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Warm Glow from Green Power: Evidence from Australian Electricity Consumers 

 

Abstract 

  

Green electricity products are increasingly made available to consumers in many countries in order to 

address a number of  environmental and social concerns. Most of  the literature on this green electricity 

market focuses on consumers’ characteristics and product attributes that could affect participation. 

However, the contribution of  this environmental consumerism to the overall environmental good does 

not depend on participation alone. The real impact relies on market participation for green consumers 

(the proportion of  green consumers) combined with the level of  green consumption intensity – the 

commitment levels, or proportion of  consumption that is green. We design an online interface that 

closely mimics the real market decision environment for electricity consumers in Western Australia and 

use an error component model to analyze consumers’ choice of  green electricity products and their 

commitment levels. We show that product attributes have limited impact on the choice of  green 

products; however, there is still great potential for better participation by improving the design of  green 

electricity programs. When green products are selected, most respondents select the minimum 

commitment possible, and this is insensitive to the premium being charged on green power, suggesting 

that we are largely observing a buy-in ‘warm glow’ for carbon mitigation. 

 

Keywords: Green Electricity, Choice Modelling, Error Components Model, Warm Glow 

JEL: Q42; Q48, Q51; Q58 



 

 3 

1. Introduction 

The past few decades have witnessed a significant increase in the demand for and supply of  

“environmentally friendly” or “green” products. Market research on consumers’ behavioural patterns 

involved in green product choice has shown an increasing percentage of  consumers in many countries 

willing to buy green products (Landor Associates, 2011). However other market studies have also 

indicated that consumers may be only willing to purchase green products with preferred attributes within 

certain constraints. In particular, they may have a threshold price or payment level beyond which they are 

no longer willing to purchase green products (Blamey et al, 2001). In contrast, academic research in the 

area only focuses on the factors and attributes that influence consumers’ choice of  green products, or 

the extensive margin. Very little research looks at the level of  commitment, or the intensive margin, 

defined here as the proportion of  an individual’s use of  a product that is ‘green’.  

The environmental impact as a result of  green consumption not only depends on consumers’ choice 

of  environmentally friendly products, but also the level of  commitment. For instance, the contribution 

of  residential rooftop solar panel adoption to a clean energy supply (and its associated public 

environmental good) depends on the size (capacity) of  each installation as well as the number of  

installations. Andreoni (1989; 1990) argued that consumers derive “warm glow” utility from the 

contribution to the environmental good (which is pure altruism and is linked to the level of  

commitment). Kahneman and Knetsch (1992) also argued that the “warm glow of  moral satisfaction” 

increases with the size of  the contribution. 

On the other hand, stated preference studies often found an “embedding” effect, where values do not 

appear to be sensitive to the scale of  provision.  Nunes and Schokkaert  (2003) find that accounting for a 

lump sum  “warm glow” (that is gained irrespective of  contribution level but may vary across individuals) 
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leads to “cold” measures of  WTP that pass scope and adding up tests. Kotchen and Moore (2008) also 

infer a “lump sum” benefit from reduced conventional energy use that is consistent with “the existence 

of  social and psychological benefits of  the green-electricity program that are unrelated to electricity 

consumption” (p212).  Jacobsen et al (2012) find evidence of  a “buy-in” mentality (Rose-Ackerman, 

1982), where purchasers of  green electricity are concerned not about their overall level of  emissions, but 

simply “buy-in” to the program at the minimum quantity possible, with 45% of  respondents exhibiting 

that behavior. The amount that consumers are willing to pay has been found to be highly non-linear in 

the percent of  energy that is generated from renewables (Farhar, 1999) and customers are more 

concerned about the concept of  consuming green energy than its actual environmental impact (Goett et 

al., 2000). Jacobsen and Kotchen (2013) also find that community-level rewards can be effective in 

promoting consumer participation in green electricity programs, but the size of  the reward itself  appears 

less important. Overall, the literature has suggested a two-component warm glow effect: a buy-in warm 

glow irrespective of  commitment level and a contribution warm glow that depends on the commitment 

level. 

    The relative magnitude of  the two warm glow effects has significant implications for the 

consequences of  programs (Harbaugh, 1998). If  a buy-in “warm glow” effect plays a dominant role, the 

actual contribution to the environmental good may be limited even if  there are a substantial number of  

green consumers. During the second quarter of  2013, Synergy (the principle supplier of  energy to 

households in Perth, Western Australia) sold green electricity to 5,649 residential customers, which 

represents a roughly one percent penetration at the customer level (Synergy, 2013). However the latest 

quarterly statistics on actual green electricity sale to these green customers translates to a mere 31% 

average commitment level (GP, 2013) (assuming a representative household with 18-unit consumption 
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per day). As a result of  the low commitment level, the actual contribution to the environmental good is 

much less than the penetration level often considered at the customer level. 

    Consumers’ decision making at the commitment level will have significant implications for the actual 

impact of  policies that aim to promote pro-environmental behaviors. It is thus important to study both 

consumers’ choice of  green products (participation) and their commitment levels. In this paper, we study 

both elements of  consumers’ behavior in green electricity programs in Western Australia. We design a 

survey that closely mimics the real decision context facing consumers in Western Australia and use an 

error component discrete choice model to investigate both consumers’ choices of  products and 

commitment levels. The model allows us to investigate the circumstances under which both the buy-in 

“warm glow” effect and the contribution “warm glow” effect manifest themselves.  In particular, it 

investigates whether the characteristics of  the green energy program affect these behaviors. We also 

compare the implications of  the model with historical data on engagement with green energy programs 

in WA. The rest of  the paper proceeds as follows. Section 2 provides the background of  Australian 

green electricity programs and reviews relevant literature. Section 3 describes our experimental design. 

Section 4 introduces our statistical model. We present results in Section 5 and conclusions in the last 

section. 

 

2. Background and Literature 

    The option to purchase green electricity products is increasingly available to consumers in many 

countries. For instance, nearly 850 utilities in the US currently offer green electricity programs (DOE, 

2015). In Australia, there are about 40 accredited green electricity schemes provided by utility retailers in 

Australia (GP, 2015). The willingness of  consumers to pay for green electricity or actual participation in 
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the green electricity market has been investigated in a large number of  countries including the US 

(Farhar and Houston, 1996; Wiser, 2007; Bird et al., 2007; Kotchen and Moore, 2007; Conte and 

Jacobsen, 2014), Australia (Mewton and Cacho, 2011, Ivanova, 2012), Sweden (Ek and Söderholm, 2008), 

Norway (Navrud and Bråten, 2007), Finland (Salmela and Varho, 2006), UK (Scarpa and Willis, 2010; 

Diaz-Rainey, 2012), Germany (Menges et al., 2005), Canada (Rowlands et al., 2003) and Japan (Nomura 

and Akai, 2004). Most of  these studies address two questions: 1) what motivates consumers to 

participate in green electricity programs? 2) how do consumers’ characteristics and a product’s attributes 

(e.g. energy sources and payment mechanisms) affect participation? For instance, Conte and Jacobsen 

(2014) provide a recent summary of  revealed-preference studies of  US green electricity programs. Most 

have focused on consumer participation in such programs with the exception of  Jacobsen et al (2012). 

Conventional electricity is mostly generated from fossil fuels, which is by far the largest emitter of  a 

number of  local as well as global air pollutants, such as carbon and fine particulates. Demand for green 

electricity thus contributes to the mitigation of  these pollutants. However, the contribution of  this 

environmental consumerism to the overall environmental good does not depend on participation alone. 

If  a buy-in “warm glow” effect is the dominant driver for participation, we would expect a low 

commitment level overall. As a result, the real impact of  this green consumerism and policies promoting 

it may also be rather limited. It is thus important to investigate both participation and commitment levels.  

    Under all-or-none schemes, where consumers either choose a conventional electricity product or 

commit 100% to electricity generated from renewable sources, it is understandable that studies mostly 

focus on participation. However, this all-or-none approach is increasingly being moderated in real 

markets, with many green electricity products offering different commitment levels. In Australia, the 

green electricity market is largely driven by the Australian National Green Power Accreditation Program 
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(NGPAP) which is a market-based program initiated by the NSW government in 1997. The objective of  

the program is to encourage investment in new renewable energy generation by increasing consumer 

demand and confidence in accredited Green Power (GP) products by letting consumers opt-in to pay a 

premium and buy more expensive green electricity on a voluntary basis. Currently, a total of  44 

“GreenPower” products are provided by 28 NGPAP accredited retailers nationally. In addition, there are 

other unaccredited green electricity products offered in the market.  

