=lJniversal
' UMEI

MARKET ENABLING INTERFACE TO UNLOCK FLEXIBILITY SOLUTIONS FOR COST-
EFFECTIVE MANAGEMENT OF SMARTER DISTRIBUTION GRIDS

Deliverable: D1.2

Observatory of research and demonstration initiatives on future
electricity grids and markets

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 864334

H2020 - LC-ES-1-2019



=UJniversal
UMEI

o

Observatory of research and demonstration initiatives on future electricity grids
and markets

Dissemination level

D1.2

PU Public X
Author(s) Institution Contact (e-mail, phone)

Clara Gouveia INESC TEC clara.s.gouveia@inesctec.pt

Everton Alves INESC TEC everton.l.alves@inesctec.pt

José Villar INESC TEC jose.villar@inesctec.pt

Ricardo Ferreira INESC TEC ricardo.j.ferreira@inesctec.pt
Ricardo Silva INESC TEC ricardo.emanuel@inesctec.pt

José Pablo Chaves Comillas Jose.chaves@comillas.edu

Tomas Gomez Comillas Tomas.gomez@comillas.edu

Leslie Herding Comillas leslie.herding@comillas.edu

Nicolas Morell Comillas nicolas.morell@comillas.edu

Michel Rivier Comillas Michel.rivier@comillas.edu

David Ziegler Comillas David.ziegler@comillas.edu
Mathaios Panteli UNIMAN mathaios.panteli@manchester.ac.uk
Jan Budke E.ON jan.budke@eon.com

Katarzyna Zawadzka E.DSO projects@edsoforsmartgrids.eu

Catarina Augusto E.DSO catarina.augusto@edsoforsmartgrids.eu

Observatory of research and demonstration initiatives on future

electricity grids and markets
Due Delivery Date 2021/01/31
Date of Delivery 2021/01/29

Page 2 of 157



UMEI

'." =Universal

Document version Date Change

1.0 2020/12/16 1st draft

1.1 2021/01/29 Final draft

Reviewers email Validation
date

EASE Emin Aliyev e.aliyev@ease-storage.eu 2021/01/15

EASE Brittney Elzarei b.elzarei@ease-storage.eu 2021/01/15

IEN Rafal Magulski r.magulski@ien.gda.pl 2021/01/18

Page 3 of 157



" =Universal
‘ UMEI

Table of Contents
TABLE OF CONTENTS.....cicitimsrsmimsassnssmsassssssssssssssssssssssssssssssssssssssssssssssssssnssssss sessssss sessssnssnsssssssnsssssssnssssassnssenssses 4
LIST OF TABLES ....coeiiiiitisissmsessmsssssssssssssssssssssssssssssssssssssssssssssssssssss s s s s s s s s sessessn s s sessssms e snssssessessssnssensssnssennsses 7
LIST OF FIGURES.....ccittutstusmmsssssssssssssssssmssssssssssssssssasssssssassssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssnsssssssssssssssnssssnssns 9
LIST OF ABBREVIATIONS ...cotiitiistismsasssmsmsasssismsssssssssnsssssssnsssssssssssssssnssnssssnsssssssssssssssnssssssssssnssssnssnssssnssnssssnssnsses 11
EXECUTIVE SUMMARY ..ociuiiiimismsssssssmsasssssmsssssssssssssssmssssssssssssssssssssssssssssssssssssssssssssessessssesssssssssssssssnssessssnssssassnsses 14
1.  INTRODUCTION....cosrsmsmsersenssssssssssssssesssnsssessssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssessessssasses 18
1.1 CONTEXT AND MAIN OBJECTIVES cvvuurveruuressssessssssessssssssssnsssssssssssssssssnsssssssssssssessssssssssssssssssesssssassssssssssssssssssenses 18
1.2 METHODOLOGY wuuvvvuueressssesessssesssssesessssssssssssssssessssssssssssessssssessssssssssssessssssessssssssssssesssssssssssessssssesssssessssssesssssasssssanees 19
2. FLEXIBILITY NEEDS AND SERVICES ......cocissisismmssnmsmmsssssmsssssssmssssssssssssssssssssssssssssssssssssnsssssssssssssssnsses 26
2.1 METHODOLOGY wevvvusueesssssesssseessssssessssssssssssessssesssssssssssssssssssessssssssssssesssssssssssssssssssesssssesssssssssssssesssssasssssssssssssasssssnessss 26
2.2 FLEXIBILITY FOR TSO VS. FLEXIBILITY FOR DSO...omererummrernmresssmsssssmsssssssssssssssssssssssssssssssssssssssssssssssssessssanes 26
2.2.1  SYSTEM NEEDS VS LOCAL NEEDS....cvsuueeesuuressssesesssssssssessssssssssssesssssnesssssssssssssssssssssssssssssssssssssssssessssssssssssessssanes 27
2.2.2  THE GROWING IMPORTANCE OF LOCAL FLEXIBILITY vuuuvvtsueessssesssmessssmmsssssssssssssssssmssssssssssssssssssssssssssssssssssss 27
2.3 SYSTEM NEEDS, SERVICES AND PRODUCTS DEFINITIONS ..ucccouumrerssmessssmesssssssssnmsssssmsssssssssssssssssssssssssssssssssns 28
2.4 TSO AND DSO NEEDS AND SERVICES IDENTIFICATION .uuuvevuuresssmesssssssssssmsssssnessssssssssssssssssssssssessssssssssssssssanes 30
2.4.1 TSO NEEDS AND SERVICES IDENTIFICATION .uuuvvvuumressssmeesssssssssmessssmsssssmssssssssssssssssssmssssssssssssssssssssssssassssssssses 30
2.4.2  DSO NEEDS AND SERVICES IDENTIFICATION .uuuvveuumreesssmressssmsssssnsessssmssssssssssssssssnsssssssssssssssssssssssssssssssssssssssssss 31
2.4.2.1DSO0 GRID NEEDS AND SERVICES.....ccvuueresuuesssssesesssssssssesssssnssssssesssssesssssssssssssssssssssssssssssssassssssssssessssssssssssessssanes 33
2.4.3  DSO NON-GRID NEEDS AND SERVICES v.vuurersuueresssnsesssssssssnssssssmsssssnesssssssssssssssssnsssssssssssssssssssssssssesssssssssssesssssnes 35
2.4.4 SUMMARY OF THE DSO NEEDS AND SERVICES vccuureessmresssmmeesssmsesssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 37
2.4.5  DISCUSSION ..oueeueuseereesserssesseessessesssessssssesseessesssessesssessesssessesssssssessesssessesssessesssessasssssasessesssessesssessssssessssssesasessssssessasans 38
2.4.6  CONCLUSIONS. vvvuuserersseessssesessssesssssessssssesssssessssssessssssssssssessssssesssssessssssessssssssssssassssssesssssessssssasssssssssssesssssasssssesssssnes 39
3. FLEXIBILITY MARKET INTEGRATION MODELS ......cccocunmmmmminmemsnmsmsssnssmssssssssssssssssssssssssassnsssssssnsses 41
3.1 METHODOLOGY wevvvuseeessssseessseessssssessssesesssssesssssssssssssssssssssssessssssssssssesssssasssssssssssssesssssensssssassssssssssssssssssssssssasssssssssss 41
3.2 MAIN MARKET MODELS FOR DER INTEGRATION AND SO COORDINATION c.ccuuveessmmeesssressssmesssssessssmsssssnsessns 42
3.2.1 COMMENTS ON THE CLASSIFICATION PROPOSED FOR THE MARKETS’ ORGANISATION .....evvvusrerssreresssnseens 42
3.2.2 MARKET ORGANIZATION M1: CENTRALISED FLEXIBILITY MARKET ..ucvvvuuuresssnessssssssssssssssssssssssssssssesssasssssns 43
3.2.3 MARKET ORGANIZATION M2 AND M2-MO: LOCAL AND GLOBAL FLEXIBILITY MARKETS .....eveessmmresssreeens 44
3.2.4 MARKET ORGANIZATION M3: LOCAL AND GLOBAL FLEXIBILITY MARKETS WITH SHARED RESPONSIBILITY
45
3.2.5 MARKET ORGANIZATION M2/3: LOCAL AND GLOBAL FLEXIBILITY MARKETS WITH BALANCING
COORDINATION w.euveuueueeseessesseessesssessesssessesssessesssessesssssssessesssessssasessesssessssssssssessesssessesssssssessesssessesusessesssessesusessesssessasssesssessssanes 45
3.2.6  MARKET ORGANIZATION M4: COMMON TSO AND DSO FLEXIBILITY MARKET .....cccvuererssesssssessssssesssasessens 46
3.2.7 MARKET ORGANIZATION M5: INTEGRATED MARKET FOR TSO, DSO AND BRP FLEXIBILITY .....evevuueeeenns 47
3.2.8 CORRESPONDENCES WITH OTHER MARKETS CLASSIFICATIONS ..uuuvvvsumreessssesssmsssssmssssssmssssssssssssmssssssssssssssssns 47

Page 4 of 157



'|" =Universal

UMEI

3.2.9 CHARACTERISATION OF THE MARKETS IDENTIFIED IN THE ANALYSED PROJECTS wccuureessmesssssesssnmsssssnsesens 50
3.2.10 COORDINET ceuveuseusersserssesssesssesssessssesssesssessssesssesssesssasssessssssssesssesssesssassssssssasssesssessssssasesssesssasssssssesssesssessssssssesssassnens 52
3.2.1 1T DE-FLEX-MARKET w..ccrtueeuseensesreessessesssesseessesssessesssessesssesssssssssssssessssssesssessasssessasssssasessessssssssssssssssssssssssssssssssssssssasans 58
3.2.12 ECOGRID 2.0 cucusterreureseressessressessssesssssssessssssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssesssssssesnes 60
3.2.13 EMPOWER HZOZ0 ...ooietreerereseseesessssssessssssesssssssessssssessssessessssesssssssessessssssssssssessssssssssesssssssessssessensssessssssneanes 62
3.2.14 ENERA ...ttt et s s s s s s s s s et 64
3.2.15 EU-SYSFLEX .utuuieureeeeureessesseessesssessessssssessssssesssessssssessssssessasssesssessesssessesasessesssessasssssasessessssssssssessssssessasssesasessssassssasans 65
3.2.16 FLECH -TPOWER.....ccststtrereseressesesessessssessssssesssssssesssssssesssssssesssssssessssessessssessesssssssessssessssssssssessssessessssesssssssesssnssnesnes 72
3.2.17 FLEXICIENCY .ottrisetiresessesessessesesessssesssssssesssssssesssssssesssssssesssssssesssssssssssssssessssssssssssessssssssssessssssnsssssssssssssesssassssanes 73
3.2.18 FLEX-DLM ....ciiirrinsiresensssessessssessssssessssssesssssssesssssssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssesssssssesssssssessssssnesnes 75
3.2.19 FLEXIMART ..cvtrtusessressesssessessssesssssssesssssssesssssssesssssssesssssssessssssessssssssssssssssssssssssssssssssssssesssssssssssssssesssssssessssssnessssssnesnes 77
3.2.20 GOPACS-IDCONS ...ttt reseses s sssssessssssessssss s ssess s s s s ssessssessesssssssessssessssssssssesssssssessssssssnsssesssassneanes 78
3.2.271 INTEGRID ceuveereuresseressessesessessesessessssesssssssesssssssesssssssesssssssesssssssesssssssesssasssessssessesssssssssssssssessssssssssssesnsssssesnsssssesnsassnnanes 80
3.2.22 INTERFLEX cevuevtuuessuesessresssssesssessssessssesssssssssssssssessssessssasssseessssessssessssassssessssessssssssssessssessssnesssesssssassssnssssessssnssssnssssnasess 83
3.2.23 INTERRFACE. ...ttt ss st s s s s st en 85
3.2.24 TREMEL ..ttt ssss st sss s s s s st 88
3.2.25 NODES ...ttt ssss s s e AR 89
3.2.26 PICLO (PICLO FLEX) . ituuttrureeseerseeesseeseesseesssessesssesssesssessssesssesssesssesssessssesssasssesssessssssssesssessssesssesssesssesssessssesssssssesssees 91
3.2.27 SENSIBLE ..ottt sessesss s ssssse s s s st s s s s s ssssssssssssssssssssssssssssssessnsnsssesnsssssesssnsssesssnssnesnes 92
BL2.28 USEF .ttt st ss s st 93
3.2.29 PROJECTS NOT INCLUDED ....evtuuesssesssssesssessssnsssssssssmsssssssssessssessssssssssssssesssssmssssessssessssnssssnssssssssssnssssessssssssssssssnssas 98
3.3 RESULTS coueeuueeesseessssesssessssesssesssssssssessssssssssessssessssessssnssssssssssessssassssessssnssssessssssssssassssessssnesssnssssssssssnssssessssnssssnssssnsses 98
3.3.1 MAPPINGS BETWEEN MARKETS, NEEDS AND SERVICES ..cvvctuumresssmeesssmesssssssssssssssmssssssmssssssssssssssssssssssssssses 98
3.3.2  MAPPINGS MARKETS-SERVICES-PRODUCTS .couuureessmeesssmressssmsesssnssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssnnes 100
3.3.3 DISCUSSION .uueeureesseessesssssesssessssessssesssssssssssssssessssessssessssssssssessssessssessssessssesssssssssnssssessssnesssssssssssssnssssassssnssssnsssanes 103
4. DISTRIBUTION NETWORK MANAGEMENT AND CONTROL SYSTEMS FOR ENABLING NEW
SERVICES ...oeecitimesininssssssssssnssssssssssssss s ssssss s sssmssn s smsses s s sns e s ses s smssns e ams ses e ams sE s SRR A EE RS E AR R RRR SRR SR RRR SRR SRR R RERRRRER SRS 106
4.1 IMETHODOLOGY cuvtreureusesesensesessessesessessssessessssessessssessessssessesssssssesssssssssssssssssssssssesssssssessssssstsssssssesssasssssssesasssssassssssses 106
4.2 PROJECTS CONSIDERED....cuivuuueresssesssessssessssesssessssssssssssssessssessssessssesssssssssssssssssssssssssessssnsssssssssssssasnssssassssessssesssas 106
4.3  ADVANCED DISTRIBUTION MANAGEMENT SYSTEMS (ADMS) FOR FLEXIBILITY SERVICES PRE-
QUALIFICATION, VALIDATION AND VERIFICATION wvvtuuureessuresssssesssssessssssssssssssssmsssssssssssmssssssssssssssssssessssssssssssssssnsess 107
4.3.1 DSO NETWORK OPERATION TOOLS WITH FLEXIBILITY w.uvvvuueeesssseesssmsesssmessssssssssmssssssssssssssssssssssssssssssssssns 109
4.3.2 DSO NETWORK PLANNING TOOLS WITH FLEXIBILITY w.cvurvuueerssmsessssssmsssssessssssssssssssssssmssssssssssssssssssssssssssssns 110
4.3.3  RESULTS OF THE ANALYSIS .ouuvvuueresusesssessssesssesssssssssssssssssssessssessssesssssssssssssssssssssssssesssssssssesssssssssssssasssssssssssasssas 110
4.4  DSO MONITORING AND CONTROL TECHNOLOGIES FOR FLEXIBILITY AND DER INTERFACE .....evvverneeenne 116
4.4.1 RESULTS OF THE ANALYSIS coouuevuuueresusssueessssesssssssssssssssssssssssessssesssssssssssssssssssssssssessssesssssssssessssssssssssssasssssssssesssas 117

Page 5 of 157



'|" =Universal

UMEI

4.4. 1.1 RESULTS DISCUSSION w.ecvutureusesesresesessessesessessssessessssessesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssenssessssssses 117
LT 00108 11010 (0 3 124
6. EXTERNAL DOCUMENTS ..o sssssssssssssssssssssssssssssssssssssssssssss s 126
ANNEX I - TEMPLATE OF THE SURVEY CONDUCTED BY EDSO AMONG DSOS........connmmsmrmrasasaians 132
ANNEX II - TEMPLATES FOR MARKETS CHARACTERIZATION ......cconmmmmmmmmmsssssssssssssssans 138

EXCEL TEMPLATE FOR MARKETS DESCRIPTION ..ccvttuitessesssssssesssssssesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssanes 138

POWER POINT TEMPLATE FOR MARKETS DESCRIPTION ....cuvtuuisseeresssssresssssssesssssssesssssssssssssssesssssssssssesssssssesssssssesssnnes 142
ANNEX III - MONITORING AND CONTROL REQUIREMENTS IDENTIFIED IN EACH REVIEWED
o 20 O 143
ANNEX IV - SURVEY OF DER CAPABLE OF PROVIDING FLEXIBILITY SERVICES..........cocsssasaianans 152

Page 6 of 157



e U:Nlélnl\ofta'rsal
List of Tables
TABLE 1: LIST OF PROJECTS AND INITIATIVES ANALYSED ...uuveeesureesureesseeesuseesseeesseeesseesssesessseesnseesssessnsssesssesssseesnsees 15
TABLE 2: NEEDS AND SERVICES IDENTIFIED v.eeuuveeeuveeetveesssesassseessseeasasessesssesasssessnsesassssessssssssssesssesssssssssessssessnssees 16
TABLE 3: MAPPING MARKETS TYPES-SERVICES-PROJECTS ..veeeuvveeureesnreeessreessseeenseessseeessseessseesnsesesssessnsesenssesssseesnsnes 17
TABLE 4: LIST OF TOPICS FOR THE PRELIMINARY PROJECTS’ CHARACTERIZATION ....uvveeeuveeetreesireesseeesaseessneesssessseeensnens 20
TABLE 5: LIST OF PROJECTS AND INITIATIVES REVIEWED ...uveeetreesteeareeessseessseeesssesssesassssessssssssesessssssssssesssessssesssssees 21
TABLE 6: SUMMARY OF TSO FLEXIBILITY NEEDS AND SERVICES ..eeuuvteruveeesureesueeenieeesreeessseesseessseeessesssesesssesssseesssees 30
TABLE 7: SUMMARY OF DSO FLEXIBILITY NEEDS AND SERVICES ...uvveeeuveeesureesreeesseeesseeessseessseesssssessessssssesssessssesessees 32
TABLE 8: CHARACTERIZATION OF THE DSO NEEDS AND SERVICES IDENTIFIED .eeevvvveeeeiurreeessnrreeesnsnreeesssneeessssseesssssseees 37
TABLE 9: TABLE TEMPLATE TO CHARACTERISE THE PROJECT IMARKETS ..vveeuveeeutreeseeeesseeesseeessseesnseeessseesssesenseessssessssees 51
TABLE 10: MARKET ORGANISATION OF THE BUC ES-2 OF THE COORDINET PROJECT «.uvvvveeevrreeeesivreeesnnrreresnnnneeessnneeens 52
TABLE 11: MARKET ORGANISATION OF THE BUCS ES-1B, ES-4 & SE-2 OF THE COORDINET PROJECT ...vvvvveeeivreeeenneneennn 53
TABLE 12: MARKET ORGANISATION OF THE BUC SE-1B OF THE COORDINET PROJECT ..eveuvvreereeeveeesireesneneenneeesseesnnnens 54
TABLE 13: MARKET ORGANISATION OF THE BUCS GR-1A, GR-2A, SE-1A & SE-3 OF THE COORDINET PROJECT.............. 55
TABLE 14: MARKET ORGANISATION OF THE BUCS GR-1B & GR-2B OF THE COORDINET PROJECT ...vvveeirrereeirreeeenneneens 56
TABLE 15: MARKET ORGANIZATION OF THE BUCS ES-1A & ES-3 OF THE COORDINET PROJECT.c..uvveerereesnieeeveeesneeeeenens 57
TABLE 16: MARKET ORGANISATION OF THE DE-FLEX-IMARKET PROJECT ..vvvvvvvvrverererenereneresneeseeeeesenssesesesesesesesesesesssnnen 59
TABLE 17: MARKET ORGANISATION OF THE ECOGRID 2.0 PROJECT .vvvvvvrvrvrrrerrrrerereneneeesesssesseesssesssssssesesssesesssssssssmnee 61
TABLE 18: MARKET ORGANISATION OF THE EMPOWER H2020 PROJECT ..cuvvieiieeeieeesireesieeeseeeesveesineesnsessneeennsens 63
TABLE 19: MARKET ORGANIZATION OF THE ENERA PROJECT .vvvvvevtrrrererenerereeesesesesssessessesssssssessssssssssssssssssssssssmsssmmmen 64
TABLE 20: MARKET ORGANIZATION OF THE PT-FLEXHUB Q-MARKET OF THE EU-SYSFLEX PROJECT .cvvvvvvvvrvrrverevvnnrnennnnns 65
TABLE 21: MARKET ORGANIZATION OF THE PT-FLEXHUB TLQ OF THE EU-SYSFLEX PROJECT ...vveeeuvreereveesnreeeeeeesnneeennnens 66
TABLE 22: MARKET ORGANIZATION OF THE BUCS FI-AP1, FI-AP2 OF THE EU-SYSFLEX PROJECT ..uvevvvreneerriieeeerineeeennnn. 67
TABLE 23: MARKET ORGANIZATION OF BUC FI-RP OF THE EU-SYSFLEX PROJECT .vvvvvvvrverrvrrerererrrenerereseseresesessesseseeneens 68
TABLE 24: MARKET ORGANIZATION OF THE BUC DE-AP + DE-RP OF THE EU-SYSFLEX PROJECT ...vvveeveeeeieeeeveeseveeeenns 69
TABLE 25: MARKET ORGANIZATION OF THE BUC IT-AP OF EU-SYSFLEX PROJECT c.veeuvieeireeniieesieeesireesineenireesneesnneeas 70
TABLE 26: MARKET ORGANIZATION OF THE BUC IT-RP OF THE EU-SYSFLEX PROJECT ..vveeuvveeereeeteeesereesneeeesnressseeennnens 71
TABLE 27: MARKET ORGANIZATION OF THE FLECH-IPOWER PROJECT ...eeeiuveeeteeesereesteeesseeesssesssesessseesssesesssessssessnsnes 72
TABLE 28: MARKET ORGANIZATION OF THE FLEXICIENCY PROJECT ..uvveeiuveesiiieeireesieeeniteesiteesieeesineesnseesniaessaseesnssens 73
TABLE 29: MARKET ORGANIZATION OF THE FLEX-DLIM PROJECT ..vvveeuvieesiieeiiieesiteesteeesieeesteesseeesnseesnsaaesnessnnneensnens 75
TABLE 30: MARKET ORGANIZATION OF THE FLEXIMIART PROJECT ....tveeuveeesereeenteeessseesnseeessseessseessenesssessnsesesssessnsessnsnes 77

Page 7 of 157



UMEI

'." =Universal

TABLE 31: MARKET ORGANIZATION OF THE GOPACS-IDCONS PROJECT ..uuuvvvvieeeeeeeesieiirrreeeeeeessnnreneeesessssnsssneeesesens 79
TABLE 32: MIARKET ORGANIZATION OF THE INTEGRID PROJECT ..vvvvvvvererrereseeessssesessssssssssssssssssssssssssssssssssssssssssssssnnnnns 82
TABLE 33: MARKET ORGANIZATION OF THE INTERFLEX PROJECT .uuvuvrreeeeeessurrrreeeeesessssnssnneeeessssssssnseneeseesssssssssnneeesens 84
TABLE 34: MARKET ORGANIZATION OF THE INTERRFACE PROJECT wevveieieeiiiiiireeeeeeeesiiirreeeeeeeessnnnnneesesessnnnsssnnneesseens 85
TABLE 35: MARKET ORGANIZATION OF THE INTERRFACE PROJECT ...uvvuvuvvrurerereeeeeeeeesesessssssssssssssssssssssssssssssssssssmsmnnes 86
TABLE 36: MARKET ORGANIZATION OF THE IREIMEL PROJECT...uuutvvieieeeeeiiiiiieeeeeeeessiiitneeeeeesessanaeneeeeeesssnnnsnnnneeesenas 88
TABLE 37: MARKET ORGANIZATION OF THE NODES PROJECT c.uuutivereeeeeessinirreeeeesesssssssnneeeeessessssnseneesessessnssssseneesesns 90
TABLE 38: MARKET ORGANIZATION OF THE PICLO FLEX PROJECT ..vvvvvvvrerrreeerereeeeeeeeesesessssssssssssssssssssssssssssssssssssssnnnns 91
TABLE 39: MARKET ORGANIZATION OF THE SENSIBLE PROJECT ...uvvvreieeeeeeiiiiireeeeeesesiinirereeeesesssnnsnneeseesssnnnssssnneesaeeas 92
TABLE 40: MARKET ORGANIZATION OF THE USEF PROJECT...ciiitiiieieeeeeeeittteeeeeeeeesinteareeeessessnnnsenneseesessnnnnsnnneaeseean 94
TABLE 41: MARKET ORGANIZATION OF IMPLEMENTATION FUSION TRIAL OF THE USEF PROJECT ...cvvvvvveeeererreeereeeeeeennnns 95
TABLE 42: MARKET ORGANIZATION OF THE IMPLEMENTATION INTERFLEX-ENEXIS OF THE USEF PROJECT ....ccovuvvrrieeennnn. 96
TABLE 43: PROJECTS DISCARDED IN THE MARKET IDENTIFICATION PROCESS. .. uvvvreeeeeeeesiurrrrreeeeeeesssnrereeseesesssssssnneeesees 98
TABLE 44: IMARKETS—SERVICES IMAPPING ....evvvvveutsssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnes 99
TABLE 45: MARKETS—SERVICES-PRODUCTS MAPPING FOR NEED: CONGESTION MANAGEMENT ....ccuvvvvireeeeeeeeeenvranens 100
TABLE 46: MARKETS—SERVICES-PRODUCTS MAPPING FOR NEED: VOLTAGE CONTROL «..uuvvvvvreeeeeeeesnnernreeeeeeeesnnnnnnnens 101
TABLE 47: MAARKETS—SERVICES-PRODUCTS MAPPING FOR NEED: SERVICE RESTORATION ..uuuviieriiiiiiiieeeeeeeerniinneeaeaenns 102
TABLE 48: PROJECTS DISCARDED FOR THE MONITORING AND CONTROL SYSTEMS ANALYSIS ..vvveeeeeeeeriivrrreeeeeeeesnnnnnnenns 107

TABLE 49: TOOLS AND FUNCTIONALITIES TO UNLOCK OR ENHANCE FLEXIBILITY’S USAGE POTENTIAL BY DSO, EXPLORED IN THE

PROJECTS REVIEWED ... euuuutttteeeeeessasuttenteeeeessasusasnseeeesssansnssseseeesesssnssssssesessssssssnssseseeesssssssnsssseeeesssnnsnnssseeees 114
TABLE 50: MAPPING OF SERVICES AND DER THAT CAN PROVIDE THOSE SERVCES. ADAPTED FROM [100].......ccvvvenneee. 123
TABLE 51: TEMPLATE SHEET FOR THE CHARACTERIZATION OF A MARKET MODELS DESIGN ....vvvveeeeeeerenrrnreeeeeeeessnnnsnnens 139
TABLE 52: TEMPLATE SHEET FOR THE CHARACTERIZATION OF A MARKET OPERATION ...cvvvuuiiieeeeereiinriiieeeeeeennsnnnnesaaanans 141

Page 8 of 157



-2
-> U_hképlversal

List of Figures
FIGURE 1: HOW NEEDS, SERVICES, MARKETS AND PRODUCTS INTERRELATE ...uuuuuuuuunununnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 29
FIGURE 2: DSO VOLTAGE CONTROL NEED AND SERVICES ...etetttttruuieeeeeettttuuniesseeseessssnissseeesssssssnnseessesssssnneessessssennns 34
FIGURE 3: DSO CONGESTION MANAGEMENT NEED AND SERVICES .. .uuuuuuuuuuuununnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsnnnnnnnnnnnnnn 34
FIGURE 4: DSO SERVICE RESTORATION AND VOLTAGE SAG MITIGATION NEED AND SERVICES....cccvvuuuieeeeeeerrnirniineeeeeennennns 35
FIGURE 5: DSO PLANNING AND PREDICTIVE MANAGEMENT NEED AND SERVICES ..eevvvuvuiieeeeeeeirirniiieseeeseesnssnnseesesesnennes 36
FIGURE 6: DSO PLANNING AND PREDICTIVE MANAGEMENT NEED AND SERVICES ...uuuuuuuuuuununnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 36
FIGURE 7: DSO NEEDS AND SERVICES SUMMARY ...cvvtuuuesteeeettutsuieeseeestessnneaseeesesasssniasseeesssssssnnsessssessssnanneseessnennns 38
FIGURE 8: METHODOLOGY FOR MARKETS MODELS ANALYSIS ..cttttuueetteettttuuiiieseeeeestussnaeseeeesssessnnasesssssssssnseeessessnennns 41
FIGURE 9: CLARIFICATIONS ON THE PROPOSED MARKET ORGANIZATIONS .....uuuuuuununnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 43
FIGURE 10: CENTRALISED FLEXIBILITY IMARKET ...tetttttuuueseeeeettuusunneeseeesssssnsnsseeesssssssunssessessssssssnnnsesssssssssnnneesseessssnnnn 43
FIGURE 11: LOCAL AND GLOBAL FLEXIBILITY MARKETS ..uuetttttttuuruieeseeeseetunsaaeeeesesssssnessseeesssssssnnnsesessessssnneessesssnennns 44
FIGURE 12: LOCAL AND GLOBAL FLEXIBILITY MARKETS WITH SHARED RESPONSIBILITY ..uuuuuuuuuunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 45
FIGURE 13: LOCAL AND GLOBAL FLEXIBILITY MARKETS WITH BALANCING COORDINATION ...ceeeiiiiiiiiieneeeeeeriiriiaeeeeeeennennns 45
FIGURE 14: COMMON TSO-DSO FLEXIBILITY IMARKET ..utttttttttttueeeeeeeetssuusneeseesesssssnnasseessssesssnssesesssssssnneeesesssmennns 46
FIGURE 15: INTEGRATED FLEXIBILITY MARKET FOR TSO, DSO AND BRP ..ottt et e e e e e 47

FIGURE 16: COORDINATION SCHEMES CONSIDERED WITHIN COORDINET PROJECT (D1.3) AND CORRESPONDENCES WITH T1.2
PROPOSED IMODELS ..ttt tee e ettt ettt ettt e e e ettt e e e e e s s bbb e e e e e e e e e e asb b b ee e e e e s eaanbbaseeeeeessaannbaereeeeeeas 48

FIGURE 17: COORDINATION SCHEMES FOR CONGESTIONS MANAGEMENT AND BALANCING PROPOSED BY ENTSO-E AND

ASSOCIATIONS REPRESENTING DSO [71] c.uuuiiiiiiiieiiieiiiitieee e e e e e eeeitreeeee e e eeestsreeeeeeeeesaabssseseeeeeesssssaseeseseesnnanes 49
FIGURE 18: THOROUGH DESCRIPTION OF THE PRODUCT DEFINED IN DE-FLEX-MARKET. ADAPTED FROM [7]....cccevvurrrneen. 58
FIGURE 19: SEQUENCE DIAGRAM FOR COMMUNICATION IN ECOGRID 2.0 ADAPTED FROM [76]...cccuvrueeieiiniaienieeneene 60
FIGURE 20: EMPOWER H2020 MARKET BASE CONCEPT. ADAPTED FROM [77].cuvvvieeeeiiiiiiirieeeeeeeeirneeeee e e e e 62
FIGURE 21 Top: FLEXICIENCY SYSTEM ARCHITECTURE; BOTTOM: INTERACTIONS AMONG MARKET PLAYERS AND THE NEWLY

PROPOSED EU MARKET PLACE. ADAPTED FROM [30] AND [31].ciiiiiiiiiiieiiie ettt eeaavee e e 74
FIGURE 22: BASELINE METHODOLOGY SPECIFICATION FOR PROVIDING FLEXIBILITY. FROM [23]..cueeiiieiieiiniicienieeeee 76

FIGURE 23: GOPACS ARCHITECTURE, WITH THE REGULAR INTRADAY MARKET, AND THE CONGESTION MANAGEMENT

THROUGH GOPACS-IDCONS (CONGESTION SPREAD). FROM [78]. ccuurviieeiiiieeeeiieee et eeite e et 78
FIGURE 24: CONGESTION SPREAD CASE FOR GOPACS-IDCONS. FROM [79]. c.uuvrrriiieeeeeiiiiireeiee et ee e 78
FIGURE 25: SCHEMATIC REPRESENTATION OF THE MARKET INTEGRATION MODEL PROPOSED IN INTEGRID .....ccvvevveevennee. 81

FIGURE 26: TOP - POSSIBLE BALANCING AND CONGESTION MANAGEMENT MARKET; BOTTOM - GROUPING OF THE SEVERAL
MARKET IMPLEMENTATIONS. ADAPTED FROM [42] AND [43]. weveeeeeieiiiiiieeeeeeeeeeccirreee e e e eeeirreeeeeeeeeeeanraeeeeee e s 87

Page 9 of 157



UMEI

'." =Universal

FIGURE 27: NODES MARKETPLACE MODEL, INTEGRATED THROUGH THE SEVERAL APIS TO MARKET PARTICIPANTS AND
FUNCTIONALITIES. FROM [AB]. 1o eieiiiiieiee e ettt e e e e ettt e e e e e e ettt e e e e e e e e e e aabaaaeeeeeeeesssbasaaeeaeesensssraaaeaaaeas 89

FIGURE 28 - USEF MARKET MODEL, INCLUDING THE FLEXIBILITY TRADING PROTOCOL AND THE FUSION MARKET STRUCTURE.
ADAPTED FROM [B0]. 1eeeeiiiiiiiitiriiie et et eeecttt et e e et ettt e e e e e eeeeeataaeeeeeeeeeesataaaeeseeeeeensssasseseeeseeenasraseeseeeenansees 97

FIGURE 29: ORGANIZATION AND ARTICULATION OF THE SYSTEM ARCHITECTURE (EDITED FROM COORDINET [83]) ......... 108
FIGURE 30: INTERACTIONS OF THE NETWORK ARCHITECTURE INCLUDING A MARKET PLATFORM (EDITED FROM [84]) ......109

FIGURE 31: REPRESENTATION OF GRID ARCHITECTURE, SHOWING THE COMMUNICATION LINKS AND INTERACTIONS AMONG

THE PARTICIPANTS [89]. 1utttteeiiiiiiiititte e e e e eeiitttt et e e e e e e tate e e e e e eeesaaeaaaeeeeeeeeasssaaaeeaaeeesasstbaseeeaeeaansnssensaaaeens 116
FIGURE 32: BLOCK SCHEME OF VOLT-VAR CONTROL CONCEPT, FROM THE INTERFLEX INITIATIVE [95]. ..ccccviieeeiieeeeee 120
FIGURE 33: GRAPHICAL SUMMARY TEMPLATE FOR MARKETS ORGANIZATIONS........vveeeiitrreeeerreeeeerreeessneeeeseseeeesennens 142

Page 10 of 157



" =Universal
‘ UMEI

List of Abbreviations

AASS

ADMS

ADS

aFRR

AGR

AMI

AMR

AP

B2B

BRP

BS

BUC

CAES

CHP

CM

D-SCADA

DA

DER

DERMS

DG

DMS

DRES

DSM

DSO

Ancillary Services

Advanced Distribution Management System
Active Demand & Supply

Automatic Frequency Restoration Reserve
Aggregator

Advanced Metering Infrastructure
Automatic Meter Reading

Active Power

Business-to-business

Balance Responsible Party

Black-start

Business Use Case

Compressed-Air Energy Storage
Combined Heat and Power

Congestion Management

Distribution SCADA

Day-Ahead

Distributed Energy Resources

Distributed Energy Resources Management Systems
Distributed Generation

Distribution Management System
Distributed Renewable Energy Source
Demand-Side Management

Distribution System Operator

Page 11 of 157



' =Universal

L
DSR Demand Side Response
EV Electric Vehicle
FCR-D Frequency Containment Reserve for Disturbances
FCR-N Frequency Containment Reserve for Normal operation
FFR Fast Frequency Response
FRT Fault-Ride Through
FSP Flexibility Service Provider
GIS Geographic Information System
HEMS Home Energy Management Systems
ICT Information and Communications Technology
ID Intraday
IED Intelligent Electronic Device
10 Isolated/Islanded Operation
ISP Imbalance Settlemet Period
LFM Local Flexibility Market
LV Low Voltage
LT Long-term
mFRR manual Frequency Restoration Reserve
MGT Management
MO Market Operator
MOL Merit Order List
MQTT Message Queuing Telemetry Transport
MT Medium-term
MV Medium Voltage
OLTC On-load Tap Changer
(0)3 Operational

Page 12 of 157



'|" =Universal

UMEI

OPF
PCC
PF
PMU
RES

REST API

RP
RR

RT
RTU
SCADA
SE
SESP
SIM
SO

ST
TLC
TLQ
TSO
UMEI
VRE

WLS

Optimal Power Flow

Point of Common Coupling
Power Flow

Phasor Measurement Unit
Renewable Energy Sources

Representational State Transfer Application
Interface

Reactive Power

Replacement Reserve

Real Time

Remote Terminal Unit

Supervisory Control and Data Acquisition
State Estimation

Smart Energy Service Provider
Subscriber Identity Module

System Operator

Short-term

Traffic Light Concept

Traffic Light Quantification
Transmission System Operator
Universal Market Enabling Interface
Variable RES

Weighted Least Squares

Programming

Page 13 of 157



" =Universal
‘ UMEI

Executive Summary

Under the European H2020 program, the EUniversal Project has the main objective to foster the
universal access of system operators to the available flexibility, mainly provided by Distributed
Energy Resources (DER), through the interaction with new Flexibility Markets and innovative
services. With the development of solutions and services that allow the massive integration of the
Distributed Generation (DG), energy storage, and the active participation of consumers, the project
aims to tailor the concept of the Universal Market Enabling Interface (UMEI). The UMEI will look to
overcome the limitations that the system operators, especially the Distribution System Operator
(DSO), experience in the use of flexibilities, addressing the interlinking of electricity markets with
active network management.

