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Abstract

Background: Temuco and Padre Las Casas, Chile, have severe problems of air pollution due to the extensive use of
firewood for heating. The local authorities have made various efforts to improve fuel quality and introduce greater
regulation into the market. Certified firewood guarantees low levels of humidity (< 25%) and has better combustion,
but its distribution is still limited and the variables that determine its purchase have scarcely been studied. The aim of
this study is to identify the determinants of certified firewood consumption in urban southern Chile.

Methods: This study was conducted with a cross-sectional non-experimental design. Following a non-probability

sampling by convenience, we applied 355 surveys to participants who use a firewood system. Nonparametric com-
parisons analyses were made to identify differences in the use of certified wood by socio demographic variables. In
addition, an Ordinal Logistic Regression was used to analyze the relation between the use of certified firewood and
various psycho-social variables.

Results: Half of the users of wood-burning stoves participating in the study declared that they "never” (38%) or
"almost never” (12%) used certified firewood to heat their home. Situational and product-related variables, such as
price, availability, convenience and time are fundamental to people’s purchase behavior, partially explaining the low
public interest shown in this product. On the other hand, the results indicate the influence of socio-demographic vari-
ables such as income level and the presence of older adults at home, as well as psycho-social variables which include
how much participants pay attention to air quality, the information level they have about it, the feelings of discomfort
due to air pollution and concern for its effects on health.

Conclusions: First, increasing information levels and awareness among the population through communication
campaigns is necessary to promote the sustainable urban energy transition in southern Chile. Second, information
strategies may be complemented by boosting employment, driving investment, improving income, and strengthen-
ing the mechanisms of social protection, especially for the most vulnerable groups, to be effective. Finally, protecting
and stimulating the formal trade in firewood could increase the points of sale of certified firewood, which would
facilitate user access to cleaner fuels.
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Background

Every winter, the cities in urban southern Chile record
pollution levels that exceed healthy limits established
by the World Health Organization (WHO). Temuco
and Padre Las Casas are a paradigmatic case, because in
2013, they were the first communes in the country, out-
side the Metropolitan Region of Santiago, to be declared
a “saturated zone” due to particulate matter. The pollu-
tion levels in both communes have reached such a criti-
cal point that they are commonly found in the rankings
of the most polluted cities in Latin America, surpassing
capitals traditionally known for their poor air quality,
such as Bogota, Mexico City, Lima or Santiago de Chile
[1]. The worsening air quality in southern Chile is due to
the extended use of firewood for heating and, to a lesser
extent, cooking. According to data from the National
Socioeconomic Characterization Survey (CASEN 2017),
in Temuco and Padre Las Casas, more than 90% of house-
holds use firewood for heating or cooking, whereas in
the rural areas of the region the proportion can be even
higher. The combination of low income (50% of workers
have a monthly income of 400 USD or less according to
CASEN 2017), lack of access to alternative energies at a
reasonable price (liquefied petroleum gas, kerosene and
electricity can cost more than 3 to 5 times more per unit
of energy), and a greater demand for energy due to poor
quality construction of many of the houses explains the
mass use of this fuel in the region.

To address this problem, the Ministry of Environment
has implemented Atmospheric Decontamination Plans
(ADP) in the main cities in the south of the country. ADP
consists of a package of measures designed to: (i) pro-
mote the replacement of wood-burning stoves for more
efficient devices; (ii) improve the thermal insulation of
the houses; (iii) improve fuel quality; (iv) restrict the use
of wood-burning stoves during health emergency peri-
ods; and (v) inform the population about the efficient use
of energy and the health risks that air pollution entails.

A significant proportion of the firewood consumed as
fuel in the households in southern Chile comes from the
informal market, which brings with it a series of prob-
lems. In general, informal trade is related to unsustain-
able deforestation rates and the sale of wet firewood,
which generates a worse fire and causes greater air pol-
lution [2—4]. In addition, it harms certified dry firewood
sellers and does not allow the State to collect funds to
mitigate, among other things, the health issues derived
from bad air quality.