   Synergy, which is the electric utility company that serves the metropolitan Perth area, offers residential 

customers two NGPAP accredited “GreenPower” products – “EasyGreen” (EG) and “NaturalPower” 

(NP), and one unaccredited product – “EarthFriendly” (EF). Consumers can make a choice between 

conventional electricity product and these accredited and unaccredited green electricity products. In 

addition, they can also choose the level of  commitment through different payment schemes. For EG, 

consumers can commit to a fixed level of  surcharge (ranging from $10 - $80 in $10 steps) on top of  

their regular bill: i.e. the amount of  green energy purchased is fixed, irrespective of  total energy use.  For 

NP or EF, customers can choose a fixed proportion of  their electricity to be generated from renewable 

sources (25% - 100%) or choose to offset the carbon emission of  a fixed proportion of  their 

conventional electricity consumption (25% - 100%). The difference between NP and EF is the energy 

sources: NP is generated from renewable energy sources while EF is still conventional electricity but 

with a carbon offset. The premium payment from NP will contribute to renewable electricity generation 

and that for EF will contribute to carbon offsetting projects like planting trees. This green electricity 

market thus provides an excellent real market setting to study consumers’ commitment levels as well as 

product choices.  
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    The majority of  the WA households are served by Western Power’s South West Interconnected 

Systems (SWIS). Synergy is responsible for the retail delivery of  electricity in this area. The SWIS covers 

the entire metropolitan Perth area where we recruit all our respondents. Synergy provides an online 

interface for consumers to compare and make a choice among electricity products and commitment 

levels1. Information on the cost of  selecting different products and commitment levels and associated 

environmental impacts is provided through the interactive interface. This online interface thus represents 

the real market decision environment that households face in the metropolitan Perth area. As noted by 

Collins et al (2012) the decision context normally presented to respondents in a stated preference study 

bears little resemblance to the context in which real decisions are made.  A table of  options, with rows 

of  attributes, does not represent the way that people search across alternatives to make choices. They 

find that investigating travel choices using a representation of  an online travel agency led to more 

consistent choice behavior.  We follow this approach, by presenting the choice sets to respondents in a 

replication of  the Synergy online interface.   In the hypothetical experimental setting we slightly modify 

this interface to include an extra pane for each product which included additional information regarding 

the attributes of  the electricity products, while trying to closely mimic the real market environment.  

Importantly, we also include a pane that allows for selection of  regular power.  In the actual market this 

option is the default, and consumers have to opt into the green products through the web page.  In the 

experimental context this is not possible, and the regular power is selected as part of  the process. This 

may have important implications for choices, which we return to in the discussion.   Figure 1 and 

Figure 2 present images of  Synergy’s actual interface and our modified version where we embed our 

                                                        
1 http://www.synergy.net.au/at_home/gogreen.xhtml 



 

 9 

choice experiments2.  

    Consumers (respondents in our case) can navigate across products (tabs) to see attribute differences. 

They can also change commitment levels by moving the slider bar to see the extra cost to their electricity 

bill and the impact on the level of carbon emissions (shown in panel 2). The average daily electricity 

consumption is updated based on the respondent’s answer to an earlier survey question about the 

household’s typical utility bill. Once a consumer (respondent) is satisfied with a specific combination of a 

product and a commitment level, they can make an order (choice in our case). It is reasonable to think 

that consumers in the real market would need time to get familiar with the structure of the interface 

before they can make an order. To facilitate this process in our choice experiment, we provided a 5-

minute video demonstration to explain how to compare alternative products, adjust commitment levels 

and make a choice, and how many choice questions they will be asked to answer. This video was viewed 

before respondents started with the formal choice questions, and could not be avoided. Each respondent 

answered six choice sets. When setting the commitment level respondents were restricted to the discrete 

levels available: $10-$80 for EasyGreen (in steps of $10), or 25, 50, 75, 100% for NaturalPower and 

EarthFriendly3. Thus respondents can be considered to have selected 1 out of 4 products, if the analysis 

is considered at the product level, or 1 of 17 product/commitment levels, if one considers the full choice 

process.    

    Some people may have preferences that don’t follow the assumed compensatory structure. For 

instance, some may always choose the conventional power regardless of the attribute levels of the green 

                                                        
2 Although Synergy approved the use of  a simile of  their web site, they are not responsible for any of  the implementation and 
conclusions drawn from this study.  
3 These are also the actual discrete commitment levels marketed by Synergy. 
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products. We embedded two features in the experimental design to capture such possible ‘repeat4 ’ 

preferences. First, we included a seventh question after the six regular choice questions in which the 

premiums of the green products were restricted to zero. This was not part of the formal statistical design, 

but comprised a choice set where the premium for the green products was set to zero. Respondents with 

repeat preference for conventional power will not choose the green products even if the premium drops 

to zero. Selection of conventional power across all 7 choice sets will provide a strong indication of non-

compensatory choice behaviour. Second, we recorded the time that respondents spent on each choice 

question. Ideally, time spent looking at each tab would be available, but it was not possible to provide 

this information.  However, if those who always chose conventional power spent significantly shorter 

time on each choice question this indicates no consideration of the alternative green power products. 

                                                        
4 We acknowledge that it is difficult to be definitive about preference structure from a limited number of  choices: several 
explanations may be consistent with repeated selection of  particular alternatives, including fully compensatory behaviour.      
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Figure 1: Synergy’s Green Power Web Interface showing the EasyGreen tab 
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Figure 2: An Example of  a Choice Set within the Modified Interface showing the Natural Power 

tab 

    Table 1 summarizes the attributes and associated values that are used to describe the products. These 

attributes and values are carefully chosen to capture the differences in existing green electricity products 

in the Australian market, but it should be noted that the type of  source, accreditation, contract terms and 

location of  renewable energy source are not attributes that are described as part of  the actual Synergy 

products.  The regular charge (which defines the cost of  the conventional electricity, and provides the 

baseline costs for the green products, to which the elected contribution is added) is fixed within any 

choice set, but varies across choice sets. The implication is that this cannot be considered as a direct 

attribute to explain choices across products. However, we anticipate that the level of  the regular charge 
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(or more specifically, the expected total utility bill, which will also be influenced by average daily use) may 

influence the choice between conventional and green products. For example, if  regular charge is high, 

leading to a high baseline bill, respondents may be less willing to commit to further expenditure. The 

appropriateness of  the attributes and associated value ranges were verified in a pilot study.  

    The design of  the survey used an s-efficiency criteria (Scarpa and Rose, 2008) using the Ngene 

software (Rose and Bliemer), with 12 choice sets, blocked into 2 groups of  6.  Priors for the design were 

derived from a small pilot study.  For the 6 choice sets each respondent saw, there was a different regular 

charge (which was common to all alternatives within the choice set, and hence not used in the design 

itself).  These progressively increased in value (from 19 to 29) through the design for half  of  the sample, 

while they declined for the other half  (29 through 19). After the 6 design questions, the 7th repeat 

preference check question (with zero premium) was asked. The online survey was conducted through 

Pureprofile5 in June of  2012, with 831 completed responses. The recruitment was constrained to the 

Metropolitan Perth area which is served by the Synergy electricity network. We then provided 

Pureprofile with relevant age and gender distributions from 2011 Australian Census as screens to recruit 

a sample that is representative of  the age and gender composition of  the population in the area.  