The aim of this deliverable is to identify and analyse a set of relevant initiatives and projects that may
provide relevant inputs on three main basic topics for future project tasks:

e Flexibility needs, services and products addressed in these initiatives, as a preliminary
catalogue of the needs and services definition that should come out from task T2.1. The focus
is on the DSO side.

e Markets organisations proposed and tested in these initiatives for TSO and DSO to procure
these flexibilities under coordinated mechanisms that will provide input to task T5.1 on
market design.

e Technologies involved at the resources levels, but especially at the DSO side in terms of tools
needed to integrate the existing flexibility into the planning and operating procedures of the
DSO, and to interface with these flexibilities for activation and verification.

A set of 24 initiatives and projects have been selected by task T1.2 partners for this analysis,
considering different types of approaches from conceptual proposals to demonstration projects.
Table 1 provides the list of projects considered.

The main findings are:

e The list of grid and non-grid DSO needs and services identified in the projects analysed. Table
2 summarises that set of needs and services;

e The main markets organisations used in the different projects for the services addressed,
discussed throughout chapter 3;

e The resulting matching between the identified markets organizations, and the DSO needs-
services-products (tables Table 44-Table 47, summarised also in Table 3);

e Architectural aspects and tools and technologies used to enable the use of flexibility for the
distribution management systems, and DER types and interfaces for DER control and
monitoring, discussed throughout chapter 4.
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Table 1: List of projects and initiatives analysed

Architecture of Tools for Load Scenarios (ATLAS)
CoordiNet

De-Flex-Market

EcoGrid 2.0

EMPOWER H2020

Enera

FLECH-iPower

Flex-DLM

FlexHub Eu-SysFlex
FLEXICIENCY

FlexMart

Future Network Modelling Functions
GOPACS-IDCONS

InteGrid

Interflex

INTERRFACE

IREMEL

NODES

Open Networks

Piclo Flex (and Piclo)

PlatOne

Power Potential, National Grid
SENSIBLE

USEF
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Voltage Control

Congestion
Management (CM)

Service
Restoration

Voltage sag
mitigation

Planning and
predictive
management

o Observability of
the flexibility.

e Procurement
and settlement;

e SO coordination

Table 2: Needs and services identified

Steady

state
Reactive power control
management

Dynamic

control

Active power management

Operational

Short-term planning (D-1 to M-1)

Long-term planning (>M-1 to Y-1 or
more)

Black Start for distribution islands

Isolated/Islanding operation mode

FRT

Flexibility forecasting
Generation forecasting

Load forecasting

Visibility over available flexibility

Service to maintain the voltage profile inside the
limits, in steady state (normal operation)

Service to control the voltage variations under
system disturbances

Service for voltage control by
increasing/decreasing active power

Service for CM in operational timeframe,
activated to mitigate congestions caused by
faults, and to other remedial actions

Service for CM in timeframe of D-1 (day before)
up to M-1 (month before)

Service for CM considering several months or
years before, and may as well result in network
reinforcement deferrals

Service for system restoration after blackout
situations. In the distribution specific case, at
present, large generators that are already
designed for blackout services can be used for
black start in parts of the distribution network

Specific services can be offered for parts of the
grid operating in islands/isolated mode (e,g,
isolated microgrids). Some needs to attend these
services are local balancing and voltage control
(and others).

Service to provide FRT (fault ride through)
capability, supporting the mitigation of voltage
sag on the distribution system. FRT as a flexibility
service is in early discussions.

Forecasting services, for distribution loads,
generation and flexibility, to have better
estimations of generation and demand, and the
expected impacts for the DSO, considering also
the flexibilities available.

Service to provide DSO enhanced observability
of the system, with better awareness of their
assets, their available flexibility and location,
improving the system management.

Grid
service

Grid
service

Grid

service

Grid
service

Grid
service

Grid

service

Grid
service

Grid
service

Grid
service

Non-grid
services

Non-grid
services
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Market
Model

Table 3: Mapping markets types-services-projects

DSO Needs / Grid Services

M1 -
Centralised
flex market

M2 - Local and
global flex
market

M2/3 - Local
and global flex
market

with balancing
coordination

M3 - Local and
global flex
markets

with shared
responsibility

M4 - Common
TSO-DSO
flexibility
market

M5 -
Integrated
flexibility
market for
TSO, DSO and
BRP

Voltage Control

RP

(reactive power)

= Piclo Flex
(and Piclo)
= SENSIBLE

= CoordiNet
= FlexHub EU-
SysFlex

AP

(active power)

= CoordiNet

= EcoGrid 2.0

= EMPOWER
H2020

= FLEXICIENCY

= Interflex

= |IREMEL

= SENSIBLE

= USEF

= CoordiNet

OP

(operational)

= CoordiNet

= INTERRFACE

= INTERRFACE

ST

(short-term)

= CoordiNet

= EMPOWER
H2020

= Enera

= FLECH-iPower

= Flex-DLM

= GOPACS-IDCONS

= Interflex

= |IREMEL

= NODES

= Piclo Flex (and
Piclo)

= SENSIBLE

= INTERRFACE
= USEF

= CoordiNet
= INTERRFACE

Congestion Management

LT

(long-term)

= CoordiNet

= De-Flex-Market

= EcoGrid 2.0

= FLECH-iPower

= FlexMart

= Piclo Flex (and
Piclo)

= INTERRFACE

= CoordiNet
= INTERRFACE

Service Voltage
Restoration Sag
Mitigation
BS 10 FRT
(black- (isolated (fault ride-
start) operation) through)
= CoordiNet
= EMPOWER
H2020
= Interflex
= USEF
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1. Introduction

1.1 Context and main objectives

The EUniversal project, funded by the European Union, aims to develop a universal approach on the
use of flexibility by Distribution System Operators (DSO) and their interaction with the new flexibility
markets, enabled through the development of the concept of the Universal Market Enabling Interface
(UMEI) - a unique approach to foster interoperability across Europe.

The UMEI represents an innovative, agnostic, adaptable, modular and evolutionary approach that will
be the basis for the development of new innovative services, market solutions and, above all,
implementing the real mechanisms for active consumer, prosumer, and energy communities
participation in the energy transition.

Deregulation first, then decentralisation and decarbonisation of the power system are some of the
main drivers that are shaping the recent and future evolution of the power system. Deregulation
changed the traditional paradigm of centralised vertical energy supply with the aim of introducing
competition at different levels (wholesale markets and retail markets) to increase efficiency and to
let the market adapt to the evolving environment. Decentralisation and decarbonisation are leading
to the progressive closure of conventional fossil fuel-based generation, being replaced by renewable
generation plants (mainly wind and solar farms). This new generation, non-dispatchable and less
predictable, is making the balance of generation and supply harder, with a progressive decrease of
the dispatchable generation that had traditionally and is still providing most system services needed
to guarantee the system security. This new paradigm implies new system scarcities, and therefore,
new needs to guarantee a secure energy supply, as well as the need to improve the integration of all
new distributed energy resources (RES) into the system (including low-voltage resources at
consumers’ level) as potential flexibility suppliers to satisfy the system needs.

The electrical system historically relied upon a set of “implicit services”!, provided by classical
generation plants. Assuming the future scenarios and the upcoming perspectives, the availability of
resources that provide these classical types of services will become significantly reduced. The current
panorama of electrical systems shows a growing trend towards the incorporation of DER in the
networks. Consequently, the introduction of new ancillary services and explicit services (replacing
the previous implicit ones) turns out to be an essential requirement to assure the safe management
of the electrical system. Addressing such new services strictly follows the evolution and the
integration of multiple electricity markets, to stress the new services needed in the forthcoming
panorama, whilst promoting the participation of new flexibility resources in the markets, finally
leading these markets to an integration at the European level.

The constant evolution of the electricity networks associated to electricity markets' structures,
follows the advances in promoting the renewables, and, through this, new participants are entering
the electricity markets, such as the Aggregators (AGR), the Flexibility Providers (e.g., residential and
commercial energy storage systems, electric vehicles, flexible generators as CHP and biogas, demand
response, etc.), the Balance Responsible Parties (BRP), among many others.

Many projects and conceptual initiatives have been proposed to improve DER integration as active
flexibility providers in local (oriented to distribution grid) and system-wide (oriented to transmission
grid) services to contribute to a more efficient operation of the system.

The aim of this deliverable is to identify and analyse a set of relevant initiatives and projects that may
provide relevant inputs on three main basic topics relevant for other EUniversal project tasks:

Y Implicit services here refers to those services that are not directly traded in markets
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o Flexibility needs, services and products addressed in these initiatives.

e Market organisations proposed and tested in these initiatives for TSO and DSO to procure
these flexibilities under coordinated mechanisms.

e Technologies involved at the resources’ levels, but especially at the DSO side in terms of tools
needed to integrate the existing flexibility into the planning and operating procedures of the
DSO, and to interface with these flexibilities for activation and verification.

Up to 24 research and demonstration projects were selected as their lessons and proposals could be
relevant to the EUniversal Project objectives of defining future scenarios for European electricity
grids and markets.

The results obtained in this task were provided as inputs to the following tasks of the project:

o The identification of the DSO needs, services and products, that follows from the review of the
initiatives, provides the preliminary catalogue of the needs and services related to the
progress and results of task T2.1;

e The identification of market models and their organisations, emphasising the coordination
schemes, procurement methods, and market negotiation characteristics will provide inputs to
task T5.1;

e The characterisation of distribution network control and management tools and technologies
to enable the participation of DER in flexibility markets (focusing on DSO grids) that will
provide information to task T3.1.

1.2 Methodology

The methodology used for this Deliverable consisted in the following steps:

1. Selection of an appropriate set of projects and initiatives, proposed and agreed by all task T1.2
partners, related with the topics to be investigated, namely:

a. Grid operators’ needs for a more efficient operation of their grids, with special
emphasis on distribution grids, under the current context of decarbonisation and
decentralisation of energy resources. For each of the needs the main services
proposed to satisfy these needs where also investigated, as well as the products
negotiated for each of these services;

b. Markets organisations mechanisms (including TSO-DSO coordination strategies) to
negotiate the products for the identified services. At this stage, a more in-depth
description of the products negotiated in the markets was also performed;

c. Characterisation of distribution network control and management tools and
technologies to enable the participation of DER in the flexibility markets;

2. For each project, INESC TEC performed a preliminary analysis focusing on several relevant
topics that would later allow to prioritise the analysis (to provide rapid feedback to other
projects’ tasks) as well as to ask for specific contributions from the task T1.2 partners. These
selected topics are collected in Table 4. This preliminary analysis was complemented with
more detailed contributions provided by some of the partners on a reduced set of projects;

3. For each of the three main topics investigated (needs and services, markets and technologies)
a specific methodology was developed, which is described in each of the corresponding
sections, namely section 2 for Needs and services, section 3 for markets organization, and
section 4 for technologies. For each topic, templates were designed and/or used to collect the
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information in an organised and systematic way. Relevant attributes were initially collected
for each of the topics and refined during the subsequent work;

4. For each of the three main topics analysed, after collecting the information from the projects,
this information was analysed and processed to present it in a compact, organised, and
summarised way to highlight the main findings. Discussion and conclusions accompany each
of the three sections mentioned. At this stage specific collaborations of task T1.2 partners
were requested attending to their expertise;

5. Afinal discussion, main findings and conclusions were then elaborated and included at the
end of this document.

Table 4: List of topics for the preliminary projects’ characterization

Topics Description

General description

Brief description of project and the approach to flexibility provision

Dates

Starting and ending date of the initiative, to identify how up to date it is and if it is
still on-going.

Countries/EPEX/partners

Countries, power exchanges and partners involved in the initiative.

Level/status of deployment

To clarify if it is a conceptual proposal, a pilot demonstrator or a platform in partial
or full operation.

Energy/Flexibility

To describe if it considers commercial energy exchanges or only flexibility provision
to regulated procurers (TSO and/or DSO).

TSO Flexibility and services

Does it provide flexibility to the TSO? For which types of services? Characterization
of the flexibility products.

DSO Flexibility and services

Does it provide flexibility to the DSO? For which types of services? Characterization
of the flexibility products.

DSO network operation tools
with flexibility

How is the flexibility used in the DSO operating tools? To what extend the use of
flexibility is integrated in the DSO operating tools?

DSO network operation and
planning tools

How is the flexibility used in the DSO planning tools? To what extend the use of
flexibility is integrated in the DSO planning tools?

DSO monitoring and control
requirements

High level description of DSO monitoring and control requirements, and DSO
interfaces with flexible DER.

Markets integration model
(TSO-DSO coordination)

Classification of the coordination model according to a predefined set of models to
be reviewed and complemented.

DER characterisation (types,
sizes, aggregation)

Characterization of the DER considered in the initiative, for example with respect
to the technologies, the minimum size to participate, level of aggregation, etc.

Other possible partners

Suggestion of other possible partners that could contribute to help in the
characterisation of this initiative.

Table 5 shows the final projects and initiatives that were selected for analysis by task T1.2 partners,
considering different types of approaches from conceptual proposals to demonstration projects, all of
them to some extent related with the three main topics investigated in this report. For each project, a
small description is provided as well as some basic references.
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Table 5: List of projects and initiatives reviewed
Description

The aim of the ATLAS project was to develop credible methodologies and associated
prototype tools (technical development of improved methods of load estimation, creation
of scenarios, and indicative comparison to network capacity, rather than technical or
commercial solutions to any loading constraints identified) for the long-term forecasting

Refs.

Scenarios
(ATLAS) of demand and generation across the Grid & Primary networks of Electricity North West (1], [2]
(UK). ATLAS develops a method to deliver historic estimates and future annual scenarios
UK of asset loading to 2031 and make indicative comparisons of these to thermal capacity.

Completion Date: December 2017.
The CoordiNet project aims to establish and demonstrate different collaboration
schemes of coordination between TSO, DSO, and consumers to contribute to the
development of a smart, secure and more resilient energy system. Within this, several

CoordiNet standardised products are defined and tested along with the related key parameters for
grid services, reservation and activation process for the use of the assets and settlement 131, [4], [5]

Spain process. Analysis and definition of flexibility in the grid is made in every voltage level,

ranging from the TSO and DSO domain to consumer participation, thus enabling all
market participants to provide energy services.

Completion Date: June 2022.

De-Flex-Market

Germany

The De-Flex-Market is a model that suggests, in addition to the existing central markets,
such as power exchanges (including futures markets, day-ahead and intra-day markets),
over the counter and balancing markets, the introduction of a decentralised market for
flexibility options which can be used by the distribution network operators to address local
capacity constraints while avoiding or deferring network reinforcement, if this is the most
efficient option. It is emphasised with the project that the proposal of De-Flex-Market (2.0)
is not a market model by classical understanding, but a market-based instrument.

Completion Date: early 2015.

(6], [7]

EcoGrid 2.0

Denmark

EcoGrid 2.0 is a Danish project that demonstrates how flexibility from households can be
utilized through DR to offer power system services to both the TSO and DSO. Around 800
private households from the island of Bornholm participate in the project, providing
flexibility through the management of their heating assets. In parallel, a market platform
was demonstrated, for request and trading of small-scale flexibility by BRP, DSO and TSO,
based on the Danish "Supplier-centric Model" (Engrosmodellen). Design of this platform
was made so that integration with existing markets is possible.

Completion Date: June 2019.

(8, [9], [10]

EMPOWER
H2020

Norway

EMPOWER aims to develop and verify a local marketplace and innovative business models,
including operational methods, encouraging micro-generation and the active participation
of prosumers to exploit the flexibility created for the benefit of all connected to the local
grid. One of the project's goals is a toolkit allowing more cities and organisations to take
up the EMPOWER concept. It will include an evidence database, business model
templates, software tools and advice on evaluation methodology. The toolkit will help
industry, policy makers, city authorities and employers to understand and successfully
implement positive incentive schemes using smart technologies in the context of existing
infrastructure, policy and measures.

Completion Date: April 2018.

(11], [12]
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The main objective of Enera is to develop and demonstrate scalable showcase solutions
for the energy transition in the focus fields grid, market and data by launching a local
market platform for flexibility sources together with the system operators. The Local

enera market platform for flexibility sources is designed to avoid uneconomic excess wind [13], [14]
generation curtailment and grid congestion. Availability is presently restricted to members [15], [16]
Germany of a consortium, but depending on the results, it is expected to be implemented in much

larger scale in the future.

Completion Date: December 2020.

) FLECH-iPower (flexibility clearing house) proposes a market that runs in parallel with the
FLECH-iPower | existing markets, oriented to the distribution grid, to assist the DSO to mitigate the [17], [18],
congestions and empower the small-scale DER integration in the flexibility services. [19], [20],

Denmark [21], [22]
Completion Date: 2016.

Flex-DLM proposes a flexibility market led by the DSO focusing on solving distribution grid
congestions. It implements a comprehensive framework for a decentralized market for

Flex-DLM the provision of demand flexibility services at the distribution-level grid: serving the
flexibility providers (AGR on behalf of customers) and the flexibility buyers (DSO), [23]
Spain addressing the local congestions. Moreover, Flex-DLM follows a decentralized approach,

which means that several markets can exist for different areas in the distribution network.

Completion Date: Flex-DLM was proposed in a paper in 2018.

Project for efficient coordinated use of flexibilities for the integration of a large share of

FlexHub Eu- RES. Identification of new types of services to meet the system’ needs with more than 50%
SysFlex of RES. It will find the right blend of flexibility and system services to support secure and |  [24], [25],
resilient transmission system operation. [26]
Ireland

Completion Date: October 2021.

The objective of FLEXICIENCY was the development of a marketplace based on
standardised interactions among electricity stakeholders, and the realization (along with
the project partners) of a common EU marketplace, which connects smoothly together
four countries, making available to share multiple energy services, as flexibility offers and
FLEXICIENCY metering data to exchange. Three service categories were covered: Advanced energy (271, [28],
monitoring (with energy consumptions and production information made available to the [29], [30],
Spain customers); Local energy control (tools and algorithms for local energy control and (31]
modulation); Flexibility (by a group of aggregated customers, distributed systems of loads
and generators, including a micro grid).

Completion Date: January 2019.

FlexMart proposes an empirical model that works as a long-term planning tool for DSO,
providing the ability to purchase demand flexibility offered by residential consumers,
trying to minimize DSO's overall cost considering the cost of flexibility activation, the cost

FlexMart of line reinforcement, and the cost of energy curtailment. The consumers are rewarded
) for the flexibility service with a fixed benefit covering the difference between the cost of (32]
Belgium flexibility-related equipment and the benefit due to a consumption shift in off-peak hours

(it highlights the relevance of dynamic network tariff).

Completion Date: Model was proposed in a 2016 paper.

Project objective was to produce a report assessing the expected future requirements for
Future Network | system modelling within a distribution network operator in Great Britain. The research

Modelling project also intended to devise a strategic approach to meet the requirements using both
Functions existing and new technologies. The main topics addressed by the project comprised: [33]
Requirements identification; Strategic assumptions; Scenario modelling; Summary
UK Analysis; Key risks and dependencies.

Completion Date: September 2017.
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GOPACS-IDCONS

The Netherlands

GOPACS (Grid Operators Platform for Congestion Solutions) is a project for TSO/DSO
market-based redispatch platform and it uses as one of the products the IDCONS (Intra-
day congestion spreads), with the objective to develop a mechanism to increase volume
of available flexibility, reduce costs, and standardise and harmonize grid operator
products and processes to address congestion on lower voltage levels.

Completion Date: the platform and product are active.

[14], [34]

InteGrid

Portugal

InteGrid’s focus is to bridge the gap between citizens and technology/solution providers
such as utilities, AGR, manufacturers and all other agents providing energy services, hence
expanding DSO’s distribution and access services to active market facilitation and system
optimisation services while ensuring sustainability, security and quality of supply. One of
the project’s goals is the development of a Market Hub Platform with the objective of
empowering local energy communities by democratizing the access to smart meter data.
Another is the development of business models for new data-driven energy services.

Completion Date: October 2020.

[35], [36],
[37), [38]

Interflex

France

Dutch project dealing with congestion management, comparing time-of-use tariffs,
dynamic tariffs and a Local Flexibility Market (LFM) approach with long lead times.

Completion Date: December 2019.

[39], [40]

INTERRFACE

Luxembourg

The INTERRFACE project (TSO-DSO-Consumer INTERFACE aRchitecture to provide
innovative grid services for an efficient power system) has for main objective the increased
coordination between TSO and DSO. The project focus on the design, development and
exploitation of the Interoperable pan-European Grid Services Architecture (IEGSA)
functioning as the interface between TSO/DSO and the customers, providing a seamless
and coordinated operation of all the stakeholders to use and procure common services.
INTERRFACE market structures will exploit state-of-the-art digital tools based on
blockchains and big data management.

Completion Date: December 2022.

(41], [42],
(43]

IREMEL

Spain

The main goal of the project IREMEL (Integration of Energy Resources through Local
Electricity Markets) is to define and test a Flexibility Market Model capable of addressing
prosumers and distribution system operators’ needs, enabling the efficient integration of
DER (renewables, proactive consumers, storage installations, etc.) and their participation
in solving those needs, for example for local congestions. This is to be achieved through
their participation in the existing European electricity markets (Daily and Intraday) for the
periods where no restriction exists, and in the local flexibility markets that would be
created in case of necessity.

Completion Date: not informed, the project is ongoing.

(44], [45]

NODES

Norway

NODES, as an independent market operator, provides a platform where BRP and network
operators can procure local flexibility in the intraday timeframe, aiming to facilitate
optimal use of flexibility in the grid, through an open, integrated marketplace to all
flexibility providers and grid operators. Furthermore, the offered flexibility, which is not
needed locally, will be forwarded to other existing market platforms, i.e. the intraday and
balancing market.

(14], [46]
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The Open Networks Project is a major industry initiative and seeks to enable the uptake
of new smart energy technologies by more homes, businesses, and communities in the
UK. Allowing customers to take advantage of these new technologies to manage their
energy consumption and lower the bills. The project is enhancing data sharing between
gas and electricity networks, sharing information on managing network constraints, and
improving short term forecasting to optimise existing processes through greater [48], [47]
UK interaction. It aims to change how the networks operate to facilitate the transition to a
smart, flexible energy system. The Distribution Network Operators will take a more active
role in managing their networks, allowing them to address periods of high and low
demand, and power outages efficiently, with new low-carbon solutions.

Open Networks

Completion Date: December 2020.

) Piclo is a software platform for decentralised energy markets, offering a P2P energy
Piclo l.:lex (and | matching service based on smart meter data. Piclo Flex is a service that lets a client upload
Piclo) its flexibility assets to a platform and offer biddings to smart grids and DSO, empowering (14], [49],

both sellers and buyers with increased visibility over the grid and the other players. (50], [51]
UK
Completion Date: the platform is active.

PlatOne (Platform for Operation of Distribution Networks) aims at defining new
approaches to increase the observability of renewable energy resources and of the less
predictable loads while exploiting their flexibility. The purpose of PlatOne is to develop a
cost effective two-layer platform for distribution network operation and market operation

PlatOne creating a seamless integration of local prosumer in an open market structure ensuring a [52], [53]
joint data management of volatile generation and consumption. A blockchain based [54]
Germany platform is the access layer to generators’ and customers’ flexibilities, and upper layer will

implement a new concept of blockchain-based open market platform to link the local
system to the TSO domains.

Completion Date: August 2023.

The objective of Power Potential, by National Grid and UK Power Networks, is the creation
of a new regional reactive power market for distributed energy resources (DER) connected
Power Potential, | t© the distribution, and generate additional capacity on the network, providing the

National Grid | services to GB SO: dynamic voltage control from DER (Mvar for high and low voltage
conditions); active power support for constraint management and system balancing. This [55], [56]
UK project estimates that it could save energy consumers over £400m by 2050. It could also
generate up to an additional 4 GW in the South East region of the UK.

Completion Date: not informed, the project is ongoing.

In Project SENSIBLE, the aim is to understand the economic benefits that energy storage
can bring to households, communities, and commercial buildings. From the technical
objectives: develop and demonstrate locally focused energy market services; define

SENSIBLE specifications enabling new distributed energy storage products, markets and businesses. [57], [58]
An important aspect of the project is understanding how to connect local storage capacity [59], [60]
Germany with energy markets in a way that results in sustainable business models for small scale

storage deployment, especially in buildings and communities.

Completion Date: December 2018.
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USEF is an organisation, founded by seven key players, active across the smart energy
industry, with the goal to accelerate the establishment of an integrated smart energy
system with benefits for all stakeholders, from energy companies to domestic household

USEF consumers. The organisation presents an assortment of white papers and other
documents centred around a common framework where a market for flexibility plays a [61], [62],
The Netherlands | Pivotal role. The framework defines each stakeholder role in the energy market, how they [63]

interact and how they can benefit by doing so, detailing specifications and real-life pilots
in the market.

Completion Date: the organisation is active.
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2. Flexibility Needs and Services

This section focuses on the first main topic to be investigated in this deliverable, namely, what are the
main flexibility needs, the services to satisfy these needs, and the products negotiated to provide these
services, as they are proposed in the projects analysed. However, since products are much related to
the market clearing mechanisms, products are introduced here but addressed in more detail in
section 3.

2.1 Methodology

The methodology used for this section consisted of the following steps:
1. Use the selected projects and initiatives agreed with task T1.2 partners;

2. Revision of each project to identify and collect the needs and services addressed. A
comprehensive excel template was filled in to collect in detail the information gathered;

3. Classification proposal of the needs and the services;

At this stage, a graphical summary was provided as feedback to task 2.1, including some
additional information on the product attributes typically proposed for the provision of the
services identified;

Grid and non-grid needs and services were also distinguished;

4. Discussion of the results.

2.2 Flexibility for TSO vs. Flexibility for DSO

System operators (TSO and DSO) bear the responsibility of operating their networks securely and
reliably. To do so, each system operator must be able to make decisions regarding the networks under
their supervision.

Transmission System Operators (TSO) are responsible for the reliable transmission of electricity from
large-sized generation plants to regional or local electricity Distribution System Operators (DSO) by
means of a high voltage electrical grid [64]. The TSO provides grid access to the electricity market
players (i.e. generating companies, energy storage operators, traders, suppliers, distributors and
directly connected customers) according to non-discriminatory and transparent rules. TSO are tasked
with maintaining, operating, and planning a robust and cost-efficient transmission network. The main
responsibility of TSO is to ensure that the grid always remains stable, to safeguard the consumer’s
security of supply. This entails meeting the demand for transmission while keeping
generation/consumption levels balanced, to avoid any fluctuations in frequency, interruptions in
supply or grid failure. Maintaining this balance between generation and consumption requires the
availability of appropriate levels of generation reserve capacity. This reserve capacity could be
partially delivered by flexibility providers operating in the distribution network.

DSO are the operating managers (and sometimes owners) of energy distribution networks, operating
at low, medium and, in some cases, high voltage levels [65]. As such, DSO are responsible for the
reliable distribution of electricity from primary substations (HV/MV) to the consumers and the
transport of excess electricity due to decentralized generation to the TSO within the distribution
systems under their supervision. Like the TSO, DSOs have the duty to ensure security of supply and
quality of service to all end-users. Traditionally, electrical power systems have been one-directional
from power generation to consumers. However, electrical energy is being increasingly generated
locally and connected directly to distribution networks, from solar panels to small power plants. This
is generally referred to as distributed energy resources (DER) and, in the specific case of renewables,
distributed renewable energy sources (DRES). As electricity generated from renewable sources is
predominantly variable in nature (wind and solar) the DSO’s core mission of providing a secure
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electricity supply and quality of service is becoming increasingly challenging. In addition to this
changing nature of the local energy supply, new forms of energy demand are also increasing, such as
electric vehicles (EV). In line with this, the Clean Energy for all Europeans package states in its e-
directive [66] that “Member States should also introduce network development plans for distribution
systems in order to support the integration of installations generating electricity from renewable energy
sources, facilitate the development of energy storage facilities and the electrification of the transport
sector, and provide to system users adequate information regarding the anticipated expansions or
upgrades of the network, as currently such procedures do not exist in the majority of Member States.”

As a result, DSO are facing the challenge of making the best use of new DER and DRES while keeping
infrastructure costs down. To tackle this challenge, complementary IT solutions are being introduced,
adding communication, sensors and automation, which allow DSO to actively manage the varying
generation and demand within the networks under their supervision. DSO are thus becoming
increasingly active system managers, with the flexibility in their networks becoming a new variable
to be considered not only in the daily operation of the system, but also in the long-term decision-
making process (e.g. distribution reinforcing planning).

2.2.1 System needs vs local needs

Given that DSO and TSO have different responsibilities regarding the networks under their
supervision, they also have different flexibility needs, even though they sometimes share common
issues.

DSOs typically face challenges that are mostly local, in the sense that they include a range of problems
that can be solved by means of a local intervention, e.g. relieving branch congestions, avoiding under-
voltages and over-voltages, network reconfiguration due to outages, avoiding renewable generation
curtailment. Even when dealing with more complex issues, such as network islanding, black start or
the supply of emergency power, DSO must find feasible solutions within an enclosed geographical
area. This condition makes most of their problems, and therefore flexibility needs, local in nature.

TSOs, in contrast, must deal with their network’s flexibility needs (the same as for DSO plus the need
for balancing), as they are responsible for monitoring and maintaining the overall system’s nominal
frequency, thus requiring available reserves for primary, secondary and tertiary control [67]. TSOs
also must ensure that there is always enough generation capacity and inertia in the system, which can
be a complex problem in systems with a large share of volatile renewable resources (wind and solar
power plants). Thus, TSOs’ needs for flexibility can be less local if they are widespread throughout the
whole system. This will lead to situations where the TSO will become more dependent on the use of
flexibility connected at the distribution level. TSO will therefore need to procure and activate such
services from DSO grid users.

2.2.2 The growing importance of local flexibility

Shifting from predictable demand and supply patterns to decentralised, more uncertain and
bidirectional power flow is having a significant impact in the planning and operation of distribution
networks. This requires the evolution of the traditional DSO business model, to meet the growing
expectations of customers and enable all types of market participants. DSO, as neutral market
facilitators, should be able to supervise and resort to the flexibility available in their networks as a
tool to operate their grids in a cost-efficient way. The use of these technologies should not lead to
market disturbance. Whenever more efficient, a market-based solution should be chosen.

Under this new paradigm, DER can provide important flexibility services to the DSO, enabling them
to operate their networks more efficiently and economically. For instance, the use of flexibility such
as energy storage and demand response can help DSOs to shift supply and demand peaks, to prevent
congestion (voltage and current issues) and avoid power quality problems. Furthermore, flexibility
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can serve as an alternative to network reinforcement when it is more cost-efficient than traditional
reinforcement of the network.

With the use of flexibility provision from market parties or the DSO’s own technical solutions, it may
be possible to solve a wide range of technical problems (needs) and, in some cases, to postpone
reinforcements of the distribution grid that would otherwise be undeferrable. However, the use of
flexibility must be promoted without compromising the network’s reliability and security of
operation.

It is often accepted that DSO should be in control of the use of the flexibility resources in their grids,
supported by locational information and well-defined product specifications. However, coordination
mechanisms must be put in place to allow these local flexibility resources to provide wider system
services. In this sense, coordination and information exchange between DSO and TSO are key to
manage the complete system. This must be done to allow DSO and TSO to select the most efficient
flexibilities from the flexibility available, but avoiding double flexibility activations at the same time,
or the activation of a distribution flexibility resources by TSO without previous notification to the DSO.
However, to maximize the business opportunities of the flexibility providers, it is also important to
allow the provision of services that can be stacked [68], so the same assets portfolio can provide
services to both TSO and DSO in a coordinate manner. When these flexibility resource can provide
services to both TSO and DSO, mechanisms should be in place so that both parties can access them.

2.3 System needs, Services and Products definitions
According to EDSO [69]:

“Flexibility is defined as the modification of generation injection and/or consumption patterns, on
an individual or aggregated level, often in reaction to an external signal, in order to provide a service
within the energy system or maintain stable grid operation. The parameters used to characterise
flexibility can include: the amount of power modulation, generation forecasts, the duration, the rate
of change, the response time and the location. The delivered service should be reliable and
contribute to the security of the system.”

System needs have been increasing in recent years, because of the changing operation conditions of
the power system, both within the transmission grid but also within distribution systems. The
growing integration of variable renewable based generation, coupled with recent incentives to induce
changes in the behaviour of consumers, increase the uncertainty in load diagrams and power flows,
and consequently increases the complexity in the operation of distribution networks. Note that, as
already explained in previous sections, flexibility needs are generally not the same for TSO and DSO.

One of the consequences of this new paradigm, is to operate network close to their technical limits,
increasing the possibility of occurring congestion and voltage control problems, and ultimately
network outages. Traditionally, congestion at the transmission level has been handled by re-
dispatching, i.e. adjusting the scheduled generation of centralised power plants. At the distribution
level however, congestion has historically been dealt with by means of network reinforcement, which
might not be the most cost-effective solution to deal with large DER integration scenarios,
characterized as referred before with a higher uncertainty. The use of flexibility can help DSO to shift
supply and demand, to prevent voltage and current issues. It can also contribute to the improvement
of power quality.

