
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3.2 Methods to Calculate Customer Baseline Load

There are several terms related to CBL. The DR event day means the day in which there is a call or order from
the system operator to activate the DR program, and as a result, there will be an actual reduction of electricity
consumption. The similar non-event days means the days that are used in the computation of CBL, and it does
not include the previous DR event days. The 10 or 20 reference days are the candidates for the similar non-
event days. To choose the reference days, the prior DR event days, holidays, weekends will be excluded, and
only ordinary working week-days are included. Also, for the reference days, there is an ‘option of abnormal
working days’ with which we exclude the days that are significantly different from the ordinary electricity
consumption pattern because of some malfunctions of equipment, the special anniversary days of a factory
or company, or temporary adjustment of the quantity of production. If it is under 75% or over 125% of the
average electricity consumption, those days will be excluded (KPX, 2019, Appendix 28, pp. 528-530).

In general, we can categorize the methods (or techniques) of establishing CBL into two: the conventional and
unconventional techniques. For the conventional techniques, again, there are roughly two techniques: day
matching (or match) methods and the method of regression analysis”®!. For the unconventional methods,
there is a data-driven baseline load estimation method, such as the data mining approach (Park et al., 2014,
2,015).

The basic idea of day matching methods is that we take a short historical period close to the DR event day and
calculate CBL (cBL*"®") by simply averaging the data of the previous non-event days [first choosing reference
days, and then among reference days choosing similar non-event days for the calculation]. For day matching
methods, there are also various methods depending on how many days you consider as reference days and
similar non-event days, how you exclude some days from reference days to select similar non-event days,
how you reflect the changes in the temperature of the DR event day [Weather Sensitivity Adjustment (WSA)
option],'* how you reflect the changes of the electricity consumption pattern or amount [Symmetric Additive
Adjustment (SAA) option]"’ of the DR event day, what kind of options you allow for the participants, and so
forth. For example, ‘3 Days Types’, ‘7 Days Types’, ‘Average 6/10 (=Mid 6/10)", ‘Average 6/10+SAA option’,
‘Max 4/5°, ‘Max 4/5+SAA option’, ‘High 3/10°, ‘High 3/10+SAA option’, and so forth. As I enumerated some
of them, there are so many methods for the day matching, therefore, it is better to explain the examples in
reality.

In the U.S., the CAISO uses the method called the ‘Baseline Type I" of the North American Energy Standards
Board (NAESB)'s Measurement and Verification Standard (KEMA, 2011). Ten similar non-event days are used
for the ‘Baseline Type I'. The ISO-NE uses five similar non-event days prior to the DR event day. PJM used
to use the high four days out of five reference days in order to calculate the baseline, however, it changed the
way where PJM suggests nine basic CBL methods'®’ and the LAs can choose the best methods for their clients
(participants) (KPX, 2014, pp. 125—126). It changed again, and now there are different default methodologies
depending on the specific program and type of DR product (Rossetto, 2018; PJM Interconnection (PJM), 2019).
In South Korea, in the past, like PJM, KPX used to use the four most energy-intensive days among the last
five days, but recently it changed the methods, and now KPX allows LAs to choose one between ‘Max (4/5)’
and ‘Mid (6/10)’'"! as well as the option of SAA (KPX, 2019, Appendix 28, pp. 528-530). Between the two CBL

Bl For the research that utilized the regression analysis to establish CBL, please refer to the followings: Woo and
Herter (2006); Braithwait et al. (2010); Coughlin et al. (2008); Sharifi et al. (2016)

4I(YWSA is one of the options for the modification of the calculated CBL considering the impact of weather condi-
tions on power consumption.

B519SAA is one of the options for the modification of the calculated CBL considering the difference in the electricity
consumption pattern.

1619 For the nine basic CBL methods, there are ‘3 Days Types’, ‘3 Days Types with SAA’, ‘3 Days Types with WSA’,
‘7 Days Types’, ‘7 Days Types with SAA’, ‘Max base load’, ‘Metered generation’, ‘Same day (3+2)’, ‘Match day 3 day
average)'.

7 (It is generally accepted that the duration of approximately 10 days reasonably represents the expected consump-
tion for normal operation (Park et al., 2015, p. 10250).
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estimation methods utilized in South Korea, in this study, ‘Mid (6/10)" will be examined.

As conventional and typical methods, day matching methods are often utilized in reality because it is rela-
tively simple compared to other more complex methods. Therefore, it is quite easy for the participants to
understand the concept of CBL and the process of its calculation. Moreover, many of the previous research
on CBL have found that this typical and conventional method has almost the same accuracy compared to
others. In South Korea, as practical research, Won et al. (2009, p. 1) conducted a case study analysis for the
real South Korean customers and concluded that the simple statistical method is better than the complex
regression method to determine a customer baseline for very random loads.

As we think that good CBL methods should satisfy all the three criteria, that is, accuracy, simplicity, and in-
tegrity, we cannot say that more complex regression analysis method and other unconventional methods are
better than day matching methods. The more the CBL methods are complex, the more obstacles for the con-
sumers to participate in DR programs.'®/ KEMA, a global energy consulting company headquartered in Arn-
hem, Netherlands, is also very well aware of it and recommends us to use various methods which are most
suitable for the electricity consumption patterns of participants (KPX, 2014, p. 125). KEMA gives us the advice
that since the accuracies of the methods are similar to each other, we need to go over comprehensively taking
into account simplicity and the operation costs to calculate CBL as well as the accuracy of the prediction of
electricity consumption patterns.

On top of the basic day matching methods with a simple average, there is one method that uses the Weighted
Moving Average (WMA). This method gives more weights to the more recent days to the DR event day (Wi
et al., 2009). If we give the same weights to the similar non-event days to calculate CBL, we cannot reflect
the recent changes in the data such as the recent dramatical temperature changes or socio- and economic-
events. Because there is no explicit rule for the specific values of the weights in practice, the weights seem to
be ad-hoc or arbitrary. Therefore, it is important to keep in mind the principle that loads of recent days have
heavier weights.

n

CBLgy = Y (wi X a—iz) 3.1

i=1

where,

CBL;; : customer baseline load for the DR event day, d, at the event time, ¢,
de D=1{1,2,...,365},t € T ={1,2,...,24},
g (wi X Lg—iyt)
w; : weights for i day before the DR event day,
"w=1,i=1,2,...,n
W) > Wy > > Wp—1 > Wy
l4_i, : actualload at the time slot of t and on the day of (d-i) (i*" day before the DR

event day),
n . the total number of the similar non-event days that are used for the calcula-

tion. For example, if 6 similar non-event days are utilized for the ‘Mid 6/10°
CBLestimation method, n is 6. Itis different from the day index, d in a year.

819 This argument could be controversial because it depends on the extent to which CBL estimation methods are
explicitly embedded in consumers’ decision-making. Consumers may not care very much about CBL estimation meth-
ods as long as it is accurate enough to correctly estimate their reductions. However, if there are consumers who care
about how their CBLs are estimated, it is a problem if it is too complex to explain it to them.
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3.3 To Assess the Estimated CBL

After establishing the CBL, we need to assess the accuracy of the estimated CBL."”’ There are three mainly
used techniques: Average Relative Error (ARE), Mean Absolute Percentage Error (MAPE) and RRMSE. In
general, to verify the accuracy of the calculated CBL we can calculate the estimation error by comparing the
actual electricity consumption and the estimated CBL (Park et al., 2015, p. 10252):

CBL — (actual electricity load
estimation error (%) _| (actuale ceietty o ) x 100
(actual electricity load)
_|CBLay — Lag|

Ly

(3.2)
100

ARE is the average estimation error for all the verified time splots of the CBL. If ARE is close to o (zero), it
means there is a high accuracy of the estimated CBL. Ifit is greater than o, it means the overestimated CBL,
and if it is less than o, it means underestimated CBL.

1 te CBLg, — ¢
ARE = Yo et T (3.3)
(te — ts) +1 = Ed,t
where,
(te —ts) +1 : DR eventtime intervals,
ts : DRevent starting time,
te : DR event ending time,
CBLg : customer baseline load for the DR event day, d, at the event time, ¢,

deD=1{1,2,...,365},t € T ={1,2,...,24},

D1 (wi X La—ig)
Ly :actual load at the time slot t and on the day of d,
de D=1{1,2,...,366},t € T ={1,2,...,24}.

MAPE is almost the same with ARE except that it uses the absolute value of the difference between the CBL
and the actual electricity consumption.

1 ‘. |CBLg; — ¢
MAPE = 3 [CBLee — bacl | (3.4)
(te — ts) +1 = éd,t

where,

(te —ts)+1 : DReventtime intervals,

ts : DR event starting time,

te . DRevent ending time,

CBLg ¢ : the estimated CBL during DR event period,

Ly : actualload at the time slot t and on the day of d,

de D=1{1,2,...,366}, t € T ={1,2,...,24}.

91 Note that we establish the CBL targeting at the DR event day, but for assessing the estimation method for CBL
it should be done before the DR event day. Therefore, for the assessment of the CBL estimation method, we do not take
into account the DR event day as we excluded the previous DR event days for similar non-event days.
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RRMSE is more complex than the previous techniques to verify the accuracy of the estimated CBL. The
smaller RRMSE, the better. As we have seen that in Subsection 2.3.2, RRMSE is used as the criteria to assess
the estimated CBL of the participants in South Korea (KPX, 2019, pp. 532—533).

1 & 1
RRMSE = | —————— > (CBLqy — £gs)? X x 100 3.5)
(te - ts) +1 t;ts m Ziezts Ed,t

where,

(te —ts)+1 : DR eventtime intervals,

ts :  DRevent starting time,

te . DRevent ending time,

CBLg : the estimated CBL during DR event period,

Ly : actualload at the time slot t and on the day of d,

deD={1,2,...,366}, t € T ={1,2,...,24}.

Root Mean Square Error (RMSE) is at the place of the numerator of RRMSE.

1 &
RMSE = ,| ————— CBLg; — £q4)? 3.6
(fo—ts) + 1 t;( dt—Ldt) (3.6)

where,

(te —ts)+1 : DReventtime intervals,

ts : DRevent starting time,

te . DRevent ending time,

CBLg . the estimated CBL during DR event period,

Ly : actual load at the time slot t and on the day of d,

deD={1,2,...,366}, t € T ={1,2,...,24}.

In this section, we have checked out possible statistical techniques to assess estimated CBLs, but in this re-
search, we are going to use only two statistical techniques, MAPE and RRMSE. As we have seen that there is
no significant difference between MAPE and RRMSE, both two statistical techniques will be utilized with the
experimental purpose. If we need to choose only one as the criteria to assess estimated CBLs, RRMSE will be
chosen that is used in South Korea at this moment and more precise.
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3.4 CBLfor an Average Household in South Korea

The focus date for the analysis is the peak day that happened on Friday, August 12, 2016 (Fig. 2.16). Therefore,
let us assume that the event time of the event day is from 17:00 to 19:00 (one block consisting of two-time
slots, 17 and 18) on Friday, August 12, 2016.

In order to obtain the electricity load (consumption) profile of an average household"®’ for a certain pe-
riod (non-event similar days), we can scale down the aggregate load profile using the information on the
‘proportion of residential sector to the totalload” and the ‘total number of the contracted household’. In fact,
theload pattern of the aggregate load and the effective load pattern of the residential sector are obviously dif-
ferent. However, under the circumstance in which the real hourly load data for the residential sector is not
available, using a rescaled load profile may also be helpful to draw some insight and implications throughout
the analysis.

In 2016, the proportion of the residential sector to the total load was about 13.3%, and the total number of
the contracted households was about 14.6 million (14,626,290)." The following Figure 3.2, 3.3, 3.4, and Table
3.1) show the number of residential customers, total consumption, average consumption, and list of the top
5 regions in the residential sector by region in 2016, South Korea. Examining thses figures, we can identify
the possible target area or group in order to exploit the maximum level of the DR mechanism.

el As the research on DR in the non-residential sector (Griinewald and Torriti, 2013) shows that there is very signif-
icant heterogeneity in certain commercial and industrial users in terms of typical average loads, we could expect that
in the residential sector it could also be quite challenging to define a profile of an ‘average household’. In order to spec-
ify the profile of an ‘average household’, we need more granular datasets and an in-depth study taking into account
a number of socio-demographic factors. Here, we are not trying to challenge that. Instead, just in order to establish
CBLs and to assess the CBL estimation methods, we need a load profile whose size or scale is reasonably similar to that
of an average household.

W (9In 2015, it was 12.9% and 14,419,050. For the detailed information on the electricity consumption share by us-
age or sector, the number of clients by usage and area, please, refer to the site of “Electricity Big Data Center” oper-
ated by KEPCO, [On-line], Available: https://home.kepco.co.kr/kepco/BD/BDBAPPQO1/BDBAPPOO1.d0?
menuCd=FN33020101; KEPCO, 2018, STATISTICS OF ELECTRIC POWER IN KOREA, [On-line], Available: https:
//goo.gl/fDxGlY

67 of 247



Chapter3. Customer Baseline Load (CBL - 3.4. CBL for an Average Household in -

No. of Residential

38 Customers
48,474 to 391,068
391,068 to 733,661
37 733,661 to 1,076,255

1,076,255 to 1,418,849
1,418,849 to 1,761,442
I 1,761,442 to 2,104,036
36 B 2,104,036 to 2,446,629
B 2,446,629 to 2,789,223

3.0
25
eS8 20
15
1.0
05
34 0.0
[— " m—
0 50 100 150 km
el
25 126 127 128 129 130 13

Figure 3.2: The Number of Residential Customers by Region, 2016 in South Ko-
rea

Source: “Electricity Big Data Center” operated by KEPCO, [On-line], Available: https://
home. kepco.co.kr/kepco/BD/BDBAPP004/BDBAPP0O04.do?menuCd=FN33020104
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Figure 3.3: The Total Consumption of Residential Customers by Region, 2016 in
South Korea (MWh)

Source: “Electricity Big Data Center” operated by KEPCO, [On-line], Available: https://
home . kepco.co.kr/kepco/BD/BDBAPP004/BDBAPPOO4.do?menuCd=FN33020104
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Figure 3.4: The Average Consumption of Residential Customers by Region, 2016
in South Korea (MWh)

Source: “Electricity Big Data Center” operated by KEPCO, [On-line], Available: https://
home. kepco.co.kr/kepco/BD/BDBAPP004/BDBAPP0O04.do?menuCd=FN33020104

Table 3.1: The Top 5 Regions in terms of Number, Total Consumption, and Av-
erage Consumption in Residential Sector in South Korea

. Total Avg.
0.
Rank Region —_ Region Conso. Region  Conso.
(MWh) (MWh)
Gyeonggi Gyeonggi .
1 yeongg 2,789,223 yeongg 16,599,922, Sejong 6.96
-do -do
Gyeonggi
2 Seoul 2,718,481 Seoul 13,612,456 d}.Io 8 5.95
Gyeongsangnam
3 c{o gsang 1,133,686 Busan 4,640,944 Incheon 5.39
Gyeongsangbuk Gyeongsangnam )
4 yeongsang 1,121,299 yeongsang 4,384,578 Gwangju 5.26
-do -do
5 Busan 944,624 Incheon 391,532 Seoul 5.01

Source: “Electricity Big Data Center” operated by KEPCO, [On-line], Available: https://home.kepco.co.kr/

kepco/BD/BDBAPP004/BDBAPPO04.do?menuCd=FN33020104

Therefore, we can obtain the rescaled load profile of an average household (W) from the aggregate load (MW)
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like the following:

1 2 24
1 b lig 01,24
age. 2 ly1  lao 02,94
L3gex24 = . ) ) X
366 \ {3661 {366, l366,24
13.3 1
paveres. _ 100 % 1,000 x 1,000 x L28&:
366 x24 100 14’ 626, 290 366 x24

where,

agg.
L366><24

avg.res.
L366><24

*tf(l‘l

a matrix of aggregate loads, 366 rows X 24 columns, in 2016 (there were 366

days in 2016),

a matrix of rescaled loads of an average household in (W), 366 rows X 24
columns,

actual load at the time slot t and on the day of d,

deD=1{1,2,...,366}, t € T ={1,2,...,24}.

(3.7)

(3.8)

In South Korea, KPX uses the weighted moving average method based on the day matching method (Park
etal., 2015). Among the 10 reference days, the highest two days and lowest two days are excluded in terms of
the amount of the total electricity consumption [therefore, it is Mid(6/10)]. The weights are 0.25, 0.20, 0.15,
0.15, 0.15, and 0.10 for the most recent days respectively. It means putting more emphasis on the recent day’s

energy consumption by assigning high weight.

6
CBLG, = Y wi-Lla iy (3.9)
i=1
where,
CBngt CBL at the time of t, and on the day of d, based on the Mid(6/10),
w; . the weight for i? day before the DR event day,
La_iy the load (demand) at the time of t, and on the day of (d-i) (it day before the
DR event day).
CBLWMA — WT X SG
Li61 Li—62 Ly—6,24
lis1 Llis2 li—524
= ( We w1 ) : . . .
(3.10)
i1 Lli—12 li—1,24
= (oM cpyma CBLYM )
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where,

cetWMA . 3 vector of CBL which is calculated with the weighted moving average
method,

wT . atransposed vector of the weights for i day before the DR event day,

S6 : amatrix of the similar non-event 6 days,

lq_iy : actualload at the time slot of t and on the day of (d-) (i* day before the DR
event day).

wl=(ws ... w )=(010 015 015 015 0.20 0.25 ) (3.11)

Once we calculate the CBL by using the weighted moving average and the day matching method, it is nec-
essary to adjust the CBL reflecting the difference between the estimated CBL and the actual electricity con-
sumption prior to the DR event time. We can adjust the CBL proportionally or additively. First, the following
is the proportionally adjusted CBL:"!

Updated CBLdei:C = Proportional Adjustment Coefficient x CBLXYtMA (3.12)

For the Proportional Adjustment Coefficient (PAC) (or adjustment factor), we use the proportion of the aver-
age actual electricity load at the time of t — 1 and ¢t — 2 on the DR event day over the average CBL at the time
oft — 1and t — 2 on the DR event day.""”!

PAC — (lat—1 -;Ed,t—2) - (CBLﬂﬂ ‘;‘ CBL&‘,’?A—Az) (3.13)

CBLWMA . pAC =pAC - CBLWMA

(3.14)
—pac- ( CBLY™A cBLYMA ... CBLYM )
where,
ceLWMA . pac : avector of proportionally adjusted CBL,
PAC : Proportional Adjustment Coefficient for the weighted moving average
method,

lai—1 : theload (demand) at the time of t-1, and on the day of (d),

lit—o : theload (demand) at the time of t-2, and on the day of (d),

CBLgt—1 :  the estimated CBL at the time of t-1, and on the day of (d),

CBLgt—2 . the estimated CBL at the time of t-2, and on the day of (d).

