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Reducing emissions of non-CO2  
greenhouse gases
Introduction
Non-CO2 greenhouse gas (GHG) emissions covered by the Climate Change Act and the Kyoto 
Protocol include methane (CH4), nitrous oxide (N2O) and certain fluorinated gases (F-gases; 
HFCs, PFCs, and SF6). 

Non-CO2 emissions generally result from more complex processes than CO2 (which result 
primarily from the burning of fossil fuels) and have a wide and varied range of sources, 
including agriculture, waste, industry, transport, refrigeration, and energy supply. 

UK non-CO2 emissions were around 90 MtCO2e in 2010, accounting for 14% of total UK GHG 
emissions.1 They have fallen by 50% since 1990 mainly due to a decrease in methane emissions 
as waste has been diverted from landfills. Emissions have also fallen significantly in industrial 
processes due to the introduction of low-carbon technologies to abate N2O emissions and in 
fugitive emissions from the gas distribution network and coal mines. 

In our December 2010 advice on the fourth carbon budget we presented possible scenarios 
for non-CO2 emissions reduction through the 2020s. Our assessment was that non-CO2 could 
be reduced to around 70 MtCO2e in 2030. In this chapter we consider opportunities to go 
beyond this scenario. 

Our key messages are:

•	 Non-CO2 emissions could be reduced 70-75% relative to 1990 levels to around 50 MtCO2e 
with minimal changes in consumer behaviour and assuming strong take-up of  
well-characterised abatement measures. This would require: 

– Greater uptake of on-farm mitigation measures identified for the next two decades.

– A reduction in waste sent to landfill in line with EU Landfill Directive targets.

– A decrease in fugitive emissions from natural gas as gas pipes are replaced and in line 
with the reduction in fossil fuel use assumed in our core scenarios for the energy sectors. 

•	 In	a	more	stretching	scenario,	including	some	behaviour	change	and	less	well-characterised	
abatement options, non-CO2 emissions could decrease by over 80% relative to 1990 levels 
to around 35 MtCO2e in 2050. This would require changes in consumption of agricultural 
products (e.g. food waste reduction and/or a rebalancing of diets away from livestock 
products), the diversion of all biodegradable wastes from landfill post-2020 (e.g. to anaerobic 
digestion), and reducing F-gases close to zero by replacing HFCs with alternative coolants. 

1  DECC (February 2012), 2010 final UK greenhouse gas emissions; this figure reflects total non-CO2 emissions plus the small amount of CO2 emissions arising from predominantly  
non-CO2 emitting sectors (agriculture, LULUCF and waste).
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•	 Further	research	into	non-CO2 emissions and their sources should be undertaken, as is 
currently underway for agriculture – in terms of both the actual current level of emissions 
and potential abatement options. This is important given that scientific uncertainties mean 
that there is a significant risk that emissions could turn out to be higher than assumed in our 
scenarios (e.g. agriculture N2O emissions could be up to 90% lower or up to 250% higher2 
than currently recorded in the emissions inventory). 

We consider emissions reduction in agriculture, waste and other sources of non-CO2 separately 
and then combine these to create overall deployment levels to reduce non-CO2 in 2050, in the 
following sections:

1. Agriculture and land use emissions

2. Waste emissions

3. Other non-CO2 emissions

4. Remaining non-CO2 emissions in 2050

1. Agriculture and land use emissions

Current agriculture emissions

Agriculture emissions in the UK were 51 MtCO2e in 2010, accounting for 8% of economy-wide 
greenhouse gas emissions. Emissions have fallen 20% since 1990 as livestock numbers and 
fertiliser use have fallen (Figure 6.1).

Agriculture emissions comprise around 29 MtCO2e (56%) nitrous oxide emissions from 
application of fertiliser to soils and 18 MtCO2e (36%) methane emissions from livestock,  
with the remainder (4 MtCO2e, 8%) due to CO2 emissions from heating buildings and use  
of farm machinery. 

Although the trend reduction in emissions is well established, the absolute level of emissions  
is particularly uncertain for agriculture non-CO2. This reflects, for example, that global or 
regional emissions factors are used but are unlikely to reflect soil or climatic conditions in 
the UK, and that current farming practice is not precisely measured. Given these factors, we 
reported in our 2011 Parliament report that agricultural non-CO2 emissions could be 60% lower, 
or up to 150% higher than currently recorded in the emissions inventory. Defra has several 
research projects underway to improve the robustness of these estimates.

