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Research Briefing: Low Carbon Heat

1. Introduction

This Research Briefing is part of a series on low carbon energy in Wales. This paper
focuses on low carbon heat sources, including their role in decarbonisation and an
overview of relevant technologies. For further information on low carbon energy,
refer to the other parts of the series:

low carbon energy in relation to the energy trilemma, and outlines the
policy landscape in Europe, the UK and Wales;

and

. Low Carbon Transport focuses on the main options for reducing carbon
emissions from transport.

Low carbon refers to a reduction in greenhouse gas emissions. These are commonly
measured as carbon dioxide equivalent (CO.e) and referred to as “carbon emissions”.

2. Low carbon heat in Wales

Low carbon heat is a key component in achieving climate change and renewable

greenhouse gas emission reduction targets for 2020, 2030 and 2040, along with
carbon budgets for 2016-20 and 2021-2025, by the end of 2018. These will set the
trajectory for an 80% reduction in greenhouse gas emissions in Wales by 2050
(compared to 1990 levels).

This is a particular challenge in Wales since a large proportion of carbon emissions
come from large point sources (known as 'big emitters’) such as refineries, steel
Emissions Trading Scheme (EU ETS) (compared to 40% across the UK). While action
is needed reduce the emissions from these large point sources, this is very
challenging in some cases, and Wales has limited devolved powers in these areas.
GCreater savings will have to be made in other sectors in Wales relative to the UK as a
whole to compensate for emissions from the ‘big emitters’.



https://seneddresearch.blog/2017/05/22/new-publication-low-carbon-energy-in-wales/
http://www.assembly.wales/Research%20Documents/RS17-017/17-017-Web-English.pdf#search=low%20carbon%20electricity
https://seneddresearch.blog/2017/05/22/new-publication-low-carbon-energy-in-wales/
https://seneddresearch.blog/2017/05/22/new-publication-low-carbon-energy-in-wales/
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
http://www.legislation.gov.uk/anaw/2016/3/contents
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
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UK Committee on Climate Change recommendations

budgets should be set, as well as how the targets may be achieved.
The UK CCC policy recommendations for Welsh Government include:

" Updating building standards to ensure that new buildings have a high
standard of energy efficiency and are designed for low carbon heat;

. Providing funding and ‘soft’ support for building energy efficiency and
low-carbon heat;

" Developing a heat decarbonisation strategy for Wales; and
" Encouraging the use of waste heat from industry.

The second UK CCC report shows that to achieve the Welsh Government target of an
80% reduction in carbon emissions by 2050, emissions from buildings will need to
reduce by around 85% compared to 2015 levels (Figure 1).
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http://gov.wales/topics/environmentcountryside/climatechange/emissions/?lang=en
https://www.theccc.org.uk/publication/advice-on-the-design-of-welsh-carbon-targets-2/
https://www.theccc.org.uk/publication/advice-on-the-design-of-welsh-carbon-targets-2/
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
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During the Fourth Assembly, the Environment and Sustainability Committee

recommendations of the inquiry included the introduction of “near-zero” carbon
emissions building standards and extension of existing Welsh Government retrofit

near term, including:

. Ensuring new build is energy efficient and designed to accommodate low
carbon heating;

. Promoting energy efficiency improvements to existing buildings;
. Building low carbon heat networks;

. Installing heat pumps in buildings not connected to the grid; and

Injecting 5 % biomethane into the gas grid.

broader benefits of an area-based retrofit programme. Near-zero carbon emissions
building standards and extending retrofit programmes have been recommended as
priorities in each examination of how to reduce carbon emissions in Wales.

