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Sustainable cities

 Cities are responsible 70% of 

anthropogenic GHG emissions

 6+ billion urban population by 2050
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Bahrain twin tower

Source: CC BY-SA 3.0, https://en.wikipedia.org/w/index.php?curid=56664758



Diverse energy assets for cities

ISO
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Real-time management of these assets can ensure energy independence, reliability and resilience 
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Gov. Dannel Malloy

• Tri-states area has been hard hit with severe weather

• 2010 snowstorms

• Tropical Storm Irene, August 2011

• Freak October snowstorm, 2011

• Hurricane/Superstorm Sandy, 10/22-11/2, 2012

• Blizzard of 2013

• Storms have left hundreds of thousands without 

power for long periods of time, in some cases in 

excess of 10 days

• large-scale devastation

• threat to safety and security of residents

• disruptions to everyday rhythms of 21st century 

life

• Policymakers scramble for ideas:  somebody trots out a study on the cost of 

undergrounding power lines

“The most recent report in 2007 estimated the cost of placing the state's 1,330 miles 

of 345 kilovolt transmission line underground and maintaining it would be $27.8 

million a mile compared to $6.8 million for the same length of overhead line.”—

CTPost.com





Sustainability + Resilience
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Joint implementation of sustainability and resilience

 Two closely related but, especially in practice, distinct concepts

- Both concepts express the most important goal for a system: its integrity and 

survivability when its internal conditions and external environments are normal or 

subject to disturbances

- In the context of management practice, major differences include

- Scales: sustainability focuses on larger spatial scales and longer temporal scales.

- Equitability: Inter-generation and inter-region equity is at the core of sustainability concept, but 

resilience may be achieved at the expense of future generations and of connected systems.

- Process vs performance: Resilience emphasizes process, and sustainability emphasizes system 

performance and outcomes.

 Three perspectives for the joint implementation of sustainability and 

resilience (Marchese et al, 2018): 

- Resilience as a component of sustainability: for a system to be sustainable as the 

primary objective, planning process needs to consider its vulnerabilities to disturbances. 

The sustainability of a system increases as resilience increases, but not vise versa.

- Sustainability as a component of resilience, i.e. sustainability is pursued as a factor that 

can contribute to resilience as the ultimate goal of the system;  

- Resilience and sustainability as separate objectives (e.g., negatively correlated, 

uncorrelated, or positively correlated)
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Four essential elements of resilience
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Smart city

 Internet of Things (IoT) leads to transformational changes in urban energy systems, as well as 

in buildings and transportation sectors

 Seven defining characteristics of smart cities: 

- sensible, connectable, accessible, ubiquitous, sociable, sharable, visible and augmented

- Technically possible to close a loop critical to city operation: sensing, communicating, decision making, 

and actuating tasks in automated and more accurate manners

 Use military doctrine Network Centric Warfare to operate city: 

- respond to surprise and urgent adverse events

- shared situational awareness and decentralized decision-making by distributing information

- An example: dynamic islanding and dynamic microgrid

 New challenges associated “being smart(er)”

- More complexity

- Vulnerability to man-made adverse events (e.g., cyber-attacks)

 Cooperation from people as individuals and as organizations. Attractiveness of smart 

technologies depends on their own analysis of 

- feasible options

- valued outcomes (comfort, cost, health, privacy) 

- uncertainties (controlled by utility? consumption data is protected?) 
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Smart Grid: a network of integrated microgrids

that can monitor and heal itself
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Source: Kurt Yeager, Galvin institute Source: Pipattanasomporn et al, 2012



Energy systems in smart cities

Enormous benefits

- the availability of energy-use information with high spatial and 

temporal granulations

- reduction in total energy use and carbon emissions

- lowering peak demand

- mitigating load pocket, and 

- quicker restoring power supply (especially to critical services). 

Research questions

- What are the new energy problems in smart city? 

- What are the appropriate interventions (e.g., technologies, 

policies) to address these problems so that best energy 

services can be provided? 
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Need new framework for urban energy system

 City as a complex adaptive system, and the six elements

- Energy resources: solar, geothermal, wind…

- Hardware: energy use and generation/harvesting devices, pipes, wires….

- Processes: “organized collection of signal tools” (i.e., generation, detection, and perception) 

to govern energy importing & harvesting, and the installation and operation of energy 

hardware

- People: individuals involved in energy activities (e.g., harvesting, use, and storage) as 

homeowners, building occupants, drivers and passengers

- Institutions: formal and informal rules governing the behavior of individuals and organized 

individuals

- Activities: tasks including plan, design, invent, implement, manage, and utilize energy system 

for specific purposes

 City boundary: geographic-plus boundary

- All within the administrative boundary, plus 

- substations, transmission lines, and central power stations connected to city but located 

outside the administrative boundary
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Integrated assessment and usefulness

As a process connecting knowledge and actions, 

usefulness (or effectiveness) measures: 

- issue defining and framing, 

- identifying and evaluating options for interventions, and 

- ultimately actions adopted by society to address the issues

Three attributes of effective/useful assessment

- Saliency: How relevant to the changing needs of targeted 

users?

- Credibility: Are the technical arguments true? and 

- Legitimacy: Is the assessment process fair and respectful to 

stakeholders?
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List of guiding questions

Who are within (and outside of) the city boundary? Whose 

needs for energy services have higher priorities? Whose 

energy services are vulnerable to stressors? Who are the 

decision makers determining the desirable energy services? 

Who can influence decision makers? 

What issues decision makers concern about? What are the 

desirable energy services in smart cities? What are the 

technological and policy options to improve the sustainability 

and resilience of smart cities? what are their valued outcomes 

and uncertainties?

Where are the severe impacts of stressors?

How are key decisions influenced (automatic, individual 

decision making, and through political process)?
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Dynamic MicroGrids – Generation which is self driven to find the 

best fit load to serve at the distribution feeder level
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From structure to a relational framework
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Scenario in the two case-studies

 Context: extended period of power outage

 Typical residential buildings

 Sustainability: PV system that meet all the electricity needs of the 

households

 Resilience: capable of disconnecting from grid and operating at “island” 

mode

 Households maintain normal load as much as possible

 Dispatching priority during the outage: 1st PV, 2nd car battery, 3rd gasoline

 The household has 1 plug-in hybrid electric vehicle (Chevy Volt, or Chevy 

Bolt, or Toyota Prius Prime)
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Vehicles

Battery capacity 

(kWh)

Fuel tank capacity 

(gallon)

Electricity equivalent 

(kWh)

Chevy Volt 18.4 8.9 243

Toyota Prius Prime 8.8 11.3 316

Chevy Bolt 60 0 0



Case study 1: Long Island, New York
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Case study 2: Villa in Riyadh, Saudi Arabia
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Summaries and implications

 Without DER (i.e., PV and PHEVs/EVs), no power supply, miserable life

 With PV only, 

- LI house can have full power supply for 6 hours, partial supply 2 hours; 

- Riyadh villa full supply 7 hours, partial supply 5 hours, 

 With PV and PHEV

- LI house has full power supply all day (24 hours), and gasoline in the tank is 

needed

- Same to Riyadh villa, but gasoline is essential. 

- Implications: PHEV

 Future work

- Feeder-level simulation

- Power outage for multiple days

- District cooling
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