Reducing agriculture emissions to 2030

In our advice on the fourth carbon budget, we showed how non-CO2 emissions could 
be reduced by up to 19 MtCO2e by 2030 based on analysis of technical potential we 
commissioned from the Scottish Agricultural College (Figure 6.2). This reflects potential for 
changed farming practice which could reduce 2010 emissions from soils by 4-14 MtCO2e  
(14-48%) and emissions from livestock by 4-5 MtCO2e (22-28%). The range covered pessimistic 

2 AEA (2010), Projections of non-CO2 greenhouse gases. A report on the non-CO2 projections to accompany the June 2010 energy projection update..
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and optimistic views of technical abatement potential and includes the 4.5 MtCO2e reduction 
that is targeted in the 2010s in the Low Carbon Transition Plan (LTCP), scaled to the UK (since 
the LCTP relates only to England).

Our 2030 scenario for the fourth carbon budget built in 10 MtCO2e of this identified abatement 
(i.e. 4.5 MtCO2e in the 2010s and 5.5 MtCO2e in the 2020s). This was based on the mid-point of 
the estimated range for technical potential, excluding abatement from drainage, nitrification 
inhibitors and improved nitrogen use plants, for which there was a lower degree of confidence.

Figure 6.1: Agriculture and LULUCF emissions (1990-2010)
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Figure 6.2: Projected non-CO2 emissions under agriculture scenarios (2010-2030)
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We projected remaining non-CO2 emissions from agriculture in this scenario as 36 MtCO2e 
in 2030, based on netting this potential off the Government’s reference projections. The 
Government’s projections have now been updated to better reflect the historic trend of 
declining emissions (Figure 6.3). Using the latest projection suggests agriculture non-CO2 
emissions in 2030 would be a further 2 MtCO2 lower than assumed in our scenarios for the 
fourth carbon budget advice (i.e. 34 MtCO2e).

We did not include any reductions in CO2 emissions, but noted that various abatement 
possibilities exist in principle (e.g. use of efficient engine technology and alternative vehicle 
fuels). Recent work by AEA for Defra has identified potential for a 0.5 MtCO2 reduction in 
agriculture, but more work is still required in this area. It is likely that potential savings by 2050 
could be considerably higher (e.g. AEA only looked to 2030 and considered that electrification 
of farm machinery could not be delivered).

Our advice on the fourth carbon budget also set out new analysis of opportunities on the 
demand side (e.g. through reduced waste and less carbon-intensive consumption choices),  
but we did not include these in our emissions scenarios.

Reducing agriculture emissions further beyond 2030

Going beyond 2030, there may be scope for further non-CO2 emissions reductions through 
changed farming practice and consumer behaviour change, and for reductions in CO2 from 
farming activity:

•	 Changed farming practice. Although significant uncertainties exist we would expect that 
more abatement could be achieved through changed farming practices from 2030 to 2050:

Figure 6.3: Revised agriculture non-CO2 emissions projections to 2030
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– The specific measures excluded from our 2030 scenario due to low confidence included 
drainage and nitrification inhibitors (NIs), which have a technical abatement potential 
of up to 4 MtCO2e and 2 MtCO2e respectively. However, while these measures remain 
uncertain, there are at least three reasons to suggest increased confidence over their 
applicability by 2050:

º Current understanding. Existing drainage systems are old (e.g. a large proportion 
was installed in the late 19th century) implying that they may be working at a sub-
optimal level with regards to mitigating the risk of denitrification and associated 
nitrous oxide losses.3 NIs are applied successfully elsewhere in the world, and the 
largest uncertainties relate to costs rather than technical potential.4

º Development time. The period to 2050 will provide time for better understanding 
of the status of the existing drainage system and how to optimise it to reduce nitrous 
oxide emissions. 

º Higher carbon prices to 2050 could support measures even if they turn out to be 
significantly more expensive (e.g. costs of applying NIs).

– The Scottish Agricultural College also identified a broader set of options that could  
offer additional potential from use of alternative agricultural systems (e.g. organic  
and mixed use farming) and new technologies (e.g. mainstream food crops with 
nitrogen-fixing capabilities). 

– Given both these considerations (i.e. increased opportunity to make NIs cheaper and 
drainage work, along with potential to develop excluded options) we include 3 MtCO2e 
of further potential by 2050 (i.e. the mid-point of the range for NIs and drainage).

•	 Changed consumer behaviour. There are significant opportunities for emissions reduction 
through changed consumer behaviour, both as regards reduction of food waste and 
possible diet change.