  

                                                        
5 Pureprofile is Australia’s leading independent on-line research panel provider founded in 2000, maintaining a panel of  
400,000 with 40,000 monthly active users within Australia. 
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Table 1: Product Attributes and Attribute Values 

Attributes Attribute Values 

Regular Charge 19,21,23,25,27,29 

Charge Premium 0,1,2,4,6 

Energy Source Coal & Gas, Hydro, Bio, Wind, Solar 

Accreditation Yes, No 

Contract Terms Fixed (2-Year), Flexible 

Location WA, Non-WA 

 

3. Modeling Approach 

    Consumer choice analysis has made extensive use of  random utility models where the utility from 

option j for respondent i is given by 

 𝑈𝑖𝑗  =  𝑉𝑖𝑗 + εij 

The utility Uij consists of  a systematic component Vij and a random disturbance εji. Utility maximization 

implies that the probability that consumer i will choose alternative j, Pij, is determined by 

Probij = Prob (Uij > Uik)     ∀ k ≠ j 

 

The probability can be estimated empirically once the specification of  the deterministic component 

Vij and the characteristics of  the stochastic component εji are known. A large number of  choice analyses 

have focused on multinomial or conditional logit models where the stochastic disturbance is assumed to 

be independently and identically distributed (IID) with a Gumbel distribution. The IID assumption has 

an important behavioral association with a property known as the Independence of  Irrelevant 

Alternatives (IIA) which states that the ratio of  the choice probabilities of  any pair of  alternatives is 
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independent of  the presence or absence of  any other alternative in a choice set. An important behavioral 

implication of  IIA is that any pair of  alternatives (choices) are equally similar or dissimilar (Hensher et 

al., 2005). In our choice setting where households need to choose among different electricity products as 

well as different commitment levels, it is very likely that the IIA/IID assumption is violated if  some 

commitment levels are perceived as closer substitutes. For instance, entry-level commitments (or top-

level commitments) may be viewed as closer substitutes than intermediate commitment levels. The 

assumption is also violated if  households perceive commitment levels for the same product are closer 

substitutes when compared to commitment levels for a different product.  

If  there is unobserved correlation among alternatives, multinomial or conditional logit models will 

generate inconsistent parameter estimates. We relax the IIA assumption and estimate an error 

component multinomial (ECM) logit model. The random utility specification is accordingly modified as 

follows: 

  𝑈𝑖𝑗  =  𝜷′𝒙𝑖𝑗 + θ𝑗EC𝑖𝑗 + ε𝑖𝑗 , 𝑗 = 1, … ,17, 

where 𝒙 refers to the vector of  variables that enter into utility functions. The 17 alternatives correspond 

to conventional power (𝑗 = 1), 8 commitment levels for EasyGreen (𝑗 = 2, … ,9), and 4 commitment 

levels for each of  NaturalPower ( 𝑗 = 10, … ,13 ) and EarthFriendly ( 𝑗 = 14, … ,17 ). The random 

disturbances εij are IID Gumbel distributed. The error components ECij are alternative specific random 

individual effects that account for choice situation variation that is unobserved and not accounted for by 

the other model components. The error component has zero mean and unit variance, so the parameter 

θj is the standard deviation.  

The ECM specification resembles a random effects model for panel data. The conditional probability 

for the choice of  commitment level j under the IID assumption on εij is: 
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𝑃𝑟𝑜𝑏(𝑦𝑖 = 𝑗|𝐄𝐂𝒊𝒒) =  exp(𝜷′𝒙𝑖𝑗 + θ𝑞EC𝑖𝑞) ∑ exp (

17

𝑗=1

⁄ 𝜷′𝒙𝑖𝑗 + θ𝑞EC𝑖𝑞),  

𝑤ℎ𝑒𝑟𝑒 𝑞 = 𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙, 𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛, 𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟, 𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦, 𝑀𝑖𝑛𝑖𝑚𝑢𝑚, 𝑀𝑎𝑥𝑖𝑚𝑢𝑚, 

and where 𝑦𝑖 is the index of  the choice made. Parameters can then be estimated using the method of  

maximum simulated likelihood. The individual random “error components” do not need to be 

alternative specific. These error components can be rearranged to capture correlation across alternatives 

such that utility functions of  correlated alternatives may share a common error component. Based on 

our priors of  where correlation may be present, we have assumed that the vector of  𝐄𝐂𝒊𝒒 includes the 

following six error components (we omit the respondent subscript i):  

1) EC𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 for conventional electricity (𝑗 = 1); 

2) EC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 for all commitment levels of  EasyGreen (𝑗 = 2, … ,9); 

3) EC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 for all commitment levels of  NaturalPower (𝑗 = 10, … ,13); 

4) EC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 for all commitment levels of  EarthFriendly (𝑗 = 14, … ,17); 

5) EC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 for all minimum commitment levels – that is $10, 25%, and 25% for EasyGreen, 

NaturalPower and EarthFriendly respectively (𝑗 = 2, 10, 14); 

6) EC𝑀𝑎𝑥𝑖𝑚𝑢𝑚  for all maximum commitment levels – that is $80, 100%, 100% for EasyGreen, 

NaturalPower and EarthFriendly (𝑗 = 9, 13, 17). 

    We check the order condition and the rank condition of the proposed ECM using the tests provided 

in Walker et al. (2007) to make sure the model is identified. A detailed discussion of these conditions is 

provided in the Appendix A.  

    We define utility at the lowest level, i.e. at the commitment level, but assume that there are some cross 

utility function parameter restrictions e.g. that the effect of a green product characteristic has the same 
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effect on utility derived from all commitment levels of that product.  We assume that utility of 

conventional depends on the total cost, and individual attributes.  The utilities for the commitment levels 

of each of the green products depends on the attributes of the product, and the total cost and carbon 

emission savings at each of the commitment levels.  As the premium level differs across products, there 

is not a collinear relationship between costs and emissions within the alternatives of a choice set (the 

lower the premium, the higher the emissions savings for any particular level of total cost).  An alternative 

specific constant is introduced for each of the commitment levels of all three green products. Green 

product attributes are effects coded and other variables are described in Table 2. An explicit statement 

of the utility equations is given in the Appendix B. 
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Table 2 – Variable Definitions 

Variables Definition 

TotalCost Total cost of  the household’s average bill on a 60-day billing cycle ($) (including 

the green contribution if  any) 

Carbon Annual carbon savings (tones of  CO2) 

Female 1 for female head of  household, else 0. 

Age Age of  respondents (years) 

HighSchool 1 if  the respondent’s highest education level attained is high school; the default 

(0) is primary school 

TertiaryUnder 1 if  the respondent’s highest education level attained is tertiary undergraduate; 

the default (0) is primary school 

TertiaryPost 1 if  the respondent’s highest education level attained is tertiary postgraduate; the 

default (0) is primary school 

TradeTAFE 1 if  the respondent’s highest education level attained is Trade or TAFE; the 

default (0) is primary school 

ClimateNo 1 if  the respondent answers - "No" - to the question "Do you believe that 

climate change is occurring"; the default (0) is "Yes" 

ClimateUnsure 1 if  the respondent answers - "I'm not sure" - to the question "Do you believe 

that climate change is occurring"; the default (0) is "Yes" 

GreenParty 1 if  the respondent chooses to vote for the Green Party in the next federal 

election, else 0. 

TrustUt Likert scale (1-5): "How trustworthy do you think utility companies are?", with 5 

associated with the highest level of  trust 

TrustGov Likert scale (1-5): "How trustworthy do you think the government's 

accreditation and annual auditing of  green electricity products is?", with 5 

associated with the highest level of  trust 

Carbon Tonnes of  carbon saved each year 

Accreditation* 1 for products accredited by the National GreenPower Accreditation Program, 

otherwise = -1 

Contract* 1 if  the electricity contract is fixed (2 years), otherwise = -1 

Location* 1 if  renewable or offset projects are located in Western Australia, otherwise = -1 

Hydro* 1 if  energy source is hydro; the default (-1) is bio-energy 

Solar* 1 if  energy source is solar; the default (-1) is bio-energy 

Wind* 1 if  energy source is wind; the default (-1) is bio-energy 
* Green products attributes are effects coded. 

 

    Although not reported below, we have also investigated whether there are any effects of  the level of  

the regular charge (beyond the implications for total cost) on choices.  Because the regular charge is 

constant across all alternatives we do this by introducing it as a factor that may affect only the utility of  
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the conventional electricity choice.  Our prior hypothesis was that a higher regular charge may crowd out 

the green products (even if, relatively, costs of  all products will be increased).  We did not find any 

evidence of  this effect. 