There is usually a permanent discussion on how system needs, services and products are defined and
distinguished among them, since very often, this distinction is confusing and context dependent. In
this deliverable the way these three concepts are interpreted is provided in Figure 1 and explained
below.
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o A system need is defined here as the requirement of a high-level strategical action or set
of actions for the better operation and/or planning of the grid (in terms of security and
quality of supply) related to a specific grid aspect. In this sense, as will be shown later,
congestion management has, for example, been considered a system need.

o Aserviceis defined as a specific strategy to help satisfy one or several system needs, where
the service providers have to comply with the service technical requirements, designed
according to the needs they are focused on, to be able to participate.

e A product is the specific commodity that is negotiated and delivered by the service
providers to provide a particular service, which can be described by a set of technical
attributes. In the vision proposed here, products are directly related to the negotiation and
clearing (sometimes called selection) algorithm of the market. Indeed, in the case of simple
clearing algorithms, products tend to be very much standardised and generic, with very
little flexibility to adapt to the particularity of the resources offering them. Therefore, the
complexity of complying with the technical specificities of the product falls on the side of
the service provider that must aggregate its resources somehow to produce the required
product. However, in the case of more complex and flexible clearing algorithms, it may be
possible for the algorithm to build the required product for the specific grid problem to be
solved by aggregating, in some optimal way, different products with different
characteristics. In these cases, products can then be more tailored and adapted to the
technical constraints of the offering resources since part of the aggregation complexity falls
on the side of the market clearing mechanism.

Technical constraints
DER of resources

DER

Technical requirements
for the service provision

Products and procurement

Tailored products (to the resources)
( Advanced clearing (selection) algorithm

’
’
’
’
.
3
3
’
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Figure 1: How needs, services, markets and products interrelate
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2.4 TSO and DSO needs and services identification

Although the focus of this deliverable is mainly on the DSO side, according to the main objectives of
the EUniversal project, in this task the needs and services for both TSO and DSO found in the projects

analysed were collected and are presented.

2.4.1 TSO needs and services identification

Table 6 shows the main TSO needs and services identified during the projects literature review. The
first column reports needs and services as found in the original documents, the second column
includes some additional objectives reported in the documentation consulted, and the last column
reports the projects investigated that address this particular need.

Table 6: Summary of TSO flexibility needs and services

TSO needs and services
Balancing:
- Frequency Containment (Primary Regulation):
- FCR-N: FCR capacity for normal operation;
- FCR-D: FCR capacity for disturbances;
- Frequency Restoration (Secondary Regulation)

Additional objectives

Maintain system stability and reliability;

I

CoordiNet;

EcoGrid 2.0;
EMPOWER H2020;
FlexHub Eu-SysFlex;
Enera;

- Short-term planning;
- Long-term planning;

Delay/avoid grid reinforcements

- mFRR; Avoid curtailment of renewable generation; FlexHub Eu-SysFlex:
- aFRR; Slow time to reach nadir/zenith - FFR; . 4 ’
. ) ) InteGrid;
- Reserve Replacement (Tertiary Regulation): Contain frequency - FCR; Interflex:
- RR (replacement reserve); Return frequency to nominal - FRR; ’
) INTERRFACE;
- DSR (demand side response); RR - Replace faster reserves used IREMIEL:
- FFR (Fast Frequency Response); !
- Ramp control; NODES;
- Smoothed Production; EES':?BLE;
- BRP Portfolio Balancing (non-regulated)
Congestion Management: CoordiNet;
- Operational; EcoGrid 2.0;

FlexHub Eu-SysFlex;
GOPACS-IDCONS;

generation forecasting;

- Real-time data delivery by use of advanced analytics and
machine learning;

- Coordination mechanism between TSO and DSO and TSO

Coordination guaranteed between DSO and TSO
(an accepted offer will not trigger a new congestion
in another area)

- Cross-border redispatch; INTERRFACE;
- Cross-border countertrading USEF
CoordiNet;
Controlled Islanding Reduce frequency and duration of outages INTERRFACE;
USEF
Damping of power system oscillations. Avoid further loss of generation and cascading CoordiNet
outage events
Fault-Ride Through (FRT) Aymd loss of generation and possibility of severe CoordiNet
disturbances.
Flexibility Platform for TSO:
- Visibility over available flexibility; A . S
- Complementary services such as weather, load and Visibility over available flexibility; Enera;

GOPACS-IDCONS;
NODES

Grid Capacity Management:

Avoid curtailment of renewable generation;
Avoid disproportionately high costs if annual peak

Inertial Response

Minimise RoCoF (rate of change of frequency)

. . load is exceeded; NODES;
- Generation scheduling; A .
- Load scheduling Avoid reinforcement deferral; USEF
Peak generation and load shift;
Optimize asset use and reduce grid losses
CoordiNet;

FlexHub Eu-SysFlex

National capacity markets

Reduced requirement for peak generation capacity

USEF

Redundancy (n-1) Support: CoordiNet;
- Black Start; Reduce frequency and duration of outages INTERRFACE;
- Supply of emergency power USEF
CoordiNet;
Voltage control Minimization of power losses; FlexHub Eu-SysFlex;
Keep a steady state security INTERRFACE
USEF
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2.4.2 DSO needs and services identification

Table 7 shows the main DSO needs and services identified during the project literature review. The
first column reports needs and services as found in the original documents, the second column
includes some additional objectives reported in the documentation consulted, and the last column
reports the projects investigated that address this particular need.

As can be seen, some of the DSO needs mostly addressed are balancing, congestion management, and
voltage control. For that reason, we decided to maintain congestion management and voltage control
as separate needs. Local grid balancing was only discussed or mentioned as a service to address the
need of Service Restoration, specifically for operating the grid in isolated/islanding mode. It should
not be considered as a need in this context, but rather as a service or as part of a service. For that
reason, we decided to define the need of Service Restoration, encompassing two services to address
it: (1) Black Start for distribution islands and (2) Isolated/Islanding operation mode. Some of the
listed needs and services were included in this division, while others were discarded given the lack of
relevant information provided in the initiatives reviewed. Exception was made for FRT, generation,
load and flexibility forecasting and for the service of visibility over available flexibility. We considered
FRT as a service addressing the need of voltage sag mitigation. Generation, load and flexibility
forecasting were considered as services for addressing the need for planning and predictive
management. Finally, the service of visibility over available flexibility provided by flexibility platforms
was considered as addressing a non-grid service as will be explained in the following chapters.

Reorganising the information of Table 7, complemented with some additional details, the following
sections present graphical summaries of the main needs identified (brown boxes), the services used
to satisfy these needs (blue boxes), provide a brief explanation of these needs and services (white
boxes), and highlight the projects that address these needs and services (grey boxes, where bold letter
indicates more detailed descriptions or emphasis on the services described). The proposed
organisation of needs and services is partly a result of all the information collected during the project
revision process, but also includes the personal vision of INESC TEC, task responsible and main
working team.
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Table 7: Summary of DSO flexibility needs and services

DSO needs and services | Additional objectives Project
CoordiNet;
De-Flex-Market;
EcoGrid 2.0;
. EMPOWER H2020;
Congestion management:
- Short-term planning; Enera;
- Long-term planning; FLECH-iPower;
- Opegrationaﬁ)(balangc’ing)' Flex-DLM;
- Peak shaving: ! Mitigate network overloadings and outages; FlexMart;
" e & Delay/avoid grid reinforcements GOPACS-IDCONS;
- Time shifting;
- . . . Interflex;
- Flexibility: peak shaving + time shifting;
) INTERRFACE;
- Cross-border redispatch;
- Cross-border countertradin IREMEL;
e NODES;
Piclo Flex (and Piclo);
SENSIBLE;
USEF
Controlled islanding Reduce frequency and duration of outages ﬁzg;d'Net;
Damping of power system oscillations - CoordiNet
Fault-Ride Through (FRT) - CoordiNet
Flexibility forecasting - SENSIBLE
Flexibility platform for DSO: Reinforcement deferral:
- Visibility over available flexibility; Support planned maintenance and unplanned
. ) i Enera;
- Complementary services such as weather, load and interruptions;
. X . . FLEXICIENCY;
generation forecasting; Reduce peak dispatchable capacity; GOPACS-IDCONS:
- Real-time data delivery by use of advanced analytics Coordination guaranteed between DSO and DSO NODES; !

and machine learning;
- Coordination mechanism between DSO and DSO and
TSO

and TSO
(an accepted offer will not trigger a new
congestion in another area)

Piclo Flex (and Piclo)

CoordiNet;
Generation forecasting - InteGrid;
SENSIBLE
Avoid curtailment of renewable generation;
Avoid disproportionately high costs if annual peak
Grid Capacity Management: load is exceeded;
. ! > ERLEE NODES;
- Generation scheduling; Avoid grid reinforcement; USEF
- Load scheduling Peak generation and load shift;
Optimize asset use and reduce grid losses;
Planned maintenance
Inertial Response - CoordiNet
CoordiNet;
Load forecastin - EMPOWER H2020;
g InteGrid;
SENSIBLE
EcoGrid 2.0;
Local Grid Balancing: . . EMPOWER H2020;
. Mitigate network overloadings;
- Frequency Restoration (same as Secondary Control): ; A . Enera;
. Avoid curtailment of renewable generation;
- mFRR (manual frequency restoration reserve); . h . Flex-DLM;
. Address imbalances that may arise from flexibility
- DSR (demand side response); activations Interflex;
- Flexibility of generators NODES;
Piclo Flex (and Piclo)
Redundancy (n-1) Support: CoordiNet;
- Black Start; Reduce frequency and duration of outages INTERRFACE;
- Supply of emergency power USEF
CoordiNet;
EcoGrid 2.0;

Voltage control:
- Active power management;
- Reactive power management

Avoid grid reinforcement;

Avoid curtailment of renewable generation;
Minimization of power losses;

Keep a steady state security

EMPOWER H2020;
FlexHub Eu-SysFlex;
FLEXICIENCY;
Interflex;

IREMEL;

Piclo Flex (and Piclo);
SENSIBLE;

USEF
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2.4.2.1 DSO grid needs and services

Figure 2 focuses on the voltage control needs and services. As can be seen this need is considered by
many of the projects analysed, and the main services proposed are based on reactive and active power
flexibilities. In the case of reactive power, some approaches distinguish between voltage control
under normal operation (steady state control) and voltage control under system disturbances
(dynamic control).

Figure 3 focus on congestion management needs and services, a need that was even more frequently
addressed than voltage control.

By analysing the services addressed to resolve the congestions management needs, it was decided to
group them into three categories.

The first service considered has been called operational and refers to congestion problems that occur
in real time, possibly due to equipment faults or forecast errors. It is a rather corrective service, and
therefore reacts to recent measurements. As such, it may need capacity reservation negotiation before
the even triggering the problem to guarantee flexibility availability in real time, or other regulated
mechanism.

Short-term planning refers usually to day-ahead to month ahead planning and is based on taking the
actions needed to solve the short term expected congestions that result from the grid analysis based
on expected load and generation forecasts. Very often, intraday planning does not differ significantly
from day ahead planning, shares most tools and strategies, and should therefore be also included in
the same short-term planning service. Note also that services for flexibility activation based on
Optimal Power Flow (OPF) tend to solve simultaneously grid voltages and congestion problems and
could, therefore, satisfy both needs.
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Figure 2: DSO voltage control need and services
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Finally, the third category is related to long-term planning. In this case, grid reinforcements should be
compared to flexibility usage to assess the benefit and potential risks of the different alternative
solutions, since long term actions imply also larger uncertainties. In this case, it is also common that
grid planning has a larger scope than congestion constraints solving. Indeed, depending on the
methodology used to solve the congestions, it may happen (as already mentioned) that a same service
is used simultaneously for several needs. This occurs if, for example, the flexibility is selected by an
Optimal Power Flow that typically considers simultaneously voltage and congestion grid constraints.
This is especially relevant in long term planning, where grid reinforcements are usually decided
considering all existing grid constraints, so for example, the reservation of long-term capacity could
be a service for both voltage control and congestion management. However, this was not much explicit
in the projects analysed, maybe because voltage control is usually less addressed than congestion
management and tend to focus more on short term voltage control strategies.

Note also this initial proposal may be refined and improved in subsequent project tasks, such as task
T2.1 that counts with the explicit participation of the DSO members of the project.

Figure 4 shows the graphical summaries for the service restoration need, and for the voltage sag
mitigation need. These are much less addressed needs in the projects analysed, as can be seen in the
figure.

In the case of service restoration, two different services were identified, the black start service,
parallel to the black start TSO service, but applied to distribution islands to restore the service when
disconnected from the grid, and the operation itself of the distribution island also when disconnected
from the grid. In this last case, frequency regulation mechanisms may be needed at distribution level
to be able to operate the grid.

Finally, voltage sag mitigation is almost not addressed, and only one project refers to it. This is
possibly since it is very often considered a mandatory behaviour specified as a requirement in grid
codes. However, it could be possible in some scenarios to transform this into a market-based service.
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distribution islands
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Figure 4: DSO service restoration and voltage sag mitigation need and services

2.4.3 DSO non-grid needs and services

Although not being the focus of the EUniversal project, and in particular of this task, it was decided to
also collect the main non-grid services and needs identified. By non-grid services it is meant, in
general, services to provide platform and data to contribute to the better operation of the grid, but
not including the provision of physical flexibility, such as active or reactive power, grid
reconfiguration, etc.

Figure 5 shows non-grid needs and services related to planning and predictive maintenance, basically
centred on the forecast of relevant magnitudes such as generation, load and available flexibility.
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Figure 5: DSO planning and predictive management need and services

Similarly, Figure 6 focus on the needs for observability of the flexibility available, for flexibility
procurement and settlement, and for coordinating TSO and DSO use of the available flexibilities.
Therefore, this need refers mainly to the flexibility platforms.
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Figure 6: DSO planning and predictive management need and services
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2.4.4 Summary of the DSO needs and services

Table 8 summarizes the grid and non-grid services identified and described so far.

Table 8: Characterization of the DSO needs and services identified

Reactive Steady state control Service to maintain the voltage profile inside the limits, in steady state (normal operation). Grid service
power
Voltage Control management  Dynamic control Service to control the voltage variations under system disturbances. Grid service
Active power management Service for voltage control by increasing/decreasing active power. Grid service
. Service for CM in operational timeframe, activated to mitigate congestions caused by faults, and to . .
Operational other remedial actions. Grid service
:Ig“r;gestlon Management Short-term planning (D-1 to M-1) Service for CM in timeframe of D-1 (day before) up to M-1 (month before). Grid service
Long-term planning (>M-1 to Y-1 or more) Service for CM considering several months or years before, and may as well result in network Grid service

reinforcement deferrals.

Service for system restoration after blackout situations. In the distribution specific case, at present,
Black Start for distribution islands large generators that are already designed for blackout services can be used for black start in parts of Grid service

St FE e E (T the distribution network.

Specific services can be offered for parts of the grid operating in islands/isolated mode (e,g, isolated

Isolated/Islanding operation mode microgrids). Some needs to attend these services are local balancing and voltage control (and others). Grid service
e . Service to provide FRT (fault ride through) capability, supporting the mitigation of voltage sag on the . .

Voltage sag mitigation = distribution system. FRT as a flexibility service is in early discussions. Grid service
Flexibility forecasting

Planning and predictive Forecasting services, for distribution loads, generation and flexibility, to have better estimations of Non-grid

e P Generation forecasting generation and demand, and the expected impacts for the DSO, considering also the flexibilities 8

management available services
Load forecasting

- Observability of the

flexibility.

- Procurement mechanism TR . T Service to provide DSO enhanced observability of the system, with better awareness of their assets, Non-grid

(and settlement); Visibility over available flexibility their available flexibility and location, improving the system management. services

- Improved coordination
between SO



2.4.5 Discussion

Figure 7 summarises the main needs and services identified, organised by timeframes, where the blue
colour represents services based on active or reactive power flexibility, being darker for those
services more addressed in the projects and initiatives reviewed, and with other alternative ways of
resolving the needs marked in green.
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Figure 7: DSO needs and services summary
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A survey was also conducted by EDSO among some of its DSO partners to complement and discuss
the results obtained so far from the revision of the projects and initiatives. The template of this survey
can be found in Annex I - Template of the survey conducted by EDSO among DSOs. These are the main
conclusions from this survey.

Even though the identified needs and services are generally known and accepted by DSOs, it should
be considered that the availability of services is different for each DSO. National regulations restrict
the offering of certain services, while in other cases these services cannot be financed, or the
technology has not yet been fully researched and assessed.

Regarding the list of needs identified, voltage control is the major need of DSO. Both needs for reactive
power management and active power management are already addressed by most DSOs. Still, active
power control plays a subordinated role for voltage control compared to reactive power management
of distributed generation.

Even though congestion management is considered as a relevant need, operational management,
short-term and long-term planning, are still a costly solution to implement in the next 5 years for
some DSOs.

Service restoration needs raise some concern at the LV level about the value of implementing these
services. The services Black Start for distribution islands or/and Isolated/Islanding operation mode
are considered to be irrelevant for some DSOs. In addition, in many countries’ regulatory framework
limits DSOs’ activities in that area. However, when moving to operation scenarios with 100% RES
integration and when tackling resilience as a relevant operation and planning criteria, this
perspective is expected to change.

The FRT, answering to voltage sag mitigation needs, is classified as suitable for most DSOs. In cases of
DSOs where it has not been implemented yet, implementation is planned over the next 5 years. This
is a control function already available in most of medium-scale smart inverters (with powers above
100kVA). However, more detailed studies are required to understand the relevance of such control
function in strong interconnected distribution networks.
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For planning and predictive management, the three forecasting services (flexibility forecasting,
generation forecasting, load forecasting) presented in Table 8 are relevant services for DSO. However,
flexibility forecasting stands out as a service yet not available for all DSO at full potential. In some
cases, this service is still in development to be a standardised process. Also, the flexibility market in
some countries is at a very early stage (not expected to be legislated in the next 5 years).

Visibility over available flexibility has the same answer as the flexibility forecasting service. Some DSO
see it as a service that may be developed in the future once flexibility platforms are launched.

Summing up, the differences noted in the opinions of DSO result mainly from three factors: the lack
of necessary knowledge/technology development, the lack of legislation in the DSO's country
regarding the services mentioned, or unprofitability of offering services for the necessary
investments. It should be also considered that not all services are needed by all DSOs in all
circumstances.

2.4.6 Conclusions

DSOs typically face challenges that are mostly local, in the sense that they include a range of problems
that can be solved by means of a local intervention. It is hence becoming increasingly important to
develop the tools that will help identify, unlock and better understand the flexibility potentials of
distributed energy resources to support DSO dealing with emerging needs, such as congestion
management and voltage control (Figure 7). Such an understanding would enable the systematic
integration of these services to network planning standards and market mechanisms.

This has been recognised as a pressing need from system operators around the world, resulting in
pilot and trial projects. In the UK for example, the Power Potential project [56] in South East UK by
UK Power Networks and National Grid ESO is investigating, as a world-first trial, the potential of
voltage control services to the transmission network from DER technologies. Another UK example
includes the Distributed ReStart project [70], a world-first initiative exploring how DER, such as solar,
wind and hydro, can be used to support the power restoration to transmission networks in the
unlikely event of a blackout. In Europe, ENTSO-E and E.DSO recently published a report [71] outlining
the benefits and potentials of an integrated approach to active system management, with the focus on
congestion management and balancing services to ensure the efficient interaction with market
parties. Indeed, this report proposes some market-based TSO-DSO coordination mechanisms that are
discussed in section 3.2.8 devoted to the identification of the market mechanisms for the provision of
DSO services.

This has resulted in the emergence of new players in the provision of flexibility services, namely the
AGR [72] which offer a unique opportunity to exploit the flexibility potential of aggregating smaller,
DER customers dispersed in distribution networks. This, however, dictates the design of a flexibility
market that will be largely determined by the operational, planning and market rules set out in EU
network codes. Hence, to allow aggregated flexibility to participate in spot and intra-day markets, as
well as exploring their contribution to operational, short-term and longer-term grid planning (as
outlined in Figure 7), several issues would need to be addressed, including, for example, amendment
of market rules and clearly defining and metering the balancing responsibility on a connection.

An additional critical service that is emerging as a direct impact of the increasing frequency and
impacts of extreme events, such as severe weather or large-scale disturbances, is the consideration
and provision of resilience as an explicit criterion for DER and distribution network planning.
However, existing network planning standards do not effectively capture and enable this transition
to a more resilience-oriented distribution network planning, as they are driven by the traditional
reliability standards which are based and quantified using average or expected metrics, which
undermine the resilience to high-impact low-probability events. For example, aggregated DER can
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provide reserve services of varying duration to support TSO dealing with disturbances. Key energy
stakeholders and policy and regulatory decision-making bodies have recognised the growing need of
amending the network planning and regulatory standards to account for resilience services as a
planning criterion, including for example the recent report by the UK National Infrastructure
Commission [73]. This will become increasingly important as the uncertainty and dependence on
intermittent renewable sources, as well as the complexity and TSO-DSO interactions are growing in
the future.

Hence, itis apparent that new market mechanisms need to be developed to allow and enable the active
participation of existing and emerging flexibility providers in the market of the future integrated
power systems, both at the transmission and distribution levels. This matter is addressed in the
following chapter, where different flexibility market integration models are discussed.
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3. Flexibility market integration models

3.1 Methodology
The methodology used for this section consisted of the following steps:
1. Use the selected projects and initiatives agreed with task T1.2 partners;

2. Definition of an initial set of market models to classify the markets proposals found in the
projects and initiatives reviewed;

Agree the market models classification with task T1.2 partners;
4. Perform the revision of each market model found in the project selected by:

a. Filling-in the market description template prepared in T5.1 for better coordination
with WP5 (Annex II - Templates for markets characterization: Excel template for
markets description);

Filling-in a graphical summary template of the markets’ organisation of each selected
project for a more concise and fruitful feedback to other project tasks. This graphical
summary was used to provide rapid feedback to other project tasks and for T1.2
partners’ discussion (Annex II - Templates for markets characterization:
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b. Power point template for markets description);
5. Map markets with services and products;
6. Discussion of the results.

Figure 8 shows graphically the followed methodology, with, on the right side, the main concepts
considered for the graphical summary template of the markets’ organization.

Simplified characterization of the market model
(based on the excel template of T5.1)

All partners Proerte DoCs. - Pilot / market / business case name & market type
projects/initiatives =) Deli‘r,:’reahlis Jpapers (1-5)
selection - Needs and services addressed (TSO/DSO focusing on
DS0)
M + Market
5.1 template « One/two sided: buyers and sellers (FPS)
o |\ Project « Auction / continuous (bilateral)
] Summary + Pay as clear, pay as bid
R (PPT) « Clearing mechanism (bids selection) and grid
Markets ~ constraints
models W2 Excel sheet / . gap:cnty/ e:‘er?‘fd -
classification market « Products short description
» TS0-DSO coordination mechanisms (access to bids,

< pI_'IOrItIe-S, et_c)
- Bids validation procedure

* Integration with other markets
ervices - Markets -product « Resources

Needs, services

and products [ >

mappings

« Aggregation
= Terms: long, day-ahead, intraday, real time

Figure 8: Methodology for markets models analysis

3.2 Main market models for DER integration and SO coordination

According to [71], “a market is defined as a Merit Order List (MOL) combining specific products for a
specific timeframe. The separated markets mean separate MOLs, a combined market means a combined
MOL (a subset MOL is regarded as a combined MOL).”

Therefore, combined markets refer to a common set of flexibility bids where selection is performed
with a unified procedure that has the capability of seeing all flexibility bids to satisfy all the combined
needs according to some kind of optimality criteria.

Based on the SmartNet project classification of the coordination mechanisms between TSO and DSO
[74], six main market models have been initially proposed to classify the markets proposals found in
the reviewed projects. Models M1, M2, M3, M4 and M5 are adapted from those proposed in the
SmartNet project, and a new model in between M2 and M3, model M2/3 was also added.

Note that proposed market models focus on the functional aspects rather than on administrative or
entities/roles’ organisational aspects. See section 3.2.3 for some additional clarifications based on the
M2 example.

3.2.1 Comments on the classification proposed for the markets’
organisation
The classification of market organisations focuses on the functional aspects rather than

administrative or entities/roles organisational aspects. This means that the main objective is to make
clear what are the functions that can or must be performed in each case, without specifying the entity
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responsible for performing each task. Using M2 example (see section 3.2.3), Figure 9 tries to clarify

these points. Namely:

e The proposed markets organisations focus on the functional tasks needed for the DSO-TSO
coordination, rather than organisational aspects. Therefore, there are no assumptions about
which entity acts as market operator (MO). However, the technical part of the bids’ selection
process is part of the responsibilities of the transmission or distribution system operator (SO)
and should be directly or indirectly (subcontracting the service) performed by them;

e Validating local bids for the TSO usage is also a technical task that should be the responsibility

of the DSO;

e Market operators could be an independent entity, or the DSO/TSO could act as market
operators/facilitators of their respective markets;

e Flexibility activation could be performed by publication of the market clearing results at the
corresponding market platform, or after receiving as activation signal from SO/MO. In such
cases, the flexibility service provider (FSP) is responsible for activation. Activation could also
be performed directly by SO. The activation mode may depend on the type of need addressed
and product type and is not addressed in the diagrams of the market types.

* These diagrams focus on the functional tasks
needed for the DSO-TSO coordination, rather
than on organizational aspects.

* This means that there are no assumptions on
which entity runs the market (MO)
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Figure 9: Clarifications on the proposed market organizations

However, during the revision performed, administrative and other relevant aspects (not considered
in these diagrams) were reported in the corresponding Excel template, as well as in the summary
figures elaborated for each project when considered relevant enough, see Annex Il - Templates for

markets characterization.
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3.2.2 Market organization M1: centralised flexibility market
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Figure 10: Centralised flexibility market
The main characteristics of this market organisation are:

e [t is the approach closer to the current situation, where DSOs generally do not procure
flexibility;

e The flexibility is procured by the TSO in a unique centralised market, where aggregated DER
are also allowed to participate under certain conditions;

e A pre-qualification process of the DER can take place to guarantee that their activation does
not put in trouble the DSO grid;

e Ifthe TSO-DSO coordination is more advanced, a DSO validation could also take place, close to
real time, before the activation of the bids finally selected by the TSO.

3.2.3 Market organization M2 and M2-MO: local and global flexibility
markets
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Figure 11: Local and global flexibility markets
The main characteristics of this market organisation are:

o The flexibility offered by the DER is managed in a local DSO flexibility market;
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e The DSO uses these local resources for its own flexibility needs;
e The remaining flexibility bids, not needed by the DSO, become somehow available for the TSO;

e The DSO can also validate that the bids finally selected by the TSO do not compromise its grid
safe operation before the activation of the resources offered.

There is also an alternative market organisation (that has been called M2-MO) where the coordination
does not take place between the TSO and DSO for the provision of regulated flexibility (for system
services), but between the Iberian MIBEL (joint Spanish and Portuguese Iberian electricity market)
market operator or MO (as a potential provider of local flexibility markets platforms) and the DSO to
allow the participation of DER in energy markets, namely day ahead and intraday markets, for the
provision of commercial flexibility for BRP. It was included here due the conceptual similarities
between M2 and M2-MO, from the DSO side responsibilities.

3.2.4 Market organization M3: local and global flexibility markets with
shared responsibility

Activation 50 -
for global use |
]
Market
Selection |
agents —— 1
JPRp . TS0 |
' Y AASS market !
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! ! DSO local | schedules)
h market I
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! (market I Selection |
! |
I 1
1

local use and for balancing

_____ T ——---" Activation for

Figure 12: Local and global flexibility markets with shared responsibility

The main characteristics of this market organisation are:

e Being similar to the previous market organisation (M2), in this case the TSO set agreements
with the DSO for a profile to fulfil the TSO needs at the TSO-DSO interface, so it does not have
direct access to the DER bids. These agreements could be for balancing purposes, but also for
other TSO services;

e The DSO is then responsible for providing the agreed profile using its local market resources;

e Detailed DER location remains implicit for the TSO that only needs to know the DSO grid at
which the DER is connected.
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3.2.5 Market organization M2/3: local and global flexibility markets with

balancing coordination
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Figure 13: Local and global flexibility markets with balancing coordination

Under this market’s organisation, as in M2, the local DSO flexibility market and the global TSO
flexibility market coexist. In addition, the DSO informs about the amount of flexibility locally activated

so that the TSO can take the corresponding actions

to balance the system.

The main characteristics of this market organization are:

imbalances to the TSO;

Flexibility offered by DER is managed in a local DSO flexibility market;
The DSO uses these local resources for its own flexibility needs;

When DSO flexibilities activation can cause imbalances, the DSO communicates these

The flexibility not used by the DSO could or not be made available to the TSO market. However,

in the initiatives analysed, the only TSO-DSO coordination identified for those classified as

M2/3 was the notification, from the DSO to

the TSO, of the local flexibility activated.

3.2.6 Market organization M4: common TSO and DSO flexibility market
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Figure 14: Common TSO-DSO flexibility market

The main characteristics of this market organisation are:

Flexibility is selected in a unique market to satisfy both TSO and DSO needs;

Selection of flexibility bids by DSO and TSO is carried out in a coordinated process and
considers the constraints of all the grids involved;

The level of TSO/DSO coordination can vary depending on the regional grid topology;

If resources are used for grid constraints the TSO needs the resources’ location information.

3.2.7 Market organization M5: integrated market for TSO, DSO and BRP
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Figure 15: Integrated flexibility market for TSO, DSO and BRP

BRP purposes

The main characteristics of this market organisation are:

Grid operators and BRP all compete together for the available flexibilities in the market;
Flexibility services are bought by those that are willing to pay more for them;

Bids cannot be excluded due to grid constraints, so it is the responsibility of the grid operators
to make the appropriate bids to guarantee the secure operation of their grids, being all under
competition;

If resources are used for grid constraints the operators must know resources location to
assess their impact on their grids;

For a more secure operation, TSO/DSO could still have the possibility to validate assignments
for third parties (e.g. BRPs) before allowing activation.
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3.2.8 Correspondences with other markets classifications

Most market classifications are based on SmartNet project proposals [74], and in general
correspondences can be established between other market classifications and the markets
organisations proposed in this deliverable (also inspired on the SmartNet project).

For example, CoordiNet project proposes the classification that is on the right side of Figure 16. This
classification was also considered and analysed, concluding that, in fact, it can be established a
correspondence between the Coordinate models and the models proposed in task T1.2. This
correspondence is also shown in the left side of Figure 16. Again, it was decided that, in case of
noticeable differences among the classification proposed in this task and the market proposals of the
project reviewed, these would be specifically outlined for each case.

Note that the last mechanism of Figure 16 is not properly a TSO-DSO coordination mechanism for the
provision of local or global flexibility, but rather a mechanism for both TSO and DSO to operate their
own grids by limiting the physical delivery resulting from commercial energy exchanges. However, it
has some similarities with the mechanism M2-MO where the DSO can send limitations to the
wholesale MO to limit the commercial energy exchanges of distributed resources to avoid grid
constraints violation.

Local Market Model Local need DSO 1 NA
Central Market Model Central need TsO 1 Yes or No
Common Market Model 1 Yes
Multi-level Market Model DSO and TSO Yes
Local and >1
Fragmented Market Model central need No
DSO, TSO and
Integrated Market Model commercial 1 Yes
parties
Local need
Nf’ .rc?levant fo.r - Distributed Market Model Local and Peers 21 NA
flexibility provision central need

Figure 16: Coordination schemes considered within CoordiNet project (D1.3) and
correspondences with T1.2 proposed models

Another relevant reference is [71] where ENTSO-E and associations representing DSO (CEDEC, EDSO
for smart grids, EURELECTRIC and GEODE), propose several coordination schemes focusing on
congestion management and balancing.
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Figure 17: Coordination schemes for congestions management and balancing proposed by

ENTSO-E and associations representing DSO [71]

The proposed options in Figure 17 can be explained as follows. The correspondences with the market
organisations proposed above are also established.

Option 1, separated TSO and DSO congestion management: DSO congestion management is
done through alocal market for flexibility, and separate from the TSO congestion management
and balancing markets. In turn, the TSO may have separate markets for congestion and
balance or have a single market for both. Separate markets are more flexible and simpler to
implement and allow for better differentiation of congestion costs (paid by network
operators) and balancing costs (paid by those responsible for deviations) but lead to a TSO-
DSO coordination that may be insufficient or less efficient (for example by double activation
of same resources in different markets). Moreover, the separation of congestion management
and balancing markets may lead to less liquidity if FSP do not necessarily have to decide
between both services and are not incentivised to submit prices to maximise their return on
one market or the other. It is noteworthy saying that, on the other hand, considering a
centralised or decentralised marketplace for congestion management alone is argued to not
have a distinctive impact on liquidity [75].

This option corresponds to M2 market organisation for congestion management, with two separated
but somehow coordinated DSO and TSO markets, and for M1 market organisation for system
balancing.

Option 2, combined TSO and DSO congestion management, with separated balancing:
congestion management of DSO and TSO are carried out in a single market that brings together
the needs of DSO and TSO (which could overlap). This system may lead to more efficient TSO-
DSO coordination, less fragmentation and greater market liquidity when compared to
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separate balancing and congestion management, and therefore lower costs. But it is necessary
to harmonise products, organise a market management shared by both operators, and the
market could have less liquidity than option 3 if the balancing market's flexibilities can have
location information.

This option corresponds to M4 market organisation for congestion management, with two separated
but somehow coordinated DSO and TSO markets, and for M1 market organisation for system
balancing.

e Option 3, combined balancing and congestion management for all system operators together:
bids for TSO and DSO congestion management and for system balancing are combined in a
single market, for example, by integrating congestion resolution in the future European
coordination platform reserves to balance the system. A single market would allow for better
TS0O-DSO coordination in activating flexibilities, greater liquidity when compared to separate
balancing and congestion management, and lower costs. Nevertheless, it would need the
proper harmonisation of offers, it would introduce a certain opacity by mixing the costs due
to congestion and the balancing, and above all, a greater complexity in relation to the
operation of the market (with several regulated entities involved) and the optimisation
algorithms for the selection of the flexibilities to activate (this being an important and complex
challenge).

This option corresponds to M4 market organisation for all flexibilities (DSO and TSO
congestion management and balancing).

3.2.9 Characterisation of the markets identified in the analysed projects

This section presents, for each market organisation identified, a summary table of the main market
characteristics.

Table 9 shows the table template used. It is based on the graphical template described in the Annex
IT - Templates for markets characterization:
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Power point template for markets description. Note that, although this present section shows a
reduced description of the markets identified in the projects, detailed information of each one can be
found in the Excel files that go with this deliverable, following the Excel template described in the
Annex Il - Templates for markets characterization: Excel template for markets description.

The following subsections present the markets’ characterisation for each of the projects analysed,
regarding the business use-cases (BUC) explored within them.
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Table 9: Table template to characterise the project markets

Project name - BUC name

Market Model

Market organisation (according to section 3.2)

Needs / Services
Addressed on the BUCs

For each business use case (BUC) of each project, the main needs and services addressed by each
BUC are described.

Market Structure

Attributes describing the market, such as one or two-sided market, trading mechanism, price
computation, clearing mechanism, energy/capacity products, short product description.

TSO-DSO coordination
mechanisms

Description of the TSO-DSO coordination mechanisms described in the corresponding BUC.

Bids validation procedure

Procedures to validate bids, in case they are described.

Integration with other
markets

Describe interaction with other new or existing markets in case they are explicitly described.

Resources Resources considered in the market as potential provider of flexibility.
Aggregation Indicates if aggregation of resources is or not allowed and under which conditions.
Terms Considered market term (long term, day ahead, intraday, close to real-time, real time).
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3.2.10 CoordiNet

CoordiNet explores definitions of requirements to achieve the formulation of a platform at the
European level, addressing coordination schemes, and exploring, for this, several BUCs in
demonstrators in three countries: Greece, Sweden and Spain. The project studies six models of
coordination between the system operators and the participants in the electricity markets, local and
central, and how to coordinate, in these markets, the use of the flexibilities from the distribution
network resources. The BUCs approach various coordination market models, including purely local
markets (without DSO-TSO coordination).

