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CRITICAL ELEMENTS FOR ENERGY 
 

Elisabeth M. Price & Jonathan G. Price, Nevada Mining Association’s Education Committee, updated 3 November 2023 
 

Using the periodic table and data on uses, production, and prices of the elements. 
 

INTRODUCTION 
 
The periodic table of the elements summarizes information about the properties of elements, including the physical states and 
chemical reactivity.  This brief activity encourages the student to use the periodic table to discover the locations of elements and the 
symbols of those important to “green” energy (defined as energy produced from renewable sources or energy produced with little or 
no emission of carbon dioxide). 
 
OBJECTIVE 
Students will survey the periodic table to find elements important for transportation, heating, and the generation, transmission, and 
storage of electricity; examine the properties of the elements; and look for patterns in the properties, as reflected in patterns of the 
periodic table.  Students will discuss global sources for the elements and the projected amounts needed for society.   
 
MATERIALS 

• One large copy of the periodic table per group (or use the individual periodic table found on the web). 
o Table should show state of matter, chemical symbol, and chemical name. 

• Table (included in this file) labeled “Critical Elements for Energy Technologies” (alternatively, use the latest edition of the U.S. Geological Survey’s 
Mineral Commodity Summaries, available online at http://minerals.usgs.gov/minerals/).  The table lists countries that are the major sources of the 
elements and how they are used in energy technologies. 

• World map to place symbols for elements produced in leading countries (examples are included in this file). 
• Small adhesive dots or post-it strips (on which to write element symbols) to place onto world map (alternatively, use a pencil and write the chemical 

symbols on the blank world map; alternatively, project the map on the classroom board and write symbols there with erasable markers).  Also use these 
post-it strips to write the electric energy production approach (fossil fuels, hydro, solar, wind, geothermal, nuclear, biomass, tidal) and post these on the 
periodic table for each element needed for this approach. 

 
PROCEDURE AND QUESTIONS TO ANSWER 
1) Students discuss and list metals and other elements needed for transportation, heating, and generation, storage, and 

transmission of electricity. 
2) Where are elements located on the periodic table?  [Write the electrical energy production approach (fossil fuel, hydro, solar, 

wind, geothermal, nuclear, etc.) on post-it strips and have the students place these on the periodic table.]  
3) What properties would make the element useful for the generation, storage, or transmission of electricity? 
4) What makes the elements “green” or not? 

http://minerals.usgs.gov/minerals/)
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5) Are there properties of the elements that might cause environmental problems? 
6) Students determine where the elements are produced.  (This is generally where they are mined, although for some, we have data 

only on where they are recovered at smelters or refineries.) 
a) Write symbols of “green” elements on the adhesive dots.  
b) Using the tables of “Critical Elements for Energy Technologies” and the map of the world, place dots labeling the elements 

onto the map on the countries in which the elements are presently mined or in some cases refined.   
c) Discuss ways this information might be important to the production of energy in the US. 
d) Discuss why China is a major producer of more elements than any other country (use the population chart at the end of this 

file to stimulate the discussion). 

Another approach is to assign one or more elements of the 44 elements (or 48 commodities) in the tables to each student.  Have 
them either use the handout, the U.S. Geological Survey’s Mineral Commodity Summaries (latest annual report), or search the 
web to identify major uses of each element and the countries that are the leading producers.  Have the students identify the 
elements that would be needed to generate electricity from coal, natural gas, oil, solar, wind, nuclear, dammed water, tides, 
biomass, and geothermal resources.  Then have the students use a world map to mark the countries that are the major producers 
(say the top one or the top three) for each element. Use the chemical symbols for marking the maps.  Discuss the apparent 
uneven distribution of mineral resources. 

