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ABSTRACT 

 
  

As new technology becomes available, consumers are likely to dispose of old equipment 

in favor the most upgraded electronics. It becomes increasingly difficult to manage electronic 

solid and hazardous waste when the lifespan of such devices is decreasing. In the computer 

industry, new technology demands that we upgrade software and eventually hardware on a 

consistent basis to avoid malfunction. Of particular concern are computer monitors, which 

contain 4-8 pounds of lead in the cathode ray tube. According to a study completed by Townsend 

et al, cathode ray tubes from televisions and computer monitors exceed the 5 mg/L leaching limit 

as set forth in the Environmental Protection Agency’s Toxicity Characteristic Leaching 

Procedure. The cathode ray tubes from these devices leached over 18 mg/L of lead. (1999) In the 

state of Florida most counties recycle computer monitors such that these toxic machines will not 

end up in the landfill where there is a potential for groundwater leaching. The cost for processing 

computer monitors is a burden to the landfill; therefore, this research minimized cost to the 

landfill through a linear programming approach using Microsoft Excel Solver. Using this 

program, an advanced disposal fee was imposed to residents within the state of Florida to 

alleviate the cost burden from the local governments. After using various scenarios to impose 

these fees, it was determined that the advanced disposal fee could be a partial solution to the 

funding issues for the counties. It does indeed assist counties in keeping these hazardous 

computer monitors out of the landfill and lower costs for processing these items with various 

recycling facilities.  
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CHAPTER 1 

INTRODUCTION 

 

With the increased use of technology, people find themselves more engaged in 

purchasing what seems to be mandatory electronic equipment. Computers have become a 

necessity as they are used for personal, educational and business related functions. Televisions 

and computers can be found in nearly every household in the United States. According to the  

United States Census Bureau, 62% of Americans owned one or more computer in 2003. This 

was an increase from 56% in 2001 and 8% in 1984 (Day, et al. 2005). Additionally in 2001, 

98.2% of homes had at least one television, which is up from 87% in 1960. The average number 

of televisions per home was 2.4 in 2001 (US Census 2005). High definition televisions are 

rapidly replacing the standard definition television. The discovery of new technologies and the 

opportunity for “upgrades” have shortened the average functional lifespan of a computer to 3-4 

years (Oregon DEQ, 2005). The video displays of most new electronic devices are liquid crystal 

displays (LCDs) rather than cathode ray tubes (CRT). CRTs are quickly becoming obsolete in 

developed countries and are a major component in the electronic and hazardous waste stream. 

 (FL Discussion Paper 1999) CRTs can range in weight from 8 to 70 pounds depending on the 

size of the display (Townsend et al, 1999); however, after a collection event by Secure 

Environment and Recycling it was determined that the average residential computer monitor was 

27.2 pounds (Dann, 1999). They may contain as much as 4 to 8 pounds of lead (Kiuchi et al, 

2001). The amount of lead contained within CRTs necessitates proper management and disposal 

of computer monitors and televisions. However, due to shear volume, CRT disposal could pose a 

growing environmental problem. The National Safety Council predicted that 315 million 

computers could be disposed of in landfills by 2004, which results in 4 billion pounds of plastic, 

1 billion pounds of lead, 2 million pounds of cadmium and 400,000 pounds of mercury in the 

waste stream (1999). 

Currently the optimal disposal methods and hazardous waste requirements for cathode 

ray tubes are ambiguous. According to the Environmental Protection Agency, if the CRT is 

being transported and intact it is not considered a hazardous waste (US EPA, 2002). The same 

applied if the CRT is broken but in an appropriate container. CRT’s are considered waste if they 
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are processed by a recycler that is not specifically a CRT glass manufacturer or lead smelter (US 

EPA 2002). A comprehensive environmental systems analysis is necessary to determine the most 

favorable disposal methods for computer monitors and televisions based on a variety of factors. 

Such an analysis will also be used to determine if the current disposal methods in the United 

Sates for CRTs pose significant threats to the environment. Overall, the scope of this research is 

to recommend various methods to handle CRTs based on environmental systems analysis of 

different scenarios. The objectives of this study are to: 

1. Develop a model of CRT waste management 

2. Complete an environmental systems analysis of CRT waste disposal 

3. Recommend optimal CRT waste management options based on the results of the 

systems analysis 

Because lead is considered a hazardous waste, it is particularly important to determine whether 

electronic waste generation in the United States is managed in the most environmentally efficient 

manner. In this study, the environmental systems analysis gives a concrete perspective on 

optimal disposal practices for CRTs. The systems analysis model was built to follow electronic 

waste, specifically CRTs from computer monitors which flow from residents to recycling. The 

model accounted for several factors including residential disposal cost, capacity constraints, and 

elimination of nodes within the disposal network. Due to this research, potential solutions to 

CRT management were identified through the systems analysis. It took into account various 

decision variables and constraints to minimize expenses to the landfill, which is the objective 

function.  

 In order to complete an assessment of CRT disposal, data was collected from a variety of 

sources such as surveys, recyclers, landfill operators, and other applicable sources. All 

information collected is relevant to the state of Florida and represents disposal habits of its 

residents. Using this information assisted in the development of a disposal network with relevant 

nodes to model the flow of computer monitors within the state of Florida. After constructing a 

sample model and determining its inaccuracies, the model was refined to fit the specifications of 

this research.  

 Since this environmental system analysis is conducted using Excel Solver, it allows 

uncomplicated repeatability. While this particular analysis is general because it is representative 

of the state of Florida, the completed study permits local governments to repeat and using their 
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specific data and determine an appropriate recycling fee to residents that would minimize costs 

to landfills. Local governments, agencies and other interested stakeholders can use the data and 

recommendations in this report to determine the method of CRT disposal that best suits their 

needs. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Cathode Ray Tube Basics 

Most televisions and computer monitors utilize Cathode Ray Tubes (CRTs) as display 

devices. CRTs are an important component of consumer electronics because they emit electronic 

impulses towards a phosphor that in turn presents the image seen on the screen (Figure 2.1). 

With the advent of liquid crystal displays and plasma displays, the use of CRTs is becoming 

obsolete in the modern world. In addition, computers may lose 80% of their initial value the first 

year (Goldberg 1998). This is becoming increasingly evident because CRTs are projected to 

make up 30% of lead (Pb) discards. If the lead acid battery were removed from the waste stream, 

CRTs could make up 80%. While they only account for 1/3 of the electronics tonnage, the lead 

from CRTs represents about 80% of the toxic metals in discarded electronics. These tubes range 

in weight from 8 to 70 lbs depending on the size of the television or computer monitor 

(Townsend et al., 1999) The Environmental Protection Agency has indicated that CRTs removed 

from color televisions and computer monitor housings are a hazardous waste (code D008) due to 

the toxicity characteristic for lead as specified in 40 CF 261.24 (Townsend et al., 1999). CRT 

glass is used as a fluxing agent at lead smelters, replacing sand and silica. The Doe Run 

Company estimates the capacity for CRT glass at approximately 8000 tons per year (Dillon 

1998). 

 

 

                   Figure 2.1: Components of Cathode Ray Tube [Source: Price, J. 1999] 



5 

Environmental Effects of CRTs 

Cathode ray tubes are a major environmental concern because of the fact that disposal in 

landfills could increase the concentration of heavy metals in landfill leachate. CRT lead 

emissions are inclusive of lead that may leach into landfills, lead emissions from lead smelters 

and the industrial facilities involved in manufacturer of CRT glass. (Caudill et al. 2005) Landfill 

leachate does not have nearly the same potential for atmospheric emissions as lead emissions 

from the incineration of used CRTs. The latter has more emissions per ton (McKenna et al. 

1996); however, the primary concern is the possibility of lead leaching into the groundwater. 

While waste to energy (WTE) facilities may seem like a viable option for CRTs, the heavy 

metals become concentrated in ash. Because of this concentration of heavy metals, the disposal 

and reuse options for ash become limited (Townsend et al. 1999). Through a study conducted by 

Townsend et al., (1999), it was determined that glass from color CRTs surpasses the leaching 

limit of 5.0 mg/L with an average CRT Toxicity Characteristic Leaching Procedure lead 

concentration of 18.5 mg/L. The Toxicity Characteristic Leaching Procedure is a laboratory test 

designed to simulate leaching conditions in a landfill (Kimmell 1999); however, CRTs in the 

Townsend et al. (1999) In this study, they collected a variety of televisions and computer 

monitors to determine which portion of the cathode ray tube leached the most lead.  

It is important to mention that in this same report Townsend et al notes that the TCLP 

does not represent true disposal conditions for CRTs in the landfill. study were crushed to 4.5-9.5 

m and less then 5m. In addition, leaching is more likely to occur at low pH levels with minimum 

leaching occurring around values of 9 and 10. The disposal of CRTs may represent spacing 

issues and the leaching observed in the Townsend et al study represents decomposition of the 

equipment over a 20-year period. (MACREDO 2000) The frit seal contains the majority of the 

lead in the CRT. The lead is ground in a suspended glass matrix solution and is located between 

the funnel, face and panel. Townsend et al. (1999) recommends that color CRTs be included in 

the Universal Waste Rule because they exceed the hazardous waste characteristic level as 

defined by the TCLP. Inclusion in this rule would govern the collection and management of 

CRTs just as disposal of batteries and mercury containing equipment must follow certain 

regulations (Townsend et al. 1999). 

With the growing concern about CRT disposal from computers, Macauley et al. (2002) 

conducted a study to address the tension mounting from lead embedded in the computer CRTs. 
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More specifically the focus of this paper is limited to the costs of environmental and health 

effects associated with disposal of CRTs contained in computer monitors. Even if CRTs may not 

decompose in the landfill to the point of leaching lead into groundwater, it is important to 

mention that ash from CRT incineration is also disposed of in the landfill, which is susceptible to 

leach groundwater leaching (2002). 

Health Effects of CRTs 

Exposure to lead is the primary concern of CRT handling and disposal. Lead exposure 

may cause moderate to severe health effects especially in children. Lead can cause damage to the 

nervous system, behavioral problems, reproductive issues, and increased chance of miscarriage, 

headaches and many more illnesses (US EPA 2004). 

 Occupational safety and health risks are likely to occur at CRT demanufacturing and 

recycling operations. There is potential for workers to suffer increased exposure to lead during 

the processing, ergonomic safety concerns due to heavy lifting and hearing loss because of the 

loud noise of heavy equipment. In 1999, Cascade Asset Management, LLC, an electronics 

recovery firm, conducted a study of its facility to discover any occupational and health risks 

associated with its electronic demanufacturing and CRT glass processing operations. They tested 

noise levels in work areas with heavy machinery, evaluated ergonomics, as well as, training and 

safety information. In addition, Cascade contracted outside testing laboratories to assess CRT 

processing area air, wipe samples of exposed areas and used the Occupational Safety and Health 

Administration (OSHA) Consultation Program for advice on reducing contamination in any 

affected areas. OSHA sets limits for airborne contamination but not for surface contamination. 

The latter can pose a risk as well because of its potential to settle in non-working areas through 

human transportation or become airborne through other mediums. The study indicated that there 

was an influx of lead in areas such as the break room and washroom. These are areas of concern 

because there is more exposure to pathways for entrance into the body. While the concentration 

of lead was minimal, chances are it could increase over time due to accumulation. Cascade Asset 

Management, LLC recommends that companies involved in similar operations utilize the OSHA 

Consultation Program as a mechanism to monitor hazards in the workplace and implement 

procedures to minimize these hazards (Peters- Michaud et al. 2003).  
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Cathode Ray Tubes Policies and Management 

 Federal regulations are not strict regarding disposal of computer monitors by residents 

and conditional exempt small quantity generators (CESQG). CESQG’s are non-residential 

generators who produce less than 100 kg of computer monitor waste a month. (US EPA 2004) 

Instead of making CRTs a part of the Universal Waste Rule, the EPA decided to make a CRT 

rule. They rationalized that the Universal Waste rule has a specific framework but that there 

should be a rule specifically tailored to cathode ray tubes (Goode 2004). The CRT rule details 

who is regulated and who is not under specific conditions. There are no regulations for 

households and CESQGs as well as users who plan to send CRTs for reuse or repairs. Used and 

broken CRTs that are sent for recycling, glass processors and processed glass are regulated with 

streamlined requirements. Any entity that disposes of CRTs and is not a household or CESQG is 

regulated under full Subtitle C of the Universal Waste Rule (Goode 2004). The Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) (42USC9601) speaks to 

the issue of future responsibility for past contamination by commercial generators (US Code 

Online 2005). Commercial generators of hazardous waste such as computer monitors can be held 

accountable in the future if contamination of previously used sites is discovered. In accordance 

with the Resource Conversation and Recovery Act (RCRA) subtitle C, large commercial and 

industrial generators of used Cathode Ray Tubes must dispose of electronic equipment at a 

hazardous waste facility. Small commercial generators and households are exempt from this rule 

unless the particular jurisdiction has a ban that restricts landfilling and incineration of CRTs 

(Macauley et al. 2002). Macauley’s approach is to discuss the purchase and scrappage decisions 

of customers and secondly to use the Computer Monitor Policy Simulation to determine what 

happens to residential and non-residential monitors in the United States. The research presents 

various disposal options for consumers based on the costs of the options and their environmental 

impact. The desired outcome of the policy controls the cost effectiveness, which causes 

differences in the costs of the policy. The policy restrictions encourage recycling while subsidies 

for reuse are a more cost effective way to increase recycling than a disposal ban. Macauley et al. 

(2002) finally concludes that the costs of the policies exceed the value of the avoided health 

effects of CRT disposal. 