 

4. Results 

We first identified those respondents that may have non-compensatory repeat preferences or serial 

nonparticipation (von Haefen et al., 2005). A respondent is classified as a “repeat conventional” 

consumer if  she/he chooses conventional power in all seven choice questions. Such choice suggests that 

the respondent is not responsive to any variations in attribute values. We have identified 118 such 

respondents out of  a total of  831 sampled respondents. A logit regression, where the dependent variable 

is a dummy which takes the value of  one if  a respondent chooses conventional power in all seven 

questions, shows that customers who believe that climate change is not occurring, those who would not 

vote for the Green Party, and those who have lower level of  trust in government are more likely to have 

repeat preference for conventional power (Table 3). On the other hand, females with higher educational 

levels are more likely to participate in GreenPower programs. This is also consistent with recent 

revealed-preference studies (Conte and Jacobsen, 2014). 

We have also identified 269 (out of  831) “repeat green” consumers who always choose green power 

products in all seven questions. Recorded response time for completing each choice question reveals 

pronounced behavioral differences between “repeat conventional” respondents and “others” but no 

significant differences between “repeat green” respondents and “others”. As shown in Figure 3, 

response time dropped significantly after the first choice question being answered in all three groups of  

respondents; however, respondents having “repeat conventional” preferences – that is, choosing 
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conventional power in all seven questions, spent significantly shorter time on each choice question than 

those from the other two groups. In addition, the average response time increased substantially for the 

“others” group and the “repeat green” group when the setting of  the choice task was changed from a 

four-option choice to a three-option choice in the final repeat preference check.  The implication is that 

although the “repeat green” respondents are not selecting the conventional electricity option they do 

appear to be considering the options available to them throughout the survey. However, the same 

behavioral response was not observed for the “repeat conventional” group. In what follows, we only 

report results from models in which the “repeat conventional” respondents are removed. However, we 

have also estimated models using the full sample and results are available in the Supplementary Material. 

Table 3 – Results from Logit Regression† 

 

†We do not include income as not all respondents disclose their income information; however, 

regression using income-restricted sample produce similar results; †† ** and * denotes significance level at 

1% and 5%. 

Attributes Coefficient†† Z-stat. Lower 95% Upper 95% 

Female -0.614** -2.89 -1.031 -0.197 

Age 0.008 1.11 -0.006 0.023 

HighSchool -1.883* -2.09 -3.651 -0.115 

TertiaryUnder -2.541** -2.80 -4.321 --0.761 

TertiaryPost -3.101** -3.24 -4.980 -1.223 

TradeTAFE -2.201* -2.43 -3.977 -0.426 

ClimateNo 0.971** 3.05 0.348 1.595 

ClimateUnsure 0.486 1.92 -0.011 0.983 

GreenParty -1.308* -2.05 -2.558 -0.059 

TrustUt 0.071 0.57 -0.176 0.319 

TrustGov -0.410** -3.10 -0.669 -0.150 

Constant 1.037 1.06 -0.872 2.947 

Chi squared(11) 74.73** 

Number of obs. 831 
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Figure 3: Average Time Spent on Each Choice Question (Seconds) 

Although we aimed to recruit a sample that is representative of  the age and gender distributions in 

Western Australia according to Australia’s 2011 Census, applying these screens significantly restricted the 

size of  the sample that could be recruited. At later stage of  the recruiting process, we removed age and 

gender screens but kept the location screen. This resulted in higher proportion of  female respondents in 

our full sample and restricted sample (60.3% and 62.7%) than that in the entire population in Western 

Australia (49.7%).  Our full sample and restricted sample also have higher proportion of  respondents that 

have bachelor or higher degrees (45.3% and 48.3%) than the entire population. Table 4 presents summary 

statistics for the full sample and the restricted-sample with “repeat conventional” respondents removed.  
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Table 4 – Summary Statistics 

Variable 

Full Sample† (N. of 
Obs.=831) 

Restricted Sample†† (N. of Obs. = 
713) Max Min 

Mean S.D. Mean S.D. 

Female 0.603 0.490 0.627 0.484 1 0 

Age 44.30 14.06 43.76 13.88 82†/80†† 20 

HighSchool 0.286 0.452 0.268 0.443 1 0 

TertiaryUnder 0.298 0.458 0.313 0.464 1 0 

TertiaryPost 0.155 0.362 0.170 0.376 1 0 

TradeTAFE 0.252 0.434 0.245 0.431 1 0 

ClimateNo 0.076 0.265 0.06 0.238 1 0 

ClimateUnsure 0.176 0.381 0.164 0.371 1 0 

GreenParty 0.094 0.292 0.105 0.307 1 0 

TrustUt 2.543 0.986 2.568 0.984 5 1 

TrustGov 2.471 1.001 2.537 1.002 5 1 
†Full sample;††Restricted sample with “repeat conventional” respondents removed. 

We have estimated choice models with and without attitudinal variables (ClimateNo, ClimateUnsure, 

GreenParty, TrustUt and TrustGov). Adding self-reported attitudinal variables in to the utility function is 

likely to introduce measurement error and endogeneity because the same unobservable factors driving 

responses to the attitudinal questions are also likely to drive responses to the choice scenarios (Hess and 

Hensher, 2013). Table 5 presents our results from an Error Components Multinomial Logit model 

without attitudinal variables. Results from models including these attitudinal variables are provided in the 

Supplementary Material. Our general conclusions do not change. 

We have compared models with different structures of  error components (EC): 1) no ECs; 2) four 

product specific ECs (ECConventional , ECEasyGreen ,  ECNaturalPower ,  and  ECEarthFriendly ); 3) four 

product-specific ECs and one EC for entry commitment levels (EC𝑀𝑖𝑛𝑖𝑚𝑢𝑚); 4) four product-specific 

EC, one EC for entry commitment levels and one EC for maximum commitment levels (EC𝑀𝑎𝑥𝑖𝑚𝑢𝑚).  

Likelihood ratio (LR) tests have rejected the models with more parsimonious error structures, leaving us 

with error structure 4): the complete set of  error components. As shown in Table 5, all ECs are highly 

significant. Our model is estimated using maximum simulated likelihood with Halton draws. Researchers 
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differ in the appropriate number of  draws used in the replications. However, generally speaking, the 

more complex the model is, and the greater the number of  random parameters in it, the larger will be 

the number of  draws required to stabilize the estimates. Train (2009) recommends several hundreds. We 

have a relatively complex model with 17 alternatives and six random parameters. We have experimented 

with different numbers of  draws and found that model estimates converge at roughly 800 draws. Our 

final model is estimated in Stata 13 using the mixlogit package with 800 Halton draws. 

Most variables are significant with expected signs. Female customers are more likely to choose green 

electricity products. Education attainment and age are statistically insignificant and a likelihood ratio test 

shows that removing these variables has no significant impact on the model (p value=0.985). This may 

seem to contradict other published findings: Conte and Jacobsen (2014) find that the education of  the 

consumer base is one of  the key determinants the participation rate in green electricity programs. This is 

confirmed by the results shown in Table 3 where we show educational levels are negatively associated 

the repeat choice of  conventional power. This suggests that education plays a significant role in 

converting consumers with repeat preference for conventional power to possible participants of  green 

electricity programs but not in the choice among products once they become “possible” participants. 

This important insight can not be identified in studies examining utility-level average consumer behavior 

(Conte and Jacobsen). We report the results from alternative model specifications in Table 10 – Table 13 

in the Supplementary Material.  

 Among different green electricity products, people favor products that have been accredited by the 

NGPAP. Flexible contract terms are preferred. People would like renewable energy projects or carbon 

offset projects to be located in WA. Among all renewable energy sources, only solar is differentially 

favored, which is possibly a reflection of  the high penetration of  solar panels in the Australian 
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residential sector as well as high solar awareness due to frequent media exposure and public and private 

campaigns. This could also due to the negative externalities (e.g. ecosystem services, biodiversity 

conservation and air quality) associated with hydro, wind and bio-energy often discussed in public media.  

