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Copyright (C) Mitsubishi Research Institute, Inc. 22 HAT) BREIRNF-TIEIERERIY- M -5—-FlERS S ER3




KEICHITDAN— MA=F—DEAIRNR

® 2018FXREFLETHKEELETED70%HNAT—M—5—%E8 A FHTHD. 2020F KR TCiREAE I ELSBLRIRIAH.
® HINDAY—IA—F-—3GEIRNRIELLTOESDTHD. FMCLHOTEAZKZIIENESNDIN . HUTAIZT M. TFH M,
AU TOVFMEBECEA T T Z1—3F—IME2022F(CFB AT TIBENFTEIN TS,

2017435 ERIMA
201345 ERIMA 2022458 BR T
2018 H/ERT :

SMART
METERS
INSTALLED

<IN

Percent of
customers

200655 ERiA
2013F%ER T

[] 0-15%
B 15-50%
B 50-100%

20094 ExiBRIIn
2013FERIBE T

2008FswERIn
20165FEwET T

HP)IEI, Electric Company Smart Meter Deployments:
Foundation for a Smart Grid(2016) http://smartenergycc.org/wp-content/uploads/2017/02/Final-Electric-
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® [N TIE. BIXREFRILAADMIGEVTENTSO-E (RUINEHNRREBEERYNT ) 20 ONTOAEEINDIEHE
MREFTENTHD, RAY-ASH RN F—ETIEERC1 5D BEMNUNAEEEIN TS,

o IRIRIEILATDESD, EICIATAIUNSO ABEEAMINGC07T. 3057, 15TEERD, FHE—INTULRULNN EUICELBRHA RS> T
(&, 2025F X TIC15DEAIDBERZIKO THD, SEEH15DEMAREIRIBIE IEINTEEEZ BN D,

1YNSOARERA(IV)DRIR

B 15 min 30min [l 60 min N.AT

Source: ENTSO-E WGAS, Survey on Ancillary services procurement, Balancing market design 2014, Jan

2014. Also TSO websites

Italy has a 60 minute ISP with the exception of Balancing Service Providers (BSPs) that are required

by regulation to have a 15min ISP E L AIUT NGO Y —E IR ERBRTIE60 ) BN 258 B

H AT )Frontier Economics,” CBA OF A CHANGE TO THE IMBALANCE SETTLEMENT PERIOD”,https://www.svk.se/siteassets/aktorsportalen/elmarknad/finer/cba-
of-a-change-to-the-imbalance-settlement-period.pdf (E2H202142825H)
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® J1 T ROMHBIZSE (Finnish Energy Authority) (&, BIRM4EDBRZENEIRDERDIENCEDM NI ADURIZE
BI3HC, 12N AANZ0T NS 153 CEE I RO EZ LU T DESDBHTL TS,

EBIIATACBVWTEERA NI ASVY THREUISE. TSOILLZBBH RSB NELEND,

>
SN -ZADBEBIRMICLOTNTIRZEDTEN TEDLIRNIE, KFMERA NS

> SOHHVERRIRIE (OY) TEBIEL. HiRICanT
SRSV IR T BEIEEMEN ZLEL TS,

AYNSYAIRORUDIEBIFZI VNG YA T (ZE{LE)

A Imbalance
AINSGIASvT - 4 (hourly ISP)
sTIEE -
- : o

PAW &

157N DEES Imbalance
AN T jump
(quarterly ISP)

-

HiF)Empower,” Enabling a Smooth Transition to 15 Minute Balance Settlement”, https://energiavirasto.fi/documents/11120570/13026619/Final+Report+
+15+Minute+Balance+Settlement%?2C+Delivered+version.pdf/b9d7ae4d-ale0-ca4d-4d8e-748d382d5436/Final+Report+-
+15+Minute+Balance+Settlement%2C+Delivered+version.pdf 2017 (FEH202142H25H)

32 LA BRIRIF-FIELIEIRIEARIY - -5 -FHEIRF = &R 3



MR
BRINCHI DA VIS AR/EINDFERE (3/3)