At an EPA electronics workshop in September of 2003, Raoul Clarke of the Florida 

Department of Environmental Protection presented that Florida is determined to manage its 
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electronic recycling by streamlining regulations, promoting a recycling infrastructure, providing 

county funding and cultivating partnerships with manufacturers and retailers as well as non-

profits (Clarke 2002). At the Leon County landfill in Tallahassee, Florida, electronics are not 

banned as a commodity but they are indirectly banned because there are no disposal options for 

them. The county has reclamation activities and had a one year partnership with Goodwill to 

figure out if it the charity would be a good place to claim and recycle electronics. Currently, the 

landfill charges businesses $75 per ton tip fee and residents are free to dispose of computer 

monitors. All of their electronic waste is passed to Creative Recycling Systems for disposal 

(Paul, 2004). According to Adam Schlachter at the landfill, the landfill paid out over $100,000 to 

dispose of their electronic waste in the past year. He noted that Leon County pays $3.00 per 

computer monitor to the recycling contractor for regular disposal but that collection events range 

from $13.00-14.00 per monitor. 

In a conversation with Ray Moreau at the Southern Waste Information Exchange, he 

presented several disposal options for residents to use in disposing of their electronic waste. 

These options are local government locations, landfills, special collection events, retail 

electronics collection, and donation centers (Moreau, 2005).  

The United States electronic waste stream is increasing rapidly without strict federal 

regulations to minimize the amount of waste and cost for disposal. Due to this increasing 

problem, the National Electronic Product Stewardship Initiative (NEPSI) was formed to bring 

stakeholders together to develop solutions to manage electronic products. In this context, 

stakeholders refer to federal, state and local governments, manufacturers, retailers, recyclers and 

environmental groups. There was much disagreement amongst parties regarding financing of the 

system. On February 10, 2004, a compromise resolution was reached between all parties that 

committed electronics manufacturers to develop a sustainable financing system that would 

relieve the burden from state and local governments (NESPI 2004). 

European nations insist upon product stewardship, which encourages manufacturers to be 

responsible for the environmental and health effects of consumer products throughout its 

lifecycle design to disposal. Because the electronic waste stream in Europe was growing three 

times faster than any other waste stream in Europe the Waste Electrical and Electronic 

Equipment (WEEE) directive passed in 2003 by the European Parliament, discourages the 

disposal of electronics in landfills and incinerators;  instead, it promotes reuse and recycling of 
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products. As of August 13, 2005, electronic product manufacturers had to find ways to achieve 

4kg per person per year electronic waste collection goal, design more stringent standards for 

disposal and meet specified recycling rates for recycling materials. Retailers also have to take 

one old product for each new product purchased. In addition to the WEEE directive, companies 

would have to adhere to the Restriction on Hazardous Substances (RoHS) that forbids the sale 

(after July 1, 2006) of equipment that contain mercury, lead, cadmium, hexavalent chromium 

and brominated flame-retardants. Lead in glass of CRTs is exempted from RoHS (PSI, 2003).  

On September 8, 2005, Gerald L. Davis, the Chairman and CEO of Goodwill Industries 

spoke before the United States House of Representatives Committee on Energy and Commerce, 

Subcommittee on Subcommittee on Environmental and Hazardous Materials at an oversight 

hearing on the Disposal of Electronic Waste. His testimony before this committee centered on 

the emerging problem of electronic waste management and the role of stakeholders such as the 

government, private and non-profit businesses. (Davis, 2005). 

Goodwill, which is one of the world’s largest non-profit charity centers, has over 54 

million donors. According to his testimony, during the past decade there has been an increasing 

number of computer drop offs. With mounting environmental concern, Goodwill has to be 

concerned with the effective disposal and recycling of these donations. At some Goodwill 

agencies, such as the one in Orange County, California e-waste represents 10-30% of donations. 

In Orange County, they receive 8,000 televisions and 280,000 lbs of monitors. Many Goodwill 

agencies prefer not to accept electronics but still receive them through their donation stream. In 

2004, Goodwill received 23 million lbs of used electronics. The charitable organization also 

participated with NEPSI but they were not able to reach a consensus. They also joined the 

Congressional E-waste working group a bi-partisan group consisting of members of the US 

House of Representatives and other stakeholders working together to discuss end of life 

management solutions that are beneficial to all stakeholders. According to the Goodwill CEO, 

thirty states introduced e-waste legislation in 2005 and in state legislatures 109 bills were 

introduced with 12 enacted and 84 carrying over to 2006 (Davis, 2005). 

Many of the non-profit charities are forced to accept these electronic items and are left 

with a surplus. The agencies pay for safe disposal, which takes away from the centers fulfilling 

the mission of their organizations. Through pilot partnerships with private computer 

manufacturers, local governments and other organizations, Goodwill is really trying to pursue 
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avenues that would lead to a cost effective way to manage these electronics. To meet their 

revenue goals, environmental concerns and mission, Goodwill developed four innovative e-

cycling models:  

1. Retail- focuses on collecting, demanufacturing, refurbishing and reselling 

computer systems and components in a dedicated retail store. 

2. Client- integrated client technology training and workforce development 

programs into complete collection reuse and recycling 

3. Corporate- integrates corporate services into complete collection recycling and 

reuse 

4. Collaborative-utilizes partnerships and collaboration to address computer 

collection and recycling 

Goodwill chairperson suggests a shared responsibility approach with future policy. He states that 

the burden should be shifted from non-profits because the average landfill fee is $25. Lastly, he 

notes that Goodwill looks forward to the exploration and development of nationally based 

solutions that would support the infrastructure for recycling and reuse at the equipment 

manufacturer, individual and non-profit level (Davis 2005). 

In 2005, three pieces of legislation were introduced at a federal level regarding electronic 

waste. January 25, 2005, Representative Randy (Duke) Cunningham (CA-50) introduced H.R. 

320. H.R. 320 the Tax Incentives to Encourage Recycling (T.I.E.R.) Act of 2005 would amend 

the internal revenue code to allow manufacturers of certain computers, cell phones and television 

equipment a business tax credit for the disposal and recycling of such equipment. On this same 

date, it was referred to the House Committee on Ways and Means. That was the last action taken 

on H.R. 320. (Cunningham, 2005) 

Next, Representative Mike Thompson of California (CA-1) introduced the National 

Computer Recycling Act (H.R. 425) on January 26, 2005, which would establish a grant and fee 

program through the EPA to encourage and promote recycling of used computers and to promote 

the development of a national infrastructure for the recycling of used computers. The following 

are major prongs of this bill:  

• directs EPA to require assessment of a fee on the sale to an end user of any 

computer monitor or other electronic device 

• exempts non-profits from fee requirement 
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• fees collected go towards administration of the act and making grants available to 

eligible individual organizations 

The last action taken on this bill was its referral to the House Energy and Commerce 

Subcommittee on Environment and Hazardous Materials (Thompson, 2005). 

Lastly, on March 3, 2005 Senator Ron Wyden of Oregon introduced the Electronic Waste 

Recycling Promotion and Consumer Protection Act. S. 510, which is a bill to reduce and 

eliminate electronic waste through recycling. This bill would: 

• amend the IRS code to allow waste recyclers and individual consumers a tax 

credit for a discarded computer display screen system unit 

•  ban the disposal of electronic waste without recycling three years after the 

enactment of this act 

•  require the head of each federal executive agency to recycle electronic waste; 

and require the EPA administrator to study the feasibility of establishing a 

nationwide recycling program for electronic waste that pre-empts any state 

recycling programs. (Wyden, 2005) 

The last action on this bill was on March 3, 2005 when it was referred to the Senate 

Committee on finance. Representative Juanita Millender-McDonald (CA-37) introduced a 

similar bill in the House of Representatives on November 14, 2005 (HR 4316). HR 4316 was 

sent to the House Subcommittee on Environment and Hazardous Materials with no update 

currently available (Millender-McDonald, 2005). 

Analysis and Decision Support Tools of CRT Waste Management 

Macauley et al. (2002) presents several end of life options for discard in their research: 

storage, incineration, municipal solid waste, landfill, drop off center recycling, and hazardous 

waste processors. The Monte Carlo technique is used to predict how the population of obsolete 

monitors owned by consumers in each of these categories is allocated across the various ends of 

life options. The results of the Monte Carlo technique are used in the COMPs model to 

determine the private and social costs of each approach (Macauley et al. 2002).  

While most research focuses on disposal of CRTs via incineration or land filling there are 

other markets for end of life CRTs according to the “Potential Markets for CRTs and Plastics 

from Electronics Demanufacturing” These potential markets are reuse; closed loop glass to glass 

recycling; open loop glass to glass recycling; lead reutilization; glass aggregate and export. The 
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report concludes that the potential for reuse of CRT glass for refurbishment is unknown but can 

be used in the manufacturing of more CRT glass via closed loop glass-to-glass recycling. In 

terms of open loop glass to glass recycling this same study provides that utilizing CRT glass for 

decorative tile products is an option and using co-mingled CRT glass for x-ray shielding 

products are in the research and development phase. The market for the latter remains unknown 

but there may be a small market for industrial glass panels and lead smelting. In this report, it 

was realized that there is no desire to use CRT glass to make leaded glass crystal (Dillon 1998). 

 Caudill et al. (2005) developed an analytical approach to modeling for all electronics, 

which included a multi lifecycle assessment. The suggestion presented was that efforts to reduce 

the life cycle energy use of televisions and other CRT containing products such as computers 

should focus on operational energy use rather than manufacturing or end of life management. 

 One of the  Environmental Protection Agency’s initiatives, Design for the Environment 

computer display project studied the lifecycle environmental impacts of CRT and LCD desktop 

computer displays to generate data that would assist the display industry to make 

environmentally informed decisions while identifying areas for improvement. (Computer 

Display Industry Technology Profile, 1998) 

 A project conducted at Georgia Institute of Technology had a goal to develop a basic 

model for planning a coherent regional system for electronics recycling for the state of Georgia 

and to support the decision-making by maximizing the financial viability of the infrastructure. As 

a part of the methodology, the approach utilized a deterministic mixed integer- programming 

model (MIP). The representation of the MIP below is from Ammons et al. (2003) Figure 3.1: 

Maximize: Net Profit (Revenues-Operating and Fixed Costs) 

Subject to: Flow balances between sites 

       Based on material consumed and produced by the tasks at sites 

       Upper and lower bounds 

       On storage, transportation and processing of material at sites 

       Logical constraints on sites 

Such as the need to open a site before allowing tasks to be located there. This regional 

system was composed of local area collection sites, and a host of processors ranging from large 

and small firms to non-profit organizations. The project analyzed sixteen scenarios that took into 

account variables such as household participation rates, reusable electronics, and access to CRT 
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glass recyclers. From the solutions, the team was able to confirm a robust infrastructure design 

that worked well in each of the sixteen scenarios. Fortunately, the Georgia Computer Equipment 

Disposal and Recycling Council along with state agencies are using the analysis while the region 

continues to address the e-scrap reuse/ recycling issues (Ammons et al, 2003).  

Surveys 

Obtaining input from stakeholders is a crucial piece of the policy making process. As 

such, the Florida Department of Environmental Protection (FDEP) conducted a survey in 2000 to 

determine the best method of addressing the disposal practices of households in regards to 

electronic household waste. This survey found that Florida households were in possession of 

20.8 million TV’s and computers with cathode ray tubes with an estimated total lead content of 

117 million lbs. In 2000, 37% of respondents were aware of potential hazards, 15% were aware 

of the recycling facilities and 58% say they would pay nothing to recycle CRTs. The following 

are the results of the survey, which was conducted in 2003 by Kessler consulting (Kessler 

2003b). It is important to note that these surveys do note the demographics of participants such 

that future programs may be targeted at those subsets. Results of the 2003 survey found that 129 

million lbs of lead was ready for disposal from computer monitors and televisions. 67% of the 

6,337,929 households have at least one computer monitor. At an estimated 4 lbs of lead for the 

4,387, 466 monitors within households that is equivalent to 17 million lbs of lead ready for 

disposal. Less than 7% of households have ever purchased a used computer monitor while 3% 

report having a broken computer monitor in their home. In terms of storage, 61% have been 

stored for six months to a year and 35% have been in storage greater than a year. 61% of 

households with broken computers plan to dispose of the computer in the garbage. There are also 

7% of households that have working computers at home but not in use. Of this 7% of stored 

working computer monitors, 50% will continue to be stored at home, 23% are headed for the 

garbage, and 19% will be donated. In terms of computer monitor replacement, 40% replace their 

monitor within 5 years, 26% replace every year, and 34% do not know how often they replace 

their computer monitor. In the year prior to the survey (2002), 16% removed a computer from 

their household and of that number 55% gave away or donated it, 26% disposed of it, 18% sold 

it, and none of the respondents reported recycling their computer monitor.  

 Additionally, the survey also reported on other factors such as awareness of CRT 

recycling, price sensitivity, and price preference. In terms of awareness, 58% had no knowledge 
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of CRT lead content and the potential hazard to the environment, 81% were not aware of 

recycling companies for computers and televisions and 36% stated that they would prefer to 

recycle their equipment at a location that is closest to them. The majority of households do not 

want to pay for recycling their electronic equipment. As such, 64% said they would not pay for 

recycling, 20% said they would be willing to pay. Of that 20%, 9% would be willing to pay 

$5.00-$10.00, 4% would pay $10.00 or more. If law required payment for disposal of computer 

monitors, 43% would prefer to pay at the time of disposal; 19% would want the price included in 

the price of purchase without indicated it as a specific line item; 3% would actually like to see it 

as a line item at time of purchase and 34% have no preference. The results of this survey were 

used to build the model in the environmental systems analysis conducted in this research. 

(Kessler Consulting, 2003b). 

