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. 
India
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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.


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.
[image: PPT of Figure 2]
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?




[bookmark: _GoBack]



8) India currently uses more NKP than South America, even though India is less developed. Why might that be the case? 

Source Information for Figures:
Figure 1 Consumption (Metabolic) Rate data: 
Steinberger, J., Krausmann, F., and Eisenmenger, N. (2010). “The Global Patterns of Materials Use: A Socioeconomic and Geophysical Analysis.” Ecological Economics 69, no. 5: 1148–58. Data downloaded for plotting from: http://www.uni-klu.ac.at/socec/inhalt/3812.htm (see “Get data” link).
Figure 1 GDP per capita for constant 2000 US$ data for the year 2000: 
Downloaded from http://data.worldbank.org/indicator/NY.GDP.PCAP.KD.
Figure 1 Country Classification: 
From the United Nations Statistics Division at http://unstats.un.org/unsd/methods/m49/m49regin.htm.  Exception is that Mexico is considered on the plot to be part of North America, rather than Latin America/Central America.
Figure 1 concept (and general source of information): 
Fischer-Kowalski, M., Swilling, M., von Weizsäcker, E. U., Ren, Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P., Romero Lankao, P., Siriban Manalang, A., and Sewerin, S. (2011). Decoupling Natural Resource Use and Environmental Impacts from Economic Growth. A Report of the Working Group on Decoupling to the International Resource Panel. United Nations Environment Programme. Downloaded from http://www.unep.org/resourcepanel/decoupling/files/pdf/decoupling_report_english.pdf  on November 15, 2012 (Figure 2.6 on page 14).
Figure 2: Data and concept
Rogich, D. G., and Matos, G. R. (2008). “The Global Flows of Metals and Minerals.” U.S. Geological Survey Open-File Report 2008-1355. 11 pg., available only online at http://pubs.usgs.gov/of/2008/1355/.

Other Information:
Fridolin, K., Gingrich, S., Eisenmenger, N., Erb, K.-H., Haberl, H., and Rishcer-Kowalski, M. (2009). "Growth in Global Materials Use, GDP and Population During the 20th Century." Ecological Economics, 68, no. 10: 2696–705.

Gross Domestic Product. Encyclopedia Britannica http://www.briannica.com/EBchecked/topic/246647/gross-domestic-product-GDP) (accessed November 15, 2012).

SERI, 2011. Global Resource Extraction by Material Category 1980–2008. . http://www.materialflows.net/trends/analyses-1980-2008/global-resource-extraction-by-material-category-1980-2008/ (accessed September 12, 2012).
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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).
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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
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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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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).
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than 30 years in use w as estimated to be about 10 percent 

(W orld Resources Institute, 2000).

Commodity flo ws represent only a portion of the material 

mobilized as part of the minerals c ycle. The ancillary , or hid -

den, material flo ws associated with e xtraction, concentration, 

and processing constitute f ar greater quantities than the com -

modities for man y commodity flo ws. These ancillary flo ws are 

comprised of the o v erb urden remo v ed during mining and quar -

rying and the non v alue minerals and materials separated from 

the product during the concentration and processing stages. 

Estimates of the amount of o v erb urden or mine rock remo v ed 

to gain access to the mineralized material are v ery site specif ic 

and estimating w orldwide quantities w ould be e xtremely tenu -

ous. A calculation of concentration and processing w aste can 

be made based on estimates of w orldwide a v erage grade data. 

T able 2  pro vides estimates of the concentration and processing 

w astes associated with 12 metal and mineral commodities in 

2004. While there is considerable v ariation from one commod -

ity to another , the quantity of w aste for all the commodities 

w as calculated to be about four times the weight of the mineral 

commodities e xtracted, e xcluding o v erb urden remo v al. 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
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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 

rec ycling. As populations and the supporting infrastructure 

increase, the amount of material tied up in these applications is 

lik ely to increase.