B219Tn the PJM’s comprehensive analysis of the CBL estimation methods (KEMA, 2011; PJM Interconnection (PJM),

2011), this adjustment is called a ‘multiplicative” adjustment.

3] Y The interval or range of the loads and CBL for the computation of PAC and SAA is quite important for the accuracy
of the CBL estimation, and it is also related to the gaming of the CBL. Ifit is too long, it cannot reflect well the recent
changes in the loads. On the other hand, if it is too short, there would be a risk of CBL manipulation, because, for a
short period, the costs for CBL manipulation will be small. Therefore, it is important to find out the proper interval or
range of it to reflect the recent changes well, and at the same time, it could cause preventive costs for CBL manipulation.
In South Korea, for the calculation of the SAA, KPX uses three-time slots (3 hours, t — 1, ¢ — 2, and ¢ — 3) before the
DR event time (KPX, 2019, Appendix 28, pp. 528—530).
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Second, the following is the additively adjusted CBL:

Updated CBL§4* = CBLYMA + 544 (3.15)

For the SAA option, we use the following adjustment coefficient and add it to the preliminarily estimated CBL
at the time of ¢.

£gi—1— CBLg+— £gi—9 — CBLg+—
SAA — max {( dt—1 dt—1) -2F (lat—2 dt—2) ’ 0} (.16)
CBLWMA L SAA =saA + cBLWMA
(3.17)
—saa+ ((CBLY™A cBLYMA ... CcBLIM )

where,

cetWMA | san ¢ avector of CBL with Symmetric Additive Adjustment,

SAA . additive adjustment coefficient for the SAA option,

lat—1 . theload (demand) at the time of t-1, and on the day of (),

lit—2 : theload (demand) at the time of t-2, and on the day of (d),

CBLgt—1 . the estimated CBL at the time of t-1, and on the day of (d),

CBLgt—2 . the estimated CBL at the time of t-2, and on the day of (d).

The following Figure 3.5 demonstrates the loads of the six similar non-event days which were used for the es-
timation and the four estimated CBLs based on different CBL estimation methods—simple average (cBL*%"),
weighted moving average (cBLVMA), weighted moving average + proportional adjustment (ce.WMA - pac), and
weighted moving average + symmetric additive adjustment (cBL"™MA + saa). Table 3.2 summarizes the actual

loads and four estimated CBLs for the DR event times, t = 17h and ¢t = 18h.

As can be seen in Figure 3.5, the loads were in the increasing trend from the earliest day (2016/07/29) to the
DR event day (2016/08/12 in red), which was the peak period. The estimated CBLs of cs.*"¢ and LM are
about in the middle of the six similar non-event days, and the latter is slightly better than the former but not

a big difference.

We can also visually notice that the two estimated CBLs of cBLVMA . pac and cBLWMA + sa4 are very close to the

actual loads and there is a very subtle difference between the two CBLs. Considering both of the figure and
the table below, therefore, we can conclude that the two CBLs of cBLVM4 . pac and cBLYMA + saa perform much
better than the two CBLs of cB1?"® and ceLWM4 and between the two CBLs of cBLWMA . pac and cBLWMA  san

the estimated CBL of cBLWM4 + saa is slightly better than another.
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Figure 3.5: The Visual Comparison among the CBLs Established with Different
Methods (W)

Source: The original load data before rescaling, "t =91 AP L-F& 59 A 28" (Public

Information Sharing System on Electricity Demand and Supply), KPX, [On-line], Available:
https://openapi.kpx.or.kr/sukub.do#

Table 3.2: Summary of the Established CBLs for the Event Times (W)

2016-08-12
17h 18h
Actual Load - 774.60 763.83
cBLA'e -+ 703.21 693.58
cpLWMA - 710.89 701.05
cBLVMA L pac =+ 770.52  759.86
WMA v
CBL —+ saa 770.63 760.80

On top of the visual observation, in order to numerically assess the four established CBL with different meth-
ods (simple average, weighted moving average, weighted moving average + proportional adjustment, and
weighted moving average + symmetric additive adjustment), we are going to measure MAPE and RRMSE for
the four different CBLs, and then compare them.

The following Figure 3.6 shows the results of the accuracy assessment for the four estimated CBLs in terms
of MAPE and RRMSE, and Table 3.3 summarizes the results. The results are the same both in terms of MAPE
and RRMSE. The estimated CBL of cBL.WMA + saa shows the least error both in the upper panel and the lower
panelin the figure—those are less than 0.5%. With this comparison of MAPE and RRMSE of the four different
CBLmethods, we can conclude that cBL"WMA 4-saa (symmetric additive adjustment) is the best, although there
is no big difference between the two methods caLW™MA . pac and csLWM2 + saa, proportional adjustment and
additive adjustment.
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Figure 3.6: The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs

Established with Different Methods

Table 3.3: The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs

Established with Different Methods

cBLY®  cplWMA  cp WMAL cBLVMA 1 san
MAPE  9.21% 8.22% 0.52% 0.45%
RRMSE 6.51%  5.81% 0.37% 0.32%
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3.5 CBLfor an Average Household in France

According to Smart Energy Demand Coalition (2017, p. 10), it seems that at least up to 2017, there was no con-
sensus as to the methodologies for CBL estimation in France, especially for NEBEF. Actually, from NEBEF 1.0
to NBEF 3.1(RTE, 20182), there has been a number of experiments and tests in order to find the best method-
ologies for CBL estimation. In the most recent regulation of NEBEF, that is NEBEF 3.1, now there are sev-
eral methodologies to establish CBLs for the participants, such as ‘Méthode du rectangle a double référence
corrigée’, ‘Méthode du rectangle algébrique site a site’, "Méthode par prévision de consommation’, and
‘Méthode par historique de consommation’. Considering the importance of the accurate CBL methodology
and the fact that if we could provide several possible methodologies to the DR participants so that the partic-
ipants can find the most suitable CBL methodologies for them, then it can increase their motivation to par-
ticipate in it (Smart Energy Demand Coalition, 2017, p. 81), it will be meaningful to test several CBL method-
ologies and to suggest better CBL methodologies for the NEBEF mechanism in France. Therefore, here I can
find the contribution of this section of the research by comparing different CBL calculation methodologies
between South Korea and France.

In order to establish and assess a demonstrative CBL for France’s NEBEF mechanism, I am going to focus on 7
p-m. (19:00, the two-time slots for t = 37 and t = 38 for 30 minute interval a day, that is half-hourly data) on
Monday, January 18, 2016, which was the peak demand in 2016 for France (Fig. 2.4). In the framework of the
NEBEF mechanism, there are two types of the electricity consumption clients: 1. a Profiled Client (‘un Site
de Soutirage Profilé’); 2. a Client with the AMI (‘un Site de Soutirage Télérelevé’). It was planned to deploy
the AMI (Smart Metering) by 2020—three million smart meters between 2014 and 2016, and then 32 million
smart meters from 2017 to 2020. Because explicit Demand Response is largely based on the AMI, I am going
to concern only with the residential clients equipped with the AMI (‘un Site de Soutirage Télérelevé’) in this
section.

In NEBEF mechanism, the load duration curve (‘Courbe de Consommation’) for a residential client with the
AMI is constructed for every 10 minutes ('Pas 10 minutes’) and the CBL (‘Courbe de Référence’) is established
for every 30 minutes ('Pas Demi-Horaire’)—this is the difference between France’s NEBEF mechanism and
South Korea’s Demand-side Resouce Trading Market because at South Korea’s Demand-side Resouce Trading
Market both of the load duration curve and CBL are established with one hour interval. However, with the
difficulties to obtain an actual load dataset for every 10 minutes which was tele-measured by the AMI, I am
going to rescale the aggregate national load duration curve measured for every 30 minutes (half-hourly data)
to build a load duration curve and CBL for an average French household.

In 2016, the residential sector accounts for 36% of France’s total electricity consumption (RTE, 2017)." As
of March 31, 2016, the total number of the electricity consumption clients in the residential sector, that is
households, is 31,889,000 (Commission de Régulation de I'Energie (CRE), 2016, p. 6).!

The following Figures 3.7, 3.8, 3.9 and Table 3.4 show the number, the total consumption, the average con-
sumption of residential customers by Département in 2016, France and the top 10 Départements."®) Exam-
ining these figures and summary table, we can identify the possible target area or group in order to exploit
the maximum level of the DR mechanism.

B4l Business sector 27%, heavy industry 17%, and SMEs/SMI 10%. For the percentage of residential sector in 2000,
2005, 2010, 2014, 2015, it is 33.4%, 32.8%, 36.4%, 35.2%, 35.9%, respectively. It can be calculated referring to the following
document: 1EA, 2017, Electricity Information 2017. 1EA, Paris. p. 111.197, Table 3a. Summary electricity production and
consumption1 (TWh).

0519 As of December 31, 2015, it was 31,790,000, as of December 31, 2017, it was 32,396,000, and as of March 31, 2018,
it was 32,508,000 (Commission de Régulation de 'Energie (CRE), 2018).

L6l Please, refer to other figures for the number of customers (Fig. A.25), total consumption (Fig. A.26), and average
consumption (Fig. A.27) in the industrial sector by Département, 2016 in France in Appendix A: Supplementary Figures

& Tables of this dissertation.
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Figure 3.7: The Number of Residential Customers by Département, 2016 in
France

Source: “Consommation électrique annuelle a la maille département”, 2018, by Enedis, [On-
line], Available: https://goo.gl/kqVMi2
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Figure 3.8: The Total Consumption of Residential Customers by Département,
2016 in France (MWh)

Source: “Consommation électrique annuelle 2 la maille département”, 2018, by Enedis, [On-
line], Available: https://goo.gl/kqVMi2
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Figure 3.9: The Average Consumption of Residential Customers by Départe-
ment, 2016 in France (MWh)

Source: “Consommation électrique annuelle a la maille département”, 2018, by Enedis, [On-
line], Available: https://goo.gl/kqVMi2
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Table 3.4: The Top 10 Département in terms of Number, Total Consumption,

and Average Consumption in Residential Sector

- Total Avg.
Rank Dépt. . Dépt. Conso. Dépt. Conso.
Sites
(MWh) (MWh)
1 Paris 1,361,346 Nord 5,082,044 Eure 6.20
Bouches- Tarn-et
2 Nord 1,155,209 4,963,039 6.09
du-Rhone -Garonne
3 Bouches- 997,053  Paris 4,292,061 Eure-et 6.02
du-Rhone ’ e -Loir '
4 Rhone 889,003 Gironde 4,135,094 Ain 5.99
5 Gironde 818,101 Rhone 3,837,773 Vaucluse 5.98
6 Hauts- 786.972  Var 3.590.573 Loir-et 5.80
de-Seine ’ o -Cher )
, Alpes 747,045 OFE 3,434,868 Gers 5.78
Maritimes ’ Atlantique 777 '
g  Loire 716,446 Seine-et 3,382,133 Mayenne 5.77
Atlantique ’ -Marne B 4 '
Pas-de- Seine-et
9  Var 683,842 ) 3,262,666 5.75
Calais -Marne
Haute- Haute-
10 681,809 3,243,072 Manche 5.69
Garonne Garonne

Source: “Consommation électrique annuelle 3 la maille département”, 2018, by Enedis, [On-line], Available: https:

//goo.gl/kqVMi2

According to the above-mentioned information on the residential sector in France, we can obtain the follow-
ing rescaled load profile of an average household (W) from the national aggregate load (MW).

1 2 144 1 2 48
1 g g 01,144 1 g g 01,48
age. 2 lr1  lao 02144 age. 2 lo1  lao 0248
L3gex14a = . . . . ~ L3gexag = . . . .
366 \ £366,1 ¥366,2 366,144 366 \ £366,1 £366,2 366,48
(3.18)
L5v& T = 36 x ——————— x 1,000 x 1,000 x L3&% (3.19)
366 x48 100 317 8897 000 ’ ’ 366 x48
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where,

L5386, 144 @ amatrix of aggregate loads of France measured for every 10 minutes, 366
rows X 144 (= 24 X 10) columns, in 2016 (there were 366 days in 2016),

L3558, 48 ¢ amatrix of aggregate loads of France measured for every 30 minutes, 366
rows X 48 (= 24 X 2) columns,

L qs @ amatrixof rescaled loads of an average household of France in (W), 366 rows
X 48 (=24 X 2) columns,

lag :actual load at the time slot t and on the day of d,
de D=1{1,2,...,366},
teT =1{1,2,...,144} for aload measured by 10 minute interval,
teT =1{1,2,...,48} for aload measured by 30 minute interval.

In the NEBEF mechanism (in NBEF 3.1), there are mainly four methods for establishing a CBL:"7

Méthode du rectangle a double référence corrigée,
Méthode du rectangle algébrique site 2 site,
Méthode par prévision de consommation,
Méthode par historique de consommation.

Pow b

The first method of ‘Méthode du rectangle a double référence corrigée’ is the default method of NEBEF both
for ‘un Site de Soutirage Profilé” and ‘un Site de Soutirage Télérelevé’. Also, itisone of the family of ‘les méth-
odes durectangle’ which includes ‘méthode du rectangle simple’, ‘méthode du rectangle a double référence’,
and ‘méthode du rectangle & double référence corrigée’."®! This family of the method uses the loads before
and after the DR events. Even though this first method is default both for ‘un Site de Soutirage Profilé” and
‘un Site de Soutirage Télérelevé’ it seems like more suitable for ‘un Site de Soutirage Profilé” because there
is no available previous historical data for ‘un Site de Soutirage Profilé” so it cannot help relying only on the
load record of the DR event day. If an LA (TOpérateur d’Effacement’) wants to apply other methods to estab-
lishing a CBL, then it can declare the method when it creates a Load Shedding Entity (Entité d’Effacement
(EDE)).™

The second method of ‘Méthode du rectangle algébrique site a site’ is only applicable to the Profiled Load
Shedding Entities (‘'Entités d’Effacement Profilées’) consisting of more than three thousand (3,000) of “Sites
de Soutirage Profilés’. This method is just the algebraic sum of the applications of the first method of
‘Méthode du rectangle a double référence corrigée’ to each of its consisting clients.

The third method of "Méthode par prévision de consommation’ is applicable only to the Tele-measured Load
Shedding Entities (Entités d’Effacement Télérelevées). If an LA wants to utilize this method, it needs to de-
clare this method when it creates the Load Shedding Entity, and then it transfers the data to RTE.

The last method of ‘Méthode par historique de consommation’ is also applicable only to the Tele-measured
Load Shedding Entity. This method is equivalent to the ‘conventional day match (or matching) method’ that

07)9It seems that at the experimental phase, the panel data analysis was also tested for a possible CBL estimation
method. For this, please refer to the following: RTE, 2013, Expérimentation sur la valorisation des effacements de consomma-
tion sur les marchés de Iénergie (dispositif NEBEF 1), pp. 60—61. [On-line], Available: https://www.rte-france.com/
sites/default/files/2013_10_16_nebef_rapport_de_consultation_vdiff.pdf

B8 9In order to better understand the family of ‘les méthodes du rectangle’, please refer to the following document:
RTE, 2013, Expérimentation sur la valovisation des effacements de consommation sur les marchés de Iénergie (dispositif NEBEF
1), pp. 55-57. [On-line], Available: https://www.rte-france.com/sites/default/files/2013_10_16_
nebef_rapport_de_consultation_vdiff.pdf

09190One Load Shedding Entity (Entité d’Effacement) consists of more than one site of an electricity customer ('des
Sites de Soutirage Profilé” or ‘des Sites de Soutirage Télérelevé). Also, a Perimeter of Load Shedding consists of more
than one Load Shedding Entity. On the top level, an LA may have several Perimeters of Load Shedding. Therefore,
we can see the following levels: Sites de Soutirage = Entités d’Effacement = Périmeétre d’Effacement = 'Opérateur
d’Effacement
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is mentioned in the section 3.2. As we have seen, in this category of the conventional day match method
there are a number of variants of this method and some of them are used in the U.S. and South Korea. In the
NEBEF mechanism there are four variants of this day math method:

‘Méthode par historique de consommation’:

1. Moyenne 10 jours,
2. Médiane 10 jours,
3. Moyenne 4 semaines,
4. Médiane 4 semaines.

Since ‘median’ can be thought of as the fully trimmed mid-range, we can consider the methods of ‘Médiane
10jours” and ‘Médiane 4 semaines’ as ‘Average 2/10 (=Mid 2/10)" and ‘Average 2/4 (=Mid 2/4) respectively.

Because I am focusing on the residential sector and the households equipped with the AMI, I do not consider
the first and second method of ‘Méthode du rectangle a double référence corrigée” and "Méthode du rectan-
gle algébrique site a site’ respectively. Moreover, in the regulation for the NEBEF mechanism, there are no
specific formulas for the third method of ‘Méthode par prévision de consommation’ and it seems that it is
up to LAs to choose any formulas to calculate the load estimations with this method. Therefore, I am going
to consider and utilize the last method of "Méthode par historique de consommation’ with its four variants
in the following.

For the first variant of the method: ‘Moyenne 10 jours’,

1 10
CBLY%" = o > laig (3.20)
=1

1=

CBL,; . a customer baseline load for the DR event day, d at the event time slot, t,
7 using the method of ‘Moyenne 10 jours’
de D=1{1,2,---,366}
teT=4{1,2,---,48},
la—it . actual load at the time slot of t and on the day of (d-i) (i*" day before the DR
event day),
iel={12---,10}.

CBLavg.lO — %1{0 i SlO
li—101 Lla—102 --- Ld—1048
1 ) ) li91 Li—g92 ... Li—94g
10 ( ) ' : : - : (3.21)
lic1n li—12 oo Li—148
- ( CBLYS™ CBLY®™ .. CBLYE™ )
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where,

cBL"& ™ avector of CBL which is calculated with the method of ‘Moyenne 10 jours’,

11, : atransposed vector of ten elements of 1 (one), that is a sum vector,

S1o : amatrix of the similar non-event 10 days consisting of the loads of the pre-
vious ten days,

la—it : actual load at the time slot of t and on the day of (d-i) @it day before the DR
event day),
iel={1,2---,10}.

For the second variant of the method: ‘Médiane 10 jours’,

CBL™e410 —  Median(S10)
La—101 La—102 --- La—1048
_ lio91 Li—g92 ... Li_948
= Median ) i ) :

. . 22
li1a La—12 - li—148 (3.22)

= Median(s3?) Median(s3?) ... Median(sig))
— CBLIined'lo CBLgled.IO . CBLTSed'IO )

where,

ceL™ed1° 3 vector of CBL which is calculated with the method of ‘Médiane 10 jours’,

S1o : amatrix of the similar non-event days consisting of the loads of the previous

ten days,

la—it . actual load at the time slot of t and on the day of (d-i) (i day before the DR
event day),
iel=1{1,2-,10},

si0 . the t™ column vector of the matrix S0, and it is the loads of the previous
ten days for each time slot t,
teT=1{1,2,---,48}.

