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Introduction: Air pollution is present in most cities in Chile due to smoke produced from firewood, as happened in many developing countries, generating various health problems among the population. This situation is especially prevalent in all cities in central and southern Chile. To mitigate it, the government implemented several measures, among which are the promotion of the use of certified dry firewood and hourly restrictions on the use of wood-burning stoves for heating according to the peak emissions of particulate matter.
Objective: The objective of this study was to determine the willingness to pay for certified dry firewood as a means of reducing environmental restrictions on the use of wood-burning stoves to heat households.
Materials and methods: The study used a non-market valuation, specifically contingent valuation, method using a double-bounded dichotomous choice format with the estimation of biprobit econometric models.
Results: The results showed that the average individual was willing to pay 12 USD, and extrapolating that to the local population’s willingness to pay yielded an economic value of 3,415,140 USD, which to a certain extent represents the valuation of air pollution damage.
Conclusion: Our results showed that people positively valued the use of dry firewood as a payment vehicle to improve air quality and thereby reduce restrictions on the use of certified dry firewood for heating. Therefore, complementary environmental policy measures should be continued to address the problem of air pollution in both the short and long term.
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INTRODUCTION
Air pollution is present in most cities, causing various health problems among the population, especially in developing countries (Johnson and Takama, 2012; Amegah et al., 2014; Carvalho et al., 2018; Bjørner et al., 2019; Quinteros et al., 2019; Sinha and Kumar, 2019; Fleisch et al., 2020; Nduka, 2021). Evidence indicates that atmospheric pollutants are responsible for contributing to the increase in overall mortality (Ostro et al., 1996; Romieu et al., 2012). This makes air pollution significant in determining the quality of life of small children, the elderly, and patients with cardiovascular/respiratory diseases (Arnetz et al., 2020). Although there are different sources of air pollution (Hime et al., 2018; Shi et al., 2019; Bangar et al., 2021), this study will focus on pollution from the use of caloric energy (firewood) for heating. Residential wood-burning is estimated to cause 29,000 premature deaths in Europe and North America annually (Amegah et al., 2014; Carvalho et al., 2018; Bjørner et al., 2019; Quinteros et al., 2019; Fleisch et al., 2020). Chile is no exception, as air pollution is one of its main problems (Mardones and Cornejo, 2020; Mardones, 2021). According to the Chilean Ministry of the Environment (2017), air pollution is the main environmental problem in the country, and 38.4% of Chileans declare this as a main problem. Of this percentage, 32.7% claim it is due to pollution from chimneys and wood-burning stoves, like in many cities around the world, while the remaining 8% attribute it to other factors.
According to the IQAir World Air Quality Report 2020, Chile has 12 cities among the 15 most polluted cities in South America (IQAir, 2020). In Chile, the period with the most pollution is between June and September due to the low temperatures, which increases the use of fuels. The city of Talca, with a population of more than 250,000, is a very representative city. It was declared an area saturated by particulate matter due to the high pollution level, like several other cities (Cerda et al., 2010; Quinteros et al., 2019). This problem has grown in recent years, causing increased levels of breathable particulate matter, PM10 and PM2.5, which is the most harmful to people’s health (García and Álvarez, 2013; Ministerio de Medio Ambiente, 2017).
A direct way to contribute to the reduction of particulate matter is to prohibit the use of firewood as the main source of heat; because if nothing is burned, there are no particles in the air. However, this solution is difficult to implement. Its use is associated with energy poverty in Chile, about which there is a complex reality (Villalobos et al., 2021), because firewood is one of the fuels to which the largest proportion of the population has access and it is highly polluting when wet (Reyes et al., 2019). For this reason, the Ministry of the Environment of Chile and Ministry of Housing have adopted various policies to reduce pollution from the use of firewood (Jorquera, 2021). The first is a strategy to replace old stoves, which are more polluting, with new ones with lower emissions and better energy efficiency (Boso et al., 2019; Mardones, 2021). The second policy consists of subsidies to improve the thermal insulation of houses (Schueftan et al., 2016; Martinez-Soto et al., 2020). And the third is the prohibition of the use of wood stoves in periods with high levels of pollution. For example, for the Management of Critical Episodes, the environmental authority monitors particulate matter measurement stations (Mardones and Cornejo, 2020; Jorquera, 2021; Mardones, 2021). And based on these, it can give three types of notice: 1. Warning, the restriction of use is from 6:00 to 11:59 pm; 2. Pre-emergency, restriction is from 6 pm to 6 am; and 3. Emergency restriction, which is all day. For this, there is a remote inspection system for the measurement stations plus inspectors that monitor and fine houses for not complying with the regulations (Jorquera, 2021).
