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Executive Summary_________________________________________________ 

Problem Statement 

What types of waste-to-energy technologies offer the most promising solutions for achieving 

sustainable solid waste management?  

What is Sustainable Solid Waste Management?  

Sustainable solid waste management is a movement toward cyclical processes, rather than linear 

processes, to manage waste today without compromising the prospects of future generations.  

Purpose 

The purpose of this report is to analyze, compare, and evaluate solid waste management 

technologies and their potential to reduce waste, generate renewable energy, decrease landfill 

emissions, and promote sustainable economic development.  

Importance of Sustainable Solid Waste Management 

Developing sustainable waste management processes are timely and essential to Georgia for 

several reasons: 

1. Economic Development: Sustainable waste management technologies have the potential 

to create new jobs, produce renewable energy, and promote economic growth. 

2. Public Health: Improper waste management can lead to infectious diseases, underground 

water contamination, and toxic air emissions that are harmful to human health. 

3. Environment: Waste disposal can have an enormous environmental. Landfills require 

large amounts of land and must continually expand to accommodate increasing amounts 

of waste, utilizing more land resources and leaving less room for the conservation of 

green spaces for humans and wildlife.   
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4. Policy: Current federal policies under consideration focus on pollution reduction 

strategies and renewable energy technologies.   

Importance for Georgia 

Identifying new and improved ways of management waste is important to Georgia for several 

reasons. Millions of dollars a year are spent on waste management and thousands of people are 

employed in the waste industry in Georgia (U.S. Census, 2008). Georgia has one of the highest 

numbers of landfills in the nation, and one of the lowest recycling rates (Simmons, 2006).  

Georgia residents throw away more waste per day (7.2 lbs) than the average U.S. citizen (4.6 

lbs), and the state imports much more waste than it exports. To keep up with the rest of the 

country and the world, Georgia must place more emphasis on its solid waste management 

strategy and work towards greater sustainability. Efforts to promote sustainability are typically 

hindered by political and economic barriers. However, while few policies are in place that 

promote the reduction, recycling, reuse model of solid waste, one of Georgia’s waste 

management goals is to “encourage new technologies that will expand waste reduction in the 

state” (Georgia Department of Community Affairs [DCA], 2006a).   

Research Design 

This research includes two components: first, a comparison is conducted of traditional and 

advanced solid waste management technologies based on the principles of sustainability; second, 

several advanced technology projects that are being implemented in Georgia are analyzed.    

Data Collection 

Multiple data collection techniques were utilized. Data was collected by reviewing materials, 

direct observation, and interviewing. Waste management literature was collected from on-line 

databases at Georgia Tech. State and County Waste Management Plans were collected from 
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State and County government websites, and RCRA information was collected from the U.S. 

Environmental Protection Agency (EPA). Site visits were conducted at Dekalb County and 

Clark-Athens county solid waste management sites. Interviews provided a better understanding 

of the technologies and how policy decisions were made with regard to waste management 

policy. Interviews were conducted with the EPA’s Landfill Methane Outreach Program (LMOP), 

Environmental Protection Division (EPD), Georgia Department of Community Affairs (DCA), 

Georgia Environmental Facilities Authority (GEFA), Pollution Prevention Assistance Division 

of the Georgia Department of Natural Resources, Clark/Athens county, Dekalb county, Louis 

Circeo at Georgia Tech, and America’s waste-to-energy.  

Conclusions 

Landfill gas-to-energy facilities provide the most economical method for decreasing landfill 

emissions and generating renewable energy. Gasification/pyrolysis, plasma arc gasification, and 

mechanical biological treatment provide greater sustainability and should be considered as 

potential long-term solid waste management alternatives in Georgia.  
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Glossary of Key Concepts____________________________________________ 

Composting: A humus or soil-like material created from aerobic, microbial decomposition of 

organic materials such as food scraps, yard trimmings, and manure (U.S. Environmental 

Protection Agency [EPA], 2009a).  

Gasification: A technology that can convert carbonaceous material such as coal, petroleum 

coke, and other materials into a synthesis gas using high temperature and pressure. Synthesis gas 

can be used as a fuel source or as a building block for other chemical processes (EPA, 2009b, 

2007). 

Incineration: A treatment technology involving destruction of waste by controlled burning at 

high temperatures (EPA, 2009a).  

Landfill: Sanitary landfills are disposal sites for non-hazardous solid wastes spread in layers, 

compacted to the smallest practical volume, and covered by material applied at the end of each 

operating day (EPA, 2009a).  

Landfill Gas-to-Energy: The natural by-product of the decomposition of solid waste in landfills 

comprised primarily of carbon dioxide and methane (EPA, 2009c).  

Leachate: Water that collects contaminants as it trickles through wastes, pesticides or fertilizers. 

Leaching may occur in farming areas, feedlots, and landfills, and may result in hazardous 

substances entering surface water, ground water, or soil (EPA, 2009a).  

Methane: Methane (CH4) is a greenhouse gas that remains in the atmosphere for approximately 

9-15 years. Methane is over 20 times more effective in trapping heat in the atmosphere than 

carbon dioxide (CO2) over a 100-year period and is emitted from a variety of natural and human-

influenced sources. Human-influenced sources include landfills, natural gas and petroleum 
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systems, agricultural activities, coal mining, stationary and mobile combustion, wastewater 

treatment, and certain industrial process (EPA, 2009d).  

Plasma Arc Gasification: A waste technology that uses an electric arc gasifier and electrical 

energy to create high temperatures to break down waste into elemental gas and slag (Circeo).  

Pyrolysis: Heating waste in a vacuum or by using water without oxygen to decompose 

(Biomass, 2009).  

Recycling: Minimizing waste generation by recovering and reprocessing usable products that 

might otherwise become waste (EPA, 2009a).  

Slag: Recovered material from plasma arc gasification (Dodge, 2008).   

Solid Waste: Non-liquid, non-soluble materials ranging from municipal garbage to industrial 

wastes that contain complex and sometimes hazardous substances. Solid wastes also include 

sewage sludge, agricultural refuse, demolition wastes, and mining residues. Technically, solid 

waste also refers to liquids and gases in containers (EPA, 2009a).  

Solid Waste Management: Supervised handling of waste materials from their source through 

recovery processes to disposal (EPA, 2009a).  

Sustainability: Sustainable developments are those which fulfill present and future needs 

(United Nations, 1987) while [only] using and not harming renewable resources and unique 

human-environmental systems of a site: [air], water, land, energy, and human ecology and/or 

those of other [off-site] sustainable systems (Rosenbaum 1993 and Vieria 1993). 

Waste-to-Energy: Facility where recovered municipal solid waste is converted into a usable 

form of energy, usually via combustion (EPA, 2009a).  
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Introduction_________________________________________________________________ 

The concept of sustainability was first articulated at the United Nations Conference on 

the Human Environment in Stockholm in 1972. The term “sustainable development” was first 

used in the report Our Common Future by the World Commission on Environment and 

Development in 1987 (Tammemgai, 1999). Since that time, sustainability initiatives have gained 

increased attention in the United States and around the world. A central facet of sustainability is 

to focus on the “back end” of the consumer cycle with waste management. However, our 

society’s typical attitude toward waste has been “out of sight, out of mind.” In the past, when 

trash was thrown “away,” it was considered vanished for good. Rarely did the average person 

think about it again. In reality, however, there is no such thing as “away.” Waste usually 

“disappears” into a trash can, where it is then transferred to a dumpster, and then into a dump 

truck that transports it to a landfill where the waste may sit in the earth for hundreds of years. 

