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2  Scale, uncertainty and estimation 13

Tom Graedel at Yale has shown that a typical mobile phone now uses more than 
two thirds of the periodic table of elements3. So, if we’re concerned about finding 
a more sustainable material system, where on earth should we start? What should 
be our priorities?

Fortunately, we can give a rather simple answer to this question, based on the 
three pie charts to the side. We’ve drawn the charts using data published by the 
International Energy Agency (IEA), who collate the most comprehensive global 
data set on energy use and consequent emissions4, and they give us a great basis 
for identifying priorities. The IEA data is extensive, covering all greenhouse gas 
emissions including CO2 emissions, details for the three main sectors (buildings, 
industry and transport) and importantly for our purposes, giving details for 13 
industry categories including direct emissions (from burning fuels for energy), 
process emissions (from chemical reactions) and indirect emissions (from upstream 
electricity generation). The pie charts all show fractions of ‘equivalent’ annual CO2 
emissions, i.e. they show the effects of other greenhouse gas emissions translated 
into units equivalent to CO2, and we drew them using data from 2005. Total 
global emissions are rising year by year, but the fractions change more slowly, 
so the breakdown in our three pie charts is likely to be a useful predictor of 
proportions in future years.

The first chart shows that emissions arising from burning fossil fuels to generate 
energy, and those released directly by industrial processes, form about two-thirds 
of the world’s total “man-made” greenhouse gas emissions (i.e. those which are 
in addition to the natural cycle, in which plants and animals absorb and release 
CO2 during growth, life and death). The other third of the first chart represents 
emissions which arise from changes in land-use (particularly deforestation) and 
from agriculture. As CO2 is invisible, and of course we can’t accurately measure 
all releases either, these numbers are estimates. However, the estimates from fuel 
combustion and processes are likely to be quite accurate, because our colleagues 
in chemistry know how much CO2 is released from burning fuels and we can 
measure the amount of CO2 emitted from a car or power station to verify our 
estimates. In contrast, it is much more difficult for our colleagues in biology, plant 
sciences and agriculture to predict the remaining third, because there are so many 
different and complex processes involved. The second pie chart explores the largest 
segment of the first one. It shows the main drivers of CO2 emissions arising from 
energy production and industrial processes. Roughly one third of these emissions 
come from the use of buildings, a quarter from the use of transport, and one 
twentieth in “other” relates to upstream emissions from fuel processing. But Figure 2.1—Pie charts showing the 
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Emissions and energy uses: UK buildings
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• Current policies aim at cutting 66% of current UK emissions by 2050.

• Most progress so far has been made by the power sector.

• Buildings are expected to deliver much smaller savings: –20% from 
current levels by 2030.
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Heating or cooling
UK Buildings



Emissions associated with buildings
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Composition of the English building stock
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English domestic housing stock, 2013
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Modelling future building stock
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Estimated annual new construction
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Alternative strategies: 2050 targets
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Strategies

Average operational emissions in 
2050

(kg CO2 / m2)

Post-2018 
dwellings

Pre-2018 
dwellings

(a) No change from current practice. 19.1 54.2
(b) Pre-2018 buildings are refurbished up to the 

standards of 2018 new construction by 2050. 19.1 19.1
(c) All post-2018 construction are zero-carbon 

houses by 2050, and pre-2018 buildings are kept 
unchanged.

0.0 54.2

(d) All post-2018 construction are zero-carbon 
houses by 2050, and pre-2018 buildings are 
refurbished up to the standards of 2018 new 
construction by 2050.

0.0 19.1



Emissions savings by 2050
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Costs and emissions for each strategy
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Emissions and expenditure
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Conclusions

• Deploying zero-carbon buildings at scale by 2050 
is not enough to reduce building emissions by the 
amount required nationally (–66% from current levels 
by 2050).

• Only the deployment of zero-carbon buildings and 
extreme levels of retrofitting would allow meeting 
targets.

• However, the costs of such ambitious changes are 
likely to be unreasonable, unless there is a 
reduction in housing demand.
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