Looking further to the future, the UK CCC report highlights the need for the UK
Government to make a decision, between 2020 and 2025, to prioritise either heat
pumps or a hydrogen gas network for homes currently on the gas network. Either
option could be deployed alongside district heat networks and heat pumps for off-
grid homes.



http://senedd.assembly.wales/mgIssueHistoryHome.aspx?IId=13374
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/?lang=en
https://www.nestwales.org.uk/
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/?lang=en
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3. Energy efficiency and funding schemes

Wales has slightly higher per capita residential emissions, at 1.8 t CO.e per person

__________________________________________________________________

per year, than the UK average of 1.7 t CO.e per person per year. Local climate affects
this, but Wales also has more inefficient buildings than England on average, as
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This energy inefficiency, along with lower than average household income,
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(analysis unavailable for Wales).

Improving energy efficiency

the reduction needed to reach the 2050 carbon emissions target. These



http://naei.beis.gov.uk/reports/reports?section_id=4
https://www.gov.uk/government/statistical-data-sets/live-tables-on-energy-performance-of-buildings-certificates
https://www.gov.uk/government/statistical-data-sets/live-tables-on-energy-performance-of-buildings-certificates
http://gov.wales/topics/housing-and-regeneration/publications/fuelpovertycommittment/?lang=en
http://gov.wales/topics/housing-and-regeneration/publications/fuelpovertycommittment/?lang=en
http://gov.wales/topics/environmentcountryside/energy/fuelpoverty/fuel-poverty-levels/?lang=en
http://gov.wales/topics/environmentcountryside/energy/fuelpoverty/fuel-poverty-levels/?lang=en
https://www.gov.uk/government/statistics/annual-fuel-poverty-statistics-report-2017
https://www.gov.uk/government/statistics/annual-fuel-poverty-statistics-report-2017
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
https://www.gov.uk/government/collections/fuel-poverty-statistics
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
https://www.theccc.org.uk/publication/building-low-carbon-economy-wales-setting-welsh-carbon-targets/
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improvements, when correctly installed, have the potential to improve comfort,
remove damp and reduce fuel poverty. The UK CCC recommendations include a full
housing condition survey (last carried out in 2007) and new low-carbon building
standards to avoid costly retrofits in future.

Although new building standards can help significantly in reducing emissions, 70%

an additional £104 million in the four years from 2017 to 2021.

The Warm Homes Programme has consisted of different schemes throughout its
existence:

2012. These included renewable heat sources such as air source heat
pumps and solar hot water, alongside energy efficiency improvements;

measures for 6,500 homes, a significant proportion of which received
external wall insulation; and

home assessments with efficiency improvements for residents on means
tested benefits.

recipients reporting high levels of satisfaction with the home improvements.
Renewable Heat Incentive

The Renewable Heat Incentive (RHI) is a UK Government scheme that provides
customers. It began in 2011 and includes funding for heat pumps, solar hot water
and biomass heat supplies.

total capacity of 350 MW, representing 9% of the capacity installed under the non-
domestic RHI in Great Britain. There have been over 4,000 domestic installations in
Wales, 7% of the domestic RHI total.

In February 2018, the National Audit Office assessed the value for money of the RHI.
Discussing the success of the scheme rolled out by the department for Business,
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http://gov.wales/about/cabinet/cabinetstatements/2017/energyretrofits/?lang=en
http://gov.wales/topics/environmentcountryside/energy/efficiency/warm-homes/?lang=en
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/?lang=en
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/publications/welsh-government-warm-homes-arbed-eu-final-report/?lang=en
https://www.nestwales.org.uk/
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/publications/?lang=en
http://gov.wales/statistics-and-research/evaluation-nest-energy-efficiency-scheme/?lang=en
https://www.ofgem.gov.uk/environmental-programmes/domestic-rhi/about-domestic-rhi
https://www.ofgem.gov.uk/environmental-programmes/non-domestic-rhi/about-non-domestic-rhi
https://www.gov.uk/government/statistics/rhi-deployment-data-december-2017
https://www.nao.org.uk/report/low-carbon-heating-of-homes-and-businesses-and-the-renewable-heat-incentive/
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The Department showed flexibility in rolling out the scheme, adjusting
scheme objectives to respond to a changing strategy and over optimistic
initial planning assumptions and it is learning lessons for the future.
Measures it introduced to control the scheme’s costs have enabled it to
avoid the budget control problems that occurred on a similar scheme in
Northern Ireland.

