
CONSUMER PREFERENCE FOR ALTERNATIVE MILK PACKAGING 

by 

CLINTON L. NEILL, B.S. 

A THESIS 

IN 

AGRICULTURAL AND APPLIED ECONOMICS 

Submitted to the graduate faculty 

Of Texas Tech university in  

Partial Fulfillment of  

The Requirements for 

The Degree of 

MASTER OF SCIENCE 

Approved 

Ryan B. Williams 

Chairperson of the Committee 

Darren Hudson 

Aaron Benson 

Jaime Malaga 

Mark Sheridan 

Dean of the Graduate School 

August, 2014 



Copyright 2014, Clinton Neill 



Texas Tech University, Clinton Neill, August 2014 

ii 

ACKNOWLEDGEMENTS 

First and foremost, I would like to extend my sincerest gratitude to my committee 

members, Drs. Williams, Hudson, Benson, and Malaga, for guiding me through the thesis 

process. Dr. Williams has been the person who pushed me to learn more, as well as who helped 

me reach my goals within academia, and I could not have asked for a better advisor. In addition, 

all of the faculty members within the department of Agricultural and Applied Economics have 

assisted me in pursuing my graduate studies on levels that I never thought possible. A particular 

thanks to Dr. Jyotsna Sharma in the Plant and Soil Sciences Department for introducing me to 

the world of academic research when I was an undergraduate. 

I would also like to extend my appreciation to my fellow graduate students within the 

department. A special thanks to Shelbi Knisley, Travis McCalister, and Kelsey Stokes for 

helping me collect data for my thesis. Also, I owe tremendous appreciation to Donna Mitchell 

for all of her advice and guidance through my Master’s program. She has truly been there to 

answer all my questions and guide me through the tough times. 

Finally, I would like to thank my family. My parents, Charlie and Anna Neill, have 

always pushed me to pursue my dreams and to work hard in order to accomplish those dreams. 

My sisters, Sara Foster and Katy Rittimann, have always supported me in all endeavors and 

continue to do so every day. Futhermore, to Gina Hale, Tara Hale, and Katy Springs who are like 

extended family to me even though we are not related by blood. All of these people truly know 

what is best for me even when I have not realized it yet myself. 

Without every single person I have mentioned, among many others that I did not 

mention, I would not be as successful and dedicated to my research as I am today. Thank you all 

for your support. 



Texas Tech University, Clinton Neill, August 2014 

iii 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS……………………………………………………………… ii 

LIST OF TABLES……………………………..………………………………………... v 

LIST OF FIGURES.………………………..………………………………………...... vi 

CHAPTER 

I. INTRODUCTION…………………………………………………………. 1 

1.1 General Problem………………………………………………………… 1 

1.2 Specific Problem………………………………………………………… 3 

1.3 Objectives……………………………………………………………….. 5 

II. LITERATURE REVIEW…………………………………………………… 6

2.1 Eco-labeling and Local Agriculture……………………………………... 6 

2.1.1 Eco-labeling……………………………………………………….. 6 

2.1.2 Local Agriculture………………………………………………….. 10 

2.2 Demand Studies…………………………………………………………. 12 

2.2.1 Recreational Demand……………………………………………… 12 

2.3 Consumer Preferences…………………………………………………… 15 

2.4 Alternative Milk Packaging Information………………………………... 21 

III. CONCEPTUAL FRAMEWORK…………………………………………… 26

3.1 Theory of Externalities………………………………………………….. 26 

3.2 Discrete Choice Models………………………………………………… 30 

3.3 The Logit Model………………………………………………………… 32 



Texas Tech University, Clinton Neill, August 2014 

iv 

IV. METHODS AND PROCEDURES…………………………………………. 34

4.1 Deriving External and Social Cost……………………………………… 34 

4.2 Survey Design and Results Interpretation ……………………………… 36 

4.3 Model Specification and Econometric Estimation……………………… 37 

V. RESULTS……………………………………………………………………. 43 

5.1 External and Social Cost………………………………………………… 43 

5.2 Willingness to Pay……………………………………………………….. 47 

5.3 Consumer Preference…………………………………………………….. 53 

VI. CONCLUSIONS…………………………………………………………….. 57

6.1 External and Social Cost…………………………………………………. 57 

6.2Willingness to Pay………………………………………………………... 59 

6.3 Consumer Preference…………………………………………………….. 60 

6.4 Overall Conclusions……………………………………………………... 62 

6.5 Limitations and Extrapolation…………………………………………… 64 

REFERENCES……………...............…………………………………………………… 65 

APPENDIX………………………………………………………………………………. 69 



Texas Tech University, Clinton Neill, August 2014 

v 

LIST OF TABLES 

5.1 External Cost of Alternative Milk Packaging per 10,000 containers………... 44 

5.2 Overall Social Cost of Alternative Milk Packaging per 10,000 containers….. 44 

5.3 Sensitivity Analysis of External Cost of Returnable Glass Bottles………….. 45 

5.4 Sensitivity Analysis of Social Cost of Returnable Glass Bottles……………. 46 

5.5 Summary of Statistics for Survey Respondents……………………………… 48 

5.6 Willingness to Pay for Returnable Glass Bottled Milk Regression………….. 51 

5.7 Willingness to Pay Premium Distribution………………….………………... 52 

5.8 Stated Preference Regression for Returnable Glass Bottled Milk…………… 54 

5.9 Consumer Environmental Perception for Returnable Glass Bottled Milk…… 55 

A.1 WTP Regression for Returnable Glass Bottled Milk with 

Environmental Score……………………………………………..……… 69 

A.2 Stated Preference Regression for Returnable Glass Bottled Milk with  

Environmental Score……………………………………………..……… 70 

A.3 Perception Regression for Returnable Glass Bottled Milk with 

Environmental Score……………………………………………..……… 70 

A.4 Consumer Reasons for Not Paying a Premium……………………………… 85 



Texas Tech University, Clinton Neill, August 2014 

vi 

LIST OF FIGURES 

1.1 Environmental Kuznets Curve for sulfur emissions…………………………. 2 

2.1 Demand for organic products in 210 U.S. farmers’ markets, 2002………….. 12 

3.1 Externality Example ………………………………………………………… 26 

A.1 Age Frequency……………………………………………………………… 71 

A.2 Income Frequency…..……………………………………………………… 72 

A.3 Bags Frequency……………………………………………………..……… 73 

A.4 Purchase of eco-labeled products Frequency…….………………………… 74 

A.5 Environmental Score Frequency…………………………………………… 75 

A.6 Education Frequency……………………..………………………………… 76 

A.7 Firm’s Responsibility Frequency…………………………………………… 77 

A.8 Personal Responsibility Frequency….……………………………………… 78 

A.9 Household Size Frequency…………………..……………………………… 79 

A.10 Perception Frequency……………………………………………………… 80 

A.11 Age Sample Data with Distributional Fit (Non-parametric)..……………… 81 

A.12 Household Size Sample Data with Distributional Fit (Non-parametric)…… 82 

A.13 Education Sample Data with Distributional Fit (Non-parametric)..………… 83 

A.14 Income Sample Data with Distributional Fit (Non-parametric)..…………… 84 



Texas Tech University, Clinton Neill, August 2014 

1 

CHAPTER I 

INTRODUCTION 

1.1 General Problem 

Consumers have become increasingly aware of environmental impacts associated with 

their consumption of goods and services. In an effort to minimize such impacts in their daily 

lives, some consumers are purchasing products that have been labeled as environmentally 

friendly. In response to this shift in consumer preferences, agricultural firms have differentiated 

their products in regards to production methods (Byrne 1991).  

Consumers in the United States have experienced a continuous increase in real disposable 

income over the past 40 years (Federal Reserve Economic Data 2013).  With this increase has 

come the ability to afford products that embody specific attributes that a particular consumer is 

willing to pay for in order to increase their utility.  However, there has been a wide variety of 

responses to the different products in regards to consumer willingness to pay (WTP).  One of the 

more interesting areas of variability is that of eco-labeling.  Eco-labeling includes identifying 

goods as being organic, hormone free, non-GMO, Rainforest Alliance Certified, energy efficient, 

etc.  The eco-label claim of being environmentally friendly has allowed firms the opportunity to 

pursue a price premium for their products. 

The price premium from eco-labeled products results from multiple factors which 

influence both supply and demand for goods.  Loureiro and Hine (2001) found that consumers 

placed a higher value on locally grown and organic potatoes as compared to conventionally 

produced potatoes. They presume from their study that labeling programs associated with higher 

perceived consumer value may be efficient tools in stimulating demand. 
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One explanation for changing consumer preferences with respect to environmentally 

attributed goods is provided by the environmental Kuznets curve (EKC).  In theory, the EKC 

states that economic growth results in an eventual environmental improvement (Stern 2004).  To 

be more specific, as incomes rise, the demand for improvements in environmental quality will 

increase, as will the resources available for investment (Lucas et al. 1992). The EKC has assisted 

in the conceptualization of the current situation.  It is known that real per capita income is 

increasing, and there is growing consumer demand for environmentally attributed products. The 

EKC, as seen in Figure 1.1, has been used to demonstrate a similar case with increases in gross 

national product correlated with decreased sulfur dioxide emissions.  

Figure 1.1. Environmental Kuznets curve for sulfur emissions. Source: Panayotou (1993). 

While production agriculture was historically free of chemicals and bioengineering, 

beginning in the 1940s emerging technology allowed farmers and ranchers to become more 

productive, thus creating the conventional method of farming (Ingram 2002).  However, an 
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increasingly popular movement of reversion to production methods that are perceived to be more 

environmentally friendly has gained momentum in recent years.  

Producers have also become more cognizant of their environmental impacts.  Fairweather 

(1999) found that about 56% of organic farmers had chosen organic farming out of concern for 

their current environmental impacts, while a smaller share of respondents indicated increased 

revenue as the primary reason for organic production.  In light of this information, it can be 

noted that people on both sides of the agricultural marketing channel have become increasingly 

aware of their personal environmental impacts 

1.2 Specific Problem 

Within the agricultural industry, many consumers have been willing to purchase products 

that are labeled as locally grown or produced (Loureiro and Hine 2001).  While these locally 

grown products can assist in the growth of local economies, consumers have begun to perceive 

some of them as products with environmental attributes even though they are not labeled as such.  

In many studies, locally produced agricultural products have been grouped with organic, grass-

fed, non-GMO, and free range products (Loureiro and Hine 2001; Loureiro et al. 2001; Kreman 

2004).  

Some consumer are purchasing products that have an inferred environmental attribute. In 

some cases, consumers are purchasing products that are not eco-labeled, but they perceive them 

to have less of an environmental impact than conventionally produced products.  In other words, 

the consumer perceives a product to be environmentally friendly, but there are no observable 

identifiers for consumers to know if it truly is environmentally friendly. Alternatively, products 

that are labeled as organic have been clearly defined as reducing negative environmental impacts 

associated with the production process. 
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Previous studies (Toro-Gonzalez 2013; Bajari and Benkard 2001) have discussed the idea 

of an unobservable or inferred product attribute. This type of attribute normally occurs because it 

is not possible to observe or measure differences in quality. Also, it is difficult to place a label 

suggesting the differentiation in quality due to the fact that quality varies among consumers. 

However, while the previous literature discusses matters of quality, which is identifiable by the 

consumer, the current study proposes a differentiating product attribute that is not based upon 

personal quality measurements, but rather consumer inclinations toward environmental impacts.  

One prime example of a product that usually has an inferred environmental attribute is 

the glass milk bottle.  Dairies and creameries used to ship glass bottles of milk to consumers 

within a 100 mile radius.  As technology advanced, especially in the production of alternative 

materials for packaging and transportation methods, the plastic milk bottle was adopted.  

According to Zaleski (1963), the plastic bottle is a viable alternative to glass bottled milk 

because it is cheaper on a per unit basis and does not have to be returned. 

While the concept of ‘local’ has somewhat different meanings to different consumers, it 

appears to be one promising way for farmers to tap markets that may be more likely to reward 

them for stewardship and proximity (Martinez 2010). Local food systems are a small but rapidly 

growing segment of U.S. agriculture, representing approximately $4.8 billion in sales in 2008 

(Low and Vogel 2011). In many states, local dairy farms are offering glass bottled milk at local 

grocery stores. Local milk delivery is an example of producers meeting the growing demand for 

locally produced agricultural products. 
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1.3 Objectives 

This research evaluates consumers’ willingness to pay for products that are perceived as 

having “environmentally friendly” attributes.  With the current trend of local dairies producing 

glass bottled milk all across the nation, the study focuses on glass bottled milk. The particular 

interest of this study is evaluating the consumer’s attitude toward glass bottled milk and how 

they respond to varying price points associated with the product. 

The specific objectives are as follows: 

1. Assess external costs associated with the production and transportation of various milk

packaging options in order to determine current environmental impacts. 

