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Preface

Environmental engineering encompasses a range of specialized engineering fields, each with a more 
specific emphasis on particular areas of technology and types of application. It is the integration of 
science (physics, chemistry, geology, and biology) and engineering principles to improve the natural 
environment and remediate pollution sites as well as provide healthy water, air, and land for human 
habitation and other organisms. Environmental protection has become a major issue and a crucial factor 
for future technological progress that must meet certain requirements for sustainable development. Air 
pollution, water contamination, soil contamination, waste production, and the loss of biodiversity are 
some of the issues related to environmental protection. The intensification of industrial activities and 
a rapidly growing world population have inevitably caused severe environmental pollution with drastic 
consequences for the atmosphere, water, and soil.

This book provides a relevant theoretical framework and the latest empirical research findings in 
the area. It is written by experts engaged in scientific research and the education of professionals and 
researchers who want to improve their understanding of the role that engineering plays in the improve-
ment and protection of the environment and seek to develop better approaches with regard to a project’s 
environmental costs, impact, and conditions throughout its life cycle. In addition, this book can support 
executives seeking to assess the possible effects that a project can have on the environment and help them 
decide whether to proceed. The book consists of 19 chapters related to (1) climate change and air pollu-
tion control, (2) water pollution, (3) soil contamination, (4) recycling and waste disposal, (5) renewable 
resources, (6) natural hazard and risk management, and (7) environmental cost studies.

Significant changes to the global climate have become one of the most important threats to the global 
environment and its development. Our climate is rapidly changing via disruptive effects, and this change 
is progressing faster than any other observed over the last 2,000 years. Because so many environmental 
systems are associated with climate, a change in this system can affect many aspects related to where and 
how people, plants, and animals live (e.g., food production, the availability and use of water, and health 
risks). Some climate changes are unavoidable, even if we reduce Greenhouse Gas (GHG) emissions im-
mediately. Today, the largest share of the responsibility for the adverse environmental effects due to GHG 
emissions lies on the industry and energy sectors. The petroleum industry is one of the most powerful 
and globally outspread businesses of the modern era. Because of its high-energy intensity, high carbon 
content products (i.e., oil and natural gas), and consequently high GHG potential, this industry is directly 
linked to the rise of global GHG emissions. The petroleum industry involves the exploration, production, 
processing, storage, transportation, and refining of oil and gas. Emissions from the petroleum industry 
depend on the quantity of the oil and natural gas produced and consumed. The predominant GHGs in the 
petroleum industry are CO2, N2O, and CH4, which is the major component of natural gas. According to 
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research from the American Petroleum Institute (API), refinery activities account for 75% of emissions 
and the rest are emitted due to the oil and natural gas exploration and production sectors (The Global Oil 
and Gas Industry Association for Environmental and Social Issues [IPIECA], The American Petroleum 
Institute [API], & International Association of Oil and Gas Producers [OGP], 2011).

In Chapter 1, “Greenhouse Gas Emissions from the Petroleum Industry,” the effect that the petroleum 
industry has had on global climate change is discussed. The emissions from the petroleum industry are 
analyzed with a special focus on greenhouse gases that occur as a result of petroleum industry activities 
as well as the types and sources of emissions from petroleum industry activities. In addition, recom-
mendations are provided for the estimation, monitoring, and reduction of these GHG emissions.

Scientists, engineers, policymakers, and others are finding ways to reduce the growing threat of cli-
mate change. A wide range of geoengineering techniques have been developed and proposed to remedy 
climate change, but only a few have been scientifically proven and have political, scientific, and public 
support. Mitigation and adaptive strategies regarding climate change through the soil carbon sequestra-
tion technique has emerged as an option. Soil plays an important role as an intermediate media in the 
exchange of carbon dioxide gas between the atmosphere and other terrestrial ecosystems. It can act as a 
carbon sinking pool for millions of years. Of the different types of soil, forest soil has the highest poten-
tial to sequester atmospheric carbon because of its rich ecosystem. However, improper management and 
excessive exploitation of the forest ecosystem has caused perturbations of soil organic carbon, thereby 
altering the function of the soil from a carbon sinking pool to a source. Restoration of the forest soil 
carbon stock via proper management will greatly enhance its carbon sequestration potential.