However, the Department has not achieved value for money. It does not
have a reliable estimate of the amount it has overpaid to participants that
have not complied with the regulations, nor the impact of participants
gaming them, which could accumulate to reduce the scheme’s value
significantly.

The UK Government has also launched a scheme to drive innovation in low carbon
heating technologies. Innovative technologies, processes and business models are
eligible for support and grants of between £200,000 and £2 million. The total
funding for the scheme is £10 million. It aims to produce better ways of providing

low carbon heat in existing buildings.

4. Low carbon heat sources

District Heating

District heating replaces individual gas boilers in homes with a centralised heat
source. Hot water is piped around the network to provide each home with heat.
District heat networks vary in size, from small groups of properties to thousands of

However, there is interest in developing heat networks in order to supply low carbon
heat to larger areas.

District heating can provide zero carbon heat by using sources such as biomass
boilers or heat pumps (see below). Alternatively, it may use waste heat from large
facilities such as industrial processes, power stations, or energy-from-waste plants.
While not strictly zero carbon, these heat networks provide a dramatic increase in
efficiency by using heat that would otherwise be discarded. Using excess heat from
industry in Wales through district heating was a key policy recommmendation for the
Welsh Government from the UK CCC.



https://www.gov.uk/guidance/innovations-in-the-built-environment
https://www.bre.co.uk/news/BRE-Wales--partners-win-DECC-funding-to-develop-heat-network-innovation--1053.html
https://www.bre.co.uk/news/BRE-Wales--partners-win-DECC-funding-to-develop-heat-network-innovation--1053.html
https://www.theccc.org.uk/wp-content/uploads/2017/12/CCC-Building-a-low-carbon-economy-in-Wales-Setting-Welsh-climate-targets.pdf
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Figure 3 Map of HNDU funding for local authorities in Wales (Source: Research Service)
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support for local authorities for heat network project development. Five percent of
the total funding of £14 million has been provided to local authorities in Wales (Figure
3).

Cardiff has received the most funding of local authorities in Wales. This was granted

scheme using heat pumps (see below).

Examples of existing large-scale district heating networks elsewhere include:

from-waste facility is distributed to over 5000 domestic users and 100
commercial buildings;

fossil fuel combined heat and power. The system is now transitioning to
heat pumps and energy-from-waste plants.

Figure 4 Trident Park Energy from Waste plant (Copyright Gareth James and licensed for reuse under
Creative Commons Licence)



https://www.gov.uk/guidance/heat-networks-delivery-unit
http://www.bbc.co.uk/news/uk-wales-south-east-wales-25959502
http://www.bbc.co.uk/news/uk-wales-south-east-wales-25959502
https://www.vitalenergi.co.uk/casestudies/nottingham-city/
https://business.engie.co.uk/embedded-generation/district-energy/southampton/
https://www.euroheat.org/knowledge-centre/district-energy-iceland/
https://www.euroheat.org/knowledge-centre/district-energy-iceland/
http://www.danskfjernvarme.dk/english/statistics

Research Briefing: Low Carbon Heat

collaboration of agencies focused on the promotion and support of district heating
schemes in Scotland. This is supporting the development of numerous district

Heat pumps

Domestic heat pumps

Electric heat pumps work by extracting energy from an external heat source.
Temperatures underground rarely drop below 10°C in Wales (this allows for the
higher efficiency of ground source heat pumyps) and air source heat pumjps can work
with external temperatures down to -15°C.

Since heat pumps extract heat from an external source, rather than generating heat
directly, they can provide more heat than their electrical energy input (by a factor of

efficient than traditional electrical heating.