2. Evaluate the characteristics associated with an individual who is more likely to make

such a purchase, and how these consumers differ demographically. 

3. Determine if consumers have a higher willingness to pay for inferred environmental

attributes in regards to glass bottled milk. 
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CHAPTER II 

LITERATURE REVIEW 

The purpose of this chapter is to review the literature on the subject of products and their 

environmental attributes. There are four main sections to this chapter which are as follows: Eco-

labeling and local agriculture, demand studies, consumer preferences, and alternative milk 

packaging information. Specific attention is given to the methodology used in each of the 

presented articles, the analytical approaches, and the results. 

2.1 Eco-labeling and Local Agriculture 

2.1.1 Eco-labeling 

Environmental and social labeling, whether mandatory or self-declared, has been 

increasing in intensity over the past few decades. Eco-labeling is the most prominent form of this 

and is the practice of supplying information on the environmental characteristics of a commodity 

to the general public (Markandya 1997). However, there are issues that remain to be resolved 

which include income risks due to uncertainties in productivity, price premiums, and the market 

(Carambas 2007). In spite of these issues, eco-labeling in the agricultural sector has continued to 

acquire a growing consumer base within the United States as well as the rest of the world. 

An emerging literature in environmental economics points to the potential for 

information to aid in the control of externalities (Mason 2011). For example, some have argued 

that publicly available information can induce firms to become more environmentally friendly 

because of market pressures (Mason 2011; Arora and Carson 1996; Konar and Cohen 1997, 

2001). Tietenberg (1998) actually refers to this possible phenomenon as the “third wave” of 

population control (Mason 2011). 
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Carambas (2007) analyzes the costs and benefits of eco-labeling with a particular focus 

on how the production and marketing of eco-labeled products affect the economic standing of the 

producers. Carambas (2007) has many undertakings, but the most interesting notion in regards to 

the proposed study is the one that examines the determinants affecting farmers’ decision to adopt 

eco-labeling. 

The data was collected through a survey of farm households and interviews with 

exporting firms. The survey was conducted in areas where both labeled organic and conventional 

rice are mainly produced (Carambas 2007). Logit regression was employed to identify factors 

that influence a farmer’s decisions to participate in organic farming and adopt eco-labeling as a 

marketing strategy. Factors included in this analysis are socio-economic characteristics of the 

farmers, characteristics of the farm, factors relating to farmers’ support/ assistance, farmers’ 

perceptions on the impacts of adopting the farming approach required for eco-labeling, and other 

economic factors (Carambas 2007). 

The marginal probability that a farmer will adopt organic production increases by an 

average of 50% when: (a) it is easy to get technical information about eco-labeling, (b) farmers 

perceive positive yield and environmental effects of organic farming as compared to 

conventional farming, and (c) farmers experienced sickness in conventional farming (Carambas 

2007). 

Another recent study (Tzouvelekas et al. 2001) examines the economic efficiency in 

organic farming. According to Tzouvelekas (2001), productive efficiency can be separated into 

two distinct components: the pure technical or physical component and the price component. 

Technical inefficiency arises when actual or observed output from a given input mix is less than 
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the maximum possible; price inefficiency arises when the input mix is not consistent with cost-

minimization. Tzouvelekas’s study found that organic farms were less economically efficient, 

but that the difference was primarily driven by technical efficiency. In addition to technical 

inefficiencies, there were no established price premiums for organic cotton in Greece at the time 

(Tzouvelekas et al. 2001). This research alludes to the fact that productive inefficiencies can only 

be substantiated when a marketing channel for organics is established because only one of the 

components of productive efficiency is currently being evaluated. 

Generally, organic farming throughout the world has had a tentative start as an alternative 

production system. Now it is more widely accepted, albeit still by a minority of farmers in many 

countries. Conversion to organic production may provide improved profitability for farmers and 

may help reduce adverse effects on the environment. Because the institutional settings and the 

economic and social contexts of farmers influence decision-making at the farm level, policy 

debates or interventions to support growth in organic farming inevitably have to consider the 

institutional and social influences on farming decisions in addition to economic viability 

(Fairweather 1999). 

Ingram (2002) attempts to bring to light an example of the variability in the organic 

sector; the study focuses on technological change in the United States organic cotton industry. 

Ingram (2002) examines the specific steps in organic cotton production by revealing various 

challenges faced by those working toward agricultural and technological change, and identifies 

variables that are important in the development of new organic products. Ingram’s motivation is 

based on the fact that cotton travels a long and heavily industrialized processing route from the 

field to the clothes that consumers purchase. 



Texas Tech University, Clinton Neill, August 2014 

9 

 There are multiple reasons why farmers change from conventional to organic cotton 

production (Van Elzakker and Caldas 1999). Chemical use is intensive, dangerous, and 

increasingly expensive, and prices for conventional cotton are very low. Farm prices for 

conventional cotton have dropped 40% from 1996 to 2001 (Meyer and MacDonald 2001). 

Organic cotton commands an average price premium of 50% over conventional cotton, and there 

are indications that many more farmers would produce organic if they were guaranteed said price 

premium. 

In the end, Ingram (2002) determines that in order for an organic industry to be 

successful there must be transparency in the production process. Consumer education, not only 

about the production process but about the benefits, is critical if companies want an organic 

product to be successful. It is also noted that it is very costly and time consuming to switch from 

conventional to organic production practices. 

From another viewpoint, organic and conventional farming has become very distinctive 

to consumers around the world due to a growing personal environmental concern. Berardi (1978) 

performed a study to compare organic and conventional wheat production with an emphasis on 

the examination of energy inputs and economic impacts. Agricultural production in many 

developed countries has become highly mechanized resulting in decreased demand for farm 

labor. Between 1925 and 1975, 5 million fossil fuel tractors had replaced 9 million agricultural 

workers (National Academy of Sciences 1975). 

Berardi’s (1978) comparison study hinges on the idea of a life cycle analysis which is 

important in understanding if a product has a lower negative environmental impact. It is 

imperative to know whether a product is environmentally friendly or whether consumers simply 
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perceive it to be that way. What Berardi (1978) found was that the energy cost for organic 

farming was lower than conventional farming, but had a higher economic operating cost. 

From a producer stand point, it is imperative that there be a reliable market for their eco-

labeled product in order for them to switch production practices. If the producer can foresee a 

viable demand for their product as well as the environmental or social benefits, then they are 

more inclined to embrace a potential eco-labeled product. 

2.1.2 Local Agriculture 

In recent years, there has been a growing trend in the popularity of eco-labeled and 

locally grown food among consumers. Many times, consumers are able to find a label that 

conveys that a product is locally grown, which includes statements such as Texas or California 

grown; one place that they are able to find an abundance of locally grown food is in farmers’ 

markets. The growing demand for locally grown and eco-labeled foods can be explained by 

perceived health benefits, environmental attitudes, and freshness on part of the consumer. 

In a recent study, Berning (2012) analyzes how the access to local agriculture correlates 

to potential weight outcomes. Local food appeals to health-conscious consumers who are 

concerned about not only the methods and technology used to grow or produce their food, but 

from where and whom their food comes. 

As a specific example, Slow Food International, a group dedicated to local food, is 

interested in counteracting fast food and fast life, the disappearance of local food traditions and 

people's dwindling interest in the food they eat, where it comes from, how it tastes and how our 

food choices affect the rest of the world. Some local food groups even promote the consumption 

of local food over food grown by large-scale agricultural systems, claiming its inherent 

superiority (Born and Purcell 2006). Whether or not this is accurate remains to be seen; however, 
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increased consumption of local food promotes, among other things, the consumption of fresh 

produce, which can contribute to a healthier lifestyle (Berning 2012). 

The conclusions of Berning’s (2012) study show that there is a correlation between 

access to local foods and improvements in weight outcomes. However, since purchases of local 

food are relatively small, the effect they identified may be representative of some unobserved 

latent characteristic in the market. This deserves further exploration with finer-level data 

(Berning 2012). 

Previous studies indicate that fair pricing, freshness and locally grown foods are 

attributes commonly sought by customers attending farmers markets (Kremen et al 2004; Brown 

2002; Lockeretz 1987). Kremen’s (2004) study focused on organic farmer participation in 

farmers’ markets as well as consumer demand for organic products.  The authors found that in 

rural areas, some markets had strong consumer demand for organic products because they 

provided local access to well-priced, fresh, organic foods otherwise only available in cities or 

towns some distance away (Kremen et al. 2004). 

What Kremen (2004) discovered that is significant to the present study, in particular, is 

that purchases of locally grown food is dependent upon whether or not those products are eco-

labeled. Figure 2 demonstrates the level of demand for organic products in the selected farmers’ 

markets across the United States. Interestingly, about 15 percent of the markets studied did not 

allow noncertified organic produce to be labeled as organic. Other labels 

used by organic farmers and others using alternative production methods were: 

“Chemical-free,” “Natural growing conditions” and “naturally grown,” “Healthy farming 

practices used,” “No-spray,” “Sustainably grown,” “Authentic,” “Free-range,” “pastured,” “grass 
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fed,” “no antibiotics or hormones,” “Organically inclined,” “Transitional,” “Wisconsin organic 

grown” and other local foods labels, “Good bugs at work here,” and “Ask me how I grow this.” 

Figure 2.1 Demand for organic products in 210 U.S. farmers’ markets, 2002 Source: 

Kremen et al (2004). 

2.2 Demand Studies 

The primary goal of the current study is to determine the factors that are important in 

predicting whether or not a particular household will choose to purchase locally produced milk 

packaged in a glass bottle.  Furthermore, an estimate of the price difference between glass 



Texas Tech University, Clinton Neill, August 2014 

13 

packaging and alternative packaging methods will be obtained.  This section presents a review of 

the literature which informs appropriate methodologies to employ in addressing these questions. 

2.2.1 Recreational Demand 

Recreation demand models are used to forecast demand for recreational activities as well 

as to determine the value that recreators place on the various factors that affect their choices 

(Train 1998). These types of models are used because of the lack of an explicit market for certain 

types of goods or services. For example, since access to National Forests for recreation is not 

typically traded in private markets, net economic value (NEV) must be estimated using 

nonmarket valuation techniques. In one study (Bowker et al. 2005), NEV is measured in terms of 

willingness-to-pay for access (WTPA) to National Forests for recreation. WTPA is interpreted as 

a visitor’s willingness-to-pay above current expenditures to participate in recreation at a National 

Forest site rather than not recreate at that site. Hence, WTPA is a visitor’s maximum net 

willingness-to-pay to continue accessing the site for recreation (Haab and McConnell 2002). 

In a utilitarian framework, the net economic value (NEV) of a good or service is derived 

from the relationship between an individual’s demand function for the good or service and the 

equilibrium price and quantity consumed (Bowker and English 2005). The NEV per unit is the 

difference between the individual’s maximum willingness to pay as defined by the individual’s 

underlying demand for the good or service and the price actually paid. The NEV is also 

commonly called consumer surplus (CS). Revealed preference methods for nonmarket valuation 

are based on observed behavior. Two of the most popular revealed preference methods used for 

valuing recreation opportunities are the hedonic method and travel cost method (Freeman 1999). 

Another method to estimate an overall recreational demand models is to use random 

utility models (RUMs).  Thurstone (1927) originally developed the concepts in terms of 
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psychological stimuli, leading to a binary probit model of whether respondents can differentiate 

the level of stimulus. Marschak (1960) interpreted the stimuli as utility and provided a derivation 

from utility maximization. Following Marschak, models that can be derived in this way are 

called RUMs (Train 2009). 

RUMs have two flaws in application to recreational demand: (1) these models have an 

inability to satisfactorily explain participation which prevents welfare measurements over time 

and (2) the value of leisure time (Feather et al. 1995). A common argument for including the 

value of time in the model is that time may be a more binding constraint than income in 

participation decisions due to the time intensive nature of recreation (Feather et al. 1995) 

Feather et al. (1995) attempted to address these issues by taking a discrete-choice 

approach to modeling recreational demand. What their study proposed was treating different 

recreational activities involving different time requirements and monetary expenses as market 

goods. What Feather et al. (1995) discovered with their study was that it predicts large increases 

in participation and welfare when quality improves. This research is relevant to the proposed 

study due to the fact that it included potential variables such as participation as well as future 

methods of estimating the current problem. 

It is worth noting that it is usually impossible to estimate a model of recreational demand 

as a function of quality in a single-site demand model because the site quality generally will not 

vary over the cross-section of observations for the site (Bockstael, McConnell, and Strand 1987).  

One might argue, however, that it is an individual’s ex ante expectations of quality that drive 

their behavior and these expectations may differ among individuals (Bockstael, McConnell, and 

Strand 1987).  
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Another issue that recreational demand models present is the assumption that preferences 

are homogenous. This issue dominates revealed preference analysis of the demand for nonmarket 

goods (Hynes et al. 2008). Hynes et al. (2008) study analyzed site choice decisions for 

whitewater kayakers, comparing two empirical models that have recently emerged as a way of 

accounting for unobserved taste heterogeneity across individuals, namely the random parameter 

logit (RPL) model and the latent class (logit) model (LCM). 