Table 10: Market organisation of the BUC ES-2 of the CoordiNet project

Project CoordiNet — BUC ES-2 (not tested in the ES demo)

Market Model M1 (CoordiNet - Central Market): centralised flexibility market

Needs / Services
Addressed on the BUCs

e  Balancing for TSO

e Characterisation: one-sided market

Trading Type: not specified

Price computation: not specified

Market Structure e Clearing mechanism: not specified

e  Type: energy

e  Products short description: the products are defined as standard products, having
characteristics in common with the system services across Europe (shared all SO)

TSO-DSO coordination In this scheme, only the TSO operates the market, that uses DER flexibilities to solve the central
mechanisms needs. DSO can set limits on the energy bids

Bid validation procedure CoordiNet platform receives balancing energy bids; sends activation signals

Integration with other CoordiNet interface allows DSO to call markets for different needs, based on structural
markets information already existent

Resources Small renewable assets, large generators, AGR, consumers, storage

Aggregation Aggregation allowed

Terms Day ahead, Intraday, Near Real-time markets
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Table 11: Market organisation of the BUCs ES-1b, ES-4 & SE-2 of the CoordiNet project

Project CoordiNet — BUCs ES-1b, ES-4 & SE-2 (SE-2 not tested in the SE demo)

Market Model ' M2 (Co'or'd'lNet - Local Market): local and global (global to be considered in upcoming phases of the
project) flexibility markets

Needs / Services e Islanding operation mode for DSO (balancing and voltage control)
Addressed on the e  Congestion management for DSO (short-term)
BUCs e  Congestion management for DSO (long-term)

e  Characterisation: one-sided market

Trading Type: not specified

Price computation: not specified

Clearing mechanism: not specified

Type: capacity and energy

e  Products short description: very specific situation, as the products under analysis are inertia,
FCR and/or reactive power

At first no coordination is considered — it shall be discussed in the project advancement. (Obs.:

CoordiNet Platform is responsible for communicating with the TSO of the potential islands. It

communicates the islanding/reconnection operations)

Market Structure

TSO-DSO coordination
mechanisms

Bids validation

procedure TSO does not have access to DER bids

Integration with other . Lo .
g No integration is considered

markets

Resources Storage (1250kW), PV (in MV and LV) and other small renewable assets, large generators, AGR,
consumers

Aggregation Aggregation allowed

Terms Long-term, Day ahead, Intraday, Near Real-time markets
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Table 12: Market organisation of the BUC SE-1b of the CoordiNet project

Project CoordiNet — BUC SE-1b

M2 (CoordiNet - Distributed Market): local and global (global to be considered in upcoming phases
Market Model . -
of the project) flexibility markets
Needs / Services
Addressed on the e  Congestion management for DSO (operational)
BUCs
e  Characterisation: one-sided market (FSP are the buyers and sellers - “peers”)
e  Trading Type: not specified
e Price computation: not specified
Market Structure e Clearing mechanism: platform receives bid or offers; market is cleared in a distributed manner
e  Type: capacity
e  Products short description: the products are defined as standard products, having
characteristics in common with the system services across Europe (shared all SO)
TSO-DSO coordination In the distributed market, local needs, or local + central needs are solved using peer-to-peer
mechanisms scheme involving the DER, through rules established by the SO aiming for a global objective
Bids validation Not specified
procedure
Integration with other No integration is considered
markets
Resources Market is open for all flexibility providers that meet pre-qualification criteria
Aggregation Aggregation allowed
Terms Long-term, Day ahead, Intraday, Near Real-time markets
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Table 13: Market organisation of the BUCs GR-1a, GR-2a, SE-1a & SE-3 of the CoordiNet project

Market Model

M2 (CoordiNet - Multi-level Market): local and global flexibility markets

Needs / Services
Addressed on the
BUCs

e  Voltage control for TSO and DSO (active power management)

e  Voltage control for TSO and DSO (reactive power management)
e  Congestion management for TSO and DSO (short-term)

e  Congestion management for TSO and DSO (long-term)

e  Congestion management for TSO and DSO (operational)

e  Balancing services for TSO

Market Structure

e  Characterisation: one-sided market

e  Trading Type: not specified

e  Price computation: not specified

e  Clearing mechanism: not specified

e  Type: capacity and energy

e  Products short description: the products are defined as standard products, having
characteristics in common to the system services across Europe (shared all SO)

TSO-DSO coordination
mechanisms

Central and local needs are solved in this market model, and DSO/TSO cooperation & info.
exchange is needed (being each SO responsible for their own market). TSO could access DER, as
bids not selected for the local market can participate in the central market

Bids validation
procedure

DER bid in local DSO market first; DSO validates the bids after reception. Remaining bids are
available to TSO. TSO has access to DER only after DSO needs are covered

For Voltage Control: platform receives Q bids; runs Voltage Control Market; communicates SO;
sends activations, and proceeds to settlement

For Congestion Management: after Pre-qualification, the platform receives the needs; receives P
bids; runs a CM; communicates SO; sends activations and proceeds to settlement

CM and voltage (Q bids) markets are separate and run sequentially in this order

Integration with other
markets

Integration with the existing markets: balancing

Resources

DG, large generators, AGR, consumers, backup generators and other flexibility providers

Aggregation

Aggregation allowed; (at connection point for reactive power management service)

Terms

Long-term, Day ahead, Intraday, Near Real-time markets
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Table 14: Market organisation of the BUCs GR-1b & GR-2b of the CoordiNet project

Project CoordiNet — BUCs GR-1b & GR-2b

Market Model

M3 (CoordiNet - Fragmented Market): local and global flexibility markets with shared responsibility

Needs / Services
Addressed on the
BUCs

e  Congestion management for DSO (short-term)

e  Congestion management for DSO (long-term)

e  Voltage control for DSO (active power management)

e  Voltage control for DSO (reactive power management)

Market Structure

e  Characterization: one-sided market

e  Trading Type: not specified

e Price computation: not specified

e  Clearing mechanism: not specified

e  Type: capacity and energy

e  Products short description: the products are defined as standard products, having
characteristics in common to the system services across Europe (shared all SO)

TSO-DSO coordination
mechanisms

DSO in coordination with TSO decides distribution system reconfiguration and the power exchange
(active and reactive power) between them

Bids validation
procedure

DER bid in local DSO market first; DSO validates the bids after reception

For Voltage Control: platform receives Q bids; runs Voltage Control Market; communicates SO;
sends activations, and proceeds to settlement

For Congestion Management: after Pre-qualification, the platform receives the needs; receives P
bids; runs a CM; communicates SO; sends activations and proceeds to settlement

CM and voltage (Q bids) markets are separate and run sequentially in this order

Integration with other
markets

No integration is considered

Resources DG, large generators, AGR, consumers, backup generators and other flexibility providers
Aggregation Aggregation allowed; (at connection point for reactive power management service)
Terms Day ahead, Intraday, Near Real-time markets
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Table 15: Market organization of the BUCs ES-1a & ES-3 of the CoordiNet project

Project CoordiNet — BUC ES-1a & ES-3

Market Model

M4 (CoordiNet - Common Market): common TSO and DSO flexibility market

Needs / Services
Addressed on the
BUCs

e  Congestion management for DSO (short-term)

e Congestion management for DSO (long-term)

e  Voltage control for DSO (active power management)

e  Voltage control for DSO (reactive power management)

Market Structure

e  Characterization: one-sided market

e  Trading Type: not specified

e Price computation: not specified

e  C(Clearing mechanism: Separate clearing of active and reactive power bids

e  Type: energy, capacity products shall be explored in a 2nd phase of demo (in a short-term/day-
ahead timeframe)

e  Products short description: the products are defined as standard products, having
characteristics in common to the system services across Europe (shared all SO)

TSO-DSO coordination
mechanisms

For the common market, needs for the DSO and for the TSO are considered in a single way, thus
both SO have access to DER, and therefore in this market the system could be optimized in a whole
way

Bids validation
procedure

For Voltage Control: platform receives Q bids; runs Voltage Control Market; communicates SO;
sends activations, and proceeds to settlement

For Congestion Management: after Pre-qualification, the platform receives the needs; receives P
bids; runs a CM; communicates SO; sends activations and proceeds to settlement

CM and voltage (Q bids) markets are separate and run sequentially in this order

Integration with other
markets

Integration with the existing markets: balancing

Resources Small renewable assets, large generators, AGR, consumers, storage
Aggregation Aggregation allowed; (at connection point for reactive power management service)
Terms Day ahead, Intraday, Near Real-time markets
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3.2.11 De-Flex-Market

In the De-Flex-Market project, end consumers, being typically represented by their FSP or energy
provider, agree on following a schedule of restriction requirements for a contracting timeframe no
shorter than a year.

Figure 18 shows a comprehensive description of the product defined in the initiative.

The following information is communicated to each metering point, which includes
controllable appliances within the respective aggregated distribution area:

DSO Aggregated 15min-Operational Periods Level of Restriction
Distribution Grid (with 31 days per month, there Requirement
Area are 2976 consecutive quarter
hours)

I 1 64-72; 150-152; etc. 64-66 (0); 67-69 (0,8); 70-
72 (0,1); etc.

I 2 66-78; 160-168; etc. 66-68 (0,7); 69-72 (1.5);
etc.

It 1 64-72; 150-152; etc. 64-66 (0); 67-69 (0,8); 70-
72 (0,1); etc.

. :
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
' |
: A requirement level of 0 means that the network user (i.e. the end consumer) would |
" have to comply with the maximum defined threshold, for example 4kW maximum I
1 load (which is a value set between 15 and 35% percent of the overall available I
| capacity). A requirement level of 0.7 would set the allowed maximum load to 4kW + :
| 0.7 * 4kW = 6.8kW. If the controlluble appliance is a PV system or a storage unit a "
| maximum injection per metering point can also be defined by providing negative I
l restriction requirement levels. Based on a 4kW threshold, a level of (-0.8) would set [
: the maximum injection to the network in the correspondent 15-min operational [
. periodto 0.8 * 4 kw=3.2kW. |
. :
' |
' |
' |
' |
' |
' |
' |
|

- J

Furthermore it is proposed that the DSO is not allowed to define more than 12 fully
restricted (i.e. restriction requirement level of 0) quarter hours per day as
operational periods for a certain aggregated distribution area. For other restriction
requirement levels communicated "the number of allowed 15min-operational
periods results from the remaining difference between 12 and the added values
consisting of the restriction requirement level of the respective quarter hours
summed with the maximum value of 1."

Figure 18: Thorough description of the product defined in De-Flex-Market. Adapted from [7].
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Table 16: Market organisation of the De-Flex-Market project

Project De-Flex-Market

Market Model

M2: local and global flexibility markets

Needs / Services
Addressed on
the BUCs

e  Congestion management for DSO (long-term planning, Y-1)

Market Structure

e  Characterisation: one-sided market
End consumers, typically represented by their FSP or energy provider, agree on following a schedule
of restriction requirements for a contracting timeframe no shorter than a year. Given that premise,
the proposed market is one-sided, with the DSO setting the schedule and the level of restriction
requirements during the contracting timeframe

e  Trading Type: periodic closed gate auction (yearly auction)

Since contracting timeframes are proposed to have a duration not shorter than a year, it seems
plausible that a periodic closed gate auction takes place every year at the very least

e Price computation: pay-as-bid; although listing as possibilities both direct incentive payment and
network tariff reductions, the authors advise on putting in place a system based on direct incentive
payment structures, allowing for broader participation (AGR and other service providers); Since a
yearly contracting timeframe is defined, the DSO must submit their bids a year ahead with a suitable
interval from the beginning of the next year (some months probably)

e (Clearing mechanism: unclear

e  Type: energy service provision (kWh)

e Products short description: the product consists in the compliance with a DSO-defined scheduling of
restriction requirement levels for 15-minute blocks, supported per aggregated distribution grid area
(Figure 18). The restriction requirements levels consist of a command-and-control option or a pre-
defined switch option, reserved for a third-party (flexibility service provide or the energy supplier)
that limits the possibility to use the electric grid compared to the allowed and technically possible
capacity at the point of interconnection with the local distribution grid. The operational period
schedule is defined per aggregated distribution grid area which can be viewed as a congestion zone
defined by the DSO (more information is provided in the contents to the right). The proposal states
that it is imperative to develop a uniform standard for service products offered in areas as large as
possible (at least on a country basis). This mechanism requires a fix deadline for all DSO to announce
and transmit the required information to each aggregated distribution grid areas, for example on the
16th day of each previous month at 00:00 or on a specific day during the previous week (in case of
shorter contracting timeframes). With the implementation and roll-out of intelligent metering
systems, a more short-term communication solution can be designed

TSO-DSO
coordination
mechanisms

No TSO-DSO coordination mechanism is considered

Bids validation
procedure

In accordance with Figure 18

Integration with
other markets

Proposed as a parallel market with no clear integration with other markets being defined

Resources

Not thoroughly described. Considers residential consumers available for consumption constraints, PV
generators available for curtailment and storage systems available for limiting their injection at their
interconnection with the distribution grid

Aggregation

Aggregation seems to be considered as the only viable option for providing flexibility

Terms

Yearly
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3.2.12 EcoGrid 2.0

In EcoGrid 2.0, DSOs initiate an auction by sending a list of service requests (mutually exclusive) to
the market operator, from one to twelve months ahead of time. The market operator forwards this
information to the AGR, without revealing the DSO's willingness to pay for each service, which in turn
send their offers.

Figure 19 shows the sequence diagram for communication in EcoGrid 2.0, highlighting the parallel
operation of the new local market (Ecogrid 2.0 new congestion market) and the existing markets
(such as Elspot, the NordPool day ahead market, Elbas, the NordPool intraday markets, and the
NordPool regulating power market).

WooW W

EcoGrid 2.0
DSo BRP (adapted existing TS0
markets)
1 1 1 '
S——
Trading ' i i i i
Submit tender ! Announce tenger ! : : :
1 1 1
Submit big : : :
1 1 '
1 1 '
:|cu.. market : : :
1 | '
Cloared bids Cleared bid 1 1 '
- L} L} L} L}
! Submitbigs ! Ferward buts ! :
100 forecasts) .
1

1
i
L]
L
i
L]
Notification s !
- Nodfication _ i
I | | |
1 1 1 1
1 1 Delrver 1 1
1 I big I 1
Scheduled | : ; i
service I [ ] 1 1
Bty L oo hes——————- e oo - E——
! Activabion ! Activation ! : H -
g—Conen | Pasform ! ! !
contem T servce M . .
T . . Nottenuer ! :
1 1 1 1 Activation | Activation 1
1 I ] erwerd
Reserve b n«a—nd!‘_ i 1 1
service 1 [} service 1 1 1
. : . : . :
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1 1 1 1 1 1
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I — i i i
L} settlement : 1 1
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| I
1 1
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1 1
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Figure 19 - M g q e diag for cc ication in EcoGrid 2.0; inspired by similar iPower
diagrams. Grey blocks indi aggreg i in the TSO market.
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Figure 19: Sequence diagram for communication in EcoGrid 2.0 Adapted from [76].
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Table 17: Market organisation of the EcoGrid 2.0 project

Project EcoGrid 2.0

mz:ﬁt M2: local and global flexibility markets

Needs / e  Congestion management for DSO and TSO (long-term M-1 to Y-1)

Services e  Voltage control for DSO (active power management)

Addressed e  Balancing for TSO (mFRR, FCR)

on the BUCs e  Regulating power services for BRP

e  Characterisation: two-sided market (AGR submit flexibility bids and SO/BRP submit tenders)

e  Trading Type: periodic closed gate auction (yearly auction)

e  Price computation: pay-as-clear

e  (Clearing mechanism: the market is cleared by choosing the most economically beneficial service request,
and standardised contracts are created between the DSO and the AGR. A service can be delivered by
multiple AGR

Market e  Type: energy service provision (kWh)

Structure e Products short description: products of active power traded in timeslots of fixed length, defined by the
market, mainly divided into scheduled and conditional services. A set of 5 standardised products are
envisioned for the EcoGrid 2.0 flexibility market: load reduction, load increase, power limitation
(addressing congestion management for DSO), voltage control (addressing voltage control for DSO) and
balance (addressing mFRR for TSO and regulating power service for BRP), although, for DSO, only capacity
limitation and baseline flexibility services are considered throughout the project’s lifetime. In both cases,
the services can be scheduled (activated regularly at a specified time period) or conditional (may be
activated during that time period if deemed necessary)

TSO-DSO No TSO-DSO coordination mechanism is considered. Flexibility activation by the DSO is not expected to

coordination generate TSO imbalances. Congestions due to TSO flexibility activation are to be accounted by DSO acquiring

mechanisms additional flexibility if necessary
Bids are composed mainly of the following parameters: service provided, price offered, bid volume (as a

Bids multiple of granularity) and divisibility; DSO tenders encompass: service to be acquired; point of delivery;

validation maximum price for service (not broadcast to AGR); tender tolerance; duration of delivery; duration of

procedure contract; penalties/consequences for non-delivery; verification requirements (including performance
required); availability payment (reservation services); activation payment; time of delivery
The EcoGrid 2.0 Market Structure is built in part as a parallel trading platform to the existing markets

Integration (Elspot, Elbas, the regulating power market etc.) since existing markets do not allow DER units like those

with other used in the EcoGrid 2.0 project to participate e.g. due to minimum bid sizes, as well as the validation and

markets verification of DER. Nonetheless the project's ambition was that existing markets eventually would
integrate the changes it proposes, reducing barriers for DER participation
The EcoGrid 2.0 consists of about 1,000 heat pumps and electric radiators (electrical heating and hot water
boiling) on the Danish island of Bornholm. Flexibility is provided by adjusting consumption in these

Resources thermostatically controlled loads, located mainly at private households. The project considers the possibility

of using other types of DER, namely small-scale generation although it was not available at the demonstration
site
AGR play a central role in the market model, participating as a service provider on behalf of the households

Aggregation it represents. One or more AGR can represent a same household, since the same household can provide

different types of DER

Terms Yearly
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3.2.13 EMPOWER H2020

In EMPOWER H2020, local markets for flexibility exist alongside the wholesale market. These local
markets have a specific type of AGR which is called the Smart Energy Service Provider (SESP); the
SESP makes bids to the market on behalf of the prosumers/consumers and the producers. It also has
the responsibility for demand-response programs on behalf of the DSO and can resort to the end-
users’ flexibility to achieve commercial ends in the balancing market.

Figure 20 shows the EMPOWER H2020 market base concept, detailing the local market and the SESP
relationships to other market and energy system operation roles.

YR R R O R N R R O R R R R R R N RN N R OF N R OFOR RN ONCFF
o i3 8 8 R F F F F F & F R 3§ & B R _F & B R B & B R & _§ § § § § § § § § |

Figure 20: EMPOWER H2020 Market Base Concept. Adapted from [77].
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Table 18: Market organisation of the EMPOWER H2020 project

Project EMPOWER H2020

Market Model M2: Local Market
e  Congestion management for DSO (short-term)
Needs / Services e Islanding operation mode for DSO
Addressed on the e  Support distribution grid planning
BUCs e Voltage control for DSO (active power)

e  Balancing for TSO (short-term)

e Characterisation: one-sided market

e  Trading Type: periodic closed gate auction (day-ahead and intraday auctions)

. Price computation: pay-as-bid or price scan auction, pay-as-bid or price scan auction,
depending on the size of the local market and number of participants

e  Clearing mechanism: clearing can be based on full or partial matches between price and

Market Structure volume of flexibility traded (kW or kWh); in more liquid markets, price scan auctions can take
place, in which the SESP calls out a buying price and a selling price. In return, traders offer a
volume of flexibility for that price. If the aggregated match between demand and supply is
poor a new price will be called. When a good match is established the auction terminates

e  Type: energy (kWh) and capacity (kW)

e Products short description: no standardised products

TSO-DSO coordination

. u ified
mechanisms nspecitie
Bids validation o . .
ds validati The procedure for validating bids has not been described
procedure
Integration with other Empower H2020 envisages the coexistence of several local markets, each corresponding to one
markets or more MV networks (and their LV feeders). Local markets coexist with the whole-sale market
Resources Distributed energy resources (DER) within the MV and LV grids

The local markets have a specific type of AGR which is called the Smart Energy Service Provider
Aggregation (SESP). The SESP is responsible for aggregating the bids from prosumers/consumers within the
distribution grid (LV and MV), as well as the regular producers (e.g. small wind or solar parks)

Terms Day-ahead, intraday
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3.2.14

Enera

Project Enera is a regional market platform, where local flexibilities are coordinated for solving
congestion management problems for the DSO. Through an integrated model approach for the
flexibility market, DSO order books centralise the flexibility offers which can be used by the operators
to relieve congestion in the networks.

Table 19: Market organization of the Enera project

Project enera

Market Model

M5: integrated flexibility markets for TSO, DSO and BRP

Needs / Services
Addressed on the
BUCs

e  Congestion management for DSO (short-term)

Market Structure

e  Characterisation: one-sided market

e  Trading Type: continuous trading

e Price computation: pay-as-bid

e  C(Clearing mechanism: locational order books centralize flexibility offers that can be used by
TSO and DSO to alleviate congestions. Enera matches flexibility offers with demand, (also
dealing with the settlement and providing feedback and analytics). Transactions on EPEX SPOT
are cleared and settled by ECC (European Commodity Clearing)

e  Type: energy

e Products short description: standardised products - definitions are determined by EPEX SPOT
in cooperation with the network operators procuring the flexibility

TSO-DSO coordination
mechanisms

Bottom-up coordination - in Enera 1.0 (currently in place) there is a bilateral communication, also
considered as coordination, but it is not integrated into the market platform of EPEX. TSO can get
access to the DER through buying flexibility in the locational order books; flexibilities that are
connected to other networks than the operators own network can be contracted (this must be
approved by the connecting operator). This process is established as follows:

e  Step 1: Top-down communication to all affected local market areas (network areas), from TSO

to DSO with asset connected (and any intermediary DSO)
e  Step 2: Reverse bottom-up communication, informing about the free grid capacities

Bids validation
procedure

Procedure is related with EPEX Spot, not described by Enera. The pre-qualification is done by the
connecting SO

Integration with other
markets

Integration with wholesale intraday market

Resources All flexibility resources. So far implemented: load, VRE, storage of the HV and MV network level
Aggregation Allows AGR, suppliers, traders, provided they have a BRP license or can trade on behalf of their BRP
Terms Intraday timeframe (EPEX Spot local flexibility market platform)
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3.2.15

EU-Sysflex

In this project, seven different market integration models were proposed, in four different
demonstrators (Finland, Germany, Italy and Portugal). This project focuses on the provision of
services to the TSO with distributed flexibility resources. Since TSO-DSO coordination for the
provision of these services very often implies partially using these resources for local DSO problems,
EU-SysFlex market organisations are also worth revisiting here. Seven different markets are
presented in this subsection.

Table 20: Market organization of the PT-FlexHub Q-market of the EU-Sysflex project

Project EU-SysFlex — BUC PT-FlexHub Q-market ‘

M3 (PT-FlexHub Q-market): local and global flexibility markets with shared responsibility

Market Model

Needs / Services
Addressed on the
BUCs

Voltage control (reactive power dynamic control); includes local reactive power (RP) market
for TSO and DSO reactive power provision; this service could also be used for congestion
management, even though it was not specified as such

Market Structure

Characterization: one-sided market

- TSO: buyer of RP at the TSO-DSO interface

- DSO: buyer of RP to balance its own grid
Trading Type: periodic closed gate auction (intraday, with 7 hours delivery horizon, and 15
min delivery time)
Price computation: pay-as-bid
Clearing mechanism: DSO performs joint technical clearing (OPF) to maximize FSP welfare
while respecting DSO grid constraints and TSO reactive power needs
Type: reactive energy (kvar)
Products short description: reactive power blocks with 7 hours delivery horizon, and 15 min
delivery time

TSO-DSO coordination
mechanisms

DSO performs joint technical clearing (OPF) to maximize FSP welfare while respecting DSO grid
constraints and TSO reactive power needs

Bids validation
procedure

Bids are cleared in a local market considering DSO grid constraints. No additional validation is
addressed

Integration with other
markets

Not specifically addresses

Resources HV distribution grid resources (Wind farms 10-25MW, capacitor banks 4MVA)
Aggregation Aggregation per bus allowed
Terms Intraday
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Table 21: Market organization of the PT-FlexHub TLQ of the EU-Sysflex project

Project EU-SysFlex — PT-BUC FlexHub TLQ

M1 (PT-FlexHub TLQ): centralized flexibility market

Market Model

Needs / Services
Addressed on the
BUCs

Balancing for TSO (mFRR, short-term); includes Traffic Light Quantification (TLQ) to validate a
set of active power bids for the TSO before activation.; this service could also be used for
congestion management, even though it was not specified as such; geographical info could
allow congestion management (depends on the TSO)

Market Structure

Characterization: one-sided market
- TSO buyer of active power in a redesigned mFRR market
Trading Type: periodic closed gate auction (intraday, with 7 hours delivery horizon, and 15
min delivery time)
Price computation: pay-as-bid
Clearing mechanism: out of the scope of this project
Type: active energy (kWh)
Products short description: active power capacity with 7 hours delivery horizon, and 15 min
delivery time, max energy limits, max ramp

TSO-DSO coordination

After TSO bid selection, DSO validates bids before activation

mechanisms
Bids validation TSO access DER bids in its mFRR market and selects those that better fit its needs; after TSO bid
procedure selection, DSO validates bids before activation

Integration with other
markets

The proposal intends to integrate the DSO bids validation procedure into an extended version
of the restoration reserve market of the TSO

Resources HV-MV distribution grid resources (PV 12MW, Battery 480kW/360kWh)
Aggregation Aggregation allowed, but resource locational info per bids needed for DSO validation
Terms Intraday
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Table 22: Market organization of the BUCs FI-AP1, FI-AP2 of the EU-Sysflex project

Project EU-SysFlex - BUCs FI-AP1, FI-AP2

Market Model

M1 (FI-AP1, FI-AP2): centralized flexibility market

Needs / Services
Addressed on the
BUCs

e  Balancing for TSO (mFRR, FCR-N)

Market Structure

e  Characterization: one-sided market
- TSO buys active power (AP) in existing FCR-N and mFRR markets
e  Trading Type: periodic closed gate auction (day-ahead market)
e  Price computation: pay-as-bid
e  Clearing mechanism: merit order list
e  Type: active power (MW)
e  Products short description
- FCRn: bid size (0.1-5MW) 5SMW
- mFRR: cap energy price 5000 €/MWh and activation in 15 min after request

TSO-DSO coordination
mechanisms

No explicit DSO validation. Since DSO, retailer and AGR seem to be the same, AGR may be able to
limit bids

Bids validation
procedure

TSO has access to DER bids sent by the AGR to the reserve markets and selects those that better fit
its needs

Integration with other
markets

Not specifically addressed

LV distribution grid resources (400V) operated by the retailer (a retailer battery and a PV connected

Resources at 110KV -TSO/DSO-400kV/110kV)

The retailer is the AGR (following regulation) that bids in the hourly market for FCR-N (hourly day-
Aggregation ahead capacity market)

It also bids in the mFRR/RR market (not clear if a previous pay-as bid capacity market also exists)
Terms Day-ahead
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Table 23: Market organization of BUC FI-RP of the EU-Sysflex project

Project EU-SysFlex — BUC FI-RP

Market Model M3 (FI-RP): local and global flexibility markets with shared responsibility
Needs / Services

Addressed on the e  Voltage control (reactive power dynamic control)

BUCs

e  Characterization: one-sided market
- DSO: buyer of RP capacity in new local markets
e Trading Type: periodic closed gate auction (monthly reactive power capacity market with
hourly detail)
e  Price computation: pay-as-bid
e  Clearing mechanism: merit order list
e  Type: active power (MW)
e  Products short description: capacity

Market Structure

TSO-DSO coordination

. See ‘aggregation’ below
mechanisms egreg

Bids validation No info on DSO algorithms to select bids

procedure

| i ith oth

ntegration with other Not specifically addressed

markets

Resources LV distribution grid resources (400V) operated by the retailer (a retailer battery and a PV connected
at 110kV -TSO/DS0O-400kV/110kV)

. An AGR bids in a new DSO market to keep the TSO/DSO reactive power balance under limits to

Aggregation . .
avoid penalties

Terms Monthly auction
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Table 24: Market organization of the BUC DE-AP + DE-RP of the EU-Sysflex project

Project EU-SysFlex — BUCs DE-AP + DE+RP

Market Model M3 (DE-AP + DE-RP): local and global flexibility markets with shared responsibility

Needs / Services
Addressed on the
BUCs

e  Congestion management for TSO
e  Voltage control for TSO

e  Characterization: one-sided market
- DSO first buyer (based on sensitivities/price) for its own grid
- Remaining flexibility is provided to TSO, that selects aggregated schedule
e Trading Type: periodic closed gate auction (day ahead + intraday markets for active power,
with delivery times of 15 minutes)
Market Structure e  Price computation: pay-as-bid
e  Clearing mechanism: based on sensitivities/price (PQ-maps, active and reactive power are
offered and cleared together)
e  Type: active power (MW) and reactive power (Mvar)
e Products short description: active and reactive power capacity with 7 hours delivery horizon,
and 15 min delivery time, max energy limits, max ramp

TSO-DSO coordination DSO is the first buyer (based on sensitivities/price) for its own grid; remaining flexibility is provided
mechanisms to TSO, that selects the aggregated schedule. The DSO sets the final resource schedules

The bids selection algorithm combines the use of both active power and reactive power based on
prices and effectiveness. Includes TLQ to validate a set of active power bids for the TSO before
activation

Bids validation
procedure

Integration with other Not specifically addressed

markets

Resources DER

Aggregation Only for the final flexibility offered to the TSO
Terms Day-ahead, intraday
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Table 25: Market organization of the BUC IT-AP of EU-Sysflex project

Project EU-SysFlex — BUC IT-AP

Market Model M2 (IT-AP): local flexibility markets
Needs / Services
Addressed on the
BUCs

e  Balancing for TSO (mFRR/RR)
e Congestion managing for DSO and TSO

e  Characterization: one-sided market
- RT market managed by an independent MO or by the DSO
- DSO buyer of active power for local congestions. Counter balancing solved with
locally bought active power
- Remaining bids aggregated and submitted to RT TSO active power market/s (mFRR,
Market Structure RR and congestions)
e  Trading Type: periodic closed gate auction (real time market each 15 min)
e Price computation: pay-as-bid
e  Clearing mechanism: optimal power flow
e  Type: active power (MW)
e  Products short description: no standardised products
TSO-DSO coordination The bids are aggregated (curve AP/price) with an OPF that maximizes active power at the TSO-DSO
mechanisms link for TSO congestions. DSO assets can be used to solve imbalances

Bids validation OPF that maximizes active power at the TSO-DSO link for TSO congestions

procedure

Integration with other e - . .

markets DSO uses flexibility first in local market, and remaining bids are sent to TSO active power markets
Resources DER, DSO assets (OLTC, Statcoms, Batteries) only used for DSO grid operation

Aggregation Allowed, but seems to be performed by the MO (see above). No explicit AGR considered
Terms Day-ahead, intraday, 15-minutes
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Table 26: Market organization of the BUC IT-RP of the EU-Sysflex project

Project EU-SysFlex — BUC IT-RP

Market Model M3 (IT-RP): local and global flexibility markets with shared responsibility

Needs / Services
Addressed on the
BUCs

e  Congestion management for TSO
e  Voltage control for DSO

e  Characterization: one-sided market
- TSO: buys reactive power at the TSO-DSO interface for voltage control and CM from
an aggregated curved built by the DSO
- DSO: buyer of RP to balance its own grid
e  Trading Type: periodic closed gate auction; hourly intraday plus 15 min RT markets; intraday
market with 6 hours delivery horizon to buy reactive power profile, with RT market for final
adjustments; delivery time 1 hour Intraday, 15 min RT
e  Price computation: pay-as-bid
e  Clearing mechanism: DSO performs joint technical clearing (OPF) to maximize FSP welfare
while respecting DSO grid constraints and TSO reactive power needs
e  Type: reactive power (Mvar)
e Products short description: no standardised products

Market Structure

T50-DS0 coordination DSO performs joint technical clearing (OPF) to guarantee requested RP at TSO-DSO link

mechanisms
Bids validation . .
OPF to guarantee the requested reactive power at the TSO-DSO link

procedure
Integration with other .

gration wi Not specifically addressed
markets
Resources DER, DSO assets (Statcoms and batteries) are only used for DSO grid operation
Aggregation Allowed
Terms Day-ahead, intraday, 15-minutes
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3.2.16 FLECH-iPower

FLECH stands for FLEXibility Clearing House and is a platform for trading ancillary services between
aggregated small scale DER (up to 5MW) and DSO. The initiative focuses on a series of well-defined
products, richly parametrized and provides a detailed description of the processes and interactions
taking place within the market platform.

Table 27: Market organization of the Flech-iPower project

Project FLECH-iPower

Market Model M2: local and global flexibility markets

Needs /

Services e  Congestion management for DSO (short-term planning D-1)

Addressed on e  Congestion management for DSO (long-term planning >M-1 to Y-1 or more)
the BUCs

e  Characterization: two-sided market

e  Trading Type: periodic closed gate auction

. Price computation:

- For Reservation market: First-price Sealed Bid, where the AGR submits “sealed” bids to FLECH, and

the best priced bid wins the reservation contract and gets paid the respective reservation fee

For Activation market: Auctions - smallest price is accepted first

e  Clearing mechanism: simple merit order sorting of resources which only considers the price per kWh

Market for the period considered

Structure e  Type: capacity

e Products short description: standardised products: mainly divided into products for load management
and for voltage management, characterized by the following parameter fields: service name, contract
validity, estimated number of activations during period, size of service in power and in energy,
maximum duration of service per activation, maximum allowed activation time, geography (specified
by unique consumer numbers), on and off trigger date time values, quality criteria in supply, pricing
paid by the DSO to the AGR, estimated price per activation, risk issues that may trigger failure in supply
and respective penalties

DSO activation market clears an hour prior to the TSO markets, day-ahead of operation. It is unclear if the

same FSP can participate in the TSO ancillary market and how their bids would be validated by the TSO;

-crzgr-cr])ii(a)tion nonetheless, a list of priorities to the DER/AGR is compiled, in case of conflicts in serving flexibility for the

mechanisms following needs/services: 1.Emergency actions (TSO); 2.Alert actions (TSO/DSO); 3.Local voltage control
(DSO); 4.Peak-shaving (DSO); 5.Voltage support (TSO); 6.Mvar bands (DSO); 7.Frequency control (TSO);
8.0ther ancillary services (TSO); 9.Imbalance issues (BRP); 10.Power quality (DSO)
The contracting will be made following two possibilities: 1 - after DSO posts of desired flexibility services at
FLECH, AGR will submit flexibility service offers to FLECH, and DSO will get the area merit order list,

Bids validation assessing the feasibility of offers based on OPF. DSO will pick the desirable offers making standard

procedure contracts. 2 - AGR submit the flexibility bids to FLECH, then DSO proceeds to flexibility services portfolio
optimization, whereby, the preferred bids are taken. DSO will stipulate the types of flexibility services and
sign standard contracts with AGR in FLECH

Integration . . . L .

with other Parallel to the NordPool market (designed to run in parallel with other existing day-ahead, intra-day and
intra-hour markets, specialized in the distribution grid)

markets
The project focus on the aggregation of small scale DER (up to 5 MW) and their incapability of alone

Resources participating in the wholesale electricity market that, for the NordPool case, has a minimum acceptance
volume of 10 MW

Aggregation Aggregation of low voltage DER flexibility by an AGR is considered

Terms Reservation market: Long-term horizon: from 2 years down to 6 months prior to initiating activation

Activation market: day ahead
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3.2.17 FLEXICIENCY

This already concluded project's big focus was on elaborating a platform for metering data transaction
through business-to-business (B2B) interactions, mainly between DSO (acting as providers) and Data
Requesters such as an Energy Service Operator ESO.

