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Towards a Carbon Neutral Somerset
– Evidence Base
Carbon emissions saving potential of actions to address the
Climate and Ecological Emergency in Somerset.

A 1MW community-owned solar panel array. Source Wedmore Community Power Co-Op.

1. Introduction
Somerset County Council, Mendip District Council, South Somerset District Council, Sedgemoor District Council
and the newly formed Somerset West and Taunton Council all declared a climate emergency in 2019 and have
committed to Somerset and/or their districts becoming carbon neutral by 2030.
Somerset Climate Action Network (“Somerset CAN”) is a new organisation bringing together climate expertise,
groups and individuals from across the county. Somerset CAN works in the spirit of partnership with local
authorities and other key stakeholders aiming to increase the impact of actions to drive down carbon
emissions across Somerset. By this means, it aspires to create an exemplar county, showing how a low-carbon
lifestyle and economy can work and indeed, thrive.
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In August 2019, Somerset CAN published a document ‘Local Authorities and the Somerset 2030 Target’ setting
out 24 broad measures of climate change action that would be necessary to achieve the 2030 target (see
Annex 1)1. This document builds on that paper by analysing the potential carbon dioxide emissions (CO2e)
savings of each measure from available data where it is possible to do so.
The analysis is undertaken for the county of Somerset as a whole, using data available in the public domain. A
separate Somerset CAN report will be published, analysing data at the scale of the four Somerset districts.
This report seeks to contribute to the evidence base that can be used by the councils, other organisations in
the public, private and third sectors and by individuals to inform decisions on actions that can address climate
breakdown.
Various methods are available for analysis of climate change data; differences between these can cause
confusion for non-specialist readers. Here we focus on Scope 1 and 2 emissions, excluding Scope 3 (see Annex
3 for explanation). Emissions from the agricultural sector and the effects of land-use, land-use change and
forestry (“LULUCF”) are included.
The report does not give details of carbon emissions arising from each council’s direct activities, such as from
energy use in council buildings and fleet vehicles. Separate work is being undertaken by each District on this
subject.
The 24 measures cannot accurately be analysed in complete isolation from each other. Within each sector,
individual measures collectively contribute to the overall emissions. In some cases, the relative contributions
of each measure may be unimportant, provided the overall sector target is achieved. Some measures assist
the implementation of others; for example, provision of EV charge-points will promote a faster uptake of
electric cars. In other cases, the successful delivery of one measure may increase the demand for delivery of
another; for example, the switch of energy source from fossil fuel to electricity for cars will increase the
demand for rapid expansion of renewable energy generation. While a fully integrated analysis is beyond the
scope of this report, we seek to highlight the key linkages that exist.
Emissions are quoted in terms of tonnes of CO2e wherever possible. They therefore include the effects of
greenhouse gases other than CO2, such as methane. However, where the data source uses CO2 rather than
CO2e this is stated in the text.
A tonne is a metric ton. A kilotonne (Kt) is one thousand tonnes. A megatonne (Mt) is one thousand kilotonnes,
or a million tonnes.
The report follows a ‘traffic light’ system for the quality of source data and/or analysis;
Green- the data is believed to be accurate and reliable
Amber- the data may be less current and/or imprecise

1. Somerset Climate Action Network (2019) ‘The Somerset 2030 Carbon Neutral Target - Local Authority Actions’.
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Red- the data may be unreliable or a high level first estimate

2. Background - Achieving the 2030 target
The new Somerset target is to achieve net zero carbon by 2030. Figure 1. shows actual carbon emissions by
each sector from 2005 to 2017, projecting how emissions need to fall, by sector, from 2020 to 2030. In the
absence of data for 2018-19, no change from 2017 is assumed. The 2030 target number shows a small residual
level of emissions in each of the industry/commercial, domestic and transport sectors of 100 Kt CO2e. The total
300 Kt CO2e are balanced by a net capture in the land-use, land-use change and forestry (LULUCF) (greenhouse
gas removals) sector, also known as natural carbon sequestration.
A straight-line reduction in all sectors between 2020 and 2030 is assumed for indicative purposes. Other
emission reduction pathways are possible, such as that recommended to local authorities by the Tyndall
Centre2 (see Annex 2). Although early rapid reductions are preferred, from a climate perspective, it is more
likely that an accelerating emissions reduction pathway will be achieved as new policies and actions are put
int place, taking a few years to take full effect.

Figure 1- Somerset’s CO2 projections for 2019-2030 to achieve the Carbon Neutral Target (solid lines – actual
projections to 2017 and flatline to 2019, dashed lines – illustrative projections for 2020-2030.).

2. Tyndall Centre for Climate Change Research (2019) Setting Climate Commitments for Local Authorities. Available at:
https://tyndall.ac.uk/news/tyndall-carbon-targeter-helps-local-authorities-respond-their-climate-emergency.
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3. Overview
In 2017, the total for Somerset’s CO2 emissions was 3295 Kt (kilotonnes)3. Figure 2 shows the breakdown of
CO2 emissions across the sectors, indicating the largest contributor is from the transport sector, followed by
housing and industry/commercial.

CO2 emissions by source, Somerset (Kt per yr, 2017 - Total 3294)
Housing

Industry and commercial

Transport, 1535

Transport

Agriculture

Industry and
commercial,
839

LULUCF Net emissions

Housing, 783
Agricultur…

L

Figure 2- Somerset’s total carbon dioxide emissions by source, measured in kilotonnes per year (Kt per year)
for the year 2017.