By using the RPL and LCM as a mixed panel logit and comparing it to a conditional logit 

(CL) model, the researchers were better able to estimate the unobserved heterogeneity in 

preferences. The benefits of this study give direction to the overall idea that there are unobserved 

preferences among consumers and that there is a need to realize that said preferences are not 

homogenous. In the LCM analysis, the researchers discovered evidence in favor of the existence 

of six distinct preference groups, partly explained by skill levels, and were able to provide an 

intuitive explanation for what types of kayakers populate each group (Hynes et al. 2008). In 

regards to the proposed study, it is possible that there are preference groups associated with the 

demand of each type of milk packaging, which must be taken into consideration. 

2.3 Consumer Preferences 

It is intuitive to note that no two consumers are exactly alike. However, there are ways in 

which many consumers can be grouped according to their preferences towards a product as a 

whole or a particular attribute. As understood in previous sections, differences in consumer 

preferences result in various demand structures and ultimately in consumer willingness to pay 

models. This section focuses on general consumer attitudes toward specific product attributes as 

well as willingness to pay studies. 
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A nationwide poll conducted by Organic Gardening (1989) concluded that only 28.3 

percent of consumers actually sought out organic or limited pesticide-use produce, even though 

over seventy percent responded that organic produce provides better long-term health effects 

than conventionally grown produce. 

Byrne et al. (1991) analyzed consumer attitudes toward organic produce and purchase 

likelihood, which is essentially consumer willingness to pay. The study attempted to determine 

the following: which consumers are currently buying organic produce; consumer comparisons of 

organic and conventional produce; and consumer purchase likelihood of higher-priced organic 

produce (Byrne et al. 1991). They discovered that, in general, advancing age, higher education, 

and males demonstrated negative effects on the organic alternative. At the same time however, 

higher income households have a higher ability to pay for the higher priced organic good which 

results in a positive purchase likelihood result. It is apparent that organics, along with many other 

eco-labeled products, have a growing consumer demand, but these same products are usually 

coupled with price premiums (Byrne 1991). 

It is recognized that eco-labeling is not the only form of differentiated product labeling, 

but that other forms of labeling also affect consumer preference. For example, locally grown 

foods, whether organic or not, have also seen support in purchase likelihood among consumers. 

Similarly, research (Loureiro and Hine 2001; Baker 1999) has demonstrated that consumers have 

a higher WTP for GMO-free (Genetically Modified Organism) products as compared to 

conventional. The significance of discussing these different types of labels lies in price premium 

association and consumer WTP. 

Baker’s (1999) study reveals a case of market segmentation for apples showing that there 

are different types of apple consumers. Some consumers are strongly concerned about food 
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safety while others are extremely price sensitive (Baker 1999).  Informed by the results of Baker 

(1999), Loureiro and Hine (2001) conducted a study comparing consumer willingness to pay for 

a local, organic, and GMO-free products in order to discover their potential niche markets within 

Colorado. 

The study attempted to identify the existence of market segmentation in the potato market 

along with corresponding price premiums (Loureiro and Hine 2001). The results of the study 

showed that consumers were willing to pay a higher price premium for the “Colorado Grown” 

potatoes over the ones labeled organic and GMO-free.  A major issue that the authors discovered 

was that consumers were unaware of the distinguishing quality characteristics of the Colorado 

potato. Additionally, the lack of a method to physically differentiate the potato (i.e. a label) from 

those grown elsewhere hindered the ability for producers to successfully take advantage of a 

segmented market. 

Loureiro and Hine (2001) performed an assessment to quantify factors affecting 

consumer preferences among organic, GMO-free and Colorado-Grown potatoes. The study used 

a payment card format to extract WTP. The results showed that the “Colorado Grown” attribute 

affords the potato producer with the highest consumer acceptance and premium but they must be 

of high quality. 

This study allowed for the idea that certain types of labels have a stronger inhibition on 

consumer preferences than others. Loureiro and Hine (2001) have paved a path in this type of 

research by pointing out that product differentiation is dependent upon labels or consumer 

knowledge of the product. While there have been several studies prior to their work (Baker 1999; 

Huang 1996; Ibery and Kneafsey 1999; Misra et al 1991; Nimon and Beghin 1999; Thompson 

and Kidwell 1998), Loureiro and Hine (2001) have synergized the concept of differentiating a 
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product through specific eco-labels and determining WTP. They conclude with the suggestion of 

further study by stating that it would be best to compare their findings with other products in 

other geographical areas around the country (Loureiro and Hine 2001). 

 Loureiro et al. (2001) also conducted a study that assessed consumer preferences for 

organic, eco-labeled and regular apples and identified socio-demographic characteristics 

affecting the choice among those three alternatives. The researchers conducted a consumer 

intercept survey in which they received direct answers from consumers at a grocery store. This 

method of survey taking is imperative to obtaining data from a household’s decision maker in 

regards to grocery shopping. Also, this method of survey allows for visual aids to be utilized and 

assists the consumer in making a more accurate decision in accordance with their desired 

preferences. 

Loureiro et al. (2001) found in this analysis that consumers prefer apples that are labeled 

as organic to those that are simply eco-labeled. The results of this study reveal that, to consumers 

concerned about food safety and the environment, eco-labeled apples are an intermediate choice 

with organic apples being the most preferred. This suggests that consumers respond to labels, but 

that certain labels hold higher levels of preference for specific consumers. They conclude that the 

distinction of the eco-label is more vague, and the personal benefits are more difficult to measure 

compared with labeled organic products (Loureiro et al. 2001). 

Casadesus-Masanell et al. (2009) analyze consumer WTP for “green” goods offered 

within a brand. Patagonia is a maker of high-end outdoor wear, and, in 1996, substituted organic 

cotton for conventionally grown cotton in all of its sportswear (i.e., casual clothing for travel and 

leisure).  The authors identify “green” goods as those that have lower adverse environmental 
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impacts either in production or in use. They then use this definition as a basis to describe the 

goods within their study. 

A significant contribution of this study is that it focuses on consumer WTP for a 

differentiated product that is not a food product. This reveals that “green goods” are not 

exclusive to food products. Casadesus-Masanell et al. (2009) use a difference-in-difference 

model which requires that in the absence of a treatment, the average outcomes for treated and 

controls would have followed parallel paths over time. In other words, the researchers analyzed 

the change in purchases of cotton based products against non-cotton based products. 

Casadesus-Masanell et al. (2009) find that Patagonia’s customers were willing to pay 

price premiums for green goods due to a consistent amount of sales volume. However, they point 

out they did not assess the conventional social cost-benefit analysis on the switch. Also, they 

suggest more research be done to determine if their findings can be generalized to the behavior 

of other firms and consumers (Casadesus-Masanell et al. 2009). The results of this study suggest 

that some consumers are willing to pay for a reduction in the negative environmental impacts 

attributed to a product, even though they may not personally benefit from that reduction. 

It is known that the producer of a product is also a consumer of intermediate products that 

are vital to the production process; thus, they also have preferences on the characteristics of the 

product that they purchase. Gallardo and Wang (2013) address this issue in their study about 

willingness to pay for pesticides’ environmental features and social desirability bias. The central 

concern with the study was to determine if producers are willing to pay for pesticides that 

decrease the probability of pesticide toxicity to natural enemies along with determining if there 

was social pressure on pesticide choice. 
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In order to determine WTP, Gallardo and Wang (2013) conducted a discrete-choice 

experiment using direct and indirect valuation to determine the value apple and pear growers 

place on environmental features when choosing pesticides to control for first-generation codling 

moth. They evaluate the likelihood that growers consider environmental amenities when 

purchasing a pesticide. This study hinges on the concept of unobservable product attributes due 

to the fact that the potential environmental attributes are not guaranteed and therefore only 

perceived on the part of the consumer – or in this case, the producer purchasing the pesticide. 

Apple growers’ willingness-to-pay (WTP) to decrease the probability of pesticide toxicity 

to natural enemies was $26.03/acre under direct valuation and $26.60/acre under indirect 

valuation. Pear growers’ WTP was $40.06/acre under direct valuation and $33.37/acre under 

indirect valuation. They found no evidence of social desirability bias, since differences across 

WTP obtained through either valuation were not statistically significant. Their results underscore 

the importance of understanding context when investigating social desirability bias (Gallardo and 

Wang 2013). 

The researchers use the concepts of indirect valuation in comparison to direct valuation 

of the data collected from the producers to determine if there was a social desirability bias. The 

result was a statistically insignificant difference between the different valuation techniques. The 

authors contribute this to the fact that producers are responding to the pesticides that are 

perceived to be less harmful for the pests’ natural enemies and are willing to pay a price 

premium for them (Gallardo and Wang 2013).  These findings underscore the importance of 

understanding problem context. Apple and pear growers experience dissimilar growing 

conditions, yet both groups must protect crops from pests. They are also presented with varying 

degrees of production, financial, and marketing risk, creating a context in which respondents’ 
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stated choices show no evidence of departing from actual behavior as a result of social 

desirability sentiments (Gallardo and Wang 2013). 

Several other studies have investigated social desirability bias and contingent valuation 

(CV). Johannson-Stenman and Martinsson (2006) proposed a model in which utility, besides 

being a function of the good’s characteristics, was a function of the individual’s perceived 

concern relative to the average perceived concern of others (Gallardo and Wang 2013). Both 

Lusk and Norwood (2009a,b) and Norwood and Lusk (2011) found that indirect valuation had 

the potential to provide better predictions of field behavior if social concerns were the primary 

contributor to bias, and could therefore provide potentially improved predictions of WTP and 

market shares (Gallardo and Wang 2013). 

Similarly, Kotchen and Reiling (2000) incorporated the New Ecological Paradigm (NEP) 

scale to provide a reliable way to assess environmental attitudes in the context of interpreting 

nonuse contingent valuation (CV) responses. To clarify, the NEP scale is a set of 15 Likert scale 

items (Dunlao et al. 1992). The NEP scale is based on the concept that multi-item indices yield 

more reliable attitudinal measures than single item questions (Mueller 1986). The NEP attempts 

to elicit five facets of environmental attitudes: reality of limits to growth; anti-anthropocentrism; 

the fragility of nature’s balance; rejection of the idea that humans are exempt from the 

constraints of nature; and the possibility of an eco-crisis or ecological catastrophe (Kotchen and 

Reiling 2000). Ultimately, the NEP scale allows the researcher to scale WTP values based upon 

the relative pro-environmental attitude of the survey respondent. 

2.4 Alternative Milk Packaging Information 

Over the past 30 years there has been a significant amount of research on the external and 

environmental effects of alternative types of milk packaging. Many of the previous studies focus 



Texas Tech University, Clinton Neill, August 2014 

22 

on a life cycle assessment of each type of milk packaging; other studies focus on specific aspects 

of the production process. To clarify, the term “alternative milk packaging” refers to the 

following 3 specific types of packaging materials: reusable glass, high density (HDPE) plastic, 

and paperboard gabletop containers. 

Environmental life cycle assessment (LCA) has evolved over the last three decades to 

become the standard method by which externalities are calculated. LCA developed from merely 

energy analysis to a comprehensive environmental burden analysis in the 1970s (Guinee et al. 

2011). However, the evolution of LCAs started off slowly and has only expanded in the last 

decade. Guinee et al. (2011), has deemed the period of 1970-1990 as the decades of conception 

among LCA with widely diverging approaches, terminologies, and results. This has made it 

difficult to fully understand the full extent of external cost associated with products in the past 

and how they have changed. 

The current decade of usage of the LCA has been described as the decade of elaboration 

accounted by the ever increasing attention to LCA (Guinee et al. 2011). However, there have 

been few LCAs about alternative milk packaging that have discussed items such as atmospheric 

emissions, energy requirements, wastewater, postconsumer waste, and transportation weights all 

together in both time frames of LCA evolution. 

In a study done by Fischer and Hammond (1978), the LCA was conducted using an 

economic engineering approach. This approach standardizes all capital and operating costs to the 

current price level (Fischer and Hammond 1978). Fischer and Hammond initially determined the 

capital cost involved in the finished fluid milk product depending on the type of packaging. They 

also included energy requirements, wastewater and atmospheric emissions in their study, but all 

of these environmental LCA results are geared toward external cost in transportation. 
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The study was based in Minnesota during a time when the paperboard gabletop container 

held the largest portion of the milk packaging market. However there were many food safety 

concerns with this type of container and high density plastic was being used as a durable 

replacement (Fischer and Hammond 1978). Although they have several significant advantages, 

disposable plastic milk containers generated considerable controversy due to the fact that it is a 

heavy user of nonrenewable hydrocarbon resources and presents greater solid waste disposal 

problems than reusable containers (Fischer and Hammond 1978). 

