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A B S T R A C T   

In the last decade, there have been several initiatives to incentivize Efficient Energy Technologies (EET) to 
reduce air pollution caused by wood-burning in developing countries. More efficient woodstoves can improve 
health, reduce family expenditures, CO2 emissions, and forest degradation. Despite these benefits, there is low 
level of adoption of EETs. This paper contributed to the literature in three ways. First, it estimates the implicit 
discount rate (IDR) used by individuals to decide whether to adopt EET using exponential and hyperbolic 
specifications. Second, it includes sociodemographic characteristics in the definition of the IDR. Third, it eval
uates how the adoption curve changes by different policy designs. Since the interest rate is part of the policy 
design, comparing the interest rate and the IDR is relevant to increasing adoption. Our monthly estimated IDR is 
between 1.7% and 5.4% with a significant overlap with market interest rate. The IDR is affected by the 
perception of the future economic situation, trust in environmental authorities, happiness, and gender. We found 
that using an interest rate lower than the IDR increases the probability of adoption significantly. An under
standing of the effects of copayments, payment frequencies, and difference between interest rates and IDR is 
needed to maximize adoption.   

1. Introduction 

Understanding adoption decisions on Efficient Energy Technologies 
(EET) and people’s response to economic incentives, such as technology 
adoption subsidies, are essential to reach environmental goals such as 
climate change mitigation and air pollution reduction. Within the 
households’ energy mix, wood-burning is globally relevant as approxi
mately half of the population in developing countries use solid biomass 
for cooking and heating (IEA, 2014). 

In the last decade, there has been a substantial effort to incentivize 
the use of more efficient and less-polluting woodstoves in many devel
oping countries aiming to reduce air pollution (indoor and outdoor) 
from wood-burning (Carvalho et al., 2018; Gómez et al., 2014; Lewis 
and Pattanayak, 2012; Savolahti et al., 2019a, 2019b). Adopting 
wood-based EETs provides both private and social benefits, these 
include the improvement in health and thermal comfort (Balsa et al., 

2016; Chafe et al., 2014; Conibear et al., 2018; Lee et al., 2003; Lim 
et al., 2012; Palma et al., 2019), reduction in family expenditures due to 
lower demand of firewood (Beltramo and Levine, 2013; Miller and 
Mobarak, 2013; Poortinga et al., 2018; Trotta, 2018), less native forest 
degradation, and decreasing in CO2 emissions (Arnold et al., 2003, 
2006; Bhattacharya and Salam, 2002; Davidar et al., 2010; Ouedraogo, 
2006; Shackleton et al., 2005; Twine et al., 2003; Zein-Elabdin, 1997). 

Despite these benefits, many households are not willing to adopt 
wood-based EETs. Lewis and Pattanayak (2012) claimed that some 
households are unwilling to invest in these technologies because they do 
not know or value their benefits. Recent studies have shown that 
households may be less likely to adopt new technologies for reasons such 
as financial restrictions or risk aversion (Olsthoorn et al., 2019). For 
instance, Gómez et al. (2014) showed that households significantly in
crease their adoption rate when they have access to credits that allow 
them to pay in at least 12 installments. Despite the relevance of 
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analyzing the intertemporal preferences, there is limited evidence from 
existing literature about this issue for wood-based EETs. This paper 
contributes to filling this gap by considering the intertemporal impli
cations in adopting efficient woodstoves (Beltramo and Levine, 2013; 
Damigos et al., 2021; Lewis and Pattanayak, 2012; Olsthoorn et al., 
2019; Schleich et al., 2016, 2019). 

Comparing the benefits and costs of different payment schedules 
available for people can affect their decision to adopt EETs. Adopting 
new technologies may involve short-term costs that need to be compared 
with long-term benefits. The cost is mainly associated with financing the 
technology in an initial period while the benefits (such as a reduction in 
family expenditures), are distributed over the technology’s lifespan 
(Allcott and Greenstone, 2012; Amasino et al., 2019; Blasch et al., 2019; 
Bulley et al., 2016; Carson and Roth Tran, 2009; Frederick et al., 2002; 
Lempert et al., 2015; Peters and D’Esposito, 2016; Richards and Green, 
2015; Zhao et al., 2019). 

Economists framed individuals’ intertemporal choices as if in
dividuals use a discounting factor mechanism to bring to the present flows 
of costs or benefits that will occur in the future. This discounting factor 
depends on the individual’s implicit discount rate (IDR) that generally 
represents how individuals value the future compared to the present. 

Within the energy technology adoption field, Schleich et al. (2016) 
pointed out that the IDRs reflect the “barriers to energy efficiency” and are 
therefore related to an individual’s risk aversion, financial restrictions, 
and other sociodemographic characteristics (see also Cattaneo (2019)). 
The higher the IDR, the lower the present value of future benefits and the 
lower the likelihood that an individual adopts the EET if most of the 
benefits occur in the future while costs are immediate. 

However, this does not capture the whole picture regarding the 
policies used to promote EET. Most programs for EET adoption include 
different payment horizons to take household financial restrictions into 
account, aiming to increase the probability of adopting technologies as 
in Gómez et al. (2014). The literature on discounting in environmental, 
transportation, and energy economics use variations in the frequency of 
payments to estimate both the IDR and the willingness to pay (WTP) for 
a good (Bond et al., 2009; Kovacs and Larson, 2008; Meyer, 2013; 
Vasquez-Lavín et al., 2019b). Knowing the IDR can help the design of 
public policy regarding the frequency and specific amounts of payments 
to increase the probability of adoption. 

Some policies for EET adoption also include a “credit” for the fam
ilies that accept the technological change of stoves to reduce air pollu
tion (Gómez et al., 2014). This credit has an interest rate negotiated 
between the provider of the new stove and the government (sometimes, 
it is the same government that provides the credit and therefore decides 
the interest rate). In other words, the interest rate is a central component 
of the policy design. The interest rate, the total cost of the stove, and the 
frequency of payments will affect the monthly amount payable by 
families. Therefore, comparing the interest rate and the IDR is relevant 
to increasing the new technology’s adoption. 