3. National Atmospheric Emissions inventory. UK local authority and regional carbon dioxide emissions national statistics: 2005-2017.
Published June 2019. Note that in this dataset units are CO2 not CO2e. The data shows emissions allocated to an “end-user” basis, where
emissions are distributed according to the point of energy consumption (or point of emission if not energy related). Except for the energy
industry, emissions from the production of goods are assigned to where the production takes place. Therefore, emissions from the
production of goods which are exported will be included, and emissions from the production of goods which are imported are excluded.
The LULUCF (Land-Use, Land-Use Change and Forestry) total is a net figure.
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HOMES
Direct emissions from homes in Somerset in 2017 were 783 Kt of CO2, with almost half of these emissions
arising from the use of gas (Figure 3).
Using data from the 2011 census, the 244,000 homes in Somerset each produce on average around 3.11
tonnes of CO2 a year.

CO2 emissions, Homes, Somerset (Kt per year, 2017 - total 783)
Electricity

Gas, 375

Other fuels

Gas

Electricity, 270

Other fuels,
138

Figure 3- Somerset’s carbon dioxide emissions from homes in Somerset, measured in kilotonnes per year
(Kt per year) for the year 2017.

Measure 1 Energy Efficiency - New Homes
19,800 new houses are projected to be built in Somerset by 2030 (Table 1.). From these new homes, an extra
58 Kt/ CO2 would be produced, assuming unchanged average emissions per house as existing stock.
However, new homes in recent years have normally been built to Energy Performance Rating (EPC) rating B,
more efficient than the average of existing housing stock (see measure 2), therefore, these projections are
likely to be overestimations.

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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Table 1- Projected household numbers for Somerset from 2020, based on current estimates to 20304 .

Somerset

2020

2025

2030

249,000

258,400

268,800

New homes have recently been built to EPC rating B (c80-90% efficient). Homes with Passivhaus standards
require no extra energy to heat them beyond body heat (e.g. electrical appliances) and could save Somerset
1.4 tonnes CO2e per year per house or 27,220 tonnes if all new homes were passive. This would require no
additional cost to the council but instead support via legislation and implementation from developers,
equating to around 7% extra building costs.

Measure 2 Energy Efficiency – Retrofit Homes
Of the 242,000 existing houses in Somerset in 2019, over 230,000 have an energy rating of EPC of C or below
(less than c80% efficiency) in 2019 (Table 2.).
90% of the houses forecast to be in Somerset in 2030 are already built in 2020. Within the homes sector retrofit
can therefore potentially contribute a high proportion of emissions savings.
Table 2- Energy Performance Target (EPC) ratings of Somerset houses5
EPC rating

Efficiency (%)

Number of houses
in Somerset

% of housing
stock

95
91
80

5359

2.2

Estimated
heating costs per
year (£)6
410

A
B
C

62056

25.6

657

D
E
F

68
54
38

98605
53639
19630

40.7
22.2
8.1

970
1425
2124

G

20

2711

1.2

3105

242000

100

Total

4.
Ministry
of
Housing,
Communities
&
Local
Government
GOV.UK
(2020).
Available
at:
https://www.gov.uk/government/organisations/ministry-of-housing-communities-and-local-government
5. EPC data to 2016, MHCLG. MHCLG (2016). New data showing EPCs to May 2019 has recently been released. EPC data has quality
issues and ratings are only valid for 10 years.
6.
English
Housing
Survey
2016
to
2017:
headline
report
GOV.UK
(2017).
Available
at:
https://www.gov.uk/government/statistics/english-housing-survey-2016-to-2017-headline-report.
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Table 2 also reveals the significant difference in heating costs between the most and least efficient homes in
Somerset. The costlier a property is to heat, the more likely a household with a low income is to be in fuel
poverty, and unable to maintain a reasonable degree of warmth in their home. As well as fuel poverty, living
in a house without adequate heating can have consequential physical and mental health impacts.
Some parts of Somerset have the highest proportion of homes with low energy efficiency and the highest rates
of fuel poverty in the UK. The former West Somerset District has the highest proportion of properties rated F
and G (27%) of any local authority area in England5.
According to EPC rating surveyors, an average of 1.7 tonnes CO2e emissions per annum per home would
be saved by implementing full retrofit measures.
The greatest carbon savings per home can be achieved by retrofitting the least efficient homes7. For
example, retrofit of EPC E and EPC G homes to level B can potentially save 2.8 tonnes and 6.6 tonnes CO2e per
annum respectively. There are c236,000 Somerset houses of EPC rating C or below (Table 2), suggesting the
significant potential contribution of this sector to cutting carbon emissions.
If retrofit measures were applied to all of these homes by 2030 then the CO2e emissions savings would
be c400 kilotonnes.
There are however practical challenges to retrofit in a significant proportion of homes. For example, EPC
surveyors have assessed that only two thirds of private rented homes in the former West Somerset District
with an EPC rating of F and G are improvable. It is therefore likely that even with maximum delivery, the
number of retrofits achieved will be significantly lower than 100%.

