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Limits to Growth? 2016 United Nations report provides best 
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Posted on August 23, 2016 by energyskeptic 

This peer-reviewed United Nations report (excerpts below) ought to scare anyone who understands 
exponential growth. Here are a few examples to think about while reading the report:

1. If 2 grams of gold grew at a 5% compound rate for 2,000 years, it would grow to 800 trillion 
golden planet earths 

2. Donella Meadows, lead author of limits to growth, explored the concept of doubling. If you ate
double the number of peanuts every day for a month, you’d be eating 500 tons the last day. 
Until the 1970s, oil consumption doubled every 10 years at a 7% growth rate per year. That 
means every 10 years, as much oil was used as all the oil previously consumed.  At that rate, 
even if the earth was a giant gas tank, oil would run out in 342 years. 

3. The UN study states population grew at a 1.6% compound rate from 1970 to 2010. So if  there 
were 15 million people 13,500 years ago, we’d have over a google of people now at a 1.6% 
compound rate.  A google has 100 zeros. 

In order to accommodate an additional 2 billion people in 2050, material consumption will need 
to nearly triple to 180 billion tonnes of materials, almost three times today’s amount.  If 180 
billion tonnes grows in the future at 5% compound rate, in 497 years the entire earth will be 

consumed, all 5.972 x 1021 tonnes of it, and we’ll be floating in outer space.

I’m amazed we haven’t run out of stuff already.  Between 1970 and 2010, the global economy 
expanded more than 3-fold, population almost doubled from 3.7 to 6.9 billion, and global 
material extraction went from 22 billion to 70.1 billion tonnes. In 2010, 30 billion tonnes of 
materials extracted globally were required to produce 10 billion tonnes of directly traded goods. 
Half of the tons of traded material was oil. Compound growth rates of extraction were: Biomass 
2%, fossil fuels 1.9%, metal ores 2.8%, and non-metallic minerals 4% per year. From 2000 to 2010 all
materials except biomass accelerated their extraction growth rate: fossil fuels grew by 2.9%/year
on average, metal ores 3.5%, and non-metallic minerals by 5.3%.

Those who deny limits to growth say we’ll miniaturize, use less material, and get more efficient.  This 
UN report states that in fact, the opposite is happening. Global material efficiency started to decline
around 2000, so now the global economy needs more materials per unit of GDP than it did at the
turn of the century. What may seem counter-intuitive has been caused by a large shift of economic 
activity from very material-efficient economies such as Japan, the Republic of Korea and Europe to 
the much less material-efficient economies of China, India and Southeast Asia.

We are growing less sustainable because there is a growing environmental pressure per unit of 
economic activity that works against the hypothesis of decoupling – achieving more with less – 
which is so important to the success of global sustainability.
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Increasing material extraction increases the damage and pollution of our ecosystems:

• The global economy, at today’s level of resource use, is already surpassing some planetary 

boundaries. Rising material use will result in climate change, higher levels of acidification
and eutrophication of soils and water bodies, increased biodiversity loss, more soil 
erosion, increasing amounts of waste and air pollution, negative impacts on human health
and quality of life, and ultimately lead to the depletion of certain natural resources 
causing supply shortages for critical materials in the short and medium terms. 

• Our world is built from materials. The food we eat, the buildings that house us, the vehicles in 

which we travel and the consumer goods that furnish our life, are all made of, embody and 
require for their operation massive quantities of biomass, fossil fuels, metals and non-metallic 
minerals. Our dependence on materials links us directly to the natural world from which 
primary materials are extracted, and to which they all ultimately return as waste and 
emissions. 

• Impacts associated with increasing agricultural outputs include large-scale land 

degradation via erosion, salinization and acidification which can accompany the extension 
of cropping into marginal lands or the intensification of inputs on existing arable land.  Large-
scale change in land use and forest cover accompanies the extension of agriculture, timber 
production and in some cases mining and energy extraction. 