2017 (LN ZE S (FEVICHBITRINT DS TG EFEEICRAT 21 RIA > ZTEDIC. AHA RS> OFMEIELN
(2020FEKET) (C157DISPZERAIBENBEHEL TREN TV,

2L, BEEEHATY 7ADTSORESEL CTEAYMER DT 2RI 3 E(C LD, MRHIHBTU TEHORIRZEHE IS
CENBIREE RO TWVWDE (FRET2025%%T)

FERICAEV. BIREEEAT)7RDTSO AL CERM BRI RMEL TS, AN—bhX=5—-AD153EDRZ=(TINX
T ZOWEAMR (ECFTOFER - RERBARCIDIN) MERmLEo TV,

BHONSYSYIICEATRHM1RS1> (EUBI2017/2195)

W N

Article 53
Imbalance Settlement Period

. AIRBIFEINS3EZETIC. IRNTOTSOE, THZERFMEAOIRTOX )N Imbalance Settlement

PeriodDXt)DE—ETREZARELRDD. IRTORTS 1> TU7T159 DImbalance
Settlement Periodz@EAURITNIERSRELN,

. BEEAT7DTSOG. HEITHEIBEOEADORRZEF I DN TES,
: IE,H\HIUTOD&EJE%E%U%)%D‘ éEZﬂHHIUTOD TSO OHFEEKICEDIE. X(EBESOHIET. 56 1 IA(IC

TEDIEHFOFEPRZRODIISE. AHIEB/E. TEFRIUT, 2 RKEE 3 F£2EC, BFEATU7ARUEEAT
U7RBdDImbalance Settlement PeriodDE&1LICEET 3&EREm iz =L IS5,

H AT )European Commission, COMMISSION REGULATION (EU) 2017/2195, https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32017R2195&from=EN (BE&EH202162H25H) &£D=Z#H/ERKR
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® HALERk. EXUEAZET —YEAV— M-I REEARTHIBENEHEMREISMDMS (Meter Data Management
System) PEBEE -DSORBHESHOT—F/\TEVWSISATATERL., B AT LNV UVNGBEECRMHENS,

o IFft. —EIOETE. —fYHEAECLIMEAT— ’5’/\0)7’?27\’& SH(CIBBNTT —ITIYNIA—LEEREL. T3k
JA— LNS—REHEBICIL. AN M=5—F —SOIRMHEEITIENMRITIN TS, BARICEVTE. JIyRT =5/ ISR
ETEAT—AIDOT7ITEX, T—5FERNE]E Eji‘yl\j#—hb‘*ﬁﬁéﬂ‘cmc%o

) |
2

ERSHCHITEAN— M5 —-FT—SEBRS AT LADLLE

X~ IA—5—F—4 MDMS N e s MDMS MDMS
18325 /s (DSORB) 791\ 79N 79N\ (I0UE) (DSORTB)
e e

j’;\y_ I\;gjrm—{zﬁ“ Powerfox midata HIERET H(e%gﬁg’)ca GreenButton 9y l\j/‘;ﬁ 7;’3 \>75

X1) BAFORE%Z2Z I EEEESMart DCCOT—4/\J., DCCTIIAN— M =4 —FT —5%%7F - BIEE I/ GEBEESZADEEDH 51T,
%2) EBEZEAcquirente UnicotMEBEI27—4/\J (SII : Sistema Informativo Integrat)

%3) ABRT—5E#EZITIEN TDSORMNERIIUZEZEEEDSN (Energie Data Services Nederland) 7 —4/\J

%4) BAT-I0FBREDBN TRIIENT T3y IA— A
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® [INICHIFZT—H/)\TDRFRMNRBHTREBATHERINGZELZDCC (Data and Communication Company) T3,
® DCCIRFICAZIZI—2aV)\J%KEL. BH -HAA-F—-hBT—5FZNEL. \FEHEE. BiBEBFESE. Toftts—4
FIRBNE. AN — M =A—-FT =5z HL TVB,

[(DCCOHE]