7. RSM. (2019). Enforcing the Enhancement of the Energy Efficiency Regulations in the English Private Rented Sector

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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Measure 3- Renewable Energy – Homes
The importance of decarbonising energy use in homes is crucial to meet 2030 targets. Implementing solar
thermal, PV or heat pumps can dramatically reduce carbon emissions. In 2017, Somerset had the installed
renewable energy capacity of 506MW of renewable energy, of which 90% was attributable to PV8.
The average domestic solar PV system is 4kWp. In southern England a 4KW solar PV system can typically
generate 4,000 kW hours of electricity per year, saving 1.6 tonnes of CO2e a year.
Heat pumps are another source of energy that can reduce carbon emissions from homes by up to 50%,
depending on the type of house, the level of insulation and the existing fuel source.
The type of heat pump used is most likely to be air-source (refrigeration in reverse). Heat pumps require
electricity to run; therefore, the most effective heat pumps are those where the electricity source is from
renewable sources. The demand for heat pumps is likely to increase sharply as new gas boilers will be
unavailable from 2025.

8. Regional Renewable Statistics - GOV.UK (2017). Available at: https://www.gov.uk/government/statistics/regional-renewablestatistics
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COMMUNITY
Measure 4 Renewable Energy – Community

Tidal Stream , 0.30%
Anaerobic digesters, 4%
Onshore wind, 5%

Tidal
Lagoon ,
5.10%

Offshore Wind, 29%
Air and Ground Heat
Pumps, 10%

Biomass, 15%
Solar PV , 11%

Solar Thermal, 1%

Figure 4-Potential renewable energy generation mix for Somerset to reach carbon neutral targets by 2030
(Based on Powering the South-West, adapted by the authors with modification downwards of the potential for
tidal lagoons)
The potential Somerset renewable energy generation mix that is needed to reach a carbon neutral target by
2030 is shown in Measure 4.
The range of renewable energy technologies needed is by an, as of yet, unknown combination of community
and private sector mechanisms.
As an example of the potential for solar farms, the Burnham and Weston Community Interest Company
manages the recent installation of 9.3MW of solar capacity near Burnham-on-Sea from a total of 36,000 solar
panels.
The renewable energy potential of Somerset at a community level may include the use of onshore wind, solar
PV and small-scale hydro. There is also potential for a community ownership contribution for any tidal or
offshore wind renewable energy.
The potential for renewable energy generation is not constrained by the lack of land availability. For example,
1MW capacity of solar panel arrays requires around 1 hectare of land. The entire electricity generation
demand of Somerset, including future demand from electric vehicles (see measure 11), could be met
Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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from solar panel arrays on just 1,000 hectares of land. This equates to 2.5 square kilometres in each Somerset
district or less than 0.1% of Somerset’s land (Figure 4.). Some solar farms also allow farming to continue, such
as sheep grazing amongst the panels. The open questions on renewable energy therefore relate more to the
balance between technologies and between community and commercial ownership.

INDUSTRY/ COMMERCIAL
Direct emissions from the Industrial and commercial sector were 839 Kt/yr in 2017 (see figure 5), with the
predominant source of emissions from electricity. Compared to other counties, Somerset has a smaller
contribution from large industries.

CO2 emissions Industry and Commercial, Somerset (Kt/yr - total 839)
Electricity

Electricity, 359

Gas

Other fuels

Large industrial installations

Other fuels, 268

Gas, 196
Large industrial…

Figure 5- Somerset’s carbon dioxide emissions from the industry and commercial sector, measured in
kilotonnes per year (Kt per year).

Measure 5 - Renewable Energy – Commercial and Industrial
The analysis applied under Measure 4 applies equally to Measure 5. The potential for renewable energy
generation in the commercial and industrial sector appears to have few constraints other than economic
considerations, and the costs of technologies continue to fall.
Table 3 sets out indicative recent costs and benefits of larger renewable energy installations potentially
suitable for commercial and industrial buildings.

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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Table 3- Typical costs and benefits of building integrated renewable energy technologies9
Technology

Capital cost (k)
Annual revenue
potential
Return on
investment (yrs)
Development
complexity
Performance risk

10kW roof
mounted
solar PV
13
1.2

20kW solar hot
water heating
system
25
1.2

100kW
biomass
boiler
60
5.3

100kW ground
source heat
pumps system
125
1.2

100kW air
source heat
pump
100
3.8

10

5

9

10

4

Low

Low

Medium

Medium

Low

Low

Low

High

Medium

High

Measure 6 - Energy Efficiency – Non-residential Buildings and Infrastructure
The Minimum Energy Efficiency Standard (MEES) for rented commercial buildings (60%) or properties is
currently EPC E. Higher minimum energy standards are needed; the Green Finance Taskforce recommends a
minimum of EPC B by 2035. Somerset councils will need to implement the higher standards adhering to the
Green Finance Taskforce and to meet the carbon neutral goal of 2030.
The government has committed to support businesses to reduce their energy use by at least 20% by 2030.
This reduction in energy usage can be achieved by increasing the MEES of all non-residential buildings10.
A 20% reduction by 2030 would result in the industrial and commercial sector reducing its contribution by
167.8 Kt CO2.