The following Figure 3.10 demonstrates the actual loads for every 30 minutes on Jan. 18, 2016, the loads of the
ten previous days'*°! for the same time slots, and the two CBLs based on the method of ‘Moyenne 10jours’ and
‘Médiane 10 jours’. First of all, we can see that the actual loads were the highest loads—of course, because I
chose the day of the peak demand, and we can see the increasing trend from the earliest day (2016-01-04) to
the most recent day (2016-01-15), and finally the DR event day’s (2016-01-18) actual loads.

Also, we can verify that the two CBLs based on the method of ‘Moyenne 10 jours’ and ‘Médiane 10 jours’ do
not perform very well. It is worse than just the most recent day’s loads themselves without any formula and
calculation. Even though the CBL based on the method of “Moyenne 10 jours’ works slightly better than the
CBL based on the method of "Médiane 10 jours’, there is no big difference between them.

1201 YWhen it comes to the ten previous days before Jan. 18, 2016, I only included the working days and excluded the

holidays and weekends. In this case, there was no holiday among the original ten previous days, therefore, I simply
used Jan. 4,5, 6, 7, 8,11, 12, 13, 14, and 15, 2016.
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Figure 3.10: The Visual Comparison among the Loads of the Previous Ten Days,
Actual Loads, CBLs based on the Ten Day Average and Median Method (W)

Source: The original load data before rescaling, RTE’s PORTAIL CLIENTS, “Historique
des consommations journaliéres en puissance”, [On-line], Available: https:
//clients.rte-france.com/lang/fr/clients_traders_fournisseurs/
vie/vie_stats_conso_inst.jsp

For the third variant of the method: ‘Moyenne 4 semaines’,

4
4 1
CBLyt" = 72 lais (3.23)
i=1

where,

CBLZV%4 . customer baseline load for the DR event day, d at the event time, ¢, using the
7 method of ‘Moyenne 4 semaines’
de D={1,2,---,366}
teT=1{1,2,---,48},
la—iz . actual load at the time slot of t and on the day of (d-i) (i day before the DR
event day),
iel=1{714,21,28}.
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CBLav&4 = %1{ h
li—og1 li—282 .. Li—288
_ 1 ( 1 1 ) | la—2an la—212 oo la—2148
4 o o141 la—1ap - li—1a48 (3.24)
bog71 Lar72 ... Li_748
= ((oBL®* cBL® ... cRLEt)
where,
cL™®* : a vector of CBL which is calculated with the method of ‘Moyenne 4
semaines’,
14T . atransposed vector of four elements of 1 (one), that is a sum vector,
S4 : amatrix of the similar non-event 4 days consisting of the loads of the previ-
ous four weeks on the same day (ex. Mon., - - -, Fri.),
la—iy @ actualload at the time slot of t and on the day of (d-i) (i day before the DR
event day),
iel={714,21,28}.

For the last variant of the method: ‘Médiane 4 semaines’,

CBL™¢d4 —  Median(S*)

lqg—281 Lla—282 .. L2848

lg—211 La—212 ... L2148

la—141 Lla—1a2 ... Lg—1448

bz Lla—2 .. Lli-7a8 (3.25)

= Median

= Median(s}) Median(s3) ... Median(sjg) )
_ d. d. d.
= (‘oBLy+ cBLyt . cBLE™ )

avector of CBLwhich is calculated with the method of ‘Médiane 4 semaines’,

S4 : amatrix of the similar non-event 4 days consisting of the loads of the previ-
ous four weeks on the same day(ex. Mon., - - -, Fri.),

la—it . actual load at the time slot of t and on the day of (d-i) @™ day before the DR
event day),
iel=1{714,21,28},

sg . the ™ column vector of the matrix S#, and it is the loads of the previous four

weeks for each time slot t,

teT={1,2,- 48},

The following Figure 3.11 demonstrates the actual loads for every 30 minutes on Jan. 18, 2016, the loads of the
previous four weeks'” on the same day, that is in this case Monday, and the two CBLs based on the method of

211 5When it comes to the previous four weeks before Jan. 18, 2016, I only included the working days and excluded the

holidays and weekends. In this case, there was no holiday among the original previous four weeks, therefore, I simply
used Dec. 21, 28, 2015, Jan. 4, and 11, 2016.
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‘Moyenne 4 semaines’ and ‘Médiane 4 semaines’. This time, we can see again that the actual loads were the
highest loads comparing the loads of the previous four weeks, which means that the increasing trend from
the earliest day (2015-12-21) to the most recent day (2016-01-11), and finally the DR event day’s (2016-01-18)
actual loads.

Again, we can verify that the two CBLs based on the method of "Moyenne 4 semaines’ and ‘Médiane 4
semaines’ do not perform very well. It is worse than just the most recent day’s loads themselves without any
formula and calculation. There is almost no difference between them.

1,000 -
o ]
OB & Be T | 1 y Y
900 - y T .
¢ R A —o
s v 2015-12-21
f RN | 1 2015-12-28
= IT " N7 4 N\ 2016-01-04
o e a y | N | 1 1
S a4 I y /Ny o 2016-01-11
_I > w s { n
700- o Iyt o 2016-01-18
P &
’ o CBL9*
g,
e . CBLmedA
[
600 - NN
500 -

LI O B | L U T U U T N I T U I T U I U T U A TN U I T U T A T U I N O I N O |
1234567 8 9101112131415161718192021222324252627282930313233343536373839404142434445464748

Half Hour

Figure 3.11: The Visual Comparison among the Loads of the Previous Four
Weeks, Actual Load, CBLs based on the Four Week Average and Median Method

W)
Source: The original load data before rescaling, RTE’s PORTAIL CLIENTS, “Historique
des consommations journaliéres en puissance”, [On-line], Available: https:

//clients.rte-france.com/lang/fr/clients_traders_fournisseurs/
vie/vie_stats_conso_inst.jsp

The following Figure 3.12 shows the actual loads of the day of the peak demand and the four CBLs calculated
based on the four methods of "Moyenne 10 semaines’, ‘Médiane 10 semaines’, ‘Moyenne 4 semaines’ and
‘Médiane 4 semaines’. It is easy to notice that all the four methods do not perform well although the two
methods of ‘Moyenne 10 semaines’, ‘Médiane 10 semaines’ outperform the other two methods of "Moyenne
4 semaines’, ‘Médiane 4 semaines’. Even though the four CBLs are established for all the time slots of the
30-minute interval, the dotted gray rectangle highlights the two-time slots of ¢t = 37 and ¢ = 38, thatis, 7
p.m. (19:00)—the time of the peak demand in 2016, France. With Table 3.5 we can verify the detailed numbers
for the actual loads and four CBLs at the time slot ¢ = 37 and t = 38.
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Figure 3.12: Comparing the Actual Loads with all the Four CBLs (W)

Table 3.5: Summary of the Established CBLs for the NEBEF (DR) Event Times

W)
2016-01-18
Actual Load -+ 982.11  999.89
cpL¥"&1° -+ 861.60 878.36
cppmed-10 -+ 850.99 867.45
CBLAvE4 -+ 781.22  797.58
CBLmed.4 - 780.27  795.92

In addition to the visual comparison between the actual loads and the four CBLs, we can measure the perfor-
mance (accuracy) of the CBLs by calculating the estimation error between the actual loads and the four CBLs.
In the NEBEF mechanism, the following "absolute error’ is used in order to assess the quality of a CBL based
on the method of ‘Méthod par historique de consommation’."*

. bsolue (¢) 1 g: |Référence historique de consommation, — Consommation, |
rreur absolue (¢) =— — — . :
N &  Capacité d’Effacement Minimale du Site de Soutirage

N o (3.26)
1 ‘CBLEM — Actual Electricity Loadd’t

= Absolute Error (¢) =— - .
N = Minimum Capacity of Demand Response

Interms of ‘Capacité d’Effacement Minimale du Site de Soutirage’ (Minimum Capacity of Demand Response)
in the above-mentioned formula 3. 26, it is declared by the Load Aggregator at the initial stage. There is no

229RTE, 2018a, p. 64, 7.2.5.1 Indicateur de qualité pour la méthode «par historique de consommation».
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specific formula of this Minimum Capacity of Demand Response and it seems that it is up to the Load Ag-
gregator. Therefore it is difficult to set the proper level of ‘Minimum Capacity of Demand Response” at this
stage. For the sake of convenience of the analysis, I will use ‘Actual Electricity Load” instead of "Minimum
Capacity of Demand Response’, then the above-mentioned formula of the ‘Absolute Error’ becomes the for-
mula of 3.4 in the section 3.3. In addition to MAPE, I am also going to check out the formula of 3.5 in the
same section 3.3 as I have applied them to the South Korean case’s CBLs.

In the following Figure 3.13, we can compare the accuracies of all the four CBLs utilized in the NEBEF mecha-
nism at the same time in terms of MAPE and RRMSE. As we have compared them visually in Figure 3.12 and
numerically in Table 3.5, MAPE and RRMSE tell us the same result that the two methods using previous ten
days outperform the two methods using previous four weeks, and that the best one is based on the average
ten days method (cBL*"8°). Table 3.6 summarizes the result of the accuracy assessment for the four CBLs in
terms of MAPE and RRMSE.

25

20

25

20

RRMSE (%) & MAPE (%)

CBLavg.m CBLmed.m CBLang CBLmed.4

CBL Methods CBL™9'0 @ (pLMed10 CBL?v94 CBLMed4

Figure 3.13: The CBL Accuracy Comparison (MAPE & RRMSE) among the CBLs
Established with Different Methods
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Table 3.6: The CBL Accuracy Comparison (MAPE and RRMSE) among the CBLs
Established with Different Methods

avg.10 Lmed.lo avg.4 CBLmed.4

CBL

MAPE 12.21%  13.30% 20.34% 20.48%
RRMSE  14.94%  16.26% 24.89% 25.03%

CB CBL

In the section 3.4 we could find out that the two CBL methods based on Weighted Moving Average (WMA)
with Proportional Adjustment Coefficient (PAC) and with Symmetric Additive Adjustment (SAA), those are
cBLWMA . pac and cBLlWMA + saa respectively, demonstrated quite high and satisfactory performances for
the baseline estimation. Considering the result, it would be worthwhile applying these CBL methods to the
French NEBEF mechanism in order to find out a room to improve the CBL estimation methodology.

The following Figure 3.14 shows that the two CBL methods again perform very well for the French NEBEF case,
too. For the two-time slots t = 37 and t = 38, there is almost no difference between them, cBLWMA + saa is
better very slightly, though. We can check out this subtle difference with the summary Table 3.7.
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Figure 3.14: Comparing the Actual Loads with the Two CBL Methods of cs." ™4 -

pac and caLWMA + saa

Comparison to Four NEBEF CBL Methods: Fig. 3.12
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Table 3.7: Summary of the Established CBLs for the NEBEF (DR) Event Times
Applying c.VM4 . pac and caLWMA + san (W)

2016-01-18
t=37 t=38
Actual Load - 982.11  999.89
cBLVMA L pac =+ 985.02 1005.28
cBl"MA Lgan - 979.73  997.39

With the following Figure 3.15 and Table 3.8 we can easily notice the subtle difference between the two CBL
methods. Comparing the accuracy of the four CBL methods, it is a quite surprising improvement of the
CBL method—MAPE and RRMSE were 12.21% and 14.94% respectively for cs1®8° (Tab. 3.6), but this time
MAPE and RRMSE are only 0.245% and 0.246% respectively for csL" M4 + saa (Tab. 3.8). Among the two CBL
methods, cBLWMA 1 saa will be used for Sensitivity Analysis in the Chapter 4, Section 4.5.

0.4

0.3
CBL Methods

CBLWMA. paC
® CBLYMALsAA

0.2

RRMSE (%) & MAPE (%)

0.0

CBLYMA. pac CBL"MA saA CBLYMA. paC CBL"MA L SAA
CBL Methods

Figure 3.15: The CBL Accuracy Comparison (MAPE & RRMSE) between the Two
CBL Methods of cat"MA - pac and cs."M4 + saa

Comparison to the Accuracies of Four NEBEF CBL Methods: Fig. 3.13 |

Table 3.8: The CBL Accuracy Comparison (MAPE and RRMSE) between the Two
CBL Methods of csL"M . pac and ceL VM4 + san

cBLVMA L pac cBlWMA | ogan
MAPE 0.418% 0.245%
RRMSE 0.437% 0.246%
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In addition to the analyses of the CBL estimation methods focusing on the peak loads both for South Korea
and France, that is the cross-validation between two different countries, in order to figure out whether or
not the results hold true with different load profiles during different seasons in a country, that is the cross-
validation between different seasons in a country, I have conducted supplementary analyses (in Appendix A:
Supplementary Figures & Tables of this dissertation) with the different load profiles during winter for the
South Korean case and summer for the French case this time. As a result, in the South Korean case, Figure
A.31, Table A.9, Figure A.32, and Table A.10 show that the two CBL estimation methods with adjustment
(cBLWMA . pac and cBLWMA + saa) outperform the two simple CBL estimation methods (cB1?"¢ and caLWM4),

Even though cBLWM2. pac is slightly better than cBLW™MA + saa, there is no significant difference between them.

In the French case, as can be seen in Figure A.33, A.34, A.35, Table A.11, Figure A.36, and Table A.12, all the four
CBLestimation methods of NEBEF do not perform well again although the error rates are relatively small this
time—about 4-5%. In contrast, the two CBL estimation methods of DRTM perform very well again—around
0.1%in terms of MAPE and RRMSE. With these supplementary analyses we could reconfirm that the two CBL
estimation methods of DRTM are better than others, and it shows that the results are robust to the changes
in load profiles of different seasons.
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3.6 Conclusion

In Chapter 3, we found that the CBL estimation methods of South Korean DRTM, especially the two CBL
methods of cBLWMA. pac and cBLWMA +-saa, perform surprisingly very well with extremely low error rates about
0.5% while all the CBL estimation methods of NEBEF do not perform very well with high error rates about
12%-25%. In addition, when we applied the two CBL estimation methods of cBL"WM4 . pac and cBLWMA + saa
to the rescaled French average household load profile to establish the CBL, it resulted in a high performance
with extremely low error rates less than 0.5% again. It is interesting and, at the same time, surprising that
this simple statistical day matching CBL estimation method with an option is sufficient. In other words, very
complex and advanced methods and a wide range of datasets are not essential in this case.

Furthermore, the results of the supplementary analyses of the different load profiles of different seasons are
inline with the main results reconfirming that the two CBL estimation methods with adjustment (cBL.VMA. pac
and cBLWMA 1 san) are the best even if load profiles are more stochastic and volatile. Therefore, this cross-
validation between different seasons in a country added the robustness of the research. With the results, this
study provides a country, in particular, France, with a meaningful policy implication to ameliorate the CBL
estimation methods of NEBEF and ultimately the DR market design. The following Table 3.9 summarizes the
results of the accuracy of CBL estimation methods in terms of MAPE and RRMSE. The gray cells highlight
the best CBL estimation method with the smallest error rate.

Table 3.9: Overview of the Results: Accuracy of CBL Estimation Methods (MAPE
& RRMSE)

2016-08-12 2016-01-21 2016-07-19 2016-01-18
MAPE ~ RRMSE  MAPE  RRMSE MAPE RRMSE MAPE RRMSE

9.21% 6.51% 6.34% 4.48%
8.22% 5.81% 6.21% 4.39%
0.52% 0.37% 2.09% 1.48% 0.095% 0.101% 0.418% 0.437%
0.45% 0.32% 2.14% 1.52% 0.117% 0.125% 0.245% 0.246%

4.36%  5.34% 12.21%  14.94%
3.37%  4.15% 13.30%  16.26%
4.13%  5.03% 20.34% 24.89%
3.98%  4.86% 20.48% 25.03%

Like South Korean DRTM, the NEBEF mechanism is a quite recent market-oriented mechanism of DSM, so
itis still evolving since the ‘Régles NEBEF 1 in 2013. Even though it seems that RTE has tested many possible
CBL estimation methods since the experimental phase, for example, the panel data analysis approach, it
appears that RTE has not yet explicitly suggested or introduced the alternative options like PAC and SAA.
According to the results of this research, the low performance and high error rates of the CBL estimation
methods of NEBEF derived from the fact that it only relies on the simple average and median and does not
use any adjustment options which could capture the recent changes of the load profile caused by whatever it
is a temperature-based or socio-economic-based stochastic event.

As we have looked at the developing trends of both South Korean and French DR mechanisms in terms of the
volume and frequency in Chapter 2, the importance of the NEBEF mechanism will be more significant with
more intermittent RESs, the concern on climate change, sustainability, and security of electricity supply. In
order to exploit the full-fledged DR mechanism in France, we need to pay more attention to the importance of
accurate CBL estimation methods, which are the fundamental elements to encourage potential participants.
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Aswe have observed, the currently utilized CBL estimation methods are likely to result in the underestimation
of the CBLs, in turn, results in that the actual efforts or reductions will be underappreciated than it is. These
inaccurate CBL methods could undermine the French NEBEF mechanism despite its advantage, such as the
high-level openness of all the markets for the demand-side resources that we have found in Chapter 2.

Furthermore, it is expected that the accurate CBL estimation methods can prevent the participants from
intentional and malicious manipulation of their CBLs. It is quite an important point from the DR system
operator’s or LA's perspective. If the CBL estimation methods are very accurate, then there will be little room
for participants to strategically manipulate their CBLs in order to get remunerated much more than it should
be. Only with these well-defined CBL estimation methods which can avoid the underestimation or overes-
timation as measurement error and the strategic countervailing incentives, the optimality of DR programs
can be guaranteed.

Considering the above-mentioned policy implications, this study provides a good opportunity to shed light
on and to compare the CBL estimation methods of South Korea and France each other. It is rare to see this
kind of comparative analysis between countries focusing on the CBL estimation methods in practice. One of
the difficulties to conduct this kind of research is that it is not easy to obtain the real-time load profiles of an
individual level household due to the issues of privacy or information access. The approach in which we have
used the rescaled load profile from the aggregate national loads enabled this analysis. Moreover, the simple
mathematical model of linear algebra made it clearer and easier to understand the CBL calculation process
and its analysis. Although this approach and the simple mathematical model of linear algebra were applied
to the residential DR mechanism, they can be applied to other sectors, such as industrial and commercial DR
programs because the approach and model used in this research are very generic. The very clear and distinct
terms, simple but detailed equations and explanations will be helpful for further studies on CBLs in many
countries which are actively developing DR mechanisms.

