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Technical Appendix 2: General Discussion of Natural Carbon
Sequestration In The Land Use Sector
Section A: The Present Situation
1. Data Consistency
These remarks apply to non-food biomass materials including organic carbon. It is often difficult to
get consistent figures because reporting conventions are not always specified. Data is presented in
numerous different forms, e.g:
•
•
•
•
•

Tonnes of product as generated
Dried to various degrees, with unspecified water content
‘Oven-dry tonnes’ or dry matter
Carbon content, often considered 50% of biomass dry weight
CO2 equivalent (CO2e) 44/12 or 3.67 times carbon content

We try to work in CO2e and unless otherwise specified all figures are in CO2e. To convert to CO2e from
unspecified wood or other dry biomass products we use a value of 1.2 (MacMath and Fisk, 2000).
2. Balance of Sources and Sinks
In constructing a summary balance of emissions and sinks, there appear to be two sources of biomass
•
•

Indigenous wood and other biomass products from UK
Imported wood products

and four sinks:
• Soils
• In-situ biomass (in living plants)
• The active UK economy, which we sometimes refer to as the ‘technosphere’
• Landfill sites
These are represented in Figure 2.1. The numbers in each box represent an estimate of the total current
size of the existing pool in million tonnes CO2e, derived from a variety of sources (referenced). The bold
numbers in brackets are estimates of the existing net sinks in million tonnes CO2e/ year.
3. Sources
Food products and energy crops are part of a rapid cycle in which they absorb carbon dioxide as they
grow and then release it again when metabolised or burned. It is assumed that food products and
intermediates are all metabolised in some way and are therefore effectively carbon-neutral apart from
any extra emissions that arise from their production (such as emissions from fertiliser). The same applies
to energy crops. That leaves “wood products”, including paper and pulp, and a small quantity of building
materials made from other cellulosic crops such as straw and hemp. The official inputs to the system vary
from year to year but are between 50 and 60 million tonnes of wood products, about 9 from UK and ~45
imported (Forestry Commission, 2009). These wood product tonnages are adjusted for likely CO2e value
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BIOMASS IMPORTS
54 million tonnes/ year

NON-PEAT
SOILS
Current size of
pool:
12000 million
tonnes CO2e
Current
accumulation: 1.4
million tonnes/
year
(note 1)
PEAT SOILS
Current size of
pool: 12000
million tonnes
CO2e
Current
accumulation: 0

WOOD PRODUCTS
10.8 million tonnes/
year

Current size of pool:
430 million tonnes CO2e
Current accumulation: 3
million tonnes/ year
(note 2)
IN SITU BIOMASS

Current size of pool:
300 million tonnes CO2e
Current accumulation: 3.4
million tonnes/ year (Note
3)
TECHNOSPHERE
WASTE WOOD AND
PAPER About 25
million tonnes/ year
Current size of pool:
1000 million tonnes CO2e
Current accumulation: 24.2
million tonnes/year (Note 4)
LANDFILL

Figure 2.1: Current principle sinks, accumulation rates and flows
Boxes show principal sinks and reported or estimated sizes and accumulation rates. Arrows represent flows. CO2 is constantly being released from all parts of the system,
assumed to be biogenic and therefore ‘neutral’.