 Not only did the FDEP conduct a residential survey in 2003; but they also surveyed 

Florida Donation Centers and Thrift Stores. While it appeared that the return rate was only 10% 

on the surveys, 29% revealed that they were a regional headquarters or distribution facility, 

which may make the return rate a bit higher. The survey found that 61% of all centers accept 

monitors and 73% did not know if their county had banned CRT’s from landfills. Monitors make 

up 4.5% of the electronics donations per year. 82% of centers do not take in broken electronics 

while 45% of centers report that disposal of non-repairable electronics is an economic burden 

due to the costs of disposal and lost wages required to transport them. Of the 82% of centers that 

do not take broken electronics, they still have more delivered. Owners find other ways to dispose 

of them at the center such as collection bins. (Kessler Consulting, 2003a) 

 Results of a Pasco County, Florida pilot collection recycling, and demanufacturing 

program for post consumer end of life electronic equipment noted that the cost off collection and 

recycling depends on distance to demanufacturing site, location of smelters, labor force, and 

market for recycled components. For this project, the cost of recycling CRT’s was $600 per ton 

excluding the collection and transportation costs. The quoted price of $18,016 to recycle and 

demanufacture 959 computer monitor and television indicated that it cost $18.79 to process each 

CRT. (Pasco County, 2000) 

 Similarly, the Florida Department of Environmental Protection provided matching funds 

for a pilot program in Alachua County. The program was a two-day collection event. (Dann, 

1999) This grant also included a survey of people who dropped off electronics at the collection 
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event as well as two phone surveys. Because of this collection event, the county was able to 

collect 326 televisions and computer monitors with a cost of processing each computer monitor 

at $14.65. The results of the survey indicate that 8-14% of participants had disposal of computer 

monitors within the past year, while 6-7% were ready to dispose of monitors at that point. There 

were 20 CRTs per 100 households ready for disposal within the next 12 months. Of the 326 

CRTs collected, 146 were from computer monitors. All end of life electronics collected were 

sent to Secure Environmental Recycling (SEER) in Tampa, Florida. SEER determined that the 

average weight of each computer monitor was 27.2 lbs. (Dann, 1999) 
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CHAPTER 3 

METHODOLOGY 

 
Management of CRTs as electronic waste is an ever-evolving topic with many 

stakeholders seeking the best method for disposal, as well as regulations to prohibit residential 

disposal. The main thrust of this research is to assist stakeholders such as local governments, 

recycling centers, charities and other interested groups in the regulation of obsolete computer 

monitors containing CRTs. County landfills are currently bearing the cost burden for disposal of 

residential electronic waste. This research is based on residential disposal of computer monitors; 

therefore, the disposal network (Figure 3.1) illustrates the flow from residents to recyclers. 

Information from the Florida Household Electronics Survey (2003) was used to determine the 

best path for CRT waste. Values from the survey reflect current practices and serve as a 

beginning point for the model. After completing the model and using Microsoft Excel Solver to 

determine cost and optimal allocation, Chapter 4 discusses the results and analysis of the 

scenarios and Chapter 5 was used to give the conclusion and recommendations. 

To understand the disposal process for computer monitors, and the role of the 

stakeholders involved, it was necessary to conduct phone interviews with solid and hazardous 

waste officials at landfills, recycling contractors, as well as surveys, and other information. After 

reviewing other models for disposal, the Florida residential surveys and speaking with Ray 

Moreau at the Southern Waste Information Exchange, it was determined that most residents 

either store their computer monitors, take them to collection events, dispose of them in the 

garbage (landfill), or take them to donation/charity centers (Goodwill etc.) (Moreau, 2005). 

Residents dispose of computer monitors directly with the landfill either through the garbage or 

drop offs. Donation centers and charitable organizations send computer monitors to the landfill. 

In the disposal network system (Figure 3.1), recycling centers only receive computer monitors 

from collection events and landfills. Questions and responses posed to recycling centers, glass to 

glass or glass to lead industries, and solid and hazardous waste departments at landfills are 

located in the Appendix. 

Scenarios 1-6 were derived by reviewing the disposal model and the survey information, 

which discussed resident’s willingness to pay. Although most residents did not want to pay an 

advanced disposal fee, the model represents the benefit to the system if consumers were 
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accountable for safe disposal. A description of each scenario is presented along with each of the 

scenarios later in this section. The last table in this section reflects the current conditions of 

computer monitor disposal within the state of Florida. Excel Solver was not used to determine 

allocation because these are current conditions; but Equation 1 is used to determine current 

landfill expenses and what they would be if and advanced disposal fee were implemented.  

Optimization allows the opportunity to provide the most favorable outcome for events 

under specific conditions. Microsoft Excel Solver determined optimal solutions through linear 

programming utilizing the target cell as the objective, changing cells that optimize the target cell 

and constraints that restrict the changing cells. (Microsoft Office Online 2005) Again, in the 

model presented the goal is to minimize the cost to the landfill by assessing variable fees to other 

parties in the disposal system while maintaining constraints in specific areas. Assessing fees and 

using Excel Solver, allows the optimal allocation of computer monitors to each disposal option. 

It should also be noted that the mass balance equations for Scenarios 1-5 allow all computer 

monitors that go into the landfill to leave the landfill. Scenario 6 accounts for monitors that are 

disposed of within the landfill. The model presents an optimal solution to the mathematical 

problem in this research; however, in the real world there are other external factors and processes 

that must receive consideration prior to implementation. Table 3.17 is a reflection of the current 

conditions in Florida, and again Equation 1 is applied not the linear program. This disposal 

network should be used as a form of evaluation.  

After considering the results as recommended using Microsoft Excel Solver, they were 

analyzed using four different comparisons, which are discussed in the Analysis section. Only one 

scenario was discussed for each comparison; however, the information in the tables and figures 

allows any interested individual to easily view and use the information. The various scenarios 

and a thorough analysis of the results render conclusions that ultimately lead to 

recommendations for future work. 

Below Table 3.1 represents the disposal system, a diagram of the network with nodes and 

a description of each allocation option was presented thereafter.  
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Table 3.1 Disposal Pathway for Computer Monitors  

DISPOSAL 

PATHWAY 

EXPLANATION 

A Variable cost to the resident 

X 0,1 Amount of obsolete computers from households in Florida 

X 0,2 Amount of computer monitors sent to storage 

X 1,3 Amount of computer monitors from residents to collection event 

X 1,4 Amount of computer monitors from residents to donation centers/ 
charity 

X 1,5 Amount of computer monitors from resident to landfill 

X 4,5 Amount of computer monitors from donation center to landfill 

X 3,6 Amount of computer monitors from collection point to 
recycling/demanufacturing 

X 5,6 Amount of computer monitors from landfill to 
recycling/demanufacturing 
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Florida Households with Computers 

  According to the 2003 survey, 67% of Florida’s 6,337,929 households owned a 

computer; however, accounting for residents who have more than one computer there were 

4,387,466 computers within Florida households. In the disposal system, the amount of computers 

in households within Florida does not change. It is represented as X0 within the disposal model 

and is unchanging.  

Residential 

Since computers have an average lifespan (Clarke, 1999) of five years, it is determined 

that one of five households will dispose of obsolete computers each year; however, recent 

conditions from the survey suggest that one in six Floridians dispose of obsolete computers 

annually. The residential box in the computer monitor disposal network represents the beginning 

of disposal. From this point, all computers will travel to another node within the network. The 

number chosen to represent all computer monitors disposed of from Florida households is close 

to the amount reported through the survey information when accounting for the number of 

computers removed from the home and the number within the home that are working but not in 

use. This number does not change in the disposal model. Since this is the maximum number of 

computers disposed in Florida (for the purposes of this model), there is no allocation within the 

model greater than this number.  

Storage 

Many residents do not immediately dispose of their obsolete computer monitors. The 

working or broken computer is often stored in the home until the owner chooses to dispose of it. 

Reviewing the information from the residential survey, about 10% of households have computer 

monitors in storage. These computer monitors are either broken (3%) or working but not in use 

(7%). Computer monitors in storage are included as obsolete computers in this model so the 

number varies based on the constraints and fees assessed throughout the model. 

Collection Events 

Local landfill operators coordinate collection events, which allow residents the 

opportunity to dispose of their electronic waste conveniently. Solver recommended optimal 

disposal allocations for this option. In the disposal network, there is a $1.00 fee in Scenario 1 A-
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F for processing computer monitors from collection events; however, the remainders of the 

scenarios use the Leon County quote of $13.00 per monitor to assess processing monitors from 

collection events to recyclers. Table 3.2 displays information regarding computers received at 

collection events from seven counties in Florida. This information is used to approximate, the 

current number of computer monitors Floridians disposed of via collection events. Using the 

ratio of computer monitors: population of counties participated (4718:516,770) resulted in .01% 

of the population participating in the collection events. Applying this to the population of the 

state of Florida (.01 x 15,982, 378 (2000 Census)) determined that 159, 824 monitors would be 

collected via this method statewide. This is the current condition of computer monitors received 

via collection events in Florida. The information was obtained by calling each county (Alachua 

and Pasco from survey information) 

 

           Table 3.2 Data from Florida Counties for Collection Events 

COUNTY POPULATION TOTAL CM 

Miami- Dade 2253362 256 

Orange 896344 512 

Escambia 294410 1600 

Pinellas 921482 1735 

Leon 239452 184 

Pasco 344765 285 

Alachua 217955 146 

Population from 
counties 

516770  4718 

      

Florida Population 15982378   

*These numbers are based off collection events only not drop offs. The numbers are scaled to make up for the size of FL 

Donation/Charity 

Many residents with computers rely heavily on donation centers and charities to dispose 

of their computer monitors. According to the survey, of the 16% of residents who removed a 

computer monitor, 33% of residents gave away and 22% donated their computer monitors. 

(Kessler, 2003b). Florida thrift stores and donation centers reported that they dispose of 51% of 

the computer monitors that they receive. (Kessler 2003 a). The scenarios adhere to the 51% 

disposal rate, as well as the Leon County landfill quoted fee of $75 per ton ($1.32 per monitor at 

27.2 lbs) tipping fee. Donations/ charities only receive computer monitors from residents.  
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Landfill 

 Landfills represent an intermediate disposal point in the model; however, the landfill can 

be the endpoint for computer monitors. In assessing risk (Scenario 6), the landfill received 

computer monitor waste. It received computer monitors from residents and donation/charity 

centers. The landfill, which is part of the city/county government, bears the majority of the costs 

in the system for computer monitor disposal. The purpose of the model is to minimize cost to this 

option in the disposal network by imposing an advanced disposal fee to Florida residents. The 

landfill pays the recycling/demanufacturing facility to handle their computer monitor waste. 

Leon county as well as many other Florida counties report that their average pay out to recycling 

facilities is $3.00 per monitor. In assessing fees to minimize the cost to the landfill, it is also 

desired to minimize the actual number of monitors that have the landfill as their endpoint. It is 

important to note that the landfill bears the cost for processing computer monitors from 

collection events. While computer monitors from collection events go straight to recycling 

facilities, the actual event is coordinated via the landfill. The fee associated with this service is 

noted under the collection events option.  

Recycling/ Demanufacturing 

 For the purposes of this optimization model, the recycler/demanufacturer serves as the 

endpoint for the majority of all computer monitor waste. Again, although landfills are 

responsible for collection events, computer monitors from collection events are processed by the 

recycler/demanufacturer. Disposal options for computer monitors do exist beyond the recycling 

facility such as glass to lead, glass to glass facilities for the CRT and plastics recyclers for the 

casing; however, those options are not accounted for in this model.  

To minimize the cost to the landfill for managing computer monitors, the environmental 

systems analysis was conducted using the following equations (Scenarios 1-4, 6) and scenarios: 

 

Equation 3.1: Z = (X1,5 *A) + (X4,5*B) – (C*X3,6) – (D*X5,6) 

• A= Variable cost to resident 

• B= Tipping Fee from Donation/ Charity Centers to Landfill: $1.32 per monitor 

• C= Cost for processing computer monitors from collection events: $1.00, $13.00 

• D= Cost that landfills pay for recycling computer monitors : $3.00  
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Table 3.3 Scenario 1: A-F Disposal Costs 

SCENARIO 

ONE 
COST TO RESIDENT 

COST TO RECYCLE COST FROM 

DONATION CENTER 

TO LANDFILL 

COST PER 

MONITOR 

CE 

A No Cost to Resident $3.00 $1.32 $1.00 

B $1.00 $3.00 $1.32 $1.00 

C $2.00 $3.00 $1.32 $1.00 

D $5.00 $3.00 $1.32 $1.00 

E $10.00 $3.00 $1.32 $1.00 

F $15.00 $3.00 $1.32 $1.00 

 

Scenarios 1: A-F 

In scenarios 1: A-F there are fixed cost for recycling, sending computer monitors from 

donation centers to landfills, and for sending from collection events to recycling; however, the 

cost for residential disposal of computer monitors to the landfill is variable. The cost for 

processing computer monitors from collection events in this scenario is representative of low 

costs to the landfill at $1.00 per computer monitor received.   

 

    Table 3.4 Scenario 1: A-F Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Resident to Donation Center X 1,4 <= 1000000 

Storage X 0,2 <= 300000 

Resident to Collection Center X 1,3 <= 600000 

Resident to Landfill X 1,5 <= 600000 

Starting Point X 01 = 1009803 

Donation/ Charity to Landfill 0.51*X 1,4 <= 800,000 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 

 

 

 

 



24 

Table 3.5 Scenario 2: A-H Disposal Costs 

SCENARIO 

TWO 

COST TO 

RESIDENT 

COST TO 

RECYCLE 

COST FROM DONATION 

CENTER TO LANDFILL 

COST PER 

MONITOR 

CE 

A No Cost to Resident $3.00 $1.32 13.00 

B $2.00 $3.00 $1.32 13.00 

C $5.00 $3.00 $1.32 13.00 

D $10.00 $3.00 $1.32 13.00 

E $15.00 $3.00 $1.32 13.00 

F $20.00 $3.00 $1.32 13.00 

G $25.00 $3.00 $1.32 13.00 

H $30.00 $3.00 $1.32 13.00 

 

Scenario 2: A-H 

In scenarios 2: A-H, there are fixed cost for recycling, sending computer monitors from 

donation centers to landfills, and for sending from collection events to recycling; however, the 

cost for residential disposal of computer monitors to the landfill is variable. The cost for 

processing computer monitors from collection events in these scenarios is $13.00. The difference 

in the Tables 3.6 and Table 3.7 is the reduction in the constraint donation/center charity. In the 

tables the constraint it is reduced from 1,000,000 to 400,000 respectively.  