On top of that, this study and the estimated CBLs will be a stepping stone or foundation for the following
analyses, such as the Decision-making Analysis based on CBA and SA in Chapter 4. Without this part on
CBLs, it will be almost impossible to proceed to further researches or will face the ambiguity of DR mecha-
nisms. Only based on the accurately estimated CBLs, the actual load reduction, optimal remuneration level,
marginal disutility for participants with load shedding and load shifting, behavioral change of the partici-
pants (electricity consumption pattern with DR), the effectiveness of ToU tariff scheme, and so forth can be
addressed in an appropriate way.
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§Chapter 4

Cost-Benefit Analysis of Demand Response

4.1 Necessity of Cost-Benefit Analysis

One of the great barriers to the active implementations of DR was the uncertainty around the true costs and
benefits of the programs (O’Connell et al., 2014, p. 688). Because the huge costs and investments for the in-
frastructure for information, communication, monitoring, and control system are required to realize DR
programs, it is imperative that the costs and benefits of DR are clear (O’'Connell et al., 2014, p. 688). There-
fore, the precise estimation of the costs and benefits of DR has been the focus of energy economists (Bradley
et al., 2013, p. 312). This view was shared by Strbac (2008, p. 4425) and Bruninx et al. (2013, p. 1) who point
out that there needs to be a comprehensive analysis of costs and benefits of installing such a complicated
infrastructure.

In addition, due to a lack of methodologies for the quantification of costs and benefits, there has not been
enough clarity regarding the business model for DR. For this reason, significantly more research should be
conducted in this area—CBA. Also, the CBA is closely related to the consideration of the ideal remuneration
level. It is necessary first to estimate the exact value of the DR resources, that is, net benefits (costs — ben-
efits), otherwise, it is impossible to define or set out the appropriate level of the remuneration for the DR
resources.

The objective of a CBA is to evaluate whether or not there are net economic benefits associated with introduc-
ing a DRM under current circumstances (Hoch et al., 2014, p. 2)."" Therefore, it is useful for decision-makers
to decide to introduce a DR program (approval of a DR program). Also, it can give them the information on
the optimal timing and scope of DR programs. It can be also used for rate programs, such as ToU, CPP, and
RTP, to determine whether or not a program, given a particular rate structure, is cost-effective (California
Public Utilities Commission (CPUC), 2010, p. 5).

The CBA approach can provide us with a transparent and objective assessment of different options, which
means, first of all, we consider whether or not changing the business as usual by implementing a certain op-
tion (“planning case”) is beneficial, and then, if there is more than one option, which option is more beneficial
as compared to the business as usual case and the other options altogether. As a result, a CBA can be helpful
for decision-makers to decide on one option based on transparent and objective criteria.

W)t is interesting that in the paper of Hoch et al. (2014, p. 3) they assess the impacts of DR by characterizing it as
a ‘plant (or series of plants)’ based on the financial and operating characteristics of different types of DR.
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4.2 Costs & Benefits to Be Considered and Previous CBAs

In the report of He et al. (2013, p. 5), they focused not only on the potential of financial incentives for DR, but
also they searched for a wider set of costs and benefits for the consumers from the perspective of intermedi-
aries and contracts. The report prepared by the U.S. Department of Energy (DOE) (2006, p. 74) also gives us
an example of the CBA for the long-term market impacts of capacity benefits created by DR. In addition, it
is interesting that Bradley et al. (2013) conducted a study on the review of the UK-specific costs and benefits
of DR. Covrig et al. (2014, pp. 13—14, 90—92) analyzed the costs and benefits resulted from a nation-wide-
roll-out of the smart metering system across the 27 European countries. As a result of the CBA, they could
estimate that taking into account only the countries that had completed or were going to proceed with the
roll-out of the smart metering system it was €223 (with a standard deviation of €143) for investment costs
per smart metering point. In terms of the benefits, they expected that there could be peak load shifting of
electricity consumption ranged from less than 1% to 9.9% and an average value of 3% (with a standard devi-
ation of 1.3%) for energy savings (load shedding) in terms of electricity consumption. With this amount of
the energy savings, the expected average benefit per metering point was €309 (with a standard deviation of
€170) (Covrig et al., 2014; European Commission (EC), 2014).

When it comes to the benefits of DR, according to Albadi and El-Saadany (2008, p. 1991) we can think on the
four different levels, such as participants, market-wide, reliability, and market performance. First of all, par-
ticipants in DR programs can save their bills and receive incentive payments or direct payments in case of the
IBPs. Also, we can expect an overall electricity price reduction as the DR drives out the most expensive elec-
tricity generating units, that is, marginal technology without DR. From the market-wide perspective, thanks
to DR we can enjoy the benefit from the avoided or deferred capacity costs, reducing the environmental im-
pacts of electricity production and infrastructure installations (IEA, OECD, 2003, pp. 10-11). Moreover, we
can increase the reliability of the electric system because DR can play as flexibility resources. Finally, we can
improve the electricity market performance (efficiency) overall.

In terms of the associated costs of DR, there are initial (investment) and running (operating) costs both for the
DR program operator and participants. For initial costs, it needs to install some advanced technologies such
as smart thermostats, peak load controls, energy management systems, AMI, ICT, and so forth. In terms of
running costs, there are costs for the inconvenience, lost business, rescheduling, onsite generation for par-
ticipants, administration, marketing, incentive payments, education, and evaluation costs for the program
operator (Albadi and El-Saadany, 2008, p. 1992).

Based on the hierarchical market model (utility-aggregator-user interaction) (Gkatzikis et al., 2013), we can
figure out the costs and benefits of DR at the three different levels: 1) utilities/RTO/ISO/DST/TSO, 2) LAs, and
3) consumers (participants = users = customers = clients) level.

First of all, at the level of utilities/ISO/RTO/TSO/DSOs, costs include the costs resulting from the installation
of metering and communication infrastructures. Usually, suppliers are responsible for the procurement and
the installation of smart meters as part of a mandatory smart meter roll-out, therefore these can be consid-
ered as system costs (Bradley et al., 2013, p. 315). The costs also include the remuneration to LAs for their
services. The benefits for the supplier are savings on production costs, which is a reduction in costs, and
substantial balancing during periods of high demand (Fox-Penner, 2010). Also, if the DR program operator
is the system operators, it is the reduction of the operational costs. Therefore, the objective function of the
utilities/ISO/RTO/TSO/DSOs can be the minimization of the system costs:

min {(production costs) + (system costs for DR infrastructures) + (remuneration to LAs) } (4.1)

Secondly, at the level of LAs, costs include the incentives for end-users when the end-users respond to the call
from LAs (or from the DR program operator) or when there were some direct load controls, curtailments or
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interruptible ones, by LAs. Benefits include the remuneration paid by utilities/ISO/RTO/TSO/DSOs. There-
fore, the objective function of LAs can be the profit maximization:

max { (remuneration paid by utilities/ISO/RTO/TSO/DSOs) — (incentives for end-users) — (operaing costs) }
(4.2)

Lastly, at the level of consumers, costs mean the degree or the amount of inconvenience resulting from the
change in their electricity consumption patterns. Benefits can be the reduced expenditure on electricity
consumption, which means a reduced bill and incentives or direct payments. The main incentive for the
consumer is the cost saving achieved by reducing demand or shifting to an off-peak period (Clastres, 2011,
p- 5402). Therefore, in that sense, the objective function of customers could be the minimization of the elec-
tricity consumption expenditure considering the inconvenience, the cost-savings resulted from DR, and in-
centives or direct payments:

min { (electricity consumption expenditure) + (inconvenience) — (cost savings & incentives from LAs) }

(4.3)

We have figured out the conceptual costs and benefits, and brief objective functions for each entity so far.
However, when we conduct the calculation of a CBA we need to set a series of concrete assumptions and con-
firm the real (or monetary) value of the costs and benefits of DR. There were some studies on the estimation
of the value of costs and benefit of DR (Bradley et al., 2013).

When it comes to the CBA frameworks, there were mainly two sources of the previous research on the CBA
frameworks of the DR programs: firstly, it was the CBA on the DSM including EE and DR; secondly, it was the
Cost-Effectiveness Analysis (CEA) on the SG which, of course, includes DR. The ‘five cost-effectiveness tests’,
so-called ‘California Tests'?!, in the California Standard Practice Manual (California Public Utilities Commis-
sion (CPUC), 2001, 2002, 2010) and the researches conducted by FERC (Woolf et al., 2013) became the in-
dustrial standard. In the beginning, it was developed for EE, and then the framework was applied to DR
programs later. Among the five tests of ‘California Tests’, this research focuses on the ‘Participant Cost
Test’. Therefore, there is a difference between this research and the previous researches of California Public
Utilites Commission (CPUC) and FERC that this research is not for the comprehensive CBA like the “Societal
Cost Test'. Itis said that “Participant Cost Test’ is useful for the improvement of the program design pro-
moting the program participation (Woolf et al., 2013, p. v), so this CBA test and approach is appropriate for
the research on the residential DRM of South Korea and France.

The U.S. by Electric Power Research Institute (EPRI) and EU” by Joint Research Centre (JRC) have prepared
well-elaborated frameworks for the CEA onthe SG. Electric Power Research Institute (EPRI) (2010, 2011, 2012)
suggested and explained the logic for the factors of benefits, the detailed steps of the CEA, and the criteria
for it. EU JRC modified the frameworks developed by EPRI in the context of the EU and also provided the
guidelines specialized in the deployment project of the Smart Meters (Joint Research Centre (JRC), 2012a,b,c,
2016). Although those are very valuable previous researches to refer, at the same time, there are differences
in terms of the focus of the research that those are very comprehensive CEA because the SG is, in general,

219In the ‘California Tests’, there are ‘Participant Cost Test’, ‘Rate Impact Measure Test (RIM)’, ‘Program Admin-
istrator Cost Test’, ‘Total Resource Cost Test’, and ‘Societal Cost Test'.

Bl(9In the Annex I of the Directive on Internal Markets (DIM) (Council of European Union, 2009, p. L 211/91), it
is indicated that the Member States of the EU should fulfill the CEA on the implementation of intelligent metering
systems by 3 September 2012 and prepare a timetable with a target of up to 10 years for this. In addition, in the case of
the positive result of the CEA, at least 80% of consumers should be equipped with intelligent metering systems by 2020.
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a very large scale project in the national level (except local or regional level microgrid) and it covers various
categories in it.

Based on and referring to the previous frameworks for the CBA, the aim of this research is to provide DR
program-related entities, especially DR system operators, with a decision-making framework based on the
CBA in which the optimization (linear programming) is utilized in order to represent the rationality of the DR
participants and to provide microeconomic explanations on DR participants’ behaviors. In other words, we
are going to figure out under what kind of conditions or circumstances a residential client participatesina DR
program, how much loads does the client reduce or to which time slot does the client shift the electricity con-
sumptions in order to minimize the costs. In addition, to take into consideration all the possible variations in
terms of the key variables, the Monte Carlo simulation method will be utilized both for the Decision-making
Analysis based on the CBA and its SA. Moreover, for the sake of convenience dealing with vast data and a
number of repetitions of calculation, matrix algebra (linear algebra) is used as well as arithmetics.
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4.3 CBA on South Korean Demand Resource Trading Market

4.3.1 A Model for the CBA

Based on the established CBL with the WMA + SAA option in Section 3.4 (Tab. A.15 in Appendix A: Sup-
plementary Figures & Tables), we can proceed to the CBA for the residential participants (clients) of the DR
program. In this section we set up a ‘reference scenario’, first in terms of the required load reduction, the
different remuneration scheme, the proportion of the remuneration to participants, the cost function, the
behaviors, constraints of the participant, and so forth, and then several different scenarios in which we set
up different assumptions in terms of those factors will be dealt with in Section 4.5.

First of all, in terms of the required load reduction, we could assume 20%, 30% and 40% of the ‘Maximum
Reducible Capacity’ for the DR event time. The ‘Maximum Reducible Capacity is defined as the difference
between the CBL for the DR event time and the minimum base (‘MinBase’), that is, the fifth percentile hourly
load during the maximum reference days (20 non-event and ordinary working days) prior to the DR event day
(Lee et al., 2017). Looking at the cumulative density distribution of all the hourly load for the 20 maximum
reference days, the fifth percentile is 482 (W) (Fig. 4.1 and Tab. 4.7). Figure 4.2 (and Tab. A.16 in Appendix A:
Supplementary Figures & Tables) show the remaining load after 20% reduction, 30% reduction, 40% reduc-
tion, and after the maximum reducible capacities for the event times (one block consisting of two-time slots,
t = 17hand ¢t = 18h).

Maximum Reducible Capacity = CBL; 4 — MinBase (4.4)
where,
MinBase : minimum base load defined as the fifth percentile of the cumulative density
distribution of all the hourly load for the maximum reference days (20 days
prior to the event day).
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Figure 4.1: Cumulative Density Function of the Maximum Reference Days (20
days prior to Aug. 12, 2016)

Source: The original load data before rescaling, “tf=71 A2 35 T A|2E" (Public
Information Sharing System on Electricity Demand and Supply), KPX, [On-line], Available:
https://openapi.kpx.or.kr/sukub.do#

Table 4.1: The Percentiles of the Cumulative Density Function of the Maximum
Reference Days (W)

0% 5% 25% 50% 75% 95% 100%
446 482 539 620 683 738 773

Source: The original load data before rescaling, “tH =31 A2 £F 35 T-9 A]28" (Public Information Sharing System
on Electricity Demand and Supply), KPX, [On-line], Available: https://openapi.kpx.or.kr/sukub.do#
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Figure 4.2: The Remained Loads according to the Required Load Reduction
Level (20%, 30%, 40%, Max, and CBL) (W)

| Comparison to French Case: Fig. 4.8 ‘

Next, in order to calculate the maximum profit, the objective function of the optimization (linear program-
ming) (Eq. 4. 5) is to maximize the net benefits of a residential participant, that is, to minimize the net costs
for the electricity consumption. The decision variable is the colume vector x (Eq. 4 . 6) consisting of the pro-
portions to the total required load reduction for ¢ = 17h and t = 18h that will be shifted to other time slots
exceptt = 17h andt = 18h themselves, and the constraints of the optimization (linear programming)
(Eq. 4.7) are following. Note that in this research we are going to consider only the load shifting case for the
South Korean DRTM, while we are going to consider both of the load shedding and load shifting case for the
French NEBEF in which we can find the explicit distinction between the load shedding and the load shifting
case.

max (x; ¢, SMP, 1, p, ) =B(¢,SMP,r’) — C(x; p, ¥)

=fo(®1, 22, ..., T24; ), SMP17,SMP13, 77, T'g) 4.5)
or, m}in C(x) =fo(x1,22,...,T24)

98 of 247



Chapter 4. Cost-Benefit Analysis of Dem - 4.3. CBA on South Korean Demand -

where,

X : a column vector consisting of the proportions to the total required load re-
duction that will be shifted to other time slots, ¢t € T = {1,2,...,24},

exceptt = 17handt = 18h.
0] . the proportion to SMP for a residential participant, therefore, the propor-

tion to SMP for a LA is (1-¢),
0<¢<1

SMP : avector of SMP,

r : avector of actualized load reduction,

P . retail price of electricity (tariff scheme),

A : acolumn vector consisting of the actually consumed loads with DR for each
timeslot,t € T = {1,2,...,24},
if we consider only load shifting, not load shedding, then the total electric-
ity consumptions remain the same with DR event and without DR event,
11,6 = 17, # that s, Z?il b = Z?il ¢, where, 12 is a sum vector with
all the elements of 1.

I
T2

X= x = | Ti7 (4.6)
x18

T24
subject to the constraints,
24
S a1
t=1
r17,218 =0 4.7)

T1,22,...,%16, 119,120, .-, T24 > 0
Cap,

.7}1,.7}2,...,$16,x19,$20,...,x24S ( 'Et

r17 + 718)

where,

Cap : avector of the capacity factor, which represents the potential capacity to ac-
cept some part of the total required load reduction. In order to represent
‘stochastic’ capacity, individual property, daily conditions, it is ‘random
number’ (pseudo-random number) from uniform distribution between ‘0’
and required flexibility level (RFL),

Cap ~ U(0,RFL)
0 < Cap;, < RFL
teT={1,2,...,24}
RFL : reuiqred flexibility level, such as, 0.2 (20%), 0.3 (30%), 0.4 (40%), or 1 (max).

The constraints in Equation 4.7 means that each element of the decision variable x should be equal to or
greater than 0 except for the time slots of the DR event. If 17 and ;g are greater than 0, it means the partial
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fulfillment of the order or call from the DR system operator. In addition, the total sum of all the elements
of the decision variable x should be equal to 1 because those are the proportions to the total reductions of
the DR event. The variable Cap represents a vector of the capacity factor. x; X (ri7 + rig) represents the
amount which will be shifted to that time slot. I assume that the actual load for each time slot without the
DR event has some information on how much this time slot can accommodate more. Therefore, Cap, x ¢;
represents the capacity to accommodate some part of the reduction which will be shifted to that time slot.
In general, it is difficult to estimate or determine this kind of capacity to accommodate for each time slot
because each individual has different conditions or environments depending on time, day, month, season,
and many other variables. Considering this aspect, I have set this factor as a stochastic variable using the
variable Cap which can be a random number randomly selected from the uniform distribution. Again, I
have syncronized the upper bound (maximum value) for the variable Cap with the required flexibility level
(RFL). From the DR system operator’s perspective, if the DR system operator assumes that DR participants
have higher flexibility (that is, with higher capacity to accommodate the shifted loads), then the DR system
operator will call for higher required flexibility level, and vice versa.

The required load reductions are non-negative (r; € R ) for the DR event times, t = 17hand ¢ = 18k, and
‘0’ (zero) for the other time slots.

T1 0
T16 0
17 17
r= 1 = = 4.8)
18 18
719 0
T94 0
where,
r : a column vector consisting of the required load reductions for each time
slots, especially, for the event times,
ri7 > 0,718 >0, 11 =r0=---=7r1g =719 =+ =124 = 0.

For example, we can define r29, r39, r40 for the required load reduction vector when the required flexibility
is 20%, 30%, and 40%, respectively.*!