Landfills are the predominant method of waste management, yet landfill capacity must 

continually expand to accommodate the increasing amounts of waste, utilizing greater land 

resources and emitting more pollutants into the environment. Landfills only offer an “open-loop” 

waste management cycle (see Figure 1), whereas the goal of sustainable waste management is to 

achieve a “closed-loop” cycle (see Figure 2).  

History of Solid Waste 

Solid waste management was first established during the middle Ages. Streets were 

covered with household waste, human and animal excrement, and stagnant water. By the mid-

nineteenth century, public health became a primary driver for a sanitation movement. Linkages 

were discovered between infectious diseases and poor sanitation. By the early 20th century 

legislation was in place to remove waste from the streets, and municipalities began providing 
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waste collection services.  However, environmental protection from waste disposal did not 

become a primary issue until the 1970s. After the 1970s, technical standards increased, focusing 

mostly on leachate and gas control from landfills. The U.S. Environmental Protection Agency 

eventually instituted the Resource Conservation and Recovery Act, which provided increased 

regulations on landfills and even greater environmental protection (Wilson, 2007). 

Figure 1: “Open Loop” Solid Waste Management Cycle 
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Figure 2: “Closed Loop” Solid Waste Management Cycle 
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Solid Waste and the Economic Development 

The Economist (2009) recently issued a special report on the universal problems of solid 

waste. Waste tends to grow with the economy, and the problem is one affecting the entire globe. 

From 1980 to 2000, the waste produced by OECD countries increased by 2.5% per year. The rate 

decreased between 2000 and 2005 (0.9%) but still remained above average population growth 

(0.7%). In the United States, the amount of waste per capita increased by 77% between 1960 and 

2008 (EPA, 2007b). Waste firms are virtually “recession-proof,” as worldwide waste continues 

to increase every year and is expected to double by 2030. In the U.S., the average tipping fee for 

landfill disposal increased by 250% between 1985 and 2005, from $10 to $35 per ton. Large 

waste firms see ample opportunities with stricter regulations that countries are adopting. This is 

because it requires more complicated waste treatment technologies that they can afford, which 

leads to higher margins. The solid waste industry in the United States is primarily managed by 

only two firms (Waste Management and Republic Services) that hold 41% of the market share in 

the U.S. (The Economist, 2009).  

Importance of Sustainable Solid Waste Management 

Developing sustainable waste management practices is timely and essential to the State of 

Georgia for several reasons. First, ensuring high-quality solid waste management practices and 

developing sustainable practices is important for protecting the health of future generations. Poor 

solid waste management can lead to infectious diseases, underground water contamination 

through leachate, and toxic air emissions. Second, millions of acres of land that could be utilized 

for green space, agriculture, or other forms of development have been used for thousands of 

landfills in the U.S. In addition, methane and carbon dioxide, both greenhouse gases, are emitted 

from landfills. Both gases had emissions that increased by 1.9% and 1.4%, respectively, last year 
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(EPA, 2009d). Methane typically accounts for about 4% of greenhouse gases, but in cities where 

heavy industry is low, it can have a much larger contribution1 (Economist, 2009). Third, waste 

management is an underlying economic driver to the sustainability of the state. Solid waste 

grows with the economy, and as Georgia’s population has grown, so has the amount of waste 

that is deposited into Georgia landfills. Sustainable waste management has the potential to create 

new jobs while also doing more to protect the environment.  

Given the importance of solid waste management and the surmounting problems 

associated with waste today, the need to develop more sustainability in the industry is more 

important than ever. In the wake of rising energy prices, several advanced solid waste 

management technologies have been identified as promising solutions for reducing methane 

emissions, generating renewable energy, and creating new jobs. The purpose of this report is to 

analyze, compare, and evaluate these solid waste management technologies based on principles 

of sustainability. An assessment of several solid waste management technologies is conducted, 

evaluating their potential to reduce waste, generate renewable energy, decrease landfill 

emissions, and promote economic development.  

 

 

 

 

 

 

 

                                                            
1 San Francisco’s methane emission’s share is 18% due to low industry.  
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Solid Waste in Georgia_______________________________________________ 

Solid waste is an issue that significantly affects the state of Georgia. Georgia spends 

about 782 million dollars on solid waste management and only receives about 530 million dollars 

in revenue per year. Nearly 300,000 people are employed in some type of waste industry in 

Georgia (U.S. Census, 2008). Georgia has the 5th largest number of landfills in the country 

(Simmons, 2006), with almost three thousand landfills2 throughout the state (see Appendix A), 

including active, closed, and inert landfills3 (Georgia Environmental Protection Division [EPD], 

2009a). In addition, Georgia has the 6th highest percentage of waste landfilled (91%) and the 7th 

lowest for waste recycled (8%) in the country (Simmons, 2006). Georgia landfilled 15 million 

tons of solid waste in 2008, including 2.3 tons of construction and demolition waste.  

Georgia state residents lag behind the rest of the country in waste reduction efforts. 

Nationally, the average person disposes of 4.6 pounds of waste per day (EPA, 2007b). In 

Georgia, however, the average person disposed of 7.2 pounds of waste per day (EPD, 2009a). 

Perhaps part of the waste problem in Georgia may be due to the amount of waste that the state 

imports for disposal into its landfills. Georgia imports eight times more waste than it exports, 

with 1.6 million tons of waste imported from other states and only 0.2 tons exported (Simmons, 

2006). If waste continues to increase at current disposal rates, almost 200 tons4 of waste will be 

emptied into landfills between 2006 to 2015 (DCA, 2006b). Georgia’s population growth may 

also contribute to the problem. Its population increased by 25% from 1994 to 2000 and is 

expected to increase to 12 million by 2030 (U.S. Census, 2000). Even though most of the solid 

waste in Georgia is landfilled, estimates show that much of it could easily be recovered and 

                                                            
2 Inert landfills comprise the majority of this number. Active and closed landfills account for several hundred, and 
inert account for over two thousand.  
3 Inert landfills contain waste that does not have any physical or biological transformations and does not have 
significant underground water contamination risks.  
4 Includes both MSW and C&D landfill waste 
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given back to society in the form of energy, composting, or recycling. The DCA (2006) estimates 

that 40% of landfill disposal in the City of Atlanta is paper products that could easily be 

recycled, and the estimated value of recyclable materials sent to landfills is about 233 million 

dollars.  
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Principles and Indicators of Sustainability______________________________ 

Sustainable waste management practices can be achieved by balancing the principles of 

sustainability (Kijack & Moy, 2004). Indicators for sustainability provide a useful tool for 

planning and organizing information to assist with solving problems and making sustainable 

decisions (Innes & Booher, 2000). The project for the construction of indicators of sustainable 

development (PICABUE) is used in conjunction with indicators to assess advanced solid waste 

technologies (Bahia, 1996; Kijack & Moy, 2004).  

Futurity 

The principle of futurity is to minimize the burden of solid waste on future generations. 