    We have tested the hypotheses that the three product-specific ASCs are equal. LR tests have rejected 

this equality constraint with a p-value less than 0.001. Our final model thus includes different ASCs for 

the green products. The significantly positive coefficient on carbon shows that consumers do derive 

utility from contributing to the environmental good which captures the part of  the warm glow effect 

that increases with contribution levels. The entry-level ASC (ASCMinimum) is very significant and positive, 

implying that consumers strongly favor the entry level even after controlling for cost and carbon saved. 

That is – consumers have chosen the minimum commitment levels not simply because they cost less. We 

interpret this as an indication of  a strong buy-in warm glow effect, and reflected in the raw data by the 

fact that, in  cases where a green electricity product is chosen, over 60 percent have selected the 

minimum commitment levels – that is, $10 for EasyGreen, 25% for Natural Power and 25% for 

EarthFriendly. We also compare this finding with market data later. 
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Table 5 – Results from Error Component Model (ECM) 

Attributes 
Coefficient

† 
Z-stat. 

Lower 
95% 

Upper 95% 

Common to all alternatives    

TotalCost -0.082** -19.48 -0.090 -0.074 

Specific to conventional     

Female -0.754* -2.43 -1.363 -0.145 

Specific to green products    

Carbon  0.040** 4.18 0.021 0.059 

Accreditation 0.221** 8.55 0.170 0.272 

Contract -0.195** -7.10 -0.249 -0.141 

Location 0.258** 9.55 0.205 0.311 

Hydro 0.029 0.63 -0.060 0.117 

Solar 0.126** 2.80 0.038 0.215 

Wind 0.027 0.62 -0.059 0.113 

ASCEasyGreen -2.175** -7.76 -2.725 -1.626 

ASCNaturalPower -1.857* -7.07 -2.372 -1.342 

ASCEarthFriendly -2.370** -9.07 -2.883 -1.858 

ASCMinimum 1.549** 11.40 1.283 1.815 

ASCMaximum -0.993** -3.47 -1.555 -0.432 

Error Components 
    ECConventional 3.273** 17.35 2.904 3.643 

ECEasyGreen 1.686** 14.87 1.463 1.908 

ECNaturalPower 0.309 1.32 -0.149 0.766 

ECEarthFriendly 1.249** 11.65 1.039 1.459 

ECMinimum 2.721** 17.84 2.422 3.020 

ECMaximum -2.949** -11.87 -3.436 -2.462 

Maximized log likelihood (LL) -6847.4306 

Wald chi squared     1304.58** 

Number of  obs. 72726 

LL for Alternative 
Specifications  

LL with common product ASC†† -6877.3222 

LL without ASCMaximum -7084.9093 

LL with product ASCs only -7868.795 

LL without error components -8492.6333 

LL with constants only -9108.3619 
† ** and * denotes significance level at 1% and 5%; ††Imposing restrictions that ASCEasyGreen, 

ASCNaturalPower and ASCEarthFriendly are all equal.
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Table 6 – Direct and Cross Marginal Effects of  a Change in a Product Attribute and Individual Characteristics on the Probability of  

Choice at Product$ Level  

Attributes 

Unconditional Marginal Effects (%) of Attributes of Green Electricity† 

Change in EasyGreen 
on 

C    EG    NP    EF 

Change in Natural Power 
on 

C    EG    NP    EF 

Change in Earth Friendly 
on 

C    EG    NP    EF 

Accreditation -0.27, 2.20, -1.15, -0.78 -0.07, -1.29, 2.86, -1.50 -0.42, -0.78, -1.40, 2.60 

Contract -0.26, 1.89, -0.95, -0.68 -0.07, -1.13, 2.60, -1.40 -0.38, -0.70, -1.29, 2.38 

Location -0.38, 1.63, -0.63, -0.62 -0.13, -1.53, 3.39, -1.74 -0.50, -0.94, -1.65, 3.09 

Solar -0.16, 1.24, -0.65, -0.43 -0.05, -0.72, 1.64, -0.87 NA†† 

Carbon -0.16, 1.17, -0.60, -0.42 -0.04, -0.68, 1.53, -0.82 -0.25, -0.43, -0.77, 1.45 

Premium 0.11, -0.49, 0.31, 0.07 0.01, 0.70, -1.46, 0.77 0.42, 0.58, 0.73, -1.74 

 
Unconditional Marginal Effects (%) of Personal Characteristics  

Variable 
on 

C    EG    NP    EF 

Female -1.36, 0.27, 0.47, 0.61 
$ C, EG, NP, EF indicate Conventional, Easy Green, Natural Power and Earth Friendly respectively; † Unconditional direct marginal effects at the 

product level are marked in bold and unbolded numbers are cross marginal effects; †† As EF is still generated from fossil fuels, simulations on changes 

of  renewable sources are not applicable to EF. 
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Table 7 – Unconditional Marginal Effects of  a Simultaneous Change in Green Product 

Attribute Values across all Products on Probability of  Selecting Green Products 

Attribute Values 
Unconditional Marginal Effects (%) 

Green Total† EasyGreen NaturalPower EarthFriendly 

Accredited 0.79 0.12 0.30 0.37 

Flexible Contract 0.70 0.11 0.26 0.33 

Local Projects 0.93 0.14 0.35 0.44 

Solar†† (vs. Bio) 0.21 0.52 0.99 -1.30 

Carbon 0.43 0.07 0.16 0.20 
†††Total 3.19 0.91 2.38 -0.11 

† “Green Total” provides marginal effects on the Green nest of  a generic value change; †† 

Simulation based on a generic value change to EG and NP; ††† “Total” gives marginal effects of  

simultaneous changes for all four green attributes from the baseline value i.e. of  shifting from 

“non-local, non-accredited, bio energy, zero carbon reduction with a fixed 2-year contract” to 

“local, accredited, solar energy, complete carbon reduction with a flexible contract” 

 

Table 8 – Conditional Marginal Effects (%) of  Premium on Commitment Levels 

EasyGreen NaturalPower 

Commitment Levels Marginal Effects Commitment Levels Marginal Effects 

 
  25% 0.75 

$10 1.21 50% 0.47 

$20 0.88 75% -0.92 

$30 0.03 100% -0.30 

$40 -0.25 EarthFriendly 

$50 -0.28 Commitment Levels Marginal Effects 

$60 -0.24 25% 0.75 

$70 -0.18 50% 0.47 

$80 -1.16 75% -0.92 

    100% -0.30 

 

Table 9 – Conditional Marginal Effects (%) of  Buy-in Warm Glow on Commitment 

Levels 

EasyGreen NaturalPower 

Commitment Levels Marginal Effects Commitment Levels Marginal Effects 

 
  25% 9.61 

$10 9.69 50% -2.30 

$20 -2.51 75% -3.16 

$30 -1.32 100% -4.15 

$40 -0.71 EarthFriendly 

$50 -0.39 Commitment Levels Marginal Effects 

$60 -0.21 25% 9.61 

$70 -0.12 50% -2.30 

$80 -4.42 75% -3.16 
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    100% -4.15 

Using the fitted ECM, we have simulated unconditional and conditional direct and cross 

marginal effects of  changes in attributes’ values and individual characteristics. As suggested by 

Louviere et al. (2000) we use the probability weighted sample enumeration (PWSE) rather than 

sample average or “naïve pooling” to simulate these marginal effects. Choice probabilities are 

calculated using the posterior individual-specific parameters (Train, 2009). Table 6 provides 

unconditional direct and cross marginal effects of  attributes of  interest. Unconditional direct 

marginal effects represent the change in the unconditional choice probability for an alternative 

given a 1-unit change in an attribute of  interest for the same alternative, ceteris paribus, while for 

effects coded bivariate attributes (Accreditation, Contract, Location and Solar), this means a 

change of  value from negative one to positive one. For the carbon attribute, we define the 

marginal change as one from zero reduction to complete reduction of  total carbon emission 

from electricity consumption by a representative household (i.e. 6 tonnes)6. Unconditional cross 

marginal effects represent the impact that a 1-unit change in an attribute of  interest to one 

alternative has upon the unconditional choice probabilities of  competing alternatives, ceteris 

paribus. Direct and cross marginal effects for each product and each attribute sum to unity 

(allowing for   rounding errors). The baselines for the six simulation scenarios are no 

accreditation, a 2-year fixed term contract, non-local projects, bio energy, current premium levels, 

and male respondents. The corresponding alternatives are accredited product, a flexible contract, 

local projects, solar energy, premium increased by 1 cent, and female respondents. As shown in 

the table, the impacts of  product attributes on choice probabilities are small in absolute terms. 