Air source Ground source

£5,000-10,000 £10,000-18,000

~equal to new gas ~£100 less than new gas boiler
boiler
200-300% 300-400%

2 m?with good air flow  External ground for trench (~30m
long) or borehole (15-150m deep)

Table 1 Typical parameters for domestic heat pumps



http://www.gov.scot/Topics/Business-Industry/Energy/Energy-sources/19185/Heat
http://www.gov.scot/Topics/Business-Industry/Energy/Energy-sources/19185/Heat
http://www.districtheatingscotland.com/
http://www.star-ref.co.uk/news/the-uks-first-water-source-heat-pump-for-district-heating-unveiled-at-euroheat-power-congress.aspx
http://www.energysavingtrust.org.uk/renewable-energy/heat/ground-source-heat-pumps
http://www.energysavingtrust.org.uk/renewable-energy/heat/air-source-heat-pumps
http://www.ehpa.org/technology/key-facts-on-heat-pumps/
http://www.energysavingtrust.org.uk/renewable-energy/heat/air-source-heat-pumps
https://www.cse.org.uk/advice/renewable-energy/ground-source-heat-pumps
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Heat pumps are most efficient when providing water at lower temperatures (45-
50°C) than traditional boilers. As a result, heat pumps require larger radiators or
underfloor heating. The most efficient method for heating the home with a heat
pump is gradually over several hours. This has the potential advantage of shifting
energy use to off-peak hours. Savings can then be increased through dual price
with greater flexibility through the use of smart meters, may allow this saving to be
increased in future.

Heat pumps have no emissions at the point of use. This not only reduces carbon
coal and wood. The reduction in carbon emissions depends on the electricity mix
used to power the heat pump. A fully renewable energy supply will result in zero
carbon emissions but even with the current energy mix carbon emissions are cut by

The greatest cost savings and emissions reductions are made when replacing old
LPG or oil boilers, or electric heating. For example replacing an inefficient oil boiler

heat pumps.

Currently relatively few homes have heat pumps (<100,000 across the UK), despite
Government schemes to encourage their installation. 120 were installed in Wales

One issue that may be slowing down roll-out is the high upfront cost of heat pumps,
and the lower potential savings due to the lack of a carbon price on domestic gas
consumption.

‘low-regrets” target for near-term low-carbon heat installations. Given the high
proportion of off gas network homes in Wales, and the rapidly increasing proportion
of renewable energy, this provides a significant opportunity for decarbonising heat in
Wales.

Water source heat pumps

Water source heat pumps are typically larger scale and used for district heating
schemes. They can work off surface water such as ponds, rivers and lakes or from
underground water (sometimes also called ground-source). There are several sites
across South Wales suitable for ground water heat pump schemes.

10


https://www.ovoenergy.com/guides/energy-guides/economy-7.html
https://www.ofgem.gov.uk/publications-and-updates/investigating-potential-impacts-time-use-tariffs-domestic-electricity-customers-smarter-markets-programme
http://www.environmental-protection.org.uk/policy-areas/air-quality/air-pollution-law-and-policy/using-wood-and-coal-for-home-heating/
https://www.gshp.org.uk/ground_source_heat_pumps_Domestic.html
http://www.energysavingtrust.org.uk/renewable-energy/heat/ground-source-heat-pumps
http://www.energysavingtrust.org.uk/renewable-energy/heat/ground-source-heat-pumps
http://gov.wales/topics/environmentcountryside/energy/efficiency/arbed/?lang=en
https://www.gov.uk/government/statistics/rhi-deployment-data-december-2017
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
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assessed the potential for energy from mines in the South Wales coalfield. The study
concluded that mines in the coalfield have potential for up to 72MW of power,

been launched in Bridgend using the Caerau colliery. The scheme aims to heat
1,000 homes and reduce energy bills in one of the most deprived wards in Wales.