Although having spawned 5 demonstrators in different countries, the Spanish demo was the only one
to specifically define as a use case the “Provision of flexibility services to the DSO from a service
provider who owns a microgrid.”

Table 28: Market organization of the FLEXICIENCY project

Project FLEXICIENCY ‘

Market Model M2: local and global flexibility markets

Needs / Services

Addressed on the e  Voltage control for DSO (active power management)

e Observability over the available flexibility

BUCs
e  Characterization: one-sided market
e  Trading Type: continuous auction
e Price computation: pay-as-bid
e  Clearing mechanism: Although not specified, it is implied that technical and economical
clearing are the responsibility of the DSO procuring the flexibility services
e  Type: Although not clear, both reservation and activation may be possible given the
mechanism provided
e Products short description: Standardised and unstandardised products for which the following
parameters can be provided
a. Period for which service is available
Market Structure b. Location

c. Category (regulated and unregulated, individual or aggregated, data or
energy support service provision)

d. Furthermore, based on the category and subcategory, additional fields can
be filled

i. Quantity (energy consumption, energy generation, power)

ii. Time step (1’, 10’, 15’, 30/, 1h, 1d)

ii. Aggregation level (none, country, city, street, portfolio)

v. Method: sum or mean

v. Other (for standardised products, Terms & Conditions and Pricing
Information are pre-defined)

TSO-DSO coordination

. No TSO-DSO coordination mechanism is considered
mechanisms

Bids validation

procedure Not clear when bid validation is performed

Integration with other

No integration with other existing markets is considered
markets

Different smart devices in a microgrid capable of offering flexibility: demand side response from
Resources residential consumers, wind and photovoltaic generation, storage and electric vehicle charging
stations

Aggregation is explicit for data support services; for energy support, although not explicit, if located

A ti . .
ggregation at the same bus aggregation could be possible.

Terms Not described

Figure 21 shows the FLEXICIENCY system architecture (top) highlighting the separation of
responsibilities between DSO Platforms and Service Platforms, and the interactions between market
players and the newly proposed EU Market Place (bottom).
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I EU MARKET PLACE !

1 pan-European platform to support approaches developing new services for the development of electricity retail markets 1

« Gateway linking platforms of different players (DSOs and service providers) to offer and provide services 1
- Receives/submits data/service request 1
« Readdresses requests to the platforms where the data, service modules, software, tools, etc. are located 1

« Keeps only data of registered players and approved applications. Physical data transfer (metering data, software, tools, efc.)
is performed by point to point connections (from DSO to/from service platform and from service platform to service platform) I
-

RECEIVES / SENDS REQUESTS

SERVICE PLATFORMS

1toK

egators, ESCOs, software vendors, etc.)

-

| FIELD COMPONENTS |
| Cosemerieraces e
. =
| EeemyBox  Smartapplances |

Figure 1 Flexiciency system architecture

(adapted from: FLEXICIENCY Deliverable 2.1 — Definition of services and use cases description
v1.0)
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EU MARKET PLACE

Service discovery
of

SP - Service Provider SR - Service Requester " theB2Bd

subscription
atio lorms of the
involved parties through the EU-MP

B2B integration set-up
[ )evwme
Customers y o noﬂﬁ:.uwm& . Customer consent process
° e Service activation

- EU-MP AP o EU-MP API .

= .
uunsunnnnp . Service execution

Service Provider Platform .

B2B APl o Interactions between Market Players.

(adapted from: FLEXICIENCY Deliverable 11.6—Final Report)
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Figure 21 Top: FLEXICIENCY system architecture; Bottom: Interactions among market players
and the newly proposed EU Market Place. Adapted from [30] and [31].
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3.2.18 FLEX-DLM

The distinctive feature of FLEX-DLM is the development of a technical clearing optimisation algorithm
for the procurement, on the DSO’s side, of flexibility services. This technical clearing optimisation
algorithm aims at minimising the DSO’s total cost of acquiring the distributed flexibility.

Table 29: Market organization of the Flex-DLM project

Project FLEX-DLM

Market Model M2: local and global flexibility markets

Needs / Services
Addressed on the
BUCs

e  Congestion management for DSO (short-term, D-1)
e Balancing for TSO (possibility)

e Characterization: one-sided market; AGR submit offers to the market platform that can be
procured by DSO when in need

e  Trading Type: continuous auction

e Price computation: pay-as-bid, with the article claiming that flexibility prices should be defined
within an allowed price range set by DSO

e  Clearing mechanism: a technical clearing optimization algorithm is proposed for the DSO
procuring the flexibility services, aimed at minimizing the DSO total cost of acquiring
distributed flexibility. It considers the acquisition of up and down regulation flexibility and
takes the rebound effect into account. In accordance with Spanish electricity markets criteria,
trading periods of one hour are considered. The optimization horizon is set as the 24 hours of
the day-ahead; the conditions under which the rebound effect takes place are agreed upon
between the flexibility supplier and the DSO, namely by defining the rebound hour (specific
hour, any hour within a time interval of the day or unrestricted) and the rebound power (full
activated flexibility or just a percentage of it)

e  Type: energy service provision (kWh)

e Products short description: products consist of increasing or decreasing capacity volumes
submitted in the form of up-regulation and down-regulation bids; maximum and minimum
acceptance volumes are defined by the DSO as well as a price cap

Market Structure

T50-DSO coordination No TSO-DSO coordination mechanism is considered

mechanisms

Bids validation Not clear when bid validation is performed. Their submission is performed after the day-ahead
procedure market clearing to address local congestions identified by DSO

Integration with other Flex-DLM is a distribution-level flexibility market that is expected to be running after the day-
markets ahead market clearing

Resources Demand side response from residential and industrial consumers

Aggregation Aggregation is considered, namely regarding residential consumers

Terms Day-ahead

Figure 22 shows the baseline methodology specification for industrial and for residential consumers
providing flexibility to the DSO.
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Baseline methodology

For industrial consumers:

The up regulation power is computed as the difference between the load at time t of
service activation and the minimum load level of a customer. The down regulation
power is calculated as the difference between the maximum load level and the load at
hour t of service activation.

UREG .
indt = Loadipngt — MinLoadjyg
DREG

indt = MaxLoadjng — Loading

For residential customers:

A share percentage for each individual costumer is defined, based on the number of
appliances contributing for the flexibility. Per each appliance a flexible share percentage
of the flexible load that can be either reduced or increased is also defined. The up
regulation power per costumer and per time step is calculated as the sum for all
applications of multiplying the flexible share percentage of each application by its load
at time step t:

Nres_a PP

UREG UREG
I)res,t = Z Load res_app,t F ]exShareres_app,t
res_app=1

The down regulation power per costumer and per time step is calculated as the sum for
all applications of multiplying the flexible share percentage of each application by the
difference of the its installed capacity minus the load at time step t:

Nr\:s_app
DREG DREG
Prest = z (InstCapresdpp—Loadmsapp,t) Flex_Sharer,h,sappl‘t
res_app=1

Figure 22: Baseline methodology specification for providing flexibility. From [23].
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3.2.19 FlexMart

In FlexMart, the DSO resorts to flexibility as a tool for investment deferral. Optimisation techniques
are used to assess, on one hand, the existing flexibility needs at a certain location and, on the other
hand, the available flexibility that can be activated in that location to satisfy the needs. This analysis
allows the DSO to decide whether to investment in network reinforcement: if the availability flexibility
enables eliminating the flexibility needs, then no grid reinforcements will be required. Conversely, if
the availability of the flexibility is not enough to suppress the flexibility needs, then it will be necessary
to make new investments in grid reinforcing.

Table 30: Market organization of the FlexMart project

Project FlexMart

Market Model M2: local and global flexibility markets
Needs / Services
Addressed on the BUCs

e  Congestion management for DSO (long-term)

e  Characterization: one-sided market; per location, the DSO assesses what is the available
flexibility and by solving an optimization problem decides on contracting the flexibility of
the consumers or investing in grid reinforcement

e  Trading Type: continuous auction; flexibility offers can be submitted to the FlexMart and are
evaluated by the DSO when scheduling their needs for the next 3-year period per pre-
defined location (it is postulated to assume as single location a small number of feeders
since this model is proposed on a single paper which used as a case study 2 feeders as a toy
example)

e  Price computation: modified pay-as-bid; the authors propose a regulated approach that
offers the consumer a fixed benefit, eliminating the risk associated with price volatility; this
benefit allows consumers to recover their investment in flexibility-associated equipment,

Market Structure i.e. advanced metering devices and control unites, incremented by a predefined return on
investment (ROI) rate = 10%; the actual compensation for the consumer is calculated as the
fixed benefit minus the savings due to price differences

e  (Clearing mechanism: an empirical planning model using mixed integer linear programming
(MILP) with the objective of minimizing DSO total costs considering the acquisition of
flexibility, reinforcement investments and RE curtailment. Demand response is shiftable, so
a restriction for rebound power within a predefined time frame is considered. The rebound
power will correspond to all the activated flexibility within the optimization horizon

e  Type: capacity market (kW)

e  Products short description: scheduled up and down-regulation of aggregated household
consumption, with a 1hour step. Demand flexibility is modelled as a percentage of total
demand at each time interval (roughly varying from 2% to 20%, averaging 10%)

T50-DS0 coordination No TSO-DSO coordination mechanism is considered

mechanisms
Bids validation

Planni del usi ixed int li ing (MILP
procedure anning model using mixed integer linear programming ( )
Int ti ith oth . . .
ntegration with other No integration with other markets
markets

Households are aggregated under the aggregation units (AU) and offer demand flexibility (up-
Resources and down-regulation). The optimization problem also considers roof PV installations and the
possibility to curtail them

Aggregation through AU which are non-profit intermediaries (for the purposes of the work
presented in the paper)

Long-term capacity market with a lead-time of 3-years (sufficient to consider the possibility of
Terms grid reinforcements and not long enough to put into question the available load demand
forecasts)

Aggregation
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3.2.20 GOPACS-IDCONS

GOPACS focuses on reducing congestion problems using the flexibilities available to the market,
through a new market concept. The local market platform makes use of bids with a locational tag, so
that the solution of local flexibility problems is procured, with spatially near offers, and considering
the spread of the difference between bid and ask prices, making use for this of GOPACS-IDCONS
products. GOPACS architecture is depicted Figure 23 that represented the use of congestion spread
by the SO to manage congestions once there are offers with locational information on the market
platform.
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Figure 23: GOPACS architecture, with the regular intraday market, and the congestion
management through GOPACS-IDCONS (congestion spread). From [78].

Concerning the congestion spread situation, grid operators can activate intraday bids in specific
locations, for managing congestion problems. Figure 24 shows how the orders are chosen in different
locations, at different prices, and how GOPACS platform through IDCONS scheme matches these
orders, linked to a congestion spread.
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Figure 24: congestion spread case for GOPACS-IDCONS. From [79].
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Table 31: Market organization of the GOPACS-IDCONS project

Project GOPACS-IDCONS

Market Model M2: local and global flexibility markets

Needs / Services

Addressed on the e  Congestion management for DSO (short-term)
BUCs

e  Characterization: two-sided market

e  Trading Type: continuous market

e  Price computation: pay-as-bid

e  C(Clearing mechanism: Grid operators analyse suitable orders and create IDCONS through
GOPACS, combining the buy and sell order with a location component if they are not already
matched by the trading platform. Grid operators pay the spread between the buy and the sell
order. Clearing of IDCONS is carried out through the market platform, informing the market
parties involved and the grid operators of this fact

e  Type: energy (kWh)

e  Products short description: standardised products

Market Structure

Regulated function implemented via an algorithm in the platform, to avoid offers from one area to

TSO-DSO dinati . Lo . L L
coordination trigger congestion in other SO area. A smart algorithm is in development: it will allow DSO and TSO

mechanisms . L - o

: to create and activate spreads taking in account grid conditions
Bids validation This procedure is not realized on GOPACS platform, not been described. As a requirement, to
procedure participate in IDCONS, parties must be connected to a trading platform that supports IDCONS

Integration with other . . - .
& Integration with existing regulated market models is under development

markets

All types, GOPACS interacts via market platforms with whoever can offer flexibility (in the case of
Resources . . . .

the ETPA platform: medium to small sized commercial customers to effectively become BRP)
Aggregation Residential customers can be involved in the provision of flexibility indirectly via the BRP/AGR
Terms Intraday, through ETPA (Energy Trading Platform)
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3.2.21 InteGrid

Under the InteGrid market integration model, local flexibility markets for the DSO exist in parallel
with the global ancillary market for the TSO.

At the local level, the DSO resorts to distributed flexibilities (active power) connected to the MV and
LV networks as providers of non-frequency ancillary services for different goals such as investment
deferral, solving real-time technical constraints or minimize energy losses.

At the global level, the TSO is contracting flexibility products on the balancing market (manual
Frequency Restoration Reserve (mFRR) and Replacement Reserve (RR)). In this case, the flexibility
operators submit their bids to the DSO for technical validation (through the grid-market hub, as
shown in Figure 25). If the DSO validates the bids, then the bids are communicated to the TSO via the
market gm-hub. Subsequently TSO selects the bids to activate in order to reach the volume of
balancing energy needed.
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Figure 25: Schematic representation of the market integration model proposed in InteGrid
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Table 32: Market organization of the InteGrid project

Project InteGrid

Market Model

M2: local and global flexibility markets

Needs / Services
Addressed on the
BUCs

e  Support distribution grid planning (long term)
e  Balancing for TSO (mFRR, RR)

Market Structure

e  Characterization: one-sided market

e  Trading Type: periodic closed gate auction (day-ahead and intraday auctions)

e Price computation: pay-as-bid

e Clearing mechanism: merit order sorting of flexibility resources which reflects the amount of
energy (kWh) and price (€/kWh) for the period considered

e  Type: energy (kWh)

e  Products short description: no standardised products

TSO-DSO coordination
mechanisms

DSO uses local flexibility first; the remaining bids are validated before being sent to the TSO

Bids validation
procedure

The flexibility operators submit their bids to the DSO for technical validation (through the grid-
market hub); if the DSO validates the bids, then the bids are communicated to the TSO via the
market gm-hub. The selection process is based on a merit order curve which reflects the amount
of energy (kWh) and price (€/kWh) for the period considered

Integration with other
markets

Local markets for the DSO coexist with the ancillary services market for the TSO

Flexibility operators can shed loads at the MV level (global market), as well as send control set-
points to the home energy management systems at the LV level (local market). In the latter case,

Resources the Energy Services Platform (owned by the Flexibility Operator), gathers information about all of
their customers’ available flexibility

Aggregation The offers from prequalified assets are submitted per node

Terms Day-ahead, intraday
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3.2.22 Interflex

The design of the InterFlex flexibility market is based on the Universal Smart Energy Framework
(USEF), differing in two main ways. Firstly, the initiative proposes a market between AGR and DSO
only, while USEF describes a mechanism between AGR, DSO, BRP and TSO. The latter two roles are
not in scope for Interflex. Furthermore, InterFlex introduces a new concept called sanctions to
distinguish between different flexibilities. Also, since it is unclear when and at what costs the DSO can
switch to orange regime, where in USEF, the DSO can control DER directly, bypassing AGR, this regime
is not used in the project.
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Table 33: Market organization of the Interflex project

Project Interflex

Market
Model

M2: local and global flexibility markets

Needs /
Services
Addressed
on the BUCs

e  Congestion management for DSO (short-term D-1 and Intraday)
e  Voltage control for DSO (active power management)
e |Islanding operation mode for DSO (balancing)

Market
Structure

Characterization: one-sided

Trading Type: continuous auction

Price computation: pay-as-bid

Clearing mechanism: Within the Interflex flexibility market it is decided to align the trading of flexibility
with the trading on the wholesale markets. This results in two time-schedules for flex trading. The first
is day-ahead trading, where flex trading is done before the day-ahead gate closure time. The second is
intra-day trading, where the trading is done before the intra-day gate closure time. To have enough time
for all parties to process the flexibility trading this will be done well before the gate closure time of the
markets

e  Type: activation

e  Products short description: for Congestion Management - a flexibility request by the DSO contains the
requested flex power (up or down) for a given congestion point and the corresponding time slot. (15-
min blocks). The request is also accompanied by the maximum price the DSO is willing to pay for such
request as well as the sanction price for non-compliance, differing in these two aspects from the USEF
specification on which Interflex is based on

TSO-DSO
coordination
mechanisms

No TSO-DSO coordination mechanism is considered

Bids
validation
procedure

Following two different approaches of negotiation, there are two types of bid selection/validation:
Request-based flexibility negotiation DSO-AGR: Negotiation is triggered by the DSO, through flexibility
requests in the platform, which directs these requests to AGR. AGR evaluate the requests and submit offers
to the platform, which returns it to DSO. At this time, the DSO, based on its internal business logic, selects
one of the received flexibility offers and posts a flexibility activation request to the flexibility platform. The
platform does not limit the DSO to selecting one offer; it is also feasible to post several flexibility activation
requests to obtain an even larger flexibility

Offer-based flexibility negotiation DSO-AGR: in this alternative, AGR autonomously post flexibility offers to
the platform, updating continuously their bid. Afterwards DSO posts requests to the platform, which returns
the available offers to the DSO. DSO select offers based on its internal business logic. After the decision, DSO
sends flexibility activation request to the platform. which forwards them to the respective AGR proceeding
with the fulfilment of DSO needs with activation of selected flexibilities

Integration
with other
markets

No integration is considered with other markets. Nonetheless it is considered that flexibility offered by AGR
can be traded with other interested parties (e.g. TSO, BRP) and/or markets such as wholesale markets

Resources

From France and The Netherlands demonstrators, the resources have the characteristics:
NL - Stationary storage assets, controllable PV panels and controlled public charging stations for EV;
FR - A variety of flexibilities and activation channels were tested, including residential appliances (e.g. thermal
household storage devices), dual-fuel hybrid heating systems (gas/electric), industrial process control,
stationary batteries and one EV with V2G capacities

Aggregation

Aggregation is allowed: FSP

Terms

Day ahead; intraday
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3.2.23 INTERRFACE

INTERRFACE is a very recent (kick-of date was January 2019) and very ambitious initiative aiming at
the definition of innovative grid services, that is still ongoing. For that reason, the concepts presented
are still very theoretical and lack a proof-of-concept through proper demonstrations.

Table 34: Market organization of the INTERRFACE project

Project INTERRFACE — BUC-1

Market Model M2/3: local and global flexibility markets with balancing coordination

e  Congestion management for TSO and DSO (operational)
e Congestion management for TSO and DSO (short-term)
e  Congestion management for TSO and DSO (long-term)
e  Balancing for TSO (aFRR and mFRR)

Needs / Services
Addressed on the
BUCs

e Characterization: one-sided market

e  Trading Type: continuous auction

e  Price computation: pay-as-bid

o Clearing mechanism: the market is managed in order to select the resources according to a
dedicated Merit Order List (MOL)

e  Type: energy and capacity

e Products short description: Products for long-term market: CRP — Conditional Reprofiling bids

Market Structure of FSP (reserve capacity); capacity reservation is done once a year; activation should be made
a day ahead of the real-time operation; Products for Day-Ahead (DA) markets: SRP —
Scheduled Reprofiling bids of FSP (“obligation of the flexibility to modify the demand or
generation at a given time”); attributes: min and maximum bid size, temporal measurement
resolution, up/down regulation, activation time, duration, location, rebound condition
(payback time and percentage), partial or “all or none” bids, ramping up period, min full
activation period, mode of activation (manual, automatic); Products for Operational market:
CRP — Conditional Reprofiling bids of FSP — capacity reservation day-ahead

Three options were explored in the use cases of M2/3 market model of INTERRFACE: all options

considered separate congestion management for DSO and TSO (separate MOL). One option

TSO-DSO coordination considered separate TSO balancing and congestion management, while the combination of the two

mechanisms is considered fully integrated in another option. A third option considered a “middle-course

solution” as there is an overlapping MOL of TSO CM and balancing (extended by local information,

allowing DSO MOL and TSO CM MOL to be interchangeable)

Bids validation

N ifi
procedure ot specified
Integration with other Not specified
markets

CHP plant (coupled with thermal storage), distributed battery (on LV grid 100+100 kWh), EV,
Resources scheduling of pumping stations, DR in buildings, medium-size battery, distributed EV stations and
homes with smart electric heating installation

Aggregation Aggregation of resources is considered

Terms Day ahead; intraday
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Table 35: Market organization of the INTERRFACE project

Project INTERRFACE — BUC-2

Market Model M4: common TSO and DSO flexibility market

e  Congestion management for TSO and DSO (operational)
e  Congestion management for TSO and DSO (short-term)
e  Congestion management for TSO and DSO (long-term)
e  Balancing for TSO (aFRR and mFRR)

Needs / Services
Addressed on the
BUCs

e Characterization: one-sided market

e  Trading Type: continuous auction

e  Price computation: pay-as-bid

e Clearing mechanism: the market is managed to select the resources according to a dedicated
Merit-Order-List

e  Type: energy and capacity

e Products short description: Products for long-term market: CRP — Conditional Reprofiling bids

Market Structure of FSP (reserve capacity); capacity reservation is done once a year; activation should be made

a day ahead of the real-time operation; Products for DA markets: SRP —Scheduled Reprofiling

bids of FSP (“obligation of the flexibility to modify the demand or generation at a given time”);

attributes: min and maximum bid size, temporal measurement resolution, up/down

regulation, activation time, duration, location, rebound condition (payback time and

percentage), partial or “all or none” bids, ramping up period, min full activation period, mode

of activation (manual, automatic); Products for Operational market: CRP — Conditional

Reprofiling bids of FSP — capacity reservation day-ahead

TSO-DSO coordination Two options were explored in the use cases of M4 market model of INTERRFACE (the two
mechanisms considering only one combined CM MOLs): separate balancing or combined with balancing market
Bids validation Not specified

procedure

Integration with other Not specified

markets

CHP plant (coupled with thermal storage), distributed battery (on LV grid 100+100 kWh), EV,
Resources scheduling of pumping stations, DR in buildings, medium-size battery, distributed EV stations and
homes with smart electric heating installation

Aggregation Aggregation of resources is considered

Terms Day ahead; intraday
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Figure 26 shows the possible balancing and congestion management market implementations that
are discussed in the early stages of the INTERRFACE project (top), as well as the grouping of the
several market implementations listed above based on the combination of Congestion Management
(CM) with other markets (bottom). This is an adaptation of the proposed coordination schemes at
[71] and depicted in Figure 17.

Figure 13: Schematic view of the possible implementation of balancing and congestion
management markets

Table 1: Market Options

CM separated from CM combined with CM fully integrated
other ets other markets over in other markets
subset or by
overlapping MOLs
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Figure 26: Top - possible balancing and congestion management market; Bottom - grouping of
the several market implementations. Adapted from [42] and [43].
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3.2.24

IREMEL

IREMEL has the particularity that it does not deal with TSO-DSO coordination. Indeed, it proposes
MO-DSO coordination mechanisms to allow DER to bid in the MIBEL energy markets with DSO
validation, as well as a local flexibility market platform to cover DSO’s needs.

Table 36: Market organization of the IREMEL project

Project IREMEL

Market Model M2: local and global flexibility markets
E:r?/(ijcse/s . Congestio.n nTana.geme.nt for D.SO (short term)
Addressed on . Suppor.t distribution grid planning (long term)
the BUCs e  Balancing for TSO (long term)
e  Characterization: two-sided market
Two market models were considered, global and local. Each of these two was further divided into
another two; Thus, four different types of market models were considered
(1) Global market without distribution grid constraints, in which local flexibilities (DER) can submit their
bids to the global markets directly or through an AGR; local flexibility markets are disabled
(2) Global market with potential grid constraints, in which some local flexibilities must be restricted to
a specific area or distribution network zone (Zone of Flexibility), so as to ensure safe operation; DER
can participate without aggregation or aggregated in the same grid location (where the grid constraints
apply); these grid limitations are communicated to the MO by the DSO
(3) Local market for network congestion management (localized constraint), in which MO+DSO define
Market local flexibility products; resources can be aggregated only if they have an impact in the same grid
ocal tle y p ; gereg y y p g
Structure constraints; DER can still participate in global markets but may be subject to limitations
(4) Local market with a persistent grid constraint: for frequent grid constraints, the DSO may decide to
use pre-agreed flexibilities (instead of those from the flexibility local market), through DSO-FSP
contracts
e  Trading Type: periodic closed gate auction (day-ahead and intraday auctions)
e  Price computation: pay as clear (intraday auctions); pay-as-bid; (continuous intraday market)
e  (Clearing mechanism: clearing can be based on full or partial matches between price and volume of
flexibility traded (kW or kwWh)
e  Type: energy (kWh) and power (kW)
e  Products short description: no standardised products
TSO-DSO
coordination No TSO-DSO coordination. OM (energy markets)-DSO coordination for commercial flexibility
mechanisms
Bids validation In market type 1 (see ‘market structure’ above), bids can be submitted to the global markets directly or
through an AGR; In market types 2, 3 and 4, bids have to be validated by the DSO so as to ensure that the
procedure e K . -
use of flexibility doesn’t lead to technical violations
Integration . . P .
with other Each of the four types of markets described in ‘market structure’ exist in parallel with the global
European market
markets
Resources distributed energy resources within the MV grid
In market model 1 (see ‘market structure’ above) the DER are not subject to geographical restrictions; In
Aggregation the other market models, some DER can only participate within their Zone of Flexibility. As such, DER can
be aggregated in all cases, but aggregation may be subject to restrictions in market models 2, 3 and 4
Terms Day-ahead, intraday, in the local market, the activation horizon may depend on the procurement process
(bid), not necessarily day-ahead or intraday
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3.2.25 NODES

Nodes is not a market organization itself but an independent flexibility local market platform that can
be partially configured to be installed in different environments, enabling the producers and
consumers of energy and the SO to trade the decentralised flexibility and energy. It integrates various
markets, being fully automated and allows real-time trading of available flexibility in the market with
transparent prices.

In the Figure 27 it is possible to see how the platform interfaces the different parts and participants
of the market, through the Application Programming Interfaces.

Integrated Market Model N©DES

Existing markets

Intraday
Reserve
Capacity

Market-API

NODESmarket

Flexibility need

Grid optimization and

forecasting & Real Time a consumption
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Independent Service Providers « New services/Technology
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. Integrated
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Flexibility assets
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ﬁ G——— Congestion-API c-_% —— ,—é m
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! - TSSO

Flex provider Control technology Asset owner
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Figure 27: NODES marketplace model, integrated through the several APIs to market
participants and functionalities. From [46].
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Table 37: Market organization of the Nodes project

Project NODES

Market Model

M2: local and global flexibility markets

Needs / Services
Addressed on the
BUCs

e  Congestion management for DSO (short-term)

Market Structure

e Characterization: two-sided market

e  Trading Type: continuous market

e Price computation: pay-as-bid

e  Clearing mechanism: besides building up the platform, NODES also matches flexibility offers
with demand (and deals with the settlement, provides feedback and analytics): market
participants enter a price for each unit, the market clears at the point where supply matches
aggregate demand and winning bidders are paid their bid price for each unit. NODES apply
pre-filtering based on buyers’ preferences prior to matching on price

e  Type:energy

e  Products short description: no standardised products. NODES specify parameters, not
products

TSO-DSO coordination
mechanisms

TSO-DSO coordination is possible, subject to customer’s request

Bids validation
procedure

There is a collaboration between NODES and the connecting SO for pre-qualification: upon
successful asset approval by the SO, flexibility providers will be able to enter orders in the flexibility
market. FSP will group their assets into asset portfolios that reflect locational requirements and
submit buy or sell orders based on these portfolios. The DSO will create the grid locations in the
NODES platform which enable them to create spatial boundaries for flex offers that are valuable
for grid constraint relief

Integration with other
markets

Currently, the interfaces between NODES and the existing markets are not in place yet

NODES is designed to operate a marketplace for any flexibility supplier irrespective of size. Several

Resources flexible loads can be activated including smart homes with solar panels and batteries, electric
vehicles and commercial and residential demand response customers

Aggregation AGR/BRP allowed

Terms Intraday timeframe
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3.2.26 Piclo (Piclo Flex)

Piclo Flex, from Piclo, is an independent marketplace with the objective of flexibility trading to provide
it market visibility. The online platform gives support to procurement of flexibility for 4 DNOs of the
UK, comprising several locations on LV network, to solve network local congestion issues, thus it
addresses mainly the DSO on the platform.

Table 38: Market organization of the PICLO FLEX project

Project Piclo (Piclo Flex)

Market Model M2: local and global flexibility markets

Needs / Services e Congestion management for DSO (short-term)
Addressed on the e  Congestion management for DSO (long-term)
BUCs e  Observability over available flexibility

e  Characterization: one-sided market

e  Trading Type: auction based

e  Price computation: pay-as-bid

e  Clearing mechanism: The methodology follows the match of consumer’s preference and
generate a price for the customer to choose. The data is based on information from Good
Energy, which provides the cost of power generation every 30 minutes, including

Market Structure information on customer preference. The smart contract, billing and customer service are all
provided by Good Energy, being Piclo an online service which power suppliers and end-users
can achieve transaction through the data assistance

e  Type: energy and capacity

e Products short description: Standardised products are used. DSO can see qualifying assets in
the constraint management zones - the resulting map of competitions enables them to source
flexibility with highly specific locational, technical and temporal requirements

TSO-DSO coordination

. No TSO-DSO coordination mechanism is considered (Piclo Flex is a solely DSO platform)
mechanisms

Bids validation

procedure It is informed that there is a pre-qualification procedure, done by the connecting SO

Integration with other

No integration with other markets
markets

Flexibility available on the platform: a very small portion is composed by residential batteries;
significantly more are larger batteries; generators

Providers also include demand-side response (DSR) AGR, local authorities, industrial facilities and
Resources electric vehicle charging operators

Piclo does not capture the type of generators, in the trial data, but many are likely to be traditional
generators powered by gas or diesel, supplemented by CHP systems, waste-to-power systems and

wind farms
Aggregation Aggregation is allowed
Terms Piclo offer long-term (i.e. weeks or months ahead) availability contracts
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3.2.27 SENSIBLE

In the SENSIBLE project, the market integration model includes a local market for the DSO and a global
ancillary market for the TSO. The flexibility for the DSO can be provided by DER both at the LV level
(through a retailer that accessed the Home Energy Management Systems (HEMS) of the end-users)
and at the MV level. The TSO operates the ancillary service market to acquire reserve capacity for
real-time and near future balancing.

Table 39: Market organization of the SENSIBLE project

Project SENSIBLE ‘

ng‘;t M2: local and global flexibility markets
Needs / e  Congestion management for DSO (short term)
Services e  Support distribution grid planning (long term)
Addressed e Voltage control (reactive power)
on the BUCs e  Balancing for TSO (aFRR and mFRR)
e Characterization: (1) local market for DSO: two-sided market
The retailer optimizes its market participation (active and reactive power) by managing the clients’
available flexibility. The retailer then shares the profit with the customer and minimizes the Energy Tariff.
In a day ahead base, that flexibility will be scheduled in the HEMS, which will manage the client's available
flexibility. Deviation between the retailer client’s portfolio consumption forecast and the real
consumption must be balanced in the intraday market
(2) the reserve/ancillary market: one-sided market
The TSO operates the ancillary service market to acquire reserve capacity for real-time and near future
Market balancing. The TSO has different mechanisms and interfaces to procure the reserve capacity, which ma
g p pacity, y
Structure vary from email procedures to specific trading applications. After the bidding process, awarded balancing
capacity and the request to execute that capacity may be communicated to the parties either
electronically or for example by phone
e  Trading Type: periodic closed gate auction (day-ahead and intraday auctions)
e  Price computation: (1) pay-as-clear; (2) pay-as-bid
e  (Clearing mechanism: (1) the DSO can activate the bids by paying the market price (2) unclear
e  Type: energy (kWh) and power (kW)
e Products short description: no standardised products
TSO-DSO
coordination Non-described joint balance settlement
mechanisms
S:Ijisdation (1) The DSO performs technical validation of the bids (OPF) as to guarantee that no technical violations take
place; (2) individual selection of the bids by the TSO, in accordance with its own technical criteria
procedure
wittiggiﬂz: Both the local and ancillary service markets were designed to run in parallel with other existing day-ahead,
intra-day and intra-hour markets
markets
(1) energy storage devices at the LV level under the HEMS, such as water heaters, electrical batteries, PV
Resources generators or other flexible loads; and renewable power plants at the MV level that (2) also have capacitor
banks, STATCOM and Plug and Play Storage Systems
Aggregation The retailer acts as an AGR, by combining several decentralized production and demand units in one portfolio
Terms Day-ahead, intraday
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3.2.28 USEF

In the Universal Smart Energy Framework (USEF) project, AGR establish contracts with the
prosumers describing the terms and conditions under which it will be possible to exploit the flexibility
within the prosumer-defined control space of the active demand & supply asset (ADS). Each AGR then
optimizes the value of the flexibility in its portfolio by selling it to the market participants who have
the most urgent need for it and hence are willing to procure it at the highest price [61]. To that end,
the AGR establishes a flexibility service contract with the BRP responsible for that prosumer’s
imbalance. The contract specifies the terms and conditions for trading flexibility, including the
settlement of imbalance resulting from flexibility transactions (this interaction is shown in Figure 28
where the USEF market framework is illustrated, including the bilateral trading and trading via a
market platform and the FUSION market structure and responsibilities).
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Table 40: Market organization of the USEF project

Project USEF — general Market Model proposed

Market Model M2/M3: local and global flexibility markets with balancing coordination

e  Congestion management (short-term)

e  Controlled islanding

e Support grid planning (grid capacity management)
e  Voltage control (active power management)

Needs / Services
Addressed on the
BUCs

. Characterization: one-sided market; DSO and BRP communicate flexibility needs in terms of
energy reduction. AGR/BRP can set flexibility offers in terms of volume and price
e  Trading Type: periodic closed-gate auction
e  Price computation: pay-as-bid, but long-term flexibility contracts can also be established
between AGR and DSO
e  C(Clearing mechanism: technical and economical clearing are the responsibility of the DSO
procuring flexibility services. Settlement is calculated over a one-month period. Reservation
is possible through bilateral contracts with AGR. In the day-ahead grid planning process, DSO
will indicate whether the contracted amount of flexibility is needed or not. The DSO
determines where congestion may take place and declares Congestion Points. AGR can offer
in local market UFLEX to the DSO for a given congestion point. UFLEX corresponds to the
energy load reduction offer with a given price for the periods indicated by the DSO in a
FlexRequest
Market Structure e  Type: energy and capacity
e  Products short description: products for which the following parameters can be provided
- Period for which Flexibility is offered to solve a given FlexRequest
- Location
- Expiration date
- Reference to bilateral contract for reservation if applicable
- Baseline characterization
- Price
- Minimal activation factor in case enabling partial use of flexibility offer
- Type of activation (if ISP — imbalance settlement period — represents available
capacity or a request for reduction/increase of active power)
- Power
- Start
- Duration

TSO-DSO coordination No TSO-DSO coordination mechanism is considered

mechanisms
Bids validation Technical and economical clearing are the responsibility of the DSO procuring flexibility services.
procedure Settlement is calculated over a one-month period

Integration with other The USEF flexibility market is supposed to exist in parallel with the already existing global market

markets

Resources DER within the distribution network (through AGR)
Aggregation Allows for individual or aggregated resources
Terms Long-term, monthly
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Table 41: Market organization of implementation FUSION trial of the USEF project

Project USEF - implementation FUSION trial

Market Model M2/M3: local and global flexibility markets with balancing coordination

Needs / Services
Addressed on the
BUCs

e  Congestion management (short-term and restoration)
e  Support grid planning (grid capacity management)

. Characterization: one-sided market; DSO and BRP communicate flexibility needs in terms of
energy reduction. AGR/BRP can set flexibility offers in terms of volume and price; framework
extended to include pre-fault and post-fault constraint management and restoration support
products

e  Trading Type: periodic closed-gate auction

e  Price computation: pay-as-bid, but long-term flexibility contracts can also be established
between AGR and DSO

e  C(Clearing mechanism: technical and economical clearing are the responsibility of the DSO
procuring flexibility services. Settlement is calculated over a one-month period. Reservation
is possible through bilateral contracts with AGR. In the day-ahead grid planning process, DSO
will indicate whether the contracted amount of flexibility is needed or not

e  Adds a Constraint service provider that interacts with the DSO

e  Common reference operator manages the publication of both the DSO flexibility requirements
and congested point

e  Type: energy and capacity

e Products short description: products for which the following parameters can be provided

- Period for which Flexibility is offered to solve a given FlexRequest

- Location

- Expiration date

- Reference to bilateral contract for reservation if applicable

- Baseline characterization

- Price

- Minimal activation factor in case enabling partial use of flexibility offer

- Type of activation (if ISP represents available capacity or a request for
reduction/increase of active power)

- Power

- Start

- Duration

Market Structure

T50-DSO coordination No TSO-DSO coordination mechanism is considered

mechanisms
Bids validation Technical and economical clearing are the responsibility of the DSO procuring flexibility services.
procedure Settlement is calculated over a one-month period

Integration with other The USEF flexibility market is supposed to exist in parallel with the already existing global market

markets

Resources DER within the distribution network (through AGR)
Aggregation Allows for individual or aggregated resources
Terms Long-term, monthly
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Table 42: Market organization of the implementation Interflex-Enexis of the USEF project

Project USEF- implementation Interflex-Enexis pilot

Market Model M2/M3: local and global flexibility markets with balancing coordination

Needs / Services
Addressed on the
BUCs

e Congestion management (short-term)
e  Voltage control (active power management)

e Characterization: one-sided market; DSO and BRP communicate flexibility needs in terms of
energy reduction. AGR/BRP can set flexibility offers in terms of volume and price;
Demonstrator focused on the provision of aggregated flexibility offers based on two types of
flexibility: storage and EV

e  Flexibility AGR platform interface to the DSO via USEF

e  Trading Type: periodic closed-gat auction

e  Price computation: pay-as-bid, but long-term flexibility contracts can also be established
between AGR and DSO

e Clearing mechanism: technical and economical clearing are the responsibility of the DSO
procuring flexibility services. Settlement is calculated over a one-month period. Reservation
is possible through bilateral contracts with AGR. In the day-ahead grid planning process, DSO
will indicate whether the contracted amount of flexibility is needed or not

e  Adds a Constraint service provider that interacts with the DSO

e Common reference operator manages the publication of both the DSO flexibility requirements

Market Structure and congested point

e  Type: energy and capacity

e Products short description: products for which the following parameters can be provided

- Period for which Flexibility is offered to solve a given FlexRequest

- Location

- Expiration date

- Reference to bilateral contract for reservation if applicable

- Baseline characterization

- Price

- Minimal activation factor in case enabling partial use of flexibility offer

- Type of activation (if ISP represents available capacity or a request for
reduction/increase of active power)

- Power

- Start

- Duration

TSO-DSO coordination No TSO-DSO coordination mechanism is considered

mechanisms
Bids validation Technical and economical clearing are the responsibility of the DSO procuring the flexibility
procedure services. Settlement is calculated over a one-month period

Integration with other The USEF flexibility market is supposed to exist in parallel with the already existing global market

markets

Resources DER within the distribution network (through AGR)
Aggregation Allows for individual or aggregated resources
Terms Long-term, monthly
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Figure 28 - USEF Market model, including the flexibility trading protocol and the
FUSION market structure. Adapted from [80].
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3.2.29 Projects not included

Five projects were not included in the analysis regarding the market models identified due to the
reasons presented in Table 43.