– Food waste reduction. Simple measures to reduce household (or other) food waste 
could reduce UK agriculture emissions by 2 MtCO2e:

º Food currently wasted by UK households (a fifth of all food brought into homes) 
was 7.2 million tonnes in 2010. Of this, 4.4 million tonnes could be avoided, with half 
of that preventable through simple measures including information provision and 
engagement of retailers, brands, local authorities and householders.5

º Given such a reduction in waste, agriculture emissions could be 2 MtCO2e lower, 
allowing for the reduced emissions intensity implied by our assumptions for on-farm 
measures, and if reduced waste flows through to reduced emissions from  
UK agriculture production.

3  Defra are currently undertaking further detailed research on drainage under WQ0214: Assessing the status of drainage in the UK, due to report later this year.
4  ADAS & North Wyke Research (2011), Mitigation methods – user guide.
5  WRAP (2011), New estimates for household food and drink waste in the UK.
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º Reducing waste can also offer emissions reduction downstream (i.e. from avoided 
landfill) and further upstream (e.g. in food processing and packaging). Further potential 
to reduce waste could be available from the supply chain, and in other streams 
including schools, hospitality and agriculture, although more evidence is required in 
order that this can be quantified.

– Diet change. There is scope for emissions reduction of 3-13 MtCO2e through reducing 
consumption of the most carbon-intensive foodstuffs – red meat and livestock products 
more generally.

º Based on analysis that we commissioned from Cranfield University6 for our advice on 
the fourth carbon budget, a rebalancing of red to white meat consumption could 
reduce emissions by 6 MtCO2e, while a 50% reduction in consumption of livestock 
products would result in a 13 MtCO2e reduction. A 50% reduction in white meat 
consumption would reduce emissions by 3 MtCO2e.

º A high-level analysis of consumer responses to changing prices suggests that a  
£200/tCO2e carbon price in 2050 would reduce emissions by around 3 MtCO2e if 
reflected in food prices (Box 6.1).

º DECC’s scenarios for the 2050 Calculator include a 20% reduction in livestock numbers 
by 2050, which based on the Cranfield analysis would suggest an emissions saving of 
around 5 MtCO2e. 

º A reduction in consumption of livestock products would also free up agricultural 
land, potentially creating further opportunities for emissions reduction. For example, 
moving to a more extensive system on grasslands would result in emissions 
savings through reduced fertiliser use, or conversion to forestry could increase CO2 
sequestration and bioenergy supply.

º Given these possibilities, we include potential emissions saving of up to 3 MtCO2e in 
our scenarios (i.e. equivalent to the reduction that could be achieved through diet 
choices that reflect the carbon cost associated with different foods).

Box 6.1: The GHG impact of reflecting a carbon price in food prices

Given the need for deep cuts in agricultural emissions to 2050, we identified a range of potential options that could be 
employed to encourage diet change in the fourth budget report. This included awareness raising, choice editing and 
providing financial incentives. Reflecting the relative carbon content of different food products in prices would provide 
a strong signal about full costs (resource and carbon) for consumer decisions. This would offer significant potential for 
emissions reductions, while maintaining nutritional balance, improving health and freeing up land. 

Using life cycle assessment data on the emissions intensities of food products from Cranfield University and demand 
price elasticity data from Defra for key food products, applying a carbon price of £200/tCO2e in 2050 on key food 
commodities would reduce direct emissions from 22 MtCO2e to 19 MtCO2e. Over half of the 3 MtCO2e of savings would 
come from reduced consumption of beef, which has one of the highest carbon intensities of all food products of 15 kg 
CO2e/kg product. 

6  Cranfield University (2010), The effect of changes in UK food consumption patterns on land requirements and greenhouse gas emissions.



The 2050 target – achieving an 80% reduction including emissions from international aviation and shipping I Committee on Climate Change 117

•	 Measures to reduce on-farm CO2. On-farm CO2 relates to buildings and mobile machinery. 
Insofar as our economy-wide scenarios imply that buildings and transport emissions would 
fall to close to zero in 2050, it is likely that similar reductions would be appropriate from 
buildings and vehicles on farms (e.g. through electrification, use of hydrogen, waste heat 
or local bioenergy resources). This implies a reduction in emissions of 4 MtCO2, with further 
work still needed in this area to improve confidence.

Therefore in our agriculture scenarios we include further opportunities for emissions reduction 
through on-farm measures and through behaviour measures to reduce waste and/or 
consumption of livestock products.