• Further problems include the destruction of biodiversity and the eutrophication of 

waterways. Increasing outputs of forestry products can increase deforestation, with attendant 
damage to surface and groundwater systems, erosion and changed flooding regimes. 

• Problems associated with mining and quarrying include loss of land to competing land 

uses, pollution of land and waterways from acid mine leaching, heavy metals liberated 
from mine tailings, and some chemicals used in mining and refining processes. Secondary 
and tertiary production processes, and disposal after final consumption, add to waste and 
emissions downstream. Ultimately, everything that is extracted must be sunk back into the 
environment 

This UN report states that their study demonstrates the close relationship between economic 
trends and natural resource use.

Well of course they are related!  But our economic system doesn’t take natural resources into account. 
Mow down a forest for timber and GDP increases.  Build a $200 million dollar water treatment plant 
to replace the free water purification services the forest provided, and GDP grows.  Completely out of 
forests?  Don’t worry, human ingenuity will solve the problem, or we’ll find a substitute.  How such 
insanity came to be is wonderfully explained in Hall and Kilitgaard’s “Energy and the Wealth of 
Nations”.

The UN doesn’t flat out state there are limits to growth, though they come close when they point out 
there’s not enough stuff in the world to raise the standard of living for everyone and we appear to be 
on an unsustainable trajectory (page 5).  But to flat out say there are limits to growth would be seen as 
an attack on capitalism and right-wingers would probably accuse the UN of socialism or worse and 
demand America stop funding them.  Limits to growth means a shrinking piece of pie for everyone.  
Capitalism can only justify the huge disparities in wealth distribution the constant propaganda that we 
all have the potential to become billionaires (especially if the government stops regulating businesses 
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and taxing the rich).  Those who understand “Limits to Growth”, and the occupy movement that 
sought to reduce the corruption in the current economic system have had little effect, if any, on 
changing the system.  Oh well, Mother Nature can always be counted on to do it…

Capitalism is lauded as the best political and economic system, but in reality it’s just the most 
successful at extracting energy and natural resources the most quickly to enrich mainly the top 0.1% 
of the population, future generations be damned.

Alice Friedemann   www.energyskeptic.com  author of “When Trucks Stop Running: Energy and the 
Future of Transportation”, 2015, Springer and “Crunch! Whole Grain Artisan Chips and Crackers”]

UNEP. 2016. Global material flows and resources productivity. United Nations 
Environment Programme  International resource panel. 200 pages.

Excerpts (out of order, shortened and paraphrased at times):

Natural resources provide the foundation of our lives on Earth. Water, soil, energy, minerals and
metals underpin our standards of living. They feed and shelter us, and provide for our material 
needs throughout our lives.  Pressures on these natural resources are mounting. A growing 
population and heightened world economic demand in the past half century are rapidly depleting 
these vital resources, inflicting great harm on the natural environment and human health.

This study demonstrates the close relationship between economic trends and natural resource 
use. Global material use slowed in 2008 and 2009 due to the global financial crisis, with trade flows 
contracting in 2009, but is again on a growth trajectory. Sustained reductions in material use depend 
on changes in the structural asset base of an economy. This means that there is considerable inertia 
built into the global system of material use, which makes it difficult to reduce material use 
rapidly and on a sustained basis.

In this report, the use of materials – society’s metabolism – is interpreted as an environmental 
pressure. The larger the material use the bigger the pressure. Material use is also closely related to
other pressure indicators including waste flows, energy use and carbon emissions, land use and water 
use. When material use grows, other pressure indicators increase. Material use is also used as a proxy 
for environmental impacts that will occur across the whole life cycle of material use from extraction, 
transformation and consumption to disposal. When material use increases, the environmental, 
social and economic impacts of material use also see a commensurate rise. 

Material use is a good proxy for overall environmental pressure and also reflects environmental 
impacts, so decreasing material efficiency is not favorable with regard to environmental 
sustainability. It means that the speed at which we are exploiting natural resources, and 
generating emissions and waste, is increasing faster than the economic benefits gained. This 
disproportionately accelerates environmental impacts such as climate change, resource 
depletion and reduced ecosystem health.