Table 43: Projects discarded in the market identification process

Projects not included Reason

Architecture of Tools for The project was primarily oriented for the development of load forecasting tools for the
Load Scenarios (ATLAS) DSO, not for defining market models.

Future Network The project was not directed at defining specific market models or frameworks, but to
Modelling Functions develop new models for network planning. Few documentation is also available online.

The project does not, to our knowledge extent, clearly define a single or group of market
Open Networks models for DSO. Instead, it provides general guidelines for DSO and their role as a neutral
facilitator of markets.

Issues on finding information - the information available at the time of the analysis was

SO not sufficient (published deliverables, publications, etc.).

Power Potential The project is oriented to transmission system services.

3.3 Results

3.3.1 Mappings between markets, needs and services

Table 44 maps the services identified in the projects analysed (section 2.4.2) to the market
organisations used to negotiate them, described in the previous section.

Green colour in the project names indicates that for this particular project and market organization
capacity products traded, while red colour refers to energy products.

Although this table considers all the grid services, market models and projects analysed, it was only
filled with those needs/services that were effectively described on the BUCs of the projects
considered. This explains why some services like FRT are empty in the table.

This table provides insight on what are the most common market organizations depending on the
services being provided.
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DSO Needs / Grid Services

Voltage Control

RP AP OP

M1 - Centralized
flex market

= CoordiNet
= EcoGrid 2.0

= EMPOWER
M2 - Local and = Piclo H2020 « CoordiNet
global flex market = SENSIBLE = FLEXICIENCY

= Interflex

= [REMEL

= SENSIBLE
M2/3 - Local and
‘g/;;’tl;laégz’;gf;k“ * USEF = INTERRFACE
coordination

M3 - Local and

global flex = CoordiNet

markets with = FlexHub EU = CoordiNet
shared SysFlex

responsibility

M4 - Common
TSO-DSO
flexibility market

= INTERRFACE

MS5 - Integrated
flexibility market
for TSO, DSO and
BRP

Congestion Management

ST LT

= CoordiNet

= EMPOWER
H2020
= Enera = CoordiNet
= FLECH-iPower = De-Flex-Market
= Flex-DLM = EcoGrid 2.0
= GOPACS-IDCONS = FLECH-iPower
= Interflex = FlexMart
= [REMEL = Piclo
= NODES
= Piclo
= SENSIBLE

= INTERRFACE

« USEF = INTERRFACE

= CoordiNet
= INTERRFACE

= CoordiNet
= INTERRFACE

Table 44: Markets-Services mapping

BS

Service
Restoration

10

= CoordiNet

= EMPOWER
H2020

= Interflex

= USEF

Voltage Sag
Mitigation

FRT

Capacity
Energy




3.3.2 Mappings markets-services-products

The following tables (Table 45, Table 46 and Table 47) extend the analysis performed at Table 44 to include
product design options. For each of the main services identified, the information regarding product design from
all projects that addressed that specific use case were analysed with the intent to identify patterns and
divergences. Each service was also matched with the market models specified in the respective projects.

Table 45: Markets-Services-Products mapping for Need: Congestion Management

Product's
general
attributes

Rebound
behaviour

Aggregated
product
support

Reservation
and/or
activation

IV OP (operational)

Not thoroughly
described on any
of the 2 projects
reviewed.

Product bids
consist of capacity
reserve,
presented in a
day-ahead market
and their
activation is
conditional to
real-time
deviations.

Rebound
characteristics
accompany the
respective assets
(payback time and
percentage) and
are considered
during the grid
prequalification of
the collected bids
(INTERRFACE).
Aggregation
mechanisms are
considered

Reservation

ST (short-term)

Day-ahead and/or intraday products are discussed on all 13
projects reviewed. No clear distinction between day-ahead
and intraday products has been registered on projects that
consider both timeframes.

The majority of the projects propose standardised products,
either bided by DSO or offered by the AGR (complying to a
set of requirements), some of them providing greater
definition liberty through various parameters (9/13) and
others by simply proposing up- and down-regulation active
power or energy blocks for fixed time lengths over a pre-
defined horizon, in one case complemented with locational
info (4/13).

A list of the parameters included in the definition of the
more versatile standardised products, accompanied by their
relative frequency in the reviewed 9 initiatives is provided:

- location (geographical, grid node, POD (point of delivery),
grid area defined by DSO or other unspecified): 6/9

- activation period (usually parametrized by start time and
end time): 6/9

- divisibility (if partial or "all or none" bids; the observed
tendency is to accept partial bids): 4/9

- mode of activation (manual or automatic/self-dispatch):
4/9

- product symmetry (usually not required): 4/9

- bid size in power and/or energy (either as a set point or as
a band interval of up- or down-regulation): 3/9

- granularity (ranging from 0.01MW to 0.1MW): 3/9

- ramping up period / full activation time: 3/9

- estimated price per activation: 3/9

- temporal delivery and measurement resolution (usually 15
minutes): 2/9

- minimum acceptable bid size (usually defined as 0.1MW or
1MW): 2/9

- quality criteria in supply (such as deviation in max.
duration, deviation in volume of service, acceptable no. of
unsuccessful activations, deviation from On/Off-Trigger for
load reposition/curtailment): 1/9

- maximum acceptable bid size: 1/9

- risk issues that may trigger failure in supply and respective
penalties: 1/9

- rebound condition (payback time and percentage): 1/9

Note: Some projects such as FLECH-iPower, define several
standardised products for resolving specific issues such as
predictable peak loads (divided into a scheduled product
and another activated by trigger), specifying a capacity limit
per feeder or imposing a power cap on an AGR portfolio.
Not considered in the majority of the projects reviewed,
some notes can be found at FLEX-DLM and INTERRFACE.
Rebound characteristics can accompany the assets during a
registration procedure or can be agreed between FSP and
DSO when an agreement between both parties is
established (e.g. through bilateral contracts).

Main characteristics include a rebound hour or period, and
the rebound power percentage, which can be 100% or a
smaller percentage of it.

Aggregation mechanisms are always considered, particularly
to overcome minimum capacity barriers on entering
flexibility markets.

Many of the projects highlight the role of the AGR as the
intermediary between DSO and FSP, albeit differing on the
degree of its responsibilities.

The IREMEL project warns for the possibility that
aggregation may be subject to regional restrictions.
Activation

LT (long-term)
Lead-times vary from M-1 to 3 years in the 7 reviewed initiatives with each
product definition being naturally very heterogeneous.

The initiative presenting the greatest lead-time of 3 years, FlexMart,
defines a simple product: scheduled up- and down-regulation of
aggregated household consumption with a 1h step. Demand flexibility is
modelled as a percentage of total demand at each time interval (2% - 20%).

Product description gets richer with a diminished lead-time. Also, all
products defined for lead times of Y-1 and less are standardised sharing
several of the same parameters presented for short-term congestion
management. A list of the parameters included in the definition of the
more versatile standardised products bided by DSO, accompanied by their
relative frequency in the reviewed 6 initiatives is provided:

- location (geographical, grid node, POD (point of delivery), grid area
defined by DSO or other unspecified): 4/6

- granularity (ranging from 0.01MW to 0.1MW): 4/6

- quality criteria in supply (such as deviation in max. duration, deviation in
volume of service, acceptable no. of unsuccessful activations, deviation
from On/Off- Trigger for load reposition/curtailment): 3/6

- divisibility (if partial or "all or none" bids; the observed tendency is to
accept partial bids): 3/6

- estimated/maximum price per activation: 3/6

- duration of delivery: 3/6

- bid size in power and/or energy (either as a set point for scheduled
services or as a band interval of up- or down-regulation for conditional
services): 2/6

- full activation time (considered as contract specific and dependent on the
mode of activation): 2/6

- risk issues that may trigger failure in supply and respective penalties: 2/6
- mode of activation (manual or automatic/self-dispatch): 2/6

- product symmetry (not required or contract specific): 2/6

- period of capacity reservation (start and duration): 2/6

- (maximum) price paid for availability: 2/6

- time of activation and release trigger: 2/6

- duration of contract: 2/6

- minimum lead time (considered as contract specific, ranging from months
to years): 1/6

- temporal delivery and measurement resolution (usually 15 minutes): 1/6
- expected daily reserve activation period (start and duration): 1/6

- estimated number of activations during period: 1/6

- maximum duration of service per activation: 1/6

- maximum allowed activation time: 1/6

- rebound power and duration: 1/6

- full release time: 1/6

Considered in 3/7 projects, although only 2 clearly define how the rebound
behavior problem should be tackled. In one of the initiatives, EcoGrid 2.0,
the rebound power is explicitly included in the bid, and can be asymmetric
in both power and duration. As for the other initiative, FlexMart, the
rebound power is introduced as a restriction in an optimization problem
oriented at minimizing DSO total costs with flexibility activation. In this
case, the rebound power corresponds to all the activated flexibility within
the optimization horizon.

Aggregation mechanisms are always considered, usually involving an AGR
or a similar player. Aggregation is viewed as the opportunity for DER to be
able to deliver different services.

Reservation
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CoordiNet
INTERRFACE

CoordiNet
EMPOWER H2020
Enera
FLECH-iPower
Flex-DLM
GOPACS-IDCONS
Interflex

CoordiNet
De-Flex-Market
EcoGrid 2.0
FLECH-iPower
FlexMart
INTERRFACE
Piclo

INTERRFACE
IREMEL
NODES

Piclo
SENSIBLE
USEF

Table 46: Markets-Services-Products mapping for Need: Voltage Control

Needs Voltage Control

m RP (reactive power)

Product's Specifications are limited by the number of projects that 4 of the 7 reviewed initiatives explicitly propose standardised products,
general consider this use case (3) and in the information contained in  with 1 of the initiatives not presenting a product description and the
attributes those initiatives. remaining 2 suggesting the supply of the service through active power
blocks of 1 hour traded either day-ahead or intra-daily.

AP (active power)

Eu-Sysflex proposed the definition of reactive power blocks
with a delivery horizon of 7 hours and a 15 minute delivery For the initiatives that make a more detailed product definition, the
time. following parameters can be identified:

SENSIBLE also proposes the definition of reactive power
blocks of 1 hour, directly communicated to costumers

- location (geographical, grid node, POD (point of delivery), grid area
defined by DSO or other unspecified): 4/4

through a HEMS. - availability period (for reserve products): 4/4

- service start, end and/or duration times (for activation products): 3/4
CoordiNet proposes a division of reactive power provision - bid size in power or energy consumption / absorption: 3/4
for voltage control into two different services, one for - time of full activation (in CoordiNet proposed to be 12,5 minutes) and
normal operation of the system (Steady State Reactive full release: 2/4
Power - SSRP), which is considered to be slower and - availability payment (reservation services): 2/4
correlated and another for system disturbances (Dynamic - activation payment: 2/4
Reactive Power DRP) which is defined as rapid and - divisibility (if partial or "all or none" bids; the observed tendency is to
uncorrelated. accept partial bids): 1/4
For SSRP the product consists of setpoints of reactive power - minimum duration of delivery period (in CoordiNet proposed to be 5
injection or absorption to maintain a requested voltage. The minutes): 1/4
only parameters specified for a potential product definition - minimal activation factor in case enabling partial use of flexibility offer:

are the full activation time <0.1s and the minimum quantity 1/4

offered of 0.1MVar. - mode of activation (in CoordiNet proposed to be "automatic"): 1/4
The DRP service can only be offered by technologies capable - verification requirements (including performance required): 1/4

of fulfilling a Q injection/absorption request within specified - minimum bid size (in CoordiNet proposed to be 0.1 MW): 1/4
timescales (non-synchronous generators, static - product symmetry (in CoordiNet "not required"): 1/4
compensators, static VAR compensators, among others, - time step (ranging from 1 minute to 1 hour): 1/4

provided they are controlled to support voltage recovery). - penalties/consequences for non-delivery: 1/4

For a possible product definition, the only consideration - time of activation and release trigger: 1/4

provided is that full activation time could range from <0.1s - maximum duration of delivery period: 1/4

to a few minutes. - maximum price for service: 1/4

Rebound Not applicable. Not considered.
behaviour

Aggregated Aggregation mechanisms are always considered. Aggregation mechanisms are always considered. The FLEXICIENCY
product initiative proposes that the bids could be accompanied by information
support about aggregation level (none, country, city, street, portfolio) and about
the aggregation method (sum or mean).

Reservation Activation Both are possible.

and/or

activation

W ET{ M M2 M2
models M3 M3
included
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included EU-Sysflex EcoGrid 2.0
Piclo EMPOWER H2020
SENSIBLE FLEXICIENCY

Interflex
IREMEL
SENSIBLE
USEF

Table 47: Markets-Services-Products mapping for Need: Service Restoration

Needs Service Restoration
m 10 (isolated/islanded operation)

Product's Specifications are limited by the number of projects that consider this use case (3) and in the information contained in those initiatives.
general

attributes In Interflex, a demo was performed where a storage system was operated by an AGR for self-consumption and islanding purposes. The
AGR provided the DSO with energy blocks based on power withdraw or injection, fixed for 10 minutes and defined by and algorithm
within the islanding system. Orders were made at an hourly time step to a maximum number of cycles defined per day. There was no
commitment from the AGR relative to the availability of resource, with the DSO remunerating the service only when it was used.

CoordiNet only emphasized the need to define specific products of balancing and voltage control to address this business use case,
without providing a product definition.

EMPOWER H2020 presented a simple product definition consisting of active power blocks defined by a minimum quantity of 0.1MW.

USEF's standardised product definition seems to also apply to this business use case, listing the following parameters:
- location (geographical, grid node, POD (point of delivery), grid area defined by DSO or other unspecified)

- availability period (for reserve products)

- service start, end and/or duration times (for activation products)

- bid size in power or energy consumption / absorption

- availability payment (reservation services)

- activation payment

- minimal activation factor in case enabling partial use of flexibility offer

Rebound Not considered.
behaviour

Aggregated Aggregation mechanisms are always considered.
product

support

Reservation Both are possible
and/or

activation

Market

models

included

Pilots/Projects | CoordiNet
included EMPOWER H2020
Interflex
USEF
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3.3.3 Discussion

This chapter has made a review on the proposed market integration models for procuring flexibility
services in different R&D projects. One of the key aspects reviewed was on the market organizations
due to TSO-DSO coordination which in general follow the 5 main schemes proposed in the SmartNet
project and summarized in: M1 (centralized flexibility market), M2 (local and global flexibility
markets), M3 (local and global flexibility markets with shared responsibility), M4 (common TSO-DSO
flexibility market) and M5 (integrated flexibility market for TSO, DSO and BRP).

We identified market model M2 as the most frequent model addressed, considered or proposed by
the initiatives. This is in mainly explained by the fact that most initiatives were directed at exploring
services for the DSO, rarely specifying any interaction/coordination mechanism between DSO and
TSO. More commercial initiatives such as Piclo, Enera or GOPACS, clearly more focused on practical
flexibility exchange platforms rather than on the conceptual framework of the market models, do not
provide clear explanations on which coordination model they operate, and very often, coordination
seems to be left outside the exchange platform, being responsibility of the SO but not specifically
provided by the platforms. For these projects the classification of the market model could only be
inferred. With that being said, and excluding more conceptual projects such as FLECH-iPower or
SENSIBLE, we found that richer discussions on the market models could be found on those projects
that also addressed other market models apart from the M2 case, namely CoordiNet, FlexHub EU-
SysFlex, USEF, and even INTERRFACE despite being such a recent initiative.

From the projects analysed, CoordiNet and INTERRFACE specifically tackle, as a main objective, TSO-
DSO coordination challenges. In these projects, the demonstrators explore the different coordination
schemes. They are, however, under development and there are not yet available final and conclusive
results.

INTERRFACE focused the coordination challenges’ discussion on two of the main services offered on
flexibility markets, CM and balancing, considering a triad of options: separating TSO and DSO
congestion management MOL, combining both of them or combining CM with the balancing MOL for
TSOs (creating a single flexibility market for DSO and TSO). The first two options can be framed under
a M2/3 market model while the combination of both CM and balancing is better described by M4.
Furthermore, the combination of different MOL is also discussed, with the possibility for fully
integrating both lists or only overlapping them to a certain extent (leaving some bids exclusive for
one or the other system operator). In truth, the authors build upon the proposed coordination
schemes by ENTSO-E and EDSO at [71] depicted in Figure 17, but try to understand which option
should be preferred and also which level of integration is the most adequate. Although providing a
more descriptive analysis of the several options, and not arguing at this early stage of the project
which could be considered more or less suited, the authors seem to prefer options where both CM
MOL are fully integrated, at least when CM and balancing are separated (see Figure 26) by stating that
“Since DSO/TSO coordination is highly necessary irrespective of the chosen market model, it seems that
all the efforts in constructing the coordination pay off better when the effort is made once to construct
the fully-integrated CM market (market option 2B) compared to the situation that coordination between
market platforms to avoid interaction is done before buying each bid separately (market option 1A).
Besides, market option 2B facilitates participation of FSP in flexibility provision and has higher liquidity
because of providing a single entry gate for CM" [42].

Regarding Coordinet, being it a project that follows the course of the Smartnet project, it is made very
clear that, in order to have a successful definition of the characteristics of the market model to be
designed, there are a set of fundamental questions that must be addressed from the beginning,
outlining through this how the coordination scheme should be. As explored in the [82], it is essential
to design the coordination scheme by answering questions such as: which SO needs are being
addressed, which stakeholders will buy the flexibility, how many markets are being considered, or if
the TSO can or not have access to the DER flexibility. These important, and preliminary, questions
form a basis that helped to define the several characteristics used in Chapter 03, for the establishment
of the five market models (M1 to M5), and consequently allowing the classification of which market
models were explored in the analysed R&D initiatives through this deliverable.
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In some pilots there is some kind of integration of the LFM with the wholesale markets. For example,
in GOPACS (ETPAZ?) the LFM is integrated with the intraday (ID) market, and in this case the
commercial participation of the BRPs is also allowed in addition to TSO and DSO [15]. ID trading is
combined with AASS and for the same offer it can be bought either by a BRP or by a SO (TSO or DSO).
Other example of a different coordination with wholesale markets is IREMEL (for the MIBEL market),
where the participation of DER in the wholesale energy markets (day ahead and intraday) for the
provision of commercial flexibility for BRP is allowed. DSO prequalify and establish limits to the
activation of these flexibility offers according to the potential violation of their grid constraints, and
when needed, make use first of this local flexibility to solve their grid constraints.

With respect to the resources participating in the markets, one of the general objectives is to enable
the participation of small units and demand-side resources connected at distribution networks. To
make this possible, the role of AGR is key in most of the projects. However, locational constraints are
frequently imposed to aggregation to guarantee that the impact on the grid of aggregated resources
can properly be assessed. For example, aggregation is often limited for resources located within the
same pre-defined geographical areas, delimited by DSO.

Regarding the market structure, most of the projects implement/consider a one-sided market in
which the DSO or TSO are the only buyers of the flexibility needs. Nevertheless, projects like USEF
highlight the possibility for BRP to interact and acquire flexibility on those markets, serving as an
intermediary between markets and FSP. Many of the market platforms are either based on a
continuous trading with pay-as-bid market clearing or on a periodic closed-gate auction with pay-as-
clear market clearing.

With respect to the services traded, the projects mainly focus on congestion management and voltage
control, including both capacity and energy products. Few projects test system restoration services,
specifically islanding operation. The timeframe of procurement varies from the long-term to the
short-term.

An attempt to correlate the different services and specific market models did not reveal any specific
connection which in itself is an important conclusion. We can argue that, at least for the identified
services, namely CM, voltage control and service restoration services, the choice of the market model
does not seem to limit the possibility to transact those services. We could hypothesize that some
services could be better suited to be transacted on specific market models but, at least for the three
types of services addressed, that does not seem to be the case. Product definition also appears to be
more dependent on other factors such as the market’s timescale rather than the market coordination
model. Naturally, if a product is designed to be procured by both TSO and DSO rather than by one of
them in particular, that must have an impact on its structure (e.g. for TSO, the definition of a minimum
capacity for the resource(s) providing a service appears to be more critical than for DSO).

By scrutinizing the information provided on how each service was to be converted into a product,
tradable on a flexibility market, we were able to summarize the most common characteristics listed
on each project reviewed. An important note must be made on the nomenclature used on most of
these projects and the one adopted in this review. Many of the information acquired for product
definition came from the structure of the bids that was defined on those projects. Those bids could be
either submitted by the flexibility requester or by the supplier, depending on the architecture
considered. In our case, we define a product as an adaptation of a service to a concrete market
structure, addressing as much as possible the information that is relevant for either party. This means
that the information summarized on Table 45-Table 47 came in some cases from bids that are

2 https://etpa.nl/en/
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submitted by FSP and in other cases by bids designed by DSO or BRP when requesting flexibility. A
product is therefore viewed as an overlapping of those two different types of bids.

We also identified that CM is most frequently traded as a capacity product rather than an energy
product. Reserve times vary between short-term (few hours to day-ahead) and long-term (weeks to
months or even years). For longer reservation times, either implicit or explicitly, the need for a
comparison between capacity reservation and grid reinforcement is usually highlighted. On the other
hand, the complexity of the products’ structure does not seem to be related with reservation time. We
found highly parametrizable products for short-term and for long-term market structures, but also
very simple, up- and down-regulation bids with as little information as quantity and timeframe of
activation. Looking at NODES initiative, it draws attention to the possibility of defining non-
standardised market products, based on parameters (some mandatory, others customizable),
presenting itself as an alternative to many of the other projects, which generally establish
standardised products. In fact, initiatives that were oriented at providing guidelines for market
structure definition usually presented more standardised products (such as FLECH-iPower for
example) with a high degree of parametrization but not, to our knowledge extent, dependent on the
type of technology providing flexibility. We identified, with little surprise, that the most frequently
addressed parameters on products’ definition were related with temporal, geographical and technical
constraints (such as ramp times or minimum bid sizes) as well as bid sizes and estimated /maximum
prices per activation. On the other hand, only on some of the projects clearly identified how rebound
behaviour should be addressed.

Voltage control is also addressed in many initiatives, either through active or reactive power services.
Active power services usually share many of the parameters listed for CM products, also being
considered for different time scales. Reactive power products are only considered for activation and
no mention to reservation products was found. The products designed for this service are usually less
complex, focused on essential parameters such as a delivery horizon divided into fixed step blocks of,
e.g. 15 minutes, for which a reactive power setpoint is provided. Other temporal constraints may also
be conveyed, specifically the full activation time.

As for Service Restoration, the projects often did not provide a thoroughly description of the possible
product structure. The only relevant information found was directed at one of the services addressing
this need, Isolated/Islanded Operation (I0) but, since this service can be seen as an extension or
superposition of other services, which include CM and voltage control along with frequency control,
product definition is assumed to follow the same tendencies presented for those other services.

The analysed projects show that there are many different design elements for flexibility markets and
different pilots and projects has followed different approaches. Moreover, the work conducted
showed that, in order to determine the key aspects that better adapts to the DSO flexibility, an in-
depth analysis is needed, considering aspects like the network and resources characteristics, the
market models integration with the TSO, and others.
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4. Distribution network management and control systems for
enabling new services

This section presents the analysis related to the technological attributes of the initiatives and projects
reviewed in this deliverable, focusing in particular on the requirements of the distribution
management systems to enable DSO flexibility services. The analysis covers the identification and
characterization of the tools to integrate the use of the existing flexibility into the DSO operation
process, the proposed network management approaches and control systems, and the characteristics
of the flexible DER and the interfaces for their control and monitoring.

4.1 Methodology

The methodology used for this section consisted of the following steps:

1. Use the selected projects and initiatives agreed with task T1.2 partners. Select those with
relevant information for the current section.

2. General analysis of the solutions proposed in terms of network management and control
architecture.

3. Identification of those tools that can be considered as enablers for the efficient flexibility usage
in DSO advanced distribution management systems, namely (see sections below):

a. State estimation for the distribution network;

b. Power flow for the distribution network;

c. Optimal power flow for the distribution network;

d. Load forecast, for short, medium and long-term;

e. Generation forecast, for short, medium and long-term;
f. Aggregation tools;

g. Bids structure and submission functionalities;

h. Platform for visibility of flexibility offers;

—n

Traffic Light Concept (TLC) functionalities.

4. Analysis of the tools and their integration into market and technical platforms for the
provision of the corresponding services.

5. Analysis of DSO monitoring and control technologies for enabling services, interfaces with
DER, and potential flexible DER for providing the services.

6. Discussion of the results.

4.2 Projects considered

From the initial list of projects and initiatives analysed in this deliverable, those corresponding to
platforms already in operation, mainly the commercial ones, had less technical information available
in relation to the control architecture and interfaces with DER. Therefore, in addition to the projects
of Table 43 of section 3.2.29, also discarded due to the reasons already exposed in that section, the
projects collected in Table 48 were also discarded for the monitoring and control systems analysis
due to this verified lack of relevant information.
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Table 48: Projects discarded for the monitoring and control systems analysis

Projects not included Observation

Architecture of Tools for Load The project was primarily oriented for the development of load
Scenarios (ATLAS) forecasting tools for the DSO, not for defining market models.

Few technical documentation on System Use Cases available for

Enera .
consultation.

The project was not directed at defining specific market models or
frameworks, but to develop new models for network planning. Few
documentation is also available online.

Future Network Modelling
Functions

Few technical documentation on System Use Cases available for

GOPACS-IDCONS .
consultation.

Few technical documentation on System Use Cases available for

NODES consultation.

The project does not, to our knowledge extent, clearly define a
single or group of market models for DSO. Instead it provides
general guidelines for DSO and their role as a neutral facilitator of
markets.

Open Networks

Few technical documentation on System Use Cases available for

Piclo (Piclo Flex) - S—

Issues on finding information - the information available at the
PlatOne time of the analysis was not sufficient (published deliverables,
publications, etc.).

Power Potential The project is oriented to transmission system services.

4.3 Advanced Distribution Management Systems (ADMS) for flexibility
services pre-qualification, validation and verification

The main identified functionalities that DSO (or other involved parties, depending on the tool
purpose) should implement to integrate the use of flexibility into the grid operation are:

a. State estimation for the distribution network;

b. Power flow for the distribution network;

c. Optimal power flow for the distribution network;

d. Load forecast, for short, medium and long-term;

e. Generation forecast, for short, medium and long-term;
f. Aggregation tools;

g. Bids structure and submission functionalities;

h. Platform for visibility of flexibility offers;

—-

Traffic Light Concept (TLC) functionalities.
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Forecasting tools (both for generation and for consumption), optimal power flows and network state
estimators can be highlighted as essential tools for the integration and use of flexibility, through
market platforms, into the DSO operation procedures. In fact, the integration of flexibility in network
operation, both DSO owned or market enabled, requires the adoption of predictive management
strategies, which, based on the load and generation forecast, can identify potential network
restrictions and anticipate the most adequate actions to avoid the technical restrictions.

Support Tools TS0/DSO
State estimation
System needs mgt 150 DSO
Forecast Online monitoring I I
Provider Metering ——— Enterprise Service Bus
T Flexibility mgt T
MQTT/REST API —
I Distributiongrid reconf. MQ]T}(‘REST API
¥
Enterprise Service Bus
t t
MQTT/REST API MQTT/REST API
¥ ¥
Multi-level Market Operator ESP
Management offers/requests Webserver Calculate offer
Market clearance User mgt

Create bid
Market settlement

Activation signals mgt Flexibility mgt

Figure 29 (from the CoordiNet Project, [83]) is an example on how the system architecture could be
organized, considering the integration of a market platform (in this case for the Multi-level Market
Model), all the necessary functionalities and tools (associated to their respective providers), granting
the co-existence of the system operation and planning framework with a market framework.

Figure 30 (from GOPACS Project [84]) is an example on how the flexibility platform is integrated in
the distribution network overall operation, highlighting the links and data exchange among the
various elements represented.

As can be seen from Figure 29 and Figure 30, the flexibility market platforms, already analysed in
section 3 of this document, are part of a system where many functionalities related to the DSO
operation are necessary. In order to effectively integrate flexibility in network operation, both
predictive and real-time and control tools are required. For enabling preventive mode, combining
power flow and load and generation forecasting, allows to identify possible technical restrictions. For
defining optimal control, traditional OPF needs to be updated to incorporate multi-temporal
restrictions associated to DER resources (e.g. BES SOC, load control restrictions), while considering
load and generation forecasting. In real-time, improved monitoring is required at the different voltage
levels, in order to further detect technical problems and assess the correct activation of flexible
resources. Adapted state estimation tools have been proposed for dealing with limited real-time
information, both at LV and MV networks, using pseudo-measurements and historical data.
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As already mentioned in the methodology, the analysis of the technical tools for the integration of
flexibility into the DSO operation has been organized in two main parts:

1) DSO network operation tools with flexibility, and

2) DSO network planning tools with flexibility - this with the indication, when possible, of the
trade-off between using flexibility and grid reinforcement.

* BRP forecosts * Market notification,
Weather dota R
* Metenng data

*  Dynamic netmodel
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Figure 30: Interactions of the network architecture including a market platform (edited

from [84])

4.3.1 DSO network operation tools with flexibility

The DSO network operation refers to the continuous operation of the distribution network. This set
of tasks, under the responsibility of the DSO, consists in the control, management, and supervision of
the network for, assuring operation within technical voltage and current limits. This operation must
be performed in a safe manner guaranteeing the quality of the supply and aiming to reduce losses and
costs. In addition, the DSO is also responsible for managing and solving problems related to assets
and to failures and faults that occur in the network.

To solve these issues, DSO must decide the best approaches in terms of costs, quality, etc., from their
available alternatives, that is, for the short-term, using their own grid assets (such as OLTC or
capacitor banks) and network reconfiguration. However, it could also benefit from the integration of
DER flexibility, though an adequate technical and market framework.

As remarked in [85], system flexibility services are services delivered by market parties and procured
by DSO to maximise the security of supply and the quality of service in the most efficient way.
Although the focus is very often voltage control and congestion management services, other services
already identified in this deliverable in section 2.3 should also be considered. Some of the benefits of
using flexibility for the grid operation are ([85]):
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e Optimised used of the distribution network capacity, minimizing future investments and
technical losses

e Improve power quality (e.g operate within adequate voltage limits, reduce voltage sags)

e Improve reliability and resilience, avoiding outages or minimizing outage duration,
considering self-healing strategies (e.g. network islanding, network reconfiguration)

e Increased distributed generation hosting capacity.

Considering this, and the increasing presence of DER into the system, DSO must consider DER in the
system operation processes, either to cope with problems due to the volatility and unpredictability of
DER, or to take advantage from the benefits of the flexibility that DER can provide.

4.3.2 DSO network planning tools with flexibility

The objective of DSO network planning is to ensure the safe operation of the network in the medium
and long terms, avoiding problems related to grid capacity, typically network congestions and voltage
violations.

Network planning needs to consider the potential increase in distributed generation, consumption
(active loads), energy storage, and prosumers. As seen in section 4.3.1 for the grid operation, network
planning process has also to consider both, the problems that DER integration can generate to the
grid operation, and at the same time could benefit from the flexibility DER can provide to the system,
when efficiently integrated, to contribute to a safe grid operation with the required quality of supply.

The long-term operation planning becomes a trade-off that must balance the costs and benefits of grid
reinforcements with the cost and benefits of the flexibility usage, subject to the predictability and
reliability of the forecasted flexibility. These aspects can strongly depend on the areas considered (for
example local or regional), that may determine the high or lower presence of DER and the physical
characteristics of the network, among other relevant aspects.

4.3.3 Results of the analysis

Table 49 summarises the tools and functionalities identified in the projects reviewed. Those tools
required for a correct integration and activation of the flexibility for the provision of system services
have been highlighted in blue, while those tools more devoted to the interaction with the flexibility
markets and with the flexibility products have been highlighted in green.

The tools and functionalities have been analysed according to the temporal domain of the services
provided by the type of flexibility they are linked to (operation or planning), the entities responsible
or capable of making it available and the equipment that is considered necessary for providing the
data used by the tools and functionalities (such as RTUs, PMUs, etc.).