While this study does bring a valuable piece of information to light, it is due to the focus 

on transportation, that they neglect the external cost associated with the base production of the 

alternative packaging.  However, this study is useful in the sense that it reveals some of the 

indirect external cost associated with milk packaging alternatives. Also, this study reveals the 

private costs associated with alternative milk packaging so that both the producer and consumer 

decisions are presented. 

O’Connor and Ford (1977), took a pure cost approach to the LCA. This study focused on 

plant size as well as alternative packaging to determine which combination would be the most 

effective milk processing facility. They established an average unit expense for each type of 

alternative packaging by including the cost of the raw product, the cost of processing and 

packaging, and the general plant expense. This data allows for the actual cost of each alternative 

packaging to become a base cost, upon which the externalities, both direct and indirect, can be 

calculated. 

O’Connor and Ford (1977) recognized that the fluid milk processing industry faced a 

problem arising from demands of consumers and environmentalists, each of which has different 

preferences. The general consumer wants an inexpensive, high quality milk product in a 
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convenient package; environmental groups are concerned about the best container for packaging 

milk when the capacity of solid waste disposal systems, environmental quality, and natural 

resource utilization are concerned (O’Connor and Ford 1977). These issues are still relevant 35 

years later in today’s society. In the end, O’Connor and Ford (1977) found that the processing 

plants that used high density plastic experienced economies of scale for those producing solely 

gallon containers, but the paperboard processing plants had the lowest average producer cost. 

What these late 1970s LCA studies neglected was a comprehensive external cost 

analysis. While each covered key aspects of external cost, they did not take into account the 

complete life cycle of each type of packaging from raw material to postconsumer waste. 

Boustead (1974), on the other hand, used the LCA to determine the energy requirements for 

glass and plastic milk bottles. This study discussed the energy use from the mining of raw 

materials to delivery and return of milk bottles. 

While Boustead’s study was comprehensive in the fact that it covered the energy 

lifecycle of the various milk packaging, the study had a serious omission in the absence of any 

indirect energies for which data were not yet available (Boustead 1974). This may be, in part, 

due to the fact that, during that time period, over 80 percent of all liquid milk consumed was sold 

via doorstep deliveries and it was imperative to keep packaging and delivery cots to a minimum 

(Boustead 1974). Even without the indirect energies cost, the information that was presented 

allows for a solid starting point on calculating one facet of the overall external cost. 

It was not until the 1990s that LCAs for milk packaging started to become truly more 

comprehensive according to external cost. Keoleian and Spitzley (1999) incorporated more of 

the indirect external cost that Boustead (1974) was missing in his study by including variables 

such as mass of the milk packaging and recycling rates along with the energy data. Keoleian and 
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Spitzley (1999) also introduced time series analysis in order to determine whether there were 

significant changes in the data among recycling weights and recycled material value. This 

enhances the base of knowledge to be used, so that a complete external cost LCA can be 

developed. However, Keoleian and Spitzley (1999) did not address a wide range of external 

costs, limiting their analysis only to energy resources. 

Recently, a comprehensive LCA has been conducted on alternative milk packaging that 

addressed many of the external costs associated with the entire process. The study conducted by 

Franklin Associates (2008) covered the amount of energy used (including fuel type), atmospheric 

emissions with emphasis on greenhouse gas, waterborne emissions, and postconsumer solid 

waste. This is the most extensive study to date and is the primary source of information for the 

data used in calculating external and social costs. However, Franklin and Associates (2008) does 

not place economic cost on all of the externalities, which does not allow for the determination of 

which milk packaging possess the lowest external cost. 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 

The discussion of this section will focus on the theoretical components of the proposed 

study. It is important to have a clear understanding of how all potential theoretical models will 

play a role in the development of how the current issue is addressed. This section is comprised of 

three parts: The theory of externalities, discrete choice models, and logit models. Special 

attention is given to the overall models and the parts that pertain to the current study. 

3.1 Theory of Externalities 

An externality occurs whenever the activities of one economic actor affect the activities 

of another in ways that are not reflected in market transactions (Nicholson and Snyder 2008). 

The effects of an externality occur between two separate entities (i.e.- two firms, a firm and its 

consumers, two consumers, etc.) and can either be harmful or beneficial. Graph 3.1 demonstrates 

that the difference between the social marginal cost (SMC) and the private marginal cost (PMC) 

represents the externality. 

Graph 3.1 Externality Example Source: Pettinger 2013 
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In the most basic form, the effects of an externality may be represented by the following 

production function: 

          

Where: 

y= good produced by firm one 

k= capital 

l= labor 

x= good produced by firm two 

This functional form represents the idea that the production of good x has an external effect on 

the production of good y. Also, x appears to the right of the semicolon to show that it is an effect 

on production over which the y-entrepreneur has no control (Nicholson and Snyder 2008). 

It is also possible to have the externality as a part of a consumer’s utility function. Many 

environmental externalities are based off of this type of utility inclusion. The following is the 

functional form: 

                       

Where: 

  = Utility of consumer S 

       = goods consumed by consumer S 

  = Utility of consumer J 

This function represents the idea that the utility of consumer S is dependent upon consumer J’s 

utility, but cannot be controlled by consumer S. The similarities between the externalities of 

firms and that of individuals are apparent. However, when looking at environmental externalities 
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that are not captured by the firm, it is plausible to replace the utility function of consumer J in the 

second function with a firms production function to capture the social cost. 

The importance of these functions is that when they are partially differentiated in respect 

to the desired variable the externality can be distinguished as either positive, negative, or no 

effect. For example, if we were to partially differentiate the first function with respect to x, 
  

  
, or 

the second function with respect to   , 
   

   
, the type as well as the magnitude of the externality 

would be revealed. Once the attributes of the externality are known, appropriate action can be 

taken to address said externality. 

Once an externality in a market is recognized, the issue of the inefficient allocation of 

resources is the primary problem. This is due to the market prices inaccurately reflecting the 

additional costs imposed on or benefits provided to third parties (Nicholson and Snyder 2008). In 

order to solve this problem, the following Lagrangian expression is needed to solve for utility 

maximization: 

                                        

                                  

And the six first order conditions for a maximum are 

∂ /∂xc = U1 - λ3 = 0, [i] 

∂ /∂yc = U2 - λ4 = 0, [ii] 

∂ /∂xi = λ2 g1 - λ3 = 0, [iii] 

∂ /∂yi = λ1 fy - λ4 = 0, [iv] 

∂ /∂xo = -λ1 - λ2 g2 _ λ3 = 0, [v] 

∂ /∂yo = -λ2 - λ4 = 0.  [vi] 
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Eliminating the λs from these equations is a straightforward process. Taking the ratio of 

Equations i and ii yields the familiar result 

MRS (Marginal Rate of Substitution) =
  

  
  

  

  
. 

But Equations iii and vi also imply 

MRS = 
  

  
 

     

  
   

Hence optimality in y production requires that the individual’s MRS in consumption is equal to 

the marginal productivity of x in the production of y. This shows that the efficient output choice 

requires that dy/dx in consumption be equal to dy/dx in production. 

To achieve efficiency in x production, we must consider the externality that this 

production poses to y. combining Equations iv-vi gives 

MRS= 
  

  
 

         

  
 

   

  
 

     

  
 

 

  
   

Intuitively, this equation requires that the individual’s MRS must also equal dy=dx 

obtained through x production. The first term in the expression, 1=fy , represents the reciprocal 

of the marginal productivity of y in x production—this is the first component of dy=dx as it 

relates to x production. The second term, g2, represents the negative impact that added x 

production has on y output—this is the second component of dy=dx as it relates to x production. 

This final term occurs because of the need to consider the externality from x production. If g2 

were zero, then the first two MRS equations would represent essentially the same condition for 

efficient production, which would apply to both x and y. With the externality, however, 

determining an efficient level of x production is more complex (Nicholson and Snyder 2008). 
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3.2 Discrete Choice Models 

Discrete choice models describe decision makers’ choice among alternatives. The 

decision makers can be people, households, firms, or any other decision-making unit, and the 

alternatives might represent competing products, courses of action, or any other options or items 

over which choices must be made (Train 2009). Train (2009) states that the probability that the 

agent chooses a particular outcome from the set of all possible outcomes is simply the 

probability that the unobserved factors are such that the behavioral process results in that 

outcome. Also, it is imperative to clarify that discrete choice models are usually derived under 

the assumption of utility-maximizing behavior by the decision maker. 

The probability function for discrete choice is generally represented by the following: 

                           

                  . 

Within this probability function, y represents the dependent variables, x represents the 

independent variables, h represents the general functional form, and   represents the error 

component of the model. 

Stated in this form, the probability is an integral – specifically an integral of an indicator 

for the outcome of the behavioral process over all possible values of the unobserved factors. In 

order to evaluate the probability one of three possibilities must be executed – complete closed-

form expression, complete simulation, or partial simulation/partial closed form (Train 2009). 

Discrete choice models have certain properties that define how the choice set, or set of 

alternatives, is structured. First, the alternatives must be mutually exclusive from the decision 

maker’s perspective. Choosing one alternative necessarily implies not choosing any of the other 
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alternatives. Second, the choice set must be exhaustive, in that all possible alternatives are 

included. Third, the number of alternatives must be finite; the researcher can count the 

alternatives and eventually be finished counting (Train 2009). 

Train (2009) mentions two articles, Thurstone (1927) and Marschak (1960), in which 

Thurstone developed original concepts on whether respondents can differentiate varying levels 

of stimulus and Marschak interpreted the stimuli as utility and provided a derivation from utility 

maximization. Following Marschak’s initiative, most models that can be derived in this way are 

called random utility models (RUMs) (Train 2009). 

RUMs are based on the fact that the researcher does not observe the decision maker’s 

utility, but observes some attributes of the alternatives, j, as faced by the decision maker, n, 

labeled    , and some attributes of the decision maker, labeled   , and can specify a function that 

relates these observed factors to the decision maker’s utility (Train 2009). The function is 

defined as          ,      and is often referred to as the representative utility. This 

representative utility function is not equal to a decision maker’s utility function because there are 

factors that the researcher cannot observe which is denoted by    . Thus, the equation for utility 

is represented by      , such that utility is composed of representative utility and the 

unobservable portion of utility. 

So, the probability that decision maker n chooses alternative i  is 
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This probability is a cumulative distribution, namely, the probability that each random term 

        is below the observed quantity        . Using the density      , this cumulative 

probability can be rewritten as 

                               

   
 

                               , 

Where I(•) is the indicator function, equaling 1 when the expression in parentheses is true and 0 

otherwise. This is a multidimensional integral over the density of the unobserved portion of 

utility,      . Different discrete choice models are obtained from different specifications of this 

density, that is, from different assumptions about the distribution of the unobserved portion of 

utility (Train 2009). 

3.3 The Logit Model 

Within the framework of discrete choice and RUMs there are a set of specific statistical 

models used to estimate consumers’ representative utility. The one most applicable to the 

proposed research is the logit model. Its popularity is due to the fact that the formula for the 

choice probabilities takes a closed form and is readily interpretable. Originally, the logit formula 

was derived by Luce (1959) from assumptions about the characteristics of choice probabilities, 

namely the independence from irrelevant alternatives (IIA) (Train 2009). The purpose of this 

model is to specify the shape of the distribution function F with the logistic density 

          
  

       
. 

An advantage of the logit model is that the cumulative distribution function F=Ʌ can be 

computed explicitly, as 



Texas Tech University, Clinton Neill, August 2014 

33 

             
 

  
  

  

    
 

 

     
. 

Logit models are non-linear in nature and the parameters can be estimated by maximum 

likelihood (ML). If the observation within a data set are mutually independent, then the 

likelihood function is given by                   
    and the log-likelihood by 

                  

        

         

        

         
 
                    

   . 

Maximizing this with respect to   we get the ML estimator        
 
   . 

The logit model has the property that the average predicted probabilities of success and 

failure are equal to the observed fractions of successes and failures in the sample. The ML first 

order conditions have a unique solution, because the Hessian matrix is negative definite. This 

simplifies the numerical optimization, and in general the Newton-Raphson iterations will 

converge rather rapidly to the global maximum (Heij et al. 2004). 

The general logit model allows for marginal effects that are somewhat larger around the 

mean and in the tails but somewhat smaller in the two regions in between. The logit model is 

used when the tails of the distribution of data are of importance. This is the case when the 

choices are very unbalanced, in the sense that the fraction of individuals with     differs 

considerably from 50% of the population (Heij et al. 2004). 
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CHAPTER IV 

METHODS AND PROCEDURES 

The purpose of this study is to evaluate the social cost and willingness to pay for 

alternative milk packaging. Most existing studies have used various types of discrete choice 

methods to evaluate WTP for the products or services in question. These are an effective way to 

evaluate consumer response to alternatives within a choice set. Through the use of a choice based 

survey, the results can be analyzed to determine willingness to pay, while data extracted from the 

literature will be analyzed to determine social cost. 