® DCCIIAY— FA—=AT A7 Wil , J0- A FRITS AT LaBU T, A7 ¥ FRIBRERE > AT haigt.
® DCCIIBURF B TaIdN0fgemICl 2B EMBER1TS, BE, 458N 57 —YER IV AF2013FN512FRIELRITLS,

® DCCOFAEBLEA—FVLTAF—h
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HFT) ERIRINF-TIE3EIRIEARAY- M- —HIERET = 1 &R L

35



) |
2

BINCBIBAV— M5 —FT—-HEHR-IRHIATA (3/3)

® (5U7TIE. EHEEAcquirente UnicoMREI ST —5/\JTSII (Sistema Informativo Integrat) 1DERNEDHSN
THED., BEBFHEEBNUNEUAY— M —F-7-51. Szl UM TEBRBERCIRMIENS,

° 7f7/’5’0)7 AJ\JTEDSN (Energie Data Services Nederland) |[3BECEBFERE S DL E(CLDEIL, SIIERER(CH
BEEEENNEVAN— M—I—FT—INEEIN. N\ FTEEBRIFBEEBVPHAFESE. 7 HFIABCRMHENTVS,

® SICHAWVTIE. HAN (Home Area Network) ZiBU. RIEN(CEREINTIHLBIICTAN — M= —FT 5% INET BZFE
(BRICHIFZBIL—MEY) BERINTVWS. (TAER®)

A5V7DT—=5)\T (SII) DFEAA- A5 ADT—H)\TJ (EDSN) DEHEAX—>

_____ P. *.. Customer Grid Dperalor A manages infrastructure for both electricity EDSN Energy
PO o and gas P4-Portal Suppliers
{ - . Data Exchange
“& %! ®é O o ﬂ"ﬂ
.
e H
L] X :
. % . 1
- . e
F ’...- : .-. .. CHAIN 2 . R — —
:. ’o. > @ .-' .
: YO ® —— —p TLC "ﬂ
: ‘ - s o
H
E F ------------- * GENERIC
H
H " E | The clouds symbolise network lechnologies. such
'-. o 'y 1 Customer as GPRS, PLC (Power Line Communication),
¥ ® ‘.c°. 4 @ 7 8 i intemnet, elc.
o : mart Meter 2g (SM-2G)
? - 3  Dets Concentrator Grid Operator B manages
4 Head End System (HES) infrastructure for gas only
] E Independent
@ 5 Data-management Hub k Service
\ @ / 6 Retailer E Provider (ISP)
\ T B-HOMEDEVICESOMD:Y S 3@ O O O e P T L e PR L P TP Coe Ty
N-HOME DEVICES (IHDs)
~ =) —
° 8 Service Provider
° =]
9 Internet (cloud)

HFT)Johan Rambi (Netbeheer Nederland), “"Lessons learned from the new Smart

HiFfr)Alessandro Piti et al., “The Role of Smart Meters in Enabling Real-Time Meter Risk Analysis Methodology in the Netherlands”,

Energy Services for Households: The Italian Case” https://www.mdpi.com/1996-1073/10/2/199,
2017(RIEH202142H25H)
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https://esmig.eu/sites/default/files/presentation_by_johan_rambi.pdf, 2012
(EEH2021%€2825H)
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° 5’5‘5’1‘0)Z7 RMA=A—-R>H— (Landis+Gyrs) (& AN—MX=5—DHEEL LT, AN—MX—=4—%ZHubt U R - 7KiE
BEMA > I -EREDHEIRETHEBEZERL TLVB,

® ASHDAY—MA—H—HARICBNVTIE, HRIKBA—H—EDOHFBIRE A - TJ1—AEREIIENTERINTLDS (4
SADHBEEIM-BUSTO NI ZHER)