Heat pumps in other countries

While heat pumps are relatively uncommon in Wales and across the UK, there are

district heating system serving over 200 large buildings.
Solar hot water

Solar hot water systems (Figure 5) use heat from the sun to provide hot water. In the

does not provide sufficient energy at the times of year when heating is required.
Solar hot water systems are often combined with a conventional boiler or immersion
heater which can provide heating and boost the hot water supply.

il


http://orca.cf.ac.uk/90908/
http://www.bbc.co.uk/news/uk-wales-south-east-wales-42702581
https://www.gov.uk/government/organisations/innovate-uk
http://www.wdsgreenenergy.co.uk/2015/06/could-cardiff-be-sitting-on-an-underground-heating-system/
http://jomec.co.uk/thecardiffian/2016/03/04/grangetown-nursery-sources-heat-from-the-ground-up/
http://jomec.co.uk/thecardiffian/2016/03/04/grangetown-nursery-sources-heat-from-the-ground-up/
https://www.sciencedirect.com/science/article/pii/S0301421515002347#bib36
https://www.sciencedirect.com/science/article/pii/S0301421515002347#bib36
https://ec.europa.eu/energy/en/data-analysis/market-analysis
https://ec.europa.eu/energy/en/data-analysis/market-analysis
http://www.ehpa.org/technology/best-practices/large-heat-pumps/drammen-district-heating-norway/
https://www.worcester-bosch.co.uk/products/solar/explained
https://www.worcester-bosch.co.uk/products/solar/explained
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£3000 to £5000 to install. Typical savings are £60 per year when replacing gas
heating and £75 per year when replacing electric immersion heating, although this
will vary from user to user.

installation per year but may compete for south-facing roof space with solar
photovoltaics that can provide renewable electricity.

Biofuels

The most common example for heating is wood, although biogas can be made from
a range of sources.

Biofuels are generally viewed as being low carbon, since emissions produced by
burning the fuel have recently been captured during growth of the fuel source. This

net negative carbon emissions. However, the carbon emissions from biofuels depend
on the sources and production methods needed to convert them into fuels.

12


https://creativecommons.org/licenses/by-sa/3.0/deed.en
http://www.energysavingtrust.org.uk/renewable-energy/heat/solar-water-heating
https://www.warmwales.org.uk/past-work/arbed/
https://www.warmwales.org.uk/past-work/arbed/
https://www.gov.uk/government/statistics/rhi-deployment-data-december-2017
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/POST-PN-410
https://seneddresearch.blog/2017/08/18/new-publication-low-carbon-electricity/
https://seneddresearch.blog/2017/08/18/new-publication-low-carbon-electricity/
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The greatest limitation for biofuels is the demand for land to produce crops. Biofuel
prices have dropped since then despite increasing biofuel production. Additionally,
there are a number of other uses of biofuels that may need to take precedence over

sectors, such as industry and aviation, may need the majority of the limited supply of
biofuels.

emissions reductions it is essential that biofuels are sustainably sourced and their
production is low carbon. Future technologies, such as biofuels from algae or CCS,
may allow expansion of their role.

Biomass

Biomass refers to solid biofuels. For the purposes of heat, this is almost exclusively
wood that can be supplied as logs, pellets or chips. Domestically, biomass can be
used to fuel stoves that provide heat to a single room or for cooking, or boilers to
provide hot water and central heating. While the UK may seem like a suitable source

efficiency, part of which paid for a new biomass boiler at Glangwili Hospital.

13


https://www.endswasteandbioenergy.com/article/1444881/biofuel-policies-increased-food-prices
https://www.theccc.org.uk/publication/bioenergy-review/
https://www.theccc.org.uk/publication/bioenergy-review/
https://www.theccc.org.uk/publication/appropriate-uses-bioenergy/
https://www.theccc.org.uk/publication/appropriate-uses-bioenergy/
https://www.gov.uk/government/news/a-vision-for-bioenergy
https://www.forestry.gov.uk/forestry/beeh-a9zjnu
http://ec.europa.eu/eurostat/statistics-explained/index.php/Wood_as_a_source_of_energy
http://ec.europa.eu/eurostat/statistics-explained/index.php/Wood_as_a_source_of_energy
https://www.gov.uk/government/publications/summary-results-of-the-domestic-wood-use-survey
https://www.gov.uk/government/statistics/rhi-deployment-data-december-2017
http://www.energysavingtrust.org.uk/renewable-energy/heat/biomass
http://www.bbc.co.uk/news/science-environment-42873645
http://www.bbc.co.uk/news/science-environment-42873645
https://www.renove.co.uk/large-biomass-boilers/
http://www.woodenergy.com/about-us/case-studies/national-assembly-of-wales-government-offices/
http://www.riversidepenhillsurgery.wales.nhs.uk/news/28709
http://www.riversidepenhillsurgery.wales.nhs.uk/news/28709
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Industrial-scale biomass boilers could be used to run combined heat and power