Chapter 2, “Soil Carbon Sequestration: An Alternative Option for Climate Change Mitigation,” dis-
cusses climate change mitigation and adaptation options, soil as a tool for carbon capture, and the factors 
that influence Soil Organic Carbon (SOC) stock. The critical issues of forest soil carbon, the methods 
for estimating soil carbon content, soil organic carbon improvement techniques, and soil carbon models 
are also described. The results of studies that estimate the soil carbon stocks in important forests and 
extreme conditions of India are presented.

The introduction of air pollutants into the Earth’s atmosphere causes stratospheric ozone depletion 
and threatens human health as well as the Earth’s ecosystems. Air pollutants come in the form of gases 
and finely divided solid and liquid aerosols. Gaseous air pollutants include sulfur dioxide (SO2), oxides 
of nitrogen (NOx = NO + NO2), ozone (O3), ammonia, carbon monoxide, Volatile Organic Compounds 
(VOCs), and Persistent Organic Pollutants (POPs). Recently, climate scientists have also started to rec-
ognize greenhouse gases such as carbon dioxide as important air pollutants. According to a 2014 World 
Health Organization (2014) report, air pollution caused the deaths of approximately 7 million people 
worldwide in 2012. One of the ways to remove air pollutants is photocatalysis. Photocatalysis covers 
the treatment of indoor and outdoor air, process gases and those based on the flow of a carrier gas (usu-
ally air) with noxious compounds via a liquid (usually water) tank. The application of photocatalytic 
processes in the context of environmental protection provokes continuous interest of the scientific and 
professional world because photocatalytic processes become important in future environmental strate-
gies, especially with regard to air protection.

Chapter 3, “Photocatalytic Purification of Air: Principles, Opportunities, and Challenges,” reviews 
the scientific and professional literature related to the application of heterogeneous catalysis to protect 
air. Emphasis is placed on the basics of heterogeneous photocatalysis and the key chemical engineering 
aspects indispensable for future development of photocatalytic processes. Chapter 3 provides an overview 
of various designs of photocatalytic reactors relevant to this purpose and presents up-to-date findings 
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and major achievements. The basic principles of the photocatalytic degradation of gaseous contaminants 
are presented (primarily the TiO2 photocatalyst) as is a detailed account of the effect of various process 
variables on the rate of the photocatalytic reaction. Common designs of photocatalytic reactors for air 
treatment (tubular reactors, annular reactors, and flat plate reactors) are described. Priorities for future 
investigations (e.g., creating the conditions to improve the commercialization of heterogeneous catalytic 
processes in air protection) are suggested.

Salinity management is an important sustainability issue in arid river basins around the world, 
especially those that support an agricultural sector reliant on irrigated land. Important decisions are 
often made using current or real-time data. Data-sharing Web technologies that provide search abili-
ties and procedures that assure continuous data quality are necessary for sustained and cost-effective 
watershed-based pollutant regulation. Using a Web-based data management system provides users with 
the opportunity to communicate water quality conditions and management actions without requiring 
water managers to have or use specialized software. Numerous simulation models and environmental 
decision-support systems have been developed for river basin water quality management that have helped 
to rationalize data collection activities and improve system thinking for irrigated agriculture, seasonally 
managed wetlands, and data sharing.

Chapter 4, “Basin-Scale Real-Time Salinity Management Using Telemetered Sensor Networks and 
Model-Based Salt Assimilative Capacity Forecasts,” describes a new approach to environmental deci-
sion support for salinity management in the San Joaquin Basin in California, United States. Salinity 
management at the Murray Darling Basin in southeast Australia and the San Joaquin Basin are compared 
to place this approach in context with those used in other countries.

