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An aerial photograph view of the Hinkley Point B Nuclear Powerstation on Aug. 8, 2017 in Bridgewater, England. David Goddard/Getty Images To some, nuclear energy offers a clean energy alternative that frees us from the shackles of fossil fuel dependence. To others, it summons images of disaster: quake-ruptured Japanese power plants belching
radioactive steam, the dead zone surrounding Chernobyl's concrete sarcophagus. But what happens inside a nuclear power plant to bring such marvel and misery into being? Imagine following a volt of electricity back through the wall socket, all the way through miles of power lines to the nuclear reactor that generated it. You'd encounter the
generator that produces the spark and the turbine that turns it. Next, you'd find the jet of steam that turns the turbine and finally the radioactive uranium bundle that heats water into steam. Welcome to the nuclear reactor core. The water in the reactor also serves as a coolant for the radioactive material, preventing it from overheating and melting
down. In March 2011, TV viewers around the world learned what happens when the cooling system suffers a catastrophic failure. Japanese citizens fled by the tens of thousands from the area surrounding the Fukushima-Daiichi nuclear facility after the most powerful earthquake on record and the ensuing tsunami inflicted serious damage on the plant
and several of its reactor units. Among other events, water drained from the reactor core, which in turn made it impossible to control core temperatures. This resulted in overheating and a partial nuclear meltdown [source: NPR]. As of April 2018, there are about 450 nuclear power reactors in operation in 50 countries, and they provide about 11
percent of the world's electricity, according to the World Nuclear Association. In the U.S. alone, there are 99 reactors in 61 commercially operating nuclear power plants within 30 U.S. states, including Tennessee's Watts Bar Unit 2, a 1,150 megawatt-capacity reactor that began commercial operation in October 2016 [source: EIA]. Nuclear energy
supplies 20 percent of U.S. electricity needs, less than the 31.7 percent that comes from natural gas and the 30.1 percent from coal, and only slightly more than the 17.1 percent provided by renewables such as hydropower, wind and solar [source: EIA]. But some countries depend on the atom more heavily. France, for example, gets 72 percent of its
electricity from nuclear plants, and Sweden gets about 40 percent from them, according to a report from April 2018 [source: World-Nuclear.org]. In this article, we'll look at just how a nuclear reactor functions inside a power plant, as well as the atomic reaction that releases all that crucial heat. In December of 1942, an experiment that would change
the world was taking place at the University of Chicago. After years of research and a month of construction, the world's first nuclear reactor, Chicago Pile-1, was ready for testing. Constructed of a lattice of graphite blocks full of uranium oxide and uranium metal that were stacked 57 layers high, Chicago Pile-1 bore little resemblance to today's
nuclear reactors [source: Alfred]. A three-person "suicide squad" was waiting to step in and shut the reactor down in case the reactor's safety features failed. Fortunately, the more than 50 people in attendance that day were able to share a collective sigh of relief -- as the squad was not needed [source: Alfred]. The reactor worked without a hitch, and
the nuclear era was born. In 2011, more than 440 nuclear power plants in 30 countries across the globe were busy supplying 14 percent of the world's current electricity needs [source: World Nuclear Association]. Nuclear power certainly has its pros and cons, but no one can deny its importance. Now that we know a little about how far nuclear
power has come over the past 70 years, let's visit the top 10 nuclear power plants on Earth. We've rated them by the collective net capacity of the facility, but as you'll see, power capacity doesn't always equate to the greatest energy output. In December of 1942, an experiment that would change the world was taking place at the University of
Chicago. After years of research and a month of construction, the world's first nuclear reactor, Chicago Pile-1, was ready for testing. Constructed of a lattice of graphite blocks full of uranium oxide and uranium metal that were stacked 57 layers high, Chicago Pile-1 bore little resemblance to today's nuclear reactors [source: Alfred]. A three-person