Landis+Gyrft AN—bhA—=4-YU1->3> AS0H AN—DMA—=H—{L1%

Indepandent
Services Provider

Meter Park Deployment Network Operations CustomerService | o [TTTTTTTTT OO N T
& R & Billing & 'Yy
Operation Settlement Delivery Control Contract Management -
Metering Pa
Othar system D Supplier
Services CAS
; / Module
‘,?'“-
e —
— Solution Metering Data Multi-energy
u._ Integration ‘Management Metering Management .
]p.._i é Grid company
— V 17— ) \ -
AR IKEX—H—A>H—J1—R
Profile reading (hour, day, week.,...)
Billing, Active Tariffs Tyt
Instantaneous/directieading ﬁ :%7? M-BU S} ;z:%'ru
Customer setvice nms‘l d“et:;sz a?\fo:ss

Master M-Bus

[ [&drldl' . [G- ] Figure 2 M-Bus: Wired infrastructure

FRARM-BUSHE 9 ? 9 P

/,r—,_g—)—-)*

Listener —]é‘f

Figure 3 M-Bus: Wireless infrastructure

HAT) Landis+Gyr, Advanced Metering Management in a multi-energy environment, HiFT) KEMA Consulting, P2 Companion Standard Dutch Smart Meter Requirements, 2008
https://pdfs.semanticscholar.org/ca37/65fda25fb8c51de82959053711c3457b1558.pdf  http://read.pudn.com/downloads145/doc/633047/DSMR%20v2.2%20final/Dutch%20Smart%20Meter
(BIEEH202142H825H) %?20Requirements%20v2.2%?20final%20P2.pdf(BEH2021F2825H)
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® Itronft(FAY— M= —(CIBHRAUIEZIT I DIMI T EEERIVALBERAMTACTZ#EHE D ETcEdge ComputingV
V1—2a %L TED, RS NConelectricas RLDANY—hXA—A—SDGREDHAX—A—DE A - K5 EEZH I 5.

® Landis+Gyrft(d. System Level / Community Level / Edge Layer®3DDL A7 —(CHVWTULIEZE T D 721U T
HD. Community LevelT(&, Rifi (Edge) DANY—IX—5—7 -5z B EBFAE(E TR, EEERFEILD

DEEIRERHENER T 3HIH 7 REN TS,
Itrontt Edge ComputingYyUi—-33>

OpenWay RivaYUi->3>
o HEMLENILEHDODEE T RINF—MHIERYRT = osenay operations center

o BIUFROWAMEOTHN [ = ]ﬂ
o BRLBRAISEHA e
[ ]

S TEERIBILNTES
. FEERR "

Landis+Gyrft Community Level{L#

* Community-level devices * Wholesale markets
= Grid-edge devices * Historic utility data and analytics
* Behind-the-meter devices systems
* Overall refiability * Reserve capacity
= Resource adequacy * T&D constraint mitigation
= Volt/VAR and frequency
regulation

* Utility data and command center

=5 A
. =reEls S —
= == vilviL ¥
. F=. ButhBiR ' & -_T-: ” = izl
S ERI|EE nc = Grid-edge devices * System-level software
® 4@5” 0)%2 EE:'| B $E Y Interacts with ... * Community-level devices * Specialized software, i.e., outage
) ﬁﬁyl\yyj >t°1 —_ j_—,{ \/9“&:554%% 1 2[5 ')tbé  Behind-the-meter devices management
@ @ =)  Distribution-level reliability * Aggregation of distributed energy
a = 5‘ = a B= L = Volt/ VAR optimization resources — data collection and
e = Distribution system devices control
= = = 2 such as capacitor bank * Smart city applications
= = controls, sectionalizers, etc.
N = = =
357;5\1%% BE * Head-end systems
HOIBIESE EENMM  TYRLARYZ ZEEBIRH AN=h271
tﬁﬁﬁﬁ?& /IOTCUDE}% = Community layer collectors * Behind-the-meter devices
By * Head-end systems
Ay
’V W—| 0
10 3 e > e
T I {: = Self-directed automation * Peer-to-peer automation
‘Location-Aware’ Outage Analysis Localized Instantaneous Connecting Smart -
Meters and Grid and Grid Reliability Demand Theft Detection and Cities and loT * Built-into-device, autonomous * Community- and system-layer
Devices Rfszonscot:‘a:d Revenue applications commands
s ik Assurance
_ y . HiFr)Landis+Gyr, Layered Intelligence: Architecture of a Smarter Grid(2018)
HiFM)Itron, “THE RIVA METER AND PLATFORM”, o . https://www.landisgyr.com.au/webfoo/wp-content/uploads/2018/08/landis-layered-intelligence-
http://nilmworkshop.org/2016/slides/Itron.pdf, (BIEEH:202069A 7R )IC=ZHHNNE architecture-of-a-smarter-grid-white-paper.pdf (BIEH:20204987 )= EHANMNE
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HPf - Department for Business, Energy & Industrial Strategy,” : SMART METER ROLL-OUT Cost-Benefit Analysis (2019)”,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-analysis-2019.pdf,
MIEH202142H25H &O=ZHHERK
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7R : Con Edisonl Advanced Metering Infrastructure Business Plan|&h=Z#HFRL
https://www.coned.com/-/media/files/coned/documents/accountandbilling/about-your-bill-rates/09-ami-panel-exhibits-ami-001-ami-005.pdf <202 12 H25HME >
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* The electricity consumption (kWh) or gas consumption (m?) in every half-hourly period 30D HENOBNEHENR
for the last 13 months; 135ANGRE

