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Carbon neutrality—a government dilemma?
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Following on from a previous article1 attempting to understand the meaning of carbon
neutrality and exposing some of the mysticism surrounding carbon emissions and sequestration
at a human rather than a global level, it is interesting to note that the current Coalition
Government in the UK has developed a new unit of currency called the “taxpayer year”,1a and it
seems appropriate to introduce a comparable unit to measure carbon neutrality. While some
government measures provide incentives for individuals and businesses to reduce carbon
emissions, the Government itself faces a dilemma in following its own advice. Namely, in
dealing with the consequences of recession government spending will be reduced and the
previous Government’s commitments to the construction industry regarding the need for new
houses will also be reconsidered. On the one hand, the review of energy sources leading to a
reduction in the use of fossil fuels together with the general reduction in government and
consumer spending should improve the country’s carbon balance, while on the other hand the
planned reduction in the science budget and in particular the “rationalization” (meaning
reducing the available resources) of nanotechnology2 will probably diminish the benefit that
science could have yielded in terms of improved energy efficiency and diminished dependency
on materials that in their production emit copious quantities of carbon.

An interesting aspect of this dilemma is provided by house building requirements. The
previous Government, after an analysis of population trends, concluded that significant new
house building would be required, especially in the more affluent parts of the south of England.
Typical of these anticipated requirements were developments containing of the order of 5000
houses to be built over the next 10 years in selected areas, many as new towns but others as
extensions to existing towns. Such developments entail the use of considerable quantities of
cement. The manufacture of cement is one of the most prodigious producers of carbon dioxide,3

1 G.C. Holt, Carbon neutrality—what does it mean? Nanotechnology Perceptions 5 (2009) 135–145.
1a The term was actually coined by Joe Murphy in the Evening Standard of 23 June 2010, commenting

on George Osborne’s Budget speech the previous day, in which a “taxpayer year” was equated to the
tax contribution from median annual earnings.

2 http://www.bbc.co.uk/news/uk-politics-10728357
UK nanotech centres may be axed, says science minister, BBC News 23 July 2010.

3 1995 Intergovernmental Panel on Climate Change (IPCC), Working Group II, p. 661: 0.75 tons of
CO2 per ton of cement from energy use plus 0.50 tons of CO2 per ton of cement from the calcination
of the limestone.
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typically 1.25 tons of carbon dioxide per ton of cement.4 To achieve carbon neutrality of these
new developments, the Government or the building industry or the cement manufacturers
would have to ensure sequestration of the equivalent amount of carbon dioxide, possibly
through “carbon offsets”. However, I shall show that the actual numbers only serve to
demonstrate the impossibility of going much beyond the Kyoto agreement in terms of
diminishing the quantity of emitted carbon.

Housing development

A typical housing development has 5000 dwellings at the Government-recommended density of
40 houses per hectare,5 implying an area of 125 ha. For comparison, a 25 mile stretch of the M2
motorway, covering 750 acres or 303 hectares, used 417,000 tons of cement.6 A housing estate
with its infrastructure of roads and cement foundations plus the cement in the brickwork will
likely use as much cement per hectare as the building of a modern road. The carbon released as a
consequence of the typical housing development is thus estimated at some 59,000 metric tonnes.

Carbon sequestration

Carbon sequestration by trees is one of the most effective means of capturing atmospheric
carbon. Table 1 shows the carbon sequestered as tree biomass.7 Both hardwood and softwood
trees are similar, with hardwood trees being more effective at sequestration but generally taking
longer to grow.7 Assuming a radial growth rate of about 1 cm per annum, Table 1 also shows the
yearly carbon sequestration per tree and implies that for a 20 m radius plot with four small, four
intermediate and two large trees some 186 kg of carbon are sequestered per year. The plot size is
0.125 hectares and over a 10 year period it should sequestrate nearly 2000 kg of carbon.

4 Mass of C is approximately 0.27 that of CO2 , thus 0.34 kg C is emitted per kg cement.
5 http://www.woking.gov.uk/planning/policy/localplan/density.pdf

Status of Supplementary Planning Guidance on Housing Density (adopted March 2000): 100–173
habitable rooms per hectare, implying 25–50 dwellings per hectare.

6 UK Ministry of Transport Report, http://www.cbrd.co.uk/histories/openingbooklets/pdf/m2motorway.pdf
7 T.R.H. Pearson, S.L. Brown and R.A. Birdsey, Measurement Guidelines for the Sequestration of

Table 1. Carbon sequestration by trees.

Tree type r / ma h / mb m / kgc s / kgd t / yeare c / kg f  

Hardwood 0.015 2 1.27 0.64 – – 
Pine (small) 0.015 2 1.13 0.57 3 0.19 
Pine (intermediate) 0.15 10 565 150 15 10 
Pine (large) 0.5 20 12600 2900 40 72 
 a Tree radius.

b Tree height.
c Tree aboveground biomass given by πr2h  and assuming a tree specific gravity of 0.8.
d Sequestered carbon calculated as m*/2, with biomass m* given by exp(–2.53 + 2.43 ln(200r)) for pine.7
e Time to grow to the given radius assuming 1 cm per year from 3 years old.
f Sequestered carbon per annum.
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Carbon neutrality

Assuming the typical housing development takes 10 years to build, and that to achieve carbon
neutrality  the carbon emitted in its construction is sequestered over the same interval by trees,
then an area of almost 4000 hectares of forest is required. That is, for every housing
development more than thirty times its area would have to be set aside for wood or forest, see the
Summary in Table 2.

Medium density  
housing 

M2 motorway 
segment 

Carbon emission from the  
cement used in 125 ha housing 

Forest to offset housing  
emissions over 10 years 

125 hectares 303 hectares 59 × 106 kg 4000 hectares 

 

Table 2. Summary of carbon neutrality requirements.

Forest Carbon, United States Department of Agriculture Forest Service Northern Research Station
General Technical Report NRS-18 (2007).

8 Although the fact that under the European Union’s Common Agricultural Policy some farmers are
currently paid to leave land uncultivated may offer room for a more palatable compromise.

9 http://boston.bizjournals.com/boston/stories/2010/05/10/daily46.html
(13 May 2010). The MIT $100k business plan competition awarded its top prize—and a $100,000
cheque—to C-Crete Technologies, a company founded by two Massachusetts Institute of Technology
graduate students developing nanotechnologies to fabricate cleaner, stronger concrete. The company
claims its nanoengineered cement reduces by one half the CO2 emissions associated with making
concrete in the traditional way.

This is a somewhat simplified example of carbon neutrality and might suggest a new unit of
“forest hectare year” (FHY), equivalent to the sequestration of about 1.5 metric tonnes of
carbon. Given these numbers, the implication is that the Government would not only have to
allocate green belt land for new houses but would simultaneously have to compel a vast area of
farmland to be converted to woodland or forest—an unlikely proposition given the enormous
reduction in food output that would result from the conversion.8

Technology may or may not come to the rescue here. Recent proposals9 to alter the
structure of cement and thus reduce the carbon dioxide produced in its manufacture are in their
infancy and financial crisis-driven government reductions in research spending will only hinder
the achievement of a nanotechnology solution. But then, as George Bernard Shaw remarked, “A
government that robs Peter to pay Paul can always depend on the support of Paul.” One can
only wish the Government well in the sagacious resolution of such dilemmas.



124______________________________________________________________________________________________________

Nanotechnology Perceptions Vol. 6 (2010)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (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.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


