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What is resource adequacy?

“Resource adequacy (RA) studies assess Affordabilty Sustainabilty
whether a power system has an , : , ,
appropriate set of resources to maintain s Distebuton Operational Resilence
continuous service to demand, with a _

i S e Equpment = b
desired level of certainty pibi fokres derees =
Resource Adequacy for a Decarbonized Future: A Summary of oot Natural Lackor Cyber and other
Existing and Proposed Resource Adequacy Metrics, EPRI, April 2022 v attacks

* RAs just one aspect of grid reliability
and overall grid performance

Source: Energy Systems Integration Group.
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Why modernize resource adequacy analysis?

Chronological grid operations Correlated events

. . W R\\ Variable renewable . Weather i t
 Historical adequacy assessment ¢ energy i
focused on independent mechanical S
. . Efal  Energy-limited Combined out
outages of thermal generating units L473 resoLrCes o ombined outages
3 @
. : . 20~
* Resource interactions and risk ﬁ Hybrid resources S climate trends
drivers in modern power systems S—
can look dramatically different ooo]  Load flexibility and Modular technology
oo demand response reduces correlation

Source: Energy Systems Integration Group.
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Six Principles for Resource Adequacy Analysis

rinciple 1
Quantifying size, frequency, duration, and
timing of capacity shortfalls is critical to
inding the right resource solutions.

Principle 2
Chronological operations must be modeled
across many weather years.

Principle 3
There is no such thing as perfect capacit
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Principle 4
Load participation fundamentally changes
the resource adequacy construct.

Principle 5
Neighboring grids and transmission should
be modeled as capacity resources.

Reliability criteria should be transparent and
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Principle 6: How much adequacy do we need?

Y

*  Both technical and economic factors need to
be considered when defining an “acceptable”
adequacy level

»  Electricity shortfalls are undesirable, but so
are high system costs

* Need to find the balance that is appropriate
for the specific system context

Cost of
reliability

Benefit of
reliability
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Loss of load expectation (hours per year)

Source: Regulatory Assistance Project / Hogan and Littell (2020).
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Principle 2: Study chronology and multiple weather years

Historical Summer Today's Summer Tomorrow’s Winter Challenge

Peak Load Net-Peak Load On a grid with high levels of variable renewable

On a grid with conventional On a grid with rising levels energy, periods of highest risk coincide with longer
thermal generation, periods of solar energy, periods lulls in renewable generation, which tend to be in
of highest risk coincide of highest risk tend to the winter and which may also be exacerbated by

electrification of heating demand.

with peak load hours. be evenings.

Source: Energy Systems
Integration Group, adapted
from E3.

Degree of Reliability Challenges

0% Level of Renewable Energy on the Grid 100%
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Principle 1: Identify specific risk characteristics
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Source: Midcontinent Independent System Operator (2021).
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Principle 3: No perfect capacity

50
45 ]
'E 40
- All generating resources, including LI
thermal generation, face unavailability g - Weather-driven
risks i U, ona
5 averaes
» Need to better capture this risk (including %’ iz
timing, outage correlation, and common- b
mode failures) when considering system v 7| vintrouage
adequacy and comparing potential ’ e e
adequacy investments R wso  emcoy s

Jan. 2014 Jan. 2019 Feb. 2021

Includes forced outages plus
derates for all technology types

Source: Energy Systems Integration Group.
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Full reports, executive summaries and fact sheets
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Further resources

Adequacy Risk Metrics Capacity Accreditation

CIGRE SCIENCE
4ENGINEERING

Ensuring Efficient Reliabili
NEW DESIGN PRINCIPLES

Resource Adequacy for
FOR CAPACITY ACCREDITATION

a Decarbonized Future

C5 - Beyond Expected Values:
Evolving Metrics for Resource
Adequacy Assessment

CSE N°27
January 2023

est Of Papers CIGRL Paris Session

‘aScopus registered magazine
IS5 2A26-1335

= [c]

ANEREY YT
INTEGRATION §R00P

https://cse cigre.org/cse-n027/c5-beyond-expected-values- https://www.esig.energy/new-design-principles-for-capacity-accreditation/

evolving-metrics-f dequac nent

https://www.epri.com/research/products/000000003002023230
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Further resources

Abbreviation

v |

Time
paciod fyeor*

Hars/yoar®
Days/yoar*

Years/

%

Definition

Averagge number of evenkperiods per year™ oo all
af tha randam samplos simulaied. The LOLE matric can
be applied to any time periad length, and must be

chearly defined by the user.

