Work based Project assignment 2                                             Tomos Morgan Williams 2015298
Decarbonising heating and hot water by the net zero deadline of 2050.






Created For:
Deborah Hughes





Created By:
Tomos Williams 





Contents
1.0	Introduction	3
2.0	Literature Review	4
2.1	What is the Decarbonisation of Heat?	4
2.1.1	Why do we need to Decarbonise Heat?	4
2.1.2	How to make the change to low-carbon heating?	4
2.1.3	How to tackle the cost of low-carbon heating?	4
2.2	Low-Carbon Heating Solutions.	5
2.2.1	Air Source Heat Pumps	5
2.2.2	Ground Source Heat Pumps	5
2.2.3	Water Source Heat Pumps	5
2.2.4	District heating.	5
2.2.5	Electric Combi Boilers	6
2.2.6	Hydrogen boilers.	6
2.2.7	Biomass Boilers	6
2.2.8	 Solar Water Heating	7
3.0	Methodology	7
4.0	 Results	8
5.0	Discussion	9
6.0	Conclusion	11



[bookmark: _Toc102409910][bookmark: _Toc102410265]1.0	Introduction
This research will seek to explore and compare how heating and hot water will be decarbonized by the net zero deadline of 2050.  Through a range of research methods including evidence-based and explanatory research, it will identify, through comparison, the cleanest and most cost effective sources of decarbonising heating and hot water.   It will look at which is the most efficient and sustainable form of energy, both in the domestic and commercial setting, and unearth any negative implication of such source for the consumer.  It will look at how decarbonisation can be achieved through different methods i.e., electric heat pump (ground and air), hydrogen boilers, electric boilers etc, and explore the pros and cons of each clean heat energy source. 
The aim of this research is to take an un bias approach to explore and gain a greater understanding of the forms and methods of decarbonization currently available, and their suitability for retro fitting of existing property in terms of, efficiency and cost to the consumer.  By exploring a range of aspects associated with each energy source, we aim to be able to highlight the advantages and disadvantages of different methods of decarbonisation to help aid informed choices.
We also aim to look at the impact introducing decarbonisation will have on the local area through the local authority.  We will look at the targets set out and find out what is being done to achieve those targets.
I have a keen interest in this topic as having previously worked as a self-employed plumber, I have an understanding of the current high emission heating/energy systems.  Decarbonisation will directly affect the practice of plumbing, dictating a change and evolution of heating methods and materials used in this line of work.  It is a chance to look at the variety of alternative heating options, how they work and their effectiveness as a clean heat energy source.  It is the future of the heating industry and something we will have to adapt to in order to contribute to achieving the governments greenhouse gas emissions target as stated below:    
The UK’s 2050 net zero target — one of the most ambitious in the world — was recommended by the Committee on Climate Change, the UK’s independent climate advisory body (Government, 2021)
The target will require the UK to bring all greenhouse gas emissions to net zero by 2050, compared with the previous target of at least 80% reduction from 1990 levels (Government, 2021)
[bookmark: _Toc102409911][bookmark: _Toc102410266]2.0	Literature Review	
[bookmark: _Toc102409912][bookmark: _Toc102410267]2.1	What is the Decarbonisation of Heat?
The decarbonisation of heat refers to reducing the amount of carbon produced by heating systems.  This involves switching to low carbon heating systems in order to provide homes with clean heat (Nu-heat, 2020).
[bookmark: _Toc102409913][bookmark: _Toc102410268]2.1.1	Why do we need to Decarbonise Heat?
Heating is one of the most significant sources of carbon emissions in the UK, contributing to global warming.  Heat decarbonisation is essential if the UK is to achieve net-zero carbon emissions by 2050, as set out by the government.  The United Kingdom has set an ambitious goal of achieving net-zero emissions by 2050. They have outlined a 10-point strategy for achieving this goal.  Even so, it's a massive task, and with residential buildings accounting for roughly 15% of the country's greenhouse gas emissions, it necessitates a shift in how we heat our homes (Nu-heat, 2020).
