
People, Products, and Minerals 
Unit 1/Activity 3 

 
Economic Development and Resource Use 

 
Learning Outcomes 

• Infer the relationships among sustainability, resource availability, population growth, and economic 
development 
 

Economic Development and Resource Use 
The gross domestic product (GDP) of a country is frequently used as an indicator of a country’s economic 
performance and its level of development. A per capita GDP is the overall GDP divided by the number of 
people in that country and can be used to more easily compare the economic performance of countries with 
different population sizes.  
 
 

 
 
 
Figure 1.  The relationship between gross domestic product (GDP) per capita and the total domestic consumption rate of industrial 
minerals & ore and construction material in tons per capita for ~150 different countries in the year 2000 (Modified from UNEP 
Decoupling Report, 2011; Consumption (metabolic) rate data from Steinberger et al., 2010; GDP data from 
http://data.worldbank.org/indicator/ NY.GDP.PCAP.KD); Country region from http://unstats.un.org/unsd/methods/m49/m49regin.htm 
with the exception of considering Mexico as part of North America). Not all the countries plotted are labeled above due to space 
restrictions. 
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The plot above shows the per capita GDP of many countries versus a measure of their natural resource 
consumption rate. In this case, consumption rate is the domestic extraction of a material plus its imports minus 
its exports of those same materials (in tons per capita per year). In this case, the natural resources measured are 
Industrial Minerals & Ore and Construction Materials. As the legend denotes, different regions of the world are 
indicated by markers of different colors and shapes. 
 
Questions  
1) Provide the names of two countries that consume approximately the same amount of resources but have 

widely varying per capita GDP’s.  
 
 
 
 
 
 
 
 

2) Provide the names of two countries that have approximately the same per capita GDP but have widely 
varying total consumption rates.  
 
 
 
 
 
 
 
 

3) Despite the pairs noted above, use the trend line in Figure 1 to describe the overall relationship between a 
country’s wealth, as defined by its per capita GDP, and the amount of natural resources used (per capita), as 
defined by its total consumption rate. 

 
 
 
 
 
 
 
 

4) Is India more or less developed (as determined by per capita GDP) than most of the Latin American and 
Caribbean countries (which includes South America)? 

 
 
 
 
 
 
 

 
5) Using this trend (from #3) predict what will happen as India’s economy grows.  
 
 



Figure 2 (below) shows consumption and extraction trends for various types of products in three different 
regions (North America, South America, and India) since around 1970. 

 
Figure 2: Consumption and extraction of various specific commodities in thousand metric tons for North America (left), South 
America (middle) and India (right). A. Base metals (Aluminum, copper, lead, and zinc); B. Iron and steel; C. NPR (Nitrogen, 
phosphorus, and potassium), components often used in the production of fertilizer. From Rogich and Matos, 2008. North 
America includes the Canada, the United States, and Mexico. 
 

 
6) Describe the trends in consumption (toward more recent times) for all three regions. 

 
 
 
 
 
 
 

7) Give a possible explanation for the trends in consumption in India. In North America? 
 
 
 
 
 
 
 
 

8) India currently uses more NKP than South America, even though India is less developed. Why might that be 
the case?	   
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Figure 22. Consumption and extraction in China. A, Base metals. 
B, Iron and steel. C, Nitrogen, phosphorus, and potassium (NPK).
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Figure 23. Consumption and extraction in India. A, Base metals. 
B, Iron and steel. C, Nitrogen, phosphorus, and potassium (NPK).

FIGURE 23-C

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

1970 1975 1980 1985 1990 1995 2000 2005

YEARS

T
H

O
U

S
A

N
D

 M
E

T
R

IC
 T

O
N

S

Consumption

Extraction

C

than 30 years in use was estimated to be about 10 percent 
(World Resources Institute, 2000).