Outputs

Outputs (releases) to the en vironment tak e place at e v ery 

stage of metal and mineral e xtraction, processing, use, and 

disposal where the y cause en vironmental disturbance and, in 

a number of cases, se v ere impacts. Unless rec ycled, all metal 

and mineral flo ws, e xcept those that become part of a long-

term b uilt infrastructure, ultimately e xit 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 lar gest flo ws 

are those associated with construction of long-term infrastruc -

ture, the percentage of commodity inputs that e xit quickly to 

the en vironment is small. In 2000, the percentage of metals 

and minerals inputs that e xited 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.  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/re gions of the w orld. In North America (Canada, the 

United States, and Me xico) and the EU-15, the gap between 

consumption and e xtraction of base metals and iron and steel 

is widening—more material is consumed than e xtracted. This 

relationship is dif ferent for the fertilizer minerals. Extraction 

and consumption are nearly equal in the EU-15, and in 

North America, more fertilizer minerals are e xtracted than 

consumed. F or Japan and the Republic of K orea combined, 

consumption of each of the three commodity groups is greater 

than e xtraction. China e xhibits increasing consumption v ersus 

e xtraction relati v e to the tw o metal cate gories and nearly equal 

e xtraction and consumption of fertilizer minerals. The trends 

for India are the in v erse of most other e xamples—greater 

e xtraction than consumption of the metal cate gories and a 

widening gap between consumption and e xtraction of fertilizer 

minerals. The South American countries, along with other 

re gions not e xamined in this paper , are playing a major role 

in f illing the consumption/e xtraction gap for the tw o metal 

cate gories in the de v eloped 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/re gions of the w orld. In North America (Canada, the 

United States, and Me xico) and the EU-15, the gap between 

consumption and e xtraction of base metals and iron and steel 

is widening—more material is consumed than e xtracted. This 

relationship is dif ferent for the fertilizer minerals. Extraction 

and consumption are nearly equal in the EU-15, and in 

North America, more fertilizer minerals are e xtracted than 

consumed. F or Japan and the Republic of K orea combined, 

consumption of each of the three commodity groups is greater 

than e xtraction. China e xhibits increasing consumption v ersus 

e xtraction relati v e to the tw o metal cate gories and nearly equal 

e xtraction and consumption of fertilizer minerals. The trends 

for India are the in v erse of most other e xamples—greater 

e xtraction than consumption of the metal cate gories and a 

widening gap between consumption and e xtraction of fertilizer 

minerals. The South American countries, along with other 

re gions not e xamined in this paper , are playing a major role 

in f illing the consumption/e xtraction gap for the tw o metal 

cate gories in the de v eloped 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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Cameroon

Central African Republic

Chad

Comoros

Dem Republic 

of Congo

Republic of Congo

Djibouti

Equatorial Guinea

Eritrea

Ethiopia

Gabon

Gambia

Ghana

Guinea

Guinea-Bissau

Kenya

Lesotho

Liberia

Madagascar

Malawi

Mali

Mauritania

Morocco

Namibia

Niger

Nigeria

Rwanda

Senegal

Sierra 

Leone

South Africa

Swaziland

Togo

Tunisia

Uganda

Zambia

Zimbabwe

Argentina

Bahamas

Bolivia

Brazil

Chile

Colombia

Costa Rica

Cuba

Ecuador

Guatemala

Guyana

Haiti

Honduras

Jamaica

Nicaragua

Panama

Paraguay

Peru

Puerto Rico

Suriname

Trinidad and Tobago

Uruguay

Albania

Bulgaria

Denmark

France

Germany

Greece

Hungary

Iceland

Ireland

Italy

Latvia

Lithuania

Malta

Netherlands

Norway

Portugal

Russian Federation

Slovenia

Spain

Sweden

Switzerland

Ukraine

United Kingdom

Canada

Mexico

United States of America

Armenia

Bahrain

Cyprus

Iraq

Israel

Jordan

Kuwait

Lebanon

Oman

Qatar

Saudi Arabia

Syrian Arab Republic

Turkey

United Arab Emirates
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