[bookmark: _Toc102409914][bookmark: _Toc102410269]2.1.2	How to make the change to low-carbon heating?
By 2050, every gas and oil boiler in the United Kingdom must be replaced with a low-carbon heating system.  To accomplish this, at least 300,000 solar panels must be installed each year for the next decade.  The government intends to hire 600,000 people per year by 2028.  Most homeowners, understandably, do not want to incur the expense or deal with significant disruption when they are content with their current heating system.  Low-carbon options must be more accessible, affordable, and appealing to householders in order to encourage them (Nu-heat, 2020).
[bookmark: _Toc102409915][bookmark: _Toc102410270]2.1.3	How to tackle the cost of low-carbon heating?
According to the Government's Climate Change Committee, the cost of retrofitting a typical home with a heat pump would be around £10,000.  That is out of reach for many people, so prices will have to come down, possibly with grants and incentives to encourage participation.  While some schemes are already in place, more assistance will be required.  One option would be to eliminate VAT on energy-efficient products such as heat pumps or home batteries, lowering customer costs. Heat pumps perform best in energy-efficient homes.  As a result, improvement measures such as installing insulation in the least efficient homes across the country are being implemented to reduce energy consumption, emissions, and bills for millions of homes.  One thing is certain achieving net-zero energy will necessitate a concerted effort on the part of the government, manufacturers, and energy companies to assist homeowners in making the switch both affordably and easily (Nu-heat, 2020).                                    

[bookmark: _Toc102409916][bookmark: _Toc102410271]2.2	Low-Carbon Heating Solutions.
[bookmark: _Toc102409917][bookmark: _Toc102410272]2.2.1	Air Source Heat Pumps
Heat is drawn from the outside air by air source heat pumps.  Air source heat pump systems are the cheapest to install and take up the least amount of space of the three options available.  Air source heat pumps can be either air to air (also known as air conditioners) or air to water (also known as heat pumps).  The former only heats space, whereas the latter can heat both space and water.  Prices for air source heat pumps range from £8,000 to £18,000, depending on the size of your home and the installer.   In milder climates, air source heat pumps provide energy-efficient heating with low operating costs.  However, as the temperature drops, these systems become less useful because the heat pump must work harder to warm up the cold air drawn in from outside.  Ground and water source heat pumps will be more suitable if you live in an area with exceptionally cold winters (Tsui, 2022).
[bookmark: _Toc102409918][bookmark: _Toc102410273]2.2.2	Ground Source Heat Pumps
Ground source heat pumps are an energy efficient heating solution because they rely on the temperature of your soil, which is relatively constant all year.  This means that the system does not have to work as hard in the winter as it does in the summer.  A horizontal ground source heat pump system is installed 1 to 2 metres below ground, whereas a vertical system must be installed 50 to 100 metres deep. When it comes to costs, ground source heat pumps outperform other types of domestic heating.  Depending on whether it is a horizontal or vertical system, costs can range from £20,000 to £40,000.  Having said that, a ground source heat pump system is also the most efficient (Tsui, 2022).
[bookmark: _Toc102409919][bookmark: _Toc102410274]2.2.3	Water Source Heat Pumps
Water source heat pumps extract energy by directly pumping fluid from the source through the pump.  They can be very efficient, but only if you live near a body of water, such as a lake or pond.  Water source pumps are less expensive than ground source pumps when it comes to low carbon heating system costs, averaging around £10,000.  They also provide more consistent heating, especially if the body of water is 5-8°C.  If your water source freezes during the winter, you will almost certainly require a backup heating system (Tsui, 2022).
[bookmark: _Toc102409920][bookmark: _Toc102410275]2.2.4	District heating.
District heating is a more community-oriented solution.  It collects heat energy from various sources (such as geothermal or solar) and distributes it to homes via a network of highly insulated pipes.  They work particularly well in dense urban areas due to their nature and pipework system.  In fact, some homes in the United Kingdom are already linked to district heating.  But, for the time being, most people are unable to connect to a heat network, so this is not a viable option.  To meet the 2050 target, significant infrastructure investment is required (Shell, 2021).
