Prospects and challenges of decarbonising heating
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Electrification is one of the main solutions proposed for decarbonising heat as part of a wider effort to meet national 2050 net-zero emission targets. The widespread
accessibility of power, technological maturity and no requirement for new regulations promote electrification as a promising option for decarbonising heat. However in many
courtiers such as the UK, given the present structure of power and heat sectors, high degree of electrification of heat will have major implications for the power grid. How the
power grid transforms in response to these changes while meeting emission targets will affect the rate, timing and cost of decarbonising heat as well as cost of the heating
service provided. We have developed a systematic mathematical optimisation framework to study these interlinks emerging from integrating power and heat sectors via
electrification. The framework is centred on a linear programming, multi-scale capacity planning and unit dispatch model of power and heat sectors that identifies the least-cost
transition pathway, optimal system design of the power grid and the energy vector mix of the heat sector subject to system-wide, technical, operational and environmental
constraints.
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Power grid transformation

1) System perspective 2) End-use perspective

The approach and associated policies adopted for sectoral decarbonisation, in this case
heating, significantly affect the value of different technology options. We analyse three
different approaches for decarbonising heat in buildings via electrification in terms of cost
technical challenges and their system-wide implications:

Unlike the power sector where decarbonisation decisions are made centrally, decarbonising heat has two interrelated
steps: switching to low-carbon energy vectors at the end-use, and developing the supply network for that energy
vector. Electrification of heat using distributed heat pumps involves three main investment and operation trade-offs at

+ Whole system approach (EPH): Zero emission from combined power & heat in 2050.
+ Sector-specific targets (IPEH): Internal budget for power & zero emission from heat
in 2050.
Internal budgeting for heat (IPIH): Separate internal budget for power & heat
(phasing out coal and oil boilers by 2030 in the heating sector).
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Whole system approach (graphs a & a’):
= The cost-optimal transition pathway completely relies on sector off-setting for decarbonising heating in
buildings. The carbon intensity of power drops to as low as -0.15ton CO,/MWh to compensate for emissions
from heating.
= The gas grid continues its full operation and the insignificant expansion of the power grid is exogenously driven
- No integration of power and heat sectors.
Sector-specific targets (graphs b & b'):
= Electrification is deployed at scale and that entails a significant expansion of the power grid and complete
decommission of the gas grid.
= The fuel switching is postponed to the end of horizon when enough flexible low carbon capacity is available in
the power grid. There are two major risks to this approach:
+ At the end-use a large installation rate of heat pumps is required and failing to meet that will risk achieving
the emission targets for heating-Challenging given the currently very low installation rate in the UK.
+ Adding a large fluctuating load from heating over a short period of time would impede retiring of unabated
conventional thermal plants-The secure balancing of supply demand overrides emission targets for utilities.
Internal budgeting for heat (graphsc & ¢’):
= The required fuel switching rate at the end-use reduces due to advancing part of electrification.
= The power grid in the UK has to deal with additional power demand from electrifying heat, retirement of nuclear
plants and uptake of renewables at the same time.
= In order to comply emission targets for power either flexible CCS-integrated thermal plants should become
available earlier, or more intermittent renewables and their complementary storage capacity and transmission
should be installed. However, the flexibility and dispatchability service that batteries provide would be less
valuable when flexible low-carbon gas-CCS becomes available later - Oversized system and low utilisation rate
for some technologies.
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Whole system approach:
Low mitigation cost due to avoiding end-use conversion and the
associated power system expansion - Favourable in terms of
affordability of services and meeting fuel poverty targets.
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3) Multiscale perspective

Reliance on imported resources: High demand for biomass and NG
due to using BECCS for meeting emission targets and the continued
operation of NG as well as projected reduction in Domestic NG
production - Challenging in terms of energy security.