It should be noted that of the policy measures indicated above, there is evidence in the scientific literature related to the impact of the replacement of heaters and housing insulation subsidies (Schueftan et al., 2016; Martinez-Soto et al., 2020; Mardones, 2021). However, there is scarce recent evidence on the effectiveness of the prohibition of wet firewood, and more relevant still, on consumers’ assessment of certified dry firewood, which affects the effectiveness of the measure. Furthermore, there is little scientific evidence on firewood certification programs, both in the national and international literature (Cai and Aguilar, 2013; Vásquez et al., 2020).
Specifically, for efforts to reduce air pollution by using dry firewood to be effective, it is necessary that not only are there clear and adequate standards in a certification program for dry firewood (production), but that consumers value their consumption and potential benefits. As indicated by Vasquez (2020), it is necessary to study consumer preferences regarding certified dry firewood, which are manifested in their willingness to pay for this type of energy, a subject on which literature is scarce (Vásquez et al., 2020). Palmieri et al. (2020) mentioned that more research is required on consumers’ willingness to pay a higher price for certified firewood.
This is worrisome from environmental and health perspectives, because despite the regulations and information provided by the authority, people continue to use damp firewood to heat their homes due to its lower price compared to alternative heating sources, and this generates more air pollution (Jaime et al., 2020). Therefore, it is important to study people’s willingness to pay for dry firewood to improve air quality. This will provide relevant information for the formulation of public policies on the use of clean energies, which will help us care for the environment and reduce pollution’s impact on health. Determining the willingness to pay requires assessing the perceived individual and social benefits (Freeman et al., 2014a) of the use of dry firewood. Hence, the following questions arise: How much would people be willing to pay for certified dry firewood to reduce pollution? And how much would they be willing to pay for similar but much less polluting heating while avoiding further restrictions?
The primary objective of this study was to determine the willingness to pay to avoid further time restrictions on using wood-burning stoves in Chile. The payment vehicle used was the additional price that individuals would pay to buy dry wood. To do this, we used the contingent valuation method, which makes it possible to construct a hypothetical market using a double-bounded dichotomous choice format (Vásquez et al., 2007).
METHODS
Both descriptive statistics and quantitative methods were used. The quantitative methods consisted of a double-bounded contingent valuation model, which allowed us to estimate the willingness to pay (WTP) to avoid additional restrictions on using wood-burning stoves for heating.
Conceptual Framework
Economic theory values natural resources and environmental services; this is based on the subjective preferences of the individuals that comprise a society, i.e., the idea is to reach maximum social well-being at the lowest possible cost, which involves assigning a price or monetary value to natural resources and environmental services, since environmental services have value for society. According to different authors, the methods of economic valuation have been classified into three categories: direct valuation, indirect valuation, and contingent valuation. The third is what is addressed here (Dixon and Hufschmidt, 1986; James, 1994; Haab and McConnell, 2002; Segerson, 2017; Streimikiene et al., 2019; Cuccia, 2020).
The contingent valuation method is one of the standard approaches for valuing non-traded resources in the market, such as the quality of the environment, with high utilization in analyses of public policies (Lee and Heo, 2016; Cuccia, 2020). It seeks to measure in monetary units changes in the level of people’s well-being due to an increase or decrease in the quality or amount of a good or service. This measurement is expressed as the WTP, which consists of the monetary value of the difference in consumer surplus before and after a specific product attribute is incorporated or modified. In the contingent valuation method, the question format used is fundamental to obtaining the WTP, since it plays an important role in the hypothetical market where the supply is represented by the interviewer and the demand by the respondent (García and Álvarez, 2013).
According to experts, the suitable model to use is the dichotomous model (Arrow et al., 1993; Fattahi Ardakani et al., 2017), where the respondent is asked if they would pay a certain amount of money for a good or service, chosen at random from a range of values. According to Hanemann (1984), this model has an important assumption that the individual knows their utility function with certainty. Another benefit of this model is that the respondent is faced with a known situation, buying a good subject to an income restriction where the price of the good is fixed, which makes it possible to obtain lower rejection and prediction rates (Freeman et al., 2014b).