* For electricity, 3 months of half-hourly export data (kWh) and 3 months of half-hourly 30 BB EIRE - ENENE
data on reactive energy imported and exported (kvarh); 3yARRE

e Dalily electricity consumption (KWh) or gas consumption (m?) for the last 2 years; 1 BEMOEHERS 2 ERIRT
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* The conversion factor and calorific value (for gas).

DCC will also maintain an inventory which holds the meter identification numbers and meter
point identifiers (MPxN) associated with a premises name/number and postcode.

H AT % EDepartment of Energy & Climate Changel Smart Meters, Smart Data, Smart Growth |
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/591322/09022017_-_Smart_Meters__Data__Growth_DR_-
_updated.pdf <202152812HHE>
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Seattle City  ¢508.64  $15.87
Light
Legend
: » Puget Sound

Unique statewide 90 15
policies Energy $ $

Statewide opt-out Avista $75 $1O
policy in place

PUC case-by-case opt- Comed $7747 $2153
St PEOETEan S Con Edison $104.74 $9.50

| -out policies ir
r i Grand PUD $250.99  $64.34
Select the state on the HFT) Tacoma Public Utilityl Advanced Metering
map to learn more Infrastructure (AMI)Program Policies Discussion:
about its policies. Opt-Out and Customer Side Repairs|

(https://www.mytpu.org/wp-content/uploads/AMI-
PUB-Policies-Opt-Out-and-Customer-Repairs-
Presentation-20200610-v2.0.pdf)
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Eligibility Guidelines to Opt-Out

CE%E) KREIPLLICHIBAT M7 D MBIT S

KEA>TATFMDOEHEHLTHBIPLIE (Indianapolis Power & Light) (&, BOR—AR—2 ETATR7D Mei&

IRIBBEDRM. FIATTE FERE

ECOVTARRLTVS,

>|<I(D S NEFCHBITBDATRZINCBEIT 2R BEPRAREOHNWHIRICZRRZED0. [IEFTA—ADRE
(B4E/917) >ATN7INOBERASIUFERIOSIA UIBFHERERBEFHR) [LVSFHER. FERCTHS.

ATR7I NEIRT BIesd DA

Yeu must be a residential customer (Rate RS).

The service desired to be opted-oul is required o have a meter and residence on the same joined property (excluding apartments,
condors, and similar multi-unit dwellings). The residence is also required to have less than or equal to 400 amps senvice.

You must have ne documented instances, within the past 24 menths, of known unautherized use, theft, or fraud. Further, you must
have zero instances of threals of violence toward Company employees or its agents.

You are responsible for providing and maintaining unrestricted access lo IPL for meter installation, maintenanca, and reading. You

musl maintain 4 feet of clearance in front of the meter base. Failure o do so may result in lermination of your opl-oul participation,
along with the incremental cost lo install of AMI meter.

