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Urban Energy Systems
• Traditionally

– Energy-supply networks evolve separately
– Un-integrated
– Systems work but probably not optimal
– Suitable for future?

• Aims
– What would energy systems look like in the future?
– How good can it be without policy restrictions?
– Use a holistic systems approach

• Explore benefits of integrating energy supply
• Land use and transport
• Energy efficiency, environmental impact etc.



Multidisciplinary



Layered Modelling Approach
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Layered Modelling Approach
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Layout Model
• Inputs:

– Area available for city
– Expected population and their preferences 
– Income distribution
– Expected number of facilities/services
– Employment opportunities
– Possible housing types, capacity and footprint

(e.g. Low Density, MD, HD)
• Output:

– Where to place housing, and what type
– Where to place other facilities: Education, Health, Leisure, 

Industry etc.
– Transport infrastructure (if any) between cells

• Required capacities



Example Layouts (greenfield)



Agent-Based Microsimulation
• Inputs:

– Location of activities, jobs and 
housing

– Detailed preferences
• Leisure, travel etc.

– Initial transport network
• Output:

– Behaviour of citizens over time
• Where they are
• What they are doing
• What modes of transport used

– Resource demands
• Over time
• At each location



Resource Technology Network
• Inputs:

– Resource demands
• Over time
• In each location

– Available resources
• Locally
• Import from other cities

– Available technologies
– Possible transport
– Storage capabilities

• Outputs:
– Which technologies

• Where, capacity, operation
– Where and when to store
– Flows between locations
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UK Ecotown Case Study
• Central England
• 87 hectares
• 6500 people
• 50% energy from on-site renewables



UK Ecotown Layout
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Scenarios with Biomass
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Scenario S0 Gas



Scenario S0 Electricity



Scenario S2a Forest Residue



Scenario S2a Chips



Scenario S2a Distric Heat



Scenario S2a Electricity



Scenario S2c Forest Residue



Scenario S2c Chips



Scenario S2c Distric Heat



Scenario S2c Electricity
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Conclusion
• Holistic view of urban energy systems

– Layout — closer integration with RTN
– ABMS — more detailed model in development
– RTN — larger models and better robustness
– Network — in development

• Case Study
– Biomass:

• much lower CO2

• CHP only: more expensive, higher energy consumption
• Domestic chip boilers: cheaper, moderate energy