Two forms of the dichotomous model can be distinguished. The single-bounded dichotomous model consists of asking the respondent if they are willing or not to pay a fixed amount for a good or for a change in the characteristics of the good. The double-bounded dichotomous model consists of adding a second question, also dichotomous, with a higher value if the response is “yes” to the first question, or a lower value if the response is “no” to the first question. The double-bounded dichotomous model is the most suitable, allowing for better accuracy of the variance-covariance matrix of the coefficients included, which makes it possible to obtain smaller confidence intervals in comparison with the single-bounded dichotomous model (Hanemann et al., 1991; Oerlemans et al., 2016).
Econometric Framework
Hanemann’s model (Hanemann, 1984; Xie et al., 2019) is defined as the difference in the indirect utility function and is of the type [image: image] with [image: image] = 0 for the starting point, [image: image] = 1 for the end point (after the air quality has improved), [image: image] = Income, [image: image] = Price of the goods, [image: image] = Environmental quality and/or socioeconomic characteristics of the individuals, and [image: image] = Random mean error 0. The compensating variation method assumes that utility functions have components that the investigator does not know, generating a stochastic structure of the utility function. This random component can incorporate characteristics of the individual and the alternatives being assessed. For this, the indirect utility function is a random variable with a probability distribution for the parameters and with means that depend on the observable characteristics of the individual (Vásquez et al., 2007).
Individuals have a maximum WTP to reduce air pollution, and the restrictions on using wood-burning stoves as a source of heat, through the purchase of certified dry firewood, is represented by [image: image], the value of which is not observable; therefore, a payment vector [image: image] is used with the respondents being presented with different payment options. The values of [image: image] and [image: image] do not agree, so with the payment vector we can get the probability of reaching a positive response, which is expressed as [image: image] therefore, [image: image]. Finally, we have the expression [image: image], where [image: image] is the distribution function of [image: image].
In this case, we used the double-bounded dichotomous choice model. To obtain the payment vectors to be used in the model, we surveyed 100 people, who were asked openly about their willingness to pay to reduce the restrictions on the use of heating stoves via the purchase of dry wood. With these data, the payment vector was constructed, consisting of 10 values, which were obtained by minimizing the mean square error of the additional WTP for certified dry firewood of 100 individuals (Cerda et al., 2014). The method used to estimate the model was a bivariate probit method (Loomis and Ekstrand, 1997; Obeng and Aguilar, 2021). This method estimates the model parameters by maximizing the likelihood function with respect to the model parameters, finding the parameter values that maximize the probability of finding the answers obtained in the applied survey (Cooper, 1993; Cooper and Hellerstein, 1994; Bateman and Willis, 2002).
The Monetary Measurement and Payment Vehicle
In terms of the economic measurement of well-being, there are several ways to find a monetary value for the changes in well-being generated in individuals due to transformations; in this case, due to the use or non-use of certified dry firewood. We used the compensating variation method, which consists of the maximum amount of money that an individual is willing to pay to be able to choose a favorable change in their well-being; it is also considered the minimum amount of money that an individual is willing to accept to choose an unfavorable end point. On the other hand, the equivalent variation is the maximum amount of money that an individual is willing to pay for the possibility of not choosing a change that is unfavorable for their well-being, or it can also be considered as the minimum amount of money a person is willing to accept for the possibility of forgoing a change that is favorable to their well-being. C+ is considered the average of the maximum willing to pay C, and C* is the median of the maximum willingness to pay C, i.e., the amount of money that causes people to be indifferent to a choice between two alternatives.
Studies show that it is important to define the payment vehicles, understanding this as the price associated with an environmental improvement (Ivehammar, 2009; Oerlemans et al., 2016). The payment vehicle must be credible to the person; in other words, they must believe that if they want access to an improvement, they must pay for it. In our case, given that people tend to burn moist wood for heat, we used the higher price of buying dry wood, recognized as the best way to reduce air pollution for low-income people or when there are no other close substitutes available, technically and economically.