The comparisons between alternative milk packaging include the glass bottle, the kraft 

paperboard gabletop container, and the high-density polyethylene plastic jugs. From here 

forward, they will be referred to as glass, gabletop, and HDPE plastic containers, respectively. 

These types of packaging are currently the most commonly used and have the most complete 

data in accordance to production methods. Moreover, these containers can all hold up to one half 

gallon of milk which allows for a consistent analysis across each type of packaging. Further 

assumptions are made throughout this chapter, but do not apply to all analyses unless explicitly 

stated otherwise. 

4.1 Deriving External and Social Cost 

The data used in this assessment of external costs is derived from a Life Cycle Analysis 

of each milk packaging option.  Processes included in quantifying external cost are as follows: 

production of container materials, manufacturing process of the containers from the component 

materials, transportation of package to the filling destination and from the filling to the retail 

area, postconsumer disposal, atmospheric emissions, as well as reuse and recycling of the 

container systems.  
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It is assumed that the ink production and printing process of any labels are the same 

across all production methods and therefore not included in this analysis.  Current recycling rates 

are used in the calculations for the glass and HDPE plastic milk bottles but not for the gable top 

containers as they are not easily recycled.  The reuse rate of glass milk bottles is also based on 

current market data and is incorporated into the life cycle process of the container outside of the 

actual recycling rate.  By separating recycling and the reuse of the glass bottles, a better 

quantification of the cost of the production of new glass bottles can be obtained (Franklin 2008). 

Throughout the analysis, some other assumptions were incorporated in the original 

studies that must be taken into account. The reuse rate for the glass bottle was eight trips while 

the gabletop and the high density plastic containers had a single use trip. Also, in order to have a 

significant number for comparison, the data is based on a 10,000 container production model. In 

other words, the total external cost of the various containers is based on producing enough 

containers for 10,000 uses. In this case, the 10,000 uses of the returnable glass bottle would only 

constitute a total production of 1,250 bottles instead of the full 10,000 containers. Another 

assumption to consider is that the recycling rates for the original studies that specify them are 

already incorporated into the original analysis. Also, the returnable glass milk bottle has the 

assumed return rate of 100% with a 1% breakage rate which is already included in the Franklin 

and Associates (2008) study. 

The analysis of external cost is accomplished by compiling data from previous studies 

and applying social and economic costs to the externalities that the life cycle of each milk 

packaging type imposes. After applying all of the social and economic costs, they were totaled 

for each type of milk packaging and then ranked from lowest to highest external cost. 
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Also, a sensitivity analysis is performed in order to determine the effects of variation 

among consumer return rates and bottle reuse rates. This assists in determining the optimal social 

choice among milk packaging alternatives. Through the sensitivity analysis the various solution 

points within external and social cost can be identified which will assist in setting model 

parameters in the later part of the study. Also, by estimating the external and social cost 

separately a comparison can be made to determine where the two costs intersect. 

The importance of calculating the external and social cost is to determine whether or not 

there is an implied environmental benefit associated with the glass bottle. If there is an 

environmental benefit, then there is reason to test consumer WTP as well as using this attribute 

as an incentive for consumers to purchase and return the glass bottles. 

4.2 Survey Design and Results Interpretation 

As stated before, the survey will be done by consumer intercept at a local grocery store. 

The design of the survey is constituted from the double bounded contingent valuation method 

(CVM). CVM is a nonmarket-valuation method that is used to value specific changes from the 

status quo; it is a stated-preference technique, as in the individual “states” their preference. 

Specifically, in the CVM individuals are asked about the status quo versus some alternative state 

of the world, or in this case unconventional packaging of milk, and WTP is elicited for the 

alternative. 

The double bounded CVM used for this study will be conducted through a dichotomous 

choice system. The consumer will be asked if they would be willing to pay a specific premium 

for the glass bottled milk. If they say yes, the amount of the premium in the next question is 

doubled; if they say no, they are simply asked if they would be willing to pay any premium 

amount. An example of the survey is found in the appendix. 
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In order to estimate WTP through CVM, an interval model is used as a function of the 

demographic variables and other characteristics of the individual. The probability that the WTP 

lies between a specific lower and upper bound is estimated through a log-likelihood function (see 

Methods section for specific details).  The lower and upper bounds of WTP can be estimated 

using the Turnbull estimator. A multinomial and conditional logit model will be estimated in 

order to analyze consumer preference for glass bottled milk. 

Once the interval and log-likelihood models have been estimated, the results can be 

interpreted. The estimated coefficients from the WTP specification will show how the premium 

amount changes across individuals, which will help identify the types of consumers that are 

willing to pay the highest and lowest premiums for the glass bottled milk. The log-likelihood 

estimates will be able to reveal the optimal premium range for glass bottled milk. This will allow 

for the identification of the highest possible premium that could be effectively added to the price.  

4.3 Model Specification and Econometric Estimation 

In order to assess the factors affecting a consumer’s choice between alternative milk 

packaging, multiple discrete choice models will be employed in order to determine the most 

efficient method. As mentioned in the conceptual framework, variations on the traditional logit 

model will be used in the analysis. Again, the purpose of using logistic regressions is that the 

formula for the choice probabilities takes a closed form and is readily interpretable. 

A multinomial logit (MNL) model was used because the dependent variable has a finite 

number of possible outcomes that is greater than two. Also, considerable simplification in 

estimation can be obtained by assuming that all of the error terms are independently and 

identically distributed (for all individuals and all alternatives) with the so-called extreme value 

distribution (Heij et al. 2004). 
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The choice of milk packaging alternatives was presented to the consumers in two 

different ways, with and without price effects, to determine whether or not price has an effect on 

a consumer’s choice of product that has a perceived environmental attribute. Therefore, the 

model formation of the multinomial probability is 

    
   

   

    
    

   

 
   

   

      
    

   

The conditional logit model is also used. This model is represented by 

          
  

      
   

   
      

    
   

 
  

       
   

   
       

   
 
   

  

Utility depends on    , which includes aspects specific to the individual, i,  as well as to 

the choices, j. The y represents the dependent variable, the p represents the probability, and β 

represents the parameter estimates. It is useful to distinguish them. Let               . Then    

varies across the choices and the possibly across the individuals as well. The components of    

are typically called the attributes of the choices. But    contains the characteristics of the 

individual and is, therefore, the same for all choices (Greene 2003). 

A variant of the MNL is the mixed logit or the random parameters logit (Greene 2003). 

Train’s formulation of the mixed logit is a modification of the MNL model using a random 

coefficients formulation. The change to the basic MNL model is the parameter specification in 

the distribution of the parameters across individuals, i; 
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Where     is normally distributed with correlation matrix R,    is the standard deviation of the 

distribution,      
    is the mean of the distribution, and    is a vector of the person specific 

characteristics (such as age and income) that do not vary across choices (Greene 2003). 

In order to evaluate the probabilities of the upper and lower bounds of the WTP 

estimates, a log likelihood model is used: 

             
             

  
    

             

  
  

 

   

where Ф is the standard normal cumulative distribution function and Ui and Li represent the 

upper and lower WTP bounds, respectively. 

All models can then be estimated by using the maximum likelihood approach so that the 

log-likelihood, in the case of the MNL, becomes 

                           
   

 

   

            
      

 

   

 

   

 

The gradient of the log-likelihood consists of the       stacked      vectors 

           

  
              

 

   

               

With     as specified above for the multinomial probability model. Further, the         

       Hessian matrix is negative definite with     blocks –               
  

    on the 

diagonal           and the     blocks            
  

    off the diagonal      

          . Refer to Appendix A for further model specifications, estimation, and 

interpretation in regards to willingness to pay. 
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The method known as the double-bounded or interval data model allows the efficient use 

of the data to estimate willingness to pay (under the assumption that there is a single valuation 

function behind both answers). The following econometric estimation is taken from Lopez-

Feldman (2012). Let’s define  
  and  

  as the dichotomous variables that capture the response to 

the first and second closed questions, then the probability that an individual answers yes to the 

first question and no to the second can be expressed as      
     

                (where to 

simplify notation the right hand side of the expression omits the facts that the probability is 

conditional on the values of the explanatory variables).  Given this and under the assumption that 

              
      and         

  , we have that the probability of each one of the three 

cases is given by: 

1.  
    and  

    

                         

                                  
          

                                           
     

  

 
 
  
 
 
     

  

 
  

                                        
     

  

 
    

     
  

 
  

Where the last expression follows from                     and    represents 

the alternative. Therefore, using symmetry of the normal distribution we have that: 

            
 
 

 
 
  

 
      

 
 

 
 
  

 
  

2.  
    and  
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Using Bayes rule, which says that                        we have: 

             
           

                
          

Here by definition       and then      
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implies: 

                   
    

     
     

  

 
  

so by symmetry we have: 
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One way to proceed with the estimation is to construct a likelihood function to directly obtain 

estimates for β and σ using maximum likelihood estimation. The function that needs to be 

maximized in order to find the parameters of the model is: 
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where   
     

     
   are indicator variables that take the value of one or zero depending on the 

relevant case for each individual, that is to say, a given individual contributes to the logarithm of 

the likelihood function in only one of its four parts. 

There are different ways in which we can estimate WTP depending on the values that we 

give to the vector  . Some options are to estimate the WTP for every individual, the WTP for 

individuals with certain characteristics and the WTP using the average of the explanatory 

variables. In general what we have is: 

                 
  

  
  

where     is a vector with the values of interest for the explanatory variables (i.e., the value for 

each individual, the value for a certain group or the average). 
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CHAPTER V 

RESULTS 

This chapter details the model, its estimations, and discusses the interpretations of the 

economic results. The specific objectives for this study were: 

1. Assess external costs associated with the production and transportation of various

milk packaging options in order to determine current environmental impacts. 

2. Evaluate the characteristics associated with an individual who is more likely to make

such a purchase, and how these consumers differ demographically. 

3. Determine if consumers have a higher willingness to pay for inferred environmental

attributes in regards to glass bottled milk. 

5.1 External and Social Cost 

Table 5.1 shows the compilation of data in 2008 dollars as well as the adjusted total 

external cost in 2012 dollars. In Table 5.2, overall social cost was calculated using the adjusted 

2012 dollar amounts. The economic value used to quantify the carbon emissions in this analysis 

is derived from Tol’s (2005) study as it has been cited regularly throughout the existing 

literature. Also, this study combines social cost ranges for carbon from a multitude of studies and 

creates a distribution in which a mean cost can be computed. To quantify the cost of 

postconsumer waste, Huhtala’s (1996) estimation was used as it takes into account the process 

and weights associated with postconsumer waste. Finally, the 2012 average energy price 

provided by the U.S. Energy Information Administration was used to quantify the external cost 

of energy. 
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Table 5.1- External Cost of Alternative Milk Packaging per 10,000 containers 

Franklin Associates (2008) Returnable Glass High Density Plastic Paperboard Gabletop 

Total Energy Costs $ 1,032.41 $  1,290.51 $   1,380.84 

Atmospheric Emissions Cost $  39.20 $       24.16 $                32.00 

Postconsumer Waste Cost $ 186.65 $       38.15 $        62.40 

Total External Cost (2008 

Dollars) 

$ 1,258.26 $  1,352.82 $  1,475.24 

Adjusted 2012 Dollars Total $ 1,306.29 $                1,404.47 $   1,531.55 

Table 5.2- Overall Social Cost of Alternative Milk Packaging per 10,000 containers 

Returnable Glass High Density Plastic Paperboard Gabletop 

External Cost  $          1,306.29  $ 1,404.47  $    1,531.55 

Private Cost  $          3,382.46  $ 2,878.94  $    2,760.66 

Total Social Cost (2012 Dollars)  $          4,688.75  $ 4,283.41  $    4,292.21 

After the initial analysis took place, there was question of whether the external cost is 

solely dependent on the consumer return rates as well as the bottle reuse rates. In order to 

effectively analyze this question, a sensitivity analysis was performed on the total external cost 

and the overall social cost. Table 5.3 shows the variations of external cost in regards to potential 

combinations of return and reuse rates, while Table 5.4 shows the same results in regards to 

social cost. 

It was found that consumers would have to be willing to pay between $0.04-0.19 more 

per half gallon container at a reuse rate of 8 times in order for glass bottle to be the socially 

optimal choice. The premium is dependent on consumer return rates. If the glass bottle is not 

returned or reused, then the consumer would have to be willing to pay an extra $1.38 for each 

bottle in order to compensate the producer.
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Table 5.3- Sensitivity Analysis of External Cost of Returnable Glass Bottles 

*Highlighted portion represents the combinations at which returnable glass has the lowest external cost.