The presence of harmful organic species in water supplies and the wastewater discharge from chemical 
industries, power plants, and agricultural sources is of global concern. In wastewater of medium strength, 
approximately 75% of the suspended solids and 40% of the filterable solids are organic (Metcalf & Eddy, 
1991). Organics are often present in wastewater, including dyes, organic chemicals, proteins, lipids (oils 
and grease), carbohydrates, and detergents. More than 30% of this organic matter is non-biodegradable 
(Drinan & Whiting, 2001). Organic contaminants have a major effect on effluent quality and treatment 
process efficiencies; furthermore, their removal from effluents is necessary prior to discharge or reuse. 
Numerous processes exist that can be used to clean wastewater depending on the type and extent of 
contamination. Water treatment via electricity has been used for several years, but electrochemical water 
or wastewater technologies did not find wide application because of the limitation of the relatively high 
capital investment given the expense of electricity. With the increasing standards for drinking water 
supply and the stringent environmental regulations for wastewater discharge, however, electrochemical 
technologies have regained their importance over the last two decades worldwide.

Chapter 5, “Electrochemical Technologies for Industrial Effluent Treatment,” describes the application 
of a three-dimensional carbon bed electrochemical reactor for the degradation of organic pollutant. The 
role that carbon particles play in the three-dimensional electrodes reactor is described. Various operation 
and design considerations that have led to a better understanding of carbon bed electrochemical reactors 
are discussed. The operating parameters and their effects on adsorption, electro-oxidation, electrode 
stability, electrode kinetics, performance efficiency, and so on are discussed in detail.

Industrial wastewater treatment covers the mechanisms and processes used to treat waters that have 
been contaminated in some way by anthropogenic industrial or commercial activities prior to its release 
or reuse in the environment. The contamination of soil and water resources with environmentally harm-
ful chemicals represents a problem of great concern not only in relation to the biota in the receiving 
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environment but also for humans. Today, most of the world’s rivers receive millions of liters of sewage 
as well as domestic, industrial, and agricultural effluents containing substances varying from simple 
nutrients to highly toxic substances or pollutants.

Chapter 6, “Water Pollution and its Treatment,” describes different types of pollutants as well as the 
major causes of water pollution and their effects on human health and the environment. This chapter 
primarily focuses on wastewater treatment processes via bioremediation and the chemical methods 
used to remove heavy metals, pesticides, organic compounds, and dyes, which are primarily found in 
industrial and domestic wastewater.

Soil contamination is an environmental issue that affects the ecosystem and threatens human health. 
A conditionally renewable natural resource such as soil has a decisive influence on the sustainable 
development of the global economy, especially sustainable agriculture and environmental protection. 
In recent decades, an interest has grown with regard to non-production soil functions, primarily those 
related to environmental protection, especially the protection of natural resources whose quality de-
pends directly on soil and soil management. Soil contamination is one of the most dangerous forms of 
soil degradation because its consequences are reflected across virtually the entire biosphere, primarily 
heterotrophic organisms such as food-consuming humans. Contamination is correlated with the degree 
of industrialization and the intensity of agrochemical use; it is typically caused by industrial activities, 
agricultural chemicals, or the improper disposal of waste. The negative effects caused by pollution are 
undeniable; reduced agricultural productivity, polluted water sources, and raw materials for food are 
only a few of the effects of soil degradation. Moreover, almost all human diseases (excluding AIDS) 
are likely partially related to the transport of contaminants in the food chain or from the air to people, 
plants, and animals.

Chapter 7, “Soil Contamination,” classifies soil contaminants by quantity as macro- and micro-
contaminants. Micro-contaminants are divided into two groups: organic and inorganic pollutants. Soil 
contamination is categorized by contamination source: natural, industrial, municipal (urban), agricultural, 
or nuclear. Certain soils naturally contain high concentrations of heavy metals. Serpentine-originated 
soils include high amounts of Ni, Mn, Cr, and Co. The soils of volcanic ashes contain relatively high 
concentrations of Ni, Cr, Cu, and Zn, and soils with the parent materials of basaltic lava have high con-
tents of Ni, Cr, Co, and Cu. Remediation techniques for contaminated soils are also presented.

