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In the UK domestic and commercial setting, 98% of GHG emissions from heat come 

from space and water heating, with 2% from cooking. In the industrial sector, only 13%  

comes from space and water heating; the rest are from specialised industrial processes.

There are plenty of other reasons for purchasing products that will reduce heating and 

electricity bills – we all want to pay less, have greater comfort, have smart or even AI 

controls, enjoy improved air quality and reduction in noise. However, this paper looks at 

how solar pv can replace the burning of fossil fuels for electricity, and how improving the 

heating and hot water products in our homes can contribute towards the UK achieving 

its carbon targets –  leaving the world in a healthier place for future generations. We also 

look at the difference upgrading windows makes, as this home improvement will also 

make a direct impact on Green House Gas emissions by stopping the heat generated in 

our homes from escaping.

The Climate Change Act 2008 established a target 
for the UK to reduce its Green House Gas (GHG) 
emissions by at least 80% (from 1990 levels) by 2050.  
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Reduction of CO2 when 
installing Heat Pumps

Reduce
A significant benefit of heat pumps over conventional gas, oil and 

LPG boilers is that there is no combustion involved (combustion of 

gas emits oxides of nitrogen). Beside the direct advantages (safety), 

and technical advantages (no need for flues) installation of heat 

pumps has a significant impact on air quality. In 2020, legal history 

was made when a coronor ruled that air pollution was a significnt 

contribution to the death of a 9 year old girl in the UK [1] 
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Calculating the reduction in GHG emissions (which 

is largely CO2) when installing an Air Source Heat 

Pump (or an even more effective Ground Source 

Heat Pump) is difficult. Firstly, it is dependent 

on the technology that it’s replacing or what the 

alternative is – gas, oil, wood, coal, etc. – and whether 

it’s replacing an old, inefficient system, or a newer 

one. For example, an old gas boiler being replaced 

may only be 50% efficient, whereas the alternative of 

replacing a newer 80% efficient boiler will produce a 

very different GHG output emission calculation.

Air
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Table 1: Potential annual savings of installing a standard air source heat pump in an average sized, 4-bedroom detached home

The efficiency of the installation property and the 

number of occupants will also make a difference to 

the potential carbon saving. However, the Energy 

Saving Trust [2] has calculated the following averages:

Most studies on heat pump emissions assume 

an efficiency of 300% (i.e. for every kW of 

energy that goes into the electric pump 

required to run the system, there is 3kWh 

of heat achieved). However, many currently 

being installed have an efficiency of 400%. 

The effect of this continuing improvement 

can be seen in the following Heat Pump 

Association (HPA) chart, which uses data from 

Ofgem and DEFRA.(3)
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Table 2: Continued Heat Pump Efficiency Improvement

Finally, the source of the electricity required 

to run the heat pump is key. If the electricity 

is sourced from wind and solar, either from 

the consumer’s own microgeneration or 

from renewable only energy tariffs, then the 

emissions from operating a ASHP can be 

considered to be at, or close to, Zero.

Zero
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What does a kilogram 
of carbon look like?
So, if replacing an old G Rated Oil boiler with a new ASHP saves 7350 kg of CO2 per 

annum – what does that actually mean? The answer is that it depends where you look 

and whose estimates you choose – even the most trusted carbon organisations can 

differ significantly because there are too many variables required in order to give a 

reliable emissions total. But here’s an idea:

• It means the equivalent of driving 25,200 miles per annum in a 40 mpg car [4] 

• It means the equivalent of flying from Manchester to Papua New Guinea and back [4]

• Or, if we use the most popular comparison of trees, it means the equivalent of 320 

trees [5]

And that’s every year. So as a heat pump has a life expectancy of 20 years, we can 

assume the following:

Carbon

Table 3: Number of trees saved per ASHP installed over a 20 year lifetime of product
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A tree’s absorption of CO2 depends 

on age, climate, type of forest and 

soil, and type of tree, which is why it’s 

difficult to get consistent information. 