Costs of reducing agriculture emissions

Costs associated with these measures for non-CO2 are negative for much of the changed 
farming practice and behaviour change, whilst 1 MtCO2e of the potential from the application 
of nitrification inhibitors would cost around £60/tCO2e.

The cost of reducing CO2 emissions is uncertain, so we assign a cost in line with the long-term 
carbon price expectation (i.e. £200/tonne for the 4 MtCO2 of abatement), which is similar, for 
example to the cost of electrification options in industry.

The potential total cost in 2050 is therefore up to around £1 billion, less than 0.05% of expected 
GDP in 2050.

2050 scenarios for agriculture emissions

Our scenarios for agriculture emissions in 2050 reflect scope for emissions reduction through 
changed farming practice and behaviour change (Figure 6.4):

•	 Scenario 1 reflects our fourth budget scenario that includes changes in farming practice 
by 2030, adding in abatement from nitrification inhibitors and drainage, and CO2 reductions 
in line with our core scenarios for transport and buildings emissions (i.e. these emissions 
are eliminated). No changes are assumed at the consumer level. Remaining agriculture 
emissions are 31 MtCO2e in 2050 (all of which is non-CO2).

•	 Scenario 2 adds emissions reductions due to avoidable waste, resulting in remaining 
emissions from agriculture in 2050 of 29 MtCO2e.

•	 Scenario 3 adds in scope for emissions reduction through reduction in livestock 
consumption, consistent with a £200/tCO2e carbon price in 2050. It results in remaining 
agriculture emissions in 2050 of around 26 MtCO2e.

We consider in Chapter 1 circumstances under which these different scenarios would have  
to be delivered to meet the 2050 target. 

Land use, land use change and forestry

Related to agriculture emissions are emissions from land use, land use change and forestry 
(LULUCF). Currently LULUCF leads to a net removal of emissions of 3.8 MtCO2e (in 2010).  
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Looking forward, emissions are projected to reach 1 MtCO2e by 2030 and remain at similar 
levels to 2050. Such projections are highly uncertain given uncertainties over how the 
changing climate will impact on the sequestration potential of existing woodlands (e.g. on 
growth rates and the incidence of pests and diseases).

In our fourth budget advice we identified an opportunity to reduce emissions through 
afforestation of an additional 10,000 hectares a year over a 15-year period. We assumed in  
a central scenario that this could deliver savings of at least 1 MtCO2e by 2030. 

Continuing this planting rate to 2050 could increase removals by a further 1 MtCO2e. Such a scenario 
would require that land is freed up from alternative uses (e.g. a 1.5% reduction in livestock numbers could 
release over 200,000 hectares of land7) and that incentives are in place for conversion to forest. In which 
case, this scenario would provide emissions reductions that are additional to those from bioenergy.

There may also be an opportunity to avoid emissions associated with peat extraction. In 
2010 this accounted for 0.4 MtCO2e of emissions in the UK. The Government has committed 
to a phase out of peat use in horticultural applications in England by 2030. If replicated 
throughout the UK this could reduce emissions by 0.4 MtCO2e given that horticulture accounts 
for almost all of the total peat extraction. There may also be scope to increase removals 
through restoration of degraded peat lands, but available potential is poorly understood given 
emissions from upland peat lands are currently unknown and therefore not included in the 
inventory. However, on-going work by Defra will look to address this.

We therefore include removals from LULUCF of 1 MtCO2 in our economy-wide scenarios 
in Chapter 1, reflecting increasing emissions in a business-as-usual trajectory and scope for 
abatement from increased afforestation and avoidance of peat extraction.

7 The Cranfield Study assumed that a 50% reduction in livestock consumption would free up 7.3 million hectares of UK land, Scaling this down to obtain 10,000 hectares a year for 
20 years (200,000 hectares) from 2030 for afforestation would require a 1.5% decrease in livestock consumption, 

Figure 6.4: Agriculture and LULUCF abatement scenarios to 2050
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2. Waste emissions

Current emissions from waste disposal

Waste emissions were 17 MtCO2e in 2010, accounting for 3% of total UK greenhouse gas 
emissions. Emissions have fallen 65% since 1990 as waste has been diverted away from landfill.

Waste emissions are predominantly methane (91%) which arises as food, paper and other 
rotting rubbish biodegrade in landfills in the absence of oxygen. Methane emissions today 
reflect the slow decomposition of waste landfilled over the past few decades as well as waste 
landfilled more recently. Other emissions are nitrous oxide (N2O) arising from wastewater 
handling (7%) and carbon dioxide (CO2) arising from the incineration of wastes (2%) (Figure 6.5). 

