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ESRI Research Bulletins provide short summaries of work published by ESRI
researchers and overviews of thematic areas covered by ESRI programmes of
research. Bulletins are designed to be easily accessible to a wide readership.
OVERVIEW
Hydrogen is attracting increasing attention as an energy source across several
sectors where decarbonisation options are either limited or relatively expensive.
Residential heating is one example. Ireland’s National Energy & Climate Plan 20212030 considers green hydrogen to be an enabler of the transition to a low carbon
economy. The term “Green Hydrogen” refers to hydrogen whose extraction does
not depend on burning fossil fuels and thus it is advocated as a policy option for
decarbonisation. One mechanism to produce hydrogen is through the electrolysis
of water, powered by electricity from renewable energy. Hydrogen produced in
this way can decarbonise residential heating by blending it with natural gas.

The emissions performance of the electricity system depends on a complex
interaction of factors such as thermal and renewable electricity generation,
electricity demand, weather conditions, electricity market characteristics, as well
as the constraints of the transmission and distribution networks. Given that
complexity, the impact of a large-scale deployment of electrolysers within the Irish
electricity network either on emissions or other sector metrics, such as electricity
prices, is not immediately obvious and is the focus of this research.

METHODS
The analysis is undertaken using a computer model of the electricity system on the
island of Ireland. The model is designed to simultaneously determine optimal
investments in generation and transmission infrastructures at least cost while
respecting the constraints of the power system. Constraints include that sufficient
electricity supply must be available at every moment to meet customer demand,
not just in aggregate but spatially across the network whilst respecting the power
flow capacities of the grid. Renewable power generation expansion must also meet
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policy targets. Scenarios were developed around the policy target of achieving 70%
renewable electricity generation by 2030 and the use of electrolysers and
hydrogen storage to supply residential heating demand.

FINDINGS
The emissions performance in the residential heating sector unambiguously
improves, as hydrogen displaces natural gas. However, emissions in the electricity
sector increase due to the additional thermal generation necessary to meet the
extra load from electrolysers. In the scenario examined, net emissions are higher,
which means emissions essentially switch from the residential sector to the
electricity sector.
The scale deployment of electrolysers necessitates additional power system
investment in the transmission network, as well as additional generation capacity
(thermal and renewable). While electrolyser deployment facilitates some (minor)
expansion in renewable generation capacity, most growth in renewable generation
capacity is driven by the 70% renewable electricity policy target for 2030.
The deployment of electrolysers provides benefits to the wider electricity system.
Electrolysers reduce curtailment of wind generation, a situation that arises when
power from wind turbines is not utilised due to excess electricity supply compared
to electricity demand. However, in the context of the policy target to roughly
double renewable electricity generation to 70% by 2030, wind curtailment is
anticipated to increase 7-fold and the ratio of average wind power output
compared to its maximum potential, termed capacity factors, is anticipated to
decline by five percentage points to 30%.

POLICY IMPLICATIONS
Hydrogen at the point of use, whether for residential heating as in this study or for
transport or industrial purposes, has the potential to displace fossil fuels and
reduce emissions. While power-to-hydrogen based on surplus or curtailed wind
generation is often nominally labelled as ‘green’ hydrogen, this research shows
that ‘green’ hydrogen production is not an unambiguous outcome of the
deployment of electrolysers on the Irish electricity system. Individual projects
should be carefully assessed, recognising the complex interaction of electrolysers
and the electricity system.
Hydrogen has a potential role to play in decarbonising the economy particularly in
instances where decarbonisation alternatives are challenging. In the example
considered here, where hydrogen is used for residential heating, carbon emissions
from residential heating decline. In contrast to other policies such as home
retrofits, there are no costs or hassle imposed on the residential sector thereby
circumventing a critical barrier to reducing emissions in the residential sector.
However, if hydrogen production is associated with additional carbon emissions,
consideration needs to be given to whether decarbonisation in one sector is simply
shifting emissions to elsewhere in the economy.
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