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trade off between safety, cost, or wastes, for example â€œfast neutron reactorsâ€� can significantly cut ..... (Deutsch and Moniz, 2003). Although the proponents of. 
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Introduction to the Second Issue



T



his publication, the second issue of the Harvard College Review of Environment & Society, focuses on the contentious subject of nuclear energy. Since the outset, nuclear energy has been a hotly-debated issue. First developed during the Second World War for anything-but peaceful purposes, the novel technology was not employed benignly for electricity production until 1951. Since then, its popularity has waxed and waned, and currently accounts for 4.8% of global energy production (as of 2012). What explains the world’s use of nuclear energy? And what does the future hold for this energy source? This publication will seek answe rthese quetions. Due to the technical nature of nuclear energy production, we begin this Review with a brief introduction to the science and engineering behind nuclear technology so that our readers will gain a foundation to approach the topic with a more informed and discerning eye. In our first contributed article, Daniel Kammen discusses the potential role that nuclear energy could play in reducing greenhouse gas emissions to address the problem of climate change. While conventional energy sources, such as oil and gas, are gradually and nearly imperceptibly polluting the environment with climate-changing greenhouse gases, nuclear energy’s effects on the environment can be sudden, catastrophic, and obvious. But Mikhail Chudakov, the Deputy Director General and Head of the Department of Nuclear Energy at the International Atomic Energy Agency, explains how these risks can be managed, and how nuclear energy promises to be the safe and important energy source of the future. In contrast, Daniel Thorpe argues that the infrastructure costs combined with social uncertainty make nuclear energy investments prohibitively expensive. But there is more to the nuclear energy debate than simply technical cost-benefit analysis. Isao Hashimoto, a Japanese artist, illustrates with his own artwork the deeply emotional elements of this nuclear energy controversy. Embraced for its low-carbon energy generation, yet spurned for its potential to create large-scale environmental catastrophes, nuclear energy has always had a complicated relationship with environmentalists. Hannah Kates examines this unique way that nuclear technology has been regarded by the environmentalist community. Finally, Danny Wilson scrutinizes the relationship between nuclear energy and culture in Japan and suggests that it is this relationship that is most instructive for understanding how nuclear power is employed now and in the future. Bringing together this diversity of perspectives, we hope that our examination of nuclear energy expands the understandings of our readers. We hope this Review exposes the intricate and multifaceted complexities of this controversial topic, and sparks new awareness about the factors that determine what happens when you flip your light switch. Sincerely, Harold Eyster, Co-Editor-in-Chief Harvard College Review of Environment & Society
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How Does Nuclear Energy Work?: A brief scientific introduction The Editors



T



he basic principle at the core of most nuclear reactors is simple: pack together enough radioactive material of the right type, and you get a chain reaction in which an atom (let’s say uranium) “splits” into two smaller atoms (i.e. undergoes fission), releasing some heat and also some neutrons (particles at the center of atoms); the neutrons can strike nearby uranium atoms and cause them to split as well,



Building a device that releases this huge store of energy is quite straightforward. Making such a device both safe and economical is the technical challenge engineers and scientists have labored over for the past 60 years. Additionally, engineers must contend with the problem of nuclear waste disposal and how to prevent undesired parties from using the same technology needed for a benign energy system to instead make a weapon. Each of these topics is complex and deserving of multiple textbooks, but here we briefly overview the technical aspects of plant design, fuel cycles, and waste as a primer for reading some of the articles in this review.



Basic Plant Design At a high level, all a nuclear power plant is doing is carrying out the chain reaction described above in a controlled way, and then using the resultant heat to produce electricity. Typically, electricity is generated by using the heat to produce steam that turns a generator, in much the same way as in a coal plant or concentrating solar power array. 



leading to a chain reaction that continues to release heat along with the neutrons that sustain it [figure 1, above1]. This splitting happens naturally at a low rate in uranium, so if you pack the material tightly enough with the right conditions, the process can start on its own. In fact it has happened spontaneously in nature on rare occasions, for example 1.7 billion years ago in Oklo, Gabon, the right convergence of natural uranium and water led to an underground “reactor” that lasted for over 1000 years and produced about 100 kilowatts (kW) of heat on average, roughly equal to the output of 20 standard residential rooftop solar arrays in midday sun. Alhough 100 kW is small, the energy that can be released from such a process per unit of fuel is enormous - 1 metric ton of typical enriched uranium fuel can release over 1 billion kWh of thermal energy over its useful life in a reactor, as much as would be derived from 160,000 metric tons of coal.