Customers who have non-residential rated services are not eligible for opt-oul.
Net metering customers are nol eligible for opt-oul.
Demand melered customers are not eligible for opt-out.

Customers on rales that require 15-minute interval data (TOU, EVX) are not eligible for opt-oul

< AT NP MEBIRY BT h DM »

O FERAFTERTHIL
OBE2ANBICAIEFEAPEEENECE

O:YE ARET ARSTDIEDICIPLICA=A—ANT IR T B %ZHFR]TBE
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Oy MA—4)> ) DFIRE (EITRIN CrDE

05 Y RA-A—DFIAFE T RINTHDE

O 15D BIRDT —VENBLITZTIDEBERIIRINTHEE

HFr) IPLIAdvanced Metering Opt Out Information Sheet |

https://www.iplpower.com/uploadedFiles/iplpowercom/Landing_Pages/JGS-1S_AMI%200pt-Out_29-Dec-2020.pdf
200

Summary of AMI Opt-Out Fees

ATR7INCRE T 2 FEAI DR

* A one-time service, administration, and installation charge of $48. This charge will be waived for Customers who enroll in the
AMI/AMR Opt-out option within 20 days of IPL's initial notice of the option.

* For Company-read customers, an engeing charge of $20 for each billing cycle will begin after the Customer's meter reading
route fransitions to manual reading.

* A Self-read option is available for customers who enroll before 12/31/2021. By opting to Self-read, the Customer accepts the
responsibility to provide accurate and timely readings to IPL, by entering their usage into a designated website portal, or by
utilizing IPL's Interactive \ioice Response ("IVR") system. Self-read Customers must provide a timely monthly reading on the
scheduled read date (or within three (3) days prior) as reflected on their billing statement, or their usage will be estimated. Ifa
Self-read Customer fails to provide a timely meter read three times in a twelve-month period, the customer will be removed from
the Self-read program and default to the Company-read, AMI Opt-Out tariff provision, with the corresponding charges. If a
customer's reported usage deviates greater than 5% of the amount recorded during an annual audit. the customer will be
removed from the Self-read program and default to the Company-read, AMI Opt-Out tariff provision going forward, with the
corresponding charges. At the ime a customer is removed from the Self-read program, the customer will be given the option to
have an AMI meter installed at no cost.
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VaR (Value at Risk)

JOSIIMARIDSSE. SFIAZEDURY (URDTFHA—-) (CaBEn3
CET. EDIREIE R 2 DRI 8BNS DA ST I B1E1E

CVaR (Conditional Value at Risk) ¢UTEHMiizEMT DEHZL

LWR (Least Worst Regret)

SHIANMEEIETESINZH T, B FUABEIRUIIEE DR KRR EE
=/NAFHEDE Dz BB . BIBEOSREAM RV EIREZ T3
FE

BIFTUAOFEEER(CLD, EH DU TEHEIT 2 LA EE

AHERMEDFL
RIETTO
RRREICERA

229 BT BRIRIF-FIE5EIRIEARINY - M -5—HIERF = 1 &2



mR
CE8%E) Least Worst Regret (#EiBiEg/\E) [CDOWT

® Least Worst Regret (LWR) 7JO—F(&. FEREDISBSFUANFL T DNCEIFRRL, BB ITREZURVZHDIR
STHRERBREY—)ILEUT. REIORY NI -7 & HIRRICEDANSN TS,

® |WRI(F. HERZHETEI DI REAIGEHOFVERZ FRAITIENUWGE(C. RBORRZEISENERE
WThd.