Various soil contaminants adversely affect human health and wildlife; thus, their effects on health 
are described. The most common soil pollutants in Europe are heavy metals and mineral oil. The health 
issues caused by metal and mineral oil contamination include cancer (arsenic, asbestos, and dioxins), 
neurological destruction and lowered IQ (lead and arsenic), kidney disease (lead, mercury, and cadmium), 
and skeletal and bone anomalies (lead, fluoride, and cadmium). In addition, even agricultural lands might 
become contaminated by fertilizers, conditioners, or pesticides; thus, regular soil contamination tests 
are essential. To reduce the increasing trend of soil pollution, regulations must be set, and additional 
research regarding natural and cost-effective remediation methods must be conducted. The remediation 
of contaminated soil is a relatively new scientific field that has developed strongly over the last 30 years, 
as it has become a more important subject. To achieve quality remediation of contaminated soil, it is 
important to determine the current state of soil contamination as accurately as possible.

Chapter 8, “Effects of Soil Contamination on the Selection of Remediation Method,” divides potential 
soil contaminants into the following groups: organic contaminants (e.g., Polycyclic Aromatic Hydrocarbons 
[PAHs], Persistent Organic Pollutants [POPs], fuels, and explosives) and inorganic contaminants (e.g., 
metals and metalloids), including radioactive elements. The locations where contaminants are found, 
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soil sampling strategies at contaminated sites, the transportation of soil samples, and the conditions and 
holding times for soil samples are described. Four types of soil remediation (biological, chemical, physi-
cal, and thermal) and their basic principles/mechanisms of action are explained. The major criteria for 
choosing/adopting/selecting a technology for use (e.g., the type, category, and amount of contamination, 
the location where the remediation will be implemented, and the type of soil found where this technol-
ogy will be applied) are discussed.

Environmental information and Decision Support Systems (DSS) have emerged over the last few 
decades as important tools for environmental planning and management. Every decision is made within a 
decision environment, which is defined as the collection of information, alternatives, values, and prefer-
ences available at the time of the decision. The methods for collecting knowledge and data, together with 
the stakeholders who formalize this decision process, are essential to build a suitable DSS. Decision sup-
port technologies are needed to support the effective management of agriculture because it significantly 
affects the environment. Without effective management and planning, agricultural activities can lead 
to land degradation, groundwater contamination, and surface water pollution. Sustainable agriculture 
attempts to produce high-quality food while maintaining soil quality and protecting the environment, 
especially the air, water, soil, and wildlife.

Chapter 9, “A Case Study on Collaborative Modeling of Environmental Decision Processes,” uses 
crop planning as an example where environmental issues and decisions play a major role. Crop plan-
ning has considerable effects on the current and long-term productivity and profitability of a farm. 
With regard to long-term crop planning, numerous factors, such as soil conditions, the water supply, 
the selection of fertilizers, and the current economy, influence crop choices and production. Because of 
numerous parameters involved, it is difficult for farmers to make an adequate decision without the help 
of software. Farmers must strike a new path with regard to cost reduction and yield optimization. Nota-
bly, crop-planning decisions depend on the expertise and experience acquired by all involved decision 
makers. Expert knowledge and expertise from farmers can be collected and analyzed via an intelligent 
DSS to assist the farmer in making the optimal crop-planning decisions. A collaborative approach for 
analyzing and modeling these decision processes is discussed. This approach is based on the Collabora-
tive Users’ Task Analysis (CUTA) card game, which is extended into a card game called “CUTA4BPM” 
to meet collaborative decision process analysis and modeling needs. The participation of farmers and 
other stakeholders in the DSS development process gradually leads to establishing trust in the DSS and 
increases the overall acceptance of the system.

Because of its unique properties that conventional materials do not have, the constant increase of 
plastics waste is a serious environmental problem when it is not properly managed. The major problem 
concerning polymer materials is that they are not biodegradable. When polymer waste is disposed in a 
landfill, it stays there and occupies a large area. Furthermore, it prevents the growth and development 
of plants and animals and other living material in nature. The well-organized management of plastic 
waste including its recycling can reduce these potential negative effects. Plastics are organic polymers 
of high molecular mass, but they often contain other substances that are usually synthetic, most com-
monly derived from petrochemicals. Nearly 4% of the oil in the world is used to manufacture plastics 
(Al Mumayez Plastic Factory LLC, 2013). A Life Cycle Analysis (LCA) is always needed to predict the 
environmental impact of a product, process, or activity along its life cycle to justify the recycling process 
of plastics and its ecological and economical benefits. Over recent years, plastic recycling has been ef-
ficiently conducted due to various highly developed recycling technologies. This activity explains why 
it is possible to meet the goal set by the European Commission directive demanding to reduce plastics 
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waste in landfills to 0% by 2020 (European Parliament, 2014). Extensive knowledge about the specific 
pretreatment of the entire recycling procedure is a high priority and provides the opportunity to design 
the best recycling technology for each polymer waste stream.