Fast-expanding demand for materials will, however, require very large investments into new 
extraction and supply infrastructure and will contribute to local conflict over alternative uses of 
land, water, energy and materials. Such conflict is already pronounced in the energy sector 
where mining competes with agriculture and urban development in many places.

The primary sectors of the economy (agriculture, forestry, fishing, mining and quarrying) extract 
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materials from the natural resource base and turn them into the basic commodities required for various
major economic activities. Access to abundant and affordable materials is critical for the economic 
success of a national economy and fundamental to the ongoing well-being of its citizens. During the 

20th century, the economic development that improved material standards of living for hundreds of 
millions of people was assisted by declining real prices for most materials, including food, fuel and 
metals.

There are major limitations on the availability of arable land for crops. Increasing inputs such 
as fertilizers and pesticides can increase productivity on available land, but often with rapidly 
diminishing returns and the associated costs of land degradation. If this approach is pushed too 
far, a situation can develop where arable land becomes a depleting stock which is effectively 
being “mined”. Furthermore, total land area remains constant, so expanding agriculture into 
existing forest areas will decrease land available for forestry, and vice versa. It is possible (indeed 
commonplace) to bring land from previously low productivity areas, e.g. deserts, into biomass 
production by transferring water from remote river systems, or pumping from aquifers, however this is
usually limited by the expense of developing the infrastructure required, the adverse effects it has on 
source river systems, and/or by the rate at which the rivers or aquifers can provide. Many aquifers are 
in effect non-renewable resources on human timescales, with recharge periods of thousands of years 
or more.

This situation may not be sustained through the 21st century as the rapid economic growth 
occurring simultaneously in many parts of the world will place much higher demands on supply 
infrastructure and the environment’s ability to continue supplying materials.

Consumption

The annual per capita material footprint for the Asia-Pacific, Latin America and the Caribbean, and 
West Asia is between 9 and 10 tonnes, Africa 3 tonnes.  The richest countries consume on average 10 
times as many materials as the poorest countries, and twice the world average, with Europe at 20 
tonnes per capita, and North America 25 tonnes.   Both regions have experienced a decline in material 
footprint since 2008 caused by the economic downturn during the global financial crisis (GFC). 
Before the GFC, North America had a per capita material footprint of well above 30 tonnes and 
Europe of well above 20 tonnes and both regions were on an upward trajectory. It remains to be 
seen whether the economic recovery in North America and Europe has put material footprint on a 
growth trajectory again. This would suggest that there is no level of income yet at which material use 
has stabilized.

The world economy has experienced a great acceleration in material use since 2000, strongly 
related to the industrial and urban transformation in China, which has required unprecedented 
amounts of iron and steel, cement, energy and construction materials. China’s growth in material 
demand since the year 2000 has reverberated across the world economy, especially in primary 
resource exporting regions and countries such as Latin America, Africa and Australia.

The group of countries of high human development have experienced the fastest growth in material 
footprint and are now, on average, at 12.5 tonnes per capita, up from 5 tonnes per capita in 1990. 
China, for instance, had a material footprint of 14 tonnes per capita in 2010 on a strong upward 
trajectory and Brazil had a material footprint of 13 tonnes per capita in 2010 and has also grown 
strongly in recent years.



The average material footprint of countries with medium levels of human development has grown 
slowly over the past two decades, reaching 5 tonnes per capita, while material footprint in low HDI 
countries has been stagnant for the past two decades at 2.5 tonnes per capita. The richest countries 
consume on average 10 times as many materials as the poorest countries, and twice the world average,
which demonstrates very unequal distribution of materials to support the standard of living. It shows 
that the low income group of countries will require increasing quantities of materials, per capita, to 
achieve the sustainable development outcomes the global community aims for.