In the developing world, several barriers limit the
adoption of certification schemes, such as high certifica-
tion costs, limited local willingness to pay for environ-
mentally friendly goods, lack of information and political
support [5]. In southern Chile, the efforts to improve the
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quality of firewood and its traceability began with the
National Firewood Certification System (SNCL in Span-
ish) in 2003. Led by small producers and representatives
from civil society in southern Chile, this system began
with the motto that firewood is not the issue with air pol-
lution, but rather its improper use. The program began as
a voluntary public—private initiative to create a differenti-
ated formal market that added value to the firewood and
better profitability to forest management through a cer-
tification process. The certification seal ensures that the
product sold is dry (and thus much less polluting when
burned) and comes from sustainable forests. In addition,
during the certification process the working conditions,
where the firewood is produced are assessed to protect
the rights of a traditionally precarious workforce, which
is typical in upper-middle income countries [6]. At pre-
sent, the SNCL has been re-founded as the new Seal of
Firewood Quality, being taken on by the Energy Sustaina-
bility Agency of the Chilean Ministry of Energy. Thus, the
certification process has been institutionalized and incor-
porated into public policy, fulfilling one of the historical
aspirations of the firewood companies and local councils.

Despite the importance of solid biomass on a global
scale, where almost 2.7 billion people use it for cooking
and heating, there are relatively few studies on the func-
tioning of firewood certification systems. In addition to
the strategic relevance as a mitigation tool for air pollu-
tion in southern Chile, the certification programs are a
key piece of environmental governance, whereby the pro-
duction conditions of forest commodities can be deter-
mined by consumers’ decisions [6]. With high levels of
endemism, Chilean native forests receive heavy anthro-
pogenic pressure, which places them among the 25 high-
priority conservation eco-regions in the world [7].

Certified timber meets several sustainability criteria. In
the first place, it guarantees the reduction of greenhouse
gases, since it considers the emissions produced in trans-
port and those generated in the preparation and packag-
ing process. Second, they comply with the requirement
of sustainable origin of the wood and that its extraction
does not cause the impoverishment of the quality of
the soil. Best practices are applied for the maintenance
or improvement of the soil and its quality in relation to
the production or management objectives, as these have
been included in a management plan. In addition, forest
management practices safeguard the quantity and qual-
ity of forest resources in the medium and long term by
balancing harvesting and growth rates, and by preferring
techniques that minimize direct or indirect damage to
forest, soil or water resources. In firewood certification
systems, appropriate silvicultural measures are taken to
maintain or achieve a level of growing stock that is eco-
nomically, ecologically and socially desirable.
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Indeed, timber certification is often mentioned as an
interesting alternative to overcome unsustainable har-
vesting of forest resources [4]. Firewood certification
schemes frequently consider environmental, social and
economic impacts of timber harvesting. First, the certi-
fication seal imposes some codes of good practice that
can directly impact on forest management sustainability.
Second, certification may counterweight the pressures of
agricultural expansion and indirectly reduce deforesta-
tion due to the higher prices of certified timber, which
increases the marginal value given to forests.

Moreover, studies suggest that firewood certification
systems increase wood combustion efficiency and ulti-
mately air quality through establishing and enforcing
wood quality standards (such as the humidity level) [2, 6,
8]. The certification process gives consumers a signal of
product quality and also helps protect the labor rights of
workers. Overall, the potential boost in the consumption
of certified firewood may be accompanied by an improve-
ment in local air pollution and sustainable forest manage-
ment, among other ecological and social benefits.

Although several studies have been conducted about
how consumers tend towards environmentally friendly
products [9-13], we know very little about the determi-
nants of the purchase of certified firewood in markets in
upper-middle income countries. We found studies about
consumer’s willingness to pay in Guatemala [14], Malay-
sia [15] and Chile [6, 16—19]. These studies focus primar-
ily on the assessment of air quality that the population
makes and how much they are willing to pay to improve
it, accompanied by the analysis of political measures to
promote this change. However, little study has been
done on the influence of the combination of socio-demo-
graphic and psychosocial variables on the use of certi-
fied firewood. In the developing world, and specifically
in Chile, barriers related to household income or product
attributes have been identified, but not as many aspects
related to risk perception and awareness. Thus, this study
attempts to fill this research gap.

