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How will we meet rising energy demands? What are our options? Are there viable long-term solutions for the future?
Learn the fundamental physical, chemical and materials science at the heart of: • Renewable/non-renewable energy
sources • Future transportation systems • Energy efficiency • Energy storage Whether you are a student taking an
energy course or a newcomer to the field, this textbook will help you understand critical relationships between the
environment, energy and sustainability. Leading experts provide comprehensive coverage of each topic, bringing
together diverse subject matter by integrating theory with engaging insights. Each chapter includes helpful features to aid
understanding, including a historical overview to provide context, suggested further reading and questions for discussion.
Every subject is beautifully illustrated and brought to life with full color images and color-coded sections for easy
browsing, making this a complete educational package. Fundamentals of Materials for Energy and Environmental
Sustainability will enable today's scientists and educate future generations.
For decades, illicit trade in nuclear materials, equipment, and technologies has undermined global nuclear non-
proliferation efforts. Sophisticated actors establish front companies, forge documents, and launder money to obscure
proliferation activities, and they too often are able to evade detection — even as they operate within legal systems of
trade, finance, transportation, and communication. They do leave footprints, however, and now, with an increase in the
volume and variety of publicly available data, there are new opportunities to discover and expose such activities. When
applied to the right forms of publicly available information (PAI), emerging data science methods and advanced analytical
tools can expose proliferation activities, and they should be used to serve the global non-proliferation mission to reduce
the risk of catastrophic consequences from use of a nuclear weapon.
This book strives to take stock of current achievements and existing challenges in nuclear verification, identify the
available information and gaps that can act as drivers for exploring new approaches to verification strategies and
technologies. With the practical application of the systems concept to nuclear disarmament scenarios and other, non-
nuclear verification fields, it investigates, where greater transparency and confidence could be achieved in pursuit of new
national or international nonproliferation and arms reduction efforts. A final discussion looks at how, in the absence of
formal government-to-government negotiations, experts can take practical steps to advance the technical development of
these concepts.
This volume examines the causes and consequences of nuclear postures and nonproliferation policies. The real-world importance
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of nuclear weapons has led to the production of a voluminous scholarly literature on the causes and consequences of nuclear
weapons proliferation. Missing from this literature, however, is a more nuanced analysis that moves beyond a binary treatment of
nuclear weapons possession, to an exploration of how different nuclear postures and nonproliferation policies may influence the
proliferation of nuclear weapons and subsequent security outcomes. This volume addresses this deficit by focusing on the causes
and consequences of nuclear postures and nonproliferation policies. It is the aim of this book to advance the development of a
new empirical research agenda that brings systematic research methods to bear on new dimensions of the nuclear weapons
phenomenon. Prior to the contributions in this volume, there has been little evidence to suggest that nuclear postures and policies
have a meaningful impact on the spread of nuclear weapons or security outcomes. This book brings together a new generation of
scholars, advancing innovative theoretical positions, and performing quantitative tests using original data on nuclear postures,
nonproliferation policies, and WMD proliferation. Together, the chapters in this volume make novel theoretical, empirical, and
methodological contributions to the field of nuclear weapons proliferation. This book will be of much interest to students of nuclear
proliferation, international relations and security studies.
Nuclear Safeguards, Security and Nonproliferation, Second Edition, is a comprehensive reference that covers cutting-edge
technologies used to trace, track, and safeguard nuclear material. The book is divided into 3 sections and includes chapters on
such topics as the security of nuclear facilities and material, the illicit trafficking of nuclear materials, improvised nuclear devices,
how to prevent nuclear terrorism. International case studies of security at nuclear facilities and illegal nuclear trade activities
provide specific examples of the complex issues surrounding the technology and policy for nuclear material protection, control and
accountability. New case studies include analysis of the timely issues in the nuclear programs of countries such as North Korea,
Iran, and Kazakhstan among others. This is a thoroughly updated must-have volume for private and public organizations involved
in driving national security, domestic, and international policy issues relating to nuclear material security, non-proliferation, and
nuclear transparency. Covers the continuing efforts to reduce the size of nuclear arsenals Highlights the challenges of verifying
nuclear weapons reduction Summarizes the issues from the 2015 Nonproliferation Treaty Review Conference Illuminates the
evolving status of nonproliferation and safeguards in Iran and DPRK
This open access book examines key aspects of international cooperation to enhance nuclear safety, security, safeguards, and
non-proliferation, thereby assisting in development and maintenance of the verification regime and fostering progress toward a
nuclear weapon-free world. The book opens by addressing important political, institutional, and legal dimensions. Current
challenges are discussed and attempts made to identify possible solutions and future improvements. Subsequent sections
consider scientific developments that have the potential to increase the effectiveness of implementation of international regimes,
particularly in critical areas, technology foresight, and the ongoing evaluation of current capabilities. The closing sections examine
scientific and technical challenges and discuss the role of international cooperation and actions of the scientific community in
leading the world toward peace and security. The book – which celebrates 60 years of IAEA Atoms for Peace and Development
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and the EURATOM Treaty – comprises contributions presented at the XX Edoardo Amaldi Conference, where eminent scientists,
diplomats, and policymakers were able to compare national perspectives and update international collaborations.