heat to a school, community centre and 42 homes, saving over 300t CO,e per year.
Larger schemes and combined heat and power plants are more likely to make viable
CCS targets.

Figure 6 Senedd building made extensive use of wood as a building material and is heated entirely
using a biomass boiler (Source: National Assembly for Wales)

Biogas

produced can be combusted to produce electricity and/or heat, or upgraded to
biomethane by removing impurities and then injected into the gas network. The use
of waste material bypasses some of the issues with other biofuels.

supply.
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https://www.theade.co.uk/case-studies/renewables/llanwddyn-biomass-case-study
https://www.theade.co.uk/case-studies/renewables/llanwddyn-biomass-case-study
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https://www.gov.uk/government/consultations/rhi-biomethane-injection-to-grid-tariff-review
https://www.gov.uk/government/consultations/rhi-biomethane-injection-to-grid-tariff-review
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
https://www.theccc.org.uk/publication/next-steps-for-uk-heat-policy/
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5. Long term measures

The options above can all be carried out to some extent in the near term and are
described by the UK CCC as “low regrets” actions. Looking further into the future, it
appears unlikely that biofuels will contribute more than 10% of heat in the long

potential long term solutions for decarbonising heat in the UK, either:

. Heat pumps and district heating will have to be committed to and rolled
out across the country; or

. Hydrogen will need to replace natural gas throughout the gas network.

Hydrogen

Production

One key challenge for hydrogen is producing it efficiently and in a low carbon
manner. Electrolysis of water to produced hydrogen is possible, but converting
electricity into hydrogen into heat is much less efficient than using heat pumps. As a
result very low cost electricity would be needed to make hydrogen produced
through electrolysis cost competitive.

One potential advantage is that hydrogen is easier to store than electricity and so
could be produced from renewable energy sources when electricity supply is high
(sunny and windy days) and demand is low. However, producing all of UK heat from

limitations discussed above. One possibility is combining CCS with hydrogen
production from biofuels for negative emissions, if it proves necessary to maximise
the carbon reducing impact of biofuels, but this will remove biofuels from other
potentially critical uses such as industry and aviation.

The UK CCC identified steam reforming of natural gas as the most likely source of
involves using steam and high temperatures to break down natural gas to hydrogen
and carbon dioxide.

CCS must be deployed to capture the carbon emissions from this process. The
advantage of this process over burning natural gas is that hydrogen production
would be more centralised allowing for more economic CCS.
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Wales does not have a natural advantage for exploring this option. Natural gas

to convert to hydrogen it is likely that the supply will come from elsewhere.

Converting to hydrogen

network in Leeds to hydrogen. It found that the conversion process would be very
similar to that carried out in the 1970s to convert the UK gas network from town gas

Leeds was chosen due to its size and location. At over 1% of the UK population it
represents a viable stepping stone to conversion across the UK. Steam methane
reforming plants could be built alongside the gas works at Teesside to produce
hydrogen, and salt caverns near the Humber could be used for hydrogen storage.
The safety concerns for hydrogen distribution are viewed as being no greater than
those for natural gas.

Domestic appliances would require upgrading to burn hydrogen. The H21 project
estimated that this would cost just over £1 billion, around half the total cost of
conversion, for 250,000 homes and over 100 industrial users.

hydrogen gas for heating UK homes and businesses. This will include testing
hydrogen appliances and developing a hydrogen quality standard.
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