Awarage evenbhours per year® acras all of tha
randam samplos simulated,

Avarage evenidays per year” acress ol of the
random samples simuloded.

Average evenkypears per shudy bori all of
tha randam samplas simudind,

Calculated s the tolal number of eventperiods
divided by the 1otal number of time perieds sampled.
The LOLF mahric can ba applied ko any fime period
longth and study horizan, and must be cleary defined
by the user.

North America [20,21)

Effective Load Carrying Capabiity
Equivalent Firm Capacity
[Equivalent Conventional Powar
Installed Capacity
Unforced Capacity
Ganaration Cher Peak Lood
Generation Cver Net Peak Road

Generafion Over Peak LOLP Heurs

EUE

nEUE

Events/yoar*

MWh/yoar

%

Avarage count of evenis per year® across ol of the
random samphes simulated.

Awarge load not sarved par year® due 1o shorall
wvorits acress all of the randam samples simulated.

Average load nol served per year® due to shortiall
ovenly ocross ol of the random samples simulated,
caleulated a1 a parcantage of system load.

Computational Burden ‘ Data Reguiremants

+ = bow, +4 = madiom, +4++ = high
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MISO LOLE < 0.1 days/year MISO
MROManitoba Hydra LOLE < 0.1 days/yoar Manitaba Public Utiliies Board
MPCC Maritimes LOLE < 0.1 days/year Maritimas Sub-areas and NPCC
NPCC-New England LOLE =< 0.1 days/year ISO-ME and NPCC
MNPCCNow York LOLE = 0.1 days/year NYSRC and NPCC
NPCCOntaric @ Regic
NPCC Québec Europe [18,25]
PIM Interconnaction Bolgom [26] MoAH < 3 ooy Ea Group
SERCC R —~
SERCE - - - —
Biiboin [28] National Grid ESO
SERCFP L il e a: e
Irwkond el Norhern Ireked [26] 8 hours/yeas (ieland) EirGrid and SONI
SHes LOW < 4.9 houns/ycr Diodthae bekond) https://www.epri.com/research/products
s Motherionds (30} LOUH 5 4 boursyecr Tearal JOD0ODD0S002023230 .
TREERCOT Polard [31] LOUH = 3 bours/yoar PSE
WECCAR Porugal [27] OWH 5 5 hors/'year REN
WECCBC Spain [27,32] PRM 2 10% [Mainksnd) REE
WECC-WPPUS & RMRG [22) Lou [ —— RA Metrics/Criteria Entity Calculating RA Merric
WECCSRSG Ocsunia i
WECC.CAMX [23] asmidics N i 139] LOW* £0.2% CEA
AustrabiaNT [24] NEL MNEUE < 0.05%
Hawaii [24] Ausiralic WEM [15] L’«: Indenesia [40] PRM [2019-2028] = 30% MNaticnal] Miriisiry of Energy and Minsral Resources
T el e | PRM [2020-2029) = 8% par region OCCTO
we | oo 142] FRM [2020-2030] = 15% Miriisiry of Enargy and Mines
Wi | Malaysia [43) LOHE < 1 days /oo ThE
Africa | hilippines [44] FRM [2017-2040] = 25% DOE
South Abrica [38] EUE| Singapare [45,44] LOUH < 3 hours fyear EMA
O hiland [47,48] FRM [2015-2036] > 15% EGAT
:"; Vietnam [49] LOWH 5 12 howrs/yoor por region MOIT
Middle East
Saudi Arabia [50] FRM [2018) = B-10% SEC
Orman [51) LOUH < 24 howrs//yeos OPWP
Gt [52] FRM [2019) = 6% KAHRAMAA
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