7) Discuss why some elements are used more than others.  
a) Which of the major mineral commodities are used the most, as measured by the amount of global production?  (List the top 

ten by weight.) 
b) How does abundance in the Earth’s crust correlate with which mineral commodities are used the most?  Why do you think 

there is this correlation? 
8) Discuss why some elements are more expensive than others. 

a) What are the most expensive elements?  (List the top ten on the basis of dollars per kilogram.) 
b) How does abundance in the Earth’s crust correlate with which elements are most expensive?  Why do you think there is this 

correlation?  What are the anomalies? 
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TEACHER NOTES 

Consult the table, “Critical Elements for Energy Technologies,” for elements, amount mined or refined, and countries where the 
elements are mined or refined.  Most of this information can be found through the US Geological Survey website, www.usgs.gov.  
Their annual Mineral Commodity Summaries publication has information about uses, annual production in the U.S. and other 
countries, prices, and substitutes for most elements that are used by society. 

Examples of some elements used for generation or transmission of electricity: 

• Fossil fuel and biomass generation of electricity 
§ Carbon  

o Burned (in wood and other biofuels, coal, petroleum, and natural gas) to produce heat to boil water to generate steam to 
turn turbines 

§ Hydrogen 
o Burned (along with carbon, in petroleum and natural gas) to produce heat to boil water to generate steam to turn turbines 

§ Oxygen 
o Used to burn the carbon 

• Transmission of electricity 
§ Copper  

o Wire used to transmit electricity  
o Wire used to carry the moving electrons generated by movement of a magnet through the coils of copper in an electrical 

generator 
§ Aluminum 

o Used to transmit electricity, a substitute for copper, particularly in high-voltage transmission lines 
§ Silver 

o Used to transmit electricity, particularly as contacts for silicon-based photovoltaic solar cells 
•  “Renewable” energy generation 

§ Neodymium 
o Used for high strength magnets (along with iron and boron) to generate electrons moving through the copper wire 

§ Iron 
o Used for high strength magnets (along with neodymium and boron) to generate electrons moving through the copper wire 

http://www.usgs.gov/
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§ Boron 
o Used for high strength magnets (along with neodymium and iron) to generate electrons moving through the copper wire 

§ Lithium 
o Used for batteries to store electricity generated by noncontinuous sources such as wind or solar energy and to store 

electricity in cars 
§ Cobalt 

o Used for batteries to store electricity generated by noncontinuous sources such as wind or solar energy and to store 
electricity in cars 

§ Cadmium 
o Used in photovoltaic solar cells 

§ Tellurium 
o Used in photovoltaic solar cells 

§ Copper 
o Used in photovoltaic solar cells (CIGS, or copper-indium-gallium-selenide) 

§ Indium 
o Used in photovoltaic solar cells 

§ Germanium 
o Used in photovoltaic solar cells 

§ Gallium 
o Used in photovoltaic solar cells 

§ Selenium 
o Used in photovoltaic solar cells 

§ Silicon 
o Used in photovoltaic solar cells 

• Other methods of generating electricity 
§ Uranium 

o Used in nuclear power plants to produce heat to boil water to make steam to turn turbines 
• Gold 

§ Used to conduct electrons in many computer applications; also used as thin (17.2 nanometers thick) coatings on windows to 
reflect heat (infrared radiation), thereby reducing heating and air-conditioning costs in buildings. 
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Many other elements are used in power plants (calcium, aluminum, silicon, oxygen, iron, and sulfur in cement for concrete floors and 
foundations; iron, carbon, nickel, and many other elements for steel in buildings and supports; carbon for resins and silicon and 
oxygen for fiberglass used in windmills; aluminum for supports for solar panels).  High-temperature turbines are made of nickel-
based super alloys that contain nickel, chromium, aluminum, titanium, cobalt, boron, carbon, zirconium, molybdenum, tungsten, 
tantalum, hafnium, and niobium. 
 
Periodic table link:  http://www.chemicool.com/  

Printable periodic table:  http://www.sciencegeek.net/tables/CA_CST.pdf  

Printable maps:   with country names http://english.freemap.jp/world_e/6.html  

       without country names http://english.freemap.jp/world_e/2.html  

The US Geological Survey‘s Mineral Commodity Summaries annual publication lists the major countries from which the elements 
were mined in the previous few years.  To show geographically where some of the larger deposits are within the countries, refer to 
U.S. Geological Survey Open-File Report 2005-1294, Reviews of the Geology and Nonfuel Mineral Deposits of the World.   