And whilst some trees are better than 

others when it comes to preventing 

climate change, ultimately trees of 

any shape, size, and genetic origin 

help absorb CO2. ...any tree, as long as 

it is appropriate for the given region 

and climate.

Why trees? 
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Trees turn Carbon Dioxide into carbon – a tree is almost entirely 

made up of carbon atoms – and breathe out Oxygen. They need 

very few nutrients relative to their size, so they don’t deplete the 

topsoil. They get most of their water from deep underground, and 

their mass from the air they breathe. 

This means that the lifetime carbon value of a tree, the total 

amount of carbon it will absorb, is about the same as its mass 

which is, on average, about two tonnes. But since photosynthesis 

takes in Carbon Dioxide (CO2) and releases it in the form of Oxygen 

(O2), two tonnes of tree matter actually removes about seven tonnes 

of Carbon Dioxide by converting the rest to Oxygen. This equates to 

around 23kg of CO2 capture (or sequestration) per year, per tree.[5]
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Whilst there is general agreement that planting trees is undoubtedly 

one of the best methods to offset CO2 (and why it’s often used as a 

barometer for carbon replacement), it’s far from being a solution for 

the climate emergency.

Not all planted trees grow to maturity, although this is taken into 

consideration on most tree offset calculators, and the planet is 

producing so much CO2 that it’s arguable whether or not there’s 

enough space to plant the number of trees we need. But the main 

issue is that trees do not contribute to carbon reduction until they are 

between ten and twenty years old, depending on the variety. Carbon 

offset by planting trees will not have an effect for some time – and 

action is already overdue. 

But there’s a problem 
with planting trees 

and Climate Change...
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The very best way, therefore, to 

affect carbon impact is to reduce 

emissions now, and the best way 

to do that is to switch to renewable 

energy products that will reduce 

carbon emissions – such as heat 

pumps and solar pv.
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Households will consume different percentages of the solar power that they produce 

from their solar pv systems. But whether this is ‘self-consumed’ or exported to the 

National Grid, the electricity generated by the system is still saving electricity that 

would otherwise have to be generated by the Grid.

If we take an average solar pv system generating 3,000 kWh per annum (although 

since the end of the FiT Scheme and the development of larger output panels we 

are seeing larger system sizes) we can look at the quantity of CO2 emissions saved 

because power stations are producing 3,000 kWh less every year.

Reduction of CO2 when 
installing Solar PV Systems 

This is not as straightforward as it sounds, because it 

depends what the source of that grid energy is – coal, 

nuclear, wind, biomass, etc. 

A conservative approach is to assume that solar power 

displaces the most common form of relatively efficient 

gas power plants commonly used to ‘top-up’ supply 

to ensure demand is met at any given time. National 

Grid PLC have recently estimated these ‘CCGT’ plants 

currently emit 392g CO2 / kWh.

Using this conservative figure, we can say that in 

terms of electricity generation alone, this average pv 

system saves 1.2 tonnes CO2 every year (392g x 3,000 

kWh = 1.2 tonnes). So
la

r

Reduce
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However, this doesn’t take into consideration the cost of producing the solar panels 

and inverter. We ignored this issue when considering heat pumps as they are 

replacing an existing system, rather than being in addition. The fact that most solar 

panels are made in China, which still has a coal dominance in its energy production, 

means that this is more critical to measure here. 

A Stanford University Study [6] agreed with a UK Parliamentary Paper[7] that the 

estimated emissions from cost of production was 88g CO2/kWh, which reduces the 

above benefit to around 900g of CO2 in our ‘average’ solar pv system. These studies 

are now eight years old, and it should be noted that efficacy of production and China’s 

energy mix will mean that this will already have improved, and will continue to do so in 

the future.

But using our tree analogy, we can conservatively estimate that each solar system 

installed in the UK will save around 40 trees a year. Although it will need a replacement 

inverter approximately every ten years, a solar pv system can last for 40 years, meaning 

a contribution of up to 1600 trees per system.