Extraction

Domestic extraction of materials has grown in all world regions to meet increased demand for 
materials. These two regions have required large and increasing amounts of imports of materials, 
especially fossil fuels and metal ores, from all other regions.  As a result, trade in materials has 
expanded 4-fold since 1970. In 2010, more than 10 billion tonnes of materials were exported 
globally.

Over the four decades an increasing specialization of countries with regard to natural resource 
extraction for trade has emerged, especially for fossil fuels and metal ores but to some extent also for 
agricultural products. This is especially visible at the country level where countries such as Australia, 
Brazil, Chile, Indonesia and Kazakhstan have increased their net exports of materials over time while 
other countries such as South Korea and the United States (until 2005) increased their net imports of 
materials, or depended (such as Germany, France and Japan) on a high level of net imports over the 
four decades. China, India and Pakistan show an interesting pattern of fast increasing import 
dependency for the direct trade of materials which coincides with the status of a net exporter when 
adjusting trade flows for upstream and downstream indirect material flows associated with trade, i.e. 
looking at the raw material equivalents of trade.

For this assessment study, we reviewed the existing global databases and compared their 
methodological underpinnings and results in an effort to create one unified data set that can become 
the standard authoritative source for data on global and country by country material use. In doing so, 
we were able to establish a multi-country, global data set for year by year material extraction for the 
four decades from 1970 to 2010 including information for all countries of the world as far as possible. 
The materials extraction data set reports 44 different material categories.

By relating global supply chains to final demand for resources, the material footprint indicator 
(amount of material consumed in a nation or region) is a good proxy for the average material standard 
of living in a country. It indicates that the level of development and well-being in wealthy industrial 
countries has been achieved largely through highly resource-intensive patterns of consumption and 
production, which are not sustainable and can’t be matched in other parts of the world.

The growing complexity of international supply chains, driven by globalization of the world 
economy, has paired with a trend whereby high-income countries tend to outsource many 
materials-, energy- and emissions-intensive industrial processes to other parts of the world. The 
high-income country can then effectively import the primary commodities it needs either in a greatly 
concentrated form, or indirectly “embodied” in a relatively small quantity of imports. The 
conventional measures used in material flows accounting are largely blind to such extraterritorial 
inputs to a nation’s final demand. This created a need for a new indicator that captures the full material
requirements of a country’s final demand (household and government consumption, and capital 



investment), which includes extraterritorial inputs of materials for local consumption.

 

Figure 1. Yearly global economic growth rates, 1970–2013

The material intensities of the different sectors shown in Figure 2…[show that] services are not really 
substituting for materials- and energy-intensive processes at all [Other Activities].

Figure 2. World GDP sector added value shares

The economic success story of the twentieth century of Europe, the United States and Japan post-
WWII was enabled by stable or decreasing world market prices for most natural resources. Since 
2000, the price of many natural resources has started to grow.

Chapter 2 Global trends in resource extraction

Figure 7 shows the increase in global material use by four main material categories. All four material 
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groups have grown over the past four decades. Biomass extraction grew by 2%, fossil fuels by 1.9%, 
metal ores by 2.8% and non-metallic minerals by 4% per year on average.

Figure 7. Global material extraction (DE) by four material categories, 1970–2010, million tonnes

[ My comment: Table 2 shows how much stuff and time it will take to use reserves up. It’s based on the
Reserve to Production ratio, which is complete nonsense [see R/P ratio is completely useless].   If 
scientists are correct about the average decline rate of oil fields reaching 9% or more by 2030, we 
will need to replace half to two-thirds of our current oil, hard to do with far away, nasty, difficult, 
expensive tar sands and deep sea oil.  Only cheap plentiful oil matters, since even the lowest grade 
ores could be processed, and when they ran out, minerals and elements could be extracted from dirt 
or seawater. ]

Table 2. Recoverable reserves of key commodities.
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Since global material use has grown faster than population, we see in Figure 8 that per capita use has 
increased quite significantly, especially since 2000. It took 30 years for per capita material use to grow
from 6.4 tonnes in 1970 to 7.9 tonnes in 2000 but only another 10 years to reach 10.1 tonnes per 
capita in 2010. By that time, the average use of materials per person included 2.7 tonnes of biomass 
(mostly related to food supply systems and including timber as a structural material and for heating), 
1.9 tonnes of fossil fuels (mostly for power and transport), 1.1 tonnes of metal ores for construction, 
manufacturing applications and communications) and 4.4 tonnes of nonmetallic minerals (for 
buildings and transport infrastructure in fast-growing cities).