Waste should be managed so that future resources are protected. The millions of tons of waste 

generated today should not be bequeathed to our grandchildren (Tammemagi, 1999). Questions 

asked in this report that assess the futurity of solid waste management technologies include: 

Does the technology conserve land space for future generations? Does the technology reduce the 

potential for leakages into underground water sources requiring future clean-up? Does the 

technology reduce emissions that contribute to climate change? (Bahia, 1996).  

Equity  

The principle of equity is essentially a principle of environmental justice. The EPA 

(2009e) defines environmental justice as "the fair treatment of people of all races, cultures and 

income with respect to the development, implementation and enforcement of environmental 

laws, regulations, and programs and policies.” Environmental degradation can occur if people do 

not have equal access to environmental services and resources (Bahia, 1996). Furthermore, 

factors such as odor, noise, traffic, and property value are issues that have been found to 

disproportionately affect different populations (Kijak & Moy, 2004; Boer et al, 1997; Daniels 
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and Friedman, 1999; Fabor and Krieg, 2001; Hockman and Morris, 1998; Pollock and Vittas, 

1995; Ringquist, 1997). To access the equity of the technologies assessed, the following 

questions were asked: Does the technology serve all populations? Does the location of the 

technology disproportionately affect different populations? Does the cost transferred to the 

public (e.g., tipping fees) disproportionately affect different SES populations? (Bahia, 1996). 

Public Participation 

Public participation has become an increasingly important aspect of sustainability, as it 

becomes clear that environmental progress requires community involvement (Norton, 2005). It is 

easy to play the “blame game,” accusing different stakeholders (government officials, politicians, 

engineers who design facilities, landfill operators, and the general public) for the various waste 

problems. However, the fact is that everyone contributes to the waste problem in some capacity, 

and everyone should contribute to the solution. To progress toward sustainability, the public 

should be intimately involved (Tammamagi, 1999). To access the principle of equity, the 

following questions were asked: How well does the technology involve multiple stakeholders? 

How has the public reacted thus far to the technology? How many associations/coalitions are 

involved (promoting, against, researching, etc.) with the technology? (Bahia, 1996).  

Environment 

The principle of the environment recognizes that waste management should not consume 

nonrenewable resources, and all useful resources should be extracted from the waste disposal 

process. Land is a valuable resource that should be protected. Within the environmental principle 

also lies the issue of environmental health. Solid waste management should be conducted in a 

way that does not pose a risk to public health. The importance here is on the siting, design, and 

management of both hazardous and non-hazardous waste facilities. Current solid waste 
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management practices pose a risk to human health via leaking landfills and toxic emissions, 

which is not sustainable (Tammemagi, 1999). Key questions to ask when assessing waste 

technologies include: Does the technology decrease the amount of waste going into landfills? By 

how much? How much does it reduce required land space? How much does it reduce methane 

and carbon emissions? Are there any additional polluting issues with the technology? (Bahia, 

1996).  

Economic 

The economics of waste management are a reality that policy decision makers are forced 

to address. Achieving sustainability is clearly more cost effective in the long-term; however, 

shorter-term costs involved can create significant barriers to initiating new projects. Sustainable 

solid waste technologies have a lot of potential for recovering most or all of the start-up costs 

through renewable energy, materials recovery, and new “green” jobs. Questions asked to assess 

this principle include: How much renewable energy does the technology generate? How many 

labor hours/jobs are required to operate technology? How much financial profit is achieved from 

selling energy and recoverable waste output? What is the full cost of the technology (estimated 

as difference between net costs and net benefits)? (Bahia, 1996; Kijak & Moy, 2004) 
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Sustainable Solid Waste Management Literature ____________________________ 

Several municipalities have evaluated advanced solid waste management technologies 

that reduce landfill disposal, are environmentally sound, energy efficient, economical and 

socially acceptable (City of Los Angeles [LA], 2005; Halton, 2007). Los Analysis conducted an 

evaluation of various technologies and concluded that thermal technologies are the best suited 

for processing post-sorted5 municipal solid waste (LA, 2005). Many management consultants 

have developed reports on solid waste technologies. Recycling was identified as the first option 

for achieving sustainability, followed by anaerobic digest and landfill gas-to-energy (C-Tech 

Innovation, 2003). Other extensive evaluation reports have been developed on gasification and 

pyrolysis (Juniper, 2001) and mechanical biological treatment (Juniper, 2005).  

Policy is often framed on the basis of assertion (Gray, 1997). Landfills are the dominant 

use for waste management due to its simple, cheap, and familiar method. Environmental and 

financial pressures are changing the waste management policy landscape. Other, more 

sustainable alternatives have been sited in the literature as more rational options for public policy 

makers to consider as they make decisions about solid waste management disposal. Numerous 

studies have been conducted that assess solid waste management alternatives (Soderberg & Kain, 

2006; Hauschild, 2006; Englande, 2006; Bovea & Powell, 2005; Assefa et al., 2004). Many of 

these focus specifically on sustainability and examine solid waste technologies utilizing various 

approaches such as the Life Cycle Assessment (Bovea & Powell, 2005; EASEWASTE 

(Hauschild, 2006), complex knowledge management (Soderberg & Kain, 2006), ORWARE 

(Assefa et al., 2004), and localized case studies (Chung & Lo, 2007; Allison, 2008; Marshke & 

                                                            
5 LA residents are required to sort waste into three “bins” that include recyclables (blue bin), green waste (green 
bin), and refuse (black bin). “Post-sorted” waste is the refuse that is collected from black bins.  
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Sinclair, 2009; Goven & Langer, 2009; Klang et al., 2006; Smith, 2008; Hernandez & Martin-

Cejas, 2005; Saeed et al., 2009).  
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Traditional Waste Management Technologies___________________________ 

Landfills 

Landfills are enormous cavities carved into the ground that are lined with clay and plastic 

to hold waste. They are the most established and dominant method for solid waste management. 

The infrastructure for landfills is in place, and the landfill industry employs thousands of people. 

Currently, it is estimated that there are about 30,000 landfills in operation in the United States 

(ASCE, 2009).  

While the infrastructure and technology of landfills is well established, they are wrought 

with significant problems. One of the biggest issues is the amount of methane and carbon dioxide 

that is emitted from landfills. Methane, a 

greenhouse gas, is released from landfills, and 

continues to be released into the air for years 

after the landfill closes. Methane is twenty 

times more effective than carbon dioxide in 

trapping heat in the atmosphere. It is also 

explosive and poses a long-term threat to human 

and environmental safety (EPA, 2009d). 

Leachate is liquid that is released from the 

landfill and can contaminate underground water 

sources. Today, the EPA requires leachate to be 

captured through leachate pumps, but landfills that were closed pre-RCRA, and abandoned 

landfills, remain a risk to underground water contamination. Another significant issue for 

landfills is that they require large amounts of land space. They already occupy thousands of acres 
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of land in Georgia and millions around the world. For us to continue using landfills means that 

new landfills must be built or capacity must be added to current landfills to accommodate the 

ever-growing amounts of waste. Unfortunately, landfills do not disappear when they are closed. 

They continue to pose direct and indirect costs to society and must be monitored by the EPA for 

years into the future.  