 

Table 3.6 Scenario 2: A-D1 Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 1000000 

Storage X 0,2 <= 300000 

Resident to Collection Event X 1,3 <= 200000 

Donation Charity X 4,5 <= 0.51*X 1,4 

Donation/ Charity to Landfill 0.51*X 1,4 <= 800,000 

Resident to Landfill X 1,5 <= 600000 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 
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Table 3.7 Scenario 2: D2-H Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 400000 

Storage X 0,2 <= 300000 

Resident to Collection Event X 1,3 <= 200000 

Donation Charity X 4,5 <= 0.51*X 1,4 

Donation/ Charity to Landfill 0.51*X 1,4 <= 800,000 

Resident to Landfill X 1,5 <= 600000 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + 

X 1,5 

= X 0,1 

 

 

Table 3.8 Scenario 3: A-D Disposal Costs 

SCENARIO 

THREE 
COST TO RESIDENT 

COST TO 

RECYCLE 

COST PER MONITOR CE 

A No Cost to Resident $3.00 13.00 

B $2.00 $3.00 13.00 

C $5.00 $3.00 13.00 

D $10.00 $3.00 13.00 

 

Scenario 3: A-D 

The above scenario represents variable costs to the resident for disposal at the landfill. 

Unlike other scenarios, the residents’ only option is to take computer monitors to the landfill, 

storage or a collection event. This eliminates the ability of residents to take to their computer 

monitors to donation centers/charities. If there was a ban at this location, this scenario represents 

the optimal disposal allocations. Table 3.9 illustrates the constraints used to ensure the ban of 

computer monitors at donation centers/ charities.  
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Table 3.9 Scenario 3: A-D Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 0 

Storage X 0,2 <= 300000 

Resident to Collection Event X 1,3 <= 200000 

Donation Charity to Landfill X 4,5 = 0 

Resident to Landfill X 1,5 <= 800,000 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 

                    

Table 3.10 Scenario 4 Disposal Costs 

SCENARIO 

FOUR 
COST TO RESIDENT 

COST TO 

RECYCLE 

COST PER 

MONITOR 

CE 

 No Cost to Resident $3.00 13.00 

 

 

Scenario 4: 

Table 3.10 represents a variable cost to resident for disposal in landfill, and the residents 

only option is to take to the landfill and donation center/charity, and storage. It eliminates the 

collection events, which are sometimes costly to the landfill. After applying no cost to the 

resident, the model reached an optimal solution. After changing advanced disposal costs from 

$2-$20 to the resident, the cost to the landfill and amount of monitors sent to each disposal 

option did not change.  
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Table 3.11 Scenario 4 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 1000000 

Storage X 0,2 <= 200000 

Resident to Collection Event X 1,3 <= 0 

Donation Charity to Landfill X 4,5 <= 0.51*X 1,4 

Resident to Landfill X 1,5 <= 800000 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 

 

 

      Table 3.12 Scenario 5: A-D Disposal Costs 

 

SCENARIO 

FIVE 

COST TO RESIDENT 

COST TO 

RECYCLE 

COST FROM 

DONATION 

CENTER TO 

LANDFILL 

COST PER 

MONITOR 

CE 

A  No Cost to Resident $3.00 $1.32 $13.00 

B $2.00 $3.00 $1.32 $13.00 

C $13.00 $3.00 $1.32 $13.00 

D $14.00 $3.00 $1.32 $13.00 

 

Scenario 5: A-D 

In Table 3.12, residents the landfill disposal option is eliminated. Residents can only store 

computer monitors or dispose of them via collection events and donation/charity centers. While 

the cost to the resident is usually applied for disposal directly at the landfill, in this scenario that 
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cost will be applied to the resident disposing of their computer monitor at collection events. 

While landfill cost were reduced, there were no changes in the number of monitors sent to 

various places in the model between the costs of $2.00 and $12.00; therefore, at a $13.00 

residential disposal cost there was a change in the number of  computer monitors allocated across 

various sectors of the model. 

 

Equation 2 for Scenario 5: (X 13*A) + (X 45*1.32) – (X 36*13) – (X 56*3)   A= Variable cost 

 

Table 3.13 Scenario 5: A-D Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 1000000 

Storage X 1,2 <= 300000 

Resident to Collection Event X 1,3 <= 600000 

Donation Charity to Landfill X 4,5 <= 0.51*X 1,4 

Resident to Landfill X 1,5 = 0 

Landfill-Recycling Mass Balance X 1,5 + X 4,5 = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 

 

Table 3.14 Scenario 6: A-F Disposal Costs 

SCENARIO 

SIX 
COST TO RESIDENT 

RISK TO 

LANDFILL 

COST TO 

RECYCLE 

COST FROM 

DONATION 

CENTER TO 

LANDFILL 

COST PER 

MONITOR 

CE 

A  No Cost to Resident 10% $3.00 $1.32 $13.00 

B $5.00 10% $3.00 $1.32 $13.00 

C No Cost to Resident 50% $3.00 $1.32 $13.00 

D $5.00 50% $3.00 $1.32 $13.00 

E No Cost to Resident  75% $3.00 $1.32 $13.00 

F $5.00 75% $3.00 $1.32 $13.00 
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Scenario 6: A-F 

In this particular scenario, specific percentages of monitors remain at the landfill, which 

are identified in the risk to landfill column. Residents pay either no cost or $5.00 for the 

advanced disposal fee.  

 

Table 3.15 Scenario 6: A-F Constraints 

CONSTRAINTS LHS OPERATION RHS 

Landfill Capacity X 1,5 + X 4,5 <= 1000000 

Donation/Charity X 1,4 <= 1000000 

Storage X 1,2 <= 300000 

Resident to Collection Event X 1,3 <= 600000 

Donation Charity to Landfill X 4,5 <= 0.51*X 1,4 

Resident to Landfill X 1,5 <= 600000 

Landfill-Recycling Mass Balance (X 1,5 + X 4,5 )* Y = X 5,6 

Collection Event Mass Balance X 1,3 = X 3,6 

Starting Point X 1,2 + X 1,3 +X 1,4 + X 1,5 = X 0,1 

For scenario 6 A,B: Y =90%, For scenario 6 C,D : Y=50%, For scenario 6 E: Y=25% 

 

 

Table 3.16 Current Conditions in Florida 

CURRENT 

CONDITIONS 
COST TO RESIDENT 

COST TO 

RECYCLE 

COST FROM 

DONATION 

CENTER TO 

LANDFILL 

COST PER 

MONITOR 

CE 

A  No Cost to Resident $3.00 $1.32 $13.00 

B $5.00 $3.00 $1.32 $13.00 

C $10.00 $3.00 $1.32 $13.00 

D $15.00 $3.00 $1.32 $13.00 
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As stated previously, the above table represents the applied costs for the current 

conditions within the state of Florida. In the results section, the numbers from the survey are 

displayed as the amount of computer monitors allocated to each unit in the system. According to 

the Florida Residential Survey, one in six residents disposed of computer monitors within the 

previous year.(Keesler Consulting b) In addition, resident habits from the previous year were 

used as the basis for each unit distribution and information received from the counties within 

Florida regarding collection events was used for that allocation. See previous section Collection 

Events. It is important to note that there are 6,337,929 households, and 67% (4,246,412) have at 

least one computer. The numbers used to figure out the current conditions were based from the 

number of households and not those with more than one computer. Although, storage represents 

removal from the house in previous scenarios, it did not for the current conditions and was added 

to the original amount (16%) that was removed from the house. Storage numbers were calculated 

from the number of broken and working computer monitors not in use but stored at home. Using 

all of the percentages reported in the survey, there were still 288, 769 monitors unaccounted for 

in the model; therefore, they were added to those that were in storage. The addition increased the 

storage number without changing the landfill expenses. This was the most accurate depiction of 

current computer monitor disposal in Florida. 
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CHAPTER 4 

RESULTS AND ANALYSIS 

Results 

 

 Determining the optimal allocation for computer monitors within a disposal network, 

was less complex with the linear programming software Excel Solver. In the results and analysis 

section, the results of scenarios are presented. There were six major scenarios with each 

containing a variable amount of sub- scenarios, which were lettered alphabetically.  

 Reviewing Scenario 1, it is determined that the low cost for processing computer 

monitors from collection events plays a role in the relatively low expenses to the landfill. In 

Scenario 1A, (Table 4.2) the computer monitors are disposed of at the landfill and the collection 

center because these are the least expensive options for residents and produce the least expensive 

option for the landfill. When there is a cost applied to the resident and the landfill constraint is 

raised, Scenario 1B (Table 4.3), the allocation is still optimal at the landfill and collection event; 

however, when the advanced disposal fee reaches $10.00, it is more likely that residents will take 

computer monitors to the donation/charity centers than to the landfill. This is evident in Scenario 

1D (Table 4.5). The summary for the cost and results for Scenarios 1: A-F is located in Tables 

4.1 -4.7.  

 Scenarios 2: A-H (Tables 4.9 – 4.17) represents the most realistic possibilities for 

residential disposal of computer monitors. In this scenario, the collection event cost was changed 

to reflect the amount that most landfills pay for disposal of computer monitors from these events 

($13.00). Landfill expenses exceed $3 million at cost up to $10.00 to residents. This is 

representative of the expenses attributed to Florida landfills for disposal of computer monitors. 

Scenario 2A-D1 (Tables 4.9-4.12) the optimal allocation is at the landfill, donation/charity 

centers and collection events with no computer monitors allocated to storage. When the 

constraints are changed and prices increase for Scenarios 2 D2-H (Tables 4.13-4.17), the storage 

allocation reaches maximum capacity. At a disposal cost of $15.00 to residents the landfill 

expenses decrease by nearly half from Scenario 2D1. Residents are more likely to dispose of this 

waste at donation/.charity centers and from Scenario 2F-2G there is more than a 50% reduction 

in cost to the landfill. In order for the landfill to make a profit, the advanced disposal fee to 
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residents is $30 and above. Further comparisons of Scenario 2: A-H can be made after reviewing 

Tables 4.9-4.17.  

 As stated in the literature review, it is often a burden for charitable organizations to 

dispose of electronic waste, specifically those that contain cathode ray tubes. Scenario 3: A-D 

illustrates the expenses the landfill would bear if donation centers/charities were no longer an 

option for residents. In Scenarios 3 A-B (Tables 4.19-4.20), most computer monitors were sent to 

the landfill with a small percentage sent to the storage option and binding to the constraint set for 

collection centers. When the price increased for Scenario 3C –D (Tables 4.22-4.23), the storage, 

and collection center options reached their maximum allocation due to constraints, and the 

remainder was sent to the landfill.   

 Since the landfill pays more for disposal of computer monitors received at collection 

events, Scenario 4 (Table 4.23) was developed such that the collection event option was 

eliminated. There majority of computer monitors were sent to the landfill with a very small 

percentage sent to the donation/charity centers. The storage and landfill options reached their 

maximum capacity, which forced the remainder to the donation/charity center option. Because 

the collection event costs was a significant cost to the landfill the removal of that option did not 

allow changes to the model when variable cost to residents were added. In other words, the 

landfill expenses remained the same from $0.00 to $20.00 to residents.  

 If there were regulations that did not allow residents to dispose of computer monitors via 

the garbage or drop-offs at collection events, the results would be similar to what is portrayed in 

Scenario 5 (Tables 4.26-4.29). This scenario eliminates the residents option to dispose of 

computer monitors directly with the landfill. Costs are still associated with disposal; but, instead 

of imposing cost to dispose at the landfill, residents are charged to dispose of waste at annual 

collection events. From no cost to $2.00, residents the landfill loses upwards and over $7 million 

for processing computer monitor waste with the majority of monitors sent to collection centers. 

The allocation did not change from $2.00-$12.00; however, there were changes at $13 and $14 

disposal fee to residents. At the latter costs, the expenses to the landfill reduced to under $1 

million and the donation/charity center received the bulk of the computer monitors.  

 Scenario 6 A-F (Tables 4.31-4.36) are indicative of the possible optimal allocations if 

certain percentages of computer monitors are allowed to remain behind and actually be disposed 

of within the landfill. Costs were not increased above $5.00, because after testing the scenario 
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with costs to residents up to $30, the optimal allocations remained the same within the model. It 

is important to note that the percentages reflect increased amount of cathode ray tubes in the 

landfill; thereby, increasing the potential for groundwater leaching.  

 Current conditions in Florida estimate that landfills in the state pay out an excess of $2 

million because there is currently no cost to residents for disposal. (Table 4.37) If there were a 

policy, whereby residents paid $17 and up for disposal, the landfill could collect a profit. The 

current condition table does not account for other external costs attributed to the landfill such as 

labor and transportation costs.  

 Although each scenario has advantages and disadvantages, one scenario is not necessarily 

better than another one presented because each user of the model would have to review the 

model conditions that are reflective of their local situation. 