40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100% 

7 
3732.27 3317.57 2985.81 2714.38 2488.18 2296.78 2132.72 1990.54 1866.13 1756.36 1658.78 1571.48 1492.91 

8 
3265.74 2902.88 2612.59 2375.08 2177.16 2009.68 1866.13 1741.72 1632.87 1536.82 1451.44 1375.05 1306.29 

9 

2902.88 2580.33 2322.30 2111.18 1935.25 1786.38 1658.79 1548.20 1451.44 1366.06 1290.17 1222.26 1161.15 

10 

2612.59 2322.30 2090.07 1900.06 1741.73 1607.75 1492.91 1393.38 1306.29 1229.45 1161.15 1100.04 1045.03 

11 

2375.08 2111.18 1900.06 1727.33 1583.39 1461.59 1357.19 1266.71 1187.54 1117.68 1055.59 1000.03 950.03 

12 

2177.16 1935.25 1741.73 1583.39 1451.44 1339.79 1244.09 1161.15 1088.58 1024.54 967.63 916.70 870.86 

13 
2009.68 1786.39 1607.75 1461.59 1339.79 1236.73 1148.39 1071.83 1004.84 945.73 893.19 846.18 803.87 

14 
1866.14 1658.79 1492.91 1357.19 1244.09 1148.39 1066.36 995.27 933.07 878.18 829.39 785.74 746.45 

15 

1741.73 1548.20 1393.38 1266.71 1161.15 1071.83 995.27 928.92 870.86 819.64 774.10 733.36 696.69 

16 

1632.87 1451.44 1306.29 1187.54 1088.58 1004.84 933.07 870.86 816.43 768.41 725.72 687.52 653.15 

17 

1536.82 1366.06 1229.45 1117.69 1024.54 945.73 878.18 819.64 768.41 723.21 683.03 647.08 614.73 

18 

1451.44 1290.17 1161.15 1055.59 967.63 893.19 829.39 774.10 725.72 683.03 645.08 611.13 580.58 

19 
1375.05 1222.26 1100.04 1000.03 916.70 846.18 785.74 733.36 687.52 647.08 611.13 578.97 550.02 

20 
1306.29 1161.15 1045.04 950.03 870.86 803.87 746.45 696.69 653.15 614.73 580.58 550.02 522.52 
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Table 5.4- Sensitivity Analysis of Social Cost of Returnable Glass Bottles 

50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100% 

7 
6368.28 6096.84 5870.64 5679.24 5515.19 5373.00 5248.59 5138.82 5041.25 4953.94 4875.37 

8 
5995.05 5757.54 5559.62 5392.14 5248.60 5124.19 5015.33 4919.28 4833.90 4757.51 4688.75 

9 
5704.76 5493.64 5317.71 5168.85 5041.25 4930.66 4833.90 4748.52 4672.63 4604.72 4543.61 

10 
5472.53 5282.53 5124.19 4990.21 4875.37 4775.84 4688.76 4611.91 4543.61 4482.50 4427.50 

11 
5282.53 5109.79 4965.85 4844.05 4739.65 4649.17 4570.00 4500.15 4438.05 4382.50 4332.49 

12 
5124.19 4965.85 4833.90 4722.25 4626.55 4543.61 4471.04 4407.01 4350.09 4299.16 4253.32 

13 
4990.21 4844.05 4722.25 4619.19 4530.85 4454.29 4387.30 4328.19 4275.65 4228.64 4186.33 

14 
4875.37 4739.65 4626.55 4530.85 4448.82 4377.73 4315.53 4260.64 4211.85 4168.20 4128.92 

15 
4775.84 4649.17 4543.61 4454.29 4377.73 4311.38 4253.32 4202.10 4156.56 4115.82 4079.15 

16 
4688.76 4570.00 4471.04 4387.30 4315.53 4253.32 4198.90 4150.87 4108.18 4069.98 4035.61 

17 
4611.92 4500.15 4407.01 4328.20 4260.64 4202.10 4150.87 4105.67 4065.49 4029.54 3997.19 

18 
4543.61 4438.05 4350.09 4275.65 4211.85 4156.56 4108.18 4065.49 4027.55 3993.59 3963.04 

19 
4482.50 4382.50 4299.16 4228.64 4168.20 4115.82 4069.99 4029.54 3993.59 3961.43 3932.48 

20 
4427.50 4332.49 4253.32 4186.34 4128.92 4079.15 4035.61 3997.19 3963.04 3932.48 3904.98 

*Highlighted portion represents the combinations at which returnable glass has the lowest social cost.
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5.2 Willingness to Pay 

In order to extract consumer willingness to pay for a returnable glass milk bottle a survey 

was conducted in Lubbock, Texas at the Market Street Grocery Store #553 (4425 19
th

 Street).

This survey was approved by the Texas Tech University Human Research Protection Program 

Institutional Review Board and Market Street before it was administered to the participants. 

Surveys were collected on two separate occasions: April 27
th

 and May 19
th

, 2014. In total, 245

surveys were collected and 229 were used in the analysis after removing incomplete surveys. 

Table 5.5 shows the summary of statistics for the demographic characteristics and perception 

variables collected from the consumers. The average age of the consumer surveyed was between 

the ages of 30 to 45 with 2 to 3 people living in their household. The average household income 

level of the consumers surveyed was about $56,650. It is important to note that all of these 

average characteristics are similar to those reported in the latest US Census for Lubbock, Texas. 

It is important that the sample that was collected closely resembles the general population in 

order to have an accurate representation of consumer willingness to pay. Also, this survey was 

approved by the Texas Tech University Human Research Protection Program Institutional 

Review Board before it was administered to the participants.  The hypothesis for this study is 

that consumers are willing to pay a higher premium if they have the perception that a returnable 

glass bottle is more environmentally friendly than a plastic one. 

The willingness to pay analysis was bounded at a maximum of $4.00 or a $1.25 premium 

level. The LIFEREG procedure in SAS is used in order to truncate the dependent variable at a 

zero premium level in order to eliminate negative willingness to pay estimates. The assumption 

in doing this truncation is that if a consumer has a negative willingness to pay for the glass 

bottle, they will substitute by purchasing one of the alternatives. 
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Once the interval and log-likelihood models have been estimated, the results can be 

interpreted. The estimated coefficients from the WTP specification will show how the premium 

amount changes across individuals, which will help identify the types of consumers that are 

willing to pay the highest and lowest premiums for the glass bottled milk. The log-likelihood 

estimates will reveal the optimal premium range for returnable glass bottled milk. This will allow 

for the detection of the average premium that could be effectively added to the price.  

The LIFEREG procedure uses the maximum likelihood estimation method, in which the 

researcher is able to define the distribution. In order for ease of interpretation, the logistic 

distribution was used in the estimation. Again, this procedure allows the researcher to truncate 

the dependent variable. This is especially useful when attempting to estimate the effects of a 

double-bounded contingent valuation question. 

Table 5.5: Summary of Statistics for Survey Respondents 

Variable Description Percentage of 

Occurrence 

Mean Standard 

Deviation 

Age Age of the consumer: 

1=18-30 

 2=30-45 

3=45-60 

4=Older than 60 

47.60% 

23.58% 

19.65% 

9.17% 

1.9039 1.0171 

Gender Dummy Variable, 

0=Male 

1=Female 

37.55% 

62.45% 

0.6245 0.4853 

Household size Number of people 

currently living in 

household 

1=1     

2=2 

3=3 

4=4 

5= More than 4 

24.02% 

30.57% 

20.52% 

13.97% 

10.92% 

2.5721 1.2911 
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Variable Description Percentage of 

Occurrence 

Mean Standard 

Deviation 

Education Highest level of 

education completed: 

0=Some school     

1=High school diploma 

2=Some college     

3=Bachelor’s degree 

4=Advanced degree 

0.44% 

9.61% 

37.12% 

32.75% 

20.09% 

2.6245 0.9265 

Household Income Household’s income 

level: 

Less than $20,000     

$20,000-$35,000 

$35,001-$50,000 

$50,001-$70,000 

$70,001-$100,000     

More than $100,000 

24.45% 

8.735 

13.54% 

18.34% 

13.545 

21.40% 

$56,650 $36,870 

Bags How often the consumer 

uses or prefers to use 

canvas or reusable bags 

(Likert scale 1-5). 

1 

2 

3 

4 

5 

26.64% 

18.78% 

24.02% 

14.85% 

15.72% 

2.7424 1.4046 

Firm’s 

Responsibility 

Whether the consumer 

believes it is solely a 

firm’s responsibility to 

provide environmentally 

friendly products, in 

order to minimize 

negative impacts on the 

environment (binary 

variable). 

1=Yes 

0=No 

7.96% 

92.04% 

0.0786 0.2697 

Table 5.5 Continued
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Variable Description Percentage of 

Occurrence 

Mean Standard 

Deviation 

Environmental 

Score 

Combination variable 

with Bags and Purchase 

of Eco-labeled Products 

added together. (Scale 2-

10) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10.92% 

9.61% 

13.97% 

13.54% 

20.52% 

14.85% 

7.42% 

5.24% 

3.93% 

5.4716 2.1430 

Purchase of eco-

labeled products 

How often the consumer 

purchases eco-labeled 

products (Likert scale 1-

5). 

1 

2 

3 

4 

5 

21.40% 

22.27% 

30.57% 

13.54% 

12.23% 

2.7293 1.2794 

Other variables not in the summary of statistics were included in the analysis: 

Perception- whether or not the consumer perceives the glass bottle to be more environmentally 

friendly as compared to plastic; More than 2- a binary variable which identifies households with 

more than 2 people; Stated- the consumer’s stated preference among the various types of milk 

packaging if all were the same price; Local- certain versions of the survey stated that the milk in 

the glass bottle was produced locally. The results of the willingness to pay model are presented 

in Table 5.6. Mean WTP estimated using the result of the regression is a 59.78 cent premium, or 

Table 5.5 Continued
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about $3.35 for the returnable glass bottle as compared to $2.75. The lower and upper bounds of 

the willingness to pay are 33.03 cents and 86.53 cents, respectively, or about $3.08 and $3.62, 

respectively. 

The intercept is significant at the 99% level and represents a base premium price that 

consumers within the sample are willing to pay. When comparing the intercept value to the mean 

willingness to pay with a Wald test, it was found that they are not statistically different. This 

means that the mean willingness to pay could be the base premium price level. 

Table 5.6: Willingness to Pay for Returnable Glass Bottled Milk Regression 

Parameter Estimate Std Error Pr > ChiSq 

Intercept  3.3838*** 0.2089 <.0001 

Age  0.098 0.1621 0.5457 

Age Squared -0.014 0.0339 0.6801 

Gender -0.0744 0.0548 0.1748 

Household Size -0.0757*** 0.0229 0.001 

Education  0.6226 0.4843 0.1986 

Household Income  0.0494 0.0348 0.1555 

Household Income Squared -0.0001 0.0001 0.2352 

Income/Education Interaction -0.7106 0.4849 0.1428 

Personal Responsibility -0.0675 0.0568 0.2348 

Perception  0.2678*** 0.0582 <.0001 

Local  0.0315 0.0541 0.5604 

Bags  0.0381* 0.021 0.0696 

Purchase of eco-labeled Products  0.0668*** 0.0223 0.0028 

Scale  0.3402 0.0178 

Log Likelihood -202.555 

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

The other statistically significant variables at the 99% level are perception and 

purchase of eco-labeled products. If a consumer perceives the returnable glass bottle to be more 

environmentally friendly than plastic, they are willing to pay an additional 26.78 cents. The more 

often a consumer purchases eco-labeled products they increase their likelihood of paying an 

additional 8 cents for each increase on the Likert scale. 
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At the 90% level, the variable bags is statistically significant.  This shows that the more 

often a consumer uses canvas or reusable bags at the grocery store they increase their willingness 

to pay by about 3.8 cents. It is also found that as household size increase a consumer’s 

willingness to pay decreases by 7.5 cents. It was originally hypothesized that some of the 

demographic variables (age, income, education, etc.) would be statistically significant such that it 

would divulge which demographics would be willing to pay more for the glass alternative. 

Instead, none of those variables are statistically significant, revealing that the demographic 

characteristics are not important economically. 

Table 5.7 illustrates how the varying levels of willingness to pay were distributed after all 

of the consumers completed the survey. This assists in understanding how the consumers reacted 

to the varying premium levels. 

Table 5.7: Willingness to Pay Premium Distribution 

Premium Level 

Combination 

% Yes, Yes % Yes, No % No, Yes % No, No 

$2.80; $2.85 19.72% 3.45% 0.00% 9.30% 

$2.85; $2.95 14.49% 6.90% 0.00% 11.63% 

$2.95; $3.15 28.73% 55.17% 21.43% 34.88% 

$3.10; $3.45 13.38% 13.79% 50.00% 18.60% 

$3.25; $3.75 22.54% 20.69% 28.57% 25.58% 

% of Total 

Sample 

62.01% 12.66% 6.11% 18.78% 

It is apparent at all premium levels that consumers are willing to pay some level of premium for 

the returnable glass bottle. Only 18.78% of the consumers surveyed were not willing to pay any 
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premium amount, while 62.01% were willing to pay both premium amounts that were presented 

to them. It was found that 12.66% were willing to pay the first premium presented to them, but 

were not willing to pay twice that premium. At the same time, 6.11% of the consumers found the 

first premium to be too large, but were still willing to pay some unknown premium less than the 

one they were presented. The results in Table 5.7 support the results in Table 5.6 in the fact that a 

majority of consumers, approximately 81%, are willing to pay some premium for the returnable 

glass bottle. 

