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these further, they are left under the hygiene service category and
measured in Newton metres (N m) of mechanical work. In the
absence of a global breakdown, the allocation of materials to final
services is based on regional product end-use data from: EUROFER
(2008) for steel; IEA (2007b, p. 260) for chemicals; BCA (2008)
for minerals; FAOSTAT (2008) for paper; and IAI (2006) for
aluminium.

4. Results and discussion: What do we now know?

The energy data is presented in Sankey diagram form in Fig. 2.
The global flow of primary energy is traced along each individual
energy chain from left to right, and allocated to each of the four
technical groupings: energy sources, end-use conversion devices,
passive systems, and final services. Energy losses from devices and
systems are not shown separately, but instead remain included
with the primary energy flow. The thickness of each line
represents the scale of energy flow, with colour used to
distinguish different types of flow, and the vertical lines
indicating where energy is reallocated into new categories.
Energy values are reported in exajoules ðEJ¼ 10 JÞ and direct
carbon emissions associated with the primary fossil fuels are
shown in red circles in billion tonnes of carbon dioxide
ðGt CO ¼ 10 t CO Þ.

Having traced the flow of energy from fuel to services and
identified the technical steps in each energy chain, what can we
now say about the energy use in society? How should the energy
map be interpreted and how does it help us identify the areas in
which efficiency technologies will deliver benefit? To answer
these questions it is useful to view the energy map in two ways:

Vertical from which meaningful comparisons of the scale of
energy flow through technical components can be made within
each of the four vertical slices.

Horizontal for which alternative technical options for providing
final goods and services can be compared if each horizontal
energy chain is traced completely from fuel to final service.

These two views are explored below, followed by a brief
comment on the uncertainty of the analysis.

4.1. A vertical perspective of the energy map

The problem of adding, rather than multiplying, potential
efficiency gains from sequential steps in the energy flow has
already been discussed in Section 2, using the example of the
Pacala and Soclow stabilisation wedges. This conflict also applies
to absolute energy flows in the four vertical slices of the Sankey
diagram: energy sources (including fossil fuels and electricity),
conversion devices, passive systems (including the manufacture of
materials and products), and final energy services. For example,
more than a third of the world’s energy is used to generate
electricity, a third is converted into heat, and a third is used in
factories to make materials—but these three thirds do not add up
to the whole, because they come from different vertical slices.
Thus the absolute energy flows and potential improvements in
efficiency can only be compared within each vertical slice, as
shown in Table 6. To add together energy flows or efficiency gains
from different vertical groupings ignores the sequential flow of
energy, and could potentially lead to exceeding the total energy
supply, or an efficiency savings of greater than 100%.

Despite the current focus on low-carbon energy sources,
Table 6 shows that fossil fuels still dominate the first vertical
slice of energy sources. Transportation is almost entirely powered
by crude oil, and the majority of electricity is generated by
burning coal and natural gas. Low-carbon sources (nuclear,
biomass, and renewables) currently make up 20% of energy
supply, and are dominated by nuclear, hydropower, and biomass.
With the exception of nuclear power, it will be difficult to expand
supply by any of the renewable sources to the scale of supply from
fossil fuels. The remaining renewables—wind, solar, tide, and
geothermal—account for less than 1% of energy supply, thus de-
carbonising the energy supply remains a difficult challenge when
compared with alternative gains from energy efficiency. Efforts
should be focused on improving combustion processes (as over
90% of energy sources are fuels which are combusted), and
exploring technical options for converting the chemical energy of
fuels directly to electricity, heat, or motion.

Conversion devices that produce heat and motion are shown to
be important in the second vertical slice. Large absolute efficiency

Fig. 2. From fuel to service: tracing the global flow of energy through society.
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