Landfills are unsustainable according to the definition of sustainability. They 

compromise future generations from an environmental and public health perspective. They 

reduce the amount of green space that would be available to society, and they create public 

health issues that future generations will inevitably have to address. Furthermore, landfills are 

commonly linked to environmental justice issues, as mounting environmental literature 

highlights the disproportionate economic and social issues associated with landfills and landfill 

locations (GAO, 1983; UCC, 1986; Anderton et al., 1994; Bullard, 1996) 

Recycling 

Second to landfills, recycling is the most common method of waste management in the 

United States. Most recycling facilities recover a plethora of materials including plastics, metals, 

paper, electronics, and tires. One of the biggest questions asked 

about recycling is “does it make economic sense?” There are 

claims that recycling has a high cost of energy inputs, 

outweighing any of the benefits that might result. However, the 

economic value of recycling may depend on the type of recycling 

scheme utilized (e.g., drop off, curbside). When recycling is 

conducted under the “bring scheme,” there is a higher environmental and economic cost than the 

curbside scheme. When materials are transported long distances, due to a lack of recycling 
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processing outlets, the benefits of recycling are significantly reduced (Powell, 1996). In a 

comparative analysis conducted in the U.K., the average distance for a bring scheme was 106 

miles, while the average distance traveled for curbside pickup was only 8.6 miles (ibid). Several 

state reports on recycling also found positive economic impacts of recycling. West Virginia 

found that recycling brought in $1.5 million in extra revenue and saved the state $1.2 million in 

landfill tipping fees. In addition, 633 jobs are created for every 10,000 tons per year (West 

Virginia, 2009). North Carolina claims that “recycling means business,” as the number of 

recycling jobs has risen by 60% from 1994 to 2004 (NCDENR, 2005).  

Composting 

Composting is a method of waste management that has been conducted since prehistoric 

farmers. Compost is created through the breakdown of organic matter, such as kitchen scraps, 

green waste, and biosolids.6 It is essentially a recycling method that can be used as fertilizer for 

agriculture. It has been highlighted as an important 

component of waste sustainability, and there is a large 

assortment of composting methods that present opportunities 

for reusing waste (Englande & Guang, 2006), including sheet 

composting, vermicomposting, toilet composting, windrow 

heaps, passive aerated windrows, and aerated static pile/forced aeration.  

When properly managed, composting provides a more sustainable approach to managing 

waste than landfills. It creates a closed-loop cycle that returns the waste back to society in a 

positive way. Composting is generally environmentally friendly and does not affect some 

populations more than others. From a public health perspective, there are some risks involved if 

the compost is not properly treated. Organic waste in the form of biosolids has been found to 
                                                            
6 Biosolids are nutrient rich organic materials that result from treated and processed sewage sludge 
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have traces of contaminants from pharmaceuticals, metals, and steroids that are in the waste 

stream (NRC, 2002; EPA, 2009f). Economically, compost has some economic potential, but 

most processors merely break even. Many landfills sell mulch to vendors for a profit but 

normally provide free compost to citizens for yards and gardens.  

Incineration 

Incineration is the combustion of waste in excess of oxygen. It is 

commonly referred to as waste-to-energy, which often creates confusion 

with other waste-to-energy technologies that are more advanced. 

Incinerators became a popular method in the 1980s until it was banned in 

the 1990s in the U.S. Today there are about 91 incinerators still in 

production in the United States.   

There are many different types of incineration.7 The benefits of incineration are that there 

is not any pre-treatment required of waste, it is a proven technology that has been used for 

decades, it reduces the volume of waste to landfills, and it can generate renewable energy. 

However, many claim that the costs far outweigh the benefits. Incineration suffers from a 

negative public perception, NIMBY (“not in my back yard”), due to the stack emissions and lack 

of understanding of the technology. There is considerable debate over the long-term health 

effects of dioxin emissions from this process.8 Furthermore, incineration has high capital and 

operating costs and often requires a minimum tonnage to cover costs. Incineration has minimum 

materials recovery, which may undermine recycling and composting efforts and often requires a 

minimum tonnage to cover costs (Waste Technology, 2009). The ash residue that results from 

                                                            
7 Types of incineration include using rotary kilns, fluidized beds, liquid injection, multiple hearth, catalytic 
combustion, waste-gas fare, and direct flame. 
8 It should be noted that recent controls through the 1990s and 2000s have reduced dioxin emissions to below that of 
other combustion processes (Waste Technology, 2009). 
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the process can be reused, but instead it is usually transported to a landfill. In addition, many 

plants have recurrent technical issues and are out of commission for weeks at a time, where the 

waste is temporarily diverted to a landfill.  
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 Advanced Waste Management Technologies____________________________ 

The four advanced waste management technologies assessed in this report include: 

landfill gas-to-energy (LGE), gasification/pyrolysis, plasma arc gasification, and mechanical 

biological treatment (MBT). Figure 3 provides a combined illustration of the four processes (for 

simplification purposes, gasification includes both gasification/pyrolysis and plasma arc 

gasification). The next several pages discuss each technology individually and how each process 

differs.  

Figure 3: Overall Advanced Solid Waste Technology Process 
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Landfill Gas-to-Energy (LFGTE) 

Perhaps the most recognized advanced solid waste management technology in the United 

States is Landfill Gas-to-Energy (LFGTE). Landfill gas is made up of about 50% methane, 45% 

carbon dioxide, and 5% nitrogen, oxygen, and non-methane organic carbon constituents. LFGTE 

provides a method for capturing methane from landfills. The methane can be utilized for direct 

use or electricity. Direct LGE facilities use a boiler9, direct thermal or 

high Btu.10 The methane is piped from wells in the landfill to a Gas 

Collection and Control System (GCCS) that captures the gas. When a 

boiler is used, the gas is piped to another location where it is stored in a 

boiler and used as a direct source of heat. With high Btu, the landfill gas 

is cleaned to the pipeline quality of natural gas and is piped to a natural 

gas plant. When the landfill gas is used for electricity, the gas is piped to 

an engine or turbine that removes the moisture and burns the methane (EPA, 2009c). The 

methane becomes 97% clean, as clean as natural gas, and is sent through a line to a local electric 

grid where it can be sold as renewable energy (Dekalb Sanitation Department, 2009). Landfill 

gas can also be used to generate liquid fuel for vehicles. Several landfill operations in the U.S. 

are currently using this fuel to power their waste vehicle fleets.   

 

 

 

 

                                                            
9 A boiler is a closed vessel in which water is heated. Energy is transferred to the water in the boiler from the fuel 
source and then leaves the boiler for use in heating applications.  
10 Btu stands for “British thermal unit” and is a unit of energy equal to 1.06 kilojoules. It is defined as the heat 
required to increase the temperature of one pound of water by one degree at a constant pressure.  



 
     

_____________________________________________________________________________________ 
Page 27 of 60 

Figure 4: Landfill Gas-to-Energy Process 
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The EPA began a Landfill Methane Outreach Program (LMOP) in the 1990s with the 

purpose of promoting and encouraging the development of LFGTE facilities. LMOP set up a 

network of partners, comprised of landfill owners and operators, industries, communities, and 

businesses that work together to promote landfill gas. They provide technical resources and assist 

with identifying funding sources. Most LFGTE facilities were mostly built over the last decade. 

As of 2008, there were 485 facilities across the country. Georgia has 11 facilities that are in 

operation, and the EPA has identified 22 potential candidates throughout the state (EPA, 2009g).  