The National Nuclear Security Administration is developing methods for nonproliferation assessments to support the development
and implementation of U.S. nonproliferation policy. This paper summarizes the key results of that effort. Proliferation resistance is
the degree of difficulty that a nuclear material, facility, process, or activity poses to the acquisition of one or more nuclear weapons.
A top-level measure of proliferation resistance for a fuel cycle system is developed here from a hierarchy of metrics. At the lowest
level, intrinsic and extrinsic barriers to proliferation are defined. These barriers are recommended as a means to characterize the
proliferation characteristics of a fuel cycle. Because of the complexity of nonproliferation assessments, the problem is decomposed
into: metrics to be computed, barriers to proliferation, and a finite set of threats. The spectrum of potential threats of nuclear
proliferation is complex and ranges from small terrorist cells to industrialized countries with advanced nuclear fuel cycles. Two
general categories of methods have historically been used for nonproliferation assessments: attribute analysis and scenario
analysis. In the former, attributes of the systems being evaluated (often fuel cycle systems) are identified that affect their
proliferation potential. For a particular system under consideration, the attributes are weighted subjectively. In scenario analysis,
hypothesized scenarios of pathways to proliferation are examined. The analyst models the process undertaken by the proliferant
to overcome barriers to proliferation and estimates the likelihood of success in achieving a proliferation objective. An attribute
analysis approach should be used at the conceptual design level in the selection of fuel cycles that will receive significant
investment for development. In the development of a detailed facility design, a scenario approach should be undertaken to reduce
the potential for design vulnerabilities. While, there are distinctive elements in each approach, an analysis could be performed that
utilizes aspects of each approach.
Adopted in April 2004, UN Security Council Resolution 1540 obliges all states to take steps to prevent non-state actors, especially
terrorist organizations and arms traffickers, from acquiring weapons of mass destruction and related materials. The United Nations
placed itself firmly in the center of one of the world's key international security challenges. Global Non-Proliferation and Counter-
Terrorism brings together renowned scholars and policymakers to examine a wide range of new policy-related questions arising
from the resolution's impact on the bio-scientific community, the Chemical Weapons Convention, the IAEA, trade and customs,
and counter-proliferation initiatives such as the Proliferation Security Initiative (PSI). The impact of 1540 goes beyond setting new
legal requirements. It focuses on enforcement not only nationally but also internationally, pressing all states to place their own
houses in order. Among the key questions is how the resolution will change the existing network of non-proliferation regimes. Will
it merely reinforce requirements of the existing non-proliferation treaties? Or will it offer a legal framework for counter-proliferation
activities and other measures to enforce the non-proliferation network? This book provides an overview of the novel policy
questions UNSCR 1540's future implementation and enforcement will offer for years to come. Contributors include Jeffrey Almond,
Thomas J. Biersteker (Brown University), Olivia Bosch (Chatham House), Gerald Epstein (CSIS), Chandré Gould (Center for
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Conflict Resolution, Cape Town )], Ron Manley (former OPCW Director of Verification) Sarah Meek (ISS), Siew Gay Ong (Ministry
of Foreign Affairs, Singapore), Elizabeth Prescott (AAAS Congressional Fellow), Tariq Rauf (IAEA), Will Robinson (World Customs
Organization), Roelof Jan Manschot (Eurojust), Peter van Ham (Netherlands Institute of International Relations), Ted Whiteside
(NATO), and Angela Woodward (VERTIC).
The volume discusses the legal interpretation and implementation of the three pillars of the Treaty of the Non-Proliferation of
Nuclear Weapons, 1968, regarding the non-proliferation of nuclear weapons; the right to develop research, production and use of
nuclear energy for peaceful purposes; and issues relating to nuclear disarmament. It examines the status of international law
regarding nuclear capacity, considering competing legal approaches to the development of nuclear technology, non-proliferation,
disarmament and regulating nuclear weapons within a contemporary international context.