5.3 Consumer Preference 

In order to analyze which consumers have a preference for the glass bottled milk, a 

traditional logit model was estimated. The model components are similar to the WTP model with 

the change of the dependent variable to Stated. The purpose of using Stated as the dependent 

variable is to determine what the preferred milk packaging of the consumers is in regards to 

alternative milk packaging. Specifically, the regression is focused on the consumers’ stated 

preference towards a returnable glass bottle. The results of this regression are shown in Table 

5.8. 

This type of regression will provide a stated preference analysis of the consumers in this 

geographic area in regards to a perceived environmental attribute. This is critical for comparison 

to the WTP regression because if a consumer prefers glass, ceterus paribus, then they are more 

likely to accept a price premium to purchase glass. 
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Table 5.8: Stated Preference Regression for Returnable Glass Bottled Milk 

Parameter Estimate Odds Ratio Std Error Pr > ChiSq 

Intercept  0.9052 ------------ 1.4532 0.5333 

Age -1.053 0.349 1.1253 0.3495 

Age Squared  0.1957 1.216 0.2379 0.4107 

Gender -0.155 0.857 0.3883 0.6908 

Household Size -0.147 0.864 0.1592 0.3574 

Education  5.0192 151.29 3.5559 0.1581 

Household Income  0.3174 1.374 0.2556 0.2144 

Household Income Squared -7E-04 0.999 0.0007 0.3244 

Income/Education Interaction -4.933 0.007 3.5541 0.1652 

Personal Responsibility -0.087 0.917 0.3969 0.8268 

Perception  1.3957*** 4.038 0.223 <.0001 

Local -0.415 0.66 0.3843 0.28 

Bags  0.4065*** 1.502 0.1516 0.0073 

Purchase of eco-labeled Products  0.3421** 1.408 0.1583 0.0307 

Log Likelihood -141.8 
Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

The results of the logit model indicate that five variables are statistically significant. The 

variable with the largest impact on a consumer’s stated preference for returnable glass bottled 

milk is Perception. The results show that a person is 4.038 times more likely to have a stated 

preference for the returnable glass bottle if they perceive it to be more environmentally friendly 

than plastic. It was hypothesized that someone who perceived the returnable glass bottle to be 

more environmentally friendly than plastic would have an increased likelihood to prefer the glass 

alternative; however, the opposite was hypothesized for the binary variable of More than 2. 

Furthermore, the more often a consumer shops with canvas or reusable bags, they are 

1.502 times more likely to have stated that they have a preference for the returnable glass bottle.  

Similarly, the more often a consumer purchases eco-labeled products (i.e. for each increase on 

the Likert scale), they are 1.408 times more likely to have stated that they have a preference for 

the returnable glass alternative. Also, even though the education variable is not statistically 
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significant, it is economically significant in that for each increase in education, a consumer is 

151.29 times more likely to prefer the returnable glass bottle. 

Given that the primary goal of this research is to determine whether or not consumers are 

willing to pay for a perceived environmental attribute, in reference to the milk packaging 

options, it is important to determine which variables impact a consumer’s perception of the 

returnable glass bottle. Table 5.9 shows the results of a traditional logit model with the 

dependent variable as Perception. In this case, the variables on the right-hand side of the model 

are the same as before, except that the Perception variable is removed and used as the dependent 

variable. Given that the dependent variable in this case was used as an independent variable in 

the previous analyses, there is potential for some variables to be endogenous. However, any 

variables that result in being significant demonstrate a pathway as to explaining the willingness 

to pay results. 

Table 5.9: Consumer Environmental Perception for Returnable Glass Bottled Milk 

Parameter Estimate Odds Ratio Std Error Pr > ChiSq 

Intercept -0.1384 ------------- 0.0122 0.9120 

Age -0.3420 0.710 0.1179 0.7314 

Age Squared 0.1046 1.110 0.2399 0.6243 

Gender -0.00018 1.000 0.0000 0.9996 

Household Size -0.1795 0.836 1.7356 0.1877 

Education -3.1469 0.043 1.1832 0.2767 

Household Income -0.2355 0.790 1.2923 0.2556 

Household Income Squared 0.000586 1.001 1.2188 0.2696 

Income/Education Interaction 3.1952 24.415 1.2148 0.2704 

Personal Responsibility -0.1748 0.840 0.2615 0.6091 

Local -0.1478 0.863 0.2018 0.6532 

Bags 0.4613*** 1.586 11.8502 0.0006 

Purchase of eco-labeled Products 0.0142 1.014 0.0113 0.9155 

Log Likelihood -134.715 

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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After running the traditional logit, it was found that only one variable was statistically 

significant, which was at the 99% level, in determining whether or not a consumer perceives the 

returnable glass bottle to be more environmentally friendly than plastic – Bags. This means 

economically that the more often a consumer uses canvas or reusable bags they are 1.586 times 

more likely to perceive the returnable glass bottle to be more environmentally friendly than 

plastic. 
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CHAPTER VI 

CONCLUSIONS 

6.1 External and Social Cost 

The results reveal some interesting variations that may make interpretation difficult at 

first, but once all assumptions and exogenous variables are considered, the clarification of the 

results follows a logical pattern. First, Table 1 shows that the returnable glass milk bottle has a 

lower external cost than its alternatives if it is reused at least 8 times and 100% of the bottles are 

returned by the consumers. Unfortunately, this is seen as unrealistic as there are other factors to 

consider such as consumer willingness to return and bottle breakage. A sensitivity analysis was 

conducted and the results are presented in Table 3.  The results reveal that there are many 

potential variations among the reuse and return rates that still maintain a lower external cost than 

the alternatives. 

When discerning this relationship with social cost, it was found that returnable glass is 

not the socially optimal choice at 8 reuses of the bottle. In fact, as seen in Table 2, it is the worst 

social choice among the alternatives with plastic being the socially optimal choice. This results 

stems from the relatively high producer cost of the returnable glass bottle.  Since private cost is 

held constant, it is known that there should be a point at which the external cost associated with 

the returnable glass bottle would be low enough to change the rank of social cost for glass to be 

the socially optimal choice. Table 4 concentrates on that subject through a sensitivity analysis of 

the overall social cost. It was found that it would take a minimum of 12 reuses (a 50% increase 

beyond the current standard) of the glass bottle in order for it to be the socially optimal choice. 

Texas Tech University, Clinton Neill, August 2014 
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After reviewing the results of the analysis, it is apparent that the high density plastic milk 

container is the socially optimal choice. This result is dependent upon the relative prices of the 

assorted variables within the external cost estimation. However, returnable glass bottles may be a 

viable choice depending on the consumers in a specific area. In other words, if enough 

consumers within an area are willing to purchase and return the glass bottles continually, then 

there is cause to believe that a glass bottle milk operation is viable. Overall, it is imperative to 

note that the returnable glass milk bottle having the lowest external cost translates to a consumer 

as having a lower environmental impact on their surroundings. Conversely, the consumer must 

be willing to participate (i.e. purchase and return the glass bottle) in order for them to experience 

the lower environmental impact. This willingness to participate also allows the producer to be 

compensated for the extra production cost, thus making the glass bottle the socially optimal 

choice. 

When the costs are brought to a unit by unit measurement, it was found that a consumer 

would need to pay an extra $0.04 to $0.19 per container use above the price of milk in a plastic 

container in order to compensate the producer for the added cost of producing milk in a 

returnable glass bottle. This range is determined using a return rate between 60% and 95%. 

This portion of the study was aimed at adding to the existing literature on the use of glass 

milk bottle as an environmentally friendly product and to compare the optimal social cost to 

willingness to pay estimates. The previous literature on the subject took into account various 

parts of the production process, but failed to create an economic LCA that encompassed the 

entire production and distribution process. Also, this study accounts for the external and social 

cost involved with each alternative so that comparisons between the three alternatives are 
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consistent. The results of this study can be used by producers and consumers who have a desire 

to make an environmentally conscious choice on milk packaging alternatives.  

6.2 Willingness to Pay 

The parameter estimates from the LIFEREG procedure can be economically interpreted 

as the marginal willingness to pay estimates. Marginal willingness to pay refers to the difference 

in willingness to pay as an explanatory variable changes by one unit. This fact is due to the 

dependent variable being a bounded range of willingness to pay estimates. A logistic distribution 

was assumed in order to ensure a closed form solution among the maximum likelihood estimates. 

Unlike a traditional logit model, the exponential of the estimates do not need to be taken due to 

the nature of the model. 

While it is intuitive to think that those consumers that use canvas or reusable bags and 

those that purchase eco-labeled products are willing to pay more for the glass alternative, it is 

still important that this connection was made. There is now a clearer understanding of which 

types of consumers are willing to pay more the glass alternative and appropriate marketing 

efforts can be introduced. 

The most interesting revelation is that people who perceive the returnable glass bottle to 

be more environmentally friendly than plastic are willing to pay an extra 26.78 cents. This is 

significant in the fact that approximately 81% of those surveyed were willing to pay some 

premium for the returnable glass bottle. At the same time, approximately 72.5% of the survey 

respondents perceive the glass bottle to be environmentally friendly. It is apparent that some of 

those who do not perceive or are unsure if the glass alternative is more environmentally friendly 
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are still willing to pay a premium. This may be the result of nostalgia or reveal potential 

hypothetical bias within the survey sample. 

What this portion of the study reveals that even though there is no clear identifier (i.e.-

label), consumers are willing to pay a premium for the perceived environmental attribute of a 

glass bottle. This is significant in the fact that consumers have the perception of the glass bottle 

being more environmentally friendly than the plastic alternative. 

There is a negative relationship between Household size and willingness to pay that could 

be a response to the inherent risk with purchasing the glass alternative. Additional people that are 

potentially handling the glass bottle increases the risk of breakage. This is a concern for many 

parents that have small children in their home. Also, it is a concern for people over the age of 60 

that have a reduced level of strength when handling heavier objects. 

From the results of the social cost portion of the study, it was found that a consumer 

needs to be willing to pay an extra 4 to 19 cents over the price of the plastic bottle in order for 

the returnable glass bottle to be the socially optimal choice among the alternatives. The WTP 

regression revealed that the mean willingness to pay for the glass alternative was about 60 cents 

which is higher than the predicted range. Knowing this information allows for the determination 

of a corresponding consumer return rate of the glass bottle, maintaining the assumption that each 

returned bottle is still reused 8 times. The corresponding return rate is about 20-25%. 

It is important to note that some consumers who were not willing to pay a premium for 

the returnable glass alternative did express their reasons. The list of reasons, along with 

numerous other charts, graphs and data can be found in Appendix B. 
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6.3 Consumer Preference 

It can be seen that the most statistically significant variable within the stated preference 

regression is whether or not the consumer perceives the returnable glass bottle to be more 

environmentally friendly than plastic. If the consumer does perceive the glass bottle to be more 

environmentally friendly, then they are 4.038 times more likely to have stated that they have a 

preference for the glass bottle. 

The more often a consumer uses, or prefers to use, canvas or reusable bags when they 

shop for groceries, they are 1.508 times more likely at each level on the Likert scale to have 

stated that they have a preference for the returnable glass bottle. Moreover, the more often the 

consumer purchases food products that are considered to be eco-labeled they are 1.408 times 

more likely to have stated that they have a preference for the returnable glass bottle. The 

education variable is economically significant even though it does not meet the statistically 

significant cutoff. In fact, as a consumer’s education increases they are about 151 times more 

likely to prefer the returnable glass bottle. 

Once again, if a consumer perceives the glass alternative to be more environmentally 

friendly than the plastic they are much more likely to have stated that they have a preference for 

the glass. This is significant in the fact that it corresponds with the WTP regression. Consumers 

that have an positive environmental inclination toward the returnable glass bottle. This is 

occurring even though there is not a labeling scheme informing them that the returnable glass 

bottle has a lower environmental impact as compared to the plastic. 

In order to grasp a better understanding on consumer perception of glass being more 

environmentally friendly than plastic, factors believed to be predictors for said perception were 

evaluated. Within this regression it was found that only one variable was statistically significant 
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– Bags. This shows us that consumers who are likely to bring reusable bags with them to the

store are more likely to perceive the glass bottle to be more environmentally friendly than plastic. 

Within the sample, about 73% of the consumers shopped with canvas or reusable bags at least 

some of the time. This is consistent with the percentage of those that perceive the returnable 

glass bottle to be more environmentally friendly. 