 

Table 4.1 Cost Summary for Scenario 1 

                                       Scenario 1 

 Cost to 
Resident 

Landfill Expenses 

A $0 -$1,609,803 

B $1 -$1,809,803 

C $2 -$1,009,803 

D $5 -$951,119 

E $10 -$951,119 

F $15 -$951,119 
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Table 4.2 Scenario 1: A 

Objective Function Cost ($/yr)   

Z = Cost -$1,609,803  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 409803  

X14 0  

X15 600000  

X36 409803  

X45 0  

X56 600000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 600000 1,000,000 

Resident to Donation Center 0 1,000,000 

Storage 0 300,000 

Resident to Collection Event 409803 600000 

DC to Landfill  0 800000 

Resident to Landfill 600000 600000 

Landfill-recycle Mass Balance 600000 600000 

Collection event mass balance 409803 409803 

Starting Point 1009803 1009803 
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Table 4.3 Scenario 1: B 

Objective Function Cost ($/yr)   

Z = Cost -$1,809,803  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 209803  

X14 0  

X15 800000  

X36 209083  

X45 0  

X56 800000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 800000 1,000,000 

Resident to Donation Center 0 1,000,000 

Storage 0 300,000 

Resident to Collection Event 209803 390197 

DC to Landfill  0 800000 

Resident to Landfill 800000 800000 

Landfill-recycle Mass Balance 800000 800000 

Collection event mass balance 409803 409803 

Starting Point 1009803 1009803 
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Table 4.4 Scenario 1: C 

Objective Function Cost ($/yr)   

Z = Cost -$1,009,803  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 409803  

X14 0  

X15 600000  

X36 409803  

X45 0  

X56 600000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 600000 1,000,000 

Resident to Donation Center 0 1,000,000 

Storage 0 300,000 

Resident to Collection Event 409803 600000 

DC to Landfill  0 800000 

Resident to Landfill 600000 600000 

Landfill-recycle Mass Balance 600000 600000 

Collection event mass balance 409803 409803 

Starting Point 1009803 1009803 
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Table 4.5 Scenario 1: D  

Objective Function Cost ($/yr)   

Z = Cost -951,119.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 209000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1,000,000 

Resident to Donation Center 409803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 600000 600000 

DC to Landfill  209000 800000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 209000 209000 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.6 Scenario 1: E 

Objective Function Cost ($/yr)   

Z = Cost -$951,119.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 209000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1,000,000 

Resident to Donation Center 409803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 600000 600000 

DC to Landfill  209000 800000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 600000 600000 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.7 Scenario 1: F 

Objective Function Cost ($/yr)   

Z = Cost -$951,119.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 209000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1,000,000 

Resident to Donation Center 409803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 600000 600000 

DC to Landfill  209000 800000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 209000 209000 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.8 Cost Summary for Scenario 2 

Scenario 2 

 Cost to 
Resident 

Landfill Expenses 

A $0 -$3,979,759 

B $2 -$3,379,759 

C $5 -$3,293,839 

 D1 $10 -$3,293,829 

 D2 $10 -$2,174,099 

E $15 -$1,625,084 

F $20 -$1,076,069 

G $25 -$527,054 

H $30 $21,961 

 

Table 4.9 Scenario 2: A 

Objective Function Cost ($/yr)   

Z = Cost -3,979,759.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 200000  

X14 209803  

X15 600000  

X36 200000  

X45 107000  

X56 707000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 707000 1,000,000 

Resident to Donation Center 209803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  107000 800000 

Resident to Landfill 600000 600000 

Landfill-recycle Mass Balance 707000 707000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.10 Scenario 2: B 

Objective Function Cost ($/yr)   

Z = Cost -$3,379,759.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 200000  

X14 209803  

X15 600000  

X36 200000  

X45 107000  

X56 707000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 707000 1,000,000 

Resident to Donation Center 209803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 200000 600000 

DC to Landfill  107000 800000 

Resident to Landfill 600000 600000 

Landfill-recycle Mass Balance 707000 1000000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.11 Scenario 2: C 

Objective Function Cost ($/yr)   

Z = Cost -3,293,839.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 200000  

X14 809803  

X15 0  

X36 200000  

X45 413,000  

X56 413,000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 413000 1,000,000 

Resident to Donation Center 809803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 200000 600000 

DC to Landfill  413000 800000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 413000 413000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.12 Scenario 2: D1 

Objective Function Cost ($/yr)   

Z = Cost -3,293,839.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 200000  

X14 809803  

X15 0  

X36 200000  

X45 413,000  

X56 413,000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 413000 1,000,000 

Resident to Donation Center 809803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  413000 800000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 413000 413000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 

  *D1 and D2 are both at $10.00 disposal costs 
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Table 4.13 Scenario 2: D2 

Objective Function Cost ($/yr)   

Z = Cost -2, 174, 099.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 400000  

X15 109803  

X36 200000  

X45 204000  

X56 313803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 313803 1,000,000 

Resident to Donation Center 400000 1,000,000 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  204000 204000 

Resident to Landfill 109803 600000 

Landfill-recycle Mass Balance 313803 313803 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.14 Scenario 2: E 

Objective Function Cost ($/yr)   

Z = Cost -1,625,084,.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 400000  

X15 109803  

X36 200000  

X45 204000  

X56 313803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 313803 1,000,000 

Resident to Donation Center 400000 400000 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  204000 204000 

Resident to Landfill 109803 600000 

Landfill-recycle Mass Balance 313803 313803 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.15 Scenario 2: F 

Objective Function Cost ($/yr)   

Z = Cost -1,076,069.00  

   

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 400000  

X15 109803  

X36 200000  

X45 204000  

X56 313803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 313803 1,000,000 

Resident to Donation Center 400000 400000 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  204000 204000 

Resident to Landfill 109803 600000 

Landfill-recycle Mass Balance 313803 313803 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.16 Scenario 2: G 

Objective Function Cost ($/yr)   

Z = Cost -527,054.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 400000  

X15 109803  

X36 200000  

X45 204000  

X56 313803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 313803 1,000,000 

Resident to Donation Center 400000 400000 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  204000 204000 

Resident to Landfill 109803 600000 

Landfill-recycle Mass Balance 313803 313803 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.17 Scenario 2: H 

Objective Function Cost ($/yr)   

Z = Cost $21,961.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 400000  

X15 109803  

X36 200000  

X45 204000  

X56 313803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 313803 1,000,000 

Resident to Donation Center 400000 400000 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  204000 204000 

Resident to Landfill 109803 600000 

Landfill-recycle Mass Balance 313803 313803 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.18 Cost Summary for Scenario 3 

Scenario 3 

 Cost to 
Resident 

Landfill Expenses 

A $0 -$4,200,000 

B $2 -$3,400,000 

C $5 -$1,580,394 

D $10 $968,621 

 

Table 4.19 Scenario 3: A 

Objective Function Cost ($/yr)   

Z = Cost $-4,200,000  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 9803  

X13 200000  

X14 0  

X15 800000  

X36 200000  

X45 0  

X56 800000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 800000 1,000,000 

Resident to Donation Center 0 0 

Storage 9803 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  0 0 

Resident to Landfill 800000 800000 

Landfill-recycle Mass Balance 800000 800000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.20 Scenario 3: B 

Objective Function Cost ($/yr)   

Z = Cost $-3,400,000  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 9803  

X13 200000  

X14 0  

X15 800000  

X36 200000  

X45 0  

X56 800000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 800000 1,000,000 

Resident to Donation Center 0 0 

Storage 9803 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  0 0 

Resident to Landfill 800000 800000 

Landfill-recycle Mass Balance 800000 800000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.21 Scenario 3: C 

Objective Function Cost ($/yr)   

Z = Cost $-1,580,394  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 0  

X15 509803  

X36 200000  

X45 0  

X56 509803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 509803 1,000,000 

Resident to Donation Center 0 0 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  0 0 

Resident to Landfill 509803 800000 

Landfill-recycle Mass Balance 509803 800000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.22 Scenario 3: D 

Objective Function Cost ($/yr)   

Z = Cost $968,621  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 200000  

X14 0  

X15 509803  

X36 200000  

X45 0  

X56 509803  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 509803 1,000,000 

Resident to Donation Center 0 0 

Storage 300000 300,000 

Resident to Collection Event 200000 200000 

DC to Landfill  0 0 

Resident to Landfill 509803 800000 

Landfill-recycle Mass Balance 509803 800000 

Collection event mass balance 200000 200000 

Starting Point 1009803 1009803 
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Table 4.23 Cost Summary for Scenario 4 

Scenario 4 

Cost to Resident Landfill Expenses 
$0 -$1,600,000 

 

Table 4.24 Scenario 4 

Objective Function Cost ($/yr)   

Z = Cost $-1,600,000  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 200000  

X13 0  

X14 9803  

X15 800000  

X36 0  

X45 5000  

X56 805000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 800000 1,000,000 

Resident to Donation Center 9803 900000 

Storage 200000 200,000 

Resident to Collection Event 0 0 

DC to Landfill  5000 5000 

Resident to Landfill 800000 800000 

Landfill-recycle Mass Balance 805000 805000 

Collection event mass balance 0 0 

Starting Point 1009803 1009803 
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Table 4.25 Cost Summary for Scenario 5 

Scenario 5 

 Cost to 
Resident 

Landfill Expenses 

A $0 -$7,551,119 

B $2 -$6,951,119 

C $13 -$856,800 

D $14 -$856,800 

 

Table 4.26 Scenario 5: A 

Objective Function Cost ($/yr)   

Z = Cost $-7,551,119.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 209000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1,000,000 

Resident to Donation/Charity 409803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  209000 209000 

Resident to Landfill 0 0 

Landfill-recycle Mass Balance 209000 209000 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.27 Scenario 5: B 

Objective Function Cost ($/yr)   

Z = Cost $-6, 951,119.21  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 209000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1,000,000 

Resident to Donation/Charity 409803 1,000,000 

Storage 0 300,000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  209000 209000 

Resident to Landfill 0 0 

Landfill-recycle Mass Balance 209000 209000 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.28 Scenario 5: C 

Objective Function Cost ($/yr)   

Z = Cost $-856,800.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 9803  

X14 1000000  

X15 0  

X36 9803  

X45 510000  

X56 510000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 510000 1,000,000 

Resident to Donation/Charity 1000000 1,000,000 

Storage 0 300,000 

Resident to Collection Event 9803 600000 

Donation / Charity to Landfill  510000 209000 

Resident to Landfill 0 0 

Landfill-recycle Mass Balance 510000 209000 

Collection event mass balance 9803 600000 

Starting Point 1009803 1009803 
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Table 4.29 Scenario 5: D 

Objective Function Cost ($/yr)   

Z = Cost $-856,800.00  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 9803  

X14 1000000  

X15 0  

X36 9803  

X45 510000  

X56 510000  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 510000 1,000,000 

Resident to Donation/Charity 1000000 1,000,000 

Storage 9803 300,000 

Resident to Collection Event 0 600000 

Donation / Charity to Landfill  510000 209000 

Resident to Landfill 0 0 

Landfill-recycle Mass Balance 510000 209000 

Collection event mass balance 9803 600000 

Starting Point 1009803 1009803 

 

 

 



58 

Table 4.30 Cost Summary for Scenario 6 

Scenario 6 

 Cost to Resident Risk to Landfill Landfill Expenses 
A $0 10% -$849,665 

B $5 10% -$8,088,419 

C $0 50% -$8,004,901 

D $5 50% -$7,837,619 

E $0 75% -$7,800,000 

F $5 75% -$7,800,000 

 

Table 4.31 Scenario 6: A 

Objective Function Cost ($/yr)   

Z = Cost -8,496,665  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 0  

X15 409803  

X36 600000  

X45 0  

X56 368823  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 409803 1000000 

Resident to Donation/Charity 0 1000000 

Storage 0 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  0 0 

Resident to Landfill 409803 600000 

Landfill-recycle Mass Balance 368823 368823 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.32 Scenario 6: B 

Objective Function Cost ($/yr)   

Z = Cost -8,088, 419.35  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 188,100  

X0 4,387,466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1000000 

Resident to Donation/Charity 409803 1000000 

Storage 0 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  209000 209000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 188100 188100 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 

.
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Table 4.33 Scenario 6: C 

Objective Function Cost ($/yr)   

Z = Cost -8,004,901.50  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 0  

X15 409803  

X36 600000  

X45 0  

X56 204901  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 409803 1000000 

Resident to Donation/Charity 0 1000000 

Storage 0 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  0 0 

Resident to Landfill 409803 600000 

Landfill-recycle Mass Balance 204901 204901 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.34 Scenario 6: D 

Objective Function Cost ($/yr)   

Z = Cost -7837619.92  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 209000  

X56 104500  

X0 4387466  

   

   

Constraints LHS RHS 

Landfill capacity 209000 1000000 

Resident to Donation/Charity 409800 1000000 

Storage 0 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  209000 209000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 104500 104500 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.35 Scenario 6: E 

Objective Function Cost ($/yr)   

Z = Cost -7,800,000  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 0  

X13 600000  

X14 409803  

X15 0  

X36 600000  

X45 0  

X56 0  

X0 4,387,466  

   

   

Constraints LHS RHS 

Landfill capacity 0 1000000 

Resident to Donation/Charity 409803 1000000 

Storage 0 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  0 209000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 0 0 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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.Table 4.36 Scenario 6: F 

Objective Function Cost ($/yr)   

Z = Cost -7,800,000  

   

 Computer Monitor Waste 
(ton/yr) 

  

X01 1009803  

X12 300000  

X13 600000  

X14 109803  

X15 0  

X36 600000  

X45 0  

X56 0  

X0 4,387,466  

   

   

Constraints LHS RHS 

Landfill capacity 0 1000000 

Resident to Donation/Charity 109803 1000000 

Storage 300000 300000 

Resident to Collection Event 600000 600000 

Donation / Charity to Landfill  0 209000 

Resident to Landfill 0 600000 

Landfill-recycle Mass Balance 0 0 

Collection event mass balance 600000 600000 

Starting Point 1009803 1009803 
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Table 4.37 Summary of Current Conditions in Florida 

Current Conditions 

 Cost to Resident Landfill Expenses 

A $0 -$2,773,857.12 

B $5 -$2,043,781.12 

C $10 -$1,131,186.12 

D $15 -$218,591.12 

E $17 $146,446.88 

 

Table 4.38 Current Conditions in Florida 

 Computer Monitor Waste 
(ton/yr) 

X01 3495815 

X12 3082589 

X13 159824 

X14 386097 

X15 182519 

X36 159824 

X45 196909 

X56 379528 

X0 4,387,466 

      *The numbers here do not change because they reflect current conditions only the landfill expenses change. 
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Analysis 

  

Results provided in the previous section allow the opportunity for better understanding of the 

individual scenarios and the sub-scenarios under a given set of conditions. The results were 

further analyzed through comparison techniques, which are listed below. For each analysis, a 

scenario was chosen to illustrate the analysis; however, the results of each technique were 

included later in this section for review. (Table XXX representing current conditions in Florida 

only went through Analysis 1 and 4 because Excel Solver was not used for allocation) 

1. Comparison of residential cost to disposal cost within each scenario to the  final cost to 

the landfill 

2. Comparison of cost to resident to the optimal solutions with the disposal network 

3. Compare landfill expense with optimal allocations 

4. Comparison of scenario to scenario 

 