“9In the following CBAs, we are going to assume 40% for the required flexibility. In terms of the rationale for
assuming the required flexibility of 40%, it could seem to be a very ad-hoc or arbitrary assumption. We have not con-
ducted SAs on this variable in this research because this flexibility level seems to be relatively less critical than other key
variables. We could expect the different results of CBAs with different required flexibility levels. It might depend on
net unit benefits of the CBA model. If net unit benefits are negative, then with higher required flexibility level, it will
decrease the net benefits accumulating negative benefits. If net unit benefits are positive, then with higher required
flexibility level, it will increase the net benefits accumulating positive benefits. It will be interesting to conduct SAs in
practice on various flexibility levels in order to figure out this expectation.
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20% 30% 40%
0 0 0
0 0 0
20 _ 30 40
T st |0 T [ ses9 | 0T T | 11545
55.76 83.64 111.52
0 0 0
0 0 0

The actually consumed loads without the DR event, which means ‘0’ (zero) reduction fort = 17h andt =
18h.

lo

L=t =| lir (4.9)
{18

loy

where,
{ £ : acolumnvector consisting of the actually consumed loads for each time slot,

teT={1,2,...,24}.

This actually consumed loads will change when there is a DR event, therefore there will be reductions for
t = 17h and t = 18h and possible increases for other time slots shifted from ¢ = 17h and t = 18h.

/
1

/
2
=1 = | = £ - r + (r7+rig)x
18
/
24
141 0 1 (4.10)
16 0 T16
- U7 r17 0
= l1s - s + (ri7r+ris) 0
l1g 0 Z19
{4 0 €24
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Let us define CBL/ in which all the elements are ‘0’ (zero) except 17" and 18™ elements, and those are
CBLy7and CBLg, respectively,

1 0
2 0
CBL’' = 17| CBLy7 (4.11)
18 | CBL1g
24 0

and, £” (double prime of £) in which all the elements are ‘0’ (zero) except 17" and 18" elements, and those
are ¢, and ¢} 4, respectively.

0 0 0
0 0 0
0 = o =1 b7 |- rr (4.12)
18 {18 718
0 0 0

Note that the required load reduction r and actualized load reduction r’ are different. For the required load
reduction r, the residential participant will reduce this amount from the original load (¢17, ¢1g). Then, the
actualized load reduction r’ can be calculated:

0 0 0
0 0 0
r=CBL —¢'=| CBL;; | — =1 i (4.13)
0 0 0
where,
£ : acolumn vector consisting of the actually consumed loads with DR for each

timeslot,t € T = {1,2,...,24},
if we consider only load shifting, not load shedding, then the total electric-

ity consumptions remain the same with DR event and without DR event,
1T¢ = 170 thatis, Y2, 0, = 24, 45,

With this Equation 4 . 13, we can mathematically and systemically explain again the importance of accurate
CBLs and their estimation methods. The participants will be paid for this actualized load reduction, butif the
CBLs are underestimated with inaccurate CBL calculating methods, then it will result in the underestimation
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of the actualized load reductions than it is. Therefore, this inaccurate CBLs and CBL estimation methods will
drive out the participants with decreasing motivation.

For the actualized load reduction the participant will be remunerated at the level of SMP in the wholesale
market in South Korea. Therefore, the benefits from the remuneration will be the following (Eq. 4 . 14):

0
0
B(¢,SMP,r') = ¢-SMPT .v/ = ¢ ( SMP; SMPy ... SMPay ) . (4.14)
T8
0
where,
10) . the proportion to SMP for a residential participant, therefore, the propor-
tion to SMP for a load aggregator is (1-¢),
0<¢<1

SMP : avectorof SMP.

Letusassume ‘1’ as a default value for ¢ which means that all the remuneration will be paid for the residential
participant, and there is no gain divided for the LA. This is one of the assumptions setting the maximum
level of the remuneration for a residential participant. In the real world, it will be between 0 and 1 and will be
determined by the contract between an LA and DR participants considering the operating costs, transaction
costs, margins for the LAs, and so forth.

Figure 4.3") shows the time series data of SMP in South Korea, 2016. In winter, especially in Jan., Feb., and
Mar. it is relatively high and in August it is the lowest on average—also, in general, lower variability [rela-
tively small standard deviation (Std.Dev) in Tab. 4.2 and shorter interquartile range (IQR) in Fig. 4.4] of SMP
compared to that of France. The gradation color bar from blue to yellow means the average SMP in a month
and the dashed green line throughout the entire year means the annual average SMP, that is 76.39 Korean
Won (#%)/kWh in 2016 (100.59 Korean Won (#)/kWh in 2015 in Fig. A.28).

B1(You can find Figure A.28 which shows the time series data of SMP in South Korea, 2015 in Appendix A: Supple-
mentary Figures & Tables.
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Figure 4.3: SMP, South Korea in 2016 (Korean Won (#)/kWh)

Source: “SMP”, KPX, [On-line], Available: http://www.kpx.or.kr/www/contents.
do? key=225 I Comparison to France: Fig. 4.9

Table 4.2: Descriptive Statistics of SMP in 2015, 2016 (South Korea)

2015 2016
Mean 100.17 76.14
Std.Dev 19.87 10.52
Min 36.37 34.54
Q 90.06 69.42
Median 96.63 74.06
Q3 106.86 86.43
Max 151.35 118.46
MAD 10.97 9.52
IQR 16.79 17.01
Ccv 0.20 0.14
Skewness -0.02 -0.21
SE.Skewness 0.03 0.03
Kurtosis 1.46 1.21
N.Valid 8760.00 8784.00
Pct.Valid 100.00  100.00
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2015

Year

2016

30 60 90 120 150
SMP

Figure 4.4: Raincloud Plots of SMPs in 2015, 2016 (South Korea, #/kWh)

Credit for Raincloud Plots: Allen et al. (2018, 2019)

Focusing on the hourly SMPs fort = 17h and t = 18h on Friday, August 12, 2016 in South Korea, it was the
following (Tab. 4.3):

Table 4.3: The SMP for the Event Times (3/Wh)

2016-08-12
17h 18h
SMP -+ 0.08005 0.07869

Source: “SMP”, KPX, [On-line], Available: http://www.kpx.or.kr/www/contents.do?key=225

If there is no DR event and no required reduction, the remuneration will be zero, ‘0" because r; = 0, where,
teT =1{1,2,...,24}.

C(x) = Total Tariff 4 additional inconvenience costs (INC) (4.15)

When it comes to the first part of the cost function (Eq. 4.15), that is the “Total Tariff’, if a residential
participant contracted the uniform tariff scheme, the unit electricity price for each hour will be the same
(constant, p; = c) throughout a day. If a residential participant contracted the ToU tariff scheme'®, the

1819 Actually, there is no ToU tariff scheme for residential clients in South Korea yet. However, in order to do SAs
in terms of tariff schemes, I have referred to the ToU tariff scheme for industrial and commercial clients. According to
the ‘2™ Master Plan for Smart Grids (2018-2022)" announced in August 2018, the South Korean government is plan-
ning to expand the ToU tariff scheme for households, and to that end, it is now running the pilot program with 2,000
households until 2020.
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retail price varies depending on time, day, and season (Tab. 4.5, 4.6 and Eq. 4. 17).

b1
b2
p'= pi = , pt= i = (4.16)
c D24
where,

a column vector consisting of the retail price with uniform tariff scheme for
eachtimeslot,t € T = {1,2,...,24},

p : acolumn vector consisting of the retail price with Time-of-Use tariff scheme
foreachtimeslot, t € T = {1,2,...,24}.

Table 4.4 shows the unit retail price for residential usage from 2011 to 2015 in Korea. For the uniform price
scheme we will take the latest price at 124 Korean Won, %/kWh (that is, 0.124 Won, %/Wh).

Table 4.4: The Unit Retail Price for Residential Usage (Korean Won, %/kWh)

2011 2012 2013 2014 2015
120 124 127 125 124

Source: “HOT71" (Unit Retail Price), Electric Power Statistics Information System (EPSIS), [On-line], Available:
http://epsis.kpx.or.kr/epsisnew/selectEksaScfGrid.ajax?menuld=060700

Table 4.5: Different Time Periods for Peak and Off-Peak Periods (South Korea)

Summer Spring - Automn Winter

(off-peak) light load period 23:00-09:00 23:00-09:00 23:00-09:00
09:00-10:00 09:00-10:00 09:00-10:00

(off-peak) medium load period  12:00-13:00 12:00-13:00 12:00-17:00
17:00-2.3:00 17:00-2.3:00 20:00-22::00

10:00-12.:00 10:00-12:00 10:00-12:00

peak load period 13:00-17:00 13:00-17:00 17:00-20:00
22:00-23:00

Source: KEPCO, [On-line], Available: http://cyber.kepco.co.kr/ckepco/front/jsp/CY/D/C/

CYDCHP00403.jsp

Table 4.6: ToU Tariff Scheme (South Korea, 3#/Wh)

Summer Spring-Automn Winter
(off-peak) light load period 0.0627 0.0627 0.0714
(off-peak) medium load period 0.1139 0.0701  0.1018
peak load period 0.1364 0.0814  0.1166
Source: KEPCO, [On-line], Available: http://cyber.kepco.co.kr/ckepco/front/jsp/CY/D/C/

CYDCHPO0401.jsp
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t pgou

1 (0.0714
9 | 0.0714
10 | 0.1018
11| 0.1166
12| 0.1166
13| 0.1018

tou . :
P 17 | 0.1018 417

18 | 0.1166
19| 0.1166
20 | 0.1166
21 | 0.1018
22 1 0.1018
231 0.1166
24 \ 0.0714

The total tariff for a day will be the scalar (or dot, inner) product of the retail price vector (transposed) and the
actual consumption load, p’ x 1. The total tariff accounts for the total costs if there is no DR event, however,
if there is a DR event, the total tariff accounts for a part of the total costs for a residential participant.

Total tariff with a uniform tariff scheme without DR event:

Total Tariff = (p*)T - £ = ( c c ... c ) (4.18)

Total tariff with Time-of-Use tariff scheme without DR event:

4
- touyT &
Total Tariff = (p*°") " - £ = ( pP1 P2 ... Poa ) : (4.19)
Loy
Total tariff with a uniform tariff scheme with DR:
!/
1
5
Total Tariff = (p*)T - £/ = ( c c ... ¢ ) ) (4.20)

/
24
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Total tariff with Time-of-Use tariff scheme with DR:

0
)
Total Tariff = (ptO“)T 0 = ( pL P2 ... Poa ) : (4.21)

/
24

On top of the total tariff for electricity consumption, we need to consider the additional inconvenience costs
due to the load shifting. In order to meet the order or call from the DR system operator, a participant might
have to postpone cooking, washing or might suffer from extreme hot or cold weather conditions for a while.
The concept of the additional inconvenience costs is very subjective because it can be different for each person
depending on one’s economic or financial, daily, psychological, time-specific conditions, a value judgment,
and so forth. In this regard, determining the unit value of the additional inconvenience costs for the shifted
load reduction is difficult. To overcome this problem, we can rely on more objective value, that s, the price for
electricity consumption. The present value per one unit of the reduced electricity consumption for ¢t = 17h
andt = 18hispi7, pis, respectively—and itis (p17+p1s)/2 when, we use the average value fort = 17hand
t = 18h if those are different because of ToU tariff scheme.'” This unit value is equivalent to the Willingness-
to-Accept (WTA) for the inconvenience to shift one’s as usual load.

In terms of this cost for the inconvenience, we can think of two cases. In the first case, we can assume the
same value per one unit electricity consumption shifted even if it is shifted to other time slots regardless of
the time distance (interval). In this case, the residential participant appreciates the same unit value for the
inconvenience. It does not mean that there are no additional costs due to inconvenience on top of the total
tariff for the actual consumption. In the second case, the costs of inconvenience will be increasing linearly or
exponentially as the time distance (interval) increases.

dq 16
do 15
d= d, = | di7 | = 0 (4.22)
d19 1
doy 6

[ This average value is for the case of ToU. If it is uniform tariff there is no difference between the actual mono-
price and the average value. Therefore, if there is only the uniform tariff case, we do not need to come up with this
concept of an average value for the additional inconvenience costs. However, whenitisaToU tariff scheme, determining
the unit value of the additional inconvenience costs for the shifted load reduction can be a little bit complicating. Let
me give you an example. If we reduce 100w att = 17h and 100 w at t = 18h, and shift this each reductionto t = 19k
and t = 20h, respectively, thatis 100 w from ¢ = 17htot = 19h, and 100 w from ¢t = 18h tot = 20h. In this case,
we can use each price data for each time slot for t = 17h and ¢ = 18h. However, it is not always the case. We reduce
the same amount, 100w att = 17h and 100w att = 18h, and then for this 200 w reduction, we shift 110 w (50 w from
t = 17hand 6o w fromt = 18h) to t=19 and 9o w (50 w from ¢ = 17h and 40 w from ¢t = 19h) tot = 20h—which
means the shifted load reduction might consist of mixed loads of the two time slots. In this case, which value do we
have to set as the unit value of the inconvenience costs for 110 wto t = 19h and 9o w to t = 20h? Moreover, in general,
itwould be difficult to distinguish exactly which load reduction from one of the time slots of the DR event period goes to
which time slot. Therefore, calculating an average value for the unit value of the additional inconvenience costs makes
the calculation and analysis simple and convenient.
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where,

{ d : avector of time distance from DR event time to shifted time slot,t € T =
{1,2,...,24}.

For example, the unit value for the shifted load is proportional to the time distance from the time block to the
shifted time slots. If a part of the load reduction is shifted to the time slot t = 1h [(r17 +718) X x1], the time
distanceis 16 (d; = 16), and the unit value for the shifted load in terms of inconvenience will be much bigger
than that of the load shift to the time slot ¢ = 16h, just before the DR event time or the time slot ¢ = 195,
just after the DR event time. Of course, if there is no DR event, this kind of inconvenience costs will not bring
about at all.

In the following equations, (3 represents the relative ratio of inconvenience to the unit present value of the
electricity consumption at the DR event time. This subjectively perceived § value can vary from person to
person. In the following CBA models, we first assume a 8 = 0.5. The implication of a 8 = 0.5 is thata
customer appreciates his/her additional inconvenience costs at the level of one half of the unit present value
of the electricity consumption at the DR event time. In order to cover different levels of /3 values, we are going
to conduct SAs at the end of this chapter from 0.5 to 1.5 increasing by 0.1.

P17 + P18
INC; = 5(2)dt(7’17 +ri8) Tt
INC;
INC2 17 + P18 .
INC — _ —szp)&n+nwwmwM®X) (4.23)
INCoy
where,
INC; . additional inconvenience costs,
teT={1,2,...,24},
5] . the relative ratio of inconvenience to the unit present value of the electricity
consumption at the DR event time,
(mLQPIS) the average retail price for 17h and 18h,
dy : time distance from DR event time to shifted time slot,
teT =1{1,2,...,24},
Ty : proportion to the total load reduction,
teT={1,2,...,24},
diag(.)  : acolumn vector consisting of diagonal elements,
d®x : outer product of the two vectors.
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dy
do
dox=d -xT = . (xl To ... x24)
doy
dlxl dlxg . d1x24
_ dgl‘l d2$2 e d2$24
dogmy dogxo ... dogoy
dlxl
dgxg
diagd®x =d-xT) =
d24T24
Total INC = ﬁw(rn + Tlg)dT - X (4.24)

2

In terms of the increasing rate of the unit value of shifted load can be a constant, which means this inconve-
nience costs function is a linear model, and can also be quadratic or exponential in terms of the time distance,
d. The following is one of the possible linear inconvenience cost models with 3 = 0.5."

(p17 + p18) (

5 r17 4+ rg)dT - x

Total INC = 0.5 x

In summary, the functions for the total benefits and total costs are the following:

Bi(¢,SMP,r') = ¢ - SMPT . ¢/
Ci(x;p, &) =pT - €+ 57@”?18) (ri7 +r15)dT - x

Ci(x:p. €)= pT €+ FPTEE (4 rig)dT - x
= pT-{f—r+ (rir+rs)-x}+ 5%(7&7 +7r18)d™ - x
{pT- (L —1)+ (ri7 +ris)pT - x} + ﬁ%(ﬁ? +rg)dT - x
= BT 0+ ) [T TP
—_——

2
scalar

optimization: min Cost
X

In the case of no DR event (status quo),

[8] *

(p17 + p18)

INC; = 0.5 x dt(T'17 + Tlg)l't (4.25)
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Bo(¢,SMP,v') = ¢ - SMPT .t/ = 0
Co(p,£) =pT - £

4.3.2 Decision-making Analysis for South Korean DRTM

If the total profit of a residential client with participation in a DR program is greater than the total profit of
him/her without participation in a DR program, the residential client will participate in the DR program. It
is the basic idea of decision-making based on the Cost-Benefit Analysis.

max I (x; ¢, v') — max Iy(x; ¢, 1) > 0
X X

{Bl (¢7 I'/, SMP) - C’l (X; p, e,)} - {BO(Qba rlv SMP) - CO(p»‘e)} >0
= {B1(¢,r',SMP) — By(¢,r',SMP)} — {C1(x;p, £ ) — Co(p,£)} >0

(¢-SMPT v/ —0) — [{pT - & + pE28) ()7 4 ryg)dT - x} — pT - £] > 0
é-SMPT . ¢/ > HPT 0+ 6(?17;1?18) (ri7 + Tlg)dT . X} —pT. 4

9> HPT'elﬂLﬁ%ﬂ(ﬁ?wLms)dT'X} *PT'E} X SMPTw

Therefore, only when the proportion to SMP for a residential participant (¢) is greater than the ratio of the cost
differential (AC) over the benefit differential (A B), the residential client will participate in the DR program
and it is sustainable. If the slop (f) of the line connecting the origin and the point (x coordinate of the benefit
differential and y coordinate of the cost differential) is greater than ¢, there is no incentive for the residential
client to participate in the DR program.

If, >0 = DR Participation,
If, p <6 = No DR Participation,
If, p =0 = No Difference (indifferent).

where,

6 : ratioofthe costdifferential (AC) over the benefit differential (A B) between

two cases, DR participation and no DR particiation (status quo),
A(Ci=Co) _ AC
A(B1*Bo) — AB-

We will do the Decision-making Analysis based on CBA in the ‘reference scenario” under the following as-
sumptions:
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Box 4.1: Assumptions of ‘Reference Scenario’ (South Korean DRTM)

1. Required flexibility level:

+ 40%, once this level is decided then the required load reduction, r will be given
2. CBL estimation method:

. cBLVMA | gap
3. Tariff scheme:

- uniform tariff scheme both for No DR participation and DR participation,

. 0.124 Korean Won, ®/Wh, p* =c¢=0.124,t € T = {1,2,...,24}

4. Inconvenience costs:
« linear model for inconvenience cost function in terms of the time distance
« =05

5. SMP:

« SMPs of DR event day (2016-08-12)

()

The benefits for No DR participation and DR participation are easily calculated.
BO = 0, Bl = 17.34, o, AB = Bl — BO =17.34

Moreover, The total costs without the DR event have nothing to do with the decision variable, x, therefore, it
is easily calculated, too. Thatis, Cy = 1991.71.