Figure 8. Per capita global material extraction (DE) by four material categories, 1970–2010, tonnes

Trade in metal ores grew by 4.7% annually on average over the past four decades but accelerated to 
7% annual growth between 2000 and 2010. In 1970, 370 million tonnes of mostly concentrated metals
were traded. In 2010, metals traded totalled 2.4 billion tonnes, comprising 22% of all traded materials.
Trade in biomass has also grown dramatically from 370 million tonnes in 2010 to 1.9 billion tonnes in 
2010. Biomass trade grew at an average of 4.2% over the past four decades and has somewhat 
declined since 2000 to 3.2% yearly average growth.

Trade in fossil fuels, which comprises the largest share in materials traded at slightly more than 
50% of all traded materials, remained at a constant 2.8% yearly increase over the past 40 years 
and did not change between 2000 and 2010.
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Figure 9. Global exports of materials by four material categories, 1970–2010, million tonnes

In 1970, 1.8 million tonnes of oil, coal and gas were traded among countries, accounting for two thirds
of all traded materials. The amount of traded fossil fuels had grown to 5.6 billion tonnes by 2010.

The rapid increase in per capita global material use (the metabolic rate of the global economy) from 
7.9 tonnes to 10.1 tonnes per capita in just 10 years since 2000 and the fact that materials use grew 
faster than GDP over that decade has meant that global material efficiency, for the first time in a 
century (Krausmann et al. 2009), has started to decline. Since 2000, we have observed growing 
material intensity (MI) in the global economy. In 2000, 1.2 kg of materials were required to produce 
one US$ of GDP; this had risen to almost 1.4 kg per US$ by 2010.

The main reason for the increase in material intensity at the global level is a shift of global production 
away from very material-efficient economies – Europe, the United States, Japan and South Korea – to 
the less efficient economies of China, India, Brazil and South Africa among others.

Sugar crops showed the strongest total growth for any of the major “pure” categories (137%), and this 
is consistent with the increasing importance of processed foods as developing countries urbanize.
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Figure 14. Global extraction (DE) of biomass by material subcategories, 1970–2010, million tonnes

Figure 15 haseight categories, showing that total domestic extraction for each of the categories grew 
by over 100% between 1970 and 2010. By far the largest growth in total tonnage terms was for other 
bituminous coal, which increased by nearly 2.9 billion tonnes, almost twice the 1.5 billion tonne 
increase for natural gas, which had the second largest increase in total tonnage terms. These two 
categories grew at roughly comparable rates (2.6% p.a. and 2.8% p.a. compounding, respectively), 
with the rate of growth in other bituminous coal accelerating over the 1990 to 2010 period, while the 
fastest growth for natural gas was from 1970 to 1990. All coal categories together accounted for over 
58% of the 7 billion tonne increase in fossil fuel tonnage between 1970 and 2010, increasing coal’s 
share of total fossil fuels from 48% to 53%, while natural gas increased from 12% to 17%.
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Figure 15. Global extraction of fossil fuels by material subcategories, 1970–2010, million tonnes

The growth rate for iron ore, which had been less than 1.2% p.a. compounding between 1970 and 
2000, grew at over 9.1% p.a. between 2000 and 2010.