Analysis 1: Comparison of residential cost to disposal cost within each scenario to the final 

cost to the landfill 

Scenario 2  

As with scenario 1, the costs to recycle, cost for processing monitors from collection 

events and tipping fee for the landfill are constant; however, there is a variable cost to the 

resident. The major difference between the two scenarios is the cost for recycling monitors 

received at collection events, which is, $13.00. In addition, the constraints used for scenarios A-

D1 are different from the constraints used in D2-H. One constraint changed in Scenario 2 C and 

D1 but the cost to the landfill and the suggested alternatives remained the same. After changing 

the constraint to the model from 1,000,000 to 400,000 for the number of monitors that residents 

could dispose of via donation centers, the model proposed to max out on the storage constraint, 

and to send more to the landfill. Because more residents sent monitors to the landfill paying a 

rate of $10 per monitor, the landfill expenses decreased. Due to this change in constraints but 

same residential disposal costs, the landfill saved more than $1 million in processing costs. A 

$5.00 increase in the disposal costs netted another savings of a half a million. Only after 

residential disposal costs climaxed at $30 would the landfills actually benefit from processing 

computer monitors. 
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Table 4.39 Scenario 2 Cost to Resident vs. Landfill Expenses 

Scenario 2 

Cost to Resident Landfill Expenses 
$0 -$3,979,759 

$2 -$3,379,759 

$5 -$3,293,839 

$10 -$3,293,829 

$10 -$2,174,099 

$15 -$1,625,084 

$20 -$1,076,069 

$25 -$527,054 

$30 $21,961 
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Figure 4.1 Scenario 2 Landfill Expenses vs. Disposal Cost for Residents 
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Analysis 2: Comparison of cost to resident to the optimal solutions with the disposal 

network 

Scenario 3 A-D 

At no cost to the resident and a 42.00 cost to the resident in Scenario 3, it was 

recommended that residents dispose of more computer monitors at the landfill with a small 

percentage going to storage. Applying a cost of $5.00 and $10.00, more computers were 

recommended for storage with the allocation for the collection event remaining the same. It 

appears that at the higher costs in the model, exactly 290,197 was the number of monitors 

reduced from the amount residents sent to the landfill. The landfill expenses decreased by more 

than $1 million with each increase in price and the landfill collected revenue at the $10.00 

residential disposal fee.  

 

Table 4.40 Scenario 3: A-D Cost to Resident vs. Optimized Values within the same scenario 

Scenario 3 A-D 
 

  $0.00  $2.00  $5.00  $10.00  

X12 9803 9803 300000 300000 

X13 200000 200000 200000 200000 

X14 0 0 0 0 

X15 800000 800000 509803 509803 

X36 200000 200000 200000 200000 

X45 0 0 0 0 

X56 800000 800000 509803 509803 

Landfill Revenue -4,200,000 -3400000 -1580394 968621 
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Scenario 3 A-D
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Figure 4.2 Scenarios 3 A-D 

 

Analysis 3: Comparison of Landfill Expense with Optimal Allocations 

Scenario 6: A-D 

The scenario represented here presents several risk options at the landfill. At 10%, there 

are actually 90% of monitors flowing through the landfill and on to the recycling facility. The 

same was applied with the 50% and 75% risk factors. At 10% and 50% disposal remaining at the 

landfill, the distribution remains the same at no cost to resident with the exception of the final 

number leaving the landfill. The same holds true at the $5.00 increment for the same 

percentages. The cost steadily decreases at each sub-scenario but the expenses to the landfill 

were astronomical in comparison with many of the other scenarios. Only at 75% remaining in the 

landfill and a $5.00 disposal fee are any monitors allocated to storage.  
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Table 4.41 Scenario 6:A-D Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 6 A-D 

  10% 50% 75% 

  -$8,496,665 -$8088419 -$8004901 -$7837619 -$7800000 -$7800000 

 $0.00 $5.00 $0.00 $5.00 $0.00 $5.00 

X12 0 0 0 0 0 300000 

X13 600000 600000 600000 600000 600000 600000 

X14 0 409803 0 409803 409803 109803 

X15 409803 0 409803 0 0 0 

X36 600000 600000 600000 600000 600000 600000 

X45 0 209000 0 209000 0 0 

X56 368823 188100 204901 104500 0 0 
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Figure 4.3 Scenarios 6 A-D 
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Analysis 4: Comparison of Scenario to Scenario 

The following table and chart is a comparison of each scenario. From this information, it 

was evident that the least expensive scenarios for landfill disposal were Scenario 4 at no cost to 

the resident for disposal, Scenario 1 A-F with the $2.00 residential disposal fee, Scenario 5 with 

the $10.00 cost to the resident and Scenario 1A-F with a $15.00 residential disposal cost. Each of 

these scenarios is unique because they represent various options. For example, Scenario 1A-F 

only poses a $1.00 fee for collection events, which is currently not representative of conditions in 

Florida. 

 

Table 4.42 Scenario vs. Scenario with Cost to Resident  

  $0.00  $1.00  $2.00  $5.00  $10.00  $15.00  $17.00  $20.00  $25.00  $30.00  

Scenario 1 
A-F 

-1609803 -
1809803 

-1009803 -951119 -951119 -951119         

Scenario 2 
A-D1 

-3979759   -3379759 -3293839 -
3293839 

          

Scenario 2 
D2-H 

-4200000       -
2174099 

-1625084   -
1076069 

-
527054 

21961 

Scenario 3 
A-D 

-4200000   -3400000 -1580394 968621           

Scenario 4 -1600000                   

Scenario 5 
A-D 

-7511119   -6951119 -856800 -856800           

Scenario 6   
10% 

-8496665     -8008419             

Scenario 6    
50% 

-8004901     -7837619             

Scenario 6   
75% 

-7800000     -7800000             

Current 
Conditions 

  -
2773857 

  -2043781 -
1131186 

-218591 146446       
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Figure 4.4 Scenario vs. Scenario 

All Tables and Figures for Analysis 

 

Analysis 1: Comparison of residential cost to disposal cost within each scenario to the final 

cost to the landfill (Tables 4.43-4.49) 

 

Table 4.43 Scenario 1 Cost to Resident vs. Landfill Expenses 

                                       Scenario 1 

Cost to Resident Landfill Expenses 
$0 -$1,609,803 

$1 -$1,809,803 

$2 -$1,009,803 

$5 -$951,119 

$10 -$951,119 

$15 -$951,119 
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Figure 4.5 Scenario 1 Landfill Expenses vs. Disposal Cost for Residents 

 

Table 4.44 Scenario 2 Cost to Resident vs. Landfill Expenses 

Scenario 2 

Cost to Resident Landfill Expenses 

$0 -$3,979,759 

$2 -$3,379,759 

$5 -$3,293,839 

$10 -$3,293,829 

$10 -$2,174,099 

$15 -$1,625,084 

$20 -$1,076,069 

$25 -$527,054 

$30 $21,961 
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Figure 4.6 Scenario 2 Landfill Expenses vs. Disposal Cost for Residents 

 

Table 4.45 Scenario 3 Cost to Resident vs. Landfill Expenses 

Scenario 3 

Cost to Resident Landfill Expenses 

$0 -$4,200,000 

$2 -$3,400,000 

$5 -$1,580,394 

$10 $968,621 
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Figure 4.7: Scenario 3 Landfill Expenses vs. Residential Disposal Cost 

 

Table 4.46 Scenario 4 

SCENARIO FOUR COST TO RESIDENT COST TO RECYCLE COST DC TO LANDFILL 

 $0.00 $3.00 $1.32 

 *This was the only option for Scenario 4; therefore, there was a chart was not needed. 

 

Table 4.47 Scenario 5 Cost to Resident vs. Landfill Expenses 

Scenario 5 

Cost to Resident Landfill Expenses 

$0 -$7,551,119 

$2 -$6,951,119 

$13 -$856,800 

$14 -$856,800 
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Scenario Five
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Figure 4.8: Scenario 5 Landfill Expenses vs. Residential Disposal Costs 

 

 Table 4.48 Scenario 6 Cost to Resident vs. Landfill Revenue 

Scenario 6 

Cost to Resident Risk to Landfill Landfill Expenses 

$0 10% -$8,496,665 

$5 10% -$8,088,419 

$0 50% -$8,004,901 

$5 50% -$7,837,619 

$0 75% -$7,800,000 

$5 75% -$7,800,000 
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Figure 4.9 : Scenario Six Landfill Expenses vs. Residential Disposal Costs 

 

Table 4.49 Summary of Current Conditions in Florida 

Current Conditions 

 Cost to 
Resident 

Landfill Expenses 

A $0 -$2,773,857.12 

B $5 -$2,043,781.12 

C $10 -$1,131,186.12 

D $15 -$218,591.12 

E $17 $146,446.88 
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Figure 4.10 Current Conditions in Florida Residential Disposal Costs vs. Landfill Expenses 

 

Analysis 2: Comparison of cost to resident to the optimal solutions with the disposal network 

(Tables 4.50-4.56) 

 

Table 4.50 Scenario 1 Cost to Resident with Optimal Values within same scenario 

                                     
Scenario 1  

 A B C D E F 

 Cost to Resident $0.00  $1.00  $2.00  $5.00  $10.00  $15.00  

X12 0 0 0 0 0 0 

X13 409803 209803 409803 600000 600000 600000 

X14 0 0 0 409803 409803 409803 

X15 600000 800000 600000 0 0 0 

X36 409803 209803 409803 600000 600000 600000 

X45 0 0 0 209000 209000 209000 

X56 600000 800000 600000 209000 209000 209000 

Landfill Revenue -1,609,803 -1809803 -1009803 -951119 -951119 -951119 
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Figure 4.11 Scenario 1 Cost to Resident vs. Optimal Solutions 

 

Table 4.51 Scenario 2-A-D1 Cost to Resident vs. Optimized Values within the same scenario 

 Scenario  A B C  D1 

  $0.00  $2.00  $5.00  $10.00  

X12 0 0 0 0 

X13 200000 200000 200000 200000 

X14 209803 209803 809803 809803 

X15 600000 600000 0 0 

X36 200000 200000 200000 200000 

X45 107000 107000 413000 413000 

X56 707000 707000 413000 413000 

Landfill 
Revenue 

-3,979,759 -3,379,759 -3293839 -3293839 
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Figure 4.12 Cost to Resident vs. Optimal Solutions 

 

Table 4.52 Cost to Resident vs. Optimized Values within the same scenario 

                 
Scenario 2  

D2 E F G H 

  $10.00  $15.00  $20.00  $25.00  $30.00  

X12 300000 300000 300000 300000 300000 

X13 200000 200000 200000 200000 200000 

X14 400000 400000 400000 400000 400000 

X15 109803 109803 109803 109803 109803 

X36 200000 200000 200000 200000 200000 

X45 204000 204000 204000 204000 204000 

X56 313803 313803 313803 313803 313803 

Landfill 
Revenue 

-2,174,099 -1625084 -1076069 -527054 21961 
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Figure 4.13 Scenario 2D2-H Cost to Resident vs. Optimal Solution 

 

 

Table 4.53 Scenario 3 Cost to Resident vs. Optimized Values within the same scenario 

    Scenario 3 A-D   

  $0.00  $2.00  $5.00  $10.00  

X12 9803 9803 300000 300000 

X13 200000 200000 200000 200000 

X14 0 0 0 0 

X15 800000 800000 509803 509803 

X36 200000 200000 200000 200000 

X45 0 0 0 0 

X56 800000 800000 509803 509803 

Landfill Revenue -4,200,000 -3400000 -1580394 968621 
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Scenario 3 A-D

0

500000

1000000

1500000

2000000

2500000

X12 X13 X14 X15 X36 X45 X56

Computer Monitor Disposal Pathways

C
o

m
p

u
te

r 
M

o
n

it
o

rs

$0.00 

$2.00 

$5.00 

$10.00 

 

Figure 4.14 Scenarios 3 Cost to Resident vs. Optimal Solution 

 

Table 4.54 Cost to Resident vs. Optimized Values within the same scenario 

Scenario 4 

 $0.00 

X12 200000 

X13 0 

X14 9803 

X15 800000 

X36 0 

X45 5000 

X56 805000 

Landfill Revenue -1,600,000 
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Figure 4.15: Scenario 4 Cost to Resident vs. Optimal Solution  

 

Table 4.55 Scenario 5 Cost to Resident vs. Optimized Values within the same scenario 

    Scenario 5 A-D   

  $0.00  $2.00  $5.00  $10.00  

X12 0 0 0 0 

X13 600000 600000 9803 9803 

X14 409803 409803 1000000 1000000 

X15 0 0 0 0 

X36 600000 600000 9803 9803 

X45 209000 209000 510000 510000 

X56 209000 209000 510000 510000 

Landfill 
Revenue 

-7,511,119 -6951119 -856800 -856800 

 



83 

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1000000

C
o

m
p

u
te

r 
M

o
n

it
o

rs

X12 X13 X14 X15 X36 X45 X56

Computer Monitors Disposal Pathway

Scenario 5 A-D

$0.00 

$2.00 

$5.00 

$10.00 

 

Figure 4.16 Scenario 5  Cost to Resident vs. Optimal Solution  

 

Table 4.56 Cost to Resident vs. Optimized Values within the same scenario 

Scenario 6 A-D 

  10% 50% 75% 

  $0.00  $5.00  $0.00  $5.00  $0.00  $5.00  

X12 0 0 0 0 0 300000 

X13 600000 600000 600000 600000 600000 600000 

X14 0 409803 0 409803 409803 109803 

X15 409803 0 409803 0 0 0 

X36 600000 600000 600000 600000 600000 600000 

X45 0 209000 0 209000 0 0 

X56 368823 188100 204901 104500 0 0 

Landfill Revenue -8,496,665 -8088419 -8004901 -7837619 -7800000 -7800000 
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Figure 4. 17 Scenarios  6 A-D 

 

Analysis 3: Comparison of landfill expense with optimal allocations (Tables 4.57-4.62) 

