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Back to the future!
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What are the flexibility issues with
renewables?

Ideal system dispatch with wind

2000 System dispatch with no wind

Minimum-load issue
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Who provides flexibility and reliability

today?
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And tomorrow?
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Is it a far future?

Figure 5 SA frequency compared to Victoria during event
Frequency - Sh vs VIC - 2B/9/16
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Source: AEMO
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Who can help to solve
flexibility and security problems?
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Flexibility in low-carbon power systems

LOW FLEXIBLE AND
INFLEXIBLE
GENERATION
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. AC LINES
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Courtesy of T. Capuder, University of Zagreb
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we need?
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The bigger picture:
Sector coupling and multi-energy systems

Energy Flow Chart 2017
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So, instead of this...
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Courtesy of T. Capuder, University of Zagreb
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... could we do this?
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DER flexibility:
the Cigre C6/C2.34 definition
(in progress)

"In the context of DER, flexibility is the ability of one
or more resources to modify their net operational
active and/or reactive power injection/withdrawal.

Flexibility is specified at one or more grid locations by
amount, delivery time, duration, and relevant
constraints (e.g., DER and network technical
constraints, market conditions, and social aspects).”

Focus on aggregation and (networks) constraints
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DER aggregation metrics: capability

A convenient way to represent the characteristics
of each DER is through their P-Q capability charts

Q Field current
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Source: S. Riaz et al, “Modelling and characterisation of flexibility from
distributed energy resources”, IEEE Transactions on Power Systems, July 2021
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DER aggregation metrics: capability

Generator PQ chart BESS PQ chart DERA capability
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Source: S. Riaz et al, “Modelling and characterisation of flexibility from
distributed energy resources”, IEEE Transactions on Power Systems, July 2021
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Source: S. Riaz et al, “Modelling and characterisation of flexibility from
distributed energy resources”, IEEE Transactions on Power Systems, July 2021
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How about network constraints?
Network-constrained aggregated DER capability:
“Feasibility” metric
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Example:
The Fishermans Bend Virtual Power Plant

Cold TES
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Flexibility and grid services from
the Fishermans Bend VPP

FOR Slow raise FCAS
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H. Wang, et al., “Integrated Techno-economic Modeling, Flexibility Analysis, and Business Case Assessment of an Urban Virtual
Power Plant with Multi-market Co-optimization”, Applied Energy, 2020
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How’s DER-based VPP actually
performing?

Frequency Control Ancillary Services (FCAS) response for South Australian VPP:
Oct. 9 2019, Kogan Creek trip (Queensland generator) Source: AEMO
FCAS response/ MW Frequency/Hz]
14 50.20%
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A: Initial response to 748 MW trip C: Response stops as frequency now above 49.85 Hz
B: Continued response as frequency recovers  D: New response as frequency drops below 49.85 Hz again

Sources: https://www.pv-magazine-australia.com/2020/04/04/long-read-orchestral-support-for-an-evolving-energy-system/ and AEMO
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DER and the system and market:
VPPs, DSO and "DMO”
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Planning BIG:
The Australia’s National Hydrogen Strategy
and green hydrogen potential

Potential for green hydrogen production with consideration for access to

water, ports, pipeline easements, and electricity infrastructure
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Source: COAG Energy Council, Australia’s National Hydrogen Strategy, November 2019
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Power-to-gas with Green H,

Green H, production in RES
curtailment areas

S. Clegg, P. Mancarella, “Integrated modelling and assessment of the operational impact of power-to-gas (P2G) on wos

electrical and gas transmission networks”, IEEE Transactions on Sustainable Energy 6 (4), pp.1234—1244, 2015 e
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Green H, production model

-

2

But not all of this hydrogen can be used for network injection!

"

1. Saedi, S. Mhanna, P. Mancarella, “Integrated Electricity and Gas System Modelling with Hydrogen
Injections and Gas Composition Tracking”, Applied Energy, accepted for publication, August 2021 cRe
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Integrated electricity-gas-
hydrogen network model

Output Data Options

Pay
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1. Saedi, S. Mhanna, P. Mancarella, “Integrated Electricity and Gas System Modelling with Hydrogen
Injections and Gas Composition Tracking”, Applied Energy, accepted for publication, August 2021 CcRC
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Hydrogen-RES multi-energy VPP
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Integrated renewables-hydrogen,
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J. Naughton et al., “Optimization of Multi-Energy Virtual Power Plants for Providing Multiple Market and Local Network Services”,

Electric Power System Research, 2020
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What we talk about when we talk about
flexibility, security and reliability

Image source: Google search
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What we talk about when we talk about
resilience

Image source: Google search
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Planning for Resilience:
The Resilience Trilemma

Make the network more
Smarter? responsive (e.g. faster

restoration), self-

adaptive, resourceful,

etc.
Resilience
Enhancement
Upgrade Build new
existing Bi - infrastructure,
infrastructure, lefeletrs e.g. transmission
asset life lines,

extension, etc. substations, etc.