by a coefficient of 1.2 (MacMath and Fisk, 2000).
4. Sinks
Soils are a small net sink, and newly-planted UK forests are reported as sequestering about 3 million
tonnes in above-ground biomass in the UK submission to the UNFCCC. It is almost certain that existing
and new forests currently absorb more than this (FAO, 2010) but exact figures are disputed.
Of these, 2.8 million tonnes (adjusted to 3.4 for CO2e absorbed) are reported as accumulating in human
artefacts, which we have sometimes described as the “technosphere” (TRADA, 2005). This is likely
to be an underestimate, but is adopted faute de mieux. A far greater quantity (24.2 million tonnes)
accumulates in landfills (Fawcett et al., 2002) but this is ignored in official carbon accounting.
If landfill sequestration is ignored, the baseline rate of sequestration is 8 million tonnes CO2e/ year,
represented in Figure 2.1. This implies that the balance (57+ million tonnes) does not accumulate, but
is decomposed in various ways, by combustion or by biological processes. This can be assumed to be
carbon-neutral unless some of the decomposition produces un-combusted methane. This is possible in
the case of some classes of paper in a poorly-controlled landfill situation, and indeed currently occurs.
For the purposes of the exercise we have assumed that at present fugitive methane emissions cancel out
the sequestration value of wood products in landfill. It is notable however that if landfill sequestration
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were included the present rate would be over 32 million tonnes CO2e/ year.
5. Further Discussion of Figure 2.1
Note 1: Soil
The figure for the current size of the pool is taken from Emmet et al. (2010), with peat soils (mostly in
Scotland), assumed to be about half the total.
Soil emissions and sequestration are notoriously difficult to estimate reliably. Emmett et al. (2010) report
no net change in soil carbon 1978 - 2007, although there were gains in forested area and bracken, and
some losses in cropland. In the official figures the two are assumed to approximately cancel out.
There is some evidence, however, of a small ‘background’ accumulation in European forest soils of 11-19g
C/m2/year (Liski et al., 2002, Nabuurs et al., 2003). If we take say 15g C/m2/year and convert it, that gives
us 0.55 tonnes/ha/year multiplied by 2.6 (area of forest) hence 1.43 million tonnes CO2e/year. We assume,
following Emmett et al. (2010) that there is no other net gain or loss.
Note 2: In situ biomass
The figure for the size of the current pool is from Milne and Brown (1997) converted to CO2e. The in-situ
sequestration value is that reported for the ‘Kyoto forests’ planted since 1990 (FAO 2010). This is definitely
an under-estimate but other values in the literature vary a great deal.
Note 3: The technosphere
The figure of 300 million tonnes for the current pool is taken from Broadmeadow and Matthews (2003).
The 3.4 million tonnes/year added to the UK is from TRADA (2005). They report 2.8 million tonnes/year as
‘products’, taken as air-dried tonnes and converted at 1.2.
Note 4: Landfill
The figure of 24 million tonnes in landfill is from Fawcett et al. (2002), summarised in the following table:
Raw tonnes
(million tonnes)

Carbon content
(total, million tonnes)

Carbon remaining landfill
(total, million tonnes)

paper

14.5

6.3

4.6

wood

4.1

2.1

2.0

8.3

6.6

total
18.6
6.6 million tonnes carbon multiplied by 44/12 = 24.2.

Although the figure of 24.2 million tonnes/year appears large at first sight, it is plausible because
the longevity of wood and paper in landfills is well-established (Rathje, 2001, Ximenes et al., 2008). It
implies both a large sink and a growing reservoir. Obviously 24 million tonnes per year for 40 years is a
large quantity (968 million tonnes) but the landfills have been in operation for far longer than this, so
presumably they are already reservoirs containing thousands of gigatonnes of fixed carbon. This is an
important factor that has received too little attention.
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Section B: Sinks in the Zero Carbon Scenario
6. Limitations of Sinks
The physical problem with carbon sequestration is that the sinks tend to fill up: they cannot be expanded
indefinitely. In a sense, this is a measure of just how deviant the present fossil-fuel age is from the preindustrial era: before, the sinks were entirely adequate while now they are strained to the limit.
Our task is to show a near-zero state at around 2030, but it is important that this is not achieved at the
cost of failing to maintain the near-zero state in the future. To this end we have accepted the concept of
a ‘window of opportunity’ stretching across the next 20-30 years (Smith, 2004; Azeez, 2009). The ‘window’
seizes opportunities that will buy time for the development of larger-scale, longer-term, world-wide
procedures that can deliver a permanent low-carbon world economy.
The scenario seeks policies that will provide net-negative processes or carbon sinks in the period
2015-2050. Thereafter the carbon sinks would need to be maintained but would probably decline in
effectiveness, and other net-negative methods would be required if there were still residual greenhouse
gas emissions.
7. Inputs
The scenario incorporates the assumption that the land-use system in Britain generates biomass for
structural and material purposes equivalent to about 41 million tonnes CO2e. There might well be
imports (for example of structural timber, which we are less well suited to growing) but these are
balanced by exports of other products with the same embodied carbon.
8. Sequestration:
a) Soils
Further discussion is found in Technical Appendix 5.
Peat soils:
It is important to distinguish peat soils that are already extremely carbon-rich from non-peat mineral
soils that have variable levels of soil organic matter. Lengthier discussion can be found in Technical
Appendix 5.
Across Britain as a whole, peat soils are assumed to be able to sequester 0.5 million tonnes a year with
appropriate management, which gives a total value of 0.68 million tonnes for all of the peat soils in the
UK.
Non-peat soils:
The very large size of the non-peat soil reservoir should be noted. Addition of, say, 50 million tonnes CO2e
per year for 50 years would increase the stock by around 20%. Given the enormous range of soil carbon
concentrations, this cannot be regarded as physically impossible, even though the build-up of stable soil
carbon is a slow process. Each soil/vegetation type has its own characteristics.
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Woodland soils
Technical Appendix 5 shows calculations for expected soil sequestration in the ‘window’ 2015-2035. The
total in Great Britain amounts to 1 million tonnes CO2e/y for soils in optimally-managed existing forests
and 4.48 million tonnes CO2e/y for new woodland, a total of 5.48 million tonnes.
Grassland soils
Optimum management of the grassland in the scenario for soil-sequestration is calculated to be able to
provide 5.65 million tonnes CO2e/y, in total, in the ‘window’.
Cropland soils
Adopting practices recommended for building soil carbon in arable land, it is estimated that good
practice could deliver a total of 4 million tonnes CO2e/y in the ‘window’.
The total for all soil sequestration in the scenario is 15.8 million tonnes CO2e.
To this is added 16 million tonnes sequestered by biochar (Sohi, 2010; see also Technical Appendix 7).
BIOMASS IMPORTS
20 million tonnes/ year
NON-PEAT
SOILS
Eventual size of
pool:
12000 million
tonnes CO2e
Proposed
accumulation: 9.4
million tonnes/ year
+ BIOCHAR
Proposed
accumulation: 16
million tonnes/ year
PEAT SOILS
Eventual size of
pool : 12000 million
tonnes CO2e
Proposed
accumulation: 0.68
million tonnes/ year