Commodity flows represent only a portion of the material 
mobilized as part of the minerals cycle. The ancillary, or hid-
den, material flows associated with extraction, concentration, 
and processing constitute far greater quantities than the com-
modities for many commodity flows. These ancillary flows are 
comprised of the overburden removed during mining and quar-
rying and the nonvalue minerals and materials separated from 
the product during the concentration and processing stages. 
Estimates of the amount of overburden or mine rock removed 
to gain access to the mineralized material are very site specific 
and estimating worldwide quantities would be extremely tenu-
ous. A calculation of concentration and processing waste can 
be made based on estimates of worldwide average grade data. 
Table 2 provides estimates of the concentration and processing 
wastes associated with 12 metal and mineral commodities in 
2004. While there is considerable variation from one commod-
ity to another, the quantity of waste for all the commodities 
was calculated to be about four times the weight of the mineral 
commodities extracted, excluding overburden removal. It 

Table 2. Calculated world concentration and processing 
wastes for selected mineral commodities in 2004.

[In thousand metric tons]

Commodities 2004
 Aluminum ................................................................. 129,100 

 Asbestos .................................................................... 61,770 

 Chromium ................................................................. 938 

 Copper ....................................................................... 1,607,622 

 Fluorspar ................................................................... 14,113 

 Gold ........................................................................... 485,998 

 Iron ............................................................................ 602,372 

 Lead ........................................................................... 126,473 

 Mercury ..................................................................... 254 

 Nickel ........................................................................ 68,110 

 Phosphate .................................................................. 96,400 

 Zinc ...........................................................................   170,175

 Total processing waste ........................................... 3,372,325

8  The Global Flows of Metals and Minerals
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Figure 20. Consumption and extraction in South America. A, 
Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 
potassium (NPK).
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Figure 21. Consumption and extraction in Japan and the 
Republic of Korea. A, Base metals. B, Iron and steel. C, Nitrogen, 
phosphorus, and potassium (NPK).
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of steel, aluminum, copper, and lead and world consumption 
for individual years. Except for lead, used predominantly in 
lead acid batteries for which well-organized collection and 
recycling procedures have been established, the trends are not 
particularly encouraging. Although, steel recycling appears to 
be increasing from a plateau of less than 20 percent, the use of 
secondary copper currently appears to be only a little greater 
than 10 percent by 2004, and aluminum recycling rates ranged 
between 20 and 30 percent during the entire period.

Increasing the use of secondary resources represents a 
considerable challenge with respect to nonrenewable metal 
and industrial mineral resources. Although large amounts of 
construction minerals, including sand, gravel, and crushed 
stone, are consumed, they are relatively plentiful in most 
regions and therefore only small amounts are reused. A num-
ber of mineral commodities, such as fertilizer minerals, salt, 
and other industrial minerals, are used in a dissipative manner 
such that recycling is impossible. A large percentage of the 
metals commodity flow ends up in addition to the built infra-
structure where they remain with the current design of most 
products for a long time, before they are available for reuse. 
Some metal flows end up in complex products that inhibit 

recycling. As populations and the supporting infrastructure 
increase, the amount of material tied up in these applications is 
likely to increase.

Outputs
Outputs (releases) to the environment take place at every 

stage of metal and mineral extraction, processing, use, and 
disposal where they cause environmental disturbance and, in 
a number of cases, severe impacts. Unless recycled, all metal 
and mineral flows, except those that become part of a long-
term built infrastructure, ultimately exit the economy either 
rapidly, as in the case of fertilizer and chemicals, or after a 
period of time, for those uses associated with durable con-
sumer goods. Because, on a tonnage basis, the largest flows 
are those associated with construction of long-term infrastruc-
ture, the percentage of commodity inputs that exit quickly to 
the environment is small. In 2000, the percentage of metals 
and minerals inputs that exited the U.S. economy after less 
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Figure 18. Consumption and extraction in the European Union 
group of 15 countries (EU-15). A, Base metals. B, Iron and steel. C, 
Nitrogen, phosphorus, and potassium (NPK).
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FIGURE 19-B
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Figure 19. Consumption and extraction in North America. A, 
Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 
potassium (NPK).

