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• Electricity demand
• Reserve requirements
• Inertia requirements 
• Emission target

min { CAPEX + mode-specific OPEX }

• System capacities design
• Power dispatch
• Reserve and inertia provision 
• Carbon emissions by technology 
• Flexibility of power generating units
• Detailed capital and operational costs 

Future Work

• Continue to validate ESONE model and to incorporate zonal aggregation 
method for solar and wind resource availability

• Investigate the impact of regional electric vehicle growth rates, charging 
patterns and infrastructure installed

• Explore the value of tidal energy in an emissions-constrained energy system 
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Fig. 1: Zonal design 
and representative 
transmission network 
for Great Britain [2]
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The maps above illustrate the new capabilities of ESONE. For 
example, we can see that coal CCS and NGCC CCS come online in 
the south in 2025, while BECCS begins to appear in 2030. By 2050, 
a significant amount of NGCC CCS and BECCS come into use, 
predominantly in southern England and eastern Scotland. 

Motivation Typical energy system capacity expansion models consider resources 
aggregated at the national scale. But how do we capture the nuance of 
energy factors that are highly site-specific?

 What type of power 
technologies should be 
built?

 When should they be 
built?

ESONE: Spatially-explicit electricity system optimisation

We built a mixed-integer linear program (MILP) 
which simultaneously optimises the electricity 
system design and operation.

ESONE Capabilities: when and where does CCS come into play?
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Mathematical 
Description:

 Where should they be 
built? 

 How should they be operated?
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Resource availability was determined using transmission node of each zone

Used k-means clustering to calculate 10 representative days + peak demand day for each zone

chosen day

centroid

Data Preparation

Fig. 2: Example of a cluster of time dependent input data for 
a single zone [3]

Fig. 3: A 
snapshot of the 
total installed 
capacity for each 
5-year time step 
over the entire 
optimisation 
time horizon. 
Carbon 
emissions are 
exogenously 
constrained.