® EIFRBOISTRENSENE TOMI(CHM1LTTHHDDIZER. FRENSOERENZHAR (Fin) HMRUMESELOR,
FMEEENSV T TREBREZITONHENDDINAICHEVT, RBOSEZEZREUVCRBRETE2AMIYITHD. £
oo LWRIGES T OO S FUADIEVOT, REE G ZEE(L I 2T ELEAENETERTIIEN TED,

Least Worst RegretD®Z X 75

REREY-I ERf (BE%)
NPV GG CP SP NP
Least Worst Regret " Strategy 1 17 22 20 20
%ﬁ Strategy 2 18 27 30 13
H Strategy 3 15 32 25 18
| Strategy 4 10 15 16 20
SFUAD R Maximum 18 32 30 20
| BANPVESEBRONPVELLEL . SHHMERE
|
E>FhIOE Regret | GG!| cp | sp | np | Maximum
4 Regret
Strategy 1 1 10 10 0 10
i Strategy 2 0 5 0 7 7
FHERIEOTEIL Strategy 3 3 0 5 2 5
Strategy 4 8 17 14 0 17

HFR) Asset “An analysis of electricity system flexibility for Great Britain”
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/568982/An_analysis_of_electricity_flexibility_for_Great_Britain.pdf#:~:text=A%20%E2%80%98least-
worst%20regret%E2%80%99%20approach%20is%20about%?20quantifying%?20the,safest%?20path%?20that%20avoids%?20the%20worst%20possible%20outcomes

National grid, Network Options Assessment Methodology Review, https://www.nationalgrideso.com/document/90851/download (202142H25H)
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(I]R3X2) When deciding on an option, the Least Worst

Costs

Regret approach aims to minimize the cost implications

of any decision made when there is uncertainty over
the future.

One benefit of this approach is that it is independent of
the probabilities of the various potential future
outcomes and therefore it can be used when the
probabilities of these outcomes are unknown, providing
that the cases considered cover a range of credible

Scenario

§1

2558

Decision 1 (51GW)

2,598

Decision 2 (52.8GW)

2,640

Decision 3 (53.8GW)

Decision 4 (55.6GW)

2,725

Min cost
2,558

30 I8

S2
S3
S4

2,734
2,950
3,863

2,651
2,727
3,050

2664
2,705
287

2,730
2,739

2,651
2,705

2,788

2,788

D1 is optimal given S1;
D2 is optimal given S2;

etc

Regrets
Decision 1 (51GW) Decision 2 (52.8GW) Decision 3 (53.8GW) Decision 4 (55.6GW)

OUtcomeS 81 0 40 82 167
N _ . . 1& s2 a3 0 13 79
(#05R) Least Worst Regret7 JO—F(&. FHRICAEE N D D15 53 265 2 0 34
ACTPNZREOIZMOF EER/NRCIZ 3 LEENLL TS, 18 s w 0
Worst regret 1,075 262 a3 167

ZO7T0-FOFRD1D(E, BTIEMRITROFERDIER(CIOTHE

— o e N LWR option is Decision 3
RV BEREINDT - ANMESFE CEHEROEHZH/-L TS

(53.8 GW)

Dicision3h'& > FUACBVWTERBEIBEN/ NN

5E. AROERPRARIGETHERTEZILTHD.

HFT) NERA. Methods for Planning Under Uncertainty. https://www.eprg.group.cam.ac.uk/wp-content/uploads/2016/12/V.-Kvekvetsia-web.pdf

National Grid. National Grid Electricity Capacity Report . https://www.emrdeliverybody.com/Capacity%20Markets%20Document%_20Library/Electricity%20Capacity%20Report%202015.pdf (2021&2H25H)
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* Community-level devices
= Grid-edge devices
* Behind-the-meter devices

* Wholesale markets
* Historic utility data and analytics
systems

* Overall refiability

= Resource adequacy

= Volt/VAR and frequency
regulation

* Reserve capacity
* T&D constraint mitigation

* Utility data and command center

= Grid-edge devices
* Community-level devices
* Behind-the-meter devices

* System-level software
* Specialized software, i.e., outage
management

* Distribution-level reliability

= Volt/ VAR optimization

= Distribution system devices
such as capacitor bank
controls, sectionalizers, etc.

* Aggregation of distributed energy
resources — data collection and
control

* Smart city applications

* Head-end systems

= Community layer collectors * Behind-the-meter devices

* Head-end systems

= Self-directed automation * Peer-to-peer automation

= Built-into-device,
applications

autonomous * Community- and system-layer
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