“There is no agreed consistent 

manner of calculating 

carbon reduction in this area, 

due to the many variables 

involved. This paper should 

be considered  as a high-level 

estimate, designed to provide 

a simplified overview.”So
la

r
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Glazing

The challenging nature of calculating carbon savings continues when we look at 

the installation of double, or triple, glazing. The difference that the installation of 

new glazing will make to the reduction of Green House Gasses, as well as energy 

savings to the consumer’s bill, will depend on many factors, such as:

• The fabric of the property that they are being installed into (insulation levels)

• The type of property – detached, terraced, apartment, etc.

• The way a building might be exposed to wind, or protected from it

• Solar gain (where and when the sun hits the property)

• Property Occupancy and energy lifestyle

• The type of fuel used to heat the property

• The size of the window aperture 

• Its geographical location

Reduction of CO2 
when installing
new Glazing & Doors 

According to a report from the University of Sussex The remaining potential for 

energy savings in UK households (2018)[8], new double-glazing (manufactured 

after 2002) provides one of the most significant carbon savings. If all houses 

got new double-glazing it could save the UK 20.3 TWh of fuel per year. Assuming 

the heat saved is generated from natural gas, the savings would amount to 

3.76 million tonnes of CO2 per year – around 1.2% of the nation’s total annual 

carbon emissions.

“This list isn’t exhaustive”
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The Study most quoted in the area of carbon and energy savings in the UK Building 

Stock is Element Energy & EST (2013) Review of potential carbon savings from 

residential energy efficiency. [9]  It also lists some other challenges in the following areas: 

• Overlapping savings – the difficulty of measuring the efficacy of one product when 

another is installed at the same time

• In use factor – the discrepancy between real-life energy savings and those predicted 

by energy modelling. These reduced savings are a result of consumer behaviour 

(e.g. comfort improvement), quality of installation and the assumptions around the 

specification before the installation of the measure.

One of the main factors is the type of window that is being replaced. The biggest 

impact will, of course, be replacing single-glazed windows with A-rated glazing, but 

double-glazing has been around for many decades now, and many older installations 

can also benefit from upgrading.

Fortunately, Element Energy have done the hard work for us and taken these factors 

into consideration when calculating the average lifetime emissions saving of installing 

double glazing.

Table 4: Potential lifetime savings of upgrading glazing in an average UK home

Weighted average lifetime 
emission savings (kg CO2)
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Some things to consider about the Elements Energy calculations. First of all, they 

assume only a B-rated window will be installed. This is because the paper considers the 

cost implications of upgrading single and pre-2002 glazing with new windows. Where 

a consumer has access to funding it’s more likely they will be able to afford A-rated 

windows, so the carbon savings will be higher than in our table.
 

The lifetime of new double glazing and insulated doors has been calculated using 20 

years. 

The reason we refer to pre- and post-2002 glazing, is that since April 2002, it has been 

mandatory for homes with replacement glazing in the UK to comply with Building 

Regulations, and therefore had to have minimum thermal properties (measured in 

U-values) from this date.

Trees
With the information in Table 4, we can now transfer that into trees saved:

Saved

Table 5: Trees saved per Glazing Upgrade installed over 20-year lifetime of product

14



Boiler

In the meantime, millions of gas boilers will be upgraded, either because they 

are inefficient, have become unreliable, or have broken altogether. Since 2005 

all new gas boilers installed have to be condensing (meaning they are able 

to recover heat that was previously lost via the flue to pre-heat the heating 

system), but from April 2018, all gas boilers have to achieve at least 92% 

efficiency and, if they are combination boilers, they must also have at least 

one of the following energy efficiency measures installed at the same time:

• Flue gas heat recovery systems

• Weather Compensation

• Load Compensation

• Smart controls featuring automation and optimisation functions

Reduction of CO2 when 
upgrading your Gas Boiler

In 2019 the Government confirmed, in response to a recommendation by the Climate 

Change Committee, that there will be no new fossil fuels in new-build housing from 

2025. It intends to release the detail of this in 2023, followed with the publishing of the 

regulation in 2024. 