Gasification/Pyrolysis 

Gasification and Pyrolysis are thermal processes that use high temperatures (1500-3000F) 

to break down waste into syngas with little or no oxygen by partial combustion. Gasification has 

been used since the 19th century for various purposes, but these processes only recently gained 

attention as a method to produce renewable energy from MSW. Today there are150 companies 

around the world that market this technology, and over 100 facilities in operation that manage 

MSW, mostly in Europe and Japan (Jupiter, 2001).  
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Unlike incineration, gasification and pyrolysis systems are sealed, and the gasses are 

cleaned prior to being used as fuel. Gasification uses higher temperatures than pyrolysis (1500-

3000F) and a partial oxidation process in which MSW is converted into a mixture of gas 

compounds, such as hydrogen, carbon monoxide, and methane. The gasification agent is 

typically air or oxygen. The carbon forms char, which is oxidized to produce additional gases, 

heat energy, and an ash residue. When the waste is gasified, it is converted into syngas and then 

used to produce electricity through gas engines or turbines. 11  

Pyrolysis is similar to gasification except that the MSW is thermally degraded in the 

absence of oxygen and at lower temperatures (750-1500F). Lower temperatures typically 

produce more liquid, and higher temperatures produce more syngas. The process decomposes 

MSW by heat, not allowing for combustion. The primary products resulting from pyrolysis are 

charcoal, syngas, and oil, which are then converted into electricity and pyrolysis oil via turbines 

or generators (Juniper, 2001). Pyrolysis oil can be used for vehicle fuels with product upgrading, 

though it is not currently commercially available. The char can be used to produce additional 

energy or disposed of in a landfill. Similar to gasification, there are many different types of 

pyrolysis reactors.12 A combination of gasification and pyrolysis techniques are usually 

employed for MSW.  

 

 

 

 

 
                                                            
11 There are different types of gasification reactors, including fixed bed, moving bed, rotary kiln, cyclonic, and vortex. For more details on 
gasification reactors, see Juniper report on Gasification and Pyrolysis (Juniper, 2001).  
12 Pyrolysis reactors include alblative, cyclonic, fluidized bed, entrained flow, fixed bed, moving bed, rotary kiln, vortex, and transport. For more 
details on pyrolysis reactors, see Juniper report on Gasification and Pyrolyis.  
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Figure 5: Gasification and Pyrolysis Process 
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There are several advantages to this technology. Gasification and pyrolysis require 

modest land space relative to landfills, and they reduce the dependence on landfills. The process 

produces marketable by-products that can be used for construction products (e.g., aggregate for 

road beds, building blocks, replacements for aggregate in concrete, ceramic tiles), char and 

pyrolysis oil (e.g., energy, petrol substitute, feedstock recycling from oils), synthesis gas (e.g., 

energy, petrochemical pre-cursor feedstock, transportable fuels), and metals fraction (e.g., non-

ferrous alloy for refining). The energy created may be classified under renewable energy 

(Juniper, 2001).   

One of the most salient disadvantages of this technology is that it often suffers from a 

negative public perception. The public perceives it as being similar to incineration. Opponents 

claim that it undermines recycling and composting, it has toxic air emissions, and it requires 

carbon-based materials to work effectively. However, it is different than incineration because the 

waste is only partially oxidized, making the process much cleaner. It also can accept more types 

of waste, and it has more useable by-products. To adopt this technology, significant consumer 
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education needs to be invested to gain public support. Other potential disadvantages are that the 

ash by-product may contain toxic substances and heavy metals due to the lack of oxygen, and 

any by-product that cannot be used (e.g., ash) is typically landfilled. While this technology has 

been used for other processes, such as coal power plants, it is still at the development stage for 

use with solid waste. The experience is limited and mixed in the United States, as most 

gasification/pyrolysis facilities are located in European countries (Waste Technology, 2009).  

Plasma Arc Gasification (PAG) 

Plasma arc gasification (PAG) has received 

the most recent attention in the literature and media. 

Westinghouse Corporation and NASA developed 

PAG for the Apollo Space Program in the 1960s. It 

was first patented in the 1970s, but not used for 

municipal solid waste until the 1990s (Circeo, 2009). 

In the 1990s, Japan built three plasma arc plants.  

PAG is a modified gasification process that uses electronically generated plasma torches 

or plasma arcs to convert waste into gas and slag.13 Plasma can be found on the surface of the 

sun and in lightning, and plasma torches are capable of destroying any type of material except 

nuclear waste. PAG differs from gasification/pyrolysis in that the oxygen applied is strictly 

controlled so that the feedstock is not allowed to burn. Similar to pyrolysis, the materials break 

down into char and tar, but with plasma arc the temperatures are taken higher (up to 10,000 

degrees Fahrenheit), and the char breaks down into syngas, which is a blend of CO-H, carbon 

                                                            
13 Slag is a vitrified glass that has tightly bound molecular formations. It is a stable and safe product that can be used 
as aggregate in asphalt for roads and aggregate in concrete for bricks and architectural tiles.  

Eco Valley Utashinai
Plasma Arc Gasification Facility, Japan
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monoxide, and hydrogen. Due to the high temperatures, acid gasses and toxics are eliminated 

(Dodge, 2008).  

Feedstock inputs for PAG include biomass (agriculture, forests, grasses, algae), fossil 

fuels (coal, oil, tar-sands, petcoke), and waste (MSW, sewage sludge, hazardous waste, medical, 

tires). The inputs are gasified in a sealed air-controlled reactor 

where excessive temperatures from the plasma torches are 

applied. During this process, carbon-based materials are broken 

down into gasses. The gas is cleaned to the quality of natural gas, 

and the heat is recovered. The heat is recycled back into the 

system through steam and electricity. Finally, the gas can be converted into electricity, ethanol, 

hydrogen, national gas, or chemicals through turbines, engines, or boilers. The inorganic 

materials are melted to form slag (Dodge, 2008). When the molten stream is subjected to 

compressed air, the inorganic materials produce rock/plasma wool that can be used as insulation 

or for cleaning up oil spills. In addition, the process allows for a magnetized separator that 

captures coagulated metal that can be reused (Circeo, 2009).  

PAG has been compared to other thermal methods and was found to be the most 

environmentally ideal technology for processing waste (Leal-Quiros, 2004), eliminating landfills 

in the United States, decreasing greenhouse gases, and saving underground water (Pourali). Like 

gasification and pyrolysis, it reduces the dependence on landfills and the needed land space for 

treating waste. However, it has several advantages over gasification and pyrolysis. It is capable 

of handling a wider assortment of feedstock, and it has more value-added byproducts, such as 

recycled metals and plasma wool.  

Plasma Arc Torch
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The disadvantages are similar to gasification and pyrolysis. There is some public 

opposition with claims that it undermines recycling and composting, it is not proven 

commercially in the U.S., and it requires carbon-based materials to work effectively. It is also 

associated negatively with incineration, though, as shown in Appendix B, emissions from PAG 

are much lower than other technologies.  