This paper uses Stated Preferences (SP) method to estimate the IDR 
associated with a program promoting EET adoptions, specifically effi
cient woodstove technologies, in Southern Chile. We explicitly include 
sociodemographic characteristics in the definition of the IDR and use 
both exponential and hyperbolic specifications. Furthermore, we eval
uate the implications of the estimated IDR in designing policies aimed at 
incentivizing the adoption of efficient woodstove technologies. That is, 
we assess how different payment schemes (frequency and amount of 
money to pay in each installment), together with the different interest 
rates used by policymakers, affect the adoption curve of new technolo
gies. To the best of our knowledge, our econometric specification, which 
allows us to estimate the IDR when people choose among multiple 

technology alternatives, has not been discussed in the literature. 
The SP method allows us to estimate the adoption curve for efficient 

stoves directly, determine the IDR, and include explanatory variables in 
the discount rate definition. SP has faced several critics, including the 
problem of embedding effect, hypothetical bias, warm glow effects, and 
mental accounting (Carson, 2012; Diamond et al., 1993; Hausman, 
2012; Kahneman and Knetsch, 1992; Thaler, 1985). Nevertheless, it is 
the only methodology that provides enough flexibility to accommodate 
attributes of the goods that are not observed in the market and allows us 
to evaluate differences in the levels of those attributes, different pay
ment schemes, and to do ex-ante policy evaluations (Bateman et al., 
2001, 2002; Champ et al., 2003; Schläpfer et al., 2004). With the SP 
method, individuals choose among a series of hypothetical choice situ
ations according to their preferences and restrictions. Commonly used 
SP techniques are Contingent Valuation (CV) and Choice Experiment 
(CE). The former presents two options (a status quo and a modified 
situation), while the latter offers more options that differ in the levels of 
the attributes (Fifer et al., 2014; Holmes et al., 2017; Louviere et al., 
2008; Meenakshi et al., 2012). Both methodologies allow the estimation 
of the WTP or the willingness to accept (WTA) changes in the provision 
of a good or service. The estimated model will enable us to assess the 
change in the probability of technology adoption after an increase or 
decrease in an attribute, such as price or subsidy (Train, 2009). 

The use of a constant discount rate implies that perceived net ben
efits in the distant future are marginally considered in the evaluation of a 
present policy (Dasgupta, 2008; Gollier and Weitzman, 2010; Goulder 
and Williams, 2012; Karp, 2005; Karp and Tsur, 2011; Schneider et al., 
2012). However, there has been a debate about the rationality of this 
assumption in the context of environmental program assessments whose 
impacts extend over a long period, such as those intended to reduce 
climate change severity account (Frederick et al., 2002). A 
time-decreasing discount rate associated with hyperbolic discounting 
can take this factor into account (Chapman, 1996; Frederick et al., 2002; 
Thaler, 1991). With the hyperbolic discount, IDRs decrease with time, 
which favors future benefit flows when bringing them to present value 
(Stadelmann, 2017). 

Previous literature on adopting efficient woodstoves has focused on 
the impact of sociodemographic variables such as income, age, educa
tion level, and other household characteristics on the likelihood of 
adoption, disregarding the IDR’s role. Some authors showed that family 
income increases the probability of adopting efficient stoves (Boso et al., 
2019; Gómez et al., 2017). Evidence regarding the impact of age is 
mixed; Boso et al. (2019) found that age increases the probability of 
participating in the adoption program, whereas Mahapatra and Gus
tavsson (2008) suggested that older adults have fewer incentives to 
adopt. Higher education levels are associated with more significant 
adoption rates of efficient stoves (García-Maroto et al., 2015). 

There is vast literature estimating the IDR in environmental eco
nomics (Grammatikopoulou et al., 2020; Lew, 2018; Vásquez-Lavín 
et al., 2021; Vasquez-Lavín et al., 2019b), risk analysis (value of statis
tical life) (Andersson et al., 2013), transportation (Wang and Daziano, 
2015), experimental economics (Attema and Versteegh, 2013; Newell 
and Siikamäki, 2014; Viscusi and Moore, 1989), and in the general field 
of clean technology adoption (Haq and Weiss, 2018; Stadelmann, 2017). 
Nevertheless, we only found one article estimating IDRs for efficient 
woodstove adoption. This finding is surprising since most of the pro
grams that incentivize these technologies include different payment 
horizons to increase the probability of adoption. The only paper that 
evaluates this issue is Gómez et al. (2014), which used a CV experiment 
to assess the adoption of ETT using different payment schemes (a single 
payment, 12 or 24 monthly payments) and obtained an IDR of 9.8% for 
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the 12-month analysis and a negative discount rate for the 24-month 
case. 

In other environmental economics areas, the literature on discount
ing also used SP methods to estimate both the IDR and the WTP using 
variation in the frequency of payments. Most studies estimate the IDR 
outside the valuation exercise (Howard et al., 2021; Kovacs and Larson, 
2008; Lew, 2018; Wang and Daziano, 2015). Fewer and more recent 
studies used an endogenous approach that takes advantage of the vari
ation in the payment frequency across samples to jointly estimate the 
WTP and the IDR (Bond et al., 2009; Howard et al., 2021; Kim and Haab, 
2009; Kovacs and Larson, 2008; Meyer, 2013; Vasquez-Lavín et al., 
2019b). 

Research on EET adoption has focused on durable goods (re
frigerators, automobiles, heating systems). Stadelmann (2017) and Haq 
and Weiss (2018) presented a review of the main IDR found in this 
literature. The IDR shows high variability between categories of goods 
and within the same category. For example, in the case of goods such as 
refrigerators (Gately, 1980; Revelt and Train, 1998), the IDR ranges 
from 39% to 300%, while for automobiles (Allcott and Wozny, 2014; 
Train, 1985), it ranges from 2% to 45%. On heating systems (Hausman, 
1979; Jaccard and Dennis, 2006), IDRs range from 2% to 36%. A hybrid 
study by Newell and Siikamäki (2014) used an experimental setting and 
CE to study the effectiveness of energy efficiency labels on household 
decisions. They estimated an average individual discount rate of 19%. 
While previous literature focused on electricity-based heating systems, 
our paper focuses on firewood as an energy source for a more efficient 
heating system. 

The IDRs found in this study ranged from 1.7% to 5.4% monthly 
(between 22% and 87.9% annually). These rates are lower than those 
found in the literature and very close to the interest rate for bank and 
non-bank loans in the Chilean context (see appendix A in the appendices 
and Vasquez-Lavín et al. (2019b)). Among the determinants of these 
discount rates are sociodemographic characteristics. Our results suggest 
that maximizing the likelihood of adoption requires understanding the 
difference between the (market) interest rate and the IDR. Using an 
interest rate lower than the IDR significantly increases the probability of 
adoption because people would be willing to take long-term 
commitments. 

2. Methodology 

2.1. Context of firewood and energy policies in Chile 

In Chile, firewood use for heating systems varies between 57.8% and 
99.3% of households depending on latitude (Reyes et al., 2018). This 
energy source can be up to five times cheaper than alternative sources, 
such as liquefied petroleum gas, kerosene, and electricity (Schueftan and 
González, 2013). Firewood is the primary source of particulate matter 
emissions in south-central Chile, leading to a severe air pollution 
problem (CDT, 2015). Around 40% of the PM10, PM2.5, and CO2 emis
sions come from residential wood burning, according to the 2005–2015 
report from the Pollutant Release and Transfer Register (PRTR). The 
concentration limits for PM10 and PM2.5 defined by the World Health 
Organization (WHO) are systematically exceeded in Chile (Molina et al., 
2017), affecting approximately 10 million people and causing about 
3400 deaths related to air pollution per year (Ostro et al., 1996; Oyar
zún, 2010; Sanhueza et al., 2006; World Health Organization, 2016). 