Figure 2 [above]2 shows a typical modern “Pressurized Water Reactor” (PWR), with three “loops” of water. The first loop passes through the reactor and picks up heat from the chain reaction, but is so pressurized that it does not actually boil. The water pipes carrying this hot water then pass through a steam generator, where water from a separate loop vaporizes to steam. Note that the water coming directly from the reactor core, containing radioactive elements, ideally never comes in physical contact with the water being turned to steam, it just passes its heat along and heads back to the reactor core. The hot steam then turns a turbine to generate electricity, and later comes into contact



1 Source: Intel Education Resources. http://inteleducationresources.intel.co.uk/examcentre.aspx?id=278



2 Source: US National Nuclear Regulatory Commission. http://www.nrc.gov/admin/img/art-students-reactors-1-lg.gif



Harvard College Review of Environment & Society with pipes from a third loop carrying cold water. The cold water cools down the steam and condenses it back into liquid water, so it can then flow back to the steam generator and be vaporized again. The cooling loop, several steps removed from the actual nuclear reactions, either passes through an iconic cooling tower (like the one displayed on the cover of this publication) or an external water source like the ocean or a river, releasing the heat into the air or water, but not releasing any physical material from the nuclear reaction. Of course, the details are more complex, especially what is happening inside the reactor itself. All uranium is not equally useful for sustaining a chain reaction - the most abundant isotope, U238, is fairly difficult to use, while the much less common U235 is more desirable. Natural uranium found today contains around 99.3% U238 and just 0.7% U235, which under most conditions is not enough to carry out a chain reaction as neutrons released by the fissioning (splitting) of one U235 atom are not likely to collide with another U235 atom in time. To run most modern nuclear reactors, the uranium either needs to be “enriched,” by increasing the fraction of U235, or needs to be immersed in a strong “moderator,” a substance that makes neutrons bump into other uranium atoms at a higher rate, thus making a chain reaction more likely. Water, the typical working fluid in reactors as described above, is not a very strong moderator, meaning that the uranium has to be slightly enriched in standard plant designs, usually to 3% U235. However, other configurations are possible - Canada did not want to enrich nuclear material, so instead built the CANDU fleet of plants using deuterium oxide (“heavy water”) which is a much stronger moderator than H2O, allowing even natural uranium to carry out a chain reaction. This eliminated the need for enrichment facilities to increase the fraction of U235 in fuel, but required facilities to produce heavy water instead.



Controlling A Chain Reaction, and Its After-Effects One obvious question: if a chain reaction is happening in the reactor, releasing ever more heat and neutrons, how do we keep the reaction from “running away” and becoming so hot it melts the reactor? Modern reactors use three main strategies: 1) they are designed with a negative feedback loop, where the reactor becoming hotter slows down the reaction for reasons we will not describe here, 2) they are designed with a “negative void coefficient,” meaning that the reaction slows down or stops if the pressurized water coolant is lost; thus, if the reactor starts to overheat and vaporizes the water, the reaction is slowed or halted, and 3) they use “control rods,” physical rods made of some neutron-
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absorbing material that can be inserted amongst the fuel rods, absorbing enough neutrons to halt the process. These processes have been very reliable - there have been no major accidents at plants with the above three safety measures. But there certainly have been accidents at nuclear power plants. They usually involve “decay heat,” which is heat that is released even after the chain reaction has ceased. This heat comes from the continued breakdown of unstable atoms produced in the reaction, and can be of considerable magnitude. A full day after a reaction has been halted, a typical reactor will still be producing 10 Mega Watts (MW) of heat. This is enough to heat all of the water in the “first loop” by over 750 C per day, and would quickly start melting through the reactor vessel and/or start causing explosions if the rest of the loops were not running to draw the heat away. This was the problem at Fukushima - the reaction was halted, but without electricity, the cooling loops could not keep running and the reactor eventually overheated. Managing decay heat is thus one of the central problems addressed in new reactor designs, which brings us to the next section, a brief review of new designs being considered.



