Tapping the Earth’s Heat
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June 18, 2015 - The temperature at the center of the earth is more than 10,000°F (5,700°C), roughly the same as on the surface of the sun.  As this geothermal energy radiates out from the earth’s core and mantle, it can be converted into electricity or used directly to heat facilities like buildings and greenhouses.  
Geothermal resources around the world are richest in areas of high tectonic activity.  The so-called Ring of Fire, which encircles the Pacific Ocean, is one such zone.  It includes the Andean countries (such as Chile, Peru, and Colombia), Central America, and the West Coast of the United States and Canada.  On the other side of the Pacific, it includes Japan, China, the Philippines, and Indonesia.  Another concentration of geothermal resources is found in the Great Rift Valley of Africa, encompassing Ethiopia, Kenya, Rwanda, Tanzania, and Uganda.  The Eastern Mediterranean region is also well endowed.  
But the geothermal capital of the world is Iceland.  Straddling the Mid-Atlantic Ridge, where the North American and Eurasian tectonic plates are spreading apart at a rate of about 4/5 of an inch (2 centimeters) per year, this island of volcanoes is one of the most geologically active places on earth.  Geothermal energy figures prominently in nearly every aspect of life in Iceland, from electricity generation and home heating to vegetable growing, fish farming, and bathing.  
Many parts of Iceland have underground temperatures of up to 480°F (250°C) within a mile of the surface—excellent conditions for geothermal power generation.  With 660 MegaWatts of geothermal power capacity installed by early 2014, Iceland generates 29% of its electricity from the earth, the highest share in the world.  (Hydropower accounts for nearly all of the rest.)  Hot water and steam are brought from underground reservoirs to the earth’s surface, through wells drilled into porous rock.  The steam from the reservoir or from the hot water drives a turbine to generate electricity.  Because of its abundance of cheap geothermal electricity, Iceland has become a powerhouse of aluminum manufacturing, a very energy-intensive industry.  Nearly 70% of Iceland’s electricity goes to aluminum smelting.
Iceland’s natural hot springs have been used for centuries, likely since settlement began some 1,100 years ago.  Over the last 100 years or so, roughly 150 geothermally heated recreational swimming centers have been built in virtually every community nationwide.  Most are public facilities operating year-round, many of them outdoors.  Iceland’s most famous tourist destination, the Blue Lagoon—which each year receives far more visitors than Iceland’s population of 330,000—boasts an extensive series of pools ranging from 95 to 117°F.  They actually contain the brine released from the Svartsengi geothermal plant, which produces electricity and supplies hot water for residential use.  
Geothermally heated water is sent from cogeneration plants like Svartsengi or from “low-temperature” (less than 300°F) geothermal fields through a network of pipes to heat buildings.  In 1970, over 50% of space heating in Iceland came from burning oil, while geothermal accounted for 43%.  The government reacted to oil price hikes in that decade by giving priority to district heating expansion.  Today geothermal energy provides nearly 90% of all space heating directly.  About 10% is from electricity (also partially geothermally produced), and oil is now less than 1% of the total.  The 184,000 residents of the capital, Reykjavik, warm themselves with geothermal district heating.
Iceland uses its geothermal resources in a wide variety of other ways.  For example, nearly 13 million square feet of sidewalks, parking spaces, and streets, mostly in Reykjavik, are heated from below by warm water (often water that was already used to heat a building) to prevent icing and to ease snow removal.  Direct uses of geothermal energy by industry include cement curing and salt production.  Geothermal energy is used to heat 48 acres of greenhouses that produce vegetables, fruits, flowers, and other plants.  In some 15–20 fish farming operations, Arctic char, salmon, and Senegalese sole are raised in geothermally heated water.
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