For each tool/functionality included, a list of the projects associated is provided at the right part of
the table. Given the high number of projects reviewed and their very distinct nature, the description
of these tools and functionalities varies in quality and abundance. Some projects address the
importance and description of these tools/functionalities more than others, leading us to classify the
available information as follows:

e Information about the tools/functionality is provided objectively in the project
documentation

e Information about the tools/functionality is not objectively or explicitly provided in the
project documentation but can be inferred

e Information about the tool/functionality is not provided nor it can be inferred.
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It was decided to include in the last column only those projects whose information falls in the first
two bullets, differencing the projects with objective information about a functionality/tool by
highlighting them in bold. This distinction allows the reader to pinpoint where, in the literature
reviewed, further information can be found about the subject at hand.

The following paragraphs organise, and briefly describe and discuss the main tools/functionalities
identified and collected in Table 49.

e Tools for identifying the need for flexibility and its selection

State estimation (SE) and Power Flow (PF) or Optimal Power Flow (OPF) calculations are the main
tools identified in the projects reviewed as being essential for identifying the flexibility needs of DSO.
SE helps the DSO in identifying possible voltage violations at the grid’s buses and PF help in identifying
possible congestions in the branches power flows. When performed in advance, PF and OPF are
naturally dependent on demand and generation forecasts. These forecasts are basic tools for the
distribution grid observability, which combined with PF or OPF, allow to identify, in advance, voltage
and congestion problems and help in the solving decision process: either recur to network
reinforcements (for network planning) or DSO assets or grid reconfiguration, or recur to third parties’
flexibility.

From the retrieved information it could be concluded that SE, PF and OPF are generally considered as
being performed by the DSO. To this, DSO must have Supervisory Control and Data Acquisition
(SCADA), Automatic Meter Reading (AMR) and Phasor Measurement Units’ (PMUs) measurements as
well as geographical data from the Geographic Information System (GIS). The advantage of a
centralized control framework for integrating these tools and for data storage is the possibility to
enlarge the scope of network observability, allowing for optimization algorithms such as the ones
used in OPF for example, to consider different network areas that are the responsibility of the same
DSO. On the other hand, there is a trend to consider central data hub platforms, that concentrate all
metering and flexibility related data to enable mobilization of services [86]). This platform could be
further extended to TSO, envisaging better DSO-TSO coordination mechanisms. Benefits can include
efficiency increase in the data management process (quality, transparency, economies of scale), less
barriers for new agents and data users (retailers and energy services providers), easier data sharing
with third parties, and interoperability issues among data platforms.

If this first set of tools presented can help DSO in identifying an eventual need for flexibility, the
remaining tools/functionalities highlighted are viewed has complementary to flexibility usage once
the decision to use flexibility has already been identified. In other words, they are not necessary or
fundamental for flexibility usage but can help the different agents, DSO and AGR or FSP, to transact
flexibility as a service. These include tools for promoting aggregation, for defining flexibility as market
products, for providing visibility over available flexibility offers from FSP, or even to assess the grid
status with the traffic light concept (TLC, see below), to define privileged frameworks for DSO to
fulfil their flexibility needs.

e Tools for facilitating and/or enhancing flexibility as a service

When considering small-scale DER flexibility provision, a key aspect in all projects, initiatives and
papers reviewed, is that, to achieve technical and foremost economic viability, aggregation of those
resources must be considered. Most projects introduce the role of the AGR as the entity responsible
for communicating and even controlling those DER in many cases, on behalf of its clients i.e., the
players that will effectively provide the flexibility transacted on the market.

Some projects such as SENSIBLE develop on top of this concept and propose that the market platforms
should consider specific tools designed for AGR, such as an optimization tool with the objective to
minimise the operation cost of their flexibility portfolio (composed of batteries, thermal storage
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and/or curtailable renewables). Furthermore, the same project also considers an interface for DER
that are not represented by AGR. Specifically, the project highlights a distributed agent-based solution
developed for battery storage systems connected in a communicating network which aims at several
objectives such as: “1) savings in electric infrastructures, 2) improve the integration of renewable
energy sources to the electric grid, 3) increase economic user’s benefits, 4) optimize the usage of
batteries and 5) solve the problems of DSO caused by distributed in-feed” [87].

Although already addressed throughout all section 3 as a fundamental piece in market designing,
flexibility bids can also be understood as tools with specific formats and features that help DSO to
fulfil their needs in an effective way. While section 3 presented the structure proposed for the bids,
here the focus is their adequacy to the service provided and resources providing it. By adequacy we
mean that the bid structure must be suited to the service(s) it addresses, allowing for flexibility
requests to convey all necessary information (such as power/energy quantities and period for
flexibility provision) and possible restrictions (such as ramping times or acceptance limits for
divergencies from scheduled provisions). For that reason, many projects and initiatives dedicate large
sections of their documentation to define the structure of those bids. Through our analysis we
identified some projects that defined simple generic bid structures while others defined structures
that are very specific with a high degree of parametrization.

For example, the De-Flex-Market concept [7] proposes a framework for specifying restriction
requirements at interconnection points with the local distribution grid, characterized by high
geographical, temporal and restriction level granularity. A FSP or an AGR can accept these bids by
managing their portfolio at the specified point in time, limiting the power exchanges at the connection
point according to the restriction requirement.

The other initiatives listed at Table 49 (exception made to Interflex) propose more standardised
products that can be highly parametrizable through several geographical, temporal, pricing and
service-specific settings. Although embedded in a static architecture, the bids for requiring these
products have what the projects consider as an adequate level of plasticity for DSO to convey their
flexibility needs. In contrast to this, the Interflex project proposes a rather simple structure for what
the authors call a “flexibility request”. Aimed at congestion management or for islanding operation
mode, the bids proposed are simple up- or down-regulation power blocks for fixed period time slots.
The simplicity of the bids, in this case, is related to how a flexibility request is performed. In one of the
demos of the project, Strijp-S (Eindhoven) living-lab, a grid management system was equipped with
a decision-making algorithm that by forecasting periods of congestion in the grid would automatically
calculate the necessary up- or down-regulation needed to manage it and subsequently formulate and
submit a bid to the market [88]. In this case a simple bid structure was adopted so that requests could
be automatically formulated by an algorithm. The adequacy of a bid seems therefore to depend on
several factors, namely the service for which it is designed, which has a direct impact on the number
and granularity of settings, as well as on its integration with other tools like optimization algorithms.

The adoption of the TLC contemplates a well-known and privileged framework for DSO to acquire
their flexibility needs. Green light indicates that markets are needed only for commercial flexibility
negotiation (for the BRP to solve their commercial imbalances). Flexibility markets are expected to
function under the yellow light or phase, when the grid operation requires flexibility support. Finally,
emergency regulated mechanisms (not market-based) for flexibility activation are left for the red
phase. It is therefore a recurring framework in many of the initiatives reviewed and can be classified
as a tool for assessing the grid status and needs, and for unlocking privileged access to flexibility by
DSO.

Page 113 of 157



'|" =Universal

UMEI

Finally, the consideration of a platform for visibility of flexibility offers on many projects and
initiatives highlights the utility it can have for DSO when procuring flexibility. Such utility ranges from
broadening the visibility of DSO over available flexibility providers, their characteristics, geographical
context and willingness, to providing additional tools such as some of the ones listed above. It is
frequently highlighted how these platforms can more easily open the market to small FSP, frequently
through the mediation of an AGR.

From the analysis carried out in this section, some points regarding the technical and functional needs
that enable the establishing of flexibility markets (considering the presence of different participants
such as DSO, DER, AGR, etc.) can be highlighted:

The AGR (or platform with aggregation support) needs computational tools that consider the
resources to be used in the aggregated way, considering the points of operation and location
of the resources, and the optimization of resource usage schedules. Communication must be
bidirectional between the AGR and the DER involved.

There is a need for generation and demand forecasts, and this may be a service or functionality
provided by the AGR, conducted by the DSO itself, or by other participants who have the
capabilities and the access to the data needed (historical, weather, etc.). In case the DSO is not
the provider of the forecasts, this service becomes part of the flexibility market (as a non-grid
service).

Typical functionalities of the distribution management system (DMS) should be used so that,
along with the running of the market, the operation and planning of the distribution network
can be carried out in harmony. For this, the DSO has the responsibility of employing (at least)
state estimators, load-flow calculation, network topology models, and OPF, in the case of
dispatches under its responsibility. This is firmly aligned with what is today widely considered
as the functional requirements for boosting distribution networks with intelligent
characteristics (namely advanced communication and computing requirements).
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Table 49: Tools and functionalities to unlock or enhance flexibility’s usage potential by DSO, explored in the projects reviewed

Network
planning
tools
with
flexibili

Network
operation
tools
with
flexibili

Tool/functionality

Description

Performed by

Uses data from

Identified /implicit on the
following pilots/projects

State Estimation °

Power Flow

Optimal Power Flow

Short-term
(e.g.: 1 or more hours - 5 or .
15min steps)

Medium-term
(e.g.: few days - 15min to °

EoEC 1h steps)

Forecast

Long-term (e.g. weeks,
months to year - 1 h steps)

Estimates voltage magnitude in the
different nodes of MV and LV network,
based on real-time information,
historical data and load allocation for
pseudo-measurement generation.

Numerical analysis of the flow of
electric power in an interconnected
system operating in steady-state
conditions, based on network topology
and system equations.

Tool for optimal network operation
(economic and technical), defining
control strategy for network assets and
flexibility mobilization. A multi-
temporal approach is proposed to
address predictive management
strategies)

Forecasts of the demand for power or
energy on the short-term timescale.

Forecasts of the demand for power or
energy on the medium-term timescale.

Forecasts of the demand for power or
energy on the long-term timescale.

DSO (DMS or MV/LV

controllers)

DSO,
Platforms

DSO

DSO,

Forecast Providers,
Prosumers,
Platforms,

AGR

SCADA,

RTUs,

GIS,
AMR/AM],
Smart meters,
PMUs

SCADA,
GIS

SCADA,

RTUs,

GIS,

AMR/AM],

Smart meters,

PMUs,

Generation and Demand bids,
Regulation (tariffs)

DSO historical data and measurements,
weather information, load owner
forecast submission

CoordiNet,
FlexHub EU-Sysflex,
INTERRFACE,
InteGrid

CoordiNet,
Ecogrid 2.0,
Flex-DLM,
INTERRFACE

FLECH iPower,
Flex-DLM
SENSIBLE
InteGrid

CoordiNet,
FlexHub EU-Sysflex,
FLEXICIENCY,
Interflex,
INTERRFACE
SENSIBLE
CoordiNet,
Ecogrid 2.0,
FlexHub EU-Sysflex,
FLEXICIENCY,
Interflex,
INTERRFACE,
SENSIBLE
CoordiNet,

Ecogrid 2.0,
FLECH-iPower,
FlexHub EU-Sysflex,
FLEXICIENCY,
Interflex,
INTERRFACE



-
> Gr&éplwalrsall

CoordiNet,

Medium-term Forecast the power or energy of FlexHub EU-Sysflex,
(e.g.: few days - 15min to . variable resources’ generation in the FLEXICIENCY,
1h steps) medium-term timescale INTERRFACE,

SENSIBLE

. EMPOWER H2020
Aggregation tools . Tools to interface the link access of
Platforms AGR (SESP Aggregator)
(Interface) AGR to the market platform. E.g.: API SENSIBLE
DSO network data,
SR(’:I‘?J]ZA' De-Flex-Market,
Traffic Light Concent . Implementation of operation DSO, GIS ’ Flex-DLM,
g P mechanisms linked to the TLC. Platforms ’ InteGrid,
AMR/AM],
USEF
Smart meters,

PMUs
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4.4 DSO monitoring and control technologies for flexibility and DER
interface

The wide range of technologies that are available and employed as DER implicates a diversity of
monitoring possibilities to be managed by the network operators that supervise the distribution grid.
In the same way, several control methods exist (such as, direct control by the DSO or indirect control
through AGR), as well as different types of flexibility activation (such as manual or automatic).

The SCADA system is naturally present in all the architectures used by the DSO and is sometimes being
referred in this case as D-SCADA (Distribution SCADA). This supervisory system is employed for the
operation of the distribution network, and DER systems must have interfaces of control and
monitoring consistent with the SCADA requirements. For instance, to be integrated in the SCADA
system, the DER controller must be able to communicate with the remote terminal units (RTUs),
responsible for establishing an interface between the grid elements and the DSO. Through these
remote interfaces, voltages and direction of power flows are monitored, and the control of the DER is
possible (for example the sending of setpoints). DER communication interface must be compatible
with the DSO standards, like the more commonly used IEC 60870 and IEC 61850. It is to be noted that
[EC 61850 is widely employed in transmission systems, and now is solidly advancing to the
distribution.

In conjunction with the SCADA, distribution management system (DMS) is also present in distribution
systems, aggregating the applications, tools, and functionalities, responsible for monitoring and
controlling the distribution network (e.g. OPF, service restoration, volt/var optimization and contro],
etc.). Although these traditional DMS/SCADA systems support the integration of DER in the
distribution system, the increasing penetration of distributed resources encourages DSO to adopt
Advanced Distribution Management Systems (ADMS) which are an evolution of the DMS. ADMS have
more advanced functionalities integrated, as for example smarter outage management, self-healing
strategies, and intelligent/sophisticated management systems oriented to control and supervise a
massive number of DER.

Figure 31, from [89], is an example of grid architecture considering the communications links and the
interactions between the system and market participants, in a scenario with integration of DER. As
can be seen, communication interfaces must be in place between the DSO and the AGR, and between
the AGR, the DER controllers and the consumers/prosumers, that participate in the market.

Coordination
Independent System

| Operator Markets
Bulk System

Transmission Operator

Physical
ergy Flow

DO

i (Distribution Market - Distribution Owner

Aggregator (Network Operator)
Settlement
I M&V

Indire?t = Network
DER control Control and
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Energy &
Energy ‘JjL/'Energy & Services <’ Services

Distribution Network

Figure 31: Representation of grid architecture, showing the communication links and
interactions among the participants [89].
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The DSO ADMS uses real-time information, collected from the network sensors and DER controllers
(namely voltage and power flow measurements, load and generation, and physical status of grid
equipment), but can also use commercial information from participants in the network (for example
forecasts). This allows DSO to perform the calculations regarding the state estimation and the load-
flow.

Regarding the control of the DER and management of their activation, the projects analysed consider
this being a responsibility of the AGR once the market clearing procedure is done and the results
published on the platform. Another possibility, although not verified by the projects investigated,
consider the DER activation directly, through sending setpoints by the DSO. For example, the sending
of setpoints by the DSO to the DER, for voltage control, requires an interface between the DER (or the
intermediary, like the AGR) to the ADMS. Once there are reactive power bids available for the DSO
need (with respective per-hour reactive power and reactive energy prices), in the period that the DSO
requires the activation of those bids for voltage control, the ADMS will communicate activation
commands to the DER. The same happens in the case of active power control, considering the available
active power bids for the DSO.

4.4.1 Results of the analysis

[t was not possible to match, for each service, which were the control and monitoring requirements
proposed in each initiative since: 1) this information is not always available, being very often
retrieved or even inferred from different deliverables and resources linked to the projects and 2)
when it is available, it is tightly linked to the demonstrators and their specificities rather than being
provided per individual services of the demonstrators or as general guidelines that could be
extrapolated to other future implementations. The summary of the DSO monitoring and control
requirements identified across the reviewed projects can be found in Annex III -, not being included
in the documents’ main body given its length.

441.1 Results discussion

e Regarding monitoring requirements

The sources of information of the projects analysed presented very scattered details regarding the
technical aspects of the monitoring and control schemes and architectures. Even so, some common
and relevant aspects were identified.

The use of smart meters is becoming an important requirement. Smart meters are always, explicitly
or implicitly addressed in the projects reviewed, for their capability to provide consumption data
close to real-time with a high sampling rate, as well as voltage magnitude (e.g. InteGrid and
SENSIBLE). The granularity of data adopted is usually compatible with regulatory requirements,
ranging from 5 and 15 minutes.

Although not frequently specified among the initiatives reviewed, the CoordiNet project recommends
the use of IEC 61850 as a Communication Protocol since it rather new in distribution networks, but it
is expected to increase its presence given that these networks are likely to follow an evolution similar
to the transmission system one, where the communication standards and data models of the IEC
61850 standard are widely employed.

Regarding monitoring of other types of DER, such as storage units and PV panels, the requisites are
similar to the ones presented for smart grids. At the Spanish demo of FLEXICIENCY, measurements of
active and reactive power were obtained from on-site devices that included photovoltaic and wind
converters and inverters and grid analysers, while SoC measurements came from battery
management controllers. These measurements were updated every 15 minutes. At the Strijp-S living-
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lab demo of Interflex, measurement equipment was installed in every MV feeder, MV/LV transformer
and outgoing LV feeder. Measurements included 15-minute average root mean squared values of
current, voltage, active and reactive power, bidirectional energy throughput and total harmonic
distortion which were transmitted automatically to a central database. Additionally, synchronized
measurement devices with a sampling rate of over 100kHz were added to the system, measuring
phase currents and voltages. At INTERRFACE, the authors comment on the granularity of metering
data, stating that it must depend on the specific needs of the market products designed, but metering
infrastructures should be able to provide close to real-time and/or daily and monthly metering data
per delivery point should be set in place.

In conclusion, the high penetration of DER, especially variable RES (VRES), required improved
monitoring of distribution network. In addition to smart meters, that are key for LV network
observability, improving MV network through a combination of both monitoring equipment and state
estimation algorithms is also important. This, on the other hand, entails the need of communication
and data exchange links with more critical requirements, which requires an important evolution in
the distribution network compared to what is traditionally used. In some initiatives, as for example
in the Enera project, the consumers that are willing to register for participating in the showcase,
receive a new meter compliant with the actual monitoring requirements [90].

Some projects point to the necessity for storing consumption data centrally. EcoGrid 2.0 proposed a
DataHub accessible to DSO and AGR, stored in an aggregated format to reduce data-privacy issues.
Likely, the level of aggregation is per grid node, although this is only assumed. EMPOWER H2020
envisages a “national metering data-hub” for storing consumer metrics, though it seems that it would
only be accessible by the DSO. INTERRFACE goes a little further and proposes the development of a
blockchain-supported flexibility register with a metering data module that stores close to real-time
metering and resource availability data. The application of blockchain technology in this context
guarantees data privacy for consumers sharing their metrics. These findings seem to point in two
trends: one is the implementation of mechanisms for the accessibility of consumers’ data by DSO (and
perhaps by other agents such as AGR) and the other is that such access is made complying with data
privacy directives.

Envisaging an increased willingness of consumers, prosumers and Distributed Generation (DG) at the
LV level to participate in the flexibility markets, the growing number of nodes with active
participation in the functioning of the system will cause a significant increment of data and
information produced. This issue is growing in importance, and preliminary treatment of a large
amount of data will become a necessity. The DSO already addresses this by employing the solution of
data concentrators at the substation level, as for example mentioned in the Spanish BUC of the
CoordiNet project, [91] and [92].

In general, DSO seems to maintain the responsibility for collecting data on its own network and
controls the distribution of this data from consumers to retailers (for example, for billing functions)
and to other third-party entities. The DSO must also ensure the controllability and observability of its
network, so that it can guarantee a safe, reliable, quality and economical operation of the grid it
operates. Thus, the network switching and breaker devices, existing reactive power support elements
(such as capacitor banks and compensators), together with the voltage and current meters of the
nodes, transformers and lines, must have communication links with the DSO’s control and
management system, and the entire communications infrastructure must be adequate, and in
harmony with the specificities related to the flexibility market participants.

With the presence of the platforms and the markets mechanisms, the DSO must exchange data and
information with these platforms. The forecast data (generation, demand, and even weather) are used
for the planning and operation tools of the DSO and serve as inputs to determine the flexibility needs.
In this way, the platforms must either incorporate the forecast provision or intermediate with the
forecast data providers (of the network where they are located), to support the communications and
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data exchanges, and to assume the commercial responsibility for providing the data to the DSO. These
transactions also characterize a kind of service /product that could possibly be negotiated through the
flexibility market platform.

¢ Regarding control requirements

To allow grid management oriented towards a decentralized control of DER, the dependence on smart
meters and distributed control is even larger. The operationalization of using DER for flexibility can
be achieved through direct control from the DSO or indirectly through the AGR.

Many of the projects reviewed decided to follow or to propose a controlling framework derived from
the TLC. In general terms, flexibility is required during the yellow phase of this framework, when the
DSO can procure it in the market, and DER control is the responsibility of the Consumers, AGR or FSP.
Under the red phase, DSO will have direct access to the available flexibility, overtaking any market
interaction, and the control can be given directly to DSO. Given the different nature of DER, not all
types that can participate in the yellow phase (i.e., offering flexibility services in the market) will be
able to provide a direct control in the red phase. Nonetheless, and taking the example of EcoGrid 2.0,
it is possible to endow appliances such as heat pumps and electric radiators with devices that allow
for their external control. In Interflex, where the TLC concept was adapted and DER also included PV,
smart storage units, electric vehicles and demand-responsive controllable loads, an operational
activation channel was implemented through control boxes and smart meters.

Direct control by a third-party is frequently considered more advantageous, and even more
convenient for participating consumers, since they do not need to manually activate the use of
flexibility, relegating to a third party the access to their flexibility capacity (under some contractual
agreements to define the terms of this access) [93]. When the control is performed by the AGR or FSP
(which is the considered control scheme in most of the projects and initiatives reviewed), DSO send
their flexibility needs to the AGR and supervise the flexibility activation resulting from the operation
of the DER. These DER had to pass the DSO prequalification tests that evaluate if the assets comply
with the monitoring and control requirements defined per type of DER earlier [94]. On their side, AGR
must know the characteristics and types of the DER registered in their comprised area, considering
those who have an interest in participating in the local flexibility market. The AGR also need an
operational control and a commercial management system, co-existing, so that all the steps necessary
to take advantage of these available flexibilities can be enabled. It is possible that Distributed Energy
Resources Management Systems (DERMS), are implemented in the architecture, and controllable
loads are activated according to the signals that the AGR sends (following DSO flexibility selections).
Again, it is reinforced that smart-meters and data concentrators must have near real-time
communication features so that this control can be possible. Smart Advanced Metering Infrastructure
(AMI) can also be used to send signals to residential loads, given that this AMI structure enables a
bidirectional communication network at the level of smart meters and include the features of reading,
monitoring and control of several local participants such as consumers, prosumers, feeders or data
concentrators. The commands and setpoints that the AGR must forward to the resources are, usually,
initially sent to the RTUs, and then, forwarded to the DER controller.

Closely tied to control is the communication system which is frequently presented as bidirectional
and operating in real-time, between the DSO SCADA and every controllable device. Regarding the
interactions between DSO and AGR it is frequently proposed the establishment of a B2B
communication protocol.

Figure 32, from the Interflex project [95], shows an example of a typical architecture (focusing on the
voltage control service) to integrate local DER and their controllers, linked to the remote terminal
connected to the DSO management system.
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Among many advances that the distribution network undergoes to become a smarter grid3, it is clear
that progress and improvements in communications and monitoring technologies are fundamental to
enable the integration of DER, fostering their contribution with flexibility to the management and
operation of the grid. These requirements are strictly aligned with the evolution of distribution
network, such as improvements in Information and Communications Technologies (ICTs),
considerable amount of data handling, ensuring proper links between producers and consumers,
further supporting the market interactions. In one hand, data must be exchanged appropriately, in
quantity and quality, and advances in the measurement infrastructure, with the deployment of smart
meters, make this possible. On the other hand, issues such as data privacy, transparency in the use of

data, and cyber security must also be considered.

GPRS/LTE existing communication

GPRS/LTE

SIM = DSO asset
RTU = DER asset

DER control system

sends set points (power factor or Q) to
generatoe / inverter in order to secure that
voltage measured in PCC corresponds with

the voltage set point sent from DMS

generator / inverter regulate
voltage by reactive power

DER

=

Figure 32: Block scheme of volt-var control concept, from the Interflex initiative [95].

From [97], the following are the main technical aspects to account for the integration of the DER into

the distribution network system and market:
» Regarding the hardware requirements:
e Smart meters and smart network devices;

e ICT infrastructure;

e Battery storage devices at the distribution level. Deployment of other DER;

3 Considering, for example, the definitions from the reference [96], that smart grids are distribution grids with
associated intelligence, capable of supporting bi-directional power flows, with advanced communications structure.
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e Upgrading network assets to handle erratic and large reverse flows of power;
e (For the grid) active network devices, as automatic On-load Tap Changers (OLTCs), static
synchronous compensators, and var compensators, etc.
» Regarding the software requirements:
e Smart meter data acquisition software;

e SCADA software.

» Regarding the communication protocols:
e (Common interoperable standards, at both physical and ICT layers, to increase
coordination among AGR, operators, consumers and prosumers.

From a perspective of costs of implementation and timescale of use, [98] presents some
characteristics of the use of DER as solutions for the distribution system operation and planning, that
can be summarized as follows:

» Resources aggregation:
= Timescale (typ.): seconds to days;

= Cost of the solution: variable, in general it could present better cost-benefit comparing to
other solutions;

= Type of market: capacity and energy;
» Markets and timeframe: DA and Intraday (ID) markets (long-term (LT), medium-term
(MT) and short-term (ST));
» Demand response:
= Timescale (typ.): seconds to minutes;
= Cost of the solution: medium, could be higher than aggregating resources;
= Type of market: capacity and energy;
= Markets and timeframe: DA and ID markets (MT and ST);

» Electrical vehicles:
= Timescale (typ.): minutes to hours;

= Cost of the solution: medium, could be considered as a solution with costs like Demand
Response;

= Type of market: capacity and energy;
= Markets and timeframe: ID markets (MT and ST);

» Variable Energy Resources optimization of use:
= Timescale (typ.): minutes to days;

= Cost of the solution: variable, in general it could present better cost-benefit comparing to
other solutions;

= Type of market: capacity and energy;
= Markets and timeframe: DA and ID markets (LT, MT and ST);
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» Energy Storage (Flywheels, Batteries, Compressed-Air Energy Storage (CAES), pumped

hydro):
= Timescale (typ.): minutes (flywheels, batteries) up to 1 day (CAES, pumped hydro);

= Cost of the solution: high, in general it could present better cost-benefit comparing to
other solutions;

= Type of market: capacity and energy;
= Markets and timeframe: ID markets (MT and ST).

Characterization of DER capable of providing flexibility services

From the surveyed projects and initiatives, a matching between services addressed and the DER
providing the flexibility required for providing those services was compiled in Annex IV - . No
unequivocal relationship can be established since the link between which DER are providing which
service is not clearly stated in the documents analysed. It is therefore advisable to take caution when
analysing the listed observations in Annex IV - : the table simply matches the identified services
addressed in the projects/initiatives and the identified DER responsible for providing flexibility that
were either active in the demos, theoretically proposed or simply mentioned.

However, some general conclusions can still be drawn:

For services related to voltage control, resources with faster response time, of about 1 minute
or less, and with direct control possibility, would be more adequate. This is the case for
example of the aggregate Electric Vehicles (EVs), residential loads and storage systems [99];

For services related to congestion management, in addition to aggregate EVs and batteries,
the use of Combined Heat and Power (CHP) is also possible, with response time of 15 minutes
or less [99];

For the long-term congestion management markets, the response time and consequent
duration of the service ranges from minutes to hours, with the use of aggregated loads and
generation [99];

In general, it is preferable that the network loads and generators participating in the market
are controllable (in addition to be monitorable) through smart meters, related software
applications, etc. Measurement resolution should be at most of 15-minute intervals (for
critical points, when possible, closer to real time 5-minute intervals should be considered).
There is a need for bidirectional communications between consumer units to their
concentrator, and from the concentrator to the DSO management system [83].

In what concerns the use of DER as flexibility provider for the distribution network under market
mechanisms, the following table (adapted to this deliverable from [100]) summarizes what was
possible to conclude from the projects reviewed, in line with what can be found in the literature.
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Service DER that can provide the service Information exchanged

e Real time load and network voltage or fault conditions
e Real time generation output & load flexibility: information from

Congestion . DG to the DSO
Management RES, CHP, distributed storage, DSM o Reduced setpoint/ reduction signal, sent from the DSO to DG
e DG outage programs and availabilities information from DG to
the DSO
e Reactive needs, in quantity and location for the delivery
Vsl St PV, Wind, CHP, distributed storage, DSM, e Real time load and network voltage or fault conditions
aggregated EVs e Real time generation output from DG to the DSO
e V,Q, Power Factor setpoints, from the DSO to DG
e e Realtime active and reactive power flows information exchange
) DG, storage, DSM from DER to the DSO
Operation

e V,P,Q setpoints sent from the DSO to DER

Table 50: Mapping of services and DER that can provide those servces. Adapted from [100].



5. Conclusions

This Deliverable has made an in-depth revision of relevant projects, initiatives and papers
presenting the common objective of fostering the access of system operators and more specifically
of DSO to flexibility, mainly provided by DER.

Some of the initiatives propose new flexibility market concepts, others build upon existing market
organizations. Several initiatives identify what in their opinion are the principal needs and
services addressed in those markets. Some initiatives are rich in information, providing details
about the market organization they consider, clearly defining which services are suited for which
DSO needs and how those services should be transacted in the market in the form of products.
Other are singular papers where aspects such as an algorithm for an optimal flexibility market
clearing are presented, from which we could nonetheless obtain some information regarding the
market context in which it could be applied. This work has made a strong effort to analyse the
existing information and harmonise it under the main three concepts analysed, needs and
services, markets, and technologies, as tools to integrate DER flexibility into DSO grid operation
processes.

First, we identified, throughout the projects reviewed, a lack of consistency when defining DSO
needs, flexibility services to address those needs and products to bridge those needs and the
flexibility markets. We tried to clearly separate what are those three concepts and came to the
first result of identifying the main needs and services addressed in each initiative. Furthermore,
we decided to classify the services into grid and non-grid services given the type of need they
addressed: for direct grid planning/operation of the grid or for decision support, respectively.

Next, we proposed a classification for different market models applied it to the reviewed
initiatives. We systematized the analysis of the market models presented in the initiatives,
defining what we believed to be the fundamental aspects that characterized those models. From
this analysis we compiled a mapping between market models, services and products where for
each service considered, we indicate in which market models it was addressed and summarized
the main characteristics of the products designed for those services. An important conclusion
from this section is the widespread use of the AGR concept, an entity capable of bridging FSP,
consumers and producers and the flexibility market, aggregating available flexibility and
potentiating its value.

In the final chapter we addressed the technological solutions proposed for integrating flexibility
in grid operation. First, we identified which tools were used by DSO in the identification of
problems in grid planning or operation, such as voltage violations or power flow congestions. By
identifying these problems, the DSO could opt to solve them by recurring to grid reinforcement
on the long-term (planning horizon), load and/or renewables curtailment on the short-term
(operation horizon) or use available DER flexibility. We observed that, although all the projects
reviewed naturally pinpointed the usage of available DER flexibility as the preferable option for
either long-term and short-term problem management, very few would address the trade-off
between the competing options. Nonetheless, the few projects that to our knowledge addressed
this analysis present a significant economic benefit in using flexibility, besides arguing other
inherent benefits such as the smaller environmental impact or a better public perception.
Posteriorly we presented a résumé of monitoring and control technologies for flexibility and DER
interface. Regarding the monitoring requirements presented in the reviewed projects, we
observed that an emphasis is given to the importance of grid observability. Smart metering must
become widespread in the distribution grid for consumers, prosumers and AGR. Regarding the
control requirements, we found that generally the responsibility for flexibility activation does not
reside with the DSO but with the AGR or directly with the FSP. The TLC framework is adopted in
several projects and initiatives, safeguarding the interests of DSO primarily. Finally, a matching
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between services and DER capable of providing was made, attending to the technical capabilities
of the DER and the requirements of the services.
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MARKET ENABLING INTERFACE TO UNLOCK FLEXIBILITY SOLUTIONS FOR COST-
EFFECTIVE MANAGEMENT OF SMARTER DISTRIBUTION GRIDS

Questionnaire on DSO needs and services
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1 About EUniversal

The EUniversal project is a response to the call LC-SC3-ES-1-2019, entitled “Flexibility and
retail market options for the distribution grid” of the Horizon 2020 programme. It is coordinated
by EDP Distribuicdo and has 18 partners from seven countries - Portugal, Spain, Germany,
Poland, Belgium, Norway and the United Kingdom - who will work together until August 2023
to demonstrate a replicable solution for the interaction of the Distribution Network Operator
with the new flexibility markets - Universal Market Enabling Interface (UMEI).

Started in February 2020, it has an expected duration of 42 months and foresees the
development of solutions that allow the integration of flexibility in the operation and planning
of the distribution network, through market mechanisms and innovative services.

The objective of the project is to allow the massive integration of renewable production through
services that allow the participation of flexible resources such as storage systems and electric
vehicles - V2G, consumers and energy communities.

The solutions developed within the scope of the project will be demonstrated in three
heterogeneous pilots (Portugal, Germany and Poland), with different distribution networks and
different regulatory frameworks.

Market

Flexibility
Options

Integration of flexibility
market mechanisms,
products and
platforms

Solutions for
cost-effective
control, operation
and planning of
the system

Flexibility Needs and
Grid Services

> Techno-economic
assessment of available
flexibility solutions

2 About the questionnaire

The purpose of this questionnaire is to assess whether a comprehensive set of DSO needs
and services has been identified, to gather information on any missing elements, to obtain
information whether individual services are actually already implemented or have been tested
in the context of pilot projects in the distribution system operated by your company.

Please note that the data collected here is treated anonymously and will be used for research
purposes only. At the end of the questionnaire, you will have the option to leave your email for
contact in case we require additional clarification. No additional personal data will be recorded
for this survey.

If you have any queries, please send an email to Katarzyna Zawadzka at
Katarzyna.zawadzka@edsoforsmartgrids.eu.
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3 DSO needs and services

In the table below you can find DSO’s needs and corresponding services identified during revision of multiple H2020 projects. Short description and category
of each service has been provided.

_ Steady state  Service to maintain the voltage profile inside the limits, in steady state Grid service
Reactive power  control (normal operation).
management
VBliEE CoTie) Dynamic control Service to control the voltage variations under system disturbances. Grid service
Active power management Service for voltage control by increasing/decreasing active power. Grid service
. Service for CM in operational timeframe, activated to mitigate . .
Operational . X . Grid service
congestions caused by faults, and to other remedial actions.
Congestion Management Short-term planning (D-1 to M-1) ngr(\)/rlgi o E [0 TRETEE @F D, (Y BEE) U i@ WAL (e Grid service
Long-term planning (>M-1 to Y-1 or Service for CM considering several months or years before, and may : .
: : Grid service
more) as well result in network reinforcement deferrals.
Service for system restoration after blackout situations. In the
Black Start for distribution islands distribution specific case, at present, large generators that are already Grid service

designed for blackout services can be used for black start in parts of

Service Restoration the distribution network.

Specific services can be offered for parts of the grid operating in
Isolated/Islanding operation mode islands/isolated mode (e,g, isolated microgrids). Some needs to attend  Grid service
this services are local balancing and voltage control (and others).

Service to provide FRT (fault ride through) capability, supporting the
Voltage sag mitigation FRT mitigation of voltage sag on the distribution system. FRT as a flexibility =~ Grid service
service is in early discussions.

Flexibility forecastin
U g Forecasting services, for distribution loads, generation and flexibility, to

Generation forecasting have better estimations of generation and demand, and the expected
impacts for the DSO, considering also the flexibilities available.

Planning and predictive
management

Non-grid
services
Load forecasting
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Observability of the flexibility;
Procurement mechanism (and

settlement); Visibility over available flexibility

Improved coordination between
SOs

3.1 DSO’s needs

1) Do you think any other needs should be added to the current list?