"suicide squad" was waiting to step in and shut the reactor down in case the reactor's safety features failed. Fortunately, the more than 50 people in attendance that day were able to share a collective sigh of relief -- as the squad was not needed [source: Alfred]. The reactor worked without a hitch, and the nuclear era was born. In 2011, more than
440 nuclear power plants in 30 countries across the globe were busy supplying 14 percent of the world's current electricity needs [source: World Nuclear Association]. Nuclear power certainly has its pros and cons, but no one can deny its importance. Now that we know a little about how far nuclear power has come over the past 70 years, let's visit
the top 10 nuclear power plants on Earth. We've rated them by the collective net capacity of the facility, but as you'll see, power capacity doesn't always equate to the greatest energy output. Net Capacity: 4,494 megawattsLocation: Fukui, JapanNumber of Reactors: 40utput (2010): 27,298.28 gigawatt-hours Located 220 miles (350 kilometers) west
of Tokyo, the Ohi power plant comes a close second to Fukushima Daini in churning out electricity for Japan. The facility generated 27,298.28 gigawatt-hours of energy in 2010 -- that would have been enough to provide all the homes in Maryland electricity in 2009 [sources: IAEA PRIS, KU Institute for Policy & Social Research]. Although the
earthquake of March 2011 didn't directly affect the Ohi power station, Unit 3 has been offline since the disaster struck. In the aftermath of the quake, the Japanese government ordered all 35 nuclear reactors that had been shut down for regular safety inspections to remain offline until they completed a two-step stress test. The test is designed to
determine a reactor's ability to withstand large earthquakes and tsunamis. In October 2011, Ohi Unit 3 passed the first phase. Step two is a comprehensive stress test similar to those that have been proposed by the European Union. The test results will be sent to Japan's Nuclear and Industrial Safety Agency (NISA) and Nuclear Safety Commission
(NSC) before an additional panel of government officials will decide whether Ohi 3 can resume operating. All of the reactors that were stopped after the quake will go through this process. As you can imagine, it will take time to get Japan's nuclear power stations back to full capacity. Japan's Electricity Supply Crisis According to the Japan Atomic
Industry Forum, only 10 of Japan's 54 power reactors were operating as of Oct. 15, 2011. This portion represents roughly 18 percent of the country's total nuclear generating capacity. Thirty-one units weren't operating due to periodic inspections. Net Capacity: 5,200 megawattsLocation: Normandy, FranceNumber of Reactors: 40utput (2010):
34,989.313 gigawatt-hours With 75 percent of its electricity from nuclear energy, France is tres serious about nuclear power. It's not surprising then that three nuclear power plants on this list are located on French soil. Cattenom, whose four reactors sit on a site in Normandy bordering Germany and Luxembourg, is the third largest power plant in
France in terms of net capacity. In 2010, it delivered 34,989.313 gigawatt-hours to the grid, enough to meet the electricity needs for the entire state of Nevada [source: IAEA PRIS, KU Institute for Policy & Social Research]. Cattenom's location has created some uneasiness among its neighbors, however. Its close proximity to Luxembourg, a country
that has no nuclear facilities, makes Luxembourg's health and policy experts particularly vigilant regarding nuclear reactor safety. A nuclear accident at its doorstep isn't something Luxembourg would like to see happen in the future. Although reactors at the facility underwent and passed a recent stress test, the Luxembourg health ministry remained
unconvinced that Cattenom does not pose a significant safety risk. These concerns precipitated further investigation and review by French authorities and organizations with expertise on reactors and industrial sites. As a result, in November 2011, it was recommended that additional safety measures be implemented at the Cattenom facility. Net
Capacity: 5,320 megawattsLocation: Normandy, FranceNumber of Reactors: 40utput (2010): 33,064.723 gigawatt-hours Paluel's four reactors are situated in the Seine-Maritime County of Normandy, a region that prides itself in generating around 11 percent of France's electricity [source: Seine-Maritime Economic Development Agency]. Paluel alone
