Aggregate consumption and economic development: a
cross-country comparison.
Empirical studies about material flows and stocks indicate that so far there have been
no signs of a reduction of material accumulation in any country of the world 1–3.
While some developed countries are slowing their yearly material accumulation 4–6,
developing countries, such as China, Brazil, or India, are experiencing an
unprecedented period of rapid growth in materials use 6–9. Their booming economies
cause a large increase in the trade volume of materials, as well as fast increasing
material stock, because of the need for modern infrastructure, new buildings, and a
general improvement in the lifestyle and material standard of living of the population.
To satisfy the very large infrastructure demand the production of steel and cement is
higher than ever 10, 11.
The development of new buildings and roads not only requires cement and steel, but
also aggregate, including sand, gravel, and crushed stone. Construction materials are
low economic value-high volume material flows, and they are absolutely essential for
the construction of buildings and transport infrastructure. They make up about 50%
of industrial metabolism of many countries1–9 and yet a sensitivity analysis of the
accounts for aggregates is missing in material flow studies. Accounting methods for
aggregates in material flow studies have relied on simplistic and generalised
assumptions that do not take into account the technological complexity and
engineering knowledge of concrete, roads, and brick production4–7, 9, 12–14. Even
though the order of scale seems to be correct, aggregate consumption is arguably the
material flow category with the highest uncertainty.
The growing global demand for aggregates causes the movement of million of tonnes
of rock from the natural environment, which are used to build cities, transport and
industrial infrastructure. This causes several problems which include the economic
and environmental costs of hidden material flows; anthropogenic disturbance, i.e. the
artificial movement of material that leads to the alteration of natural landscapes; and
increased material stock in the cities, which will have to be maintained and eventually
will be dismantled causing very large construction waste flows.
Considering the high level of energy and CO2 embedded in construction materials 15,
a more precise calculation of the quantity of aggregate used may enable policy makers
to tackle with greater effectiveness the impending problem of CO2 reduction. Since
the quantity of material stocked in urbanised areas is incessantly growing, it is essential
to have a clear knowledge of its yearly consumption. Moreover, because of the sheer
volume of material involved, recycling policies will need be established, otherwise the
anthropogenic disturbance of the natural environment might alter irreversibly the
habitat of countless species, contributing further to biodiversity loss.
The objective of this research is to increase the precision of construction material flow
accounts on the global scale and for every country and relate it to growth indicators.
This interdisciplinary research involves experts from different fields including
industrial ecologists, economists, statisticians, and civil & building engineers, and relies
on information from manufacturers of construction materials to obtain realistic data
for the aggregate intensity for the production of concrete, roads, and bricks. Using
data for the apparent consumption of cement, bitumen, and bricks and applying
factors for the aggregate intensity of those from a significant number of case studies
	
  

from across the world, we calculate the aggregate flows required for every country.
This enables us to identify average aggregate consumption and obtain complex
statistics, which give us a good sense of the uncertainty and variance in the extraction
and production of construction materials.
Furthermore, the relation between aggregate consumption and economic activity is
analysed for a number of key countries (e.g. developed European and Asian countries,
and developing Asian and African countries), to unpack the linkage between the
wealth and growth of a nation and its material metabolism. This research will help
improve the accuracy and robustness of one of the most underexplored data areas in
MFA, and may assist managing the extraction, usage, recycling, and disposal of sand,
gravel, and crushed stones in a sustainable way.
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