Measure 7- Commit to opposing fracking and other fossil fuel extraction
This measure cannot be quantified as it represents avoidance of future emissions rather than reduction of
existing emissions. Councils across Somerset have previously voted to oppose fracking in Somerset11.
The Somerset Levels and Moors, the second largest area of lowland peat in the UK, are a significant carbon
store, containing around 11 million tonnes of carbon; therefore, opposing peat extraction is needed to
meet targets12.
9.
LGA
(2016)
‘The
Potential
for
Energy
Efficiency
and
Renewable
Energy’,
(April).
https://www.local.gov.uk/sites/default/files/documents/download-potential-energy-9f8.pdf
10. House of Commons. (2019). Energy efficiency: building towards net zero - Business, Energy and Industrial Strategy Committee Available at: https://publications.parliament.uk/pa/cm201719/cmselect/cmbeis/1730/173002.htm
11. Somerset West and Taunton Council (2019). Available at: https://www.somersetwestandtaunton.gov.uk/
12. Council, S. C. (2009) ‘Carbon Storage and Sequestration in the Somerset Levels, UK Desk-based Assessment and Report’, Carbon,
(November).
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Measure 8- Reduce consumption of energy-intensive products
Reducing the consumption of energy-intensive products is extremely challenging to quantify because of the
complexity of global supply chains. However, the measure can potentially make a large contribution to
emissions reductions and quantification should be attempted in future reviews (see also Scope 3 discussion).

Measure 9- Increase production of low energy-intensive products
Quantifying this measure faces similar challenges to those for measure 8. Policies to support entrepreneurial
start-up businesses producing lower energy-intensive goods would need to be assessed on the forecast extent
of product replacement and the net difference in carbon emissions.

Measure 10- Zero waste Economy – Refuse, Reduce, Re-use, Recycle
In 2018-2019 Somerset Waste Partnership’s Recycling End-use Register 2018/19 reported that Somerset’s
residents recycled 133,734 tonnes of waste, 52.4% of total household waste. However, 11,302 tonnes or 8.5%
of the total waste is still exported. For example, 33.35% of plastic bottles were recycled with the majority
(769.19 tonnes) sent to Indonesia (1083.65 tonnes in total). 961.6 kg of household waste still arises per year,
with only 491.3 kg recycled.
This suggests that with 65,275 tonnes of CO2e saved by recycling, this figure could almost double to
120,000 tonnes of CO2e13 if all household waste is recycled (Figure 6).

13. Somerset Waste Partnership – Transforming your waste (2019). Available at: https://www.somersetwaste.gov.uk/wpcontent/uploads/2019/12/SWP-Beyond-the-Kerb-Recycling-to-Resources-2018-2019-1.pdf
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Figure 6- Summary of food waste disposal process (Somerset Waste Partnership)

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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TRANSPORT
Somerset’s transport sector accounts for 45% of its total carbon emissions, equating 1535 Kt/yr. Almost all of
these emissions arise from road traffic using diesel or petrol vehicles (see Figure 7).

CO2 Emissions from Transport, Somerset (Kt/yr - Total 1535)
Roads

Railways

Other

Rai
lw
ays
,
53

Roads, 1472

Ot
h…

Figure 7- Carbon dioxide emissions from the transport sector, distributed by transport type in Somerset
measured by kilotonnes per year.

Emissions are decreasing by 0.12% annually, a significantly slower rate of decarbonisation than other sectors
due to a number of factors including its dependence on fossil fuels, lack of policies and sustainable
investment in alternatives such as infrastructure.
The type of roads contributing the highest proportion of emissions varies markedly across the four Somerset
districts (Figure 8.). Motorway traffic accounts for the highest proportion in Sedgemoor District, A roads in
South Somerset and other road types in Somerset West and Taunton. Overall, the highest emissions total in
the Somerset transport sector arises from use of A roads.

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)
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CO2 emissions by transport type, Somerset Districts (Kt/yr)
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Figure 8-Somerset emissions from the transport sector by district.
Emissions from aviation and shipping are excluded from the discussion here as emissions statistics are
prepared on a territorial basis, and Somerset has no airport or large shipping port. However, Somerset
residents clearly do take flights to and from airports outside of Somerset, and therefore these impacts should
not be excluded from consideration.

Measure 11- Electric cars replacing petrol/ diesel
Somerset residents have a total of 317,000 cars (2018 figures), an average of 1.28 per household. 3,364 million
vehicle miles were driven on Somerset roads in 2018.
With non-Somerset residents travelling through Somerset and Somerset residents travelling outside of
Somerset, if these two aspects are assumed to be approximately balanced then each car in Somerset travels
on average approximately 9,000 miles per year.
Road transport is responsible for 1,472 Kt of CO2e per annum, corresponding to around 5 tonnes per car per
year, or around 6 tonnes per household (Figure 8).
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In 2018, Somerset had 1,391 registered ultra-low-emission vehicles14. This represented less than one third of
one per cent of all registered cars, with over 99% of cars using diesel or petrol fuel in 2018.
Recent research indicates that EVs have the potential to reduce greenhouse gas emissions by over 50%
compared with equivalent conventional petrol and diesel vehicles, particularly due to transportation and
manufacturing costs15.
Implementing replacements of petrol/diesel vehicles with electric cars will likely reduce CO2e emissions from
the transport sector in Somerset by at least 50% calculated over the whole life cycle of the vehicle i.e. a
reduction of 750 kilotonnes p.a. There is also potential to achieve a higher reduction than 50% if the energy
used in electric vehicle manufacture and charging is increasingly produced from renewable sources.
If all Somerset diesel and petrol cars were replaced by electric by 2030, and the miles travelled remained the
same as in 2018, the additional electricity demand would be c. 900 million-kilowatt hours p.a. i.e. 900 gigawatt
hours/GWh. The total electricity consumption in Somerset was 2,451 GwH; the electrification of Somerset’s
road transport could therefore increase electricity demand by c40%.
However, the actual increase in electricity demand may be less. E-car batteries potentially offer part
of the solution to the electricity storage issue, through vehicle-to-grid technology which is currently being
trialled. Furthermore, there are opportunities through smart charging systems to even out the demand over
the 24-hour cycle, so the increased electricity demand should be significantly less than 40%.
If the 40% increase in electricity demand is to be met by new renewable energy generation capacity, then
c450MW installed capacity would be required16. For comparison, the Burnham and Weston CIC solar
farm near Burnham-on-Sea has 9.3MW of solar capacity from 36,000 solar panels. Therefore, using solar
arrays alone, 45 similar projects across Somerset would be required by 2030 to meet the extra electricity
demand of electric cars.
If full conversion of road vehicles on Somerset roads is achieved by 2030 the emissions from the transport
sector would be reduced by at least 75%, or at least 1100Kt CO2e.

