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Science fiction?
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Source: AEMO

Is it a far future? 



© 2019 P. Mancarella - The University of Melbourne MES flexibility, IEEE PES DL Delft, December 2019 8

Who can help solving 
the problem?
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Flexibility in low-carbon power systems
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The big picture:
Sector coupling and multi-energy systems 

(MES) 
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Electrification: 
the magnitude of the problem…
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So, instead of this…
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… could we do this?
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Modelling storage from buildings
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N. Good, L. Zhang, A. Navarro Espinosa, and P. Mancarella, High resolution modelling of multi-energy 
demand profiles, Applied Energy, Volume 137, 1 January 2015, Pages 193–210, 2014
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Virtual storage and

building-to-grid flexibility

baseline
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(energy 
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N. Good, L. Zhang, A. Navarro Espinosa, 
and P. Mancarella, High resolution 
modelling of multi-energy demand 
profiles, Applied Energy, Volume 137, 1 
January 2015, Pages 193–210, 2014

L. Zhang, N. Good, P. Mancarella,
“Building-to-grid flexibility: Modelling and
assessment metrics for residential
demand response from heat pump
aggregations”, Applied Energy, Volumes
233–234, 1 January 2019, Pages 709-723



© 2019 P. Mancarella - The University of Melbourne MES flexibility, IEEE PES DL Delft, December 2019 16

Flexibility from community and 
districts energy systems 

T. Capuder and P. Mancarella, Techno-economic and environmental modelling and 
optimization of flexible distributed multi-generation options, Energy, 2014
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distributed Multi-Energy System (MES)
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Integration of energy vectors 
in multi-energy communities and campuses

Electricity:

▪ 17 buildings

▪ 13 nodes

Heat:

▪ 30 buildings

▪ 36 nodes

Gas:

▪ 27 buildings

▪ 37 nodes

E.A Martinez Cesena and P. Mancarella, “Energy systems integration in smart districts: robust optimization of 
multi-energy flows in integrated electricity, heat and gas networks”, IEEE Transactions on Smart Grid, 2018
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(a) Scenario 1: District level gas boilers + local gas boilers 

 

(b) Scenario 2: District level gas boilers + local heat pumps 

 

(c) Scenario 3: District level CHP + local gas boilers 

 

(d) Scenario 4: District level CHP + local heat pumps 

 

(e) Scenario 5: District level CHP + local CHP 

 

(f) Scenario 6: District level heat pumps + local heat pumps 

Figure 1: Flows of energy between electrical, heat and gas networks in total 24 hours for each Scenario
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Applied Energy, 2016

Heat

Electric

Power
Gas

Gas 

Turbine

Boiler
Heat Pumps, 

Electric Heater

CHP

Pumps

Compressors

- Flywheel

- Battery Banks

- Capacitors

- Reservoirs

- Line pack

- Hot water tanks

- Space Temperature

- Pipes

Power-to-gas

Flows of energy between electricity, heat and gas networks 
through conversion components 

Transformative changes in 
multi-energy systems
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Multi-vector multi-service
network constrained system optimization tool

E.A Martinez Cesena and P. Mancarella, “Energy systems integration in smart districts: robust optimization of 
multi-energy flows in integrated electricity, heat and gas networks”, IEEE Transactions on Smart Grid, 2018
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Source:  X. Liu and P. 
Mancarella. Modelling, 
assessment and Sankey 
diagrams of integrated 
electricity-heat-gas 
networks in multi-vector 
district energy systems. 
Applied Energy, 2016
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Urban-scale Virtual Power Plants

H. Wang, S. Riaz, P. Mancarella, “Integrated Techno-economic Modeling, Flexibility Analysis, and Business Case Assessment of an Urban

Virtual Power Plant with Multi-market Co-optimization”, Applied Energy, in press, November 2019
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Large-scale sector coupling:
Port Lincoln multi-commodity hub
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Big challenges, innovative solutions 
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Integrated electricity, hydrogen and RES VPP
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New business case opportunities from 
integrated services
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Integrated multi-commodity markets

Note: Potential revenue from the FFR 
agreement not included

Hydrogen-based devices 
providing FFR for PV
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Flexibility from networks
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Flexibility across infrastructure:
Power-to-gas (P2G) for network arbitrage

S. Clegg, P. Mancarella, “Integrated modelling and assessment of the operational impact of power-to-gas (P2G) on electrical and gas 
transmission networks”, IEEE Transactions on Sustainable Energy 6 (4), pp.1234−1244, 2015

Modelling the impact of H2 
injection on gas flows
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More and new forms of flexibility:
Power-to-gas (P2G) for seasonal storage

S. Clegg, P. Mancarella, “Storing renewables in the gas network: modelling of power-to-gas seasonal storage flexibility in low-carbon 
power systems”, IET Generation, Transmission & Distribution, 10 (3), pp.566−575, 2015

Installed generation capacities Peak 

demand 
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92 40 87
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How much storage?

F. Cebulla, et al., “How much electrical energy storage do we need?”, Journal of Cleaner Production, Volume 181, 20 April 2018, 449-459
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Planning for an integrated system:
Do we really know the future?

Demand growth scenarios
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Planning for the
Smart Grid
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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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Considering Operational Flexibility and Smart Grid Technologies”, Philosophical Trans. Royal Society A, June 2017
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Network vs non-network solutions:
need for updated regulation

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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Flexible operation and investment
skews the expected economic performance of the MES
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E. A. Martinez Cesena, T. Capuder and P. Mancarella, “Flexible distributed multi-energy generation 
system expansion planning under uncertainty,” IEEE Transactions on Smart Grid, 2016

Flexible planning and risk:
Application to MES
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In progress:
Stochastic Integrated System Plan

Queensland (QLD)

New South Wales (NSW)

Tasmania (TAS)

Victoria (VIC)

South Australia (SA)
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The bigger picture (down under):
It’s not (at all) only about electricity...
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Australia Potential Exports of 
Hydrogen In the Next 20 Years
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Science fiction?
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Back to the future

1878: “We will make electricity so cheap that only the rich will burn candles” 

1882: Edison switched on his Pearl Street electrical power distribution 
system, which provided 110 volts DC to 59 customers in lower Manhattan
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We’ll get there
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Resilience 
Enhancement

Smarter?

Bigger?Stronger?

Planning for Resilience:
The Resilience Trilemma

Upgrade 

existing 

infrastructure, 

asset life 

extension, etc.

Build new 

infrastructure, 

e.g. transmission 

lines, 

substations, etc.

Make the network more 

responsive (e.g. faster 

restoration), self-

adaptive, resourceful, 

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, Invited Paper.