Regulating the firewood market is difficult as it is mainly informal, 
with thousands of small- and medium-sized producers who allocate time 
to this activity in the agricultural off-season (Reyes et al., 2015). While 
90% of firewood purchases in southern Chile occur in informal market 
transactions, some evidence shows that customers are willing to move 
towards a more formal scheme (Vásquez Lavin et al., 2020). 

To address urban air pollution, Chile implemented a policy to sub
sidize EETs for heating and cooking. This policy is accompanied by 
regulations that restrict the use of firewood, define the maximum level 

of moisture on firewood, subsidize the improvement of household 
insulation, and initiate educational campaigns on the use and combus
tion of firewood (Gómez et al., 2017; Vásquez-Lavin et al., 2020). Gómez 
et al. (2014) showed that adopting the new EET is very low despite its 
multiple benefits. Furthermore, Air Pollution Management Plans 
(APMP) implemented by the authority have been criticized as focusing 
heavily on replacing firewood as a heating source without considering 
the socio-economic dimensions of the problem (Mobarak et al., 2012; 
Reyes et al., 2019; Schueftan et al., 2016; Vásquez-Lavin et al., 2020).1 

2.2. Experimental design 

The city of Los Angeles (Chile) was declared an air pollution saturated 
zone, a legal status that mandates policymakers to reduce air pollution in 
the area. At least ten cities in south-central Chile are considered satu
rated zones, with more than 70% of its population affected. Each satu
rated zone needs to have an APMP implemented by the authority, and 
one of the central policies included in those plans is the replacement of 
wood stoves. Since the program consists of a subsidy, households need to 
afford part of the cost of the new technology. Therefore, policymakers 
are interested in estimating the adoption curve as a function of the 
copayment (the price of the new stove minus the subsidy), allowing for 
the definition of the optimal sponsorship level. It should be noted that 
the environmental authority or policymakers assign the subsidy; there
fore, it is not a decision variable on the part of families. 

During November and December 2018, we interviewed (face to face) 
310 households on their heating systems in Los Angeles, Chile. We 
randomly choose a house (with evidence of having a stove) in the 
selected blocks. The survey aims to evaluate the city’s inhabitants per
ceptions about a replacement program that would replace their old 
woodstoves with newer, more efficient technology. They could accept or 
reject this change; if they accept, they would have to pay a part of the 
cost. They faced three questions that differ in payment schedules: single 
payment, 12-month payment, and 24-month payment. In each of these 
alternatives, the monthly amount they would have to pay also changes. 
Two treatments were done in this study. In treatment I, all 310 house
holds faced each of the three alternatives independently and therefore 
did not have the option of choosing among all three. This treatment is a 
classical CV survey with three valuation questions. The order of the 
questions and values for each payment schedule were randomly 
assigned to the households. In treatment II, using a subsample of 120 
families, the respondents had the opportunity to choose one of the 
payment schedules. This treatment includes four options: a nonpurchase 
alternative plus the three payment schedules. This exercise requires 
respondents to compare their WTP with the schedule offered and choose 
the most convenient one. This decision is typical in any private market 
for durable goods in which consumers must compare their WTP with the 
payment to be made and choose the more convenient schedule based on 
the amount to be paid and the payment periods. 

The copayments required in the surveys were designed using two 

1 While there are other policies besides the stove exchange programs, such as 
household insulation projects and certified firewood programs, we focus on the 
former. For readers interested in a comparison of these policies see: Jorquera, 
H., Barraza, F., Heyer, J., Valdivia, G., Schiappacasse, L.N., Montoya, L.D., 
2018. Indoor PM 2.5 in an urban zone with heavy wood smoke pollution: The 
case of Temuco, Chile. Environmental pollution 236, 477–487., Schueftan, A., 
González, A.D., 2015. Proposals to enhance thermal efficiency programs and air 
pollution control in south-central Chile. Energy Policy 79, 48–57., Ortega, V., 
Reyes, R., Schueftan, A., González, A., Rojas, F., 2016. Contaminación atmos
férica: Atacando el síntoma, no la enfermedad. Análisis de los sistemas de 
calefacción residencial y los programas de descontaminación atmosférica en la 
Región de Los Ríos. Bosques, Energía y Sociedad 3, 1–24. and Vásquez Lavin, F., 
Barrientos, M., Castillo, Á., Herrera, I., Ponce Oliva, R.D., 2020. Firewood 
certification programs: Key attributes and policy implications. Energy Policy 
137.. 
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sources of information. First, the policy design allows us to subsidize at 
most 80% of the total cost, which was $280,000 CLP (approximately 500 
USD) and a copayment of $70,000 CLP (around 130 USD, first column 
first row of Table 1) and a minimum subsidy of 20% (copayment of 
approximately 500 USD), this copayment is randomized through the 
bids offered to respondents. Second, we used the responses of a pilot 
study that utilized an open-ended elicitation format. To define the bid 
vector, we followed an optimal design methodology suggested by 
Cooper (1993) for the single payment case. The bids were randomly 
assigned among the interviewees. For the 12-month and 24-month 
cases, we selected rounded values representing similar loans given by 
commercial retail companies in the country. 

The survey included three sections. Section A asks questions of 
general interest, such as those regarding interviewees’ heating and fuel 
systems. Section B explains the policy for stove replacements using vi
sual aids of the new stoves. It also develops the hypothetical market and 
asks the valuation question. Interviewees faced the following valuation 
context: 

Let me tell you about the Atmospheric Decontamination Plan for the city 
of Los Angeles. This plan has already been approved and is currently under 
review by the Comptroller General of the Republic. It considers a replacement 
program of 6,000 stoves that uses firewood in the next ten years. The idea is 
to ask households for their voluntary enrollment in this program. The gov
ernment will partially subsidize the cost of the new stove. That is why we are 
consulting with families like yours about preferences regarding several pro
gram alternatives. Your answers will help authorities in the implementation 
and design of this program. 

The equipment to be delivered costs $350,000 in the market without a 
subsidy. It will reduce firewood consumption by 35% and the emission of 
particulate matter by 50%. The equipment has an approximate life span of 20 
years. 

It is currently unknown how much people will have to pay for the new 
equipment, nor how many people will be willing to participate in the program, 

but it is estimated that the cost for households can be between $AL and $AU. 
This is equivalent to a subsidy from the State between $SL and $SU.2 

Now, I will present the three alternatives to participating in the program; 
they differ in terms of the amount of money that needs to be paid and in the 
payment frequencies. The order of presentation is random. Please consider 
these three questions individually. Considering the reduction in the use of 
firewood and in the monthly budget of your home: 

If, after receiving the subsidy, the cost for your family were $Y for Z 
monthly payments, would you participate in this program? 