Figure 6: Plasma Arc Gasification Process 
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Mechanical Biological Treatment (MBT) 

Mechanical biological treatment (MBT) has received little attention in the U.S. so far, but 

it is becoming increasingly popular in Europe. All of the ~70 MBT facilities in operation are in 

Europe, with two-thirds of them operating in Germany, Italy, and Spain. MBT is a combination 

of possible process elements rather than a single concept. It is an advanced non-thermal process 

that mechanically sorts waste into recyclables and biological treatment. In the mechanical stage 

the waste is shredded and the recyclable materials are removed. In the biological stage the waste 

is anaerobically digested or composted in an enclosed system. During the anaerobic digestion 

process, waste is fed into a vessel and heated. It breaks down microorganisms into biodegradable 
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materials, mostly used for waste water treatment. The process produces methane and carbon 

dioxide which can be used to create energy. If the composting process is used, the compost either 

goes through another step to remove more recyclables, or it can be sold to vendors or used as 

landfill cover (Juniper, 2005).  

Each combination of MBT has different advantages and disadvantages, and finding the 

most suitable method depends on the waste needs of individual communities. This makes it 

difficult to determine estimated capital and operating costs, as the processes vary significantly 

for different requirements. Reports claim that the capital costs are lower than other thermal 

processes (Waste Technology, 2009; Juniper, 2005), but it is not clear whether this applies to the 

U.S. or not, as evidenced in a recent MBT report 

for Hawaii County that estimated the capital 

cost at much higher rates (Gamble and 

Alexander, 2009). The most economically 

attractive option is for MBT combinations to 

include biogas production. Combining a 

gasification process decreases the revenues and increases the market and technological risks 

(Juniper, 2005). Other advantages of MBT are that it has much lower land requirements than 

landfilling. Additionally, it is a proven technology in most countries in Europe, has energy 

recovery potential, recovers recycling materials, and reduces the dependence on landfills.  

The disadvantages of MBT are that it often has odor emissions during the handling 

process. It does not eliminate the need for landfills because it can not treat the entire MSW 

stream. There are also issues with contamination of the final products that can result in marketing 

problems. Materials recovered are of lower quality and may receive lower market value than 

MBT Plant, Germany
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curbside recyclables, and the materials may need to be approved by animal by-products 

regulations (Waste Technology, 2009).  

Figure 7: MBT Process 
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Sustainability Assessment____________________________________________ 

The sustainability of the advanced solid waste technologies was assessed using the 

indicators identified by Bahia (2005) and Kijak and Moy (2004). The indicators were developed 

using a seven step process represented by questions that determine whether a technology meets 

the specific principle of sustainability. Since some data was unavailable, the data was 

categorized based on high, medium, and low levels of sustainability.  

Landfill Gas-to-Energy: While LFGTE ranks relatively low on the sustainability scale 

for several reasons. The futurity of LGE is low due to the continued dependence on landfills. It 

may even counteract efforts to reduce waste because people believe that they are producing 

energy when they dispose of waste, which may indirectly encourage the development of more 

landfills. While LFGTE facilities can produce energy for 20-30 years after the landfill is closed, 

the use of the facility ends at that point. It does not conserve green space, as landfills require 172 

acres of land space on average. Public participation of this technology is controversial. Some 

environmental groups are avidly against this technology (e.g., Sierra Club14), while others avidly 

support it (e.g., Clean Energy Alliance). From an equity standpoint, LFGTE does slightly better 

than landfills because it is capturing the air emissions; however, environmental justice issues 

may still be present depending on the location of the landfill.  

Given its low sustainability in four out of the five rankings, LFGTE ranks high in terms 

of economic viability. It provides a low cost method compared to other advanced technologies 

for generating renewable energy that would otherwise be released into the environment. The 

capital and operating costs are relatively low and do not affect the consumer through increased 

tipping fees (see Appendix C). In addition, it has the ability to capture methane from closed and 

                                                            
14 http://www.sierraclub.org/policy/conservation/landfill-gas.pdf  
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active landfills that would otherwise be emitted into the atmosphere and pose a threat to public 

health and climate change, and it can generate about three megawatts of energy per hour, 

powering homes and businesses (see Appendix D). Overall, LFGTE ranks higher than traditional 

technologies at meeting the principles of sustainable development, but lower than other advanced 

technologies discussed below (see Table 1 and Appendix E).  

Table 1: Landfill Gas-to-Energy and Sustainable Development Principles 

Technology Principle Indicators Sustainability 
Reduction to landfill Low 
Recycling rate Low Futurity 
Composting rate Low 

Equity 

Impact on visual, odor, 
noise, traffic, public 
health, property value, 
stigma by nearby 
community 

Med 

Public Participation Public support Med 
Decrease in emissions Med 
Decrease in leachate Low Environment Renewable energy 
potential High 

Capital costs High 
Operating costs High 
Revenue potential Medium 

Landfill Gas-to-
Energy 

Economic 

Tipping fee High 
 

Gasification and Pyrolysis: This technology has a wide range of waste disposal capacity 

(30,000 to 500,000 tons per year). Depending on the size of the facility, it requires minor land 

space compared to landfills, and is much more effective than incineration at meeting 

environmental standards in that it displaces fossil fuels, and creates renewable energy, and has 

low emissions. Economically, these systems vary in cost depending on the capacity. The average 

start-up cost for a new facility is approximately $65 million, and annual operating costs are about 

$7 million. It has significant potential revenue that could be generated from recovered products, 

such as energy, pyrolysis oil, and ash that could be sold to build roads and as an aggregate in 

concrete. With regard to equity, gasification and pyrolysis rank higher than landfills or 
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incineration due to lower air emissions, odors, and land space, and it does not disproportionately 

affect some populations more than others. Overall, gasification does much better than traditional 

technologies at achieving the principles of sustainability, and is comparable to the other 

advanced technologies discussed below (see Table 2 and Appendix E).  

Table 2: Gasification/Pyrolysis and Sustainable Development Principles 

Technology Principle Indicators Sustainability 
Reduction to landfill High 
Recycling rate Low Futurity 
Composting rate Low 

Equity 

Impact on visual, odor, 
noise, traffic, public 
health, property value, 
stigma by nearby 
community 

High 

Public Participation Public support Med 
Decrease in emissions High 
Decrease in leachate High Environment Renewable energy 
potential High 

Capital costs Low 
Operating costs Low 
Revenue potential High 

Landfill Gas-to-
Energy 

Economic 

Tipping fee Low 
 

Plasma Arc Gasification: While this technology requires a small amount of land space to 

build the facility, it does not require the use of a landfill, and it does not continually need 

additional capacity. It can continue processing waste on the same amount of land space (average 

5 acres) for many years. It has exceptionally low rates of emissions compared to landfills, and 

there is not a potential risk of leachate. In addition, it can produce more energy per ton than the 

other waste technologies reviewed. From an equity perspective, the technology can serve all 

populations. The location should not disproportionately affect different populations 

environmentally or in public health, except with potential traffic from in- and out-going waste 

vehicles. The tipping fees are slightly higher than landfills, which could potentially affect 
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different SES populations, but the environmental benefits far outweigh the costs. Public 

participation has been at the forefront of this technology and multiple stakeholders have been 

involved in the United States. Because they have only been employed in Japan, the public is still 

wary of PAG and has reacted with opposition in many situations.15 Numerous coalitions are 

involved in support of plasma arc (i.e. Alliance for Clean Energy) and many are opposed (i.e., 

Sierra Club).  