The Questionnaire
The questionnaire consisted of 11 sections with a total of 90 questions, including the informed consent question. We can group these into five parts: 1) questions associated with general and normal social knowledge about the environment (18); 2) questions associated with people's perception of the environmental responsibility of the public, private, and community sectors (21); 3) questions about attitude, behavior, and environmental satisfaction (25); 4) questions about their willingness to pay and reasons for refusal (17); and 5) questions about the socio-economic characteristics of the sample (8). For this study, we used mainly questions from parts 4 and 5.
Sampling Procedure and bid Vector Estimation
The data were obtained in the city of Talca via a face-to-face survey. The sample required for this type of study considering the study population (227,674 individuals), maximum variance, a 95% confidence level, and a standard error of 5% was 383 individuals. To reduce the sampling error term to 4.3%, 503 individuals 18 years old or older, distributed proportionally by socioeconomic level, were surveyed, as presented in Table 1.
TABLE 1 | Size and range of payment vector according to subsamples.
[image: Table 1]Table 1 also presents the subsample per bid value and the initial, lower, and upper bid values per socioeconomic level. The percentage values under the column “socioeconomic level” show the representativeness of each socioeconomic level in the city. The first two columns were obtained by minimizing the mean square error of the willingness to pay for certified dry firewood of 100 individuals, limiting the bid to 10 values. The values required to construct the bid vector were obtained from an open-ended question, which means that the mentioned individuals stated an additional monetary value they were willing to pay for a given situation or environmental change. In our study, the contingent or hypothetical situation was presented to each person as follows:
“By using certified dry firewood, you will have direct benefits, such as higher combustion efficiency and double heat generation, and indirect benefits, since air pollution decreases by approximately 70%. Consequently, this will reduce respiratory illnesses significantly.
People, even knowing how harmful the use of wet wood is, do not stop using it, which causes the city of Talca to have high levels of air pollution. Given this scenario, the authorities implemented hourly restrictions depending on the level of contamination, which are a) Environmental Warning (6:00–11:59 pm), b) Environmental Pre-emergency (6:00 pm–6:00 am), and c) Environmental Emergency (24 h). For example, between January and July of this year there have been 45 episodes of time restriction and 69 days exceeded the norm established by the Ministry of the Environment.
Due to the seriousness of the matter, it is being considered to extend the time restrictions; that is, in case of Environmental Warning, extend the restriction by six additional hours per day, as well as in the Environmental Pre-emergency condition. In the case of Environmental Emergency, it will be maintained at 24 h as is already established. All of this is to combat the emissions of particulate matter in the air, and in this way reduce respiratory illnesses.
Given this situation, we want to know how much you are willing to pay for the use of certified dry firewood to reduce air pollution by avoiding the extension of six (6) additional hours and the number of days with time restrictions in the city of Talca.”
Additionally, before introducing the hypothetical market to the respondents, they were advised that they should consider their preferences, income levels, and substitutes before indicating their willingness to pay. The same hypothetical situation was presented to those individuals who were willing to pay for certified dry firewood in the final sample. However, they did not respond to an open-ended question in this case. As for prices, we used the bid vector randomly and in proportion to assure representativeness for each socioeconomic level.
Therefore, the question was as follows: “Given this situation, we want to know if you are willing to pay ‘Initial bid value,’ for the use of certified dry firewood, to reduce air pollution by avoiding the extension of six (6) additional hours and the number of days with time restriction in the city of Talca.” If an individual said Yes, an upper bid (bidu) value was offered, and if they said no, a lower bid (bidl) value or bid was offered, as showed in Table 1. The use of this kind of elicitation procedure (single or double-bounded dichotomic format), instead of an open-ended question format, was because the latter has several short-comings. For example, people lack an initial reference price. Moreover, generally, in actual markets, people face prices but do not provide them. Additionally, in statistical terms, the double-bound estimator is more efficient than the single-bound one (Hanemann et al., 1991; Kanninen, 1993).
RESULTS
Sample Description
Of the total sample, 101 individuals did not use wood for heating and cooking (20%). The remaining 402 individuals (80%) used firewood, with only 1% using certified dry firewood. Of the individuals who used firewood, 22.3% were not willing to pay for certified dry firewood. The most common reasons for this were “I do not have enough money to pay for certified dry firewood,” “Those who pollute must pay,” “I do not think the rest are willing to pay for certified dry firewood,” “Using certified dry wood is not enough to decontaminate the air,” and “The municipality should take care of decontaminating the air” (Figure 1). In selecting the reasons, individuals had the opportunity to select more than one reason from a total of 10 possibilities. All the items mentioned above were chosen by 60% or more of the total individuals who were not willing to pay for certified firewood, i.e., they were not willing to pay to avoid environmental restrictions.