In treatment II, a subset of 120 households was also allowed to 
choose between the three alternatives. Finally, Section C contains the 
interviewees’ socio-economic characteristics and information on other 
relevant covariates to explain people’s decisions, WTP, and IDR. 
Although Blasch et al. (2019) suggest evaluating the investment literacy 
in the purchase of energy-efficient appliances to capture the partici
pant’s ability to think in the present value of future energy costs, it does 

not apply in this context. In our framework, individuals do not need to 
engage in complex present value calculations (Egan et al., 2015), they 
just need to compare changes in the monthly payments and the number 
of periods. 

2.3. Econometric approach for the intertemporal choice model with 
multiple options 

It is possible to estimate the IDR taking advantage of the variability 
of the payment schemes by jointly estimating the WTP, as suggested by 
Bond et al. (2009) and Vásquez-Lavín et al. (2021). If we assumed a 
finite horizon, the present value of the benefits would be determined by 

Vn(WTPi) = WTPi

(
1+r

r

)(

1 − 1
(1+r)n

)

, where n represents the time in 

which the benefits are distributed, and r is the IDR. The cost is the 

present value of the finite stream of payments Vt(Bi) = Bi

(
1+r

r

)(

1 −

1
(1+r)t

)

, where t represents the period the payment must be made (1, 12, 

and 24). Let’s consider that an individual could either accept or reject 
the payment. The household agrees with the payment as long as the 
benefits of adopting energy-efficient technology are greater than or 
equal to adoption costs. We denote a positive response (yes) using the 
indicator yi = 1 andyi = 0 otherwise. Therefore, the decision can be 
represented as follows: 

yi =

{
1 if Vn(WTPi) ≥ Vt(Bi)

0 in any other case (1) 

Following Bond et al. (2009), the benefits for an individual i is WTPi 
= Xiβ + σεi, where εi ~ N (0, 1). Therefore, the probability of observing a 
negative response to a required amount of Bt

i can be written as follows:   

In this case, ti is known and corresponds to the period in which each 
payment schedule is offered to the interviewees, ni is known and cor
responds to the expected useful life of efficient energy technology, but r 
is unknown. 

In equation (2), the IDR is embedded in the formulation of the dis
count factor δ(r. ​ tj) and δ(r. ​ nj). The main feature of our approach is 
that the IDR is estimated “endogenously” following Bond et al. (2009). 
That is, r is a parameter to be estimated in the econometric process. 
Within this approach, there are two options: 1) estimate r as a single 
parameter or 2) Define r as a function of explanatory variables, that is: 

Pr{yi = 0} = Pr{ Vn(WTPi) < Vt(Bi)}

= Pr
{

(Xiβ + σεi)⋅
(

1 + r
r

)(

1 −
1

(1 + r)ni

)

< Bi

(
1 + r

r

)(

1 −
1

(1 + r)ti

)}

= Pr
{

εi < −
Xiβ
σ +

Bi

σ ⋅
δ(r, ti)

δ(r, ni)

}
(2)   

Table 1 
Frequency of Bids for different payment schedules (CLP $).  

Single Frequency 12 months Frequency 24 months Frequency 

70,000 46 10,000 20 8000 20 
150,000 80 12,000 9 9000 10 
210.000 111 15,000 96 10,000 132 
280,000 73 20,000 115 12,000 52 
–  25,000 70 15,000 96 

Bids were randomly assigned among interviewees. We sort them in the table for 
a better representation. 

2 Since this policy has been implemented in several cities in the country, we 
had to include this “uncertainty” to avoid perceptions of bias among in
terviewees that were offered different deals. In this way we avoid political 
controversies. 
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ri =α0 + α1⋅xi1 + α2⋅xi2 + … + αk⋅xik (3) 

This option allows us to know which sociodemographic determine 
the IDR and to capture heterogeneity among individuals. This issue has 
received less attention in the literature. Schleich et al. (2016) pointed 
out that a wide range of factors may explain the underlying IDRs, such as 
financial restrictions, institutional aspects, and status quo bias. 

The first treatment does not allow individuals to choose among the 
three payment schedules. Nevertheless, in many countries, including 
Chile, real market decisions regarding technology investment enable in
dividuals to select one payment schedule. To take this fact into account, 
we applied treatment II, in which some individuals have the opportunity 
to choose among them. This approach requires a different econometric 
analysis. Consider that people may choose among different payment 
schedules specified by an amount Bj

i, and a time horizon for the payment, 
where j represents the payment horizon (1, 12, or 24). The alternatives are 
the following: 1) non-payment (B0

i = 0), 2) a single payment of B1
i , 3) the 

payment of B12
i for 12 months, and 4) the payment for 24 months of B24

i . If 
the individual decides to pay the Bj

ipayment scheme, it implies that the 
present value of the benefits (PVWTP) is greater than the present value of 
the Bj

i scheme payment. Without loss of generality and to bound the WTP 
from above, we assume that since the individual rejected the other al
ternatives, then his/her PVWTP is lower than the next larger present value 
(upper bound) of the schedule denoted by Bl

i, where l ∕= j. 
We have enough information to determine the upper bound because 

all individuals faced treatment I in which they accept or reject the three 
options. We also have information on the yes/no answers for all pay
ment schemes. Approximately 76% of the respondents who chose the 
single payment rejected at least one of the other payment schemes (12- 
month and 24-month payment scheme). Among those who chose the 12- 
month scheme, they also declined at least one of the other schemes by 
approximately 76%. Among those who chose the 24-month scheme, 
about 55% rejected at least one of the remaining payment schemes. With 
this information, we established the upper limits for the model for 
choosing multiple payment schemes. 

The probability of choosing the calendar Bj
i, will be denoted by: 
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The likelihood function is given by: 
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in which Φ( ⋅) is the c. d.f. of a normal distribution, δ(r, ni) ≡(

1 − 1
(1+r)ni

)

and δ(r, tj) ≡
(
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. In case we do not bound the 

WTP from above, the probability in equation (4) would be 1 −
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Because different individuals have different discount rates, the order 
of the present value of different payment alternatives will vary among 
individuals and change with the discount rate. For instance, suppose an 
individual is asked to choose among the three payment schedules: a) 100 

USD paying once, b) 21.42 USD paying for 12 months, and c) 17.14 USD 
paying for 24 months and a non-purchase alternative (not accepting any 
payment schedule). If r < 0.12 and the individual chooses option b, then 
the order of the present values would be V12(B12

i ) ≤ Vn(WTPi) <

V24(B24
i ) (see Figure B1 in the appendices). But if r > 0.248, the order of 

the present values will change V24(B24
i ) < V12(B12

i ) ≤ Vn(WTPi). These 
results are considered in each iteration of the maximum likelihood 
estimation process. Notice that our assumption regarding the upper 
bound of the WTP is relevant only in the first case because, in the second, 
we will not have an upper bound unless the individual also rejects the 
single payment option. 