Measure 12- Electric/ hydrogen fuelled trains, buses, taxis and community transport
Somerset has 7.2 million bus passengers a year (16/17), this figure has reached its lowest in 7 years and figures
are on a declining trend. A low carbon emission bus produces 30% less well-to wheel GHG emissions
than a standard diesel equivalent bus17 .
14

Ultra low emission vehicles are predominantly electric, including plug-in hybrids.

15. Cambridge Econometric. (2018) Factcheck: How electric vehicles help to tackle climate change (no date). Available at:
https://www.carbonbrief.org/factcheck-how-electric-vehicles-help-to-tackle-climate-change
16. Komusanac, I. et al. (2019) ‘Wind energy in Europe in 2018’, Trends and statistics, p. 32.Using 2000 hours per annum at the
equivalent maximum capacity, drawing on data published in Wind in power 2017 – Annual combined onshore and offshore wind
energy statistics17. Low Carbon Vehicle Partnership (2016) Available at: https://www.lowcvp.org.uk/Hubs/leb/scheme.htm
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Typically, an electric train emits 20–35% less carbon per passenger mile than a diesel train18. UK Rail Safety
and Standards board show some diesel locomotives emit more than 90g of CO2e per passenger per kilometre,
compared with about 45g for an electric Intercity 225, for example19.

Measure 13- Electric vehicle infrastructures
The relatively poor availability of EV charge-points has been shown to be a significant constraint on the takeup of electric cars by the public. Somerset currently has a low density of EV charge-points per 100,000
population (see Table 4). The installation of charge-points would accelerate the pace of EV transition and allow
earlier achievement of the emissions reduction envisaged in measure 1120.
Table 4-Public EV charging points, Somerset and UK 21.
Public charging
devices
Somerset
UK

86
15,116

Public rapid
charging devices

Charging devices per
100,000 population

13
2,495

18
23

Public rapid charging
devices per 100,000
population
2.3
3.8

Measure 14- Improved public transport to reduce car travel demand
3.12 million passengers used the 10 railways stations in Somerset in 2016/17 and use has risen by 65% in the
past decade22.
Nottingham has introduced electric buses and saved around 70 T p.a. CO2e per bus.
A UK Energy Research Centre review in 2007 analysed the evidence for effectiveness of public transport
policies in reducing carbon emissions23. Its summary is reproduced here.

18. DfT annual reports and accounts- Gov.uk (2009). Available at: https://www.gov.uk/government/collections/dft-annual-reportsand-accounts
19. UK Rail Safety Standards. (2019) The Rail Safety (Amendment etc.) (EU Exit) Regulations 2019’ (2019). Queen’s Printer of Acts of
Parliament.
20.
Population
estimates
Office
for
National
Statistics
(2018).
Available
at:
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates
21 Electric vehicle charging devices by local authority (2019). Available at: http://maps.dft.gov.uk/ev-charging-map/
22. Office of Rail and Road (2017). Electric vehicle charging devices by local authority. Available at: http://maps.dft.gov.uk/ev-chargingmap/
23. UK Energy Research Centre, 2009 What policies are effective at reducing carbon emissions from surface passenger transport? A
review of interventions to encourage behavioural and technological change A report produced by the Technology and Policy
Assessment Function of the UK Energy Research Centre.
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The evidence on the potential of public transport to reduce emissions presents a complex and somewhat
contradictory picture. On average, emissions per passenger km are much lower than those for private cars.
There is a strong link between the availability of convenient and affordable public transport and patterns of
land use that are conducive to lower reliance on private cars. However, the short to medium term potential
for public transport to contribute to emissions reductions is relatively limited. The main reasons are that
capacity expansion may need to be large in order to absorb a significant proportion of car journeys, that
demand may be induced by new routes and lower fares, and users may be attracted from other low carbon
modes as well as from cars. It is important to consider the potential to improve occupancy at under-utilised
times and routes as well as how to provide new capacity. Similarly, fare reductions, prioritisation and
additional services can be combined with measures to restrict car use, helping to ensure mode switching is
beneficial in CO2 terms.
An evaluation of the impact of the Local Sustainable Travel Fund (LSTF) by the Department for Transport in
2017 demonstrated that investment in walking, cycling and public transport represents high value for money24.

