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INTRODUCTION

AIMS AND MOTIVATIONS

Following the favourable developments in the COP21
climate conference, many states are gearing up efforts
to fight climate change and its dire consequences.
There seems to be general consensus and commitment
to move towards a sustainable energy future, and fulfil
stringent climate goals. This requires decarbonizing
different energy sectors such as electricity, transport,
heating and cooling among others. Generally speaking,
the heating sector is both energy and carbon-intensive.
For example, in Ireland alone, domestic heating was
responsible for about 10 MtCO2 emissions in 2016. Out
of the total GHG emissions in the same year, this figure
represents about 17%, which means Ireland has to go
farther and deeper to decarbonize the residential
heating sub-sector. Power-to-heat (P2H) with a thermal
storage is one of the most promising solutions that
helps countries such as Ireland to fulfil environmental
goals set forth locally or globally. However, a higher
penetration level of P2H would mean that the demand
for electricity might increase dramatically, with this
having implications on the existing grid infrastructures.

•

The integration of heating and electricity sector is expected to ensure more efficient utilization of
renewable power by reducing curtailments.

•

The heating sector is also expected to provide opportunity for increased demand side flexibility potential.

•

The diagrams below demonstrate the intended purpose of the study.

•

First, excess renewable power, which would otherwise be curtailed, can be directly converted to heat via
heat pumps or other means.

•

With the electrification process of the heating sector, renewables are expected to play a major role in
achieving decarbonization targets.

•

Peak electricity generation from variable renewables and peak heat demand may not always happen at
the same time, indicating the need for thermal energy storage.

•

Moreover, customers may get enough incentive to run their heat pumps during high variable power
production periods, and use thermal energy storage.

•

We will analyse the role and the benefits arising from the use of thermal energy storage system,
particularly, in terms of enhancing the flexibility of an integrated energy system.

Objectives
• To develop an optimization framework that enables
understanding the interactions between the power
and the heating sectors.
• To provide a quantitative as well as qualitative
analysis on the impacts of P2H in terms of grid and
power generation expansion needs as well as overall
system performance (particularly, in terms of variable
renewable power integration and greenhouse gas
emissions abatement).

METHODOLOGY
• An optimization model that is suited for making the
aforementioned analysis is developed.
• The resulting model is based on a least cost
optimization with an objective function containing
the NPV costs of annualized generation and
transmission capex, expected operation, emission and
load shedding.
• Subject to technical and economic
constraints, as well as variable RES
integration targets.
• The model is also based on a stochastic programming
framework.
• It is coded in GAMS, and solved using CPLEX.
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• An optimization model is developed that helps to understand the interactions between the power and
the heating sectors in Ireland.
• The model is being populated with Irish dataset, and simulations and analysis will follow suit.
• The analysis will encompass exploring the possible flexibility potential of the heating sector, with and
without a thermal energy storage.
• Implications of P2H will be thoroughly assessed, particularly, in terms of grid and generation expansion
needs, utilization level of variable power, emissions reductions, and energy costs among others.
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