Intemal budget or heat (IPIH)
Sector specific targets (IPEH)
‘Whole system approach (EPH)
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Sector-specific targets and internal budgeting:
High mitigation cost due to the added cost from conversion at the
end-use and the associated expansion of the power grid - Would
affect affordability of services for consumers.
Electrification would facilitate diversification of resources which in turn
will reduces reliance on import and as well as more efficient allocation
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Key takeaways

Power grid can contribute to decarbonising heat via electrification and sector offsetting (using NET). The relative role of each

the end-use:

+ Ground source (GSHP) vs. Air source heat pumps (ASHP)

+ The capacity of thermal storage integrated with heat pump (25-100 Lit/p buffer thermal storage )

+ Heating duty d
pump )

Peak power demand is key in power system capacity planning and
the grid should be designed so that it can securely supply peak power
demand. Figure (a) compares the peak demand in 2050 for different
electrification scenarios. Three distinctive trends can be observed:

+ Peak demand rises as the share of installed ASHP increases
because ASHP performance varies significantly with outside
temperature.

+ Peak power demand is higher in the 45°C cases and the gap
between 45°C and 55°C scenarios increases as the share of
installed ASHP reduces.

+ The peak power demand drops significantly as the buffer thermal
storage increases and the impact of thermal storage reduces as
storage capacity increases beyond a certain level.

Figure b and c represent impacts of different electrification scenarios on
total installed capacity and total system cost.

+ As the share of installed GSHP increases, the variations in the power
demand and peak demand reduces accordingly. Therefore less
storage and peak generation capacity are required and the total
installed capacity decreases. However, the savings from reduced
installed capacity in the power sector will not compensate the
additional cost of more expensive GSHP.

+ Heating duty division shows a reverse trend. Although the 45°C
scenario requires higher installed capacity in the power grid
compared to 55°C, the total system cost is lower because acquired
savings from installing smaller heat pumps at the end-use will
compensate for the additional capacity required in the power grid.

+ Thermal storage appears to be a game changer. The installed
capacity would drop significantly by increasing additional thermal
storage and in this case the total system cost decreases as well
since the savings acquired from reduced installed capacity in the gird
will compensate for the cost of increasing storage capacity at the
end-use.

System value of additional thermal storage
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Power dispatch profile in 2050
25 Lit/person scenario (GW)

= Nuclear
= Interconn. (FR, NL)
= CCGT-PoStCCS.
= BECCS
—Bio
Solar PV
Wind-Onshore

Power dispatch profile in 2050
75 Lit/person scenario(GW)

ccet

06T

= Pumped Hydro
Interconn. (IE)

= Lead-acid battery

--=-Regular power

demand
&

Electrification exaggerates fluctuations in the power demand
and it will increase peak power demand and ramping rate over
peak hours. Moreover following deep electrification of heat,
seasonality will appear in the power demand profile

The value of end-use management varies for
different decarbonisation approaches adopted
and also the degree of electrification
persuaded. The flexibility service offered by
end-use management would be more valuable
if internal budget is adopted, reducing the
abatement cost in a meaningful way.

peak hours.

A sizable peak generator and grid level storage capacity will
be required to securely balance supply and demand over

To take up the power output from renewables, the grid has
to curtails thermal and nuclear base generators’ output so
the utilisation rate of these generators decreases —Total

system cost increases.

The whole system approach with complete
reliance on sector offsetting and the other
scenarios with zero direct emission from heat
represent the extreme ends of a range of °
scenarios for decarbonising heating in buildings

with one favouring affordability and fuel poverty

targets and the other favouring energy security .
targets which in many states is the overriding

target.

on the made

If a larger thermal storage capacity is integrated at the end-use
and operated optimally:
The grid uses the additional capacity to shift the power
demand from heating to hours that abundant solar and wind
is available in the system by advanced charging of the tank.
The added thermal storage will provide the opportunity for
aligning the power demand from electrifying heat with peak
availability of renewables in the grid.

energy security, affordability and decarbonisation targets.

The amount of biomass that can be allocated to decarbonising domestic heating and also the degree to which the UK can afford relying on import of resources would be key determinants of the optimal trade-off between these two extreme

sets of scenarios.
and

addlng flexibility to the system investing in ground-source heat pump in buildings does not seem to provide much value from system's perspective.
Proper combination of various decision factors at the system and end-use levels is key for decarbonising heat via electrification.

at the end-use can significantly contribute to attenuating reinforcement implications of electrification for the power grid. While additional thermal storage capacity can provide significant system value by