24. DfT (2017) Impact of the Local Sustainable Transport Fund: Summary Report.
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Measure 15- Walking and cycling infrastructure
Investing in cycling infrastructure such as facilities for e-bikes and cycle routes will encourage the use of
alternative low-carbon forms of transport25.
A recently published research study in Cardiff found that walking or cycling could realistically substitute for
41% of short car trips, saving nearly 5% of CO2e emissions from car travel26. Although Somerset’s largest town
is far smaller than Cardiff, the results should be taken into consideration over the whole population and the
contribution to carbon reductions.
An older study indicated that an integrated program of improved cycling conditions, financial incentives
and improved trip end facilities could increase British cycling rates from about 6% to more than 20% for
commute trips under 7.5 miles, about half of which displace car trips27.
An advanced modelling tool has been developed to assess the distribution of current cycling levels for
commuting and access to schools and the effects of raising cycling levels in the UK to those seen in some other
European countries28. This tool can be used to plan the most effective investments in new cycling
infrastructure in urban and rural areas.
Figure 9 shows the level of commuting to work by cycle across Somerset in 2011. There were 221,107
commuters living in Somerset recorded in the 2011 Census.
Figure 10 shows the results from modelling the level of commuting to work, by cycle across Somerset, if overall
levels of cycling were raised to the level currently in the Netherlands, together with the routes that would be
used. The effects of hilly terrain, which are taken into account in the model, are clearly shown. Given that
parts of Somerset are hilly and challenging for the non-professional cyclist, the promotion of electric bikes
may be an effective public policy. Ebikes tend to flatten the terrain and extend the comfortable cycling distance
for the user. The modelling tool can also include the effects of increased ebike use.

25. Ashden. (2020) Electric vehicle charging devices by local authority Available at: http://maps.dft.gov.uk/ev-charging-map/
26. Neves, A. and Brand, C., (2019). Assessing the potential for carbon emissions savings from replacing short car trips with walking
and cycling using a mixed GPS-travel diary approach. Transportation Research Part A: Policy and Practice, 123, pp.130-146.
27. Wardman, M., Tight, M., & Page, M. (2007) "Factors influencing the propensity to cycle to work", Transportation Research Part A:
Policy and Practice, vol. 41, no. 4, pp. 339-350.
28. Propensity to Cycle Tool. www.pct.com
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Figure 9- Commuting by cycle, Somerset, 201129.. Shows percent of commuters cycling to work from each
Lower Super Output Area and the routes used.

Figure 10-Modelled potential levels of commuting by cycle, Somerset if overall all levels were raised to
those currently in the Netherlands, including routes used27.

29. National Census (2011) Analysis from Propensity to Cycle Tool.
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Physical health and economic co-benefits of increased cycling have been intensively researched and are
included here as an example of the information that could be generated for many of the other climate change
measures. It can be seen from Table 5 that raising Somerset cycling levels to those in the Netherlands would
benefit the Somerset economy by over 12 million pounds per year while avoiding around 4000 tonnes of CO2e
emissions per year.
Table 5-Potential benefits of raising cycling levels in Somerset to those currently seen in the Netherlands,
with and without an ebike policy27. YLL=”years of life lost”, a measure of premature mortality.

Scenario

Go Dutch
Ebikes

Comparison

Census 2011
Census 2011

Change in
YLLs/year

-168.2
-213.6

Change in days
sick leave/year

-20453
-26736

Value of
YLL+sick leave
changes (million
pounds)
12.51
15.99

Change in
tonnes
CO2e/year
-3967
-7551

Measure 16- Shared transport e.g. EV car clubs and demand-responsive driverless electric vehicles
A survey of UK car club members revealed that when people join a club, the changes they make regarding the
mileage driven and the number of cars owned in their household results in a saving of 0.7t CO2e per year. In
the study, members reduced their mileage by 53% from joining while 44.7% of member households sold a car
or deferred purchase.
Car club vehicles emit only 63% as much CO2e as the cars they replace; average mileage is 3660 miles
according to the National travel Survey. One car club is likely to take at least 11-15 private cars off the
road30.

GREENHOUSE GAS REMOVALS – CARBON SEQUESTRATION
Greenhouse gas removals comprise measures or processes that remove CO2 or other greenhouse gases from
the atmosphere. They include natural processes, such as photosynthesis, and engineering processes, such as
"DACCS" (Direct Air Capture and Carbon Storage"). Since this report focuses on measures that can contribute
to the 2030 carbon neutral target, and engineering processes are highly unlikely to be available at the
necessary scale before 2030 only natural processes are included here. In terms of emissions reporting
greenhouse gas removals are covered by the land-use change and forestry (LULUCF) (greenhouse gas
removals) sector.