Chapter 10, “Plastics and Priority during Recycling,” analyzes the importance of recycling of polymer 
materials and pretreatment processes. The significance of the successful waste management of differ-
ent polymer materials, such as poly(ethylene-terephthalate), polyethylene and tire recycling, as well as 
essential problems in selected polymer material recycling processes (mechanical recycling, chemical 
recycling, and energy recovery) are described. Pretreatment procedures such as waste collection, sorting 
and separation, grinding, and washing are also explained. Chapter 10 provides insight into the quality of 
the recyclate during and after pretreatment processes and identifies residual contaminants. This study 
of the pretreatment procedures allows us to determine the suitability of recycled polymers for future 
applications in direct contact with food or other end products of high quality.

Waste Electrical and Electronic Equipment (WEEE) is one of the fastest growing waste streams 
worldwide, but it contains a large variety of materials and might be regarded as a resource for many 
valuable metals. A concept that all manufacturers and importers of electrical and electronic equipment 
should adopt is based on their responsibility toward the environmental impact of their products over the 
entire life cycle. E-waste (e.g., discarded televisions, computers, cell phones, refrigerators, and ovens) 
recycling results in the production of secondary raw materials to be used to produce new products that 
have a certain market value. This method decreases the loss of resources (i.e., raw materials) and envi-
ronmental damage caused by mining, manufacturing, transport, and energy use to make new products. 
CRT TVs are the third most common type of WEEE, and together with CRT monitors, comprise more 
than a fifth of the total WEEE.

Chapter 11, “E-Waste Recycling by Electrostatic Separation,” discusses the influence of product 
complexity and liberation in separation as well as the basics of electrostatic separation. Electrical separa-
tion uses the differences in electrical conductivity (or resistivity) between particles. Furthermore, three 
separation methods are used: eddy-current separation, triboelectric separation, and corona electrostatic 
separation. The two most commonly used indicators to assess the separation process are concentrate 
quality and recovery. A short review of the mechanical separation processes is provided, and the research 
regarding the application of electrostatic separation in recycling a material fraction obtained after a 
television set is dismantled by hand is presented. This research was conducted on one fraction of eight 
CRT TV devices from different manufacturers with different production dates. A CRT TV fraction with 
a higher copper content consists of yokes of cathode tubes, cables, connectors, and wires that are tested 
via electrostatic separation.

The exploitation of large quantities of natural aggregates (gravel, sand, and crushed stone) for road 
construction represents a loss of the natural environment. The continuous demand for natural materials 
depletes natural resources and purchasing and transport costs increase construction costs considerably 
in areas lacking quality natural aggregates. The exploitation procedure also engenders various negative 
effects that cause changes to the environment: increased heavy traffic on existing roads with insufficient 
carrying capacities, noise, dust, and vibrations. On the other hand, the accumulation of various waste 
materials on dumpsites or the disposal of the materials that arise as byproducts from a technological 
or production process is a crucial environmental problem. In the European Union, 500 kg of demoli-
tion waste per capita is created each year. The composition of construction waste depends on its site of 
origin. Depending on its composition, construction waste can be reused in construction via individual 
recycling methods. Over 80% of produced construction waste is successfully recycled. Article 3 of the 
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European Directive 2006/12/EC on waste (European Union, 2006) requires that member states encour-
age recycling, reuse, or restoration and take measures to ensure recycling.

Chapter 12, “Alternative Environmentally Acceptable Materials in Road Construction,” discusses 
the general properties and potential uses of alternative materials: construction and demolition wastes, 
crushed concrete, Reclaimed Asphalt Pavement (RAP), bitumen-based roofing materials (shingles), glass, 
scrap tires, fly ash from power plants, metallurgy slag, mineral waste materials, rock waste, milled ore 
remnants, and coal waste. The effect of waste materials on the environment and human health is analyzed.