3. Results 

The yes/no answers for the payment schemes and respective bids are 
presented in Table 2 for the single, 12-month, and 24-month options. We 
observe that the probability of a yes response is decreasing with the bid 
in all cases. In the single payment option, the range of probability is 
adequate for a CV experiment as it ranges from 93% to 25%, as would be 
expected given the optimal design approach used (Alberini, 1995). 
Notice that we did not get a probability lower than 25% because the 
subsidy design did not allow a copayment above 80% of the total cost. 
Furthermore, the frequency of yes answers for the 12-month payments is 
higher than the one for 24-month payments; this result is in line with 
Gómez et al. (2017). Note that the highest 12-month payment ($25,000 
CLP) has the same probability of yes answer as the cheapest 24-month 
payment ($8000 CLP), indicating that individuals prefer shorter con
tracts. This fact significantly affects the probability of adoption, 
covering the upper half of the distribution in the 12-month case and the 
lower half in the 24-month case. 

Future CV applications should consider separate optimal design ap
proaches for different payment schedules to cover an acceptable portion 
of the adoption curve (between 15% and 85% as suggested by Kanninen 
(1995) and Alberini (1995)). The simple approach followed in this paper 
is “naïve” in the sense that the present value of the costs is not the only 
relevant information for an optimal design of bids when considering 
different payment frequencies. We could not foresee these results before 
doing the experiment, but as our learning from this application shows, 
people have strong preferences for some payment schedules that need to 
be considered in the optimal design of the experiment. 

Out of 310 respondents, 241 chose at least one option while only 69 
rejected all options in treatment I, while 114 chose one option and only 6 
rejected all of them in treatment II. Table 3 shows that 63.5% of the 
respondents accepted the 12-month payment in treatment I, 36.4% 
accepted the 24-month payment, and 55% accepted the single payment. 
Treatment II shows that 58 (48%) out of 120 chose the single payment, 
45 (37.5%) the 12-month and 11 (9.1%) the 24-month option. 

For the WTP estimation, we include income and gender as explana
tory variables. Income,3 is the income range that best describes the 
average monthly household income before taxes. The percentage of 
families with an income lower than $900,000 CLP (approximately 1700 
USD) is 61%. The variable gender is a dummy variable taking the value 1 
for men (33%) and 0 for women (67%). Gómez et al. (2014) obtain a 
similar percentage of participation of men (39%) and women (61%) 
within the same context. This could be due to cultural issues where a 
high percentage of women are present in homes during the day, which 
enables their participation. We included other variables, such as edu
cation and firewood consumption, in the regression, but they were not 
statistically significant. 

In the definition of the IDR, we included rfinancial, which is a categorical 

3 The level of household income is divided into deciles (75000, 225000, 
375000, 525000, 750000, 1050000, 1350000, 1750000, 2250000, and 
3000000). 
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variable representing respondents’ perceptions of their economic situations 
in the next five years, going from much better (rfinancial = 1) to much worse 
(rfinancial = 5), compared with their current situations. About 46% believe 
that their financial situation will remain the same, 2.4% believe that it will be 
much worse, and 9.6% believe that it will be much better. We also included 
the variable rtrust that indicates the level of trust in the environmental au
thority going from rtrust = 1 for a lot of trust to rtrust = 4 for a lot of distrust. 
Around 77.9% declared having much or some distrust in the environmental 
authority. Both rfinancial and rtrust have been used in other studies (Gómez 
et al., 2014) but as explanatory variables in adoption in a CV context. Unlike 
these studies, we follow the line proposed in the review presented by Schleich 
et al. (2016), who identifies factors such as financial restrictions, institutional 
aspects, and status quo bias as determinants of the IDRs. 

The last covariate considered in this study is subjective well-being, 
measured as the respondents’ perception of their happiness (rhappy). This 
covariate ranges from not very happy (rhappy = 1) to very happy (rhappy =
7). The notion of including this variable is to provide evidence on hedonic 
subjective wellbeing and IDRs. The median level of happiness was 6, while 
the average was 5.9, which we consider high happiness levels. 

To assess whether respondents discount their preferences hyperbolically 
or exponentially, we calculated the discount rate for each payment schedule 
(12 months and 24 months). This analysis assumes that if the interviewees 
discounted their preferences exponentially, the rate for both periods should 
be constant over time. On the contrary, if the discount rate decreased, the 
appropriate discount is the hyperbolic discount. Using this approach, the 
discount rate for the 12-month payment was equivalent to approximately 
5%, while it was approximately 1% for the 24-month payment scheme. We 
used a one-sided mean comparison test to evaluate the null hypothesis of 
equal discount rates between both samples against the alternative hypothesis 
of decreasing discount rates. We conclude that the discount rate decreases 
over time, so the use of a hyperbolic discount would be more appropriate. 

The estimation of the WTP and IDR for the different treatments are pre
sented in Table 4, considering a life span of 20 years for the woodstove. In
come is positive and statistically significant in all models, while gender is 
only significant in the hyperbolic model for treatment I. The variables 
included in the definition of the discount rate (financial status, trust, 
happiness, gender)4 are statistically significant in all models, except in the 
exponential case (treatment I). Gender is statistically significant only in the 

hyperbolic model (treatment II). 
Some novel results are given by the variables included in the defi

nition of the IDR. It is important to distinguish the two implications of 
these results. First, changes in the IDR affect the probability of adopting 
the technology, ceteris paribus. For a given payment scheme (single, 12, 
or 24 months) and a horizon of 20 years of benefits for the stove, the 
larger the IDR, the lower the probability of adoption. This is very much 
an expected result. Nevertheless, what is not very well documented in 
the literature is that the decrease in the probability of adoption could 
vary among the different payment schemes (time and values) because a 
higher (lower) discount rate will affect not only the benefits but also the 
present value of the costs for the 12- or 24-month schemes. Therefore, a 
second effect is that different IDR levels will affect the desirability of the 
payment scheme themselves. The net effect will depend on whether the 
design of the payments was made with an interest rate lower or higher 
than the IDR. 

Therefore, if respondents expect a worse financial future situation, 
the IDR decreases. This will have two implications. First, a lower IDR 
increases the desirability of the adoption since the long-term benefits 

Table 2 
Acceptance percentage to the payment scheme (CLP $).  

Single payment No Yes 12-month payment No Yes 24-month payment No Yes 

70,000 7% 93% 10,000 5% 95% 8000 50% 50% 
150,000 24% 76% 12,000 11% 89% 9000 60% 40% 
210,000 54% 46% 15,000 23% 77% 10,000 59% 41% 
280,000 75% 25% 20,000 47% 53% 12,000 63% 37%    

25,000 50% 50% 15,000 73% 27%  

Table 3 
Choice responses for each payment schedule.   

Treatment I Treatment II  

No Yes No Yes 

Single Payment 137 173 62 58 
Payment 12 months 113 197 75 45 
Payment 24 months 197 113 109 11  

Table 4 
Results of the intertemporal choice model for multiple options (dep. variable is 
WTP).   