 

Table 4.57  Scenario 1 Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 1 A-F 

 Landfill 
Expenses 

-$1,609,803 -$1809803 -$1009803 -$951119 -$951119 -$951119 

X12 0 0 0 0 0 0 

X13 409803 209803 409803 600000 600000 600000 

X14 0 0 0 409803 409803 409803 

X15 600000 800000 600000 0 0 0 

X36 409803 209803 409803 600000 600000 600000 

X45 0 0 0 209000 209000 209000 

X56 600000 800000 600000 209000 209000 209000 

 



85 

 

Figure 4. 18: Scenarios 1 Landfill Expenses vs. Optimal Solution 

 

Table 4.58 Scenario 2A-D1 Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 2 A-D1 

Landfill 
Expenses 

-3,979,759 -3379759 -3293839 -3293839 

X12 0 0 0 0 

X13 200000 200000 200000 200000 

X14 209803 209803 809803 809803 

X15 600000 600000 0 0 

X36 200000 200000 200000 200000 

X45 107000 107000 413000 413000 

X56 707000 707000 413000 413000 
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Scenario 2 A-D1 (B)
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Figure 4.19: Scenario 2 A-D1 Landfill Expenses vs. Optimal Solution  

 

Table 4.59 Scenario 2D2-H Landfill Expenses vs. Optimized Values within the same scenario  

Scenario 2 D2-H 

  -2,174,099 -1625084 -1076069 -527054 21961 

X12 300000 300000 300000 300000 300000 

X13 200000 200000 200000 200000 200000 

X14 400000 400000 400000 400000 400000 

X15 109803 109803 109803 109803 109803 

X36 200000 200000 200000 200000 200000 

X45 204000 204000 204000 204000 204000 

X56 313803 313803 313803 313803 313803 
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Scenario 2 D2-H
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Figure 4. 20 Scenario 2D2- H Landfill Expenses vs. Optimal Solution  

 

Table 4.60 Scenario 3 Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 3 A-D 

  -4,200,000 -3400000 -1580394 968621 

X12 9803 9803 300000 300000 

X13 200000 200000 200000 200000 

X14 0 0 0 0 

X15 800000 800000 509803 509803 

X36 200000 200000 2000000 200000 

X45 0 0 0 0 

X56 800000 800000 509803 509803 
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Scenario 3 A-D
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Figure 4.21: Scenario 3 Landfill Expenses vs. Optimal Solution  

 

Table 4.61 Scenario 5 Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 5 A-D 

 Landfill 
Revenue 

-7,511,119 -6951119 -856800 -856800 

X12 0 0 0 0 

X13 600000 600000 9803 9803 

X14 409803 409803 1000000 1000000 

X15 0 0 0 0 

X36 600000 600000 9803 9803 

X45 209000 209000 510000 510000 

X56 209000 209000 510000 510000 

 

 

Landfill 
Expenses 
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Scenario 5 A-D
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Figure 4.22: Scenario 5 Landfill Expenses vs. Optimal Solution 

 

Table 4.62 Scenario 6 Landfill Expenses vs. Optimized Values within the same scenario 

Scenario 6 A-D 

  10% 50% 75% 

  -$8,496,665 -$8088419 -$8004901 -$7837619 -$7800000 -$7800000 

 $0.00 $5.00 $0.00 $5.00 $0.00 $5.00 

X12 0 0 0 0 0 300000 

X13 600000 600000 600000 600000 600000 600000 

X14 0 409803 0 409803 409803 109803 

X15 409803 0 409803 0 0 0 

X36 600000 600000 600000 600000 600000 600000 

X45 0 209000 0 209000 0 0 

X56 368823 188100 204901 104500 0 0 
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Figure 4. 23 Scenarios 6 A-D Landfill Expenses vs. Optimal Solution 

 

Analysis 4 Comparison of Scenario vs. Scenario (Table 4.63) 

The following table and chart is a comparison of each scenario. From this information, it 

was evident that the least expensive scenarios for landfill disposal were Scenario 4 at no cost to 

the resident for disposal, Scenario 1 A-F with the $2.00 residential disposal fee, Scenario 5 with 

the $10.00 cost to the resident and Scenario 1A-F with a $15.00 residential disposal cost. Each of 

these scenarios is unique because they represent various options. For example, Scenario 1A-F 

only poses a $1.00 fee for collection events, which is currently not representative of conditions in 

Florida. 

Landfill 
Expenses 
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Figure 4.24 Scenario vs. Scenario 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

Presented through this research is an environmental systems analysis of cathode ray tube 

waste management. The intent was to develop a model for CRT waste management, display the 

results of various scenarios on the model using Excel Solver and to make recommendations 

based on the results. Before deriving the model, the data gathering process was quite extensive. 

Through the information obtained through mini-interviews, literature research, and numerous 

calls to stakeholders, a model was developed to represent the most likely disposal options for 

residents. Each scenario was developed using this same information and reviewing residents 

previous habits. This analysis is an evaluation of the current system and the possibilities that are 

likely if there is a residential disposal fee.  

After reviewing the multitude of scenarios, it is realized that Scenario 2 is most 

representative of “real world” conditions. It takes into account costs throughout the system that 

are most like the real costs found within this research. In addition, all allocation units within the 

disposal network are accounted for in this scenario. Because each scenario represents the 

possibilities that exist within a system, all should be reviewed as such.  

The environmental systems analysis presented is broad in the sense that it is based on an 

approximated number of the total amount of computer monitors disposed of in Florida. If each 

county desired to propose a structure for an advanced recycling fee, this model could be scaled 

such that the county could determine the best advanced processing fee based on the number of 

computer monitors they receive that contain cathode ray tubes. This may not be true if 

televisions were included because the cost for processing televisions varies from that of 

computers; however, knowing those costs and generated amounts would be valuable to the 

model development. The research does not detail how the residential disposal fee will be 

assessed. Its exact structure is not relevant to this study; but an advanced recycling fee collected 

at the time of purchase would be the recommendation. The systems analysis did not take into 

account if residents do not have the option for storage. As suspected, people are more likely to 

take their computer monitors to the landfill when there is no cost associated with it and less 

willing when there is a cost. In the future, the constants can be made variables. In addition, the 
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network can be extended further to include disposal of CRTs at glass to lead facilities and glass-

to-glass facilities.  

Future Work: 

 There is a variety of opportunities to extend this research. To extend the model to glass-

to-glass and glass to lead disposal would allow for more research of environmental effects that 

are not captured within this study. To understand the actual expenses more costs should be 

researched such as transportation and labor costs for processing computer monitors throughout 

the model. Lastly, many stakeholders are local for resolution at the federal, state and local level; 

therefore, uniform policies are needed to minimize the impact cathode ray tubes are having on 

landfill revenue and the potential impact they will have on the environment and human health if 

the lead leaches into groundwater. 
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APPENDICES 

 
The appendices contain information and data relevant to the research conducted. Some 

information contained herein may not have been utilized for this research but would be helpful if 

the research were extended as stated in the future recommendation. All tables containing county 

information were obtained from that specific county. The name of each county is listed and the 

solid and hazardous waste official at each county assisted in providing data. 
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APPENDIX A: Questions to Solid and Hazardous Waste County Officials at Landfill 

1. How many computer monitors do you receive on an annual basis?  
1. From Residents?  
2. From donation centers?  

2. How many of these are drop off vs. collection events?  

1. What is the cost for processing monitors for collection events 

3. Do you send computers straight to recycling centers? 
1.  Which recycling centers do you use? 
2. Do you have contact information for these centers?  

4. Do you calculate the computers that people dispose of in their household garbage as drop 

offs?  

 

Response from Miami- Dade County Landfill  

    Contact- Marc Laurent 

1. How many computer monitors do you receive on an annual basis? From Residents? From 
donation centers?  

County received 4,738 in 2002-03 from residents and 512 in 2004 from their collection 

units.  

 

2. How many of these are drop off vs. collection events?  

These are mobile unit collection centers that are located throughout the county. 

Residents typically take their waste to these facilities. 

1. No response for cost information  

 

3. Do you send computers straight to recycling centers? Yes 

1.  Which recycling centers do you use?  

Independent Contractor- resells everything. 

2. Do you have contact information for centers?  

No 

4. Do all computers that people dispose of in their household garbage end up at the landfill. 

Are they calculated as drop offs?  

No Response  
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A.1 FY 02-03 Miami-Dade County 

FY 02 - 03 COMPUTER MONITORS 

    

 Quantity Pounds Cost 

10/02 - 12/03 1052 30911 $13,150.00 

1/03 - 3/03 1,187 34,709 $14,837.00 

4/03 - 6/03 1232 34756 $15,400.00 

7/03 - 9/03 1267 37258 $11,418.50 

    

TOTAL 4738 137634 $54,805.50 

A.2 FY 03-04 Miami- Dade County 

 ELECTRONIC 
MATERIALS 

    QUANTITY POUNDS 

 MONITORS       5,135 155,984  

 

Response from Escambia County Landfill 
Contact- Sandra Prather 

1. How many computer monitors do you receive on an annual basis? From Residents? From 

donation centers?  

Drop offs are at the landfills. 700 pieces. There is no breakdown between small 

businesses and residential. They do not have an existing partnership with any donation 

centers. They receive about ½ of the amount received at collection events  

 

2. How many of these are drop off vs. collection events?  

Regional roundups – from special events on a quarterly basis they take in anywhere 700-

1400 pieces. ½ of that is only a month to month at the facility 

1. No response for cost information  

 

3. Do you send computers straight to recycling centers? Yes 

1.  Which recycling centers do you use?  

We use Unicor as the recycling facility. Unicor is the prison industry in 

Marianna, Florida. 

2. Do you have contact information for centers?  
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4. Do all computers that people dispose of in their household garbage end up at the landfill. 

Are they calculated as drop offs?  

Yes, they are separated prior to dumping procedure for regular MSW.  

Response from Leon County Landfill 
Contact- Adam Schlachter 

1. How many computer monitors do you receive on an annual basis?  
2300 per year  

1. From Residents? 60% 
2. From donation centers? ~200 

2. How many of these are drop off vs. collection events? These are from dropoffs. The  

county usually holds a collection event annually. 

1. What is the cost for processing monitors for collection events? $13.00 

3. Do you send computers straight to recycling centers? 
1.  Which recycling centers do you use? Creative Recycling Systems 
2. Do you have contact information for these centers?  

4. Do you calculate the computers that people dispose of in their household garbage as drop 
offs? Yes 

Response from Pinellas County Landfill 
Contact - Judy Kudjawa 

1. How many computer monitors do you receive on an annual basis?  
In 6 months, 1,296 were collected at permanent facility and 1,313 at mobile collection 
units from residents. 

Table A.3 Pinellas County FY 04-05 

 Computer Monitors Cost Average 
Pound 

Average 
Cost 

2004-05 Landfill Total 2100 $6,860  33 $3.27  

Mobile Collection 1735 $5,424  31 $3.13  

 
 
Response from Orange County Landfill 
Contact – Oscar Ramos 

1. How many computer monitors do you receive on an annual basis?  
2300 per year  

1. From Residents? 60% 
2. From donation centers? ~200 
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2. How many of these are drop off vs. collection events? 
 Collection events are held 4 times a year with 512 collected in one Fiscal Year 2004. In 
2003 they obtained 21,906 pounds of monitors. 
 

3. Do you send computers straight to recycling centers? 
1.  Which recycling centers do you use? Yes, Southeastern Data Inc. 
2. Do you have contact information for these centers?  

4. Do you calculate the computers that people dispose of in their household garbage as drop 
offs? No 
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APPENDIX B: Questions to Recycling Facilities 

 
1. What process do monitors go through at your facility?  

 
2. Do you have requirements for incoming materials?  

 
a. Do they have to be already disassembled?  
b.  Is there a minimum quantity or volume? 
c. Do you accept waste from residential and commercial?  
d. Which is your primary customer? 

i. How many households and businesses do you serve annually? 
 
3. How many monitors (in number or in lbs) do you receive on an annual basis? 
 
4. How do you calculate costs for processing? What is the cost for processing? 
 
5. Do you use the whole CRT or are parts sent other places?  

a. Do you send anything to the landfill? If so, what? How many pounds? 
b. What materials do you send and where? 
c. What happens to the lead in these CRT’s? 

 
6. Are you a small, medium or large facility?  

a. On any day, what is your total collection capacity? 
b. Is the majority of your business local, or do you receive shipments from across 

the state, nationally, internationally? 
c. Do you have the contact info for any of these businesses? 
 

 
 
Table B.1 Electronic Recyclers in Florida Source: John Price Florida Department of Environmental  
Protection 2005 

Escrap Recyclers recycling (in units) 

Year 2000 2001 2002 2003 2004 

Company Monitors Monitors Monitors Monitors Monitors 

1 5,000 20,000   64,000 72,000 

2 10,000 10,000   10,236 35,489 

3 0 0       

4 27,500 20,235 77,200 13,500 8,940 

5 0 0       

6   0 0 5,351 6,290 

Escrap Recyclers recycling (in units) 

Table B.1 Continued Electronic Recyclers in Florida Source 
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Year 2000 2001 2002 2003 2004 

Company Monitors Monitors Monitors Monitors Monitors 

7           

8       0 0 

9         11,700 

10   10,750 15,200     

11   72 1,282 48,000 5,168 

12         46,926 

Totals 42,500 61,057 93,682 141,087 186,513 

Unit weight 30 30 30 30 30 

Total Weight 1,275,000 1,831,700 2,810,451 4,232,608 5,595,380 

Pb Content  % 7.0% 7.0% 7.0% 7.0% 7.0% 

Pb Content lbs 89,250 128,219 196,732 296,283 391,677 

Pb Content 
tons 

44.6 64.1 98.4 148.1 195.8 

 

Responses for Recycling Companies Facility - A 

 
1. What process do monitors go through at your facility?  

a. Repair monitors and test them… if they cannot be fixed they are sent to a glass 
facility. 

