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Methods of removal 
To reach a net zero carbon economy by 2050, the UK needs to remove 
greenhouse gases from the atmosphere, since some sectors, such as aviation 
and agriculture, will struggle to cut their emissions to zero.   

Greenhouse gas removals (GGR) are the ‘net’ in net zero. They are either 
nature-based or engineered:  

Nature-based approaches store carbon in soils, plants and trees. In 2019, 
existing land carbon sinks removed four per cent of emissions from the 
atmosphere. This capacity could grow with the creation of more natural 
habitat, primarily woodland.  

Nature-based carbon dioxide removal1  

 

 

 

 

 

 

 

 

	 

 

 

Engineered approaches are not yet fully operational. The two main approaches 
in the Climate Change Committee’s (CCC’s) UK government plans are 
bioenergy with carbon capture and storage (BECCS) and direct air capture of 
CO2 with storage (DACCS):  

− BECCS uses technology to capture the CO2 released when biomass (organic 
matter) is burnt. This biomass removed CO2 from the atmosphere as it grew, 
so capturing it on burning generates power while delivering a net removal 



   

 

   

 

 

of CO2. Captured CO2 must be stored, probably in depleted oilfields and 
saltwater aquifers under the North Sea.	 

Bioenergy with carbon capture and storage (BECCS)2  

 

 

 

 

 

 

 

 

 

− DACCS removes CO2 directly from the air using heat, electricity and 
chemicals. As for BECCS, the captured gases must be stored.  

 

Direct air capture of CO2 with storage (DACCS)3 

 

Risks and benefits 
These options come with different risks and benefits. 

Nature-based approaches can start now. They are inexpensive and provide co-
benefits for nature, provided biodiverse habitats are created with native 
species. However, capacity is limited by the area available to restore them and 
there is uncertainty about long term carbon storage in nature because it 
fluctuates over time, for example due to fire or disease in trees.   



   

 

   

 

Engineered approaches can remove CO2 more quickly and provide a more 
certain long term store than nature-based approaches. As developing 
technologies, there is significant uncertainty over their impacts, scale and 
timeline. In particular, BECCS could cause deforestation because of its large 
land footprint, which would result in net emissions, not removals. Using 
biomass from existing forests will not achieve net zero because removal occurs 
not when the biomass is burnt, but when the forest has regrown, which may 
take decades or even centuries, and which is too late to meet the 2050 net zero 
goal. Using biomass crops avoids this problem, but this puts BECCS in 
competition with food production, with similar food security risks to crop-
based biofuels. 

Engineered solutions are expensive, though future costs are very uncertain. 
Per unit of CO2 removed, BECCS is estimated to cost between 3.5-115 times 
more than afforestation. DACCS might cost 7-235 times more (see below).  

 

The estimated cost of afforestation, BECCS and DACCS4 

 

 

 

 

 

 

 

 

Demand and supply of engineered and nature-based GGR under the UK 
Government’s Net Zero Strategy5 



   

 

   

 

 

Anticipated demand and supply of GGR 
The scale at which GGR options are deployed affects their negative impacts. 
Higher demand for GGRs, caused by higher residual emissions from aviation 
and agriculture, for example, increases the risk that the UK will have to rely on 
environmentally riskier GGRs. The graph above shows that limiting demand 
for GGRs would make the riskiest types of GGR unnecessary. The effect of each 
type of GGR on environmental risks is outlined below. 

Nature-based solutions  
The capacity for nature-based GGR, such as tree planting, is limited by the 
availability of land. Agriculture covers over 70 per cent of the UK land surface, 
but tree planting can be done at very little cost to food production if located 
on the 20 per cent of farmland that produces only three per cent of calories, 
and could remove between 15-25MtCO2e per year from the atmosphere by 
2050.   

BECCS 
The sustainability of BECCS largely depends on the input biomass. Using 
waste biomass as an input would avoid competition for land but could remove 
only 21-32MtCO2e per year by 2050.6

Scaling BECCS beyond this could see three million hectares of land (17 per cent of 
the UK’s agricultural area) dedicated to growing biomass for BECCS. 7

Unlike nature-based solutions, dedicated biomass requires land suitable for 
cropping, meaning crop-based BECCS will compete with food production. 

DACCS 
DACCS requires the input of electricity and heat. At worst, large scale DACCS would 
increase electricity demand by 18 per cent. At best, it would use waste heat from 
industrial or nuclear power plants, which could limit DACCS’ demand to 0.5 to five 
per cent of annual electricity use.8

 If demand for DACCS is lower, it could be run intermittently, drawing energy from 
the grid in times when there is excess supply of renewable energy.  

Recommendations  
It is likely that the UK will require a mixture of nature-based and engineered GGR, 
but limiting the need for GGR will reduce the deployment of riskier options like 
crop-based BECCS. Therefore, to deliver net zero, the government should:  

− Establish an Office for Carbon Removal. Regulating the credibility and integrity of 
GGRs is essential to a functioning private carbon removals market that limits 
environmental and food security risks. 



   

 

   

 

− Set separate targets for greenhouse gas reductions and removals. This will limit 
the risk that residual emissions are so high that environmentally risky GGRs are 
used to hit net zero. The need for GGRs could be as low as 59MtCO2e per year, 
which is similar to the upper estimate of low risk GGRs, like nature-based 
solutions and waste-based BECCS.9 

− Maximise the deployment of nature-based solutions.  Allocating a third of Defra’s 
Environmental Land Management budget to the Landscape Recovery scheme 
has most potential to deliver large scale nature-based GGR. It could support 
sufficient tree planting to capture an additional 25MtCO2e per year, with minimal 
impact on food production.10		 

− Use only sustainable engineered options to deliver the remaining required 
removals. Standards must limit biomass inputs for BECCS to only waste 
products, eg from agriculture, forestry or industrial processes.  

 

For more information, contact: 
Lydia Collas, policy analyst, Green Alliance  
lcollas@green-alliance.org.uk  
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10 Centre for Ecology and Hydrology, 2021, ‘Updated quantification of the impact of future land use scenarios to 
2050 and beyond’, table 4 



<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 150
  /ColorSettingsFile ()
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /ENU ([Based on 'Accessible PDF'] [Based on 'ISSUU'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /DetectBlends true
  /DetectCurves 0
  /DisplayDocTitle true
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /ExportLayers /ExportVisibleLayers
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 150
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 150
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