However, given that average participation rate in GreenPower programs is only 1.14% in 
                                                        
6 This is calculated assuming a representative Australian household with 18-unit consumption per day and a carbon 
intensity of  electricity generation at 0.9 metric ton per megawatt hours in Western Australia. 
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Australian utilities (Mewton and Cacho, 2011), these marginal effects are practically substantial.  

Table 7 provides marginal effects for generic changes to all three green products in the value 

of  a single green attribute as well as changes to all green attributes. This is to simulate the 

situation where a supplier changes the attributes of  all the green products in their portfolio 

simultaneously. Changing all green attributes from the most unfavorable values to the most 

favorable values can increase the probability of  selecting one of  the three green products 

compared to conventional production increases by 2.74%. Given the very low participation rate 

of  green electricity programs in Australia, this suggests great potential for increasing 

participation by improving the design of  GreenPower programs. The decomposition of  this 

change across the three green products is 0.87%, 2.13% and -0.27% for EasyGreen, 

NaturalPower and EarthFriendly respectively.  

    Table 8 reports the conditional (on the product being selected) marginal effect of  a change 

in the premium on the level of  commitment selected. Similarly, conditional marginal effects for 

each product should also sum to unity with only rounding errors. Increasing the premium makes 

the minimum commitment level more attractive (positive conditional marginal effect) compared 

to higher commitment levels (negative conditional marginal effect). However, this effect is very 

small if  one considers that the maximum difference in premium in our experimental design is 6 

cents (i.e. a 1 unit change represents a 17% increase in premium): the probability of  selecting the 

minimum commitment increases by only 1.21%, 0.75% and 0.75% for the green products for 

this change in premium, reflecting the lack of  price sensitivity of  commitment. This suggests 

that the (conditional) price elasticity of  demand for green electricity within each product 

category is very low. This premium effect is also small if  one compares it with the marginal 
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effect of  the buy-in warm glow reported in Table 9. This is the change in the probability of  

selecting a commitment level (conditional upon selecting the product) that is due to the 

minimum level ASC effect.  This increases the probability of  selecting the minimum 

commitment level by 9.69%, 9.61% and 9.61% respectively. It is clear that the buy-in warm glow 

effect, not the premium effect, dominates the consumer choices towards minimum commitment. 

 

5. Discussion  

It is of  interest to compare our results with the market data for green electricity penetration. 

The actual premium for Synergy’s green electricity products was 6.1 cent per unit at the time of  

the survey implementation. The electricity price was about 28-29 cents per unit (volume charge 

at 23 cents per unit, supply charge at roughly 2.5 cents per unit and a 10% GST). The 

participation rate in our survey for all choices with a 6-cent premium and a 29-cent regular 

charge is 4.1%. This is higher than the average participation rate in green electricity programs 

observed in Australia which is slightly over 1% (Mewton and Cacho, 2011). Despite our design 

effort to mimic the real market environment, the hypothetical nature of  the experiment could 

result in higher participation rate. In addition, we provided respondents with additional attribute 

information that are not readily available to consumers in any single green electricity product in 

the market, which may contribute to the high participation rate observed in our experiment..  

More importantly, the green products and the regular power are placed on an equal footing in 

the experimental design: each has a tab, and respondents are actively selecting across all 4 

products.  In the real market, regular power is the default, and consumers have to actively 

nominate in for green power via the web site. 
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The NGPAP releases quarterly reports on each utility company’s aggregated customer 

numbers and sales for accredited GreenPower products. As Synergy only has two accredited 

products – EasyGreen and NaturalPower, the reported statistics cover these two products only. 

We have discussed the low commitment level in Western Australia. However, compared with 

other states green power penetration at the commitment level in Western Australia is relatively 

high. Figure 4 shows the total number of  green electricity customers and total green electricity 

sales in each state by quarter from 2004 to 2013. If  we assume consumption for a representative 

household is 18-units per day, we can infer the average commitment level in each state, which is 

shown in Figure 5. Over time, commitment for subscribed green power customers in all states 

have converged to a low level ranging from 10% to 30% of  total consumption. Considering that 

NGPAP has a compulsory requirement for a minimum 10% commitment for all accredited GP 

products and some GP products may have a higher entry commitment level (e.g. 25% for 

NaturalPower), the observed market commitment levels (Figure 5) represent a strong consumer 

preference for minimum levels of  commitment7. Our research shows that this preference is 

insensitive to premium changes. We interpret this as a strong indication of  a buy-in warm glow 

effect. 

                                                        
7 In an effort to mimick the actual market, we have chosen the same commitment levels that Synergy offers to the 
consumers; however, the outcome may be due to the fact that the commitment levels are spaced to far apart, a 
hypothesis not testable given the current experimental design. We thank one anonymous reviewer for providing this 
suggestion for future research. 
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 Figure 4: Residential Green Power Sales (GWH) and Customer Numbers (‘000) 
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Figure 5: Inferred Average Residential Green Power Commitment Levels (%) 

    Respondents are willing to pay $.50 per tonne of  carbon emissions reduced. This is much 

lower than the price at the time the survey was conducted ($24.15/t8) operating at the national 

level. It is also of  interest to simulate the impact of  the carbon tax on the demand of  GP. The 

current carbon intensity of  electricity generation in WA is roughly 0.84 ton per megawatt hours 

(ANGA, 2013). Given that the electricity in WA is mostly generated from fossil fuels, a carbon 

tax of  that amount would increase the price of  conventional electricity in WA by roughly 10%. 

If  we assume the cost of  GP remains the same, our model predicts a 2.92% shift in market 

                                                        
8 http://www.cleanenergyregulator.gov.au/Carbon-Pricing-Mechanism/About-the-Mechanism/Fixed-Price-2012-
15/Pages/default.aspx, retrieved 17 March, 2014.  Note that the carbon tax on emissions in Australia was abolished in 2015. 
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shares from conventional power to GP as a result. The decomposition of  this growth in GP 

market share across the three green products is 0.75%, 0.92% and 1.26% for EasyGreen, 

NaturalPower and EarthFriendly respectively. This is a limited penetration for green electricity 

driven by consumers demand for the public good benefits. Moreover, because much of  the new 

demand would still be for minimum commitment levels, the actual contribution to renewable 

energy generation is even more limited. In fact, the demand for green electricity in Western 

Australia decreased following the implementation of  the carbon tax since the July of  2012 

(Figure 4 and 5). Perino (2015) showed that voluntary environmental campaigns might run 

counter to intensions due to carbon leakage in regions with priced carbon reduction schemes 

that cover some but not all polluting industries. Observed demand reduction in voluntary 

programs is thus not necessarily detrimental to the overall emission reduction effort. However, 

this is not the case for GreenPower programs in Australia as generation from accredited 

GreenPower programs can directly offset the carbon reduction liabilities of  conventional power. 

One explanation for the decline in demand following the implementation of  a carbon tax may be 

that consumers might see contributions as less valuable when a mandatory policy is already in 

place, a response consistent with “moral licensing” (Harding and Rapson, 2013). In addition, 

Synergy spread the carbon cost over all consumers, including those purchasing green power who 

considered themselves already contributing to the reduction of  carbon emissions. 

 

6. Conclusion 

    This paper has made a number of  contributions to understanding consumer preferences for 

green electricity products. The design has allowed us to evaluate not just the choice of  product, 
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but also the level of  commitment (i.e. the quantity of  green power) that consumers purchase. We 

do that within an Error Components Model that exploits the fact that commitment level in the 

real market is discrete, and hence there are limited numbers of  levels that are open to consumers. 