30 Carplus. (2008). Monitoring Car Clubs: First Carplus Car Club Annual (2007) Members Survey Report, Carplus, UK.
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Measure 17- Woodland and tree planting
As our conclusions on the potential for woodland and tree planting differs significantly from the statistic given
for woodland sequestration in the Somerset Climate Change Framework, we give the calculations and
assumptions in full so that any inconsistency can be identified31.
8.2% of the total land area in Somerset is woodland (28,433 ha)Error! Bookmark not defined..
This figure is low compared to other counties. The total sequestration in England was 8.23 Mt CO2e in 201732.
With the assumption that Somerset woodlands do not differ significantly from the England average in terms
of carbon sequestration, Somerset woodlands sequester c.179 Kt CO2e p.a. This represents c.5.8% of
Somerset’s annual CO2 emissions33.
Since over 70% of Somerset’s area is in agricultural land-use, the following question arises: how much
contribution could an accelerated woodland establishment programme on agricultural land make to the 2030
carbon neutral target?
We use an illustrative doubling of Somerset’s woodland cover here, with no discussion of the feasibility or
geographical focus of such a programme. At first sight the doubling of Somerset’s woodland cover would
double the rate of carbon sequestration by woodlands. While this holds in the medium to long term this is not
the case for the 2030 target because trees and soils in the first 10 years of new woodland planting capture
relatively little carbon. Most woodlands in Somerset are between 20 and 60 years old34, the period in the
lifecycle in which they sequester the maximum carbon capacity. Woodlands established now will only begin
to deliver significant carbon capture from the 2030s onwards, when they reach their maximum carbon
sequestration potential.
Another question asked is this: Is it possible to capture all of Somerset’s emissions through new woodland
establishment?
At “peak sequestration capacity” and assuming no change to Somerset’s level of emissions, around a 16-fold
increase in woodland area would be needed. Since Somerset’s woodlands currently take up 8% of Somerset’s
land area a 16-fold increase would imply a total woodland area required of around one and a half times the
size of Somerset.
Clearly significant parts of the county would not be suitable for woodland establishment, for example,
because the land has existing biodiversity value or is developed for urbanisation. Around two times the

31. Somerset County Council (2019)
32. CEH (2019) Devolved Administration GHG Inventory 1990-2017
33. The % of CO2e emissions will be slightly lower than this number. It is unknown because non-carbon greenhouse gas emissions are
not currently available at the local authority level.
34. Forestry Commission (2015) NFI provisional estimates for woodland in the Heart of the South West Local Enterprise Partnership
area
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size of Somerset would therefore be required to capture Somerset’s carbon emissions, with around 75% of
the land area of each wooded.
While the answer to the original question is therefore “no”, there is potential for a rapid programme of
woodland establishment to contribute much more significantly to Somerset’s carbon neutrality in coming
decades. Furthermore, the co-benefits of trees and woodlands for human health, biodiversity and other values
are very significant.

Measure 18- Agro-forestry
268,602 hectares of land are farmed in Somerset. This land has significant potential for agro-forestry35.
Silvo-pastoral systems (i.e. the use of livestock in a well-wooded landscape) may be particularly suitable to the
environment and landscape in Somerset. In these systems, the use of around 20% land-cover of trees and
woodlands has been found to be optimum for livestock health, productivity, and the delivery of ecosystem
services36. This approach is currently being implemented in a major project led by the National Trust in the
Exmoor National Park.
The carbon benefits of the development of agro-forestry derive from both reduction of emissions, including
methane from livestock and nitrous oxide from fertiliser applications, and the capture of carbon by newly
planted trees and woodlands. If much of Somerset’s farmed land was transitioned to silvo-pastoral agroforestry, Somerset’s trees and woodlands cover would approximate to a doubling of the current cover (see
Measure 17), providing a carbon reduction of around 180 Kt CO2e p.a.

Measure 19- Soil carbon sequestration
Changing agricultural practices such as tillage or crop rotations to increase the soil carbon content have a
potential negative carbon emission stated to be 0.7 Gt CO2e globally37.
Owing to the large number of variables involved, and the lack of spatially specific data on current land
management practices and levels of soil organic carbon, it is not currently possible to calculate a robust
estimate of the potential savings from this measure in Somerset.

Measure 20- Wetlands and Coastal Habitats Restoration
A range of habitat types sequester carbon in addition to woodlands (see measure 17).

35. The Royal society. (2018). royalsociety.org/greenhouse-gas-removal raeng.org.uk/greenhousegasremoval
royalsociety.org/greenhouse-gas-removal raeng.org.uk/greenhousegasremoval
36. Agroforestry Research Trust (2019)
37. Smith, P., 2016. Soil carbon sequestration and biochar as negative emission technologies. Global change biology, 22(3), pp.13151324.
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The carbon stocks in peatlands and coastal wetlands (saltmarsh and mudflats) are vulnerable to release as a
result of degradation, drainage and exploitation.38
The total carbon storage of the Somerset Levels is approximately 10.9 M tonnes and that carbon stored within
the top 1m of peat, the most vulnerable to wastage by erosion, amounts to approximately 3.3 M tonnes39.
These ecosystems also have significant future carbon sequestration capacity. Restoration of wetlands
and peatlands usually centres on rewetting the ecosystems by blocking drainage, among accompanying
measures40. Re-wetted peat that prevents it releasing carbon into the atmosphere can store an
estimated long-term global green-house gas reduction from 0.4 to 18 tCO2e per ha p.a., estimated 0.5
tonnes of carbon per hectare per year41.

Measure 21- Perennial crop biofuels production
The use of Miscanthus (Elephant grass) and some other perennial crops can be used as a negative emission
crop, provided that the end use is restricted to local heat generation or combined heat and power (CHP).
In a 2010 study for Exmoor National Park, the potential net CO2e reduction by 2025 was forecast at -4,978
CO2e with a modest expansion of the crop on suitable arable land41.
Currently, at the UK scale, weak regulation of biofuel imports and of the types of crops used for biofuels causes
concerns around biodiversity impacts overseas and local environmental damage arising from the use of annual
crops.

Measure 22- Transition to plant-rich diets
A 2014 paper by Scarborough from Oxford University examined the actual diets of 29,589 meat eaters, 15,751
vegetarians, 8,123 pescatarians (only fish) and 2,041 vegans aged 20-79 in the UK. The results (Figure 11.)
suggest that vegans have the lightest carbon footprints of all the diets.
According to a US study, each person that transitions to a vegan diet could save 1.5 tonnes CO2e per
year42.