[bookmark: _Toc102409921][bookmark: _Toc102410276]2.2.5	Electric Combi Boilers
Electric combi boilers use electricity as a fuel to heat and supply hot water to your home.  Because they don't need an oil or gas tank, these boilers are very compact, making them an excellent choice for smaller homes with limited storage space.  An electric boiler is a good option if you want a highly efficient domestic water heating solution.  Electric combi boilers do not require the use of fuel and thus waste less energy.  The cost of this type of boiler varies greatly depending on your property and existing infrastructure, but you should budget between £1,000 and £4,500.  Electric combi boilers, unlike gas and oil burners, are virtually noiseless due to the lack of fast-moving elements inside.  These boilers are also simple to operate.  Many modern electric combi boilers include digital touch screens and controllers that can be controlled remotely using home technology such as smart thermometers.  Electric boilers, on the other hand, are more expensive to operate than oil and gas boiler options because they rely on electricity.  They also heat water on demand rather than continuously, which means they will produce less hot water and may struggle to heat larger homes (Tsui, 2022).
[bookmark: _Toc102409922][bookmark: _Toc102410277]2.2.6	Hydrogen boilers.
For powering boilers, hydrogen is a low-carbon alternative to fossil fuels.  With some investment in upgrading and converting existing boilers, it is possible to deliver hydrogen gas through the existing gas infer structure network.  There are two methods for producing hydrogen.  The first is powered by natural gas, with carbon emissions captured and stored underground.  The second method is electrolysis, which involves passing renewable energy through water to produce hydrogen.  Both methods are costly, but Shell is investigating and investing in R&D for both.  Shell is constructing a green hydrogen hub in the Port of Rotterdam and intends to construct a 200 MW electrolyser capable of producing 50,000 – 60,000 kg of hydrogen per day.  This could pave the way for hydrogen-powered heating in the United Kingdom (Shell, 2021).
[bookmark: _Toc102409923][bookmark: _Toc102410278]2.2.7	Biomass Boilers
Biomass boilers are powered by the combustion of wood pellets sourced from sustainable sources.  If you want to replace your current gas or oil boiler with one that performs similarly but emits less carbon, a biomass boiler is the way to go. These boilers are ideal for larger homes that require a large amount of hot water. They are also an excellent choice for homeowners who want to upgrade their boiler but do not want to pay the higher operating costs associated with an electric combi boiler.  A biomass boiler costs £5,000 to £15,000 to install, but it has lower operating costs than other systems, such as an electric combi boiler.  Biomass boilers, on the other hand, will have all of the limitations of a gas or oil boiler.  A biomass boiler will be roughly the same size as a gas or oil boiler and will be less energy efficient than an electric system.  In the colder months, biomass boilers can also make a lot of noise (Tsui, 2022). 
[bookmark: _Toc102409924][bookmark: _Toc102410279]2.2.8	 Solar Water Heating
People frequently associate solar energy with solar panels, which convert sunlight to electricity.  Solar thermal panels, on the other hand, can be used to meet your domestic hot water needs.  Solar water heating systems, which cost around £3,000 to £5,000 to install, use special solar collectors installed on a house's roof to gather energy from sunlight.  Solar power potentials in the UK are greater in the south, with the most significant opportunities along the southern coasts of England and Wales. The Scottish Highlands and Northern Ireland have the lowest solar potential in the country.  While some areas are better suited to solar power than others, a lack of solar potential does not preclude the use of these heating systems.  It simply means that they may be slightly less effective in those areas.  According to experts, dedicating just 1% of the UK's land to solar panels would be enough to generate enough electricity to meet all of the country's needs.  Solar thermal heating systems are not typically capable of providing an entire home's heating; instead, most systems will heat roughly half of the hot water a home requires or provide anywhere between 40 and 80 percent of space heating.  As a result, you will also need to maintain an auxiliary heating system, such as a boiler or heat pump, to provide the remaining heat (Tsui, 2022).
[bookmark: _Toc102409925][bookmark: _Toc102410280]3.0	Methodology
The literature provided me with a clear understanding of the requirements for decarbonisation.  I could then identify the relevant sources in order to look more closely at intentions and targets of decarbonisation in the local area.    