For the optimization of the total costs, we need to find the decision variables (solution), x, that minimize the
total costs.

+
Cixip ) = pF- (£=1)+ (7 + o) {7 + 5T g

scalar X
optimization: min Cost
X

The first part of the total costs is a scalar value, and it is also easily calculated, which is 1963.62.

Therefore, the objective function of the optimization (linear programming) will be:

min f(x) = min {PT + 57@17 + plB)dT} X

2 (4.26)

coefficient row vector

and, the constraint equations and inequalities of the optimization (linear programming) are the following.
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subject to the constraints,

lzy+1- 290+ +1-297+1 - 298+...1- 294 = 1
1 1lox;4+0-2294---4+0-2174+0-218+...0- 204 < %'61
2 O0-xz1+1-2z9+---4+0-2174+0-218+...0-294 < T_ﬁﬁm)-fz
: : <
- 4.27)
17 0-214+0-2904+---+1-2174+0-218+...0-294 = 0
18 021 4+0-224+--4+0-217+1-218+...0-724 = 0
: : <
| 24 0O-214+0- 29+ +0-2974+0- 298+ ... 1 294 < ("‘1%27'418_).€24

I solved this linear programming relying on the R Package called “lpSolve’ (Berkelaar and others, 2015)
which means ‘linear programming solve’. In terms of the stochastic feature of this modeling, that is the
variable ‘Cap’ in the above constraint equations and inequalities, I have used the command set.seed ()
for the reproducible research result and reconfirm the numerical result again.

After solving this linear programming, the solution, the decision variable x which minimize the cost func-
tion, is:

1 16 19 24
xT=1(0 .. 0678 0 0322 ... 0)

The following Figure 4.5 represents the actualized loads with the solution for the optimization (linear pro-
gramming) and the loads without DR participation.

1,000 -

800 -
> wio DR
= L]
S with DR
600 -
400~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 4.5: Actualized Load Comparison between without DR and with DR Par-
ticipation (Wh, South Korean DRTM)

With this solution, the value of the minimized cost function is:
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pT + gt gTl .y — 0,186
(ri7 + 1) {pT + pRIESIGTL . x — 4214

pl (€ —1)+ (ri7 +718) {pT + BMdT} ‘x = 2005.76
p ¥~ o 2

1963.62
42.14

Therefore, AC = C7 — Cy = 2005.76 — 1991.71 = 14.05, and the differential Cost-Benefit ratio is

_ AC _ 14.05 _
0= AB — 17.34 — 0.810

Interpreting this 6, the differential Cost-Benefit ratio, under this scenario (a series of assumptions), only
when ¢ is greater than or equal to this § = 0.810, this DR program is attractive to this residential client
and the DR program is sustainable. In other words, if ¢ value is greater than 0.810, it is better to participate
in this DR program than no status quo in terms of the profit optimization (cost minimization). Figure 4.6
shows that when ¢ is equal to 1, the red point, which represents the differential Cost-Benefit ratio, is in the
sustainable area (gray area under the phi line, y = 1 - ) in the Cost-Benefit plane.'”!

Cost-Benefit Plane
DR vs without DR

0=0.8098

30

20

A Cost
10
|

-10

¢ =1 grey zone: DR participation
T I I I T

-20 -10 0 10 20

A Benefit

Figure 4.6: Cost-Benefit Plane: DR vs. without DR

1Y For this ‘Cost-Benefit Plane’, I utilized with some modification the R Package ‘BCEA’ created by Baio, Berardi,
& Heath (2017; 2018)—BCEA stands for ‘Bayesian Cost Effectiveness Analysis’.
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4.4 CBA onthe French NEBEF Mechanism

In the French NEBEF mechanism, there are two types of DR: 1. load shedding (TEffacement de
Consommation’) and 2. load shifting (‘le Report de Consommation’). It is the difference between South
Korea and France that in South Korean DR mechanism two types of DR are not clearly divided as long as the
DR participants could reduce their electricity consumption at the peak period (required DR event time). The
DR system operator does not care whether the participants purely reduce their loads or they shift their load
to the later other time slots. Instead, the Demand Resource Trading Market of South Korea categorizes two
types of trade: ‘economic’ DR resources and ‘reliability” DR resources. However, in the NEBEF mechanism,
RTE makes two types of DR distinct." Therefore, in this section, I will also make a distinction between
them and will set up two models with small modifications for them.

While for the enrolled reliability DR resources the DR system operator makes a request (or order via LAs) to
reduce the DR participants’ loads during the DR event time in South Korean DR mechanism, in the NEBEF
mechanism, whatever it is load shedding or load shifting, there is no this kind of request (or order, call) to
LAs—which means there is no reliability DR resource trading in the NEBEF mechanism, only for the eco-
nomic DR resources. It seems that LAs first declare their DR resources (capacity) to the DR system operator
and get the certificates, and in the end, bid at the wholesale market. It means that LAs can calculate them-
selves and then decide how much and when they will provide load shedding or load shifting. Because the
amount of load shedding or load shifting is up to LAs, it is very arbitrary. For the systematic analysis, I will
go further in line with the process applied to the South Korean case in terms of the amount of load shedding
or load shifting.

The following Figure 4.7 and Table 4.7 are used to calculate ‘MinBase’, ‘Maximum Reducible Capacity’, and
40%, 30%, 20% of it (Fig. 4.8 below and Tab. A.17 in Appendix A: Supplementary Figures & Tables). Here,
in this French case, the terms ‘Required Reduction Level” and ‘Required Load Reduction’ have changed into
‘Target Reduction Level and Target Load Reudction’ because LAs can choose and then declare it to RTE
themselves.

Bol 9 According to the distinction in South Korea, we can categorize the two types of the French NEBEF mechanism as

economic resources and the economic DR program. As we have seen that in Chapter 2, Section 2.4, in South Korea, we
donot have a CRM (Capacity Market), therefore, kind of capacity resources participate in the South Korean DR program
as reliability resources. In contrast, in France, there is the CRM, and other markets are all open for DR resources, there
is no need to include this reliability resource in the NEBEF mechanism.
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Figure 4.7: Cumulative Density Function of the Maximum Reference Days (20
days prior to Jan. 18, 2016)

Source: The original load data before rescaling, RTE’s PORTAIL CLIENTS, “Historique
des consommations journaliéres en puissance”, [On-line], Available: https:
//clients.rte-france.com/lang/fr/clients_traders_fournisseurs/
vie/vie_stats_conso_inst.jsp

Table 4.7: The Percentiles of the Cumulative Density Function of the Maximum
Reference Days (W)

0% 5% 25% 50% 75% 95% 100%
516 566 656 706 791 867 932

Source: The original load data before rescaling, RTE’s PORTAIL CLIENTS, “Historique des consommations journal-
iéres en puissance”, [On-line], Available: https://clients.rte-france.com/lang/fr/clients_traders_
fournisseurs/vie/vie_stats_conso_inst.jsp
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Figure 4.8: The Remained Loads according to the Target Load Reduction Level
(20%, 30%, 40%, Max, and CBL) (W)

| Comparison to South Korean Case: Fig. 4.2 ‘

4.4.1 A Model for the Case of Load Shedding

The model remains almost the same as the model for the South Korean DR mechanism and its CBA. However,
some specific elements, for example, half-hourly data, need modifications to represent the characteristics of
the NEBEF mechanism and the distinction between load shedding and load shifting in the NEBEF mecha-
nism.

In the following equation, we can notice that there is no x variable, which represents the weights or coef-
ficients of the load shifting, in the cost part. Therefore, we can regard the following model as the original
model with zero x variable.

max (r; ¢, v, SMP, v, 3, coefN¢) = B(¢,r’, SMP,v) — C(r; 3, coef N©) w8)
4.2
:fo(r377 7383 ¢7 7’%% TgSa SMP37, SMPsg, vs7, vss, B: Coefg‘gcv Coe 3§c)

The target load reductions are non-negative, r; € R4, for the DR event times, ¢ = 37 and ¢ = 38, and ‘0’
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(zero) for the other time slots.

1 0
T36 0
37 r37
r= 1r = = (4.29)
38 38
739 0
748 0
where,
r : acolumn vector consisting of the target load reductions for each time slot,
especially, for the DR event times,
r37 > 0,738 > 0,71 =1g =+ =136 =739 =+ =148 = 0.

For example, we can define r2°, r30, r40 for the target load reduction vector when the target flexibility is
20%, 30%, and 40%, respectively (Fig. 4.8 and Tab. A.17).

20% 30% 40%
0 0 0
20 0 30 0 40 0
YT I s920 |0 T [ ssso | 0T T | 11840
62.55 93.83 125.10
0 0 0
0 0 0

The actually consumed loads without the DR event, which means ‘0’ (zero) reduction r37 = 0 and r3g = 0
fort = 37andt = 38:

41
lo

0= 0 = | ¢35 (4.30)
38

U8

where,

{ £ : acolumnvector consisting of the actually consumed loads for each time slot,
teT=1{1,2,...,48}.
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This actually consumed loads will decrease when there is a DR event (in this case, load shedding), therefore
there will be load reductions for t = 37 and t = 38, and here we assume that there is no increase for other
time slots (no load shifting from ¢ = 37 and t = 38). It means all elements of the vector x are ‘zero (0)" in
the Equation 4 . 10 because the vector x represent the proportion to the entire load reduction to shift to other

time slots.
, /1 0
1 ) )
! . .
A : :
. 36 0
, /

=1 = e | =l—1r= 3T | | T (4.31)
y 38 38
, : :
48 648 0

Let us define a column vector of CBL’ in which all the elements are ‘0’ (zero) except 37™ and 38™ elements,
and those are C B Ls7 and C B Lsg, respectively,

1 0
2 0
CBL' = 37| CBLsy (4.32)
38 | CBLsg
48 0

and a column vector of £’ (double prime of £) in which all the elements are ‘0’ (zero) except 37 and 38t
elements, and those are /4, and g, respectively.

0 0 0
0 0 0
- g7 _ l37 _ a7 (4.33)
58 {38 38
0 0 0

Note that the target load reduction r and actualized load reduction r’ are different. For the target load re-
duction r, the residential participant will reduce this amount from the original loads ({37, ¢3g). Then, the
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actualized load reduction r’ can be calculated:

0 0 0
0 0 0
v"=CBL —¢"=| CBLy; | —| &, | =| 74 (4.34)
0 0 0
where,
{ £ acolumnvector consisting of the actually consumed loads with the DR event
foreachtimeslot, ¢t € T'= {1,2,...,48}.

For the actualized load reduction the LA will be remunerated at the level of SMP in the wholesale market
(EPEX) and the LA should transfer the fixed amount (v) to the electricity supplier with which the residential
participant made the contract of the electricity consumption—this transfer is ‘un versement de lopérateur
d’effacement aux fournisseurs d’électricité des sites de soutirage concernés’."”' This fixed amount is different
depending on whether it is ‘les Sites de Soutirage Profilés’ or ‘les Sites de Soutirage Télérelevés’, the time of
the day (‘heures Basses’ and ‘heures Hautes’), a day (weekdays and weekends), a quarter in a year, and the
tariff option.

At this stage I am going to consider the ‘Versement’ (transfer) for ‘les Sites de Soutirage Profilés en option
tarifaire Base (1)’ which is 43.58 €/MWh"* both for ‘heures Basses” and ‘heures Hautes’ even though this re-
search is focusing on the residential participants equipped with the AMI ('les Sites de Soutirage Télérelevés’).
In the SA (Section 4.5), I am going to verify the impact of the change in the level of “Versement’ (v).

t V¢
1 [43.58
2 | 43.58
v=. : (4.35)
48 \ 43.58

After this transfer to the electricity supplier, the remaining remuneration will be divided between the LA and
the residential participant.™ For the proportion (¢)) between the LA and the residential participant, let us
assume ‘1’ as a default value for ¢ in the ‘reference scenario’ which means that all the remuneration will be

M(9RTE (2018a, pp. 91-103), 9. Versement dfi aux fournisseurs des sites effacés; RTE, 2018, “Les montants du verse-
ment du mécanisme NEBEF”. [On-line], Available: https://clients.rte-france.com/lang/fr/clients_
traders_fournisseurs/services_clients/dispositif_nebef_montant.jsp

(21 This is equivalent to the supply (provision) costs (‘le cofit d’approvisionnement en énergie’) and it is defined in the
last report on the regulatory tariff of the electricity sold published by the CRE. Please, refer to the following document:
CRE, (2018), Délibération de la Commission de régulation de I'énergie du 12 juillet 2018 portant proposition des tar-
ifs réglementés de vente d’électricité, [On-line], Available: https://www.cre.fr/content/download/19519/
234917

B3l Therefore the accessible remuneration level (net remuneration) for industrial participants is given as the follow-
ing (ADEME, E-CUBE Stragegy Consultants, & CEREN, 2017, pp. 29—-30):

(Prix de marché [€/MWh] — Montant du versement [€/MWh] — Coflit d’activation) x Volumes effacés [MWh]
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paid for the residential participant and there is no gain divided for the LA. Therefore, the net remuneration
for the residential participant will be the following (Eq. 4 . 36):

B(¢,SMP,v,r') =¢(SMP —v)T ./

0
0
; (4.36)
:gb( SMP, —v; SMPy — vy ... SMPug — vug ) vl
ris
0
where,
10) . the proportion to (SMP - v) for a residential participant, therefore, the pro-
portion to (SMP - v) for a load aggregator is (1-¢),
0<¢<1
SMP : avectorof SMP,
v . avector of transfer (‘'versement’) to the electricity supplier.

In the following Fig 4.9,""* the gradation color bar from blue to yellow means the average SMP in a month and
the dashed green line throughout the entire year means the annual average SMP, that is 36.99 EUR(€)/MWh
in 2016—34.88 EUR(€)/MWh in 2014 and 38.71 EUR(€)/MWh in 2015. It shows the high variance of SMP
in 2016, especially during the fourth quarter, compared to that of 2014 (Fig. A.29) and 2015 (Fig. A.30), con-
sidering the standard deviation (Std.Dev), the difference between minimum (Min) and maximum (Max) in
Table 4.8 and the outliers in Figure 4.10).

04 YYou can find Figure A.29 and A.30 which represent the time series SMP data in France, 2014 and 2015 in Appendix
A: Supplementary Figures & Tables.
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Figure 4.9: SMP, France in 2016 (EUR(€)/MWh)

Source: “Prices - EPEX Spot Market Auction - France”, EPEX, [On-line], Available: http://
www . epexspot.com/fr/donnees_de_marche

Comparison to South Korea: Fig. 4.3 |
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Table 4.8: Descriptive Statistics of SMP in 2014, 2015, 2016 (France)

2014 2015 2016
Mean 34.63 38.48 36.75
Std.Dev 13.91 12.95 24.44
Min -2.12 0.02 -10.69
Q 24.60 29.28 24.30
Median 34.11 39.02 32.44
Q3 44.71 47.20 44.06
Max 96.69 123.46 874.01
MAD 14.81 13.36 13.67
IQR 20.10 17.92 19.75
Cv 0.40 0.34 0.67
Skewness 0.19 0.19 14.12
SE.Skewness 0.03 0.03 0.03
Kurtosis -0.32 0.65 432.69

N.Valid 8759.00 8759.00 8783.00
Pct.Valid 99.99 99.99 99.99

2014 —.—
:‘S‘ 201 :
L 2015
2016 —.—
0 250 500 750
SMP

Figure 4.10: Raincloud Plots of SMPs in 2014, 2015, 2016 (France, €/ MWh)

Credit for Raincloud Plots: Allen et al. (2018, 2019)

Focusing on the SMPs fort = 37 and t = 38, which is the SMP at 7 p.m. (19:00), on Monday, Jan. 18, 2016
in France, it was the following (Tab. 4.9). For the calculation, if we translate it into cts (centimes) €/Wh it is
0.007307 cts €/Wh.
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Table 4.9: The SMP for the DR Event (NEBEF) Times (€¢/MWh)

2016-01-18
t=37 t=38
SMP - 73.07 73.07

Source: “Prices - EPEX Spot Market Auction - France”, EPEX, [On-line], Available: http://www.epexspot.com/
fr/donnees_de_marche

If there is no DR event and no target reduction, the net benefit will be zero, ‘0" because ; = 0, where,
teT={1,2,...,48}.

When it comes to the cost function for the load shedding case of the NEBEF DR event, basically it is the same
with the cost function (Eq. 4. 15) of the previous model applied to the South Korean case except that the
second part, ‘additional inconvenience costs (INC)' is not derived from the load shifting but from the load
shedding itself—in that sense it can be regarded as ‘Participant Value of Lost Service’ (Woolf et al., 2013, pp.
v-vi). This additional inconvenience is that due to load shedding we cannot consume the electricity and we
cannot fulfill associated activities with this electricity consumption, so it causes some loss of the welfare from
the consumer’s perspective—loss of the marginal utility. If it were the industrial sector, these additional in-
convenience costs are equivalent to the activation cost of NEBEF. For example, due to this load reduction, the
factory should be stopped and restart again later, the factory cannot meet the planned production schedule,
and so forth."™

In terms of the retail price of the uniform tariff scheme (p" in the Equation 4. 16), I could use the price of
the tariff scheme ‘Tarif de Base (Blew)’ for an average power rating"®'—it was 14.67 cts €/KWh (= 0.01467
cts €/Wh)."” However, I am going to use the average retail price for electricity because I am focusing on an
average household using the rescaled load profile. The following Table 4.10 shows the unit average retail price
for residential usage in 2010, 2013, 2014, 2015, and 2016.

Table 4.10: The Unit Average Retail Price for Residential Usage (Euro, €/ MWh)

2010 2013 2014 2015 2016
124.4 146.7 153.5 159.4 164.8

Source: IEA, 2017, Electricity Information 2017, IEA, Paris p. IV.8, Table 2d. Electricity prices for households in national
currency/MWh.

For the retail price of the ToU tariff scheme (p*" in the Equation 4 . 16), at this stage, I am going to use the

tariff scheme of ‘Option Heures Creuses’ of EDF in which the price is 16.00 cts €/KWh (= 0.016 cts €/Wh)
for peak time (‘Heures Pleines’, between 8 a.m. and 8 p.m.) and 11.14 cts €/KWh (= 0.01114 cts €/Wh) for

(519 Of course, if the factory is equipped with back-up generators, and it is running the back-up generators while re-
ducing the electricity consumption from the system, there would be no interruption for the planned production sched-
ule. In this case, the additional inconvenience costs are the operating costs of the back-up generators.

