Outline – Geothermal Energy

I. Cross section through the earth

A. Crust



B. Mantle



C. Outer core



D. Inner core



II. Temperature and depth

A. Average gradient



B. Variation



C. Temperatures at depth

1. 0 m – 15oC


2. 2000 m – 70oC


3. 4000 m – 120oC


4. 4000 km - 4000oC


5. 6000 km - 5000oC

III. Features of the earth’s crust I

A. Oceanic plates



B. Continental plates



C. Subduction zones



D. Fracture zones



E. Volcanos



IV. Features of the earth’s crust II

A. Magmatic intrusions



B. Impermeable rock – conduction



C. Permeable rock – convection



D. Cold waters



E. Hot waters





V. Ways of using geothermal energy

A. Direct

1. Hot springs


2. Greenhouses


3. Fish farms


4. Food dehydration plants


5. Shallow heating / cooling – heat pumps


6. Different direct uses require different temperatures


B. Electrical generation

1. Different types

a. Dry steam

i. Oldest type

ii. Steam coming from ground drives turbine


b. Flash steam

i. Most common type

ii. Hot water coming from ground turned into steam, drives turbine


c. Binary cycle

i. Show most potential

ii. Hot water from ground heats another liquid that vaporizes, driving turbine.

VI. Benefits of using geothermal energy

A. Safe and reliable power


B. Renewable and sustainable


C. Constant baseload power


D. Conserves local economies


E. Can be implemented remotely


F. Prevent pollution caused by fossil fuels


VII. Geothermal energy on a global scale

A. Where found?


B. Increased between 1950-2015


C. Modest increase between 2009-2019


D. Top countries

1. US / Indonesia / Philippines



VIII. Geothermal energy in the U.S.

A. Where found?



B. Growth in US geothermal 1970-2000


IX. Potential for geothermal energy development


X. Employment in geothermal


XI. Location of geothermal potential in US.

A. Direct use and electrical generation


B. Geothermal heat pumps



XII. Geothermal heat pumps

A. Form and function


B. Benefits

1. Can be used almost anywhere


2. Energy and cost efficient


3. Conserves fossil fuels


4. Clean heating and cooling


C. Environmental problems

1. Surface water pollution


2. Noise levels


3. Conflicts with cultural and archeological features


4. Solid waste disposal