During the drilling of oil and gas, a large amount of waste is created. The most general classification 
of drilling waste includes primary waste (drilling muds and drill cuttings) and associated waste (rig wash, 
service company wastes, such as empty drums, drum rancid, spilled chemicals, workover, swabbing, 
unloading, completion fluids, and spent acids). Volume and toxicity are environmental risk criteria for 
evaluating drilling waste discharge. In drilling fluid application, the Environmental Control Technology 
(ECT) approach aims to minimize the volume, toxicity, or both of the drilling waste discharge across 
the environmental boundary of the drill site.

Chapter 13, “Drilling Waste Control: Mud Dewatering,” describes the volume-control aspect of 
drilling waste management. The cost of mud dewatering is a key factor in the design and control pro-
cess. The performance of the dewatering unit on the rigsite and the dewatering process assessment are 
described. The economic performance of the dewatering process is evaluated using a procedure based 
on the principles of the dewaterability test.

The waste with the highest amount of radioactive content includes spent nuclear fuel and the by-
products of fuel-reprocessing activities. The management of spent nuclear fuel and the high levels 
of radioactive waste are some of the most important and challenging problems of the modern world. 
Otherwise, a clean, cheap, constant, and secure way to produce electricity, nuclear power creates large 
amounts of highly hazardous waste. This type of high-level radioactive waste must be carefully isolated 
from the biosphere because of its toxicity and the significant radiation that will last for a long period of 
time. To ensure the long-term and secure isolation of radionuclides contained in high-level radioactive 
waste and spent nuclear fuel from the biosphere, the disposal facility must be located deep in a stable 
underground geological formation. Deep geological formations should be used to host final repositories 
for the safe disposal of waste up to 1,000,000 years. Currently, numerous countries are pursuing the 
geological disposal of high-level waste. The proposed depths vary from 250 to more than 1,000m, and 
rock salt, argillaceous sediments, and crystalline rocks are commonly accepted as suitable host rocks. 
Geological facilities already exist in many countries (e.g., Germany and the USA) for the disposal of 
low- and intermediate-level waste.

Chapter 14, “Deep Geological Disposal of Spent Nuclear Fuel and High-Level Waste: Current State 
and Future Challenges,” describes the classification of radioactive waste, its important characteristics, 
as well as the planning and designing disposal technologies and associated facilities. The generic R&D 
activities in this area are validated, and alternative concepts of radioactive waste management (retriev-
ability, reversibility, regional-mined repositories, long-term storage, and deep borehole disposal) are 
presented. The major issues of radioactive waste disposal with an emphasis on the geological disposal 
of high-level waste and spent fuel as one of the greatest engineering challenges of the modern world 
are discussed. The current state of national nuclear waste management programs and modern options 
for disposal are provided.
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As environmental regulations and corporate strategies become stricter and with operating companies 
being held responsible for proper waste management, a need exists for the safe disposal of drilling and 
production wastes (drill cuttings, drilling fluids, produced water, tank bottoms, contaminated soil, and 
so on). Subsurface injection is a common method of waste disposal worldwide, and many injection 
wells have been operating for years with large volumes of waste being injected. This method presents 
an environmentally sound and economical disposal option for the E&P wastes of both on- and offshore 
environments. Mexico, Argentina, Azerbaijan, the USA, the UK, Norway, Russia, and other countries 
have implemented strategic Waste Injection (WI) operations in field developments because they comply 
with local laws and avoid future liabilities given that wastes are permanently isolated and stored below 
the surface. This disposal mechanism eliminates much of the concern regarding the environmental im-
pact of these wastes. Performing an underground waste injection operation in a safe and cost-effective 
manner requires experience, skill, and resources. A successful waste injection operation requires a sur-
face injection system capable of delivering the required fluid volume downhole at adequate pressures. 
Appropriate injection and containment zones must be always identified, and the safe containment of the 
injected waste must be assured.

Chapter 15, “The Underground Injection of Drilling Waste,” describes two common forms of waste 
injection: annular injection and tubular injection. The criteria for injection site selection, the surface 
injection system, waste preparation for injection (particle size and slurry rheology), waste disposal pro-
cess design (injection pressure and rate), and well design and integrity are discussed. The monitoring 
and verification of waste injection operations as an integral part of the operation’s quality assurance 
process are presented.