It is estimated that the start up cost for a plasma plant average $90 million, and annual 

operating costs are about $6.6 million (see Appendix C). This technology has the highest costs 

involved, but it also has the highest potential revenue stream. It is estimated that the by-products 

can produce revenue streams from the metals captured (~$100/ton), slag (~$40/ton), plasma 

wool ($300/ton), electricity (~45/day), tipping fee (~$40/tons). Depending on the size of the 

plant, it requires an average of 40 employees with high technical skills (Circeo, 2009). Overall, 

plasma arc gasification ranks relatively high at meeting the principles of sustainability and above 

the other technologies discussed thus far (see Table 3 and Appendix E).  

 

 

 

 

 

 

 

 

                                                            
15 A proposed plasma gasification facility in Sacramento, California is resulted in significant controversies and 
progress was put on hold until further resolution (Gasification News, 2008).  
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Table 3: Plasma Arc Gasification and Sustainable Development Principles 

Technology Principle Indicator(s) Sustainability 
Reduction to landfill High 
Recycling rate Med Futurity 
Composting rate Low 

Equity 

Impact on visual, odor, 
noise, traffic, public 
health, property value, 
stigma by nearby 
community 

High 

Public Participation Public support Med 
Decrease in emissions High 
Decrease in leachate High Environment Renewable energy 
potential High 

Capital costs Low 
Operating costs Low 
Revenue potential High 

Landfill Gas-to-
Energy 

Economic 

Tipping fee Low 
 

Mechanical Biological Treatment: This technology is primary utilized in Europe, and 

one of the reasons for its popularity is that it has better acceptance by the public. Since the 

primary goal of MBT is to recover as many materials as possible, it has a positive perception and 

has been supported by many environmental groups in Europe. It is estimated that MBT decreases 

the disposal rate to landfills by 10%-40%. MBT requires an average of 30 employees with 

medium range technical skills to process the waste. The estimated costs of MBT vary widely 

depending on the combination of systems employed,16 and the recyclables, compost, and energy 

that result from the process can be sold for profit (see Table 4 and Appendix E). 

While MBT only requires a small amount of land space to build the facility, it does 

require another means for disposing of the waste that can not be recovered from anaerobic 

                                                            
16 The recycled products that result from the process are lower in quality and therefore receive less profit. European 
facilities appear to range from $5 million to $50 million, though the proposal for an MBT facility in Hawaii was 
estimated at about $97 million.  
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digestion or recycling. In some facilities, there is a gasification system for the remaining wastes, 

which eliminates the need for a landfill and is considered the most economical; however, most 

MBT facilities focus on reducing landfill disposal rather than eliminating landfills altogether. 

One of the primary complaints about MBT facilities is the odor. Depending on the location, 

nearby residents could be more affected by the odors from the facility. Furthermore, tipping fees 

are estimated at much higher rates than the other technologies, which could negatively affect 

lower SES populations.17  

Table 4: Mechanical Biological Treatment and Sustainable Development Principles 

Technology Principle Indicator(s) Sustainability 
Reduction to landfill Med 
Recycling rate High Futurity 
Composting rate High 

Equity 

Impact on visual, odor, 
noise, traffic, public 
health, property value, 
stigma by nearby 
community 

Med 

Public Participation Public support High 
Decrease in emissions Med 
Decrease in leachate Med Environment Renewable energy 
potential High 

Capital costs Med 
Operating costs Med 
Revenue potential Med 

Landfill Gas-to-
Energy 

Economic 

Tipping fee Low 
 

 

                                                            
17 The estimated tipping fee in Appendix C was collected from a Hawaii MBT proposal (Gamble and Alexander, 
2009), and Hawaii has higher tipping fees in general than the rest of the country.  



 
     

_____________________________________________________________________________________ 
Page 41 of 60 

DeKalb County, Georgia18_______________________________________ 

DeKalb County is one of the biggest counties in the state for processing solid waste. The 

sanitation division employs around 740 employees. The County’s landfill permitted area for 

solid waste activities is 785 acres with an additional 365 acres for additional buffering and 

borrow soil resources. The Landfill accepts approximately 2000 tons of solid waste per day, 

which includes MSW, construction and demolition, green waste,19 and the Community 

Recycling Center. The green waste that is collected is processed into compost, which is available 

to the public for free, and compost and mulch is sold to third parties. The County also has an 

extensive recycling collection system and offers electronics and metals recycling at the landfill 

site. 

Unlike many counties in Georgia, all solid waste is publicly managed in DeKalb. In the 

1990s, Dekalb received numerous violations from the Georgia Environmental Protection 

Division (EPD, 2009b). However, by the late 1990s, the County began to turn things around. 

They began exploring solutions to the landfill gas problem. In 2000, the County built a Gas 

Collection and Control System (GCCS) to capture the gas and destroy it. The GCCS took just 

over a year to complete and cost 1.5 million to build. The system was funded by the Sanitation 

Enterprise within the County.20 After the system was built, a work session was held with the 

Board of Commissioners to determine alternative approaches for utilizing the gas. The Sanitation 

Division conducted background research on various options and began partnering with the EPA 

Landfill Methane Outreach Program. The County responded to an RFP from Georgia Power in 

2004 to produce and sell electricity made from a renewable resource. Georgia Power awarded 

                                                            
18 The information for this section was collected from on-site observations, tours, and interviews.  
19 Yard debris 
20 The Sanitation Enterprise is a Dekalb County agency that is funded by user fees.  
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the contract to DeKalb County. The new facility was contracted to produces a minimum of 

22,500 megawatts for Georgia Power annually.  

Prior to the building of the facility, the County faced some opposition from advocacy 

groups in South DeKalb County. The County held public hearings with the Board of 

Commissions to obtain public feedback and provide information about the proposed facility. The 

primary concerns raised were about emissions from the facility and dissatisfaction with landfills 

in general.21 Landfill gas-to-energy (LFGTE) is often associated with Waste-to-Energy (WTE) or 

the incineration of garbage, but this is a false assumption, as the two technologies are completely 

different. Once the technical knowledge about LFGTE was communicated to the advocacy 

groups, the County was able to proceed with the construction of the facility.  

In March of 2006, a private contractor was hired, and they began building the facility. 

The new facility was completed in only seven months. Two 

reciprocating engines were installed that burn the methane 

and other landfill gasses at 1100-1200 degrees Fahrenheit. 

The moisture is removed from the gas in leachate tanks that 

is sent to a waste water treatment plant. An electric line is 

connected to a sub station 1.5 miles away. The energy goes to the sub station and then on to 

residential homes. 

The LFGTE facility produces 3.2 megawatts per hour, enough electricity to power 

approximately 3,000 homes. The capital cost for the facility was $5M, and the current annual 

operating costs average about $360,000. The average revenue, generated through electricity 

sales, is about $1.2 million per year. The cost of the new facility were not transferred the public, 

                                                            
21 By the late 1990s, 30% of waste in Georgia was buried in South Dekalb County.  
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as the tipping fee remained the same.22 The Sanitation Division informed the Board of 

Commissioners that the facility would have a five year return on investment, and they are 

currently on track to have a complete financial payback in less than five years.  

The County has authorized the facility to research the possibility of using additional 

landfill gas to convert into vehicle fuels. When the carbon dioxide is removed from the landfill 

gas, the methane is converted into compressed natural gas that can be used as transportation fuel 

in place of petroleum.23  The County estimates that the landfill gas could produce approximately 

4,700 gal of compressed transportation fuel per day that could operate as many as 100 solid 

waste collection vehicles.  