Bl YEDF, 2018, “Tarif Bleu: le tarif réglementé de vente de I'électricité”, [On-line], Available: https://
particulier.edf.fr/fr/accueil/offres/electricite/tarif-bleu.html

0715 Applicable from August, 2015 to July, 2016. EDF, 2015, “Grilles tarifaires de l'offre de fourniture d’électricité
«Tarif Bleu»”, [On-line], Available: https://particulier.edf.fr/content/dam/2-Actifs/Documents/

Offres/Grilles%20des%20tarifs_TB_082015.pdf
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off-peak time (‘Heures Creuses’, between 8 p.m. and 8 a.m.).""®!

t piou

1 [0.01114
2 1 0.01114
15 | 0.01114
16 | 0.01114
17 | 0.01600
18 | 0.01600

pt = . ; (4.37)

39 | 0.01600
40 | 0.01600
411 0.01114
42| 0.01114
48 \ 0.01114

Instead of the vector of time distance d in the Equation 4. 22, here I am going to generalize it to represent
the coefficient of inconvenience due to load shedding (also, it can be applied to load shifting later). The co-
efficient vector coefNC can vary depending on each residential participant’s different condition, perception
on inconvenience for each time slot. Here, let us set this value as ‘1’ for all the time slots, which means for
this residential participant the degree of inconvenience due to the load shedding is all the same across the
time slots. Later, in the SA section (Section 4.5), I am going to modify this generalized inconvenience vector
coef'NC in order to represent several different conditions and perceptions on load shedding and load shifting
for different participants.

CoefN¢ 1
Coefy\® 1
CoefiiC 1

CoefNC = CoefN® = | CoeffN¢ [ =1 1 (4.38)
Coefis” 1
Coefiy® 1
Coe 41;3“: 1

where,

{ coef N :  avector of generalized coefficients representing additional inconvenience of
load shedding (or load shifting), t € T' = {1, 2,...,48}.

B89 Applicable from August, 2015 to July, 2016. EDF, 2015, “Grilles tarifaires de l'offre de fourniture d’électricité
«Tarif Bleu»”, [On-line], Available: https://particulier.edf.fr/content/dam/2-Actifs/Documents/
Offres/Grilles%20des%20tarifs_TB_082015.pdf
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With this generalized inconvenience vector coef'NC, the formula for I N C for load shedding is the following:

+
INC, = BWCOGQNC . @39
INC;
INCy n
INC = . = 6(17372]938) - diag(coefN¢ @ 1) (4.40)
INCyg
where,
INC; : additional inconvenience costs,
teT={1,2,...,48},
15} . the relative ratio of inconvenience to the unit present value of the electricity
consumption at the DR event time,
(W’LQP‘?’S) the average retail price fort = 37 and ¢t = 38,
CoefiN¢ : ageneralized inconvenience coefficient for each time slot,
teT=A{1,2,...,48},
Tt . load reduction at the DR event time slot,
teT =1{1,2,...,48},
diag(.) : acolumn vector consisting of diagonal elements,
coeffN¢ @ : outer product of the two vectors.
+
Total INC = g P37 T P38) . anc (4.41)

Likewise, as we have assumed that the default value of 5 = 0.5 for the CBA of the South Korean case, let
us start with 5 = 0.5 and then, in the SA, we are going to modify the value of 3 representing different
participants’ perceptions on the value of willingness-to-accept (WTA) for the inconvenience to reduce their as
usual loads.

In summary, the functions for the total benefits and total costs of the NEBEF DR event (load shedding) are
the following:

Bi(¢,r',SMP,v) = ¢(SMP —v)T . v/
01 (I‘; P, fl, B, CoeleC) = pT : el + 57(1737‘51’38) (CoefINc)T - r

In the case of no NEBEF DR event (load shedding) (status quo):

Bo(¢,1',SMP,v) = ¢(SMP —v)T .1/ =0 - r' =0
Co(p,£) =pT - £
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4.4.2 Decision-making Analysis for the Case of Load Shedding Based on CBA

The basic idea of the decision-making analysis for the case of the load shedding NEBEF mechanism based on

CBA remains the same except the following inequality conditions which reflect the modification of the model
for load shedding.

if SMP — v)T .t/ > 0, then 0 should be less than ¢ (¢ > 6):

¢ > |:{pT . £’ +,8W(CoeleC)T . I‘} — pT ﬁ] X m

if (SMP — v)T . v’ < 0, then 0 should be greater than ¢ (¢ < 0):

b < HpT O+ /3(1337-51)38) (CoefINC)T ) r} —pT -E] % (SMPiv)T-r’

We will do the Decision-making Analysis based on CBA in the ‘reference scenario” under the following as-
sumptions:

Box 4.2: Assumptions of ‘Reference Scenario’ (Load Shedding, French NEBEF)

1. Target flexibility level:

« 40%, once this level is decided then the required load reduction, r will be given
2. CBL estimation method:

. CBLan.lO
3. Tariff scheme:

- uniform tariff scheme both for No DR participation and DR participation

+ 0.01648 cts €/Wh, p* = ¢ =0.01648, t € T = {1,2,...,48}

4. Inconvenience costs:
« linear model for inconvenience cost function in terms of the time distance
. =05

5. SMP:

« SMPs of DR event day (2016-01-18)

)

The following Figure 4.11 shows the resulting actualized loads with DR participation considering only load
shedding, not load shifting.
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Figure 4.11: Actualized Load Comparison between without DR and with DR
Participation in NEBEF Mechanism (W)

In this situation, the differential of benefitsis AB = By — By = 0.01053191, and the differential of costs is

AC = C1—Cy = —2.008847. Therefore, the ratio of cost-benefit differential (#) is 6 = % = —190.739.

In the following Figure 4.12, the red point represents the coordinates of AB and AC, and § means the slope
of the line which connects the origin with the red point. As can be seen in the Figure, the red point is in the
grey zone and the value of 6 is less than the value of ¢. That means the net benefits with the DR participation
are greater than the net benefits without the DR participation, and therefore the residential client will decide
to participate in it.
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Figure 4.12: Cost-Benefit Plane: DR vs. without DR (NEBEF, Load Shedding)

4.4.3 A Model for the Case of Load Shifting

The model remains almost the same as the model for the load shedding case of the NEBEF mechanism. How-
ever, some specific elements need modifications to represent the characteristics of the load shifting in the
NEBEF mechanism. In the following equation, we can notice that there is x variable like Equation 4. 5 for
the South Korean case, which represents the weights or coefficients of the load shifting, in the cost part.

In the French NEBEF case, load shifting ‘le Report de Consommation’ literally means the postponement or
delay of consumption. Therefore, we have assumed that it is only possible to shift reductions to the later time
slotsthant = 37 and ¢ = 38. As a consequence, all the the values of x for time slots from ¢ = 01 tot = 37
and t = 38 are zero (0),"”' and all the values of x for time slots from ¢ = 39 tot = 48 are greater than or
equal to zero (0). This is one of the differences between the French NEBEF load shifting case and the Korean
DRTM case in which we have assumed that it is also possible to shift reductions to the earlier time slots than
the DR event period, t = 17and ¢t = 18.

max (r,x; ¢, v, SMP, 3, p, coef N¢) = B(¢,r', SMP,v) — C(r, x; 3, P, Coef \°)
X

’ (4.42)
=fo(rs7, 138, T1, T2, - - -, Tas} D, Tz, Thg, SMP37, SMP3s, v37, Uss, P37, P3s, Coefsy-, CoefsyC)

191 9In other words, again, the zero values for x at the time slots ¢ = 37 and ¢ = 38 mean there is no partial load
shedding, which is, all the required load reduction will be fulfilled and shifted other time slots. Also, the zero values for
x at the time slots between ¢ = 01 and t = 36 mean there is no load shifting to the time slots before the DR event times
because it literally means the postponement of the loads in French NEBEF mechanism.
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T 0
xI37 0
X= xt = | x38 | = 0
Z39 Z39
L48 L48
where,
x : acolumn vector consisting of the proportions to the total target load reduc-
tion that will be shifted to other time slots, t € T' = {1,2,...,48}, except
fromt =01tot = 37andt = 38.

subject to the constraints,

48
S a1
t=1
T1,%2,..., 037,38 =0
r39,...,%48 = 0
Cap
t
T39,. .., 048 < —— Ly
(37 +738)
where,
Cap : avector of the capacity factor, which represents the potential capacity to

accept some part of the total required load reduction. In order to repre-
sent ‘stochastic’ capacity, individual property, daily conditions, it is ‘random
number’ (pseudo-random number) from uniform distribution between ‘o’
and required flexibility level (RFL),
Cap ~ U(0, RFL)
0 < Cap; < RFL
teT=1{1,2,...,48}

RFL : reuiqred flexibility level, such as, 0.2 (20%), 0.3 (30%), 0.4 (40%), or 1 (max).

(4.43)

(4.44)

The target load reductions are the same with the load shedding case of the NEBEF mechanisms (Eq. 4 .29)
as well as the actually consumed loads without the DR event. However, in this load shifting case, the actually
consumed. loads with DR is different from those of the load shedding case because we need to consider the
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load shifting and the variable x. Moreover, the following £’ is used for £”, and in turn, r’.

4

/

87

39

"0

A (4.45)
/1 0 0
l37 r37 0

= l38 = 38 + (rg7+r3)| O

{39 0 Z39
Uy 0 T48

The benefit function remains the same with the load shedding case of the NEBEF mechanism, but the cost
function is different, especially for coefNC. This time coefNC represents the additional inconvenience of load
shifting to the later time slots after the DR event time slots.

CoefiN¢ 0
CoefiN¢ 0
Coe 352 0
NC _ Nne _ | Coets7 _ 0
Coef NC = Coeﬁ = Coe 3§C = 0 (4.46)
Coe ?%Z 1.0
Coe 40 1.1
Coefls” 1.9
where,
{ coeffN¢ : avector of generalized coefficients representing additional inconvenience of
load shifting (or load shedding), t € T' = {1, 2,...,48}.
_|._
INC; =p3 (p372p38)CoeﬂNC(r37 + r38) 71 (4.47)
INCy
INCy
INC = . = 5(]937;]938)(7“37 + 738) - diag(coef © © ) (4.48)
INCyg

131 0f 247



Chapter 4. Cost-Benefit Analysis of Dem - 4.4. CBA onthe French NEBEF Mechanism

where,
INC; : additional inconvenience costs,
teT=1{1,2,...,48},
B . the relative ratio of inconvenience to the unit present value of the electricity
consumption at the DR event time,
(W’LQP?’S) . the average retail price fort = 37 and ¢ = 38,
(rs7 +rsg) : the totalload reduction for t = 37 and ¢t = 38, and it is the amount to be
shifted to other time slots,
CoefiN¢ : ageneralized inconvenience coefficient for each time slot,
teT={1,2,...,48},
x4 . proportion to the total load reduction,
teT={1,2,...,48},
diag(.) :acolumn vector consisting of diagonal elements,
coefN¢ ® x : outer product of the two vectors.
Total INC = BM(W + 738) (coef M) T - x

2

In summary, the functions for the total benefits and total costs of the NEBEF DR event (load shifting) are the
following:

Bi1(¢,r',SMP,v) = ¢(SMP — v)T ./
C1(r,x;p, 2, 3,coefNC) = pT - £/ + ﬁi(pmgpgg) (137 + 738) (CoefN)T - x

In the case of no NEBEF DR event (load shifting) (status quo):

Bo(¢,1',SMP,v) = ¢(SMP —v)T .1/ =0 - r' =0
Co(p,£) =p™* - ¢

4.4.4 Decision-making Analysis for the Case of Load Shifting based on CBA

The basic idea of the decision-making analysis for the case of the load shifting NEBEF mechanism based
on CBA remains the same with the case of the load shedding NEBEF mechanism except for the following
inequality conditions which reflect the modification of the model for load shifting.

if SMP — v)T .t/ > 0, then 0 should be less than ¢ (¢ > 6):

¢ > |:{pT . £l + ,BW(T:;? + ng)(Coet‘INC)T . X} — pT . ﬁ] X m

if (SMP — v)T . v’ < 0, then 0 should be greater than ¢ (¢ < 0):

132 0f 247



Chapter 4. Cost-Benefit Analysis of Dem - 4.4. CBA onthe French NEBEF Mechanism

We will do the Decision-making Analysis based on CBA in the ‘reference scenario” under the following as-
sumptions:

Box 4.3: Assumptions of ‘Reference Scenario’ (Load Shifting, French NEBEF)

1. Target flexibility level:

« 40%, once this level is decided then the required load reduction, r will be given
2. CBL estimation method:

. CBLan.lO
3. Tariff scheme:

« uniform tariff scheme both for No DR participation and DR participation

. 0.01648 cts €/Wh, p* = ¢ =0.01648, t € T = {1,2,...,48}

4. Inconvenience costs:
« linear model for inconvenience cost function in terms of the time distance
- f=0.5

5. SMP:

« SMPs of DR event day (2016-01-18)

)

Like the Korean DTRM, the objective function of the optimization (linear programming) will be:

min f(x) = min {pT + 5(p37+p38)((:0ef1NC>T} x

2 (4.49)

coefficient row vector

and, the constraint equations and inequalities of the optimization (linear programming) are the following.

subject to the constraints,

l-z9+--+1-2374+1-238+0-239+---+0-247+1-248 = 1
1 lozp+--+0-237+0-238+0-239+---+0-247+0- 248 =
37 0-x1+---4+1-237+0-238+0-239+---4+0-247+0-248 = 0
38 0-z1+---+0-237+1-2384+0-239+---+0-247+0-248 = 0
39 014+ 0-237+0-238+1 239+ +0-247+0- 248 < 05:%'539
: : <
48 0 xy+--+0- 237 +0-238+0 239+ +0-247+1-248 < #%'648

(4.50)

The following Figure 4.13 shows the resulting actualized loads with DR participation considering only load
shifting, not load shedding—loads shifted to the time slots ¢ = 39 and ¢t = 40 as a result of the optimization
of the costs considering stochastic conditions.
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Figure 4.13: Actualized Load Comparison between without DR and with DR
Participation in NEBEF Mechanism (W)

In this situation, the differential of benefitsis AB = B — By = 0.01053191, and the differential of costs

is AC = Cy —Cy = 6.076184. Therefore, the ratio of cost-benefit differential (6)is § = % = 576.9307.

In the following Figure 4.14, the red point represents the coordinates of A B and AC, and § means the slope
of the line which connects the origin with the red point. As can be seen in the Figure, the red point is out of
the grey zone and the value of § is much greater than the value of ¢. That means the net benefits with the DR
participation are less than the net benefits without the DR participation, and therefore the residential client
will decide not to participate in it.
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Cost-Benefit Plane
DR vs without DR
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Figure 4.14: Cost-Benefit Plane: DR vs. without DR (NEBEF, Load Shifting)
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4.5 Sensitivity Analysis

SA is the study of how the variation (uncertainty) in the output of a statistical model can be attributed to
different variations in the inputs of the model (Saltelli et al., 2008; Sharifi et al., 2016), and a method for
systematically changing variables (parameters) in a model to correctly predict the resulting impact on the
outputs (Sharifi et al., 2016).

In order to deal with uncertainty, scenarios and a SA are useful components of the CBA. The goal of the SAisto
find the range of variables thatlead to a positive outcome of a CBA in order to understand the robustness of the
analysis. The approach to scenarios and sensitivities that has been developed to do so is designed to identify
the ‘breaking points’ (thresholds) of the DR policy. That is, in which set of circumstances and assumptions
the modeled policy does turn from net positive to negative (or vice versa) (Hoch et al., 2014, p. 5).

For the SA, it is possible to set up a couple of scenarios under different assumptions regarding its design
and implementation: a plausible, internally consistent and robust DR base (reference) case, a corresponding
counterfactual case (the ‘without DR’ case), and other cases with more constraints on assumptions, with
the variations of key parameters. In the protocol of California Public Utilities Commission (CPUC) (2010,
p- 12), it is said that the key variables are the variables that are 1) substantially uncertain and 2) likely to have
a significant impact on the main test calculations. Therefore, the main parameters or variables for scenarios
and SA can be underlying demand—including the needs for additional generation capacity or withdrawal of
capacity—, retail tariff, SMP, the level of remuneration for DR resources, the proportion of the LA’s profit to
the remuneration, temperature, discount rate, time horizon (like capital amortization period), CO, prices or
fuel prices, and so forth.