contributed 6 percent of the country's electricity in 2010 [source: IAEA PRIS]. The four reactors at Paluel have been pumping out power since the early to mid-1980s and have produced a cumulative 847,053 gigawatt-hours of energy over their lives-- more than the amount of electricity the country of Germany used in 2008 [sources: IAEA PRIS, The
World Bank]. Paluel generates more than electricity, however. The power plant has made a significant economic impact in the region; contracts between Paluel and local businesses amounted to more than $64.6 million in 2005 [source: Seine-Maritime Economic Development Agency]. What's more, the Paluel and Penly nuclear power plants are
actively involved in agricultural recycling experiments in the Seine-Maritime County. For example, since 2003, sludge from the wastewater treatment plants at Paluel has been used to generate compost for reed beds and Penly provides algae to companies who use it for recycling into fertilizer. Next up is Europe's second largest nuclear power plant,
and it celebrated a historic milestone recently. Net Capacity: 5,460 megawattsLocation: Nord, FranceNumber of Reactors: 60utput (2010): 36,625.432 gigawatt-hours Gravelines nuclear power plant cemented its place in history on Aug. 27, 2010, when it delivered its 1,000 billionth kilowatt-hour of electricity. Until then, no other nuclear power site
had generated that much -- the figure is twice the amount of electricity consumed annually in the whole of France [source: World Nuclear News]. The French facility isn't the biggest or oldest power plant in the world. How, then, does it manage to consistently churn out power in order to reach the historic milestone before its contemporaries?
Gravelines says it owes it success to efficient facility operation and maintenance, standardization procedures and a highly skilled staff. Efficiency like this doesn't just generate more power, however. In more than 30 years of operation, Gravelines has never had a significant safety incident. The power plant has made a big impact on the local
community as well. In three decades of operation, the facility has contributed more than $11 billion in workers' wages and taxes [source: World Nuclear News]. Each of the six reactors at Gravelines is expected to be in operation for another 30 years. If things keep going the way they are, there's no reason to doubt that it will deliver its next 1,000
billionth kilowatt-hour before retiring. Graveline's Nuclear Output: More than a Milestone One thousand billion kilowatt-hours equals one petawatt hour, which is approximately the amount of electricity generated from burning 386 million tons (350 million metric tons) of coal or 243 million tons (220 million metric tons) of oil. Had coal been used to
generate the electricity produced by Gravelines, 1,100 million tons (1,000 million metric tons) of carbon dioxide would have been emitted into the atmosphere. Net Capacity: 5,700 megawattsLocation: Energodar, South UkraineNumber of Reactors: 60utput (2010): 39,061.104 gigawatt-hours About one-half of Ukraine's electricity comes from its 15
nuclear reactors [source: World Nuclear Association]. It's second only to France in the amount of electricity it generates from nuclear power. When Unit 6 was connected to the grid in 1995, Zaporozhe became the largest nuclear power station in Europe. The Zaporozhe power plant generates a whopping 47 percent of the Ukraine's nuclear power,
supplying 22 percent of the total energy for that country [source: IAEA PRIS]. The power plant produced enough energy in 2010 to meet New York City's electricity needs for three years [source: Solar One]. Most of the reactors at Zaporozhe are likely to remain operational until 2030-2034, which means the power station should be a major contributor
to Ukraine's nuclear power needs for decades. Within that time, Ukraine plans to double its existing nuclear power capacity by building 15 new reactors with a combined net capacity of 14,000 megawatts, emphasizing the country's commitment to nuclear power [source: World Nuclear Association]. The next two reactors on the list provide close to 80
percent of the nuclear power for a country that is only just beginning its love affair with nuclear energy. A Famous Closure for a New Nuclear Millennium The best-known nuclear power station in Ukraine was Chernobyl. Unit 4 was destroyed in the accident of 1986, and Unit 2 was shut down after a fire in the turbine hall occurred in 1991. Following