While the State of Georgia is relatively behind the rest of the country in working toward 

more sustainable solid waste management practices, DeKalb County has been one of the 

frontrunners. Achieving 100% sustainability is not an easy task, and Georgia is well behind the 

“green” curve. However, DeKalb County has actively worked toward a greener future. Their 

progressive strategy toward achieving a more sustainable future for Georgia has been 

noteworthy, as they were awarded EPA’s Landfill Methane Outreach Program’s Partner of the 

Year in 2006.  

                                                            
22 The tipping fee is currently $33/ton and has not changed since 2001.  
23 The primary element in natural gas is methane gas 
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Toombs County, Georgia_____________________________________________ 

Georgia Power recently signed a 10-year contract with America’s Waste to Energy 

Corporation and Georgia Waste to Energy Toombs, LLC to collect electricity from a waste 

gasification facility in Toombs County.24 Capital costs for this facility are expected to be about 

$34 million. The facility currently under construction is expected to create 30 new “green” jobs 

and produce 24 megawatts per hour of renewable energy that will power about 6,000 homes25 

(Business Wire, 2009).  

The system is homogenous and can accept most kinds of waste, including MSW, sewage 

water, tires, and hazardous wastes. The technology employed will be a combination of 

gasification and pyrolysis in a 

process called Biosphere. The 

Biosphere process includes 

several stages. The waste is 

collected, brought to the facility, 

and then forced through a 

Biosphere densifier that goes through three stages of gasification (i.e., gasifier). The densifier 

produces inert ash, which can be recycled into concrete and syngas. The syngas is sent to a steam 

boiler that produces energy at 8 megawatts per hour. The water that is used as a circulating 

coolant is distilled by evaporation and condensation, and can be collected as grey water (AW2E, 

2009). This will be the first MSW gasification/pyrolysis system to be employed in Georgia and 

the first Biosphere system in the United States.  

                                                            
24 This WTE project is called a Biosphere process.  It is similar to gasification and pyrolysis but has slightly 
different element. For more information see: http://www.aw2e.com/  
25 This data refers to the second stage of the project. The first stage of the project is expected to employ 10 people 
and produce 8 megawatts per hour (AW2E, 2009).   

Toombs County Facility Building
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Conclusions________________________________________________________ 

Sustainable solid waste management is not an easy task, but finding solutions to the 

waste situation are paramount to the future of Georgia, the U.S., and the rest of the world. As the 

amount of waste continues to increase, the number and size of landfills is also increasing. Only 

recently has the U.S. started exploring incentives for renewable energy from MSW.  

There are thousands of closed and active landfills around the country emitting methane 

into the environment and posing threats to public health. Of the technologies reviewed, landfill 

gas-to-energy is by far the most economical for controlling methane emissions and producing a 

reliable energy source. Capital and operating costs are relatively low, it has real revenue potential 

through the sale of energy, and resources to assist with funding are available at the state and 

national level. Until more technologies are in operation, this technology provides the best 

solution for generating renewable energy from the already-established landfills and giving back 

to society in a positive way.   

Gasification and pyrolysis are the second most utilized advanced solid waste 

management technologies for MSW. These processes are not as economical as LFGTE, but they 

virtually eliminate the need for landfills. They range in price depending on the size and capacity 

and have been employed more extensively outside of the U.S. They are gaining more popularity 

in the U.S. and definitely provide an alternative to landfills that is better for the environment and 

futurity.  

Plasma arc gasification does the best job of meeting sustainability measures, but the 

economical aspects are still uncertain. Several proposed and initiated projects have failed26 due 

to the costs involved, its high technical requirements, public opposition, and that it is not 

                                                            
26 Gasification news (2008) highlights the issues associated with a proposed plasma plant in Sacramento and a large 
plasma project in St. Lucie, Florida was recently put on hold. 
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commercially proven in the U.S. However, this technology has a lot of potential for generating 

revenue from the by-products, which makes it well worth testing in the U.S.  

Perhaps the least recognized technology in the U.S. is mechanical biological treatment, 

though it is becoming increasingly popular in Europe. There appears to be a great deal of public 

support for MBT due to its ability to decrease landfill use and recover significant amounts of 

resources. The economics of MBT still need to be further defined, as costs in Europe appear to 

be much lower than the economic costs in the U.S.27 However, this technology definitely comes 

close to meeting most of the sustainability measures, and serious consideration should be given 

to employing these facilities in the U.S.  

Each advanced solid waste technology has both positive and negative aspects. While they 

are all superior to landfills, and some are better than others at meeting individual principles of 

sustainability, none of them provide a “one size fits all” method. Each technology provides a 

viable method for managing waste in conjunction with other methods. Each community, county, 

and state must evaluate individual needs and determine the technology that provides the best fit. 

The most ideal solution is to adopt an integrated waste management strategy that provides a 

combination of recycling and composting, along with an energy generating technology, to handle 

the remaining waste. The bottom line is to focus on the 3R approach: reduce, reuse, and recycle 

(Anderson & Burnham, 1992). The technologies reviewed provide more sustainable solutions to 

progress toward this goal.   

 

 

 

                                                            
27 See Gamble & Alexander (2009) 
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Recommendations for Georgia________________________________________ 

Georgia has more landfills than most other states and has one of the lowest recycling 

rates in the country. Policies that promote the reduction of waste are virtually non-existent in 

Georgia. The seriousness of the waste problem is not to be underestimated. Georgia must begin 

establishing other waste management technologies to catch up with the rest of the U.S. and other 

developed countries in terms of sustainability.   

Policy is one of the primary ways that Georgia can begin working toward a more 

sustainable future. Federal policy is already taking steps toward greater sustainability. The 

proposed Markey-Waxman bill, “The American Clean Energy and Security Act of 2009,” 

documents several areas that promote renewable and thermal energy and reduce greenhouse 

gases (U.S. House of Representatives, 2009).  

These policies will inevitably affect Georgia, but Georgia can also take a proactive 

approach toward greater sustainability. First, there are not any mandatory state laws for recycling 

or composting. Counties do not have any pressure from the state to provide recycling facilities, 

and the small amount that is recycled is not typically enforced. In California, both recycling and 

composting are required and, as a result, the state hopes to decrease its landfill disposal rate to 

only 10% (Cote, 2009). Second, Georgia could provide funding assistance for communities to 

develop and test newer technologies and provide incentives for producing renewable energy 

from waste. Third, since permitting is one of the primary barriers faced for implementing new 

technologies, Georgia could provide assistance with regulation permits to companies and 

communities.28 Finally, landfill contracts typically range from ten to twenty years. These long-

term contracts make it difficult to plan for and implement new technologies (Economist, 2009). 

                                                            
28 11 permits from the EPA are required for a plasma arc waste gasification facility.  
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Georgia certainly has a long way to go in achieving sustainable waste management, but by 

adopting new policy strategies, Georgia can become a leader rather than a follower and make 

sustainability a reality rather than a dream.  

 



 
     

_____________________________________________________________________________________ 
Page 49 of 60 

Appendix A: Georgia Landfill Map 
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Appendix B: Emissions Comparison Graphs 
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Appendix C: Advanced Solid Waste Technology Summary29 
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29 EPA (2009), DeKalb County (2009), Juniper (2001), AW2E (2009), Circeo (2009), Dodge (2008),  Gamble & 
Alexander (2009), Waste Technology (2009) 
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Appendix D: Sustainability Summary 
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