Options for reducing waste emissions

There are three established approaches to reducing emissions from waste, which focus on 
reducing methane emissions arising from landfill sites:

•	 Reducing	overall	levels	of	waste,	particularly	biodegradable	wastes,	through	waste	
minimisation campaigns (e.g. the Waste Reduction Action Programme’s ‘Love Food Hate 
Waste’ initiative and responsibility deals with key sectors).

•	 Diverting	more	biodegradable	waste	away	from	landfills	and	towards	recycling	(e.g.	of	
paper and card), composting and anaerobic digestion (e.g. of food waste), and incineration 
with or without energy recovery. The key mechanism for diverting waste from landfills is the 
landfill tax which was introduced in 1996 to meet EU Landfill Directive targets. 

Figure 6.5: Waste emissions (1990-2010) 
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•	 Increasing	the	capture	rate	of	methane	emissions	from	landfill	sites	through	adopting	
best practices and new technologies (e.g. the average methane capture rate in the UK 
is assumed to be 75% but in practice is site specific and can vary depending on the 
technology implemented, the point at which the technology becomes active, and its  
day-to-day operation).8 

Moreover, the reduction, reuse and recycling of waste (rather than disposal) is associated with 
further emissions savings upstream (e.g. those arising from agricultural, energy, and industrial 
production), although the precise level of savings is often difficult to quantify. 

There are also further opportunities to use waste as a bioenergy feedstock, both in power 
generation and for production of biogas (e.g. for use in vehicles). In our 2011 Bioenergy Review 
we noted that although UK waste policy follows a ‘waste hierarchy’ which prioritises re-use, 
recycling, other types of recovery, and last of all disposal, there is still a potentially significant 
UK waste resource that could be diverted for bioenergy use (approximately 47 TWh of primary 
energy supply in 2030 declining to 44 TWh in 2050).9 

Reducing waste emissions to 2030

In our advice on the fourth carbon budget we assumed waste emissions would decrease to 
17 MtCO2e in 2030 as waste is diverted from landfill. 

Since we published that advice, the Government has updated historic and projected emissions 
for waste based on a review of data and key assumptions. The results suggest that waste 
emissions were lower in 1990 compared to previous modelling (46 MtCO2e rather than 
53 MtCO2e) and have since fallen more quickly to 17 MtCO2e in 2010 (rather than the previous 
estimate of 23 MtCO2e).10 

The new modelling further suggests that waste emissions will continue to decrease faster than 
previously expected after 2020, falling to 10.5 MtCO2e by 2030:

•	 Methane	emissions,	the	key	driver	of	waste	emissions,	are	projected	to	fall	to	8.5	MtCO2e 
by 2030. This reflects an assumption that the amount of biodegradable wastes sent to 
landfill continues to fall in line with targets in the EU Landfill Directive (i.e. by 20% for food 
waste and 30% for paper/card, by 2020 relative to current levels).11 The amount of methane 
captured at landfill sites is assumed to remain at 75% in the future. 

•	 Nitrous	oxide	emissions	(currently	around	1	MtCO2e) are projected to increase slightly to 
1.6 MtCO2e by 2030 reflecting increases in population and protein consumption.

•	 CO2 emissions arising from the incineration of wastes are projected to remain around current 
levels (0.4 MtCO2e) to 2030. 

Therefore, the latest evidence suggests that emissions in 2030 will be around 7 MtCO2e lower 
in 2030 than assumed in our fourth carbon budget analysis, even without further measures 
beyond those required by the EU Landfill Directive.

8  Eunomia (2011), Inventory Improvement Project – UK landfill methane emissions model.
9  Includes bioenergy supply from waste wood, the renewable fraction of solid waste, landfill gas, and food waste.
10  DECC (2011), Updated emissions projections, Autumn update.
11  Based on data in the latest version of Defra’s MELMod model (2011), used to calculate UK landfill methane emissions. Tonnage sent to landfill remains constant post 2020. 
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Opportunities for further waste emissions reductions to 2050

Potential to reduce methane emissions to 2050

The new emissions projections suggest methane emissions from landfill will continue to 
fall after 2030, reaching 6 MtCO2e by 2050. This reflects the reductions described above in 
biodegradable waste sent to landfill over the next decade (i.e. to 2022) in line with the Landfill 
Directive, but no further reductions thereafter. Emissions continue to fall due to the lag caused 
by the long life of rotting materials in landfill (e.g. paper takes 12 to 17 years to fully degrade).