 

EXTENSION 

Introduction 

Mining, or use of mined materials, is driven by economics.  If a company loses money in an endeavor, that company won’t pursue 
that endeavor for long.  Although metals are concentrated in specific areas that make it possible to mine them, an average 
concentration in the crust, crustal abundance, can be calculated.  So, a comparison of the price of a metal and its abundance can be 
made.  Everything else being equal (such as geological processes that concentrate elements in ore deposits, metallurgical difficulty 
in extracting metals from ores, and geopolitical aspects of the uneven distribution of ore deposits throughout the world), less 
abundant (rarer) elements ought to cost more.   

Of course, the price of a metal also depends on the demand, or the need for that element in products or as a medium for exchange 
of goods or services (money). 

Studying the abundances, prices, and expected demands of metals can reveal some trends. 

http://www.chemicool.com/
http://www.sciencegeek.net/tables/CA_CST.pdf
http://english.freemap.jp/world_e/6.html
http://english.freemap.jp/world_e/2.html
http://pubs.usgs.gov/of/2005/1294/
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Materials 

• The “Critical Elements for Energy Technologies” table (mostly derived from the U.S. Geological Survey’s annual report titled 
Mineral Commodity Summaries, available at http://minerals.usgs.gov/minerals/, a good source of information on annual 
production, uses, recycling, and substitutions) 

• Related charts showing comparisons of prices 
• Presentations by Zweibel and Smith about uses of metals for photovoltaics and rare earth elements, respectively.  These are 

available as part of the Minerals for a Green Society symposium on 4 February 2010 sponsored by the Mining and 
Metallurgical Society of America at http://www.mmsa.net/. 

Procedure 

1. Using the charts and presentations, determine which elements will be in great demand in the near future.   
2. Determine which elements may be in shortage. 
3. Suggest what countries may be controlling the supply of certain elements and the products made from those elements. 

a. What factors might control wealth of countries? 
b. What factors might control wealth of companies involved in the production and use of the minerals? 
c. What factors control the prices of various mineral commodities? 

4. Suggest reasons why the prices of some mineral commodities are either higher or lower than the general trend of decreasing 
price with increasing abundance in the Earth’s crust. 

 

 

Prepared by Elisabeth M. Price (aaejprice@att.net) and Jonathan G. Price (jprice@unr.edu) for the Nevada Mining Association, 
edited by Charlotte Stock, Nevada Bureau of Mines and Geology, University of Nevada, Reno; 8 March 2010, updated 12 February 
2015, 14 May 2018; 2 April 2020; 18 June 2021; 3 November 2023. 

 

http://minerals.usgs.gov/minerals/
http://www.mmsa.net/
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Data for the following tables and charts are from the U.S. Geological Survey, Energy Information Administration (Department of 
Energy), and CRC Handbook of Chemistry and Physics, and various websites for prices of rare-earth elements. 
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Abundance of elements in the Earth’s crust as a function of atomic number.  Source: CRC Handbook of Chemistry and Physics. 
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Price of mineral commodities (in 2020) as a function of abundance of the elements in the Earth’s crust.  Sources: U.S. Geological 
Survey, Energy Information Administration, World Coal Association, World Nuclear Association, and CRC Handbook of Chemistry 
and Physics. 
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World map from http://english.freemap.jp/world_e/2.html 

http://english.freemap.jp/world_e/2.html
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Critical Elements for Energy - Next Generation Science Standards* – High School 
 
Disciplinary Core Ideas 
 

HS-ESS3 Earth and Human Activity - ESS3.A: Natural Resources  
• Resource availability has guided the development of human society. (HS-ESS3-1)  
• All forms of energy production and other resource extraction have associated economic, social, 

environmental, and geopolitical costs and risks as well as benefits. New technologies and social 
regulations can change the balance of these factors. (HS-ESS3-2)  

 
Science and Engineering Principles 
 

Using Mathematics and Computational Thinking  
 

Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using 
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric 
functions, exponentials and logarithms, and computational tools for statistical analysis to analyze, 
represent, and model data. Simple computational simulations are created and used based on 
mathematical models of basic assumptions.  
• Create a computational model or simulation of a phenomenon, designed device, process, or system. 