international pressure, Ukraine shut down Units 1 and 3 in 1997 and 2000, respectively. Net Capacity: 5,873 megawattsLocation: Gyeongsangbuk-do, South KoreaNumber of Reactors: 60utput (2010): 47,947.308 gigawatt-hours South Korea gets 32 percent of its electricity from nuclear power -- close to 79 percent of it is generated at Ulchin and
Yonggwang (next on our list). But don't be surprised if that statistic changes in the next 10 years. South Korea plans to increase its nuclear energy capacity by 56 percent by 2020. This means more reactors cranking out more power. To say that nuclear power is a strategic priority in South Korea is an understatement. South Korean power reactors
have some of the world's highest capacity factors, averaging 96.5 percent in recent years [source: World Nuclear Association]. This means that, on average, South Korea's reactors operate extremely close to their full capacity, producing 96.5 percent of their potential output over a given period of time. What's responsible for that efficiency? In part,
Korean Standard Nuclear Plant (KSNP) design. KSNP is a series of standardization steps that's been developed over the years to optimize nuclear reactor performance and safety. Units 3 and 4 at Ulchin power plant were the first KSNP reactors to be built. During its first cycle of operation, Ulchin's Unit 3 achieved a 103 percent capacity factor and a
100 percent availability factor [source: Power Technology]. That's impressive stuff. By comparison, the reactors at the Gravelines facility, known for its efficient power production, have an average capacity factor of around 88 percent. On its own, the Ulchin power station generates nearly 34 percent of South Korea's nuclear power, and in 2010 the
plant produced enough energy to light up the entire state of Oregon for a year [source: KU Institute for Policy & Social Research]. Net Capacity: 5,875 megawattsLocation: Jeollanam-do, South KoreaNumber of Reactors: 60utput (2010): 48,386.218 gigawatt-hours Yonggwang may be the silver medalist in terms of total net capacity, but for energy
output it gets gold. The 48,386.218 gigawatt-hours of energy delivered by the power station in 2010 could meet the annual electricity consumption of Hong Kong and Alaska combined [source: World Bank, KU Institute for Policy & Social Research]. Units 3 and 4, which were completed in 1993 and 1994, respectively, are among the top 10 performers
in terms of nuclear performance: Unit 4 achieved "One Cycle Trouble Free" operation following its 387 days of continuous operation [source: Power Technology]. The unit operated at a capacity factor of 102 percent during its third fuel cycle with no shutdowns. Yonggwang Units 5 and 6, which cost an estimated $4 billion, are Korean Standard
Nuclear Plant (KSNP) designed and came online in 2002. Since then, the reactors have operated at cumulative operating factor of about 88 percent and have generated a total of 130,351 gigawatt-hours of energy [source: IAEA PRIS]. Building Yonggwang Units 5 and 6 wasn't all smooth sailing. Their construction precipitated demonstrations by local
residents, who took to the streets in the 1990s in protest. The project underwent delays when Yonggwang County canceled construction permits in 1995, but eventually the project moved forward. It was the first utility project undertaken by the Korea Electric Power Corp. (KEPCO) to receive local opposition [source: Power Technology]. Net Capacity:
6,700 megawattsLocation: Ontario, CanadaNumber of Reactors: 80utput (2012): 35,626.92 gigawatt-hours Bruce's Unit 3, which started operating in 1978, holds the distinction of being the oldest reactor in operation among the 10 nuclear facilities on this list [source: IAEA PRIS]. Located on the shores of Lake Huron, Bruce Power Generating Station
(BPGS) supplies nearly 40 percent of Canada's nuclear power, which meets 6 percent of Canada's total electrical power needs [source: IAEA PRIS]. Every fifth hospital, home and school in Ontario could be powered by electricity produced in the massive plant [source: Power Technology]. The Bruce site is the largest nuclear power station in North
America, and when all eight reactors are running, as they were in 2013, one of the biggest in the world. In 2013, it boasted a net capacity of 6,700 megawatts. Units 1 and 2 were recently refurbished. Part of that massive project involved the installation of predictive analytic software, called SmartSignal, into the facility's operational network.