To gather information for this research I will interview people who are dealing with the issue in the authority to find out their views and how the authority plan on meeting their targets. 
Secondary data will be collected from research journals, websites, and government documents to allow for a wide-ranging collection of research, in order to build my knowledge and understanding of clean heat and decarbonisation. 
The research will seek to understand the effect of introducing clean heat through decarbonisation on the local authority, namely impacting residents and disruption to their lives, local infrastructure and finances.  
[bookmark: _Toc102409926][bookmark: _Toc102410281]4.0	 Results
During my primary research I interviewed the Corporate Energy Officer at Carmarthenshire County Council, to find out what the local authority’s intentions are for achieving the governments net-zero carbon emissions target by 2050.  Below is information provided by the interviewee.  In essence it is currently looking like:
A continuance of natural gas in larger older buildings many of which are Listed Buildings / Buildings in Conservation areas - so are limited in the kind of fabric improvements that can be made and hope that ‘green’ hydrogen replaces natural gas in the pipes sooner rather than later.  Until that happens carbon emissions will need to be offset sequestrated elsewhere.  Plus, will need to do a lot of energy efficiency works in those sites to bring down energy demand as much as possible, installing boilers now that can be converted to hydrogen use later, and where suitable building fabric improvements coupled with air, ground, water source heat pumps backed by solar PV and battery storage and a lot of energy efficiency measures (see Refit below). 
Direct electric heating coupled with solar pv and battery storage, interaction with electric vehicle batteries as in Passivhaus type buildings with very low heating requirements.
Re. Building fabric improvements we are actively looking at potential use for locally sourced natural sustainable materials, wool, wood fibres (circular economy). 
Carmarthenshire Net Zero Carbon:
https://www.carmarthenshire.gov.wales/home/council-democracy/net-zero-carbon/
Our Refit Works Programme:
https://newsroom.carmarthenshire.gov.wales/2021/07/council-completes-24million-energy-conservation-scheme/#.Ya84w-enyUm
Circular Economy:
https://ceicwales.org.uk/
Hydrogen:
https://www.petrofac.com/media/stories-and-opinion/the-difference-between-green-hydrogen-and-blue-hydrogen/
https://www.pembrokeshire.gov.uk/newsroom/green-hydrogen-electrolyser-and-car-refueler-arrive-at-milford-haven-waterfront
https://gov.wales/sites/default/files/consultations/2021-01/baselining-report-hydrogen-development-in-wales.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1011283/UK-Hydrogen-Strategy_web.pdf
And last but not least:
Building rationalisation: 
Are all office buildings still needed? 
Possibility of sharing highly efficient office buildings with others such as NHS, Welsh Government Depts?
If buildings sold as they are carbon footprint is just passed to someone else, after all it is still the same planet at the end of the day.
Demolish the buildings and replacing with another more efficient type, very difficult to get permission to demolish work on Listed Buildings.  
What about the embedded carbon? 
Can the building materials be re-used in another new building (circular economy)?
Demolish and do not rebuild replace with carbon sequestrating green space (trees etc).
[bookmark: _Toc102409927][bookmark: _Toc102410282]5.0	Discussion
During this process, there were specific questions that I was looking at in order to fully understand the process and requirements for decarbonisation.  I wanted to look at the advantages and disadvantages of different forms of low carbon central heating and hot water.  Through the research my questions were answered and through the interview with the Local Council Corporate Energy Officer, I was able to understand the intentions of the local authority with regards to meeting the Government target for zero net emissions by 2050.  
On reflection of the information from the literature research, it is clear that the choice of method for decarbonisation and achieving clean energy in both residential and local authority housing and non-housing properties is dependent on a number of factors, and it is certainly not a case of one size fits all.  It would seem that initial outlay cost would be a major factor.  This would include the cost and effort of replacement of existing infrastructure and any costs of additional improvements needed within the property, such as additional insulation.  The introduction of schemes, which are already in use in some areas, financial grants or incentives for property owners would go a long way to help with the cost of decarbonisation and creating clean energy in residential settings.  A further factor for the homeowner or landlord would be the implications of installation of a new system, I.e., disruption to day to day life of the customer and/or disruption to the property.  They will obviously want to choose the least intrusive option with minimal interruption.