Treatment I Treatment II  

Exponential 
discount 

Hyperbolic 
discounta 

Exponential 
discount 

Hyperbolic 
discount 

Constant 0.0236*** 0.0071 0.0601*** 0.0248***  
(0.0086) (0.0045) (0.0096) (0.0030) 

Income 0.0012** 0.0030*** 0.0030* 0.0021***  
(0.0005) (0.0008) (0.0017) (0.0005) 

Gender − 0.0058 0.0127* − 0.0024 − 0.0034  
(0.0063) (0.0066) (0.0067) (0.0022) 

Variables in the definition of the IDR 
r_Constant 0.0144** − 0.0346*** 0.0487*** 0.0613***  

(0.0069) (0.0000) (0.0008) (0.0036) 
r_financial − 0.0003 − 0.0053*** − 0.0053*** − 0.0075***  

(0.0004) (0.0000) (0.0012) (0.0021) 
r_trust 0.0002 − 0.0025*** − 0.0036*** − 0.0047***  

(0.0004) (0.0000) (0.0013) (0.0017) 
r_happy − 0.0002 0.0126*** 0.0040*** 0.0043***  

(0.0004) (0.0000) (0.0005) (0.0006) 
r_gender − 0.0037 0.0232 0.0054 0.0057**  

(0.0036) (0.0159) (0.0041) (0.0026) 
Sigma 0.0150*** 0.0312*** 0.0207*** 0.0081***  

(0.0047) (0.0040) (0.0019) (0.0007) 
N 930 930 120 120 
Log- 

likelihood 
572.8 613.2 178.6 190.7 

WTP (US 
dollars) 

5.3559 5.2591 14.6306 6.7265 

WTP Std. Err 
(US 
dollars) 

1.92 0.95 0.611 0.24 

WTP P-Value 0.003 0.000 0.000 0.000 
PV-WTP(US 

dollars) 
365.7 495.8 323.5 328.5 

IDR 0.0144 0.0177 0.0474 0.0549 
IDR Std. Err 0.0069 0.0000 0.0015 0.0016 
IDR P-Value 0.036 0.000 0.000 0.000 

***p < 0.01, **p < 0.05, *p < 0.1. a For further specification of the hyperbolic 
model, see appendix B in the appendices section. 

4 In the analysis, we included socioeconomic variables such as age (average 48 
years), level of education (35% complete high school and 35% complete university) 
and consumption of firewood in the last year (1582 average wood chips per 
household). In addition to a dummy variable that indicates whether the individuals 
are willing to participate in helping to solve the pollution problem (85% said yes) and 
a dummy variable indicating whether the air pollution problem is important for in
dividuals (98% said yes). None of them was statistically significant through the 
models. 
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will have a higher weight in the present. However, at the same time, 
future costs will also have more relevance in the present value, which 
implies that people will less likely commit to payments in the future, 
increasing the desirability of the single payment over the 12 24-month 
options. The same analysis is applied to trust (rtrust) since it also has a 
negative and statistically significant effect on the IDR. 

People’s distrust on the authorities will have a lower IDR, increasing 
the probability of adoption but reducing the likelihood of committing to 
future payments. The former result is unexpected since the literature 
suggested that institutional barriers in the form of distrust on authorities 
prevent the adoption of EETs by an increase in the IDRs (Anderhub et al., 
2001; Damigos et al., 2021; Schleich et al., 2016). To the best of our 
knowledge, this is the first attempt to include these variables in deter
mining the IDR, making the comparison of our results that of previous 
literature’s difficult. Happiness is statistically significant and positive, 
meaning that an increase in happiness increases the IDR. This measure 
of hedonic happiness shows that there is more attachment to goods that 
deliver pleasure in the short term, not wanting to wait for long-term 
benefits, such as adopting EET. Finally, rgender is statistically signifi
cant and positive, only for treatment II and hyperbolic discount. 

Fig. 1 shows the effect of different explanatory variables on the IDR, 
and the probability of adopting different payment schedules. In Panel A, 
we set the explanatory variables to their extreme values so that the IDR 
is the lowest (i.e., rfinancial = 5, rtrust = 4, rhappy = 1). The predicted 
probability of adoption decreases significantly for longer payment 
schedules. In Panel B, the explanatory variables take the extreme values 
that allow the highest IDR (i.e., rfinancial = 1, rtrust = 1, rhappy = 7). In 
this case, the predicted probability of adoption increases for longer 
payment schedules and becomes higher than for the single payment. The 
worse the respondents consider their future financial situation to be, the 
greater the distrust of the environmental authority, and the less happy 
they feel, the lower the probability of adopting long-term payment 
schedules. 

In summary, while an increase (decrease) in the IDR makes all 
adoption curves shift downward (upward), meaning less likely to adopt, 
it also decreases (increases) the relative desirability of using a single 
payment option. It has important implications in the probability of 
adoption depending on the difference between the interest rate and the 
IDR, as we show below. 

When we analyze the monthly WTP in treatment I, there are no 
significant differences between exponential and hyperbolic models, but 
the use of a hyperbolic discount generates a higher present value of 
about 130 USD. This is because the hyperbolic discount has a smaller 
impact on benefits over time. When we look at treatment II, the WTP of 
the exponential discount is significantly higher than the hyperbolic 
discount, but when calculating the present value, it is the same for both 
discounts. 

The IDRs found in this study ranged from 1.7% to 5.4% monthly 
(between 22% and 87.9% annually), depending on the model specified. 
These rates are lower than those found in the literature and very close to 
the interest rate for bank and non-bank loans in the Chilean context (see 
appendix A in appendices section). In the literature, there are a few 
estimations of IDRs in the context of EET. Haq and Weiss (2018) show 
that the IDRs range between − 259% and 764% for different groups of 
technologies such as thermal insulation, space heating, and water 
heating in a recent and comprehensive review. In the heating area, in 
which our study would classify, the average discount rates are between 
7% and 102%. Our results are entirely inside that interval. 

In the environmental economics literature, Vásquez-Lavín et al. 
(2021) conduct a literature review founding four ranges for the IDR: 
Above 500% (Bond et al., 2009; Echeverría et al., 1995; Myers et al., 
2017). between 100% and 350% (Egan et al., 2015; Lew, 2018; Vas
quez-Lavín et al., 2019a; Wang and He, 2018), values between 50% and 
100% (Egan et al., 2015) and a few studies with rates below 50% 
(Howard et al., 2021). Additionally, they report around 20 studies in the 
transportation literature using SP (Wang and Daziano, 2015). The dis
count rates in these studies are between 2% and 102% (Hess et al., 2012; 
Musti and Kockelman, 2011). Finally, experimental economics studies 
report IDR ranging from 0% to 5.747%, with a significant variability 
(Andreoni et al., 2015; Andreoni and Sprenger, 2012; Cheung, 2019; 
McDonald et al., 2017). Our findings are very plausible and consistent 
with the literature. 