SmartSignal is designed to optimize performance and maintenance of the reactors and detect equipment and process failures early on. Net Capacity: 7,965 megawattsLocation: Niigata-Ken, JapanNumber of Reactors: 70utput (2010): 24,626.913 gigawatt-hours Japan's Kashiwazaki-Kariwa reactors, which were completed in 1997, won't break any
records for individual output, but the combined rated net capacity of its seven reactors is uncontested at 7,965 megawatts. That's enough nuclear power to provide nearly 3 percent of Japan's total electricity [source: World Nuclear Association]. In terms of energy output in 2010, Kashiwazaki-Kariwa drastically underachieved. Delivering 24,626.913
gigawatt-hours, the facility was the least productive power station on the list. However, the power plant has been recovering from the magnitude 6.8 earthquake that struck in July 2007. The earthquake caused extensive damage, including fires and radiation leaks, though many expected the damage to be much worse. Following the disaster, most of
the reactors at Kashiwazaki-Kariwa remained offline as regulators inspected the facility. In 2010, only three of the seven reactors were operating at full capacity. As of August 2011, four reactors were in operation, while three were still undergoing regular inspection. With the Fukushima Daiichi closure, a fully operating Kashiwazaki-Kariwa will be a
welcome power source for meeting Japan's electricity consumption. For more information on nuclear reactors and nuclear power, look over the links on the following page. Alfred, Randy. "Dec. 2, 1942: Nuclear Pile Gets Going; Dec. 2, 1957: Nuclear Power Goes Online." Wired. Dec. 2, 2008. (Dec. 5, 2011) Michael. "Asia has appetite for nuclear
energy" Associated Press. Updated July 11, 2006. (December 2011) John. "Water Shortages Threatening France's Nuclear Reactor Complex" Oil Price. June 16, 2011. (November 2011) of Radiation Protection "Convention on Nuclear Safety" Fifth review meeting of the contracting parties 2011. (November 2011) PRIS. "Power Reactor Information
System" (November 2011) Institute for Policy & Social Research "Electricity Consumption by State". Kansas Statistical Abstract Enhanced Online Edition, Section 10: Energy and Natural Resources. (accessed November 2011) Wort. "Cattenom poses 'unacceptable risk'" Nov. 25, 2011. (November 2011) Technology. "Bruce Power Geneerating Station,
Toronto." (November 2011) Technology. "Kashiwazaki-Kariwa, Japan." (December 2011) Technology. "Yonggwang Units 5 and 6, Other." (December 2011) Economic Development Agency. "Our major industries." (November 2011) One. "Electricity in NYC!" 2008. (November 2011) /solarl.org/uploads/electricy in nyc.pdfThe World Bank. "Electric
power consumption (kWh)." (December 2011) Electric Power Company, Inc. "Implementation status of the immediate countermeasures against the emergency at Fukushima Daini Nuclear Power Station (Summary)." Nov. 11, 2011. (November 2011) Electric Power Company. Press Release "Commencement of Regular Inspection for Unit-1 of
Kashiwazaki Kariwa Nuclear Power Station." Aug. 5, 2011. (December 2011) Nuclear Association. "Fukushima Accident Information Paper." (November 2011) Nuclear Association. "Nuclear Power in Japan." November 2011. (November 2011) Nuclear Association. "Nuclear Power in South Korea." Oct. 28, 2011. (December 2011) Nuclear Association.
"Nuclear Power in the Wold Today." February 2011. (November 2011) Nuclear Association. "Nuclear Power in Ukraine." Oct. 21, 2011. (December 2011) Nuclear Association. "Nuclear Power Plants and Earthquakes." November 2011. (November, 2011) Nuclear News. "French nuclear plant reaches landmark." Nov. 2, 2010. (November 2011) Nuclear
News. "Japanese nuclear generation dwindles." Nov. 28, 2011. (November 2011) Nuclear News. "Massive earthquake hits Japan." March 11, 2011. (November 2011) World Nuclear News. "Ohi 3 completes initial stress test." Oct. 31, 2011. (November 2011)
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