The main advantages and disadvantages of each system which the client would need to take into consideration to determine the best, most efficient system for them are:
Air Source Heat Pump – This is a low cost option compared to other heating pumps and is compact, which is ideal for smaller spaces.  It can be less efficient in colder climates.
Ground Source Heat Pump – These pumps use the consistent temperature of soil, and this allows for year-round efficiency.  This option is more costly and has a more invasive installation process, perhaps putting a lot of residents off.
Water Source Heat Pump – These are cheap to run.  It does require a body of water to be close by.    This option almost certainly needs a back up if there is a risk of the water source freezing in winter.  
District Heating – This works well in dense, built-up areas.  Although it can be very expensive to install with the replacement of major infrastructure required.
Electric Combi Boilers – These boilers are compact, ideal for smaller homes and virtually noiseless.  They are one of the cheaper options but may not be suitable to heat larger homes.
Hydrogen Boilers – Existing infrastructure can be used with this option.  Although green hydrogen can be expensive to produce.
Biomass Boilers – This option has a lower operating cost compared to other boilers.  It is suitable for heating larger properties but can be noisy in colder months.  
Solar Water Heating – This is a relatively cheap option.  It does require solar potential, and so is best suited to certain areas of the country (south coast England and Wales).  Less solar potential means less efficiency.  Additional heating methods for central heating are mostly required alongside this.
On reflection of the answers given from the interview, I can see that the Local Authority have a clear goal with aims on how they can reduce carbon emissions and produce decarbonised energy.  Taking into consideration the type of building, for example conservation will need to be considered when looking at decarbonisation of heat in a listed building.  They are also looking at options that can be converted to greener energy sources in the future i.e., boilers that can be converted to hydrogen.  They are also considering the recycling of materials when demolishing buildings and are actively looking at potential use for locally sourced natural sustainable materials .  They are also conscious of carbon footprint and looking at ways to reduce this through building rationalisation.  The main aim is to be as carbon neutral as possible, whilst taking into consideration cost. 
There is most certainly a pattern emerging from the research in to aiming for decarbonisation, both residentially and by local authority.  The main objective is emerging as finding the most energy efficient option and at the same time being cost effective.  This differentiates from individual to individual, depending on personal circumstances.  A residential property owner may actually favour a system with a cheaper initial outlay and larger overall running costs, whereas the local authority may be more favourable to a larger financial initial outlay for lower running costs overall.  It really does depend on the individual customer. 
[bookmark: _Toc102409928][bookmark: _Toc102410283]6.0	Conclusion
The aim and objective of this research was to further understand the meaning of decarbonisation of heating and hot water, and to explore and gain a greater understanding of the forms and methods of decarbonisation currently available both in a residential and local authority setting.   
Through my work, I was able to answer the questions I set out to.  Having a more in depth meaning of decarbonisation I then set out to look at the reasons for having to decarbonise heat.  I identified that heating is one of the most significant sources of carbon emissions in the UK, contributing to global warming and then I was able to identify some of the different methods that could be used to decarbonise heating and hot water.  I then looked at each of the methods in depth, detailing the advantages and disadvantages of each system and identified the factors that would be taken into consideration by a customer when choosing a decarbonisation system.  This mainly includes cost and work required to install a system.  The choice of decarbonisation method will heavily depend on the client’s circumstances (financial and personal).  We identified how to help tackle the cost of low carbon heating in the form of schemes, grants and incentives, all which can make achieving decarbonisation and green energy more accessible to all. 
With the aid of an interview with the Local Authority Corporate Energy Officer, I was able to further understand what the local council will aim to do in the years to come in order to meet the UK’s 2050 net zero target — one of the most ambitious in the world — recommended by the Committee on Climate Change, the UK’s independent climate advisory body.  Through the answers given in the interview, there is a clear aim that the local authority will strive to implement changes for carbon neutral footprint and to contribute significantly towards the government target.     
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