As the world’s population and standard of living continues to increase, global energy requirements 
also continue to rise. Furthermore, the detrimental effects of global warming and rising energy costs 
will continue to drive the future need for low-cost clean carbon-neutral energy technologies. Solar power 
currently produces less than one tenth of one percent of the global energy demand. According to the 
2011 projection by the International Energy Agency, however, solar power generators could produce 
most of the world’s electricity within 50 years, dramatically reducing the emissions from greenhouse 
gases and other pollutants (Sills, 2011). Solar energy remains popular because it is both renewable and 
a clean source of energy; furthermore, it does not create greenhouse gases, nor does it create a waste 
that must be stored. The largest stumbling block of adopting solar power technologies on a large scale 
is the high cost. Silicon solar cells that convert incoming sunlight into electrical current are currently 
the dominant photovoltaic technology. They are reliable and highly efficient at converting solar energy 
into electrical energy. However, the high cost of silicon, especially crystalline silicon, which is the most 
effective material, has limited the societal impact of solar cell technology and led to an interest in alterna-
tive materials. Polymer solar cells are attracting attention as inexpensive versatile devices for generating 
electricity from sunlight. However, relatively low power conversion efficiencies (now exceeding 10% in 
the laboratory) are currently hindering the widespread application of polymer solar cells. Thus, while 
the cost of polymer solar cells is small, their inefficiencies limit the “cost per watt” of these devices.

Chapter 16, “Modeling and Simulation of Polymer Solar Cells,” briefly reviews the research on poly-
mer solar cells with particular emphasis on the nanoscale architecture of these devices and the internal 
mechanisms of energy conversion. In particular, the role of nanotechnology is reviewed with regard to 
creating thin film solar cells with thicknesses on the order of 100nm, with features on the 10nm scale. 
The possibility of using diblock copolymers and nanorods to create the desired internal morphologies 
of these films is discussed. The computational and mathematical tools used to investigate the physics 
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of polymer solar cells are also presented. In particular, the drift-diffusion and Monte Carlo models of 
polymer photovoltaic performance are described, along with an equivalent circuit model and the ana-
lytical solution of the drift diffusion equations. The role of computer models in identifying structure-
property relationships and the ideal structures necessary for device performance will be crucial to the 
future development of this technology.

The surface of the Earth, both on land and beneath the oceans, is continually being modified by the 
movement of mass operating in response to gravitational forces. Landslides are one type of the movements 
that include all types of gravity-caused mass movements, ranging from rock falls and topples, through a 
variety of slumps and slides, to flows of different materials. Landslides occur in all geographic regions 
of the world in response to a wide variety of natural conditions and triggering processes that include 
storms, earthquakes, and human activity. An understanding of landslide processes is an essential require-
ment for undertaking the host of mitigation activities ranging from land-use planning to the construction 
of engineered solutions to civil protection measures. Landslide avoidance and prevention are a primary 
interest of land-use policies that are based on landslide mapping followed by the prediction of landslide 
processes and their consequences.

Chapter 17, “Landslides: A Guide to Researching Landslide Phenomena and Processes,” presents a 
wide range of landslide topics such as mapping, investigation, monitoring, hazard, and risk assessment, 
as well as stabilization and remedial measures. Unlike most of nature’s deadly forces, earthquakes almost 
always strike without warning. These destructive and devastating forces can topple cities in seconds, 
leaving behind rubble and tragedy in their wakes. Earthquakes are not limited to any one area of the 
world. Although most earthquakes are small tremors, it only takes one to cause millions of dollars in 
property damage and thousands of deaths. Thus, scientists continue to pursue new technologies to limit 
the destruction that earthquakes cause. Approximately 500,000 earthquakes are estimated to occur each 
year, detectable with current instrumentation. Approximately 100,000 of these can be felt (United States 
Geological Survey [USGS], 2014). Minor earthquakes occur nearly constantly around the world. Larger 
earthquakes occur less frequently. An earthquake can cause injury and death, road and bridge damage, 
general property damage, and collapse or destabilization (potentially leading to future collapse) of build-
ings. The most well known example is the Sichuan earthquake in China in May 2008; this tremor resulted 
in 69,227 fatalities, making it the 19th deadliest earthquake of all time. The 1976 Tangshan earthquake 
is believed to be the largest earthquake of the 20th century by death toll, with an estimated 240,000 to 
655,000 victims (Spignesi, 2005). The seismic waves caused by an earthquake can make buildings sway 
and oscillate in various ways depending on the frequency and direction of the ground motion as well 
as the height and construction of the building. Buildings constructed in earthquake zones that are not 
properly engineered can collapse or suffer irreparable structural damage. The objective of earthquake 
engineering is to foresee the effect of earthquakes on buildings and other structures and design structures 
that can withstand or mitigate a dynamic attack. To enhance a building’s seismic performance, a proper 
building design is performed that engages various seismic vibration control technologies. Damping 
devices have been used to mitigate the seismic damage to buildings since 1950.