6.4 Overall Conclusions 

Overall, it was found that consumers, on average, are willing to pay a premium for 

returnable glass bottled milk. This is significant in the fact that there is no identifying label 

suggesting that the bottle is environmentally friendly. The idea that consumers do perceive 

returnable glass packaging to be more environmentally friendly than plastic shows that there is 

precedence for more research into these types of products. If there are other products similar to 

the returnable glass bottle, whether or not they truly have a lower environmental impact, then 

consumers could be indirectly creating a market for these products. 

The multiple regressions used within this study reveal a pathway that contributes to the 

understanding of the information. In the perception regression, it was found that the more often a 

consumer uses canvas or reusable bags, the more likely they are to perceive the glass bottle to be 

more environmentally friendly. From this regression it was seen that a consumer’s stated 

preference for the returnable glass alternative was based not only upon the Bags and Perception 

variables, but was also influenced by Household size and how often they purchase eco-labeled 

products. Finally, both the perception of environmental friendliness and willingness to pay for 

glass packaging are explained by the same pattern of statistically significant explanatory 

variables. 
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For the Lubbock area, there is potential demand for the glass bottled milk. It is hoped that 

the local dairies in this area will be able to use this information in order to appropriately 

introduce this type of product into the grocery stores so that they may take advantage of 

accessing this portion of the market through product differentiation. From the results of the 

analysis, the types of consumers that have a stated preference for returnable glass bottled milk 

are people that prefer to buy eco-labeled food products and/or use canvas/reusable bags when 

they shop for groceries. It is also important to note that consumers that perceive the glass bottle 

to be environmentally friendly are those that willing to pay the highest premium. 

Another important note is that there are more consumers that are unsure if they perceive 

the returnable glass bottle is more environmentally friendly than plastic than there are those that 

do not perceive it to be. It was found through this study, that under certain situations the 

returnable glass is the socially optimal choice. It is also important to educate potential consumers 

of these aspects. This could be accomplished through appropriate advertising, labeling, and other 

mechanisms. 

Future research should focus on determining potential consumer return rates of the glass 

bottle to the store in order to determine if the calculated WTP return rate is in line with the 

likelihood of actual consumer return rates. If these two variables do not line up, then the 

returnable glass bottle would not be the optimal social choice. Other research should focus on 

expanding the idea of the perceived environmental attribute to other types of products and 

geographical locations to determine if the results of this study hold true on a broader scale. 

Overall, the double bounded dichotomous choice design is still widely used and accepted 

within willingness to pay studies. This research has successfully demonstrated that some 

consumers are willing to pay for an environmental attribute that they believe a particular product 
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possesses. A large majority of the consumers surveyed perceived a returnable glass milk bottle to 

be more environmentally friendly than plastic, which means that there is precedence for future 

research in this area to determine what other products consumers perceive to have an 

environmental attribute. 

6.5 Limitations and Extrapolation 

In hindsight, some limitations to the study were brought to light. The first limitation was 

that the survey was only administered at one grocery store within the Lubbock, Texas area. 

While the sample did represent the general population well, there is concern that not all of the 

different consumer segments were represented. By doing the survey at different grocery stores in 

different areas across the city would help to address this problem. 

The other limitation of this study resulted from being unable to extract consumer return 

rates for the returnable glass bottle. This is an important aspect to determine in order to help 

estimate demand for the product. Also, it is unknown whether or not any grocery stores are 

willing to participate in a returnable glass operation. 

These results, however, can be extrapolated to estimate the WTP for specific consumer 

segments. The mean WTP within the study is for the entire sample. Since there various 

regressions reveal which consumers have a higher WTP and those that have a higher likelihood 

of preferring the returnable glass, a corresponding WTP can be estimated. Dairies cam use this 

information to extract the highest premium and create a better market toward a target market. 

This helps the producers to offset the cost of packaging the milk in the returnable glass bottle. 
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APPENDIX A 

A.1 Original Regressions 

Tables B.1-3 are similar to the regressions presented in the results chapter expect that they use an 

Environmental Score variable instead of the Bags and Purchase of eco-labeled variables. Originally, the 

regressions were run using the Environmental Score, but after analyzing the results, the variable was 

decomposed into its original parts to get the specific effects. The Environmental Score was created by 

adding the Bags and Purchase of eco-labeled values together to obtain a single value for each respondent. 

The original regressions are presented here for sake of comparison. 

It can be noted that the only difference between these regressions and those that were presented in 

the results chapter is that the Environmental Score is statistically significant. This is expected as the two 

variables included within the score are statistically significant individually as well, with the exception of 

the perceive regression, in which only the Bags variable is significant. 

Table A.1: WTP Regression for Returnable Glass Bottled Milk with Environmental Score 

Parameter Estimate Standard Error Pr > ChiSq 

Intercept 3.3168*** 0.2284 0.0131 

Age 0.1222 0.1749 0.4848 

Age Squared -0.0195 0.0370 0.5991 

Gender -0.0704 0.0602 0.2416 

Household Size -0.0776 0.0447 0.0827 

Education 0.5794 0.5110 0.2569 

Household Income 0.0473 0.0366 0.1964 

Household Income Squared -0.0001 0.0001 0.2835 

Income/Education Interaction -0.6756 0.5103 0.1855 

Personal Responsibility -0.0625 0.0611 0.3061 

Perception 0.1315*** 0.0341 0.0001 

Local 0.0248 0.0591 0.6747 

Environmental Score 0.0614*** 0.0140 <.0001 

Scale 0.2018 0.0123 

Log Likelihood -212.6976 

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Table A.2: Stated Preference Regression for Returnable Glass Bottled Milk with Environmental 

Score 

Parameter Estimate Odds Ratio Std Error Pr > ChiSq 

Intercept  1.7517 ------ 1.5530 0.2593 

Age -1.3817 0.2510 1.1553 0.2317 

Age Squared  0.2812 1.3250 0.2452 0.2515 

Gender -0.0747 0.9280 0.3951 0.8501 

Household Size -0.6387 0.5280 0.2945 0.0301 

Education  5.2237 185.618 3.6532 0.1527 

Household Income  0.3347 1.3980 0.2624 0.2022 

Household Income Squared -0.00070 0.9999 0.000678 0.3008 

Income/Education Interaction -5.1632 0.0060 3.6533 0.1576 

Personal Responsibility -0.1082 0.8970 0.6615 0.8700 

Perception  1.4503*** 4.2640 0.2300 <.0001 

Local -0.4251 0.6540 0.3906 0.2764 

Environmental Score  0.3649*** 1.4400 0.1014 0.0003 

Log Likelihood -141.782 

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

Table A.3: Perception Regression for Returnable Glass Bottled Milk with Environmental Score 

Parameter Estimate Odds Ratio Std Error Pr > ChiSq 

Intercept -0.2212 1.2943 0.8643 

Age -0.2065 0.8130 0.9880 0.8344 

Age Squared  0.0888 1.0930 0.2132 0.6769 

Gender  0.0158 1.0160 0.3318 0.9621 

Household Size -0.1595 0.8530 0.2439 0.5133 

Education -2.8719 0.0570 2.8544 0.3143 

Household Income -0.2127 0.8080 0.2043 0.2977 

Household Income Squared  0.000517 1.0010 0.000523 0.3230 

Income/Education Interaction  2.8837 17.8810 2.8569 0.3128 

Personal Responsibility -0.0851 0.9180 0.3370 0.8007 

Local -0.1844 0.8320 0.3262 0.5718 

Environmental Score  0.2452*** 1.2780 0.0799 0.0021 

Log Likelihood -134.715 

Note: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
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A.2 Variable Percentage Distribution 

Within this section, graphs of the percentage of the sample was distributed among the various 

variables are presented. This is to demonstrate the heterogeneity of the sample demographics, as well as 

to visualize how the consumers answered various survey questions. 

Figure A.1: Age Frequency 



Texas Tech University, Clinton Neill, August 2014 

72 

Figure A.2: Income Frequency 
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Figure A.3: Bags Frequency 
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Figure A.4: Purchase of Eco-labeled Products Frequency 
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Figure A.5: Environmental Score Frequency 

Environmental Score 
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Figure A.6: Education Frequency 

Education Some School 
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Figure A.7: Firm’s Responsibility Frequency 

Firm’s Responsibility 
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Figure A.8: Personal Responsibility Frequency 

Personal Responsibility 
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Figure A.9: Household Size Frequency 

Household Size 
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Figure A.10: Perception Frequency 

Perception 
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A.3 Demographic Distribution Fitting 

After the initial data collection and analysis, there was interest in seeing how certain demographic 

variables were distributed. In order visualize this fact a non-parametric distribution fitting analysis was 

utilized using MATLAB’s distribution fitting application. The results for the variables of Age, Household 

Size, Education, and Income are shown below.  This visually demonstrates how the data is correlated 

within the econometric analyses. 

Figure A.11: Age Sample Data with Distributional Fit (Non-Parametric) 

Age 
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Figure A.12: Household Size Sample Data with Distributional Fit (Non-parametric) 

Household Size 
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Figure A.13: Education Sample Data with Distributional Fit (Non-parametric) 

Education 



Texas Tech University, Clinton Neill, August 2014 

84 

Figure A.14: Income Sample Data with Distributional Fit (Non-parametric) 

A.4 Survey Example  and Reasons for No Premium 

The following table represents all of the reasons that consumers expressed as to why they were not 

willing to pay any premium for the returnable glass bottle. It is important to understand why consumers 

are not willing to pay a premium so that protest votes (or in other words, non-relevant reasons for saying 

Income 
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no) can be eliminated from the analysis. This also helps determine if there is any misinformation about a 

product that is causing a consumer to not pay a premium. 

Table A.4: Consumer Reasons for Not Paying a Premium 

Do not understand the reason to purchase returnable glass bottles. 

Seems like a hassle to return the bottle. 

This is not important to me. 

What if glass breaks, do you need to pay another premium? 

Over time it would be a large expense. 

Too expensive and less convenient 

Not good with glass 

Probably not, cheap 

Because the glass will eventually break 

It's more expensive 

I'm not using it so why pay for it. 

I am not used to taking glass to be recycled. I do not recycle my coke cans. 

I have kids; glass breaks. 

Plastic is cheaper. 

Cheaper milk, happier customer. 

I like saving money. 

Groceries are too expensive; I try to cut cost in any way. 

I have small children and worried about the bottle breaking. 

I really don't like glass, I break things often. Not ideal for me. 

Water use for washing glass is worse than plastic. 

Habit of saving money over considering the environment. 

Sometimes I don't have any extra money, and I need to save. 

If plastic can be recycled, I would rather use that than glass. 

I do not want the hassle of having to return it for my deposit back. 

We always recycle our plastics. Plus, glass is breakable and I have a child who gets his own 

milk out of the fridge. 

Don't know much about glass. 
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1. What is your current age? Under 18 18 to 30    30 to 45   46 to 60 Older 

than 60

2. Are you male or female? Male Female 

3. Are you the main shopper for your household? Yes     No 

4. What is your current household family size, including yourself?

1 2 3 4 More than 4 

5. What is your current level of education?

Some school High school diploma Some college Bachelor’s degree     Advanced degree 

6. What is your household income?

Less than $20,000  $20,000-$35,000 $35,001-$50,000     $50,001-$70,000     $70,001-$100,000 

More than $100,000 

7. On average, how many days a week do you currently drink milk?

0  1 2 3 4 5 6 7 

8. Do you believe it is solely a firm’s responsibility to provide environmentally friendly products, in

order to minimize negative impacts on the environment?

Yes No 

9. On a scale of 1 to 5 with 1 being never and 5 being very often/always, how often do you purchase

food products that are labeled such as organic, free range/cage free, Rainforest Alliance, Wild

Caught, natural, or non-GMO?

1 2 3 4 5 

10. On a scale of 1 to 5 with 1 being never and 5 being very often/always, how often do you currently

use, or prefer to use, canvas and/or reusable bags when you purchase groceries?

1 2 3 4 5 

11. Do you feel that it is your responsibility to seek out environmentally friendly products, in order to

minimize negative impacts on the environment?

Yes No 

12. Do you perceive a returnable glass bottle to be more environmentally friendly than a plastic bottle?

Yes No Unsure 

13. If all were the same price and type of milk, which milk packaging would you choose?

Gable Top (Paper Board)     Plastic Returnable Glass 

14. Assume that you pay a deposit for the returnable glass bottle, and receive the deposit back when

you return it to the store. Also assume that the milk in the glass bottle is locally produced. With the

following prices, which milk packaging would you choose?
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Plastic at $2.75/ half gallon Returnable Glass at $2.80 / half gallon 

15. If you chose the Returnable Glass bottle in the previous question (question 14), which milk

packaging would you choose with these new prices?

Plastic at $2.75/ half gallon Returnable Glass at $2.85 / half gallon 

16. If you chose the plastic container in the question 14, would you be willing to pay any premium for

the glass bottle?  Yes  No If no, why?