    We find that the attributes of  the green products themselves seems to have little impact on 

demand, although there are preferences for ‘local’ generation and solar power as the source of  

the renewable. Comparing Easy Green and Natural Power (where the only substantive difference 

in the products offered by Synergy is in the method of  making the commitment: fixed 

contribution or % of  bill), then Natural Power is the preferred product. At the level of  

commitment, respondents had a strong preference for the minimum commitment level available, 

and this is insensitive to the level of  premium and associated cost. The high proportion of  

consumers who are selecting the minimum contribution is consistent with our interpretation of  

the commitment being largely made as ‘warm glow’, and with the results found elsewhere in the 

literature (i.e. Jacobsen et al 2012; Kotchen and Moore, 2008; Oberholzer-Gee, 2001) . 

    These results raise an interesting issue which we cannot address here: what would the 

consequences for choices be if  the minimum levels were increased (e.g. from $10 to $40, or from 

25% to 50%)?  Would adoption of  the green products remain at the current levels? If  consumers 

are relatively less sensitive to premium and cost but more likely to choose the default minimum 

level, then a product design with a higher minimum level would contribute to greater 

environmental good. The fact that we observe low commitment levels across a whole range of  

GP products in all states provides some evidence that this is a generic pattern rather than an 

artifact of  the specific characteristics of  GP products considered in this study. A promising 

future research area would be to design a survey with different minimum commitment levels to 
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examine the robustness of  this conclusion. 
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Appendix A: Identification of  ECM 

For the order condition, the number of  estimable error parameters, S, must adhere to: S ≤

𝐽(𝐽−1)

2
− 1 , where 𝐽  is the total number of  alternatives. With 𝐽 = 17  in our case, the order 

condition can be easily met. To check the rank condition, we need to determine the covariance 

matrix of  utility differences of  the hypothesized model: Ω∆. For an illustration of  the mapping 

from the covariance matrix of  utility Ω to Ω∆, see Walker et al. (2007). The rank condition states 

that the number of  estimable error parameters must adhere to: 

S = Rank (Jacobian(vecu(Ω∆))) − 1 , where vecu is a function that vectorizes the unique 

elements of  Ω∆ into a column vector. With our proposed error component structure, we have 

verified that S=6, which allows exact identification of  all six error components. 

 

Appendix B:   Utility functions 

Conventional 

𝑼𝒋=𝟏 =   𝛼1TotalCost +  𝜑2Female + θ𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙EC𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 + ε1 

Easy Green 

𝑼𝒋=𝟐 =  ASC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + ASC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon +  𝛼3Accreditation

+ 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar + 𝛼8Wind

+ θ𝑀𝑖𝑛𝑖𝑚𝑢𝑚EC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + θ𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛EC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + εi,2 

 

𝑼𝒋=𝟑,…,𝟖 =  ASC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + 𝛼1TotalCost + 𝛼2Carbon +  𝛼3Accreditation + 𝛼4Contract

+ 𝛼5Location + 𝛼6Hydro + 𝛼7Solar + 𝛼8Wind

+ θ𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛EC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + εj 
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𝑼𝒋=𝟗 =  ASC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + ASC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon +  𝛼3Accreditation

+ 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar + 𝛼8Wind

+ θ𝑀𝑎𝑥𝑖𝑚𝑢𝑚EC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + θ𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛EC𝐸𝑎𝑠𝑦𝐺𝑟𝑒𝑒𝑛 + ε9 

 

Natural Power 

𝑼𝒋=𝟏𝟎 =  ASC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + ASC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon

+  𝛼3Accreditation + 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar

+ 𝛼8Wind + θ𝑀𝑖𝑛𝑖𝑚𝑢𝑚EC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + θ𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟EC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + ε10 

 

𝑼𝒋=𝟏𝟏,𝟏𝟐 =  ASC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + 𝛼1TotalCost + 𝛼2Carbon +  𝛼3Accreditation

+ 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar + 𝛼8Wind

+ θ𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟EC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + εj 

 

𝑼𝒋=𝟏𝟑 =  ASC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + ASC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon

+  𝛼3Accreditation + 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar

+ 𝛼8Wind + θ𝑀𝑎𝑥𝑖𝑚𝑢𝑚EC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + θC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟EC𝑁𝑎𝑡𝑢𝑟𝑎𝑙𝑃𝑜𝑤𝑒𝑟 + ε13 

 

Earth Friendly 

𝑼𝒋=𝟏𝟒 =  ASC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + ASC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon

+  𝛼3Accreditation + 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar

+ 𝛼8Wind + θ𝑀𝑖𝑛𝑖𝑚𝑢𝑚EC𝑀𝑖𝑛𝑖𝑚𝑢𝑚 + θ𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦EC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + ε14 
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𝑼𝒋=𝟏𝟓,𝟏𝟔 =  ASC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + 𝛼1TotalCost + 𝛼2Carbon +  𝛼3Accreditation

+ 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar + 𝛼8Wind

+ θ𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦EC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + εj 

 

𝑼𝒋=𝟏𝟕 =  ASC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + ASC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + 𝛼1TotalCost + 𝛼2Carbon

+  𝛼3Accreditation + 𝛼4Contract + 𝛼5Location + 𝛼6Hydro + 𝛼7Solar

+ 𝛼8Wind + θ𝑀𝑎𝑥𝑖𝑚𝑢𝑚EC𝑀𝑎𝑥𝑖𝑚𝑢𝑚 + θ𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦EC𝐸𝑎𝑟𝑡ℎ𝐹𝑟𝑖𝑒𝑛𝑑𝑙𝑦 + ε17 
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Supplementary Material 

    In the main text, we have reported results from models in which self-reported attitudinal 

variables (ClimateNo, ClimateUnsure, GreenParty, TrustUt and TrustGov) are excluded due to 

endogeneity concerns (Hess and Hensher, 2013). However, it is still quite common for empirical 

choice modelling research to include such variables. We thus re-estimate the models with these 

variables included in the utility function for the conventional power and report the results in 

Table 10. Table 11 reports results from models using the full sample that include respondents 

having repeat preferences. Although not reported here, we also simulate all marginal effects that 

are equivalent to those reported in Table 6, 7, 8 and 9. These results are available from the 

authors upon request. Conte and Jacobsen (2014) find that the education of  the consumer base 

is one of  the key determinants the participation rate in green electricity programs. However, 

educational variables are found to be statistically insignificant in the ECM using the sub-sample 

excluding respondents having “repeat conventional” preferences. We re-estimate the models 

using the full sample and present the results in Table 12. Here we find that educational levels are 

negatively associated the choice of  conventional power which is consistent with Conte and 

Jacobsen (2014). The difference between Table 5 in the text and Table 12 here also suggests that 

education plays a significant role in converting consumers with repeat preference for 

conventional power to possible participants of  green electricity programs but appears 

insignificant in the choice among products once they become “possible” participants. Table 13 

includes age and income variables (but no attitudinal) variables using the income-restricted 

sample. As not all respondents disclose income information, the income-restricted sample is 

significantly smaller than the one reported in Table 5. It appears that participation in green 
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electricity programs is positively associated with income levels. Our general conclusions do not 

change with these alternatively specified models. 

 

Table 10: Results from ECM with Attitudinal Variables 

Attributes Coefficient†† Z-stat. Lower 95% Upper 95% 

Common to all alternatives 
   

TotalCost -0.081** -19.46 -0.090 -0.073 

Specific to conventional 

    Female -0.698* -2.21 -1.318 -0.079 

Age -0.006 -0.58 -0.027 0.015 

HighSchool -2.795 -1.34 -6.881 1.290 

TertiaryUnder --3.534 -1.7 -7.602 0.535 

TertiaryPost -2.694 -1.29 -6.788 1.401 

TradeTAFE -2.906 -1.39 -6.993 1.182 

ClimateNo 1.212* 2.01 0.033 2.392 

ClimateUnsure 1.542** 3.51 0.682 2.403 

GreenParty -2.388** -4.56 -3.413 -1.362 

TrustUt -0.604** -3.46 -0.947 -0.262 

TrustGov -0.145 -0.83 -0.488 0.198 

Specific to green products 

    Carbon  0.041** 4.32 0.022 0.060 

Accreditation 0.221** 8.53 0.170 0.271 

Contract -0.198** -7.21 -0.252 -0.144 

Location 0.257** 9.51 0.204 0.310 

Hydro 0.033 0.73 -0.056 0.122 

Solar 0.131** 2.89 0.042 0.219 

Wind 0.028 0.63 -0.058 0.113 

ASCEasyGreen -7.376** -3.35 -11.693 -3.059 

ASCNaturalPower -7.045** -3.20 -11.361 -2.730 

ASCEarthFriendly -7.545** -3.43 -11.858 -3.232 

ASCMinimum 1.530** 11.33 1.266 1.795 

ASCMaximum -1.053** -3.49 -1.644 -0.461 

Error Components 

    ECConventional 3.129** 16.74 2.763 3.496 

ECEasyGreen 1.675** 14.46 1.448 1.901 
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ECNaturalPower -0.359 -1.83 -0.743 0.026 

ECEarthFriendly -1.236** -11.33 -1.450 -1.022 

ECMinimum 2.723** 18.34 2.432 3.014 

ECMaximum -3.014** -11.36 -3.534 -2.494 

Maximized log likelihood (LL) ††† -6815.790. 

