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The UK heat landscape
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Fig 1: Energy consumption in the UK (2018)
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The UK heat landscape

Heat provision by fuel in the UK
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The UK heat landscape
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Fig 3: Regional heat characteristics in GB
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Fig 4: Domestic heating systems share in the GB (2018)




Heat decarbonisation pathways

Electrification of heat Hydrogen based heat
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Domestic heat demand analysis (l)
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Fig 5: Comparative analysis of heat peak demand estimates
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Domestic heat demand analysis (ll)

(1 Historical regional gas demand data from
gas distribution operators over 2015-2018

O Building performance evaluation data used
to transform gas into heat demand —
incumbent average boiler efficiency

Fig 6: Hourly heat demand profiles in GB regions

Q Off-gas grid heat demand estimated through
number of properties not connected to the grid !
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Domestic heat demand analysis (lll)

Sliding-window correlation analysis
In gas regional demand profiles

dHeat demand is strongly dependent on
temperature

Social and building stock factors play
a key role as well to evaluate heat
demand generality

Fig 7: Regional sliding window correlation in heat demand
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Model development
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Study set-up

= Allocate existing fleet of power
generation

=  Account for decommissioning of plants

= Existing transmission capabilities and
expansion for interconnected regions

= Future Energy Scenario demand
projections

= Future interconnection prices based
on the “Global Ambition” scenario

= Differentiate between on-gas and off-
gas grid properties

= Negative emissions only attributed to Fig 8: Model calibration results against DUKES 2015
power sector
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Scenario comparison overview

Heat vs noHeat implications:

« 1.25-fold increase in
generation capacity

« 1.2-fold% increase in
transmission capacity

« 1.32-fold increase in
peak demand

« 1.43-fold increase
system’s cost
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Scenario comparison overview

Impact of reduced flexibility

« 1.5-fold increase in
generation capacity

* 1.1-fold% increase in
transmission capacity

« 1.48-fold increase in
peak demand

« 1.53-fold increase
system’s cost increase
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Scenario comparison overview

Impact of thermal energy storage

2-fold increase in
generation capacity
1.25-fold increase in
transmission capacity
2-fold increase in peak
demand

2.3-fold increase
system’s cost increase
Reduced utilisation
factor of CCGTCCS
(T46%)

EPRG - FTI Consulting/ComLex Virtual Winter Seminar



Electrification adoption rates

Fig 9a: Spatio-temporal evolution of electrification adoption rates Fig 9b: Snapshot of spatial capacity allocation mix

« Very high adoption rates after 2033 in Western regions raging from 35% to 56% over 5-year periods
« SE consistently throughout the scenarios is the early adopter
« SO consistently the last one to electrify
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Electrification adoption rates

Fig 9a: Unconstrained case of adoption rates Fig 9b: Constrained case of adoption rates

» NT full electrification is delayed until 2053 vs 2043 same for EA

« WS adopts early with adoption rates

» Late adopters (NW, SO, WM) start electrification by 2028

« What changes? More firm generation less RES in the early stages
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Electrification adoption rates

Fig 9a: Unconstrained case of adoption rates Fig 9b: Constrained case of adoption rates

» NT full electrification is delayed until 2053 vs 2043 same for EA

« WS adopts early with adoption rates

» Late adopters (NW, SO, WM) start electrification by 2028

« What changes? More firm generation less RES in the early stages
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2033 - Base case

Electrification adoption rates

2033 - Adoption Rates

« Biomass: +2.1GW « Solar: +0.3GW No adoption rates:
* Nuclear: +3.6GW  WindOn: -1.3GW SO net importer from SE
« CCGTCCS, CCGT:- e WindOff: -1.8GW SO net exporter to NT
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Conclusions

= Decarbonising residential heat demand requires:

= Accurate heat demand estimates (T45-48% reduction in estimated peak heat demand)
= New regulatory measures by means of sector-specific carbon budgets

» Wind-Offshore is favoured over Wind-Onshore when electrification of heat is considered

» |nvestments in spatial capacity allocation can differentiate regions fit for electrification

= Region with flexible generation and interconnection are favoured for deeper electrification
Ongoing Work

» Investigating the impact of allocating negative emissions across sectors
» Land-use availability considerations for the allocation of renewables

» Hydrogen infrastructure for whole-system heat decarbonisation
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