Service to provide DSOs enhanced observability of the system, with
better awareness of their assets, their available flexibility and location,
improving the system management.

If so, what are they? Can you propose any services connected to that need?

Non-grid
services

Comment

2) Please provide any comments regarding listed needs.

Is that need not relevant? Does that need require additional explanation? Etc.

Need

Comment

Voltage Control

Congestion Management

Service Restoration

Voltage sag mitigation

Planning and predictive management

Observability of the flexibility;
Procurement mechanism (and settlement);
Improved coordination between SOs

3.2 DSO’s services

1) Do you think any other service should be added to the current list?

If so, what are they? To which need should they be connected?

| Comment
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2) Please answer guestions in the table and provide any comments regarding listed services.

Need Relevant? Already implemented If not implemented — WHY? Any other comments
[YIN] in any of your grids, or (Non-realistic? Non-profitable? Too many
to be implemented in requirements? Similar services in place?)
near future (max. 5
years)?
[Y/N]
Steady state
Reactive power control
management Dynamic
control

Active power management

Operational

Short-term planning (D-1 to M-1)

Long-term planning (>M-1 to Y-1 or
more)

Black Start for distribution islands

Isolated/Islanding operation mode

FRT

Flexibility forecasting

Generation forecasting

Load forecasting

Visibility over available flexibility
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In case you would like to leave your contact details, please provide data below:
Name:

E-mail address:



Annex II - Templates for markets characterization

Two types of templates have been used in this revision to collect and present the relevant information
on markets organization: an excel template prepared during task T5.1 work and used in task T1.2,
and a graphical summary template specifically prepared for this task. While the excel template allows
to collect (in case they are available) many detailed aspects of the market model considered, being
useful as a reference for present and future work, the graphical summaries allow to present a fast,
clear and concise vision of each project and the market models it proposes or uses, being a very direct
and easy way to provide feedback for other tasks or projects.

Excel template for markets description

Following what was already mentioned, it was agreed that the Excel template worked in task T5.1
would be used during the execution of this task 1.2, as its matches very well much of the work needed
in task T1.2 (namely regarding the characterization of market structures under study and possibly
demonstrated by the European initiatives analysed). This template aims to describe the main
characteristics needed of the market models identified during the projects’ revision, in a common and
structured format, to help further analysis and to serve as a future reference able to replace, to a large
extent, the original projects documentation.

Table 51 was used to characterize the Market Model Design, while Table 52 was used to characterize
the Market Operation.
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Table 51: Template sheet for the characterization of a market models design

1. Grid services covered

2. Supply and demand
characterization
(one-sided vs. two-sided
market)

3. Periodic closed gate
auction or Continuous
auction

4. Pricing & optimisation
process

5. Technical parameters

at market level

6. Product characteristics

7. Timing

MARKET MODEL DESIGN

Categories / Parameters Detailed Description

4.1 Price computation methods

4.2 Cross-periodical
optimization and
Intertemporal constraints?

5.1 Price cap
5.2 Price floor

5.3 Clip size / minimum
acceptance volume ...

6.1 Product attributes

6.2 Rebound behaviour

6.3 Aggregated product
support

6.4 Reservation and/or
Activation

7.1 Bidding period

7.2 Bid allocation

7.3 Pricing (contract creation)

7.4 Frequency / Time horizon
for reserve

7.5 Frequency / Time horizon
for activation

Define the type of grid services to be covered for the SO:
e Balancing;
e Congestion management;
e Voltage regulation;
e Controlled islanding;
e Other non-grid services.

- either the market is centred around one side (e.g. the buyer, in this
case the DSO, or the seller) that sets the volume/price and then the
counterparty submit bids in response to the request

- or flex bids are received from the 2 sides and are then cleared by
the market

pay-as-bid, pay as clear, auctions (ascending price, descending
price)
Covering several periods at once (e.g. every quarter hour of one day)

to consider interdependencies of periods (e.g. due to rebound effects
in congestion period)

Market product definition and technical attributes
Locational information included (e.g. congestion zone)?
Standardised products?

Based on certain products? E.g. ID / mFRR

Mechanisms to describe rebound behaviour of resources

Capability and mechanisms defined to support orders coming from
aggregated resources (VPP)

Time period when participant can submit market orders

Specific rules followed to allocate and match orders (e.g. at market
clearing time if clearing)

When price is computed

Frequency of auctions (if any) and time horizon considered for
delivery

Frequency of auctions (if any) and time horizon considered for
delivery
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8. Integration and
relationship with
existing energy &
ancillary markets

9. Geographical scope /
bidding areas

10. Integration of
DSO/TSO grid data on
flexibility platform

11. Consideration of
switching measures in
the clearing process

12. Grid capacity
estimation and allocation

13. TSO/DSO
coordination principles

14. Resources
characteristics (e.g. sizes,
aggregation, storage
treatment)

15. Metering
requirement

16. Baseline
methodology

17. Settlement
methodology

7.6 Gate closure time for
reserve

7.7 Gate closure time for
activation

7.8 Settlement

8.1 Day-ahead, intraday
markets and ancillary services

Frequency and time period considered for settlement

sequencing, order exchanges

Zonal (national, regional, custom) or nodal

Comprehensive grid model to assess impact of bid selections (e.g.
sensitivity factors, grid constraints and switching options) on the
grid and take different switching options into account vs. partial
grid model (e.g. only for one topology) vs. bid limitations vs. no
integration of grid data since DSO/TSO pick the bids

In case of auctions and integration of grid data

Computation methods, estimation/assessment in the market or by
DSO/TSO, Implicit VS Explicit allocation of grid capacity for
flexibility bids

Mechanisms, priority and rules setup to ensure T/D coordination, if
any

Overview of technologies registered on the market and covered by
the market products

Requirements for metering data (submission time / granularity)

Mathematical methods selected to compute resource baselines

Rules applied, penalties for non-compliance, management of
congestion rent
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Table 52: Template sheet for the characterization of a market operation

Local Market

functions

MARKET OPERATION

Operation
responsibility
(DSO, TSO, Joint,
Independent Market
Operator, Flexibility Seller

Comment

Resource registration

Grid assessment

Bids & Offers exchanges

Market process
scheduling

Optimization: selection
of optimal combination
of flexibility bids and
switching measures

Optimization

(alternative): selection of

optimal combination of
flexibility bids (w/o
switching measures)

Pricing

T/D coordination

Contract management

Metering (data import,
cleaning)

Baselining

Settlement

Payment

Management financial
guarantees

or Flexibility Buyer

Management of the process to register sites & assets owned by the
sellers and connected to the grid to provide flexibilities. Can include
a formal prequalification phase.

Based on load/gen forecasting to assess the impact of a flexible
resource on the grid. Can be carried out for different topologies.

Support the exchange and the functional and technical validation of
orders between market participants

Schedule and orchestrate (trigger & monitor) the auctions and the
different market process

Run the optimisation process to select the optimal set of orders and
switching measures based on comprehensive grid data.

Run the optimisation process to select the optimal set of orders
based on partial grid data (e.g. only one topology)-

Compute contract prices based on the selected approach (pay as
clear or pay as bid)

Coordinate flexibilities procurement between DSO and TSO and
mitigate conflict situation

Manage contracts and notify market participants

Import and clean the metering data captured at resource level

Compute the baseline for the time interval of the contract / dispatch

Compute the price to be paid by the buyer to the seller for each
contract and according to the baseline and energy delivery

Manage the payment process: invoice creation from the settlement
and money transfer
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Power point template for markets description

To provide a concise and graphical intermediate feedback to other project task on the markets
organizations in the projects analysed, the template in Figure 33 was used. The information it contains
focus on the market organization type, and on a subset of the topics of the previous section tables that

was considered most relevant.

Graphical summary template
for markets organizations

Name of the Market Model, BUC or Pilot
addressed in the Project for easy
identification

{ Project name

Name of the
Project/Initiative

‘ Closer Market Model (1-5)

PILOT/MARKET MODEL/BUC (MX)

Project Business/Use Cases studied in
this specific market model. Inside the
circles: Needs (top) and Services (bottom)

BUC-1

Congestion

Management

Long-term
Short-term

BUC-2

Voltage
Control

Reactive
Active

Simplified characterization of the market model

(based on the excel template of T3.1)

+ Pilot /market / business casename & market type (I-5)
- Needs and services addressed (TSO/DSO focusing on DSO)

* Market

+ Oneftwo sided: buyers and sellers (FPS)

+ Auction /continuous (bilateral)
- Pay as clear, pay as bid

+ Clearing mechanism (bids selection) and grid constraints

+ Capacity/energy
- Products short description

= TS0-DSO0 coordinaion mechanisms (access to bids, pricrities, etc)

addressed.

Summary description and/or
additional comments

Simplified characterization of the
market model (see previous slide)

+ Bids validation procedure

« Integration with other markets
* Resources

= Aggregation

« Terms: long, day-ahead, intraday, real time

Figure 33: Graphical summary template for markets organizations
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Annex III - Monitoring and Control requirements identified in
each reviewed project

Project Services identified DSO monitoring and control requirements
name
CoordiNet Operational | CONTEXT:

e Foster the participation of consumers and renewable energy resources,
regardless their sizes and voltage levels of connection points, to be
more active, in the management and operations of the system,
implementing new products and services, and using existing
operational DSO and TSO systems. The TSO-DSO coordination results in
needs of real-time data gathering;

e  Three demonstrators covering 4 market models (M1 to M4).

ST MONITORING:

) Requires data from substations, RES stations and weather forecasters;

) Information, such as HV/MV substations, transmission lines and
generation units obtained from the TSO EMS;

e  Requires the location and capacity of customers premises that are
willing to participate in DR programs;

. PVs: monitored using AMR system. Measurements received twice a
week (rate will be increased to a daily basis);

e  CoordiNet Platform integrates electronic meters of the Wind Farms.

LT Measurements are used to generate 3-Day Ahead forecasts;

e  Buildings (demand response): building management system (BMS).
Uses IGSS SCADA (industrial SCADA able to communicate with building
automation devices);

e Monitoring Services tool: collect the necessary data for evaluation and
KPI calculation;

e Uses Real Time Monitoring modules of the WiseGRID Cockpit tool
(Greek demo): relevant GIS information and AMR data (with quarterly
frequency) of the RES generation located at defined parts of the grid;

Voltage APM e  Communication Protocols integrated: (e.g. IEC 61850). Import

Control information from different systems (PMUs, PDCs or SCADAs);

e (Spanish demo) monitoring and control system through Energy Boxes
(EB): in the FSP, the EB directly connected to devices or to local SCADAs,
monitor operating state of the providers and send this data to the AGR.

CONTROL:
e (Spanish demo) to control the loads, EBs receive operation set points
from the AGR and apply it to the flexibility providers;
RPM e Meters that actually register the consumption data hourly must pass to
15 minutes in the future, and minimal functionalities required by the
meters are being defined, introducing a new concept of “near-real time
data”.
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Voltage
Control

CONTEXT:
e Very specific service provided by FSP and costumers where DSO’s
communicate restriction requirement levels per metering point, for
extended periods of time with a fixed quarter-hour step.

MONITORING:
e  Controllable appliances such as storage devices or heat pumps are
required to have a separate metering point, being a virtual metering
point sufficient.

CONTROL:

e Adoption of TLC;

e  Requires but does not specify a standardised communication protocol
between the FSP and the DSO for transmitting information on which
metering points are participating in any pooling unit;

e In case of emergency (= red phase) the DSO must have direct access to
the controllable appliances;

e  Qutside the red phase, the consumers or respective service providers
(FSP or energy suppliers) are responsible for guaranteeing compliance
with restriction requirements during operational periods.

APM

CONTEXT:
e  Proposes standardised products based on limiting power
consumption/generation of aggregated loads/generators’ portfolios;
e  The mechanism for providing flexibility is undistinguished between
different services (same product structure for congestion management
and for voltage control).

MONITORING:

e  Requires high penetration of smart meters (emphasizing the
importance of replacing all older-generation meters);

e Smart meters sampling rate: 5 minutes;

e  Consumption data is stored centrally in a DataHub and must be
accessible (in aggregated format, reducing data-privacy issues) to DSO
and AGR, "the former to calculate which services they need to acquire,
and the latter to model flexibility, control their DER effectively, and
calculate the amount of flexibility they can offer to DSO.

CONTROL:
e Requires controllable DER (devices that allow the external control of
heat pumps and electric radiators must be installed and maintained);
e Daily maintenance of the digital infrastructure (keeping the households
‘online’)

Note: regarding this last bullet of the CONTROL requirements, on average, around 20% of
the controllable units did not respond properly to control signals during the demonstration
period carried out. This resulted in and overall service delivery MAPE (mean absolute
percentage error) of 31% compared to 18% when excluding those houses (baseline energy
service);

CONTEXT:
e  The local markets have a specific type of AGR which is called the Smart
Energy Service Provider (SESP); the SESP needs to receive metering
data from the prosumers/consumers, and information from the DSO.

MONITORING:
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Voltage APM e  Customers with contract with SESP must share their metering data so
Control it can be monitored. In the future, data will also be available through a

national metering data hub.
The metering data must be updated to the DSO at least once a day.

CONTROL:

The SESP receives metering data from Local Controllers through an
Optical reader / EMI sensor, reading signals directly from the Smart
meter;

Bidirectional communication in real time must be ensured between the
SESP and field devices (EV Chargers, Storage, Generation).; as such,
SCADA must be connected in real time with every device controller and
SESP.

Enera

CONTEXT:

The focuses of Enera are:

o  Grid management: using data to improve grid operations and
create a “smart grid operator”;

o Market:  improving the intraday markets to enable
procurement of flexibility services from DER to manage the
distribution networks;

o Data: building secure information and communication
systems to gather and analyse data.

MONITORING:

Installation of smart meters in all households and companies in the
Enera model region;

Information from smart meters up-to-minute. Smart consumption
applications: automatization for home lighting, adjusts for
consumption in line with wind and solar generation, shift of
consumption of washing machines, tumble dryers, hot water boilers to
night periods or low demand periods;

Flexibility providers must avoid double activations (as it is possible to
bid in different markets). Activation must be assured to happen
whenever needed;

CONTROL:

Notes:
L]

L]

N/A

Regarding this last bullet of the CONTROL requirements, no detailed information
was found to support it;
Additional source of information: [101].

FLECH-
iPower

CONTEXT:

Several products for Congestion Management, ranging from power
caps to capacity reservation to demand-response;
Little information is provided over the targeted DER.

MONITORING:

No relevant information to our knowledge’s extent.

CONTROL:

The AGR is the mobilizing stakeholder when DSO emits a control signal.
No further relevant information to our knowledge’s extent.
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Flex-DLM ST CONTEXT:

e  Single article presenting an optimization algorithm aimed at minimizing
DSOQ’s total costs of acquiring flexibility;

e  Products consist up- and down-regulation setpoints.

MONITORING:
e  No relevant information to our knowledge’s extent.
CONTROL:

e  The AGR is the mobilizing stakeholder when DSO emits a control signal.
No further relevant information to our knowledge’s extent;

e Nonetheless, the paper assumes the application of TLC, so a direct
control mechanism between DSO and the DER must be established (for
a possible red phase scenario).

FlexHub Eu- Operational | CONTEXT:

SysFlex e Several products for Congestion Management and Voltage Control,
ranging from LV-HV distribution grid resources to (PV, OLTC, Statcoms,
batteries) to 10-25 MW Wind farms.

S MONITORING:

e  Monitoring systems must be able to provide near enough real-time
knowledge of the distribution network, regarding the status of its smart
grid devices, to encourage the provision of ancillary services for both

LT the TSO and the DSO; as such, measurements must be updated every
15 minutes; this will require the improvement of network observability
and forecasting systems.
CONTROL:
Voltage APM e Depending on the type of market, the available flexibility resources can
Control submit bids through an AGR or, in some cases, negotiate directly with
the DSO (or the TSO). Activation can be requested either by the DSO or
the TSO, but the former must always validate all bids to ensure that the
RPM grid is operated safely and within its technical limits;

e To achieve adequate levels of coordination, the exchanges of data
between the DSO and the TSO must be defined; also, power
modulation at HV/MV substation must be agreed and scheduled, to
account for the TSO’s flexibility needs.

FLEXICIENCY | Voltage APM CONTEXT:

Control e  Products configuration is performed by the FSP and includes

geographical, temporal (period of availability and step) and capacity
information, among others. Bids are selected by DSO in what is
expected to be an optimized decision.

MONITORING:

e  Fundamental role of advanced monitoring (smart meters, grid sensors)
entailing detailed energy consumptions’ patterns and production
information;

e  On-site devices monitored include inverters, power analyzers, Battery
Management Controllers (BMC), among others;

e  Smart metering infrastructures with high frequency and possibly close
to real-time;

e At the Spanish demo, measurements were updated every 15 minutes
(P, Q, SoC from EB). Grid analyzers measured active and reactive power
and energy demand of charging points. Data was also measured and
provided by the photovoltaic and wind converters and inverters.
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Figure: Algorithm data flow in the Spanish demo.

Adapted from: Andolsek, A., Nemcek, M., Gémez Ldpez, A., Zocchi, A., Bruna Romero, J., &
Olivén Monge, M. A. (2018). Flexibility and optimization services validation in a microgrid.
in CIRED Workshop, 2018, no. 0444, pp. 7-8

CONTROL:

e Activation is requested by the DSO, with the AGR informing the
required partners to activate their flexibility and send a confirmation
message to the DSO, following the proposed B2B communication
protocol.

CONTEXT:

e Article proposing an optimization algorithm with the objective of
minimizing DSO’ total costs of acquiring flexibility, reinforcement
investments and curtailment of RE;

e  Aggregation Units (AU) participate in a one-sided market with offers of
flexibility (up- and down-regulation).

FlexMart

MONITORING:
e Consumers who are interested in providing demand response services
must invest on "advanced metering devices and control unites";
e No further relevant information to our knowledge’s extent.

CONTROL:

e AUs are the proposed way to bridge DSO and consumers. Therefore,
and because no explicit control mechanism is defined, it is assumed
that the schedule of up- and down-regulation is communicated from
the DSO to the AUs and from those to the end consumers.

GOPACS-
IDCONS

CONTEXT:
e The focus is the redispatch, to solve the DSO congestion problems:
suppliers submit the Intraday congestion spread (IDCONS) bids via
GOPACS, and the combination of a buy and a sell order is cleared.

CONTROL:
e  Requirements not found.

MONITORING:
e  Requirements not found.
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CONTEXT:

The DSO resorts to distributed flexibilities (active power) connected to
the MV and LV networks as providers of non-frequency ancillary
services for different goals such as investment deferral, solving real-
time technical constraints or minimize energy losses.

MONITORING:

The DSO deploys smart meters and other intelligent energy devices in
the LV grid for improving monitoring, with real-time communication;
For purposes of LV network technical constraints assessment and
management, the DSO should then be able to use (by regulation) the
data collected by the smart meters;

A full knowledge of the LV grid’s topology and electrical characteristics
is required;

A regulatory framework for providing flexibility services must exist
where LV prosumers are able to provide flexibility services, exploring
the intelligent functions of the HEMS, via their electricity Retailer or
Flexibility Operator;

Existence of a defined data model and communication protocols
between all the involved actors and roles;

MONITORING:

The multi-period availability of flexibility from the LV prosumers must
be compatible with the control envisaged for the LV network (period,
discretization, format);
All automatic control actions over DSO assets must only be performed
under supervision by the DSO and need to be previously validated by
the operation centers.

CONTEXT:

Special relevance is given to 2 of the demonstrators set-up in this
project;

At the Eindhoven demonstrator, Strip-S living lab, flexibility was offered
in the form of up- and down-regulation products from AGR
representing diverse types of DER such as stationary storage, PV and
public charging stations for EVs;

The French demonstrator focused on behavioral flexibility from
residential and industrial appliances, where participation although
rewarded, was not obligatory.

MONITORING:

(e]

From the set-up at the Strijp-S (Eindhoven) living-lab:
Measurement equipment was installed in every MV feeder, MV/LV
transformer and outgoing LV feeder;
Measurements included 15-minute averaged rms values of current,
voltage, active and reactive power, bidirectional energy throughput
and total harmonic distortion which were transmitted automatically
to a central database;
The outgoing feeders of the MV/MV substation and four MV/LV
substations were furthermore equipped with automation and
remote switchgear;
In addition, synchronized measurement devices with a sampling rate
of over 100kHz were added to the system, measuring phase currents
and voltages.
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Adapted from: Fonteijn, Rik & Roos, Martijn & Nguyen, Phuong & Morren, J. & Slootweg,

1.G. (2018).

The Strijp-S living-lab: testing innovative solutions for fault protection, self-

healing, congestion management, and voltage control. 1-6. 10.1109/UPEC.2018.8542117.

CONTROL:

@]

L]
o
o

From the set-up at Strijp-S (Eindhoven) living-lab:
DER control was performed by the corresponding local AGR under
the yellow region of the TLC followed according to USEF;
The red region being defined as a power outage phase led to the
definition of an orange region where the DSO can bypass AGR to
control DER directly to avoid grid overloading;
Implementation of an operational activation channel through
control boxes or smart meters;

From the set-up at Nice Smart Valley (FR Demo):
In this demo, behavioral flexibility has been tested;
When the DSO (Enedis) needed to activate flexibility offers, the AGR
would send an email and a text message to the customers asking for
flexibility during the required time slot. The customers remained the
master of the activation and could decide without penalties to reply
or not to the activation request;
Other kinds of flexibilities, also tested with residential and
professional customers, involved global offers including automatic
remote control and value stacking.

CONTEXT:

Embryonic project suggesting products for operational and long-term
markets based on conditional reprofiling bids of FSP (reserve capacity)
and scheduled reprofiling bids for short-term markets;

Assumed that flexibility is mainly provided by DER such as batteries,
residential consumers flexible loads and distributed generation.

MONITORING:

Requirements for metering data include granularity of 15 minutes;

In development is a blockchain-supported flexibility register (based on
EWF's Energy Web Flex solution) for the integration of residential-scale
distributed energy resources whose main function is to calculate the
quantity of capacity reserve ensured or/and energy 'not consumed' or
‘generated’ in each period following specific product requirements.
Specifically, the metering data module stores (or links) the information
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ST collected from metering points (including local devices for close to real-
time metering and resource availability data;

e Authors contest that metering granularity must depend on the specific
needs of the market products designed but the module should contain
close to real time or/and daily non-validated metering data and
monthly (validated) metering data per delivery point.

///Flexibility Register \\\
& = \
I \
| Communication |
|
: Flexibility contract, |
| |
| Resource inform. :
|
: Metering data :
: Activation register Traffic light :
LT | I
| Validation |
| |
| |
| |
|
l. Real time metering and resource availability data !
\
\ Communlcaﬂory',
Sl platform.
Figure: Flexibility register concept proposal.
Adapted from: INTERRFACE D3.2 Definition of new/changing requirements for Market
Designs (2020).
CONTROL:

e The project will likely follow the traffic light concept.

NODES Operational | CONTEXT:

e NODES is a marketplace platform, with grid companies setting
parameters for the needs and services management (for congestion
management and voltage control). Metering requirements are
discussed for each project.

ST
MONITORING:
e N/A.
T CONTROL:

e Flexibility providers have the responsibility to avoid double activations
since they can bid on different markets, so it is assumed that it is those
actors that have the responsibility to guarantee the product offered
whenever it needs to be activated.

Piclo Flex ST CONTEXT:

(and Piclo) e Online platform launched to enable businesses to transact of local
generators of renewable energy, through signing contracts with an
electricity retailer supplying the Piclo service. Piclo gives visibility of
matched energy data and full visibility of the business energy supply
chain.

MONITORING:
LT

e Use of meter data, generator pricing and consumer preference
information to match electricity demand and supply every half hour;

e Retailer must send meter data to Piclo, which performs the energy
matching.

CONTROL:
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Voltage
Control

Voltage
Control

RPM

Assets that pass the testing and procurement processes can be
activated by the corresponding SO: activation via SMS, email or other
electronic signal in the Piclo Flex competition areas.

CONTEXT:

Residential DER such as PV, flexible loads and small-scale storage are
controlled through the Home Energy Management System (HEMS). The
flexibility they provide is bided in the market through a Retailer.

In parallel, medium scale power producers at the MV level, such as
wind farms, can also send their flexibility bids to the market.

MONITORING:

Energy monitoring algorithms operating locally; in particular, the
Retailer monitors the deviation “system adjusting factor”, which
measures the difference between the flexibility need and the available
flexibility;

Automatically enabled tools dedicated to monitoring and management
of LV network during islanded mode;

Control of Equipment (Residential and Community), and Control
algorithms.

CONTROL:

A supervisory control tool will be responsible for monitoring the LV
network and support the local control layer by promoting the
coordination between all participating resources.

CONTEXT:

The USEF Market Coordination Mechanism (MCM) sets out the phases
and interaction requirements for flexibility transaction. AGR provide
only explicit flexibility services to the TSO, DSO or BRP, where flexibility
is directly exposed to the market, traded and purchased as a specific
product.

MONITORING:

Fundamental role of advanced monitoring (smart meters, grid sensors)
and forecasting tools, and local energy control (DER controllers);

AGR forecast of the amount of energy to be consumed or produced at
a given congestion point (D-Prognosis);

AGR forecasts of planned activations of flexibility (day-ahead and
intraday) to be shared with DSO in congested distribution network
areas (D-Plan).

CONTROL:

Flexibility is controlled by the AGR. In case of flexibility activation,
information is exchanged for verification of the delivered amount of
flexibility. The Meter Data Company (MDC) collects smart meter data
from the prosumer and sends the smart meter data to the DSO;

The DSO uses this data for verification of the actual delivery. In
principle, the DSO, AGR and the TSO will evaluate performance based
on metering data at the connection level. In practice, however,
especially at industrial and commercial sites, the AGR will most likely
install a sub-meter for the active demand and supply assets to measure
their actual performance. This enables both the AGR and the DSO to
better predict and quantify the performance of the demand response
service and the provided flexibility;

In Orange regime, "DSO makes autonomous decisions to decrease
loads or generation in the grid by limiting connections when the
market-based coordination mechanism cannot eliminate network
congestions."
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Annex IV - Survey of DER capable of providing flexibility

services

Project Services identified DER characterization

name

CoordiNet Operational | Spanish DER:

e  PV; Batteries; Mini wind generators [1kW]; Buildings; Biogas generator;

ST CHP; small hydro;

Greek DER:

LT e  Monitored: Wind Farm Connected to TS; Wind Farm Connected to DS;
Photovoltaic Stations Connected to DS; Small Diesel Gensets (will be
Voltage APM added after the successful tests); Buildings; Batteries. Controllable: Small
Control Diesel Gensets; Batteries [0.005MW]; Households.
RPM (In Mesogia): buildings participating, mainly with controllable ventilation
load (AC units). The control will be manual (email or sms) and in some

cases automatic.

De-Flex- LT e  Small scale DER (up to 172 kVA) connected to low voltage distribution

Market network;

e  Examples provided include:

o electric vehicles;
o electric heating appliances;
o PV systems;
o  storage units;
e Aggregation is not only possible but required.
Notes:

e Aggregation (called "pooling") is admitted for controllable devices located in the
same aggregated distribution grid area ("based on grid topological considerations,
an area (connected or not) or segment of the distribution grid chosen by the
responsible DSO (or cooperating DSO) for applying a consistent and uniform
restriction requirement");

. An example of pooling is provided with 5 assets between 5 and 20kW, summing 57,5
kw).

EcoGrid 2.0 LT e  Demo consisted of 800 households owning a flexible electric heating unit
(equipped with a smart meter and the necessary communication and
control equipment), half being resistive heaters and the other half heat
pumps;

e AGR play a central role in the market model, participating as a service
provider on behalf of the households it represents. One or more AGR can
represent a same household, since the same household can provide
different types of DER;

Voltage APM e  Considers as possible demand response assets:
Control o electric vehicles;
o heat pumps;
o distributed storage;
o distributed generation.
Note: "resistive heaters are controlled by adjusting room temperature set-points, whereas a
throttle signal can be sent to heat pumps, which ceases their operation”
EMPOWER All types of DER at the distribution level (MV and LV):
H2020 o electric vehicles;
o distributed storage;
Voltage APM o distributed generation (including medium-size wind farms at the
Control MV level).

Enera e All flexibility resources. So far implemented: load, VRE, storage of the HV
and MV network level.

FLECH- e  Small scale DER (up to 5MW) that individually are unable to access the

iPower wholesale electricity market Nordpool (min. = 10MW);

e  Aggregation is considered. AGR assume the standard functions of
assembling and mobilizing DER, offering services to the FLECH market.
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Flex-DLM ST e  Curtailable and shiftable loads for industrial and residential customers
(few hundred kW);
e  Curtailable loads in industrial sector:
o industrial productions of zinc, copper and aluminum;
e  Shiftable loads in industrial sector:

o cement mills;

o  paper recycling;

o thermal industrial loads that depend on cooling and heating;

e  Curtailable and shiftable loads in residential sector:

o cooling and heating appliances (e.g. for short periods, AC can be
curtailable but for longer periods they become shiftable; the same can
be applied to refrigerators and freezers);

e  Shiftable loads in residential sector:
o  washing appliances;
e  Aggregation is considered, with the role of the AGR being clearly defined.
Note: “Curtailable loads can offer demand flexibility without the need for rebound conditions,
as they are non-shiftable. Shiftable loads can be moved at any time during the day, but their
rebound conditions must be met, as they are uncurtailable"
FlexHub Eu- Operational | BUC PT-FlexHub Q-market:
SysFlex e HV distribution grid resources (Wind farms 10-25MW, capacitor banks
4MVA).
BUC-PT FlexHub TLQ:
ST e HV-MV distribution grid resources (PV 12MW, Battery 480kW/360kWh).
BUCs FI-AP1, FI-AP2:
e LV distribution grid resources (400V) operated by the retailer (a retailer
Battery and a PV connected at to 110kV -TSO/DSO-400kV/110kV).
LT
BUC FI-RP:
e LV distribution grid resources (400V) operated by the retailer (a retailer
Battery and a PV connected at to 110kV -TSO/DSO-400kV/110kV).
Voltage APM BUC DE-AP + DE+RP:
Control e  Alltypes of DER.
BUC IT-AP:
. DER, DSO assets (OLTC, Statcoms, Batteries) only used for DSO grid
RPM operation.
BUC IT-RP:
e DER, DSO assets (Statcoms and batteries) only used for DSO grid
operation.
FLEXICIENCY | Voltage APM e The microgrid in the Spanish demo included:
Control o PV canopies;

o  wind turbines;

o  abattery energy storage system;

o a bidirectional electric vehicle charger;

o  peak consumption in the order of tens of kW.

e  Aggregation is explicit for data support services; for energy support,
although not explicit, if located at the same bus, aggregation could be
possible.
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FlexMart

GOPACS-
IDCONS

InteGrid

Interflex

Notes:
. Some conclusions made following the analysis of the results from the demos:

o "The installation of solar photovoltaic generators and the pair storage + PV
generation in the analyzed buildings (the initial ones and the other added to the
study), even reaching the maximum allowed power of solar modules, only
produce light improvements in the grid in terms of losses reduction, devices
loading and voltage. To reach more remarkable results, a wider spread of
distributed resources must be made";

o "To support the DSO in the operation of the distribution grid, the spread of solar
photovoltaic facilities has to reach important levels. In the analyzed grid, about
50 % of penetration has to be reached to observe results reducing the loading of
transformer and lines, improve voltage levels and reduce losses";

o "Although the spread of distributed generation can support the operation of the
grid, an excessive penetration of renewables could jeopardize it. In the analyzed
grid, an installation of 60% respect the total power generates more problems
than benefits. To avoid this problem and enable a higher introduction of
renewable generation sources manageable inverters should be used providing
flexibility to the system; It is proposed the use of a methodology similar to the
developed in UC-7 where every prosumer would offer the DSO its possibilities of
reducing its energy production to adapt it to operation state of the grid; The cost
of this flexibility provided by the customer should be compensated at the price of
the electric energy in the selected period";

O  “Thedischarge at full power of the storage systems of the buildings provide light
improvements to the grid operation in terms of system losses, loading or voltage
along the grid; To reach more remarkable results, a wider spread of distributed
resources has to be made".

e Average Belgian roof PV of 4kWp and average household consumption
available for providing demand flexibility (up- and down-regulation).

ST

e  Demand side response (DSR), power generation and storage control;

o  Allother types;
Note: GOPACS interacts via market platforms with whoever can offer flexibility (in the case of
the ETPA platform: medium to small sized commercial customers to effectively become BRP).

e  Flexibility operators send control set-points to the home energy
management systems (HEMS) at the LV level (local market). The Energy
Services Platform, owned by the Flexibility Operator, gathers the
information about all of their customers’ available flexibility:

o  Domestic PV, storage (batteries) or other smart appliances;
o  Heat pumps;
o Small scale generation at the LV level.

e Flexibility operators can also shed loads at the MV level (global market):
o Industrial loads;
o  Medium scale generation;
o  Other technologies capable of delivering flexibility.

e  Considered DER in the several demos include:
PV;
smart storage units;
EVs;
Demand Response (DR) involving active customers, performing
modulation of controllable loads, while considering users’ needs and
expectations (e.g. comfort);
e Characteristics from the Strijp-S (Eindhoven) living-lab:
o  former industrial district consisting of small-medium enterprises and
apartment buildings;
o flexibility is provided by several controllable distributed energy
resources:
= 268kWp photovoltaic installation;
= 25kVA/315kWh battery energy storage system;

O O O O
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= 26 electric vehicle charge points of 22kW each;
these flexibility sources are clustered around 2 ML/LV substations;
inflexible loads are provided on those two substations by 3 apartment
buildings (~350 apartments) and a parking garage.
Characteristics from the Nice Smart Valley (FR Demo):
a variety of flexibilities and activation channels were tested, including:
=  residential appliances;
= dual-fuel assets (gas/electric);
=  industrial process control;
=  stationary batteries;
=  one EV with V2G capacities
Aggregation is considered. Regarding the Strijp-S (Eindhoven) living-lab, a
differentiation is made between commercial AGR (responsible for trading
flexibility on a market level) and local AGR (responsible for ensuring that
flexibility is locally available), both of which were active in multiple
number at the demonstrator site.

Operational

LT

Although not explicitly stated, the DER may include batteries, residential
consumers flexible loads and distributed generation;
Aggregation is considered.

Operational

NODES is designed to operate a marketplace for any flexibility supplier
irrespective of size;

Several flexible loads can be activated including smart homes with solar
panels and batteries, electric vehicles and commercial and residential
demand response customers.

Demand side response (DSR), power generation and storage control
(Connection < 11kV);

Generators are likely to be traditional generators powered by gas or
diesel, supplemented by combined heat and power (CHP) systems, waste-
to-power systems and wind farms;

Small-scale assets - with a capacity of less than 10kW;

Larger assets between 10-25MW;

The resources can be aggregated together into a single controllable unit
of flexibility called a Flexible Unit (FU).

PV and flexible loads at the LV level;

Independent power producers at MV level;

Energy storage deployed at all levels on the electricity system;
Residential DER are controlled via Home Energy Management Systems
(HEMS).
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Flexibility from industrial, commercial and small and medium enterprise sectors:

[¢]

O 0O O O O O O 0 O

Air conditioning;

Pool heaters;

Fan heaters;

Chillers;

Ground source heat pumps;
Irrigation pumps;

EV chargers;

Air handling units;

Electric heating;

Ultra-cold freezers.

Flexibility from the farming sector:

O
O

Refrigerated crop storage;
Mechanical ventilation (standby generation to maintain ventilation
which could be used to provide flexibility).

Flexibility from the domestic sector:

@]

O O O O

Solar PV;

Battery storage systems;

Ground source heat pumps;

Electric vehicle charge points;

Time-of-use demand response (10% of peak demand).