Wald chi squared     1350.76** 

Number of obs. 72726†† 

† ** and * denotes significance level at 1% and 5; †† Respondents with “repeat conventional” preferences 

are removed from the sample; †††LL values for alternative specifications comparable to those presented in 

Table 5 are available upon request. 
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Table 11: Results from ECM with Full Sample and Attitudinal Variables 

Attributes Coefficient† Z-stat. Lower 95% Upper 95% 

Common to all alternatives 
   

TotalCost -0.082** -19.34 -0.090 -0.074 

Specific to conventional 
    

Female -1.077** -3.16 -1.744 -0.410 

Age 0.004 0.34 -0.019 0.028 

HighSchool -4.524* -2.41 -8.206 -0.843 

TertiaryUnder -5.818** -3.11 -9.487 -2.150 

TertiaryPost -5.290** -2.80 -8.988 -1.592 

TradeTAFE -4.885** -2.61 -8.554 -1.215 

ClimateNo 2.136** 3.59 0.968 3.303 

ClimateUnsure 1.830** 4.05 0.945 2.715 

GreenParty -2.781** -4.80 -3.917 -1.646 

TrustUt -0.451* -2.28 -0.838 -0.064 

TrustGov -0.488* -2.39 -0.889 -0.087 

Specific to green products 
   

Carbon  0.042** 4.40 0.023 0.061 

Accreditation 0.220** 8.51 0.169 0.271 

Contract -0.197** -7.15 -0.251 -0.143 

Location 0.255** 9.45 0.202 0.308 

Hydro 0.032 0.70 -0.057 0.120 

Solar 0.128** 2.84 0.040 0.217 

Wind 0.025 0.58 -0.060 0.111 

ASCEasyGreen -10.378** -5.20 -14.292 -6.463 

ASCNaturalPower -10.053** -5.04 -13.962 -6.145 

ASCEarthFriendly -10.582** -5.31 -14.491 -6.673 

ASCMinimum 1.495** 10.54 1.217 1.773 

ASCMaximum -1.248** -3.90 -1.875 -0.620 

Error Components 

    ECConventional 3.789** 17.96 3.375 4.203 

ECEasyGreen 1.672** 14.53 1.447 1.898 

ECNaturalPower -0.222 -0.95 -0.679 0.235 

ECEarthFriendly -1.298** -12.63 -1.499 -1.097 

ECMinimum -2.913** -17.58 -3.238 -2.589 

ECMaximum -3.042** -11.78 -3.548 -2.536 

Maximized log likelihood (LL) †† -6970.932 

Wald chi squared     1444.25** 

Number of obs. 84762 
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† ** and * denotes significance level at 1% and 5%; †† LL values for alternative specifications comparable 

to those presented in Table 5 are available upon request. 
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Table 12: Results from ECM with Full Sample and No Attitudinal Variables 

Attributes Coefficient† Z-stat. Lower 95% Upper 95% 

Common to all alternatives 
   

TotalCost -0.081** -19.33 -0.089 -0.073 

Specific to conventional 
    

Female -1.288** -3.74 -1.963 -0.612 

Age 0.014 1,20 -0.009 0.038 

HighSchool -4.095 -1.92 -8.275 0.084 

TertiaryUnder -5.567** -2.62 -9.732 -1.402 

TertiaryPost -5.373* -2.51 -9.576 -1.169 

TradeTAFE -4.324* -2.03 -8.505 -0.144 

Specific to green products 
   

Carbon  0.041** 4.31 0.022 0.060 

Accreditation 0.220** 8.54 0.170 0.271 

Contract -0.195** -7.10 -0.249 -0.141 

Location 0.255** 9.45 0.202 0.307 

Hydro 0.028 0.61 -0.061 0.116 

Solar 0.127** 2.81 0.038 0.215 

Wind 0.027 0.61 -0.059 0.112 

ASCEasyGreen -7.564** -3.59 -11.694 -3.434 

ASCNaturalPower -7.231** -3.44 -11.357 -3.106 

ASCEarthFriendly -7.769** -3.69 -11.893 -3.645 

ASCMinimum 1.439** 10.20 1.162 1.715 

ASCMaximum -1.146** -3.52 -1.783 -0.509 

Error Components 

    ECConventional 4.076** 17.55 3.621 4.532 

ECEasyGreen 1.703** 14.69 1.476 1.931 

ECNaturalPower -0.039 -0.18 -0.466 0.387 

ECEarthFriendly -1.264** -13.08 -1.454 -1.075 

ECMinimum -2.990** -17.49 -3.325 -2.655 

ECMaximum 2.978** 11.68 2.478 3.478 

Maximized log likelihood (LL) †† -7016.09 

Wald chi squared     1398.37** 

Number of obs. 84762 
† ** and * denotes significance level at 1% and 5%; †† LL values for alternative specifications 

comparable to those presented in Table 5 are available upon request. 
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Table 13: Results from ECM with Additional Income Variables and No Attitudinal 

Variables 

Attributes Coefficient† Z-stat. Lower 95% Upper 95% 

Common to all alternatives 
   

TotalCost -0.078** -18.33 -0.086 -0.070 

Specific to conventional 
    

Female -1.113** -3.90 -1.672 -0.554 

Age -0.016 -1.49 -0.037 0.005 

HighSchool -0.588 -0.55 -2.664 1.488 

TertiaryUnder -1.464 -1.39 -3.535 0.606 

TertiaryPost -0.981 -0.89 -3.140 -1.178 

TradeTAFE -0.617 -0.58 -2.710 1.476 

$40,000<Income††<$70,000 0.154 0.36 -0.673 0.981 

$70,000<Income††<$100,000 -1.193** -2.62 -2.085 -0.301 

$100,000<Income††<$130,000 -0.462 -0.99 -1.379 0.455 

Income††>$130,000 -0.955* -2.08 -1.854 -0.057 

Specific to green products 
   

Carbon  0.039** 3.97 0.020 0.058 

Accreditation 0.223** 8.24 0.170 0.276 

Contract -0.206** -7.13 -0.262 -0.149 

Location 0.255** 9.03 0.200 0.311 

Hydro 0.031 0.65 -0.062 0.123 

Solar 0.120* 2.53 0.027 0.213 

Wind 0.031 0.67 -0.059 0.120 

ASCEasyGreen -4.409** -4.03 -6.552 -2.267 

ASCNaturalPower -4.097** -3.77 -6.228 -1.965 

ASCEarthFriendly -4.562** -4.20 -6.692 -2.431 

ASCMinimum 1.287** 10.69 1.051 1.523 

ASCMaximum -1.221** -4.20 -1.791 -0.651 

Error Components 

    ECConventional 3.015** 17.79 2.683 3.347 

ECEasyGreen 1.714** 13.42 1.464 1.965 

ECNaturalPower -0.360* -2.55 -0.637 -0.083 

ECEarthFriendly 1.217** 11.62 1.012 1.422 

ECMinimum 2.477** 18.46 2.214 2.740 

ECMaximum 3.264** 13.75 2.799 3.729 

Maximized log likelihood (LL) †† -6231.41 

Wald chi squared     1330.04** 

Number of obs. 65586 
† ** and * denotes significance level at 1% and 5%; †† LL values for alternative specifications 
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comparable to those presented in Table 5 are available upon request. 

 

 

 