If additional measures encourage further diversion of wastes away from landfill in the UK 
beyond 2020, particularly for food and paper/card waste, there is potential for further emissions 
reduction. For example: 

•	 If	zero	food	and	paper/card	waste	is	landfilled	post-2020,	methane	emissions	could	fall	by	
a further 3.6 MtCO2e to 2.4 MtCO2e by 2050.

•	 If	zero	biodegradable	waste	is	sent	to	landfill	post-2020,	emissions	could	drop	by	5	MtCO2e 
to 1.3 MtCO2e by 2050.

•	 If	zero	food	and	paper/card	waste	is	landfilled	post-2030	instead	of	2020,	emissions	would	
fall to 5.2 MtCO2e by 2050.

The European Commission has recently proposed that landfilling be ‘virtually eliminated’ by 
2020.12 A 2010 WRAP study further concludes that landfill bans, particularly for biodegradable 
wastes, could yield strong climate change benefits and resource efficiency gains, particularly 
coupled with policies to support waste sorting.13 

In our 2008 report we presented analysis that we commissioned from Eunomia14, which 
identified a range of treatment options available for residual wastestreams diverted from 
landfill. These alternative disposal routes for biodegradable wastes include:

•	 Anaerobic digestion, which produces a biogas that can be used to generate energy or 
as a vehicle fuel.

•	 Composting, which can be applied to land and thus displace fertiliser application levels.

•	 Mechanical Biological Treatment, which involves breaking down waste by shredding, 
removing recyclable materials, and the option for either composting or digesting the 
remaining waste to produce a biogas. 

•	 Incineration with energy recovery, where waste is fed directly into a furnace or boiler 
without prior separation or sorting.

Many of the above treatment options are available at negative cost and most at a cost 
less than the expected price of carbon in 2050 (£200/tCO2e), suggesting full diversion is 
economically desirable.

12  European Commission Communication (September 2011), Roadmap to a Resource Efficient Europe. 
13  WRAP (2010), Landfill Bans: Feasibility Research.
14  Eunomia (2008) Development of Marginal Abatement Cost Curves for the Waste Sector.
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Addressing emissions of nitrous oxide from wastewater to 2050

The slight upward trend in N2O emissions arising from wastewater treatment (projected at 
1.6 MtCO2e in 2030) is likely to continue as population increases, although there are no specific 
projections for the potential size of the increase and thus emissions are held constant to 2050.15 
Options to reduce these emissions are currently less clear. 

Potential to reduce emissions of carbon dioxide from waste incineration to 2050

As more waste is diverted from landfill, there is a risk that CO2 emissions arising from the 
incineration of residual waste streams could increase, particularly from the incineration of 
plastics, which have a high fossil carbon content. 

Options for avoiding CO2 emissions arising from waste incineration include:

•	 Increased	recycling	of	plastics.

•	 Use	of	biodegradable	plastics	derived	from	renewable	biomass	source	(e.g.	vegetable	fats,	
oils and starches) which could then be treated in the same way as other biodegradable 
wastestreams (e.g. via anaerobic digestion). It would be important to divert biodegradable 
plastics from landfill, where they would generate methane emissions. 

•	 Use	of	carbon	capture	and	storage	(CCS)	technologies	in	incineration	plants	to	capture	
CO2 emissions.

•	 Use	of	novel	treatments	that	do	not	lead	to	combustion	of	fossil	carbon	(e.g.	approaches	 
to chemical synthesis or feedstock recycling).16

Given the likelihood of increased competition for biomass as bioenergy as well as uncertainties 
around the development of CCS technology and novel treatments, the increased recycling 
of plastics currently appears to be the best management option going forward to reduce 
CO2 emissions arising from waste. Landfilling plastics would also perform better relative to 
incineration in carbon emissions terms, but could involve tradeoffs with other environmental 
objectives (e.g. local disamenity associated with landfill sites). 

Remaining waste emissions in 2050

Our scenarios for waste emissions in 2050 reflect Government projections as well as scope 
for further reduction of methane and CO2 emissions arising from landfill and incineration of 
plastics (Figure 6.6). 

•	 Scenario 1: This reflects Government projections for waste emissions, with remaining 
emissions of 8.0 MtCO2e (6 MtCO2e in methane emissions, with nitrous oxide arising from 
wastewater treatment assumed to increase with population and CO2 emissions from 
incineration held constant at 2030 levels). 