38. Parish, F., Sirin, A., Charman, D., Joosten, H., Minayeva, T., Silvius, M. and Stringer, L. (Eds.) (2008) Assessment on Peatlands,
Biodiversity and Climate Change: Main Report. Global Environment Centre, Kuala Lumpur and Wetlands International, Wageningen.
39. Brown, A.G. (2009). Carbon storage and sequestration in the Somerset Levels, UK. Report for Somerset County Council. UK.
40. Page SE, Hooijer A. (2016). In the line of fire: the peatlands of Southeast Asia. Philosophical Transactions of the Royal Society B:
Biological Sciences. May 23;371(1696):20150176. Available from: http://dx.doi.org/10.1098/rstb.2015.0176
41. Forum 21. (2010) Exmoor National Park Carbon Neutral Programme Consultation.
42. Weber, C. L. and Matthews, H. S. (2008) ‘Food-miles and the relative climate impacts of food choices in the United States’,
Environmental Science and Technology, 42(10), pp. 3508–3513. doi: 10.1021/es702969f.

Authors: Bill Butcher (Somerset CAN) and Lottie Leigh-Browne (University of Bristol)

Towards a Carbon Neutral Somerset – Carbon emissions saving potential
May 2020 - www.somersetcan.org.uk

Assuming approximately 1% of the Somerset population is already vegan, in line with UK data43, if the
remaining 99% of non-vegans transition to a fully vegan diet, 554,400 tonnes CO2e reduction per annum could
be achieved. This figure corresponds to around 17% of Somerset's emissions.
Using the same assumptions, transitioning to a vegetarian diet could result in 425,000 tonnes carbon
emissions reduction per annum, corresponding to around 13% of Somerset's emissions.

3.0
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Tonnes CO2/yr

2.0
1.7
1.4

1.5

1.4
1.1

1.0

0.5

0.0
high meat eaters medium meat- low meat-eaters
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Figure 11-CO2e emissions from specific diets in tonnes CO2e/yr.

Measure 23- Local food growing and distribution
With 20% of GHG emissions from food are due to their transportation, buying air-freighted foods or out of
season produce can increase carbon emissions dramatically. Produce such as fruits and vegetables that require
being fresh often travel by air, emitting 50 times more CO2e than by boat per tonne kilometre42(Figure 12.).

However, many of the foods people assume to come by air are actually transported by boat, for example
avocados and almonds. Shipping one kilogram of avocados from Mexico to the United Kingdom would

43

Vegan Society estimate, 2017
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generate 0.21kg CO2e in transport emissions. This is only around 8% of the avocados’ total footprint (2.5kg
CO2e per kg)44. Even when shipped at great distances, its emissions are much less than locally produced animal
products. One study found that substituting less than one day per weeks’ worth of calories from beef or dairy
to plant-based alternatives reduced GHG emission more than buying all the food locallyError! Bookmark not defined..

Figure 12-Greenhouse gas emissions across the supply chain from different food sources. Source: Our World
Data
Local food production also has several co-benefits, including building resilience in communities to external
shocks, such as pandemics and climate-change induced crop failures.

44. Weber, C. L. and Matthews, H. S. (2008) ‘Food-miles and the relative climate impacts of food choices in the United States’,
Environmental Science and Technology, 42(10), pp. 3508–3513. doi: 10.1021/es702969f.
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Measure 24 Building with biomass
The construction and operation of buildings as well as the energy consumption from the building themselves
are responsible for significant CO2e emissions. ‘Green designs’ act as a long-term carbon store. A recent study
by the Committee on Climate Change titled ‘Biomass in a low-carbon economy’, found timber frame
construction can reduce emissions by up to around 3 tCO2e per home45.
Considering carbon sequestered only, Wood for Good estimated that 3.8 MtCO2e could be captured in
the UK every year if 200,000 three-bed, timber framed houses were built a year46.

4. Estimates of potential of all measures
Figure 13 gives a visual representation of the potential contribution of each measure grouped into four levels
of emissions reductions. The background coloured rectangles are in proportion to the Somerset emissions
arising from each sector – transport, business/industry, homes and agriculture. The white circles are sized in
proportion to the emissions reduction potential of each measure, with numbers corresponding to the
numbering of measures in this report. Measure 17, Woodland and Tree Planting is shown in green as it
represents carbon sequestration rather than emissions reduction (Figure 14.). Measure 18, Agro-forestry,
represents a combination of carbon sequestration and emissions reduction.
While many of the estimates are subject to a wide range of uncertainty, it is clear that radical action across
all sectors and most of the identified measures is required if Somerset is to achieve carbon neutrality by
2030.

45. CCC. (2018) Green designs’ act as a long-term carbon store. A recent study by the Committee on Climate Change titled ‘Biomass
in a low-carbon economy’
46. Wood for Good. (2018). [Available at: https://woodforgood.com/news-and-views/2014/09/22/uk-could-store-3.8-million-tonnesof-co2-annually-in-new-build- timber-homes/]
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Figure 13-Overall estimates of Somerset Carbon Emissions Potential by 2030.
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Figure 144-Overall estimates of Somerset Carbon Emissions Potential by 2030.
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Figure 15 -Annex 1 – 24 Measures Identified by Somerset CAN, August 2019
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