[image: Figure 1]FIGURE 1 | Sample distribution of willingness to pay and refusal reason frequencies. Note: bidi = initial payment vector, bidl = lowest bid with respect to initial payment vector, and bidu = highest bid with respect to initial bidi, for i = 1 to 10 (quantity of offers). See the values of the bids and sampling distribution in Table 1. Additional, respondents (101) could choose more than one option when rejecting willingness to pay (WTP).
A total of 503 surveys were conducted in the city of Talca. Of the total sample, 50.5% were female, which is equivalent to 254 people, and 49.5% were male, equivalent to 249 people. It was observed that more than 62% of the individuals surveyed were between 25 and 54 years old. In total, 59% had an income level between 225 and 1,248 United States dollars (Table 2).
TABLE 2 | Demographic characteristics.
[image: Table 2]Of the people who did have a stove/wood stove and were willing to pay an additional amount for the use of certified dry firewood, 45.5% paid 45–52 United States dollars per cubic meter of firewood, followed by 35.6% paid 38–44 United States dollars in the last winter season. On average, the price paid by respondents in the city of Talca per cubic meter of firewood was 46.4 United States dollars. Most people in Talca used five cubic meters of firewood annually (25% of the total sample), the second most consumed quantity was four cubic meters (18.3%), and in third place was three cubic meters (17.6%). Of the different heating sources, after firewood, the most common source used by those surveyed who used firewood was gas with 25.4%, then electricity with 22.1%, and finally paraffin with 15.7%. On the other hand, among the group of 101 respondents who did not use firewood, the most used energy sources to heat their homes were electricity (33.7%) and paraffin and gas (29.7%).
Models’ Estimations
Four models were estimated by way of comparison. These were a) Model 1, consisting of the linear estimation without including covariables; b) Model 2, consisting of the exponential estimation without including covariables; c) Model 3, consisting of the linear estimation including the amount of firewood used by people, people’s income level, gender, and the maximum level of education completed as covariables; and d) Model 4, which was the exponential estimation of the WTP considering the previously mentioned covariables.
In Models 1 and 3, it was expected that the Mean C+ and the Median C* would be the same within each model, whereas in Models 2 and 4 it was expected that the Mean C+ and the Median C* would be different. To determine the significance of the estimators and to make comparisons among them, confidence intervals were created for the measures of well-being. The procedure consisted of estimating the probability distribution of the measures of change in well-being. Krinsky and Robb (1986) proposed a simulation-based method, which was used by Park et al. (1991) to estimate the confidence limits of well-being measures based on contingent valuation models.
In Table 3, the results of the estimation of Models 1 and 2 are presented. Note that in both estimations the payment vector significantly estimates the WTP, being inversely related due to the negative sign of the estimation.
TABLE 3 | Estimations of models 1 and 2
[image: Table 3]To make a comparison, Models 3 and 4 were estimated, including covariables that could significantly influence people’s WTP (Table 4). In both models, covariables were added to the estimation to analyze their behavior, and as can be seen, the payment vector continued to be significant, inversely influencing the WTP, like in Models 1 and 2. Of the covariables included, income was the only one that was significant in the estimation, revealing that the higher the income level, the greater the WTP. The amount of firewood used, the respondents’ gender, and the maximum level of education completed were not significant; therefore, it cannot be said that they are related to people’s WTP. The non-significance of the covariables explained that the respective coefficients were not the same in Models 3 or 4.
TABLE 4 | Estimations of models 3 and 4
[image: Table 4]Table 5 presents the well-being measures considered for each model, as the additional amount of money that they were WTP for a cubic meter of certified dry firewood, i.e., the mean (C+) or median (C*). For Models 1 and 3, being linear, the C+ was the same as the C*. When covariables were not included, the additional WTP for certified dry firewood was 5,564 Chilean pesos (CLP) (8.36 USD), whereas when covariables were included, the WTP increased to 6,098 CLP (9.17 USD). This is because of income in the estimation, where high income levels were represented as a greater WTP. With respect to Models 2 and 4, the WTP is shown, where the C+ is different from the C*; in this case, considering an exponential estimation, the individuals were WTP 7,842 CLP (11.80 USD) on average. When no covariables were included, whereas with the inclusion of covariables the additional individuals’ WTP for the use of certified dry firewood was on average 7,983 CLP (12 USD), there was an increase of 141 CLP (0.21 USD) compared to Model 2, with an exchange rate of 665 pesos to 1 United States dollar.