4. Conclusion and policy implications 

To show the implications of our results on the policy design of loans 
for EET adoption, we evaluate how the probability of adoption changes 
as copayment increases (lower subsidy). We do this by using different 
assumptions on the interest rate used in the loan offered to families for 
new technologies. We use the results from the hyperbolic discount and 
consider three scenarios as shown in Fig. 2: 1) The interest rate of the 
schemes is equal to the IDRs (Panel A); 2) An interest rate twice the size 
of the IDR, that is, 3.4% (Panel B); and 3) an interest rate is lower than 
IDR (close to zero) (Panel C). We recall that policymakers may choose to 
finance between a maximum of 80% of the total cost ($280,000 CLP 
subsidy and a $70,000 CLP copayment; approximately US$130) and a 
minimum of 20% ($280,000 CLP copayment; approximately US$500). 
The copayments are shown on the x-axis, where the unit of measurement 
is 100000 Chilean pesos, approximately 180 dollars. 

For the maximum 80% subsidy, the probability of adoption is around 
66% for all schemes, assuming that the discount rate is equal to the IDR 
(Panel A). More interestingly, households would feel indifferent be
tween payment schemes (single, 12-month, and 24-month) because the 
present value of all the alternatives would be approximately the same. 

When the interest rate is higher than the IDRs (Panel B), the prob
ability of adoption is the same (66%) for the single payment but, for the 
80% subsidy, it decreases to 65%, and 64% for 12-month and 24-month 
payment schedule respectively. On the contrary, when the interest rate 
is lower than the IDRs (Panel C) there is an increase in the adoption to 
67%, and 68%, for the 12-month, and 24-month payment schedules, 
respectively. Notice that the highest level of adoption would almost be 
68% if authorities offer the possibility of paying in 24 months. If the only 
option is a single payment, the level of adoption would only be 66%. 

For the minimum 20% subsidy, the probability of adoption reaches 
approximately 37% for all payment schemes (Panel A). By using an Fig. 1. Effect of IDR over the probability of accepting.  
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interest rate higher than the IDR (Panel B), the probability of adoption 
remains the same for the single payment, while it decreases to 33% and 
29% for the 12- and 24-month payment schedules, respectively. When 
we analyze the case of the lowest interest rate at IDRs (close to 0, Panel 
C), the probability of adoption increases for all payment schemes to 
38%, 41%, and 44% for the single payment, 12-month, and 24-month 
payment schemes, respectively. Therefore, when the interest rate is 
higher than the IDR, the single payment dominates the other two op
tions, whereas the 12-month scheme dominates the 24-month alterna
tive. The order is reversed when the IDR is higher than the interest rate. 

We performed Kolmogorov-Smirnov tests to evaluate differences in 
the probability distribution for both cases (interest rate higher or lower 
than the IDR). Results show significant differences in probability dis
tributions between single and 24-month payments (p-value <0.001) for 
both cases. When the interest rate is higher than the IDR, the probability 
distribution for a 12-month payment is significantly higher than a 24- 
month payment (p-value = 0.065). In contrast. the difference between 
single and 12-month payments is not statistically significant (p-value =
0.11). When the interest rate is lower than the IDR, the probability 
distribution for a 12-month payment is significantly higher than a single 
payment (p-value = 0.09, while the difference between 12-month pay
ment and 24-month payment is not statistically significant. Hence, if 
policymakers want to maximize the probability of adoption, they should 
bear in mind that different adoption levels will be obtained depending 
on copayments, frequency of payments, and the difference between in
terest rates defined for the policy design and the IDR. This result has not 
been explicitly addressed in previous literature (Haq and Weiss, 2018; 
Schleich et al., 2016; Stadelmann, 2017). 

The adoption of efficient technologies for heating homes is an 
important alternative to reduce the use of firewood and has a positive 

impact on air quality affecting the health and welfare of families (Cohen 
et al., 2017; Gómez et al., 2017; Reyes et al., 2019; Schueftan et al., 
2016). Nevertheless, low levels of adoption by families emphasize the 
importance of knowing how households could be affected by different 
policy designs could increase the adoption of efficient energy technol
ogies. Investment decisions are complex and mainly influenced by bar
riers to entry, individual factors, and personal context. Improving the 
understanding of these factors is essential for the proper design of in
terventions for specific household groups. 

This article uses a model of intertemporal choice to explain the 
adoption decisions of a more efficient heating system by families from 
Los Angeles, Chile. A CV survey was carried out, where we were able to 
estimate both the WTP and their IDR. The IDRs found in this study 
ranged from 1.7% to 5.4%, depending on the model specified (between 
22% and 87.9% annually).5 These rates are lower than those found in 
the literature (Vasquez-Lavín et al., 2019b) and very close to the interest 
rate for bank and non-bank loans in the Chilean context (appendix A). 
Among the determinants of these discount rates are sociodemographic 
characteristics, aspects related to preferences, and the institutional and 
financial context in which families live. For instance, the more pessi
mistic the expectations about the future financial situation of the fam
ilies are, the lower the IDR. Therefore people would prefer payment 
options closer in time, reducing the probability of adoption because 
people would not want to take extended-time loans. The same effect has 
a higher distrust in environmental authorities. 

Particularly, there is little evidence on how levels of perceived sub
jective wellbeing could affect financial decisions and IDRs (Kennedy, 

Fig. 2. Adoption probability for different bids and interest rates.  

5 rannual = (1 + r%)12 -1. 
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2020; Zia et al., 2017). Our evidence suggests that better levels of 
happiness (measured as hedonic wellbeing) increase IDRs, raising the 
probability of technology adoption since people would be more likely to 
take loans of 12 or 24 months. However, all these effects will be 
conditioned by the differences between the interest rate and the IDR. 

Additionally, our results suggest that having different payment 
schemes encourages the adoption of efficient woodstoves. A program 
that seeks to improve adoption should provide a flexible payment 
scheme where families can choose the calendar to pay. These findings 
reveal a series of policy implications. First, the design of policies to 
incentivize efficient technologies should consider flexibility in payment 
schedules. Credit restrictions discourage adoption, especially for low- 
income households. The income is relevant in the WTP by families; 
therefore, incentives should be targeted according to sociodemographic 
measures such as income. But more importantly, maximizing the like
lihood of adoption requires understanding the impact of the difference 
between the interest rate and the IDR and how different explanatory 
variables affect this IDR. 

Despite its implications, the novelty of this approach entails limita
tions, such as the optimal design of the experiment. In future research, 
different preferences for payment schedules should be included in the 
optimal design of the investigation. 
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Echeverría, J., Hanrahan, M., Solórzano, R., 1995. Valuation of non-priced amenities 
provided by the biological resources within the monteverde cloud forest preserve, 
Costa Rica. Ecol. Econ. 13, 43–52. 

Egan, K.J., Corrigan, J.R., Dwyer, D.F., 2015. Three reasons to use annual payments in 
contingent valuation surveys: convergent validity, discount rates, and mental 
accounting. J. Environ. Econ. Manag. 72, 123–136. 