PRODUCTS
51 million tonnes/
year

Eventual size of pool:
500 million tonnes
CO2e
Proposed accumulation:
11 million tonnes/year
TECHNOSPHERE

Eventual size of pool:
600 million tonnes
CO2e
Proposed accumulation:
12 million tonnes/year
IN SITU BIOMASS

EXPORTS
20 million
tonnes/ year

Eventual size of pool:
2000 million tonnes CO2e
Proposed accumulation: 20
million tonnes/year
LANDFILL

Figure 2.2: Proposed pools (million tonnes) and flows (million tonnes/year) of CO2e.
Boxes represent principal sinks and reported or estimated sizes. Arrows represent flows. Imports and exports are designed to cancel out in carbon terms. CO2 released from
all parts of the system is assumed neutral.
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Although the use of biochar is a process still under development and there are many unknowns, it is felt
that this quantity could reasonably be absorbed by British soils without great risk in the next 20 years.
It is worth noting that there is no obvious limit to the amount of biochar that can be added to soils, so
this could represent a very large sink on the other side of the ‘window’. It could also be used as an active
component of landfill sequestration, where it might serve to adsorb methane (Rondon et al., 2007).
b) In-situ Biomass
Nearly all the accumulation of above-ground biomass is in trees. Data derived from Read et al. (2009)
suggest that appropriate new planting and forest management in the areas designated by the scenario
could sequester 13.7 million tonnes CO2e/y in the ‘window’.
This allows for a certain amount of harvested material removed from the woodland systems.
c) Accumulating in human artefacts: the ‘technosphere’
The scenario incorporates a completely different approach to new structures, which would be designed
in order to incorporate as much permanent biomass as possible. It is difficult to estimate what the
ultimate size of this sink could be, or how much could be deposited in it for how long. We have estimated
a sustained sink of 11 million tonnes for 30 years, implying an eventual sink size of about 400 million
tonnes.
d) Landfill
Although in zerocarbonbritain2030 there is likely to be less ‘waste’ in the ordinary sense, there is no
reason why landfill or similar sites should not continue to be used, but for new and more benign
purposes, especially if they serve a useful function. At a carbon price of >£200 a tonne, there would be
negative gate-fees. We propose that this existing function continues at somewhat less than its present
rate of 24 million tonnes CO2e/y.
It might be clearer if instead of ‘landfill’, we speak of dedicated biomass storage sites or ‘silos’ (cf. Zeng,
2008). In terms of areas required, if one tonne of sequestered carbon is about 1.4m3 in volume, then
the volume of 1000 million tonnes is 1.4e9m3. If a typical storage site is similar to landfill site practice at
(say) 200m deep, the total area required is about 70 thousand hectares and the sequestration density is
about 14 thousand tonnes/hectare, several orders of magnitude greater than other sinks. This process
seems bizarre at first sight, comparable with the suggestion by Strand and Benford (2009) that carbon be
sequestered by dumping biomass in the ocean, but we live in bizarre times and all options have to be on
the table. Useful calculations are given by Zeng (op cit).
9. The Overall Balance
In the scenario the engineered sequestration rate in 2030 is 67.9 million tonnes CO2e/y including
dedicated biomass sequestration. As described, today’s level is 32 million tonnes CO2e/y if landfill
sequestration is included. Hence 68 million tonnes CO2e/y gives us an additional 36 million tonnes CO2e
sequestration with which we can offset residual emissions in the land-use and other sectors.
References