But this does not affect the estimated 22 million gas boilers that are currently installed 

in UK homes – although the CCC and pressure groups such as Greenpeace, are 

recommending that these should be banned from the early to mid-2030s. 

If trials using a hydrogen gas mix continue to be successful, it is possible that hybrid 

boilers – those that can run on either gas or hydrogen – could become mandatory later 

this decade.
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So by upgrading those old boilers, we can still save a lot of GHGs, even though 

we are not replacing them with renewable heating products, such as heat 

pumps. How much carbon we can save is, again, difficult to assess. Here are 

some of the variables:

• The consumer’s usage and energy lifestyle

• Efficiency of the boiler being replaced

• Weather region of the UK that the existing boiler is in

• Insulative effectiveness of the current property

• Size of current property

• Solar gain and wind factors affecting the property

• The specification of the new boiler

EnergyWhat do we mean by 
boiler efficiency?
A boiler’s ‘energy efficiency’ is the percentage of the total energy used by the boiler to 

provide useful heating. For a modern, new boiler with 94% efficiency, 94% of the energy 

used by the boiler goes to heating the home and only 6% is either lost or used to run 

itself. Compare that to a very old boiler with 60% efficiency, only 60% of the energy 

used by the boiler goes to heating the home, meaning 40% is lost. That’s 40% more on 

the consumer’s gas bill, and 40% more carbon dioxide that pollutes our planet.

The competency of the installer is the most key factor in ensuring that the new boiler 

will work as effectively as it can do. Only a properly designed and correctly set up 

heating system will deliver true efficiency savings. Boilers are often over-sized ‘just 

in case’ – but this shouldn’t be necessary. ‘Balancing of the system’ is also important, 

otherwise the boiler will have to work harder to maintain a constant heat: repeatedly 

cycling itself on and off. 
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We could not find any studies to understand the average impact on CO2 when 

upgrading a boiler by house type and by efficiency of the existing boiler. However, the 

Energy Savings Trust has calculated energy savings by this categorization, and as we 

know that for every natural gas kWh saved equates to of 0.208 CO2 (kgCO2e/kWh), we 

have been able to calculate the following:

Table 6: CO2 savings per year when upgrading from old boilers with a rating of G, F, E or D

Let’s assume that a gas boiler’s lifetime is 15 years. Therefore, because we like averages 

and we love trees, we can estimate that an average boiler upgrade will save 1095 CO2 

during its natural life.

And that’s the equivalent of 439 trees per boiler upgrade.

Nowhere near as good as an ASHP, but remember that not every property is suitable 

for one and not everybody can afford the installation cost – in spite of the Renewable 

Heat Incentive (RHI). But it’s not an inconsiderable GHG saving, and at least it will 

probably be the last gas boiler ever installed in the property.

See Source 10 for information on how these figures were calculated.
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The Energy Performance Validation Scheme (EPVS) was founded in 2016 as a means of 

evidencing that new renewable energy installations were sold compliantly, so that installers 

are able to evidence to their customers that they are protected from mis-selling. 

EPVS is also heavily involved in evidencing and quantifying historic claims so that consumers 

are realistically compensated where errors or misleading information have been documented, 

as well as negating spurious or inaccurate claims.

In 2017 EPVS became part of Certi-fi Schemes Limited – an independent certification company 

working in compliance with ISO/IEC 17067 (2013). It's under assessment by the United Kingdom 

Accreditation Service (UKAS) to ensure that its rules, procedures, and operations are impartial.

Who?Who are 
EPVS?

Certi-fi Schemes also operates the 

Flexible Energy Oversight Registration 

Body (Flexi-Orb), which helps deliver the 

safe and controlled sale, deployment, 

decommissioning and recycling of 

energy saving, generating and storing 

products, whilst supporting installers with 

administration and marketing support to 

help achieve the goal of Net Zero.
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