metals (aluminum, copper, lead, and zinc), iron and steel, and 
the fertilizer minerals (nitrogen, phosphate, and potash) for six 
countries/regions of the world. In North America (Canada, the 
United States, and Mexico) and the EU-15, the gap between 
consumption and extraction of base metals and iron and steel 
is widening—more material is consumed than extracted. This 
relationship is different for the fertilizer minerals. Extraction 
and consumption are nearly equal in the EU-15, and in 
North America, more fertilizer minerals are extracted than 
consumed. For Japan and the Republic of Korea combined, 
consumption of each of the three commodity groups is greater 
than extraction. China exhibits increasing consumption versus 
extraction relative to the two metal categories and nearly equal 
extraction and consumption of fertilizer minerals. The trends 
for India are the inverse of most other examples—greater 
extraction than consumption of the metal categories and a 
widening gap between consumption and extraction of fertilizer 
minerals. The South American countries, along with other 
regions not examined in this paper, are playing a major role 
in filling the consumption/extraction gap for the two metal 
categories in the developed countries and increasingly in 

China. Because the ancillary outputs associated with the 
extraction and initial processing of commodities can create 
considerable environmental impacts, particularly where 
the most advanced technology is not employed; the trends 
observed raise concerns about the environmental pressures in 
the extractive regions.

Use of Secondary Resources and 
Accretion in Stock

Metal and mineral commodities are nonrenewable 
resources, and therefore their total availability, while not 
readily definable, is finite. In this context, mechanisms that 
serve to reuse or recycle these materials increase long-term 
sustainability. Figure 24 displays the estimated percentage 
of world steel, aluminum, copper, and lead obtained from 
secondary sources. This percentage was obtained by calculat-
ing the difference between the global extracted metal content 
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Figure 18. Consumption and extraction in the European Union 
group of 15 countries (EU-15). A, Base metals. B, Iron and steel. C, 
Nitrogen, phosphorus, and potassium (NPK).
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Figure 19. Consumption and extraction in North America. A, 
Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 
potassium (NPK).

metals (aluminum, copper, lead, and zinc), iron and steel, and 
the fertilizer minerals (nitrogen, phosphate, and potash) for six 
countries/regions of the world. In North America (Canada, the 
United States, and Mexico) and the EU-15, the gap between 
consumption and extraction of base metals and iron and steel 
is widening—more material is consumed than extracted. This 
relationship is different for the fertilizer minerals. Extraction 
and consumption are nearly equal in the EU-15, and in 
North America, more fertilizer minerals are extracted than 
consumed. For Japan and the Republic of Korea combined, 
consumption of each of the three commodity groups is greater 
than extraction. China exhibits increasing consumption versus 
extraction relative to the two metal categories and nearly equal 
extraction and consumption of fertilizer minerals. The trends 
for India are the inverse of most other examples—greater 
extraction than consumption of the metal categories and a 
widening gap between consumption and extraction of fertilizer 
minerals. The South American countries, along with other 
regions not examined in this paper, are playing a major role 
in filling the consumption/extraction gap for the two metal 
categories in the developed countries and increasingly in 

China. Because the ancillary outputs associated with the 
extraction and initial processing of commodities can create 
considerable environmental impacts, particularly where 
the most advanced technology is not employed; the trends 
observed raise concerns about the environmental pressures in 
the extractive regions.

Use of Secondary Resources and 
Accretion in Stock

Metal and mineral commodities are nonrenewable 
resources, and therefore their total availability, while not 
readily definable, is finite. In this context, mechanisms that 
serve to reuse or recycle these materials increase long-term 
sustainability. Figure 24 displays the estimated percentage 
of world steel, aluminum, copper, and lead obtained from 
secondary sources. This percentage was obtained by calculat-
ing the difference between the global extracted metal content 
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