Azeez, G. (2009) Soil Carbon and Organic Farming, Soil Association [online] available at: http://www.soilassociation.org/
Whyorganic/Climatefriendlyfoodandfarming/Soilcarbon/tabid/574/Default.aspx [accessed 15/01/2010]

ZEROCARBONBRITAIN2030

landuse
Broadmeadow, M. and R.Matthews (2003) Forests, Carbon and Climate Change: the UK Contribution, Forestry Commission,
Edinburgh ISSN 1460-3802 ISBN 0-85538-595-2
Emmett, B.A., Reynolds, B., Chamberlain, P.M.,Rowe, E., Spurgeon, D., Brittain, S.A., Frogbrook, Z.,Hughes, S., Lawlor, A.J., Poskitt,
J., Potter, E.,Robinson, D.A., Scott, A., Wood, C., Woods, C. (2010) Soils Report from 2007 Countryside Survey Technical Report
No. 9/07.
FAO (Food and Agriculture Organization of the United Nations) (2010). Global Forest Resources Assessment 2010.
FRA2010/221, Rome.
Fawcett, T., A. Hurst, and B. Boardman (2002) Carbon UK, Biffa Mass Balance Series [online] available at: http://www.eci.ox.ac.
uk/research/energy/downloads/carbonukreport.pdf [accessed 15/01/2010]
Forestry Commission (2009) Forestry Statistics [online] available at: http://www.forestry.gov.uk/website/forstats2009.nsf/LUCo
ntentsTop?openview&RestrictToCategory=1 [accessed 15/01/2010]
Liski, J., Perruchoud, D., Karjalainen, T. (2002) Increasing carbon stocks in the forest soils of western Europe. Forest Ecology and
Management (169) 159-175.
MacMath, R. and P. Fisk (2000) Method of Evaluating the Upstream Global Warming Impact of Long-Life Building Materials.
Centre for Maximum Potential Building Systems, Austin, Texas. [online] available at: http://www.cmpbs.org/publications/T1.2AD4.5-Up_Gbl_wrm.pdf [accessed 15/01/2010]
Milne, R. and T. A. Brown. (1997) Carbon in the Vegetation and Soils of Great Britain. Journal of Env. Management 49 (4) 413433
Nabuurs, G. J., Schelhaas, M. J., Mohren, G. M. J., and Field, C. B. (2003) Temporal evolution of the European forest sector carbon
sink from 1950 to 1999, Global Change Biol. (9) 152-160.
Rathje, William. (2001). Rubbish! The Archaeology of Garbage. Cullen Murphy.
Read, D.J., Freer-Smith, P.H., Morison, J.I.L., Hanley, N., West, C.C. and Snowdon, P. (eds). (2009) Combating climate change – a
role for UK forests. An assessment of the potential of the UK’s trees and woodlands to mitigate and adapt to climate change,
the synthesis report, Forestry Commission, The Stationery Office, Edinburgh
Rondon M, Lehmann J, Ramírez J and Hurtado M (2007) Biological nitrogen fixation by common beans (Phaseolus vulgaris L.)
increases with bio-char additions. Biology and Fertility in Soils (43) 699-708
Smith, P (2004) Carbon sequestration in croplands: the potential in Europe and the global context, Europ. J. Agronomy (20)
229–236.
Sohi SP, Krull E, Lopez-Capel E and Bol R. (2010) A review of biochar and its use and function in soil. Advances in Agronomy
(105) 47-82
Strand SE, Benford G. Environ (2009) Ocean sequestration of crop residue carbon: recycling fossil fuel carbon back to deep
sediments, Sci Technol. 43 (4) 1000-7.
TRADA (2005). Wood: The UK Mass Balance and Efficiency of Use. Biffaward Mass Balance Series, 2005.
Ximenes F.A., W.D. Gardner, and A.L. Cowie (2008). The decomposition of wood products in landfills in Sydney, Australia. Waste
Management 28 (11) 2344-2354
Zeng, Ning (2008). Carbon sequestration via wood burial Carbon Balance and Management 3:1, doi:10.1186/1750-0680-3-1

ZEROCARBONBRITAIN2030