15  DECC (2011), Projections of non-CO2 greenhouse gas emissions, A report on the non-CO2 projections to accompany the Autumn 2011 update; projections of N2O emissions 
from waste water treatment are based on a constant emission factor per head of population. The historic inventory is based on protein consumption and population data. The 
projections assume that protein consumption will remain unchanged going forward.

16  Eunomia (2008), Development of Marginal Abatement Cost Curves for the Waste Sector. 
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•	 Scenario 2: This scenario assumes all food and paper/card waste is diverted from landfill 
from 2030 (i.e. later than the EC proposals and for only part of the biodegradable waste 
stream). Remaining emissions are 7.2 MtCO2e for waste management in 2050 (5.2 MtCO2e 
of methane emissions plus nitrous oxide and CO2 emissions as in scenario 1).

•	 Scenario 3: This scenario assumes all biodegradable waste is diverted from landfill from 
2020, as currently proposed by the European Commission. Remaining emissions are 
3.4 MtCO2e for waste management in 2050 (1.3 MtCO2e of methane emissions plus nitrous 
oxide and CO2 emissions as in scenario 1). 

We also note the risk of increased incineration of wastes with a high fossil fuel content 
(e.g. plastics). If this is not mitigated then CO2 emissions could increase from projected levels of 
0.4 MtCO2e to much higher levels (e.g. identified by Eunomia to range from 2.5 to 14.7 MtCO2e 
in a worst-case 2050 scenario if all fossil based materials are incinerated).17

3. Other non-CO2 emissions

Current emissions from other sources of non-CO2

Other non-CO2 emissions (i.e. outside of the agriculture and waste sectors) were 29 MtCO2e 
in 2010, comprising 15 MtCO2e of F-gases, 3 MtCO2e in industry, 9 MtCO2e in energy supply 
and 1 MtCO2e from transport. 

•	 F-gases. Emissions of F-gases come primarily from buildings and mobile air conditioning. 
They are used in applications such as refrigerators, inhalers, fire extinguishers and air 
conditioning. 

17  Eunomia (2008), Development of Marginal Abatement Cost Curves for the Waste Sector.

Figure 6.6: Waste abatement scenarios to 2050
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•	 Industry. The majority of non-CO2 emissions from industry are from nitrous oxide (N2O) 
emitted during the production of nitric acid. 

•	 Energy Supply. Methane is emitted in the energy supply sector as fugitive emissions 
from coal mines and gas pipes; there are also small amounts of methane and nitrous oxide 
resulting directly from fuel combustion.

•	 Transport. A small amount of nitrous oxide is emitted in the transport sector as a result  
of catalytic convertors.

Emissions have fallen by 62% since 1990 largely due to installation of abatement equipment at 
nitric and adipic acid plants, the decline of UK coal mining and gas pipe replacement (Figure 6.7).

Reducing other non-CO2 emissions to 2030

In our advice for the fourth carbon budget we assumed other non-CO2 emissions would 
reduce to 14 MtCO2e by 2030 based upon a reduction in F-gases driven by EU legislation, 
as well as reduced fugitive emissions from coal and gas.

The Government’s latest non-CO2 projections suggest the same level of emissions in 2030.18 
Remaining emissions would be primarily from F-gases (5 MtCO2e) and fugitive emissions from 
gas pipes (5 MtCO2e).

18   DECC (2011) Updated emissions projections.

Figure 6.7: Other non-CO2 emissions by sector (1990-2010)
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Opportunities for further non-CO2 emissions reductions to 2050

Beyond 2030, there are two main potential sources of further abatement:

•	 Decreasing fugitive emissions. Remaining non-CO2 emissions in 2030 from the energy 
supply sector mainly come from fugitive methane emissions from gas pipes. Continued 
replacement of gas pipes and other improvements to the network should lead to a decline 
in these emissions. This will be helped to some extent by the expected decline in fossil 
fuel usage to 2050. Achieving emissions reductions also relies on an assumption that there 
are no new sources of fugitive emissions (e.g. from new coal mines or unconventional  
gas extraction). 

•	 Phasing out of F-gases. There are likely to be further opportunities to reduce F-gas 
emissions between 2030 and 2050, specifically HFC (hydrofluorocarbon) emissions, which 
are the majority of those projected to remain in 2030 (5 MtCO2e of the 6 MtCO2e total):

– Various alternatives to HFCs exist with far lower global warming effects. For example, 
in commercial refrigeration there are already options to switch to using CO2 as an 
alternative with much lower global warming impact. Across nearly all applications there 
are potentials for replacement with ammonia, less damaging HFCs and HFOs. 