Figure 16. Global extraction of metal ores by material subcategories, 1970–2010, million tonnes

The data on Domestic Extraction (DE) of non-metallic minerals in Figure 17 are disaggregated into 
five categories and show clearly the domination of this category by construction minerals (common 
rock), in total tonnage terms. At 29.5 billion tonnes in 2010, the subcategory of construction minerals 
was larger than any of the other complete materials categories (biomass, fossil fuels and metal ores).   
Not only was it one to two orders of magnitude larger than any of the other non-metallic minerals 
categories, it also grew at the fastest rate, 4.1% a year compounding from 1970 to 2010, compared to 
2.6% a year for other mining and quarrying products n.e.c, the next fastest growing.
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Figure 17. Global domestic extraction (DE) of non-metallic minerals by material subcategories, 1970–
2010, million tonnes.

At the local scale, however, supplies can be severely limited, or their extraction can cause 
unacceptable environmental damage. An example of the former situation is where settlements are on 
major alluvial flats or deltas with little or no rock exposed at the surface. In such cases, the rock-based
aggregates crucial for concrete and road base may need to be replaced by firing alluvium to create 
bricks, which may then be crushed for use as aggregate. This practice is expensive, and the 
requirement for fossil or biomass fuel will typically be more environmentally damaging than the 
extraction of alluvium of itself.

Chapter 3 Regional trends in material use

Figure 18. Regional classification used in this report.

While global material extraction tripled between 1970 and 2010 this growth was overwhelmingly 
driven by increasing domestic extraction in the Asia-Pacific region, which increased more than 
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fivefold in just 40 years, at a compounding annual rate of nearly 4.8%. The average rate of growth 
actually increased in the latter half of the period (from 1990 to 2010) showing the acceleration of 
material extraction and demand from Asia and the Pacific. The Asia-Pacific region’s share of global 
DE consequently more than doubled over the past four decades, from less than a quarter of the global 
total to more than half.

Figure 19. Domestic extraction (DE) by seven subregions, 1970–2010, million tonnes

The share of global material extraction grew from 24.3 to 52.9% in Asia and Pacific, 9.4% to 10.7% in
Latin America and Caribbean.  It shrunk everywhere else (nation 1970 %/2010 %). Africa / 7.9 / 7, 
Europe 20.9 / 10.5, North America 19.6 / 9.7, and Eastern Europe  14.7/ 5.8.

While relative shares contracted for many regions, total domestic extraction of materials still 
grew in all cases, with EECCA being the only region which saw growth of less than 40% in Domestic
Extraction (DE) over the period (the EECCA increase was 16%). Latin America, West Asia and Africa
all saw growth in total DE of greater than 100%, at compounding annual growth rates of 3.1%, 2.9% 
and 2.5% respectively.

Figure 20 shows a much more mixed situation with regard to per capita DE, with three of the seven 
regions (Africa, North America and West Asia) showing at least marginal decreases between 1970 and
2010.  The declines in per capita DE for Africa and West Asia are of particular interest in that they 
show that despite the rapidly growing total DE for these regions displayed in Figure 19, their 
populations are growing even faster, effectively reducing the already low per capita domestic resource
availability in Africa and West Asia.
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Figure 20. Per capita domestic extraction (DE) by seven world regions, 1970–2010,

Detail of the composition of the materials used by a society is important and can yield information on 
where a society is situated in the transition from an agrarian to an industrial society, and on the speed 
with which that transition is taking place. One important piece of information in this context is 
biomass inputs relative to mineral inputs. A high biomass share is indicative of a more agrarian 
economy, with mineral materials (encompassing fossil fuels, metal ores, and non-metallic minerals) 
increasing their shares as a society increasingly adopts the mineral-based energy and materials 
systems typical of industrial society

Figure 21 shows a very wide range in the proportion of domestic extraction (DE) of biomass between 
the different regions, and some markedly different trajectories. The AsiaPacific region stands out as 
the region which has most radically shifted away from biomass, which had a share of 53% of all 
materials in 1970, decreasing to just 22% by 2010.   While the Asia-Pacific region’s per capita 
extractions of fossil fuels grew twofold and metal ores grew more than threefold, it was growth in 
non-metallic minerals (dominated by construction aggregates) which contributed by far the greatest 
share, increasing by over six-fold, a compounding growth rate of 5.1% per year over the past four 
decades, and of 6.5% per year over the most recent two decades.