4.5.1 SA for the CBA of the South Korean Case

Following the CBA and Decision-making Analysis of the residential sector in South Korea in the Section 4.3,
under the conditions (assumptions) of the ‘reference scenario’ with DR program, in order to represent the
possible different situations in terms of the stochastic characteristics of the acceptable capacities for every
time slot, I have simulated 1,000 times with 1,000 different vectors of Cap, and obtained the mean value of
6. Figure 4.15 shows the result of the simulation, where the 1,000 grey points represent the 1,000 times of the
simulation and the red point indicates the mean value of 6. The value of # was 0.810 with one specific Cap
vector in Subsection 4.3.2 on the page of 113, but as I increase the number of simulation times, it is approach-
ing to the value of 0.886. Therefore, under these conditions, where the /3 value is 0.5 and the uniform tariff
scheme, linear inconvenience cost function, we can conclude that the average value of 6 is 0.886. It means
that the ¢ value should be atleast equal to 0.886 or greater than this—1 is the maximum value for ¢. In other
words, it means that the transfer from an LA to the DR participants must be higher than 88.6% of the SMP
paid to create incentives for consumers to participate in the DR program. This result gives an insight for LAs
in terms of the incurred management costs of DR programs.
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Figure 4.15: 1,000 Time Simulation in terms of the Different Values of ‘Cap’
Variable and Mean 6 Value

4.5.1.1 Impacts of the Changes in the Value of

Figure 4.16 shows the SA in which I verified the value of § according to the different 3 values, from 0.5t0 1.5
increasing by 0.1 (Box 4.4). As the 3 value means the relative value of the inconvenience to the present value of
the electricity consumption at the time slot of the DR event, increasing 3 value means that a residential client
will be more reluctant to participate in a DR program where the residential client is asked not to consume the
electricity now but asked to shift one’s electricity consumption to backward (before the DR event time slots)
or delay forward (after the DR event time slots). In the Figure, 11 sets of 1,000-time simulations for each
value have done, and 11 points indicate the mean 6 values corresponding to each [ value. As can be seen, the
points of the average 6 values between § = 0.6 and § = 1.5 are out of the maximum ¢ line. Therefore if 3
values are between 0.6 and 1.5, this DR program cannot attract this residential client to participate in even
if it is paid at the maximum level of the DR remuneration (¢ = 1).
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Box 4.4: Assumption Changes from ‘Reference Scenario’: Inconvenience Costs (South Korean DTRM)
1. Required flexibility level: 1. Required flexibility level:
. 40% = r10 . 40% = 10
2. CBL estimation method: 2. CBL estimation method:
« cBLWMA | gap « cBLWMA | gap
3. Tariff scheme: 3. Tariff scheme:
. uniform tariff scheme both for No DR « uniform tariff scheme both for No DR
participation and DR participation participation and DR participation
« 0.124 Korean Won, #/Wh, « 0.124 Korean Won, %/Wh,
pY=c=0.124,t €T ={1,2,...,24} pY=c=0.124,t e T ={1,2,...,24}
4. Inconvenience costs: 4. Inconvenience costs:
=
. =05 . B=05-1.5,by0.1
5. SMP: 5. SMP:
« SMPs of DR event day (2016-08-12) « SMPs of DR event day (2016-08-12)
f
Cost-Benefit Plane
Sensitivity Analysis accoridng to [
1004
77 0=2.127
: 0=1.949
CO=1772
L 0=1.595
D O=1.418
0=1.241
©9=1.063 sis
) : 0=0.886 B3=1.4
» 907 /=13
8 ° B=1.2
&) ° 3=1.1
> o 5509
® 3=0.8
® 3=0.7
® 3=0.6
o A=l

grey zone: DR participation

1‘() l‘] l’()
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Figure 4.16: Sensitivity Analysis according to the Values of 3 (South Korean
DRTM)

As can be seen in Figure 4.17, almost all the points of the 1,000-time simulations for 5 = 0.5 are below the
maximum ¢ level, and all the other distributions show that it is out of the sustainable area (the grey area
in the Cost-Benefit Plane). Therefore, we can conclude that in this scenario with the uniform tariff scheme,
linear inconvenience cost function, it is difficult to attract residential clients who value the present electricity
consumption high and have some constraints to shift their electricity consumption to other time slots, which
means low flexibility, and it needs to pay more incentives or to come up with a different DR program design,
like some subsidies or ToU tarift scheme to motivate them to participate in the DR program.
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Figure 4.17: The Distribution of the # Value for Each 3 Level (South Korean
DRTM)

4.5.1.2 Impacts of the Changes in the Tariff Scheme

Figure 4.18 and 4.19 show the SA in which I verified the value of 6 according to the change of the tariff scheme
from the uniform tariff scheme to the ToU tariff scheme (Box 4.5). Compared to the case with the uniform
tarift scheme, the 6 values decreased a little bit, and as a result, the point with # = 0.6 moved into the ‘grey
zone: DR participation’. It means that this South Korean DRTM with the ToU tariff scheme increases the
motivations of participation. However, it should be noted that those customers with higher inconvenience
costs (3 = 0.7-1.5) are still out of the ‘grey zone: DR participation’. Therefore, for them, there should
be a more vivid difference between the off-peak period and peak period in terms of the tariff (clearer price
differentiation).
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Box 4.5: Assumption Changes from ‘Reference Scenario’: Tariff Scheme (South Korean DTRM)

1. Required flexibility level: 1. Required flexibility level:
. 40% = r40 . 40% = r40

2. CBL estimation method: 2. CBL estimation method:
« cBLWMA | gan « cBLWMA 1 gap

. Tariff sch g i
3. Tariit scheme 3. Tariff scheme:

. uniform tariff scheme both for No DR

.. e . Time-ou-Use (ToU) tariff scheme both for
participation and DR participation =

No DR participation and DR participation
« 0.124 Korean Won, w/Wh, . ptou — plov t e T = {1,2,...,24}

pl=c=0.124,t T ={1,2,...,24}

4. Inconvenience costs: 4. Inconvenience costs:
« =0.5-1.5,by0.1 « =0.5-1.5,by0.1
5. SMP: 5. SMP:
« SMPs of DR event day (2016-08-12) « SMPs of DR event day (2016-08-12)
f

Cost-Benefit Plane
Sensitivity Analysis accoridng to Change of Tariff Scheme (ToU)
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Figure 4.18: Sensitivity Analysis according to Change of Tariff Scheme (ToU)
(South Korean DRTM)
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Figure 4.19: The Distribution of the # Value for Each (3 Level according to
Change of Tariff Scheme (ToU) (South Korean DRTM)

4.5.1.3 Impacts of the Changes in the Form of the Function coef"°(d)

This time, I have changed the functional form of the inconvenience function from the linear function to the
exponential function based on the ToU tariff scheme (Box 4.6). Figure 4.20 and 4.21 show the result that with
the exponential inconvenience function, it decreased the costs, and therefore, all the points are now in the
DR participation grey zone. The reason why the costs decreased is that even though with the exponential
function, the demand reduction shifted to the very near time slots, for example, ¢ = 16 ort = 19, the
increasing rate of the inconvenience costs is relatively slower than that of the linear inconvenience function
for the very near time slots. Therefore, we can see that the clients’ DR participation decisions are very sensitive
to the specific functional form of the inconvenience costs function. It implies that the DR system operator
should pay more attention to the consumer’s inconvenience costs function as well as the [ value.
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Box 4.6: Assumption Changes from ‘Reference Scenario : Different Form of Function Coef'™NC(d) based on ToU

(South Korean DTRM)

1. Required flexibility level:

. 40% = r10
2. CBL estimation method:
« cBLWMA 4 gap

3. Tariff scheme:

« Time-ou-Use (ToU) tariff scheme both for
No DR participation and DR
participation,

. ptou =plov e T ={1,2,...,24}
4. Inconvenience costs:
. B=0.5-1.5, by 0.1

« linear function of coefN¢(d)

Coef"(d)

Coef™(d)
.
.
.
o & @ 3

123 4 56 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Hour

5. SMP:

« SMPs of DR event day (2016-08-12).

1. Required flexibility level:

. 40% = r10

2. CBL estimation method:

« cBLWMA 4 gap

3. Tariff scheme:

« Time-ou-Use (ToU) tariff scheme both for
No DR participation and DR
participation,

. ptou =plov te T =1{1,2,...,24}

4. Inconvenience costs:
. B=0.5-1.5, by 0.1

. exponential function of Coef'N¢(d)

40

Coef™(d)
40

12 3 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Hour

5. SMP:

« SMPs of DR event day (2016-08-12).
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Cost-Benefit Plane
Sensitivity Analysis accoridng to Change of Form of Function Coef(d) (South Korean DRTM)
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Figure 4.20: Sensitivity Analysis accoridng to Change of Form of Function
Coef(d) (South Korean DRTM)
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Figure 4.21: The Distribution of the # Value for Each [ Level accoridng to
Change of Form of Function Coef(d) (South Korean DRTM)
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4.5.1.4 Impactsof the Changes in the SMP (Highest and Lowest)

So far I have done the CBAs with the factual SMPs on the DR event day, August 12, 2016. However, the poten-
tial DR participants will make their decisions depending on the expectations on the SMPs, and ex-post they
will be paid at the level of realized SMPs. In that sense, SMP is quite an important variable. Therefore, I have
conducted the SA with the highest SMPs and the lowest SMPs in 2016 in order to confirm its sensitivity (Box
4.7 and Fig. 4.22).

Box 4.7: Assumption Changes from ‘Reference Scenario’: Highest & Lowest SMPs (South Korean DTRM)
1. Required flexibility level: 1. Required flexibility level:
. 40% = 10 . 40% = 140
2. CBL estimation method: 2. CBL estimation method.:
. cBLWMA 1 gap « cBLWMA 4 gap
3. Tariff scheme: 3. Tariff scheme:
« uniform tariff scheme both for No DR « uniform tariff scheme both for No DR
participation and DR participation participation and DR participation
« 0.124 Korean Won, ##/Wh, « 0.124 Korean Won, #/Wh,
pl=c=0.124,t €T ={1,2,...,24} pl=c=0.124,t €T ={1,2,...,24}
4. Inconvenience costs: 4. Inconvenience costs:
« f=0.5-1.5,by0.1 « =0.5-1.5, by 0.1
5. SMP:
5. SMP:
= . Highest SMPs (2016-01-27)
. SMPs of DR event day (2016-08-12)
« Lowest SMPs (2016-02-08)
fr
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Figure 4.22: Highest & Lowest SMPs, South Korea in 2016 (Korean Won
()/kWh)

Source: “SMP”, KPX, [On-line], Available: http://www.kpx.or.kr/www/contents.
do?key=225

As can be easily expected, with the highest SMPs it increases the benefits with the DR participation, therefore,
the points with [ values of 0.6-0.8 moved into the grey DR participation zone (rightward horizontal shifts)
(Fig. 4.23 and 4.24). With the lowest SMPs it decreased the benfits, and the points moved in the opposite
direction—leftward horizontal shifts (Fig. 4.25 and 4.26). As a result, no point is in the grey DR participation
zone.
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Cost-Benefit Plane
Sensitivity Analysis with Highest SMP (2016-01-27) (South Korean DRTM)
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Cost-Benefit Plane
Sensitivity Analysis with Lowest SMP (2016-02-08) (South Korean DRTM)
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Figure 4.25: Sensitivity Analysis accoridng to Change of SMPs (Lowest, South
Korean DRTM)
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Figure 4.26: The Distribution of the 6 Value for Each [ Level accoridng to
Change of SMPs (Lowest, South Korean DRTM)

The following Figure 4.27 illustrates the SMP that makes the net benefit 0, zero, for each (3 value in South
Korean DRTM. Therefore, these SMPs are the thresholds. In more detail, for example, for a participant who
has a value of 5 = 0.5, the SMP should be more than 67.11 #%/kWh in order to have positive or zero net
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benefit. Likewise, for a participant who has a value of 8 = 1.5, the SMP should be more than 201.75 %%/kWh
in order to have positive or zero net benefit. For your reference, the SMP fort = 17 on August 12, 2016, it was
80.05 w/kWh—the dash and dotline in green. Actually, these break-even points of SMP are conceptually very
similar to NBTP introduced in South Korean DRTM following the DR markets in the U.S., especially PJM. The
NBTP is the price that makes the decrease in purchasing costs of electricity for retailers equal to the payments
for DR resources. Therefore, it is the break-even point from the retailers’ perspective. According to NBT, LAs
cannot bid below NBTP in South Korean DRTM. Similarly, but in the opposite way, the SMPs that we have
calculated here are the break-even points from the DR participants’ perspective.

201.75
200
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Figure 4.27: Threshold SMP of Net Benefit for Each /3 Value (South Korean
DRTM, #/kWh)

4.5.2 SA for the CBA of the French Case

In this subsection, following the CBA and Decision-making analysis for the French NEBEF mechanisms in
Section 4.4, SAs will be done according to the change in the value of /3, the change of the CBL estimation
method, the change of the tariff scheme, the change of the form of the inconvenience cost function, and the
change of the SMPs.

4.5.2.1 Impacts of the Changes in the Value of

In a similar way with the South Korean case, the impacts of the change in the value of 3 are observed from
B =0.5to = 1.5increasing by 0.1 (Box 4.8). In the upper panel of Figure 4.2.8 for the load shedding case of
NEBEF, there are eleven points with different colors corresponding to its 3 values. As (3 values are increasing
it is vertically shifting upwards, and up to the point of 3 = 1 those are in the grey zone, which means the
DR participation, but after this point the remaining points are out of the grey zone, which means there is no
incentive to participate in the DR program for this residential client.
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Box 4.8: Assumption Changes from ‘Reference Scenario’: Inconvenience Costs (French NEBEF)
1. Target flexibility level: 1. Target flexibility level:
. 40% = r*0 . 40% = r40
2. CBL estimation method: 2. CBL estimation method:
. CpLAvelo . CprAvelo
3. Tariff scheme: 3. Tariff scheme:
« uniform tariff scheme « uniform tariff scheme
. 0.01648 cts €/Wh, p" = ¢ = 0.01648, . 0.01648 cts €/Wh, p" = ¢ = 0.01648,
teT={1,2,...,48} teT={1,2,...,48}
4. Inconvenience costs: 4. Inconvenience costs:
.« f=0.5 - . =0.5-1.5, by 0.1
5. SMP: 5. SMP:
« SMPs of DR event day (2016-01-18) « SMPs of DR event day (2016-01-18)
fr
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Cost-Benefit Plane
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Figure 4.28: Sensitivity Analysis according to the Values of 3 for NEBEF (Load
Shedding)

In the lower panel of the Figure, it represents the same result, but those eleven points are placed in the three-
dimensional space—x —y — z axis for ¢, 3, and € respectively. One of the two purple planes which is parallel
with x-y planeisO- ¢+ 0- 3+ 1 -0 = 1plane, thatis # = 1 plane. Another purple plane which is diagonal
isl-¢p+0-8+1-0 = 0plane, thatis ¢ = 6 plane. Therefore, the space under these plane means the
grey zone in the upper panel of the Figure, in which a residential client will decide to participate in the DR
program.

In the following Figure 4.29 for the load shifting case of NEBEF, there is no point in the grey zone or under
the purple planes. Actually, it was out of the grey zone even with the lowest (3 value, and with higher 3 values,
it is moving way further from the grey zone.
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Figure 4.29: Sensitivity Analysis according to the Values of 3 for NEBEF (Load
Shifting)

It is interesting to observe that there are more points in the DR participation zone in the French NEBEF load
shedding case than the South Korean DRTM case or the French NEBEF load shifting case. Actually, the reason
is that for the load shedding case, the total costs (total tariff + additional inconvenience costs) are relatively
lower than that of the load shifting case (the South Korean DRTM and French NEBEF load shifting cases)
because, let alone the inconvenience costs, the total tariff has decreased by the reduced loads contrary to
the same total tariff for the load shifting cases—that is, the same total electricity consumption for the load
shifting case if we assume no partial load shedding at all.
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4.5.2.2 Importance of the Accurate CBL Method

In Section 4.4 the CBA and Decision-making Analyses have been done based on the CBL with the estimation
method of ‘moyenne 10 jours’ (an average for 10 days) in the NEBEF mechanism. However, the method does
not perform very well and it has high error rate contrary to the CBL estimation method which is utilized in
South Korea, which is cBLWMA + saa. Therefore, it is worthwhile applying the latter CBL estimation method
to the French NEBEF case and observing the impact of the change of the CBL estimation method (Box 4.9).

Box 4.9: Assumption Changes from ‘Reference Scenario’: CBL (French NEBEF)
1. Target flexibility level: 1. Target flexibility level:
. 40% = r40 . 40% = r40
2. CBL estimation method: 2. CBL estimation method:
. CBLYE1O - o cBLWMA | gan
3. Tariff scheme: 3. Tariff scheme:
- uniform tariff scheme . uniform tariff scheme
« 0.01648 cts €/Wh, p" = ¢ = 0.01648, . 0.01648 cts €/Wh, p" = ¢ = 0.01648,
teT=1{1,2,...,48} teT=1{1,2,...,48}
4. Inconvenience costs: 4. Inconvenience costs:
« f=0.5-1.5,by 0.1 . 4 =0.5-1.5,by 0.1
5. SMP: 5. SMP:
« SMPs of DR event day (2016-01-18) « SMPs of DR event day (2016-01-18)
fr

The following Figure 4.30 shows the original points in grey which were the points with different /3 values, and
the new points applied with the CBL estimation method of cetWM# + saa. The result shows the horizontal
shift of the original points to the right. With this horizontal shift to the right resulting from the change of
the CBL estimation method, one point (5 = 1.1) moves into the grey zone from out of the grey zone.
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Figure 4.30: Sensitivity Analysis according to the Values of 3 for NEBEF (Load
Shedding) based on the cs."M4 + saa Method

For the load shifting case of NEBEF in Figure 4.31, despite the change of the CBL estimation method from the
inaccurate one to highly accurate one, those eleven points are still out of the grey zone of the DR participa-
tion. Even though the differential of benefits increased thanks to the accurate CBL estimation method, the
costs due to the load shifting are overwhelming the increased differential of benefits. Therefore, there is no
significant status change in terms of the decision-making of a residential client.
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Figure 4.31: Sensitivity Analysis according to the Values of 5 for NEBEF (Load
Shifting) based on the csLWM* + saa Method

4.5.2.3 Impacts of the Change of the Tariff Scheme

As changed from the uniform tariff scheme to the ToU tarift scheme (Box 4.10), in the following Figure 4.32
there are subtle vertical shifts for the eleven points, but no significant impacts of the tarift scheme change for
the load shedding case of NEBEF. There is also no big difference for the load shifting case of NEBEF with the
tariff scheme change to ToU in Figure 4.32.
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Box 4.10: Assumption Changes from ‘Reference Scenario’: Tariff Scheme (French NEBEF)

1. Target flexibility level: 1. Target flexibility level:
. 40% = r*0 . 40% = r40

2. CBL estimation method: 2. CBL estimation method:
. CpIAve1o . CpIAVE10

3. Tariff scheme: 3. Tariff scheme:

. uniform tariff scheme « ToU tarift scheme

. 0.01648 cts €/Wh, p" = ¢ = 0.01648, ~ . 0.016 cts €/Wh for peak time
teT={1,2,...,48} . 0.01114 cts €/Wh for off-peak time
4. Inconvenience costs: 4. Inconvenience costs:
. B=05-15, by 0.1 . B=05-15, by 0.1
5. SMP: 5. SMP:
« SMPs of DR event day (2016-01-18) « SMPs of DR event day (2016-01-18)
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Cost-Benefit Plane
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Figure 4.32: Sensitivity Analysis according to the Values of  for NEBEF (Load
Shedding) with ToU Tariff Scheme
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Cost-Benefit Plane
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Figure 4.33: Sensitivity Analysis according to the Values of /3 for NEBEF (Load
Shifting) with ToU Tariff Scheme

4.5.2.4 Impacts of the Change of CBL Method and Tariff Scheme

The following two Figures 4.34 and 4.35 show the combined impacts (Box 4.11) of the change of the CBL esti-
mation method and the tarift scheme for the load shedding case and load shifting case of NEBEF respectively.
In Figure 4.34 the impacts are not quite different from the result of the change of the CBL estimation method
(horizontal shift) because the impacts of the change of the tarift scheme (vertical shift) were too negligible.
In contrast, the combined impacts of the CBL estimation method and the change of the tariff scheme for the
load shifting case of NEBEF show the diagonal shifts. Although those eleven points are still out of the grey
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zone, with the diagonal shifts the lower points are approaching quite close to the ¢ line and the grey zone.
It means that in this situation small extra incentives could attract residential clients to participate in the DR
program.

Box 4.11: Assumption Changes from ‘Reference Scenario’: CBL & Tariff Scheme (French NEBEF)

1. Target flexibility level: 1. Target flexibility level:
. 40% = r10 . 40% = 10

2. CBL estimation method: N 2. CBL estimation method:
o G « cBLWMA | gap

3. Tariff scheme: 3. Tariff scheme:

. uniform tariff scheme « ToU tarift scheme

. 0.01648 cts €/Wh, p® = ¢ = 0.01648, - « 0.016 cts €/Wh for peak time
teT={1,2,...,48} . 0.01114 cts €/Wh for off-peak ti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>