Chapter 18, “Optimization of Tuned Mass Dampers to Improve the Earthquake Resistance of High 
Buildings,” describes active and passive Tuned Mass Dampers (TMDs). These devices are used to re-
duce the dynamic response of oscillating bodies. They absorb some of the kinetic energy and limit the 
amplitudes of deflections. To prevent tall buildings in endangered zones from suffering during seismic 
attack, TMDs are applied successfully. Active TMD systems control the displacements of the compen-
sator masses as soon as their sensors indicate essential ground motion. This detection can be efficient 
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but requires fast control systems, and many energies might not be available during the seismic event. 
Passive TMD systems do not need sensors, actors, or an external energy supply; however, they require 
large masses and much space for their oscillations. TMD systems have been used successfully for tall 
buildings and other dynamically excited structures such as chimneys as well as to reduce the vibration of 
vehicles. Passive TMD systems are installed in some of the most well-known tall buildings (the Taipei 
101 skyscraper in Taiwan and the Burj al Arab hotel in Dubai) and bridges (London’s Millennium Bridge 
and the Akashi-Kaikyō Bridge between Honshu and Shikoku in Japan) to reduce the vibrations caused 
by wind or traffic, respectively. All of the presented methods to improve the capabilities of buildings 
to withstand earthquakes or other dynamic loadings have been used with success. They all have their 
advantages and disadvantages as well as specific ranges of applicability. The design of efficient passive 
TMDs requires a proposal of position, number, and compensator dimensions.

Although the use of electricity is beneficial, it is linked to numerous environmental and social problems 
such as the effects of air pollution on health, buildings, crops, forests, and global warming; occupational 
diseases and accidents; and reduced amenities from the visual intrusion of plant or noise emissions. 
This damage is referred to as external costs because they are typically not reflected in the market price 
of electricity or taken into account by energy planners. Because they are not monetized, these damages 
tend to be ignored by policymakers. A variety of methods are available to reduce externalities ranging 
from the development of new technologies and the imposition of emission limits regarding the use of 
economic instruments (e.g., emission charges). However, it is necessary to quantify the damages to 
weight the benefits of these abatement measures against their costs to optimally design environmental 
policy. Different approaches can be used to estimate the environmental costs of electricity generation, 
and the way that they are applied can vary across situations. The extent to which environmental costs 
should be considered as external costs (i.e., not borne directly by electricity producers) depends partly 
on the environmental protection policy of the country and the control instruments that are implemented.

Chapter 19, “Environmental Cost Studies and their Application in Environmental Protection Planning 
for Electricity Production,” describes the external costs of electricity and the impact pathway method 
for their calculation. This method links burdens to the environment caused by power generation chains 
with the physical effects that they cause and assigns monetary values to these effects. Calculated external 
costs can be applied to various environmental policy case studies. Two such applications are illustrated: 
a cost-benefit analysis of imposing stricter NOx emission standards and the inclusion of external costs 
in power system expansion planning.

The dissemination of knowledge regarding certain techniques, methods, approaches, and experiences 
can improve efficiency in protecting the environment and help to solve various environmental issues.

Nediljka Gaurina-Medjimurec 
University of Zagreb, Croatia
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