Latin America saw growth in DE per capita of all categories of materials over the period, with least 
growth in fossil fuels (20%) and greatest in metal ores (139%). It saw a significant decline in the share
of biomass from 52% to 43%. However, this is still high by global standards, exceeded only by Africa,
where biomass accounted for 46% of materials extraction in 2010;
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Figure 21. Per capita domestic extraction (DE) in 7 world regions, 1970–2010, tonnes per capita

The Asia-Pacific region has shown by far the most rapid and consistent growth in its requirement for 
imports, which increased more than fourfold between 1970 and 2010 at a compounding rate of 4.4% 
per year, and 6.5% per year over the latter two decades. In contrast, Europe’s total net imports only 
increased by 50% over the full period. The high ongoing dependence of Europe on net physical 
imports indicates how it has been able to maintain high material living standards while having levels 
of Domestic extraction of some key material categories at or below the levels of less wealthy regions.

West Asia maintained major net exporter status over the full period, but its relative importance 
declined as it moved from being the World’s largest net exporter in 1970 to second largest by 2010, 
with total net exports increasing by 35% in total. Latin America shows relatively consistent growth in 
its net exports over time, which increased by a total of 164%, a compounding rate of 2.5% p.a.

It must be noted, however, that primary materials are often traded in much more concentrated form 
than they are extracted, and so traded primary products are frequently of much greater value to an 
economy than an equivalent tonnage of DE. This phenomenon is particularly pronounced for metal 
ores, but is also significant for biomass (Schandl and West 2012).

North America also figures as a much more significant importer of raw materials relative to Europe.
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In Figure 26 we return to the Physical Trade Balance (PTB) metric, in this case giving more detailed 
disaggregation by the four main material categories, on a per capita basis. A first insight from an 
overview of Figure 26 is the dominance of fossil fuels in net physical trade terms. Regions tend 
to start out and remain major net importers or major net exporters for the full time period. In 
all cases except Latin America, fossil fuels are clearly the major net import/export item in volume 
terms. For Latin America, net exports of metal ores are frequently larger than fossil fuels. Europe 
and North America have consistently been major net importers of fossil fuels, although the 
trajectory for North America is notably more volatile, probably reflecting that region’s greater 
ability to satisfy domestic demand from Regional physical trade balance per capita.

Figure 26. Per capita physical trade balance (PTB) for 7 world regions, 1970–2010, tonnes
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Figure 29. Per capita domestic material consumption (DMC) by seven subregions, 1970–2010, tonnes
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Figure 30. Per capita domestic material consumption (DMC) by region, 1970–2010, million tonnes
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Figure 33. Per capita material footprint of consumption (MF) by seven world regions, 1990–2010, 
tonnes.  Before the global financial crash, North Americans were consuming 34 tonnes per person.

Figure 82 shows the global extraction of non-metallic minerals from the study of Miatto et al. (in 
review), starting at around 10 billion tonnes in 1970 and reaching about 35 billion tonnes in 2010, a 
3.5-fold growth and a yearly average growth rate of 3.4%.

Sand and gravel constituted the main share of global non-metallic minerals extraction in 2010 (40.8% 
gravel and 31.1% sand). Limestone, for cement production, had the fastest average annual growth rate
of 4.5%, gravel extraction grew by 3.7% per year, and clay extraction grew by 3% per year.

Non-metallic minerals for roads and bricks are of a similar magnitude and show a slower average 
growth rate compared to non-metallic minerals for buildings. The average annual growth rate for 
roads was 0.8%, compared to 2.8% for bricks. The amount of non-metallic minerals required for rail 
tracks is negligible.
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Figure 83. Global extraction of non-metallic minerals by sector of use, 1970–2010, million tonnes. 
Buildings include the actual buildings, and other infrastructure such as dams, water tanks, bridge 
pillars, and so on.
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