Improving Plant Design So far we have reviewed the predominant type of reactor in the world today, the Pressurized Water Reactor using enriched uranium. There are other types, such as the CANDU reactors with heavy water mentioned before, and “boiling water reactors” that allow the first loop of water to boil rather than keeping it liquid with high pressure. But most of the basic principles are the same. To use nuclear industry parlance, all reactors of these types are usually categorized as Generation III, or III+ if they have slightly improved safety and/or performance. Do we need to improve on this plant design? In some countries, namely China and South Korea, new Generation III and III+ plants are being built fairly economically (roughly cost-competitive with other options) and are deemed safe enough. In the West, however, most countries either deem them unsafe or struggle to build them economically, for a variety of reasons. Especially given growing interest in low-carbon electricity, much attention is being given to new reactor and plant designs. These are too varied and detailed to treat in depth, but they usually involve some of the following three: 1) improved safety, 2) reduced cost, and 3) reduced waste. “Passively safe” is a term associated with nextgeneration plant designs, ideally meaning a plant design



Harvard College Review of Environment & Society where decay heat is handled passively and does not rely on active engineering systems that could fail. A simple example would be to have the reactor resting in a huge pool of coolant all the time, so large that even in the event of indefinite power outage the coolant reservoir is able to handle the decay heat. Costs can be reduced by reducing the complexity of plant design, or by operating at higher temperatures to allow better thermal efficiency in electricity generation. Wastes can be reduced in several ways, such as by modifying the nuclear chain reaction to produce less stable radioactive byproducts, resulting in less total waste with shorter lifetimes. Some proposed designs attempt to combine multiple improvements, for example small modular reactors ( 























Empfehlen Sie Dokumente






[image: alt]





THE FUTURE OF TRANSPORT SYSTEMS IN GREECE The Future of ... 

Flughafenwesen und Luftverkehr. Wilken. Folie 17. Fig. 19: 93 Airports are Already Capacity Constrained: These Airports Accommodate 64% of the World Traffic ...










 


[image: alt]





The Future of Green 

Muster des immer-Wieder- tipping point 'tipIn point -- Wendepunkt trillion "triljen Billion (en) . turnover 't3: neuvel UmSatz venture I'ventÅ¿e waste west. Wagnis ...










 


[image: alt]





Future World of Illicit Nuclear Trade - Institute for Science and ... 

Jul 29, 2013 - domestic front or trading company or the nuclear procurement organization for the purpose ..... http://isis-online.org/studies/category/illicit-trade/.










 


[image: alt]





Nuclear energy rethink? - ISS Africa 

01.04.2010 - Although the PBMR company â€“ first created in 1999. â€“ is being left .... the Soviet Union had developed its own nuclear weapons. A global arms ...










 


[image: alt]





The Nuclear Illusion - cloudfront.net 

May 12, 2008 - 21 J. Deutsch and E. Moniz, eds., The Future of Nuclear Power, ... The same top trade journal summarizes how the latest analy- ses, including ...










 


[image: alt]





THE FUTURE OF AN ILLUSION 

phies of life which forms the last of the New Introductory Lectures. (1933a), W4Y War? ...... placement of man's will on to God is fully ju~tified. For men knew that ...










 


[image: alt]





Ready for the Future â€“ The Reorganisation of the DAAD 

All of the individual scholarship programmes are now bundled into in a single Scholarships ... DAAD Headquarters in Bonn and Berlin Office. Goals and Tasks.