Fifer, S., Rose, J., Greaves, S., 2014. Hypothetical bias in Stated Choice Experiments: is it 
a problem? And if so, how do we deal with it? Transport. Res. Pol. Pract. 61, 
164–177. 

Frederick, S., Loewenstein, G., O’donoghue, T., 2002. Time discounting and time 
preference: a critical review. J. Econ. Lit. 40, 351–401. 

M. Carrasco-Garcés et al.                                                                                                                                                                                                                     

https://doi.org/10.1016/j.enpol.2021.112407
https://doi.org/10.1016/j.enpol.2021.112407
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref1
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref1
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref1
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref2
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref2
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref3
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref3
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref4
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref4
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref4
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref5
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref5
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref6
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref6
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref6
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref7
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref7
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref8
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref8
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref9
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref9
http://refhub.elsevier.com/S0301-4215(21)00277-9/optAstKMhobiw
http://refhub.elsevier.com/S0301-4215(21)00277-9/optAstKMhobiw
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref11
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref11
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref12
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref12
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref12
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref13
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref13
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref13
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref13
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref14
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref14
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref14
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref15
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref15
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref16
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref16
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref17
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref17
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref17
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref18
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref18
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref19
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref19
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref19
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref20
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref20
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref20
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref21
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref21
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref22
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref22
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref23
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref23
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref23
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref24
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref24
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref25
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref25
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref26
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref26
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref26
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref26
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref27
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref27
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref28
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref28
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref29
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref30
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref30
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref30
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref30
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref30
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref31
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref31
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref31
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref32
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref32
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref33
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref33
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref33
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref34
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref35
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref35
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref35
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref36
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref36
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref36
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref37
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref37
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref37
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref38
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref38
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref38
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref39
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref39
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref39
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref40
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref40


Energy Policy 156 (2021) 112407

10
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Schueftan, A., Sommerhoff, J., González, A.D., 2016. Firewood demand and energy 
policy in south-central Chile. Energy for Sustainable Development 33, 26–35. 

Shackleton, C., Guthrie, G., Main, R., 2005. Estimating the potential role of commercial 
over-harvesting in resource viability: a case study of five useful tree species in South 
Africa. Land Degrad. Dev. 16, 273–286. 

Stadelmann, M., 2017. Mind the gap? Critically reviewing the energy efficiency gap with 
empirical evidence. Energy research & social science 27, 117–128. 

Thaler, R., 1985. Mental accounting and consumer choice. Market. Sci. 4, 199–214. 
Thaler, R.H., 1991. Some empirical evidence on dynamic inconsistency. Quasi rational 

economics 1, 127–136. 
Train, K., 1985. Discount rates in consumers’ energy-related decisions: a review of the 

literature. Energy 10, 1243–1253. 
Train, K.E., 2009. Discrete Choice Methods with Simulation. Cambridge university press. 
Trotta, G., 2018. The determinants of energy efficient retrofit investments in the English 

residential sector. Energy Pol. 120, 175–182. 

M. Carrasco-Garcés et al.                                                                                                                                                                                                                     

http://refhub.elsevier.com/S0301-4215(21)00277-9/sref41
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref41
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref41
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref42
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref42
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref43
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref43
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref44
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref44
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref44
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref45
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref45
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref45
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref46
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref46
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref47
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref47
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref47
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref48
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref48
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref48
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref49
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref49
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref50
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref50
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref51
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref51
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref51
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref52
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref52
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref53
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref53
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref53
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref54
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref55
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref55
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref56
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref56
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref56
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref57
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref57
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref58
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref58
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref59
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref60
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref60
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref61
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref61
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref62
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref62
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref63
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref63
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref64
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref64
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref64
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref65
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref65
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref66
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref66
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref67
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref67
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref68
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref68
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref68
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref68
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref68
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref69
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref69
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref69
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref70
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref70
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref70
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref71
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref71
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref71
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref72
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref72
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref72
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref73
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref73
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref74
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref74
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref74
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref75
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref75
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref75
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref76
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref76
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref76
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref77
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref77
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref77
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref78
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref78
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref78
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref78
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref79
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref79
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref79
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref80
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref80
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref81
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref81
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref81
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref81
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref82
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref82
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref83
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref83
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref84
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref84
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref85
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref85
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref86
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref86
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref87
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref87
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref87
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref88
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref88
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref89
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref89
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref89
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref90
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref90
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref90
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref91
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref91
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref91
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref92
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref92
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref93
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref93
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref94
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref94
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref94
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref95
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref95
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref95
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref95
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref96
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref96
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref96
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref97
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref97
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref98
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref98
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref98
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref99
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref99
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref100
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref100
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref100
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref101
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref101
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref102
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref102
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref103
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref103
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref103
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref104
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref104
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref105
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref106
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref106
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref107
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref107
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref108
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref109
http://refhub.elsevier.com/S0301-4215(21)00277-9/sref109


Energy Policy 156 (2021) 112407

11

Twine, W., Moshe, D., Netshiluvhi, T., Siphugu, V., 2003. Consumption and direct-use 
values of savanna bio-resources used by rural households in Mametja, a semi-arid 
area of Limpopo province, South Africa. South Afr. J. Sci. 99, 467–473. 

Vásquez-Lavin, F., Barrientos, M., Castillo, Á., Herrera, I., Oliva, R.D.P., 2020. Firewood 
certification programs: Key attributes and policy implications. Energy Pol. 137, 
111160. 

Vásquez-Lavín, F., Carrasco, M., Barrientos, M., Gelcich, S., Oliva, R.D.P., 2021. 
Estimating discount rates for environmental goods: are People’s responses 
inadequate to frequency of payments? J. Environ. Econ. Manag. 107, 102446. 

Vasquez-Lavín, F., Oliva, R.D.P., Hernández, J.I., Gelcich, S., Carrasco, M., Quiroga, M., 
2019a. Exploring dual discount rates for ecosystem services: evidence from a marine 
protected area network. Resour. Energy Econ. 55, 63–80. 

Vasquez-Lavín, F., Ponce, R., Hernández, J., Gelcich, S., Carrasco, M., Quiroga, M., 
2019b. Exploring dual discount rates for ecosystem services: evidence from a marine 
protected area network. Resour. Energy Econ. 55, 63–80. 

Vásquez Lavin, F., Barrientos, M., Castillo, Á., Herrera, I., Ponce Oliva, R.D., 2020. 
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