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
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Not only batteries:
Fast frequency response from electrolysers

= Great FFR capabilities of large-scale electrolyzers
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M. Ghazavi, A. Jalali, and P. Mancarella, “Fast frequency response from utility scale hydrogen electrolysers”, IEEE Transactions on Sustainable
Energy, March 2021
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Sustainability, reliability and resilience
in future grids

| itc

IMPORTED FLEXIBILITY

INTECONNECTIONS
AC LINES
HVDC
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Energy Forum, 2020
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Concluding remarks

While the system gets more and more decarbonised,
more flexibility will be needed and at the same time
the traditional sources of flexibility become more scarce

Huge opportunities arise for DER and integrated
energy systems to provide flexibility (and resilience)

Technical and commercial challenges from
interactions between market stakeholders across the
electricity value chain and across multiple energy
systems

Suitable techno-economic frameworks are needed
to model, quantify and value flexibility and resilience of
future integrated energy systems
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Back to the future

"'"We will make electricity so cheap that only the rich will burn candles”

© 2021 P. Mancarella

Thomas Edison, 1878
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Back to the future

"Water will one day be employed as fuel, that hydrogen and
oxygen which constitute it, used singly or together, will furnish an
inexhaustible source of heat and light, of an intensity of which
coal is not capable.

Someday the coal-rooms of steamers and the tenders of
locomotives will, instead of coal, be stored with these two
condensed gases, which will burn in the furnaces with enormous

calorific power.”
Jules Verne, “The Mysterious Island”, 1874

“"For the anxious, progress towards a hydrogen future is
too slow. But look back a few decades from now and
history will record the hydrogen industry as an overnight
success”

Dr Alan Finkel, Chief Scientist of Australia, November 2019

Source: COAG Energy Council, Australia’s National Hydrogen Strategy, November 2019
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Nowadays
Grid and
Service Market

© 2021 P. Mancarella

Who will provide flexibility and
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Source: “More Microgrids” project, 2009

grid services in the future?
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“"The Smarts”:
houses, districts, cities, grid

39
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P.Mancarella, “Multi-energy
systems: an overview of
models and evaluation
concepts”, Energy, Vol. 65,
2014, 1-17, Invited paper
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What are Multi-Energy Systems?

“Systems in which electricity, heat, cooling, fuels,
transport, and so on optimally interact with each other at
various levels - for instance, within a district, city or region

n

electricity petroleum
natural gas

i
=

city/region

cooling /-

B BN heat
electricity transport N\
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Flexibility in Multi-Energy Systems

= Can other energy systems/vectors provide flexibility to the
electrical power system (= ability to provide supply and
demand balance “quickly”)?

= Can (lack of) flexibility in other energy systems constrain the
electrical power system?

G. Chicco et al., “Flexibility from distributed multienergy systems”, Proceedings of the IEEE, 2020
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From DER flexibility to grid services
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See: H. Wang, et al, “Integrated Techno-economic Modeling, Flexibility Analysis, and Business Case Assessment of an
Urban Virtual Power Plant with Multi-market Co-optimization”, Applied Energy, Volume 259, 1 February 2020, 114142.
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Harnessing DER flexibility:
overcoming multi-dimensional barriers

Market structures

Political/
regulatory

Economic

Technological .

Understanding

Physical

Secondary barriers

N. Good, et al., “Review and classification of barriers and enablers of demand response in
the smart grid”, Renewable and Sustainable Energy Reviews, vol. 72, pp. 57-72, May 2017
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The bigger picture:
It's not (at all) only about electricity...

Australian Energy Flows 2016-17 (Petajoules)
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Tomorrow’s Australia’s Super Power future?

Generation and Load profiles

FEMDX Australia
0 Leadership @ 200% (Leadership-+export)

= 2 A\ / “u‘“‘:.f\j{" ‘“./;fﬁ«;-f 41

oadinT

\
Solar PV Solar PV r\\n,,__
5 . (ther
|-I jemand

January July December January July December

seneration or

" P 2 - W
Genemtion or Load in GW

2t0rag
Source: Energy Typical winter week 2050 Typical winter week 2050 G
Transition Hub i
enargy-trapsitioe-hub.oeg'

© 2021 P. Mancarella MES Flexibility and Resilience, MEM 2021, Oct21 45
45

45