– In work for Defra, AEA identified that alternative options could be implemented at 
reasonable cost (e.g. less than £40/tCO2e ) across the range of applications.19

– A full ban of HFCs has been proposed at the EU level.20

– If HFCs were fully phased out and replaced with low-carbon alternatives, then non-CO2 
emissions would decrease by 5 MtCO2e. 

Costs of decarbonising the energy sector are attributed to the CO2 reductions in those sectors, 
no extra costs are assumed for expected gas pipe replacement, and costs of reducing F-gas 
emissions are likely to be small given the small quantity of emissions and the relatively low 
costs per tonne identified.

Remaining other non-CO2 emissions in 2050

Our scenarios for emissions in 2050 reflect scope for emissions reduction through changes 
to F-gas regulations and through reductions due to CO2 mitigation measures (Figure 6.8).

•	 Scenario 1 reflects our 2030 emissions scenario and emissions reductions through 
mitigation of CO2 in transport and energy supply (as discussed in chapters 2-5), as well as 
partial phase-out of HFCs. It results in remaining emissions in 2050 of 12 MtCO2e.

•	 Scenario 2 adds in further scope for emissions reduction through banning HFCs. It results  
in remaining emissions in 2050 of around 7 MtCO2e.

19  AEA (2010), HFC consumption and emissions forecasting.
20  A joint NGO submission on behalf of the Environmental Investigation Agency, European Environmental Bureau, Greenpeace European Unit, and World Wide Fund for Nature 

suggested in 2011 that the Commission should revise the F-Gas Regulation to prohibit the placement on the market of HFC technologies and products as soon as possible and 
at the latest by 2020.
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4. Remaining non-CO2 emissions in 2050
Taken together our identified measures for reducing non-CO2 emissions to 2050 reconfirm  
our fourth budget assumption that these sectors could reduce by 70% by 2050 relative to  
1990 levels. They also demonstrate that there are plausible routes to go further in these sectors, 
such that emissions could reduce in total by around 80%, in line with the economy as a whole.

Furthermore, if these emissions reductions can be unlocked they are likely to be at lower cost 
than some of the more stretching CO2 reductions discussed earlier in this report, particularly 
if key options like carbon capture and storage are not available. In some cases they may also 
offer opportunities for broader benefits, such as improved air quality, increased biodiversity 
and healthier lifestyles.

As for other sectors, we define three levels for deployment of measures to reduce non-CO2 
emissions (Figure 6.9):

•	 Max. This includes the lowest emission scenarios for each of agriculture, waste and other 
non-CO2. Total non-CO2 emissions are reduced to 36 MtCO2e, through full deployment of 
identified on-farm measures, reduced food waste and consumption of livestock products, 
full diversion of biodegradable waste away from landfill from 2020 and complete phasing 
out of HFCs. 

•	 Stretch. This includes full deployment of on-farm measures and success in meeting the 
EU Landfill Directive targets. Further abatement is achieved through food waste reduction 
and further (but not full) diversion of waste from landfill (i.e. further diversion of paper/card 
waste above EU targets after 2030). Alternatively further abatement could come from a 
partial phase-out of HFCs, greater diversion of waste from landfill or diet change away from 
livestock products. As a result non-CO2 emissions in 2050 are 48 MtCO2e.

Figure 6.8: Other non-CO2 abatement scenarios to 2050
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•	 Barriers. On-farm measures are fully delivered, and EU Landfill Directive targets are met 
(but not exceeded) in waste. Energy emissions fall as gas pipes are upgraded, and as fossil 
fuel use declines due to CO2 measures. However, no progress is made in reducing food 
waste, or shifting diets away from livestock products. Non-CO2 emissions are reduced to 
50 MtCO2e.

Given the uncertainties in these sectors, particularly over the opportunities for emissions 
reduction driven from the demand side, we do not rule out the possibility that non-CO2 
emissions as a whole could extend beyond this range. For example, reductions could be over 
80% on 1990 levels by 2050 if more radical diet changes occur, or under 70% if measures prove 
less effective or more difficult to deploy.

There is also a very large degree of uncertainty over the current level of emissions, which could 
make successful deployment of measures to reduce them even more important.

It therefore remains a priority to improve understanding in these sectors – both of the level of 
current emissions, and of options to reduce them.

Figure 6.9: Non-CO2 deployment levels to 2050
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