 


[image: alt]





DIGITAL CONVERGENCE LIBRARIES OF THE FUTURE PDF 

You are entirely free to find, use and download, so there is no cost at all. digital convergence libraries of the future PDF may not make exciting reading, but digital convergence libraries of the future is packed with valuable instructions, informat










 


[image: alt]





Society of Petroleum Engineers 

26 nov. 2015 - San Borja, Lima 41, Perú. De nuestra consideración,. La Society of Petroleum Engineers (SPE) es una insti










 


[image: alt]





European Society of Lymphology 

8 jun. 2013 - REL-MONZO P.; BAYARRI-GARCÍA V.; ALABAJOS-CEA A.; TORTOSA-SORIANO G.; SEVILLA-PEREZ B. Servicio de Medicin










 


[image: alt]





npo - Zayed Future Energy Prize 

die Kategorie KMU/NPO bewerben. DIE KATEGORIEN UND ... dieser Kategorie bewerben, die nach der ... Kandidaten zu beraten und in jeder Kategorie einen ...










 


[image: alt]





HISTORY OF THE PHILOLOGICAL SOCIETY: THE EARLY YEARS 

London: George Bell. SNUDGE, ALFRED, 1890. Private Correspondence ... MATTHEWS, PETER H, 1999. 'Linguistic theory and the Philological Society from.










 


[image: alt]





THE NEOTROPICAL ORNITHOLOGICAL SOCIETY 

MEMBERSHIP LIST AS OF 22 MAY 1997. Alexandre Aleixo, Dept. Zool., UNICAMP, Caixa Postal 6109, CEP 13083-970, Campinas-SP










 


[image: alt]





the mars society 












 


[image: alt]





The Future Tense/ Future Probability - cloudfront.net 

There are 3 basic ways to talk about the future in Spanish. 1. The present ... you guys will speak. [informal, Spain] ..










 


[image: alt]





Shape the future - tocario 

tocario is creative, innovative, dynamic, geeky - JUST DIFFERENT - Are you a tocarian?? tocario is dedicated to changing the way we use our digital devices for ...










 


[image: alt]





A nuclear DNA phylogeny of the woolly mammoth ... - CiteSeerX 

Received 2 November 2005; revised 28 February 2006; accepted 7 March 2006. Available online 2 May 2006. 1. Introduction.










 


[image: alt]





The Consumers of the Future: Influence vs. Affluence - A.T. Kearney 

than 40 countries. Since 1926, we have been trusted advisors to the world's foremost organizations. A.T. Kearney is a partner-owned firm, committed to helping ...










 


[image: alt]





The Future of Work in the 'Sharing Economy' - JRC Publications ... 

9 may. 2016 - Passenger assignment, for instance seems to severely limit both the ... drivers are basically forced into










 


[image: alt]





Shape the future - tocario 

We are a young and hungry team redefining enterprise technologies by ... tocario is seeking a talented and bright Team Assistant based out of Stuttgart to join ...










 


[image: alt]





investing in the future 

This puts Kramp at a top list of European companies from all markets; something I am extremely ... â€œI believe that, in the same way as last year, we should be able to realise a .... customers will not simply flock to him on their own accord. â€œThi










 


[image: alt]





Phylogeny of the Zygomycota based on nuclear ribosomal sequence 

Merlin M. White1,2. Department of Ecology & Evolutionary Biology,. University of Kansas, Lawrence, Kansas 66045-7534










 


[image: alt]





Compatibility of renewable energies and nuclear power in the 

In Germany both boiling water reactors and pressurised water reactors are used for elec- tricity generation from nuclear energy. With both reactor types, load-following operation must be compatible with the systems of reactor monitoring and control. 










 


[image: alt]





FÍSICA NUCLEAR 

[PDF]FÍSICA NUCLEARclasesdeapoyonuevo.s3.amazonaws.com/soluciones.../fisica_nuclear._soluciones.pdfEl periodo de semides










 











Copyright © 2024 P.PDFDOKUMENT.COM. Alle Rechte vorbehalten.

Über uns |
Datenschutz-Bestimmungen |
Geschäftsbedingungen |
Hilfe |
Copyright |
Kontaktiere uns










×
Anmelden






Email




Password







 Erinnere dich an mich

Passwort vergessen?




Anmelden