(HS- ESS3-3)  
• Use a computational representation of phenomena or design solutions to describe and/or support 

claims and/or explanations. (HS-ESS3-6)  
 
Crosscutting Concepts 
 

Cause and Effect  
Empirical evidence is required to differentiate between cause and correlation and make claims about 
specific causes and effects. (HS-ESS3-1)  
 

Systems and System Models  
When investigating or describing a system, the boundaries and initial conditions of the system need to be 
defined and their inputs and outputs analyzed and described using models. (HS-ESS3-6)  
 
Stability and Change  
• Change and rates of change can be quantified and modeled over very short or very long periods of 

time. Some system changes are irreversible. (HS- ESS3-3),(HS-ESS3-5)  
• Feedback (negative or positive) can stabilize or destabilize a system. (HS- ESS3-4)  
 
Connections to Engineering, Technology, and Applications of Science  
 

Influence of Engineering, Technology, and Science on Society and the Natural World  
• Modern civilization depends on major technological systems. (HS-ESS3-1),(HS- ESS3-3)  
• Engineers continuously modify these technological systems by applying scientific knowledge and 

engineering design practices to increase benefits while decreasing costs and risks. (HS- ESS3-2), 
(HS-ESS3-4)  

 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
NOTE: The data in the tables on pages 7 through 11 can be used by the students to create graphs like 
those on pages 12 and 13.  These data are best represented as logarithmic plots. 
 
*The Nevada Academic Content Standards for Science (NVACSS) are based on the Next Generation 
Science Standards and include ESS3.A – Natural Resources.  
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Critical Elements for Energy - Next Generation Science Standards* – Middle School 
 

Disciplinary Core Ideas 
 

MS-ESS3 Earth and Human Activity - ESS3.A: Natural Resources  
 

Humans depend on Earth’s land, ocean, atmosphere, and biosphere for many different resources.  
Minerals, fresh water, and biosphere resources are limited, and many are not renewable or 
replaceable over human lifetimes. These resources are distributed unevenly around the planet as a 
result of past geological processes. (MS-ESS3-1) 
 
Science and Engineering Principles 
 

Constructing Explanations and Designing Solutions 
 

Constructing explanations and designing solutions in 6-8 builds on K-5 experiences and progresses to 
include constructing explanations and designing solutions supported by multiple sources of evidence 
consistent with scientific ideas, principles, and theories. 
• Construct a scientific explanation based on valid and reliable evidence obtained from sources 

(including the student’s own experiments) and the assumption that theories and laws that describe the 
natural world operate today as they did in the past and will continue to do so in the future. (MS-ESS3-
1) 

• Apply scientific principles to design an object, tool, process or system. (MS-ESS3-3) 
 
Crosscutting Concepts 
 

Cause and Effect 
 

• Relationships can be classified as causal or correlational, and correlation does not necessarily imply 
causation. (MS-ESS3-3) 

• Cause and effect relationships may be used to predict phenomena in natural or designed systems. 
(MS-ESS3-1), (MS-ESS3-4) 

 
Stability and Change  
 

• Stability might be disturbed either by sudden events or gradual changes that accumulate over time. 
(MS-ESS3-5) 

 
Connections to Engineering, Technology, and Applications of Science  
 

Influence of Engineering, Technology, and Science on Society and the Natural World  
 

All human activity draws on natural resources and has both short and long-term consequences, positive as 
well as negative, for the health of people and the natural environment. 
(MS-ESS3-1), (MS-ESS3-4) 
 

The uses of technologies and any limitations on their use are driven by individual or societal needs, 
desires, and values; by the findings of scientific research; and by differences in such factors as climate, 
natural resources, and economic conditions. Thus technology use varies from region to region and over 
time. (MS-ESS3-2), (MS-ESS3-3) 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
NOTE: China’s dominance in global mineral-resource production can be explained only partly by its 
large population.  The dominance of some countries is related to geological factors. 
 
*The Nevada Academic Content Standards for Science (NVACSS) are based on the Next Generation 
Science Standards and include ESS3.A – Natural Resources.  