TABLE 5 | WTP for cubic meters of dry wood.
[image: Table 5]Note that the difference of the C+ was greater between Models 1 and 3, the estimation of which was linear, than between Models 2 and 4, the estimation of which was exponential. In order to compare the models, we used the Akaike information criterion (AIC) (Cavanaugh and Neath, 2019), comparing Model 1 with Model 2 and Model 3 with Model 4. Table 6 presents the results of the criterion when the models were compared. The comparison of Model 1 with Model 2 revealed that the AIC of Model 2 was smaller than the AIC of Model 1, which is why Model 2 was preferable, i.e., the one used to estimate the WTP with an exponential criterion. When Model 3 was compared with Model 4, it was Model 4 that was preferable because the value of the corresponding AIC was smaller.
TABLE 6 | Akaike information criterion.
[image: Table 6]According to the National Statistics Institute, the population of Talca in 2016 was 227,674 people, and 62% of the population can be expected to declare a WTP for the use of certified dry firewood. We extrapolated the result to the entire population’s WTP, and the average individual’s WTP was 12 USD (obtained using Model 4; this value was used as it includes the effect produced by income, unlike Model 2). On average, individuals were willing to pay an additional 26% per cubic meter over what they currently pay for non-certified firewood.
With a population of 227,674 individuals, assuming families of four individuals, there are 56,919 family groups. Given our sample, only 80% of these families would be willing to pay a higher value for certified dry firewood, leaving 45,535 families willing to pay a higher price. As the average annual consumption is five cubic meters of wood, and the additional willingness to pay value was 12 USD, we obtained an additional annual payment of 60 USD per family, which when multiplied by the number of relevant families (45,535). This gave us an added value to the society equal to 3,415,140 USD. However, this is just a lower limit society value. If we extrapolate these results to the entire central north and south area of Chile affected by air pollution due to firewood burning, with a total population of over six million, the mentioned value is quite higher.
DISCUSSION
Our results indicated that individuals are willing to pay an additional 12 USD per cubic meter of certified dry firewood on average, as a means of reducing pollutant emissions and thus avoiding greater environmental restrictions on the use of firewood in home heating stoves. When extrapolating this result, we found that the social valuation reached the amount of 3,415,140 USD. It is important to mention that this value is almost 5 times higher than that found in a study carried out in the same region approximately 10 years ago (Cerda et al., 2010). At that time, the region did not have environmental restrictions or pollution charges. Therefore, this may be a consequence of the greater pollution in the region and, at the same time, a greater preference or concern for clean air and an increase in the per capita income (Cerda et al., 2010). The positive WTP for clear air matches the situation in the capital Santiago (Cerda et al., 2007) and other cities in the country like Rancagua (García and Álvarez, 2013), where most of the Chilean population is impacted by wood-burning pollution during the winter time in the country.
Although there are studies that indicated that the possibility of charging a higher price for certified forest products is low (Vásquez et al., 2020), our study showed that it is possible when forest products are considered as a source of energy for heating. This could be because people internalize the cost of environmental restrictions on the use of wood stoves and the consequent impact on environmental pollution. In other words, the joint policy measure of certifying firewood, together with restrictions on the use of wet firewood and fines, could help improve air quality. This is even more relevant in the context of a country with energy poverty (Villalobos et al., 2021).
As indicated by Palmieri et al. (2020), literature that evaluates the willingness to pay for firewood is scarce, making it difficult to evaluate the results. In the Italian case, WTP values for eucalyptus firewood have been found to range between 6 EUR (7.3 USD) and 11 EUR (13.8 USD) per quintal, equivalent to 33.1 USD per cubic meter of firewood (Palmieri et al., 2020). While in our case, the average price that Chilean consumers paid 46.4 USD on average for firewood. The lowest price of certified dry firewood is around 57 USD. If we add the estimated additional WTP (12 USD) to the price paid for non-certified firewood, it gives a total value of 58.4 USD, which is slightly higher than the existing minimum price for certified dry firewood. This value corresponds to what individuals would ultimately pay per cubic meter of certified firewood to avoid additional environmental restrictions on the use of the kitchen or wood-burning stoves.