This book is intended to be used as a textbook and research reference for the field of nuclear nonproliferation. The book
is primarily technical and focussed on methods of detecting clandestine nuclear material that might be illicitly transported.
The book also touches on nuclear forensics, i.e. methods for identification, attribution, and establishment of transport
pathways for illicit nuclear material. Also covered are topics of methods used for arms control and treaty verification, and
an assessment of technologies under development for all of the above. A description of the government and international
agencies involved in nuclear terrorism prevention, nuclear safeguards, and arms control is also included.
This easy-to-use book is designed to inform the American public about the political system that influences much of their
lives
This volume constitutes the state-of-the-art in active interrogation, widely recognized as indispensable methods for
addressing current and future nuclear security needs. Written by a leading group of science and technology experts, this
comprehensive reference presents technologies and systems in the context of the fundamental physics challenges and
practical requirements. It compares the features, limitations, technologies, and impact of passive and active
measurement techniques; describes radiation sources for active interrogation including electron and ion accelerators,
intense lasers, and radioisotope-based sources; and it describes radiation detectors used for active interrogation. Entire
chapters are devoted to data acquisition and processing systems, modeling and simulation, data interpretation and
algorithms, and a survey of working active measurement systems. Active Interrogation in Nuclear Security is structured to
appeal to a range of audiences, including graduate students, active researchers in the field, and policy analysts. The first
book devoted entirely to active interrogation Presents a focused review of the relevant physics Surveys available
technology Analyzes scientific and technology trends Provides historical and policy context Igor Jovanovic is a Professor
of Nuclear Engineering and Radiological Sciences at the University of Michigan and has previously also taught at Penn
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State University and Purdue University. He received his Ph.D. from University of California, Berkeley and worked as
physicist at Lawrence Livermore National Laboratory. Dr. Jovanovic has made numerous contributions to the science and
technology of radiation detection, as well as the radiation sources for use in active interrogation in nuclear security. He
has taught numerous undergraduate and graduate courses in areas that include radiation detection, nuclear physics, and
nuclear security. At University of Michigan Dr. Jovanovic is the director of Neutron Science Laboratory and is also
associated with the Center for Ultrafast Optical Science. Anna Erickson is an Assistant Professor in the Nuclear and
Radiological Engineering Program of the G.W. Woodruff School of Mechanical Engineering at Georgia Institute of
Technology. Previously, she was a postdoctoral researcher in the Advanced Detectors Group at Lawrence Livermore
National Laboratory. Dr. Erickson received her PhD from Massachusetts Institute of Technology with a focus on radiation
detection for active interrogation applications. Her research interests focus on nuclear non-proliferation including
antineutrino analysis and non-traditional detector design and characterization. She teaches courses in advanced
experimental detection for reactor and nuclear nonproliferation applications, radiation dosimetry and fast reactor analysis.
Analytical Methods for NonproliferationSpringer
Handbook of Radioactivity Analysis: Radiation Physics and Detectors, Volume One, and Radioanalytical Applications, Volume Two, Fourth
Edition, constitute an authoritative reference on the principles, practical techniques and procedures for the accurate measurement of
radioactivity - everything from the very low levels encountered in the environment, to higher levels measured in radioisotope research, clinical
laboratories, biological sciences, radionuclide standardization, nuclear medicine, nuclear power, and fuel cycle facilities, and in the
implementation of nuclear forensic analysis and nuclear safeguards. It includes sample preparation techniques for all types of matrices found
in the environment, including soil, water, air, plant matter and animal tissue, and surface swipes. Users will find the latest advances in the
applications of radioactivity analysis across various fields, including environmental monitoring, radiochemical standardization, high-resolution
beta imaging, automated radiochemical separation, nuclear forensics, and more. Spans two volumes, Radiation Physics and Detectors and
Radioanalytical Applications Includes a new chapter on the analysis of environmental radionuclides Provides the latest advances in the
applications of liquid and solid scintillation analysis, alpha- and gamma spectrometry, mass spectrometric analysis, Cherenkov counting, flow-
cell radionuclide analysis, radionuclide standardization, aerosol analysis, high-resolution beta imaging techniques, analytical techniques in
nuclear forensics, and nuclear safeguards Describes the timesaving techniques of computer-controlled automatic separation and activity
analysis of radionuclides Provides an extensive table of the radiation characteristics of most radionuclides of interest for the radioanalytical
chemist
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