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Net zero can be reached in many wayvs...
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Source: National Grid ESO, UK, FES 2021
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'8 How can we facilitate risk-aware
A proactive infrastructure investment?
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Source: AEMO ISP 2020 and Environment Victoria

© 2022 - P. Mancarella, The University of Melbourne IRED 2022, Planning under uncertainty, Adelaide, October 2022



THE UNIVERSITY OF
MELBOURNE

What future do we plan for?

Coal Distributed PV Solar - PV Wind Annual Energy (_bnsumption
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How can I make a risk-aware decision under
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VETBGURN: uncertainty over multiple scenarios?

" Expected cost minimisation o Least-worst weighted regret
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Source: P. Mancarella, et al., “Study of advanced modelling for network planning under uncertainty - Part 1”, Report for National Grid ESO, 2020:
https://www.nationalgrideso.com/document/185821/download
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LWWR analysis tool for National Grid ESO
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Least worst weighted regret analysis tool nationalgrid
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LWWR applications

nationalgrid

Network Options Assessment
Methodology
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Electricity System Operator

We've been discussing with Ofgem about how suitable the LWR approach is for the NOA. In
response to Ofgem'’s approval letter for the 2019/20 NOA methodology, we undertook a NIA
project to review current transmission investment planning practices worldwide and assess
the best decision making approach to planning under uncertainty. As part of this, we engaged
4 the University of Melbourne to investigate the matter and advise us. They concluded that
LWR is the best approach and suggested some refinements. These are to vary the scenario
weighting to test how stable recommendations are within the solution space. This will work in
concert with the implied probabilities that presented to the NOA Committee. We will continue

s document corta Natcral G Beckicty Sysen Opasecr €501 Nebwrk Optors
oo,

ConeSiion C27 in respect of e Seancial year 2020721 & cowrs the methodskagy on wch
W base the NOA 31 Jarusary 2021 As e

w
D rwtved o suwaquent NOAS 28 recuired by Licencs Conditon C27.

s In its work for National Grid, the University of Melbourne® proved mathematically that the standard LWR

Methd OIOQY approach is in fact an application of the LWWR approach where equal weights are assumed for all scenarios
(provided that unlikely scenarios that were heavily influencing outcomes were not removed). Therefore, the

LWR and LWWR approaches can be thought of as a single approach, with the application of different weights.

For the Integrated System Plan (ISP)
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Deterministic planning
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R. Moreno, A. Street, J.M. Arroyo, and P. Mancarella, “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”,
Philosophical Trans. Royal Society A, June 2017
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Moving forward:
el A flexible investment planning methodology...

R. Moreno, A. Street, J.M. Arroyo, and P. Mancarella, “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”,
Philosophical Trans. Royal Society A, June 2017
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-9 ... unlocks the option value of
el proactive network and non-network investment

Scenario 4: high investment
cost of solar power generation

Scenario 3: mid-high investment
cost of solar power generation

Scenario 2: mid-low investment
cost of solar power generation

Scenario 1: low investment
cost of solar power generation
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R. Moreno, A. Street, J.M. Arroyo, and P. Mancarella, “Planning Low-Carbon Electricity Systems under Uncertainty Considering Operational Flexibility and Smart Grid Technologies”,
Philosophical Trans. Royal Society A, June 2017
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Stochastic Integrated System Plan:
Multi-asset investment co-optimization...
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Installed capacfty (BESS) [GW]

THE UNIVERSITY OF

MELBOURNE

Deterministic

’
N

15

10

020406057,

P"Obability of
Investment

... and the value of storage vs transmission

2-stage

020406087,

_P"Obabl'lity of
investment

3-stage

02040605,

_PrObabl'th of
INnvestment

4-stage

0204060457,

_P"Obabl'”ty of
investment

100% Root node Q<

2020
2025
2030
2035

@000

20% Slow. @~

20% Central @

20% Fast @—

20% High DER @—
10% Step HD_2025- Q@

20% Step @

Stochastic planning reveals new role for storage
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| GPST ongoing work:
e A 2022 stochastic ISP with ri$k ssessment
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S. Puschel, et al. “Separation event-constrained optimal power flow to enhance resilience in low-inertia power systems”, Electric Power System Research, 2020
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GPST ongoing work:
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e Do we transport electrons of molecules?
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I. Saedi, et al., “Integrated Electricity and Gas System Modelling with Hydrogen Injections and Gas Composition Tracking”, Applied Energy, 2021 i
S. Mhanna, et al., “Iterative LP-based Methods for the Multiperiod Optimal Electricity and Gas Flow Problem”, IEEE Trans. on Power Systems, 2021

© 2022 - P. Mancarella, The University of Melbourne IRED 2022, Planning under uncertainty, Adelaide, October 2022



GPST ongoing work:
MELBOURNE Planning for the black swan

Smarter?

Resilience
Enhancement

Bigger?

M. Panteli and P. Mancarella, The Grid: Stronger, Bigger, Smarter? Presenting a conceptual framework of power system resilience, IEEE Power and Energy Magazine, May/June 2015

© 2022 - P. Mancarella, The University of Melbourne IRED 2022, Planning under uncertainty, Adelaide, October 2022



GPST ongoing work:
MELBOURNE Role of DER in system planning
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LU Modelling extension:
e Investment under uncertainty for distribution
networks with DER

Strategy A Total NPC weighted over all scenarios
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J. Schachter, P. Mancarella, J. Moriarty, and R. Shaw, Flexible investment under uncertainty in smart distribution networks with demand side response: Assessment framework and
practical implementation, Energy Policy, Volume 97, October 2016, Pages 439-449.
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Source: Wikipedia and Google search
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How much and

Power capacity [GW]

Energy capacity [GWh]|

F. Cebulla, et al., “"How much electrical energy storage do we need?”, Journal of Cleaner Production, Volume 181, 20 April 2018, 449-459

what storage do we need?
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