Regarding the determining variables of the WTP for certified dry firewood, it was found that income is a relevant variable, which is consistent with the literature on the valuation of other sources of alternative energy for households (Johnson and Takama, 2012; Kooser, 2014; Streimikiene et al., 2019; Nduka, 2021). However, we did not find statistically significant evidence that education has an influence, contrary to what was found by authors such as Nduka (2021). This could be explained by the fact that in Chile, the choice of fuels to heat homes depends mainly on the income or budget restrictions of families (Jaime et al., 2020).
From an environmental perspective, it is expected that the use of dry firewood will reduce emissions (Dzurenda and Banski, 2019). With such a reduction, the restrictions on the use of stoves for heating could also be reduced, according to the Chilean environmental policy (Jorquera, 2021). Therefore, the fact that people are willing to pay more for certified dry firewood indirectly shows their appreciation for reducing restrictions and improving air quality. This not only occurs with WTP studies based on the attributes of heating stoves (Johnson and Takama, 2012; Maré and Annegarn, 2017) and cooking stoves (Kooser, 2014; Jeuland et al., 2015), but also with different energy sources (Lang et al., 2021), as we have shown in our study with certified dry firewood.
From a public policy point of view, it is important to consider substitutes for firewood as an energy resource for home heating. In this regard, some studies showed that the performance of pellet stoves has the highest achievable goal for solid-fuel stoves (Carvalho et al., 2018). In addition, other more efficient or less polluting alternative sources are being developed (Chung, 2014; Li et al., 2021). However, they are still unaffordable or have higher prices than certified dry firewood for heating. Therefore, considering energy poverty, Chilean household budget restrictions, and the time it takes to adopt new technologies (Martinez-Soto and Jentsch, 2020), the use of certified dry firewood should continue to be promoted as a measure to reduce environmental pollution.
Another alternative measure, which is currently complementary to the promotion of the use of dry firewood, hourly restrictions on wood-burning stoves, and the conversion of heaters, is the improvement of energy efficiency in the construction of houses. This is seen as a good long-term solution because it would reduce the energy demand of homes (Schueftan and González, 2015; Reyes et al., 2019) and thus reduce dependence on firewood for heating. Although it is currently being implemented, its coverage by area is uneven and limited (Jorquera, 2021). Therefore, a comparative cost-benefit analysis between the different measures is required to better target the public budget, which could be the subject of future research studies.
An alternative environmental policy would be a geographically differentiated tax on stove use, which would generate the largest net gain, creating substantial welfare gains (Bjørner et al., 2019). But in the case of Chile, taxes cannot be limited to one sector of society, so this proposal is not feasible or easy to implement due to the type of regulation needed. Alternatively, and given the values found in this study, the application of fines or charges according to said amounts may encourage people to use less-polluting firewood. However, there is still a credibility problem about whether people will actually pay the fine, given the high transaction cost of this system.
It should be noted that the main limitations of this study are the sample selection biases, which is common in the literature on this subject. In addition, one of the main criticisms of the contingent valuation method is that individuals do not always reveal their preferences or do not understand the hypothetical market (Hausman, 2012). For these reasons, we are aware that the conclusions of this study cannot be overly generalized. However, considering the scarce literature on consumer valuation of certified dry firewood, this study will help to develop environmental policy tools to improve air quality and shows the preferences of users of wood stoves in the face of environmental restrictions on their use of firewood, according to particulate matter emissions. Undoubtedly, this creates the possibility of the application of new public policies in the future.
CONCLUSION
The authorities do not often have data that allows them to make decisions about goods that are not traded in the regular marketplace, as in the case of society’s WTP for air pollution reduction. This study posits an initial idea that can be extended to the rest of the country, mainly to the cities that rank above Talca in PM10 and PM2.5 concentrations. This permits the implementation of public policies focused on reducing these two components in the air, considering that citizens are willing to pay for the use of certified dry firewood, as a way to reduce Ministry of the Environment of Chile restrictions related to the prohibition of wood-burning stoves, the principal source of home heating in many cities.
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