2. Do you have requirements for incoming materials?  

a. Do they have to be already disassembled? No 
b.  Is there a minimum quantity or volume? 
No minimum if bringing in but have to have at least 50 computers for pickup 
c.  Do you accept waste from residential and commercial?  

Both 
d. Which is your primary customer? About how many households in businesses 

annually? No response 
3. How many monitors (in number or in lbs) do you receive on an annual basis? 

15 to 20 million lbs of monitors per year 

4. How do you calculate costs for processing? What is the cost for processing? 

Confidential information 

5. Do you use the whole CRT or are parts sent other places?  

a. Do you send anything to the landfill? If so what? How many lbs? 
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Nothing goes to landfill 
b. What materials do you send and where? 

Monitor is sent to glass companyif it doesn’t work.  1 -2 million lbs of monitor are 
sent out. 

c. What happens to the lead in these CRT’s? 
Not separated in this facility.  

6. Are you a small, medium or large facility? What is your total collection capacity? 

Large facility, can store 200 tons per day 
a.  Is the majority of your business local, or do you receive shipments from across 

the state, country, internationally? 
Across the country primarily northeast region 

b.  Do you have the contact info for any of these businesses? 
Businesses, corporations and government send materials. Confidential 
information 

 
 
Responses for Recycling Companies - Facility B 
 

1. What process do monitors go through at your facility?  

Demanufacture and recycle everything. Wash glass from monitors- glass to glass 
recycling. One of 3 in the US. 

 
2. Do you have requirements for incoming materials?  

a. Do they have to be already disassembled?  
No 

b.  Is there a minimum quantity or volume?  
1 monitor or pickup 1 pallet 36 monitors 

c.  Do you accept waste from residential and commercial? 
 Both 

d. Which is your primary customer? About how many households in businesses 
annually? 

      More commercial business and they have about 10 consistent businesses on an 
      annual basis 

3. How many CRTs (in number and in lbs) do you receive on an annual basis? 

999,313 lbs @ 4lbs of Pb ~ 250K monitors 

4. How do you calculate costs for processing? What is the cost for processing? 

Confidential Information 

5. Do you use the whole CRT or are parts sent other places?  

a. Do you send anything to the landfill? If so what? How many lbs? 
No 

b. What materials do you send and where? 
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Plastics and aluminum are sent out… cant give much information 
c. What happens to the lead in these CRT’s? 

Lead goes to a lead smelter  

6. Are you a small, medium or large facility? What is your total collection capacity? 

a. Small facility receives about 5 trucks a day 

b.  Is the majority of your business local, or do you receive shipments from across 

the state, country, internationally? 

 Corporations from across the US ..but cannot give names 

 

Responses for Recycling Companies - Facility C 

 

1. What process do monitors go through at your facility?  
Monitors are recycled at this facility but are sent somewhere else for demanufacture.  
They are restored to working order and then sent to other countries. 

 

2. Do you have requirements for incoming materials?  

a. Do they have to be already disassembled?   
     NO 
b.  Is there a minimum quantity or volume? 
       Any quantity 
c.  Do you accept waste from residential and commercial? 
       Most residential monitors are obtained through collection events. Commercial  
      generators are primary customer. 
 

3. How many CRTs (in number and in lbs) do you receive on an annual basis? 
What is the average weight of the personal computer with a CRT? 

      30% of the 2 million lbs electronics are computer monitors which is 600K lbs of  
       computers. . Since there are 4 lbs of Pb per monitor.  

4. How do you calculate costs for processing? What is the cost for processing? 
      If it is a 15 inch monitor and up, they pay $7.00 to the customer for it. It costs $250 per  
      ton of leaded glass to process.  
5. Do you use the whole CRT or are parts sent other places?  

a. Do you send anything to the landfill? If so what? How many lbs? 
They have a zero landfill policy.  

b. What materials do you send and where? 
Glass goes to a glass to glass facility.  

c. What happens to the lead in these CRT’s?  
       The lead is still in the glass and is not separated out. 

 
6. Are you a small, medium or large facility? What is your total collection capacity? 
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 Is the majority of your business local, or do you receive shipments from across the state, 
 country, internationally? 
Southeast to Charleston, SC 

 

Responses for Recycling Companies – Facility D 

 

1. What process do monitors go through at your facility?  
     This is a recycling facility only. There is no- resale. They have 60 locations throughout 
    the US.  
 
2. Do you have requirements for incoming materials?  

a. Do they have to be already disassembled? 
 No, they have to be packaged.  

b.  Is there a minimum quantity or volume? 
   There is a minimum charge.. 

c.  Do you accept waste from residential and commercial?  
Commercial. They do collection events to get residential but that may only net them 
about 15 monitors or a more. Sometimes they will go as far as central Florida for a 
collection event. They only have about 20 people per yer that may bring in their 
own monitor for a drop off. 

d. Which is your primary customer? About how many households in businesses 
annually? 
State government and corporations are their primary business. Trucks travel about 
2000 miles per week. That may be 13 pickups locally or a single trip to Memphis. 

 
3. How many CRTs (in number and in lbs) do you receive on an annual basis? 

No Response 

4. How do you calculate costs for processing? What is the cost for processing? 
It costs about $4.00  to process a single monitor 
 

5. Do you use the whole CRT or are parts sent other places?  
The whole monitor is used if it is reusable and newer than 1998. 

a. Do you send anything to the landfill? If so what? How many lbs? 
No Response 

b. What materials do you send and where? 
No Response 

c. What happens to the lead in these CRT’s?  
The lead goes to glass to glass recycling.  

6. Are you a small, medium or large facility? What is your total collection capacity? 
     They are small within company but compared to the national average they are probably  
     large. 
      Is the majority of your business local, or do you receive shipments from across the state, 
      country, internationally? 
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            Most business is in-state. They are the world’s largest recycler. Largest customers are a  
            major Florida University, a Florida Community College and State Government. 
 

Responses for Recycling Companies - Facility E 

 
1. What process do monitors go through at your facility (refurbishment, recycling, 

demanufacturing)?  
Recycling, 3 stage triage process 

a. If monitors are bad, switches are taken out. 
b. Glass is crushed to a fine powder and then recycled.  
c.Glass powder is sent to another facility. How many lbs of glass for each monitor? How  
many lbs do you send to other facilities? Do you send it to a glass-to-glass facility? What 
is the name of that facility? 

CPU and monitors are processed for resale or donations, demanufacturing occurs by 
      hazardous function. Precious metals are recycled in an environmentally responsible 
     manner. 1% of what comes in goes to the landfill.  

 

2. Do you have requirements for incoming materials?  

a. Do they have to be already disassembled? No 
b.  Is there a minimum quantity or volume? 

It costs $75 to get the truck out within 50 miles. If computers are of no value, there is 
an additional charge of $5.00 per monitor. 

c.  Do you accept waste from residential and commercial?  
There are drop-offs and the customers are charged $5.00 for company to dispose 
of monitor. 

d. Which is your primary customer? About how many households and businesses 
annually? 

Primary customers are small and large businesses. 

3. How many CRTs (in number and in lbs) do you receive on an annual basis? 
      They have received 12,813 monitors in six months (25,626 for the year) 
  
4. How do you calculate costs for processing? What is the cost for processing? 
      It costs $3.00 for 15 inch and $5.00 for 17 inch monitors. 
 
5. Do you use the whole CRT or are parts sent other places?  

a. Do you send anything to the landfill? If so what? How many lbs? 
b. What materials do you send and where? 
c. What happens to the lead in these CRT’s? The Pb is properly recycled or reclaimed.  

Do you send glass to a glass to glass  facility? Which one? Where is Pb  
recycled?  
 

6. Are you a small, medium or large facility? What is your total collection capacity? 
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a.  Is the majority of your business local, or do you receive shipments from across the 
state, country, internationally? 

They have state contracts in FL, GA and SC. 
b.  Do you have the contact info for any of these businesses? 

One of their largest customers is natural foods grocer.   

 

Responses for Recycling Companies - Facility F 

 

1. What process do monitors go through at your facility?  

Computer monitors are tested for operability and if they do not work they are sent to  
Dlubak Glass in Ohio. Computer are shipped via common carrier trucks. They do not  
have their own fleet. They send about 60-100 computer monitors per shipment to Dlubak.  
They will not demanufacture computers at all because they do not want the risk of lead  
dust that may result from demanufacturing. 

 

2. Do you have requirements for incoming materials?  

a. Do they have to be disassembled? 
N/A 

b.  Is there a minimum quantity or volume? 
No sometimes a truck may go and pick up one computer. 

c.  Do you accept waste from residential and commercial?  
They only accept monitors from commercial customers. This is an evolving business. 
They have started dealing with some municipalities. They leave their containers at 
landfills and when the container is full) they will go and pick it up. The bin is picked 
up weekly and has a total capacity of 300 lbs. It is at 80% capacity when picked up 
which is 225lbs. 

d. Which is your primary customer? About how many households in businesses 
annually? 

 They are the corporate headquarters so all of their other locations in the US will 
serve as collection spaces and then ship computers to them for model testing. All that 
they cannot resell is sent to Dlubak. 

 

3. How many CRTs do you receive on an annual basis? 
Receive about 20 tons of monitors per year. 
 

4. How do you calculate costs for processing? What is the cost for processing? 
$12.00 is the total cost for processing monitor including labor and transportation. They 
are paid between $8-$10 for each monitor. 
 

5. Do you use the whole CRT or are parts sent other places?  
No Response 
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6. Are you a small, medium or large facility?  
This is a medium size facility with a daily throughput of 8-10 tons of material; total 
capacity by month is 200 tons and annual capacity is 2600 tons of material. 
 Is the majority of your business local, or do you receive shipments from across the state,  
country, internationally? 

They send 6 or 7 pallet loads to Ohio of monitors in any one shipment. That is about 
60-100 computer monitors. Shipments to Dlubak are monthly and they pay $4800 per 
shipment to Dlubak. 
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APPENDIX C: Questions for Glass to Glass Facilities 

 
1. Do you receive the entire monitor or just the glass? (Do you have the ability to 

disassemble on sight?) What do you do with parts that you don’t need? 

2. What is the price difference for sending the entire monitor, CRT, vs. just the glass vs. 

sending crushed glass? 

3. How much leaded glass do you receive on annual basis? On any given day what is 

your maximum capacity for glass? 

4. Does anything go to the landfill? 

5. At the end of its life in your facility, what happens to leaded glass? 

6. Do you pay to receive crushed glass or do customers pay you to dispose of their 

waste? 

7. How much glass do you resell to tube manufacturers and PC monitors?  

8. While I am sure you follow strict environmental guidelines to prevent exposure, 

during any of the processing of CRT’s, is there a possibility for lead exposure? 

Response to Glass to Glass Questions – Facility A 

 
1. Do you receive the entire monitor or just the glass? (Do you have the ability to 

disassemble on sight?) What do you do with parts that you don’t need? 

We accept whole monitors but customers must pay more for processing.  

2. What is the price difference for sending the entire monitor, CRT, vs. just the glass vs. 

sending crushed glass? 

No Response 

3. How much leaded glass do you receive on annual basis? On any given day what is your 

maximum capacity for glass? 

No Response 

4. Does anything go to the landfill?  

Only packaging material goes to the landfill 

5. At the end of its life in your facility, what happens to leaded glass? 

It is sold to companies that operate CRT glass furnaces. The frit seal, which is less 

than 1lb, is reused as well goes with the funnel to CRT glass furnaces. 
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6. Do you pay to receive crushed glass or do customers pay you to dispose of their waste? 

Customers pay $0.10 per lb to dispose of crushed glass 

7. How much glass do you resell to tube manufacturers and PC monitors? 

We sell 40,000 tons annually to CRT manufacturers  

8. While I am sure you follow strict environmental guidelines to prevent exposure, during 

any of the processing of CRT’s, is there a possibility for lead exposure? 

No Response 

Response to Glass to glass questions - Facility B 

 
1. Do you receive the entire monitor or just the glass? (Do you have the ability to 

disassemble on sight?) What do you do with parts that you don’t need ? 
We receive glass from other recyclers and monitors because we are also a recycling 
 facility. 

 
2. What is the price difference for sending the entire monitor, CRT, vs. just the glass vs. 

sending crushed glass? 
If it is mixed contaminant glass they charge $150 per ton. There is another price for  
cleaned glass and bare CRT’s. We don’t receive crushed glass. We receive gravity  
broken glass because it is easier to sort. 

3. How much leaded glass do you receive on annual basis? On any given day what is your 
maximum capacity for glass? 
We process 24 million lbs of glass from CRT’s a year. 

 
4. Does anything go to the landfill? 

No 
 

5. At the end of its life in your facility, what happens to leaded glass? 
Glass is cleaned from its coatings, sorted and goes back to CRT manufacturer. 
 

6. Do you pay to receive crushed glass or do customers pay you to dispose of their waste? 
Customers payt… see above 

 
7. How much glass do you resell to tube manufacturers and PC monitors? 

Resell all that is processed so that is about 24 million lbs of glass. 
 
8. While I am sure you follow strict environmental guidelines to prevent exposure, during 

any of the processing of CRT’s, is there a possibility for lead exposure? 
Lead cannot be removed from glass so exposure is a non-issue. 
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APPENDIX D: Questions for Glass to Lead Facility 

 
1. Do your receive monitors in tact? 
2. Who are your major suppliers? 
3. What are the fees for cathode ray tube disposal? 
4. How many pounds of lead are you able to capture during the process? 
5. How many pounds of lead do you receive annually from CRTs? 

 

Response to Glass to Lead Questions 

 
1. Do your receive monitors in tact? 
      Cathode ray tubes are only accepted once they have been removed from the device. 
 
2. Who are your major suppliers? 

Numerous e-cycling demanufacturers 
 
3. What are the fees for cathode ray tube disposal? 

Fees range from $120-$150  
 
4. How many pounds of lead are you able to capture during the process? 

Each CRT contains about 2-8lbs of lead. 
 
5. How many pounds of lead do you receive annually from CRTs? 

The company received 350,000 tons of lead bearing material from hundreds of different 
items CRT glass is only one small fraction of that. 
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