A small but growing body of literature points, in gen-
eral terms, to three important driving factors: first, sev-
eral studies show that potential consumers often do not
invest in more environmentally sustainable products,
because they either do not know or do not value the ben-
efits of clean fuels or emerging energy technologies [20];
second, users may have difficulties dealing with the prices
of improved fuels or, simply, cannot finance them with-
out harming other basic needs in their home [21-24];
and third, there may be difficulties in the clean fuel distri-
bution channels that discourage their adoption [25].

So, what factors influence the adoption of certified
firewood in upper-middle income countries? Is it just a
matter of product-related factors or are awareness and
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risk perception also important factors? The aim of this
article is to characterize the determinants of the adop-
tion of certified firewood in cities in southern Chile and
identify variables associated with its use. With this, we
seek to contribute to the understanding of the problem
on the policy measures aimed at improving fuel qual-
ity in the search for solutions to control air pollution in
upper-middle income countries.

Method
Design and participants
This study was conducted with a cross-sectional non-
experimental design, applying a survey in the com-
munes of Temuco and Padre Las Casas. The survey
was applied in person and individually in households
in various sectors of this conurbation. Non-probability
sampling by convenience was used, obtaining a total
sample of 489 participants. For the purposes of this
study, a sub-sample was used, considering participants
who fulfilled the following inclusion criteria: (a) uses a
wood-burning stove and (b) handles the heating system
at home. Thus, the sample contained 355 participants
aged between 18 and 89 years (M =44.5, SD=18.5).
Other socio-demographic characteristics of the sam-
ple can be seen in Table 1. A comparison between our
sample distribution and the National Socioeconomic
Characterization Survey’s (CASEN) can be found in
Additional file 1: Table S1.

All the respondents signed an informed consent, par-
ticipating voluntarily, anonymously, and confidentially.

Table 1 Socio-demographic characteristics of the sample

Variables n (%)
Sex

Male 144 (41)

Female 211 (59)
Education level

Primary or lower 49 (14)

High school 106 (30)

University 200 (56)
Do people over 60 years old live with you?

Yes 134 (38)

No 221(62)
Indigenous

Yes 65 (18)

No 290 (82)
Family income (USD)

<640 196 (57)

640-1300 95 (28)

> 1300 52(15)
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Instrument

A survey was applied regarding public perception and
involvement in the control of air pollution using a
Likert-type response from 1 to 5, and multiple choice.
This included various psycho-social questions, such
as if they pay attention to air quality or look for infor-
mation on the issue; if air pollution bothers them or
if they are worried about its adverse effects on health;
what their assessment is regarding air quality in their
city or neighborhood.

A section for socio-demographic questions was also
incorporated, including age, sex, household income,
educational level, belonging to an indigenous peo-
ple and the presence of chronic diseases in any mem-
bers of the home. Answering the survey took around
20 min.

Data analysis

The analyses in this study were performed with the sta-
tistical software SPSS v. 25. Initially, the database was
debugged, where 12 cases with incomplete or inconsist-
ent data were eliminated. Later, descriptive statistics
were used for the description of the sample and charac-
terization of the variables of interest to the study.

To analyze the use of certified firewood, compari-
sons were made according to socio-demographic vari-
ables by means of the Chi-square nonparametric test,
reviewing the corrected standardized residues to reveal
where the differences were (>1.96). Then, to iden-
tify the relation between the use of certified firewood
and various psycho-social variables, an Ordinal Logis-
tic Regression was used, with logit link, which is used
when the dependent variable values are fairly evenly
distributed. For this analysis, we reviewed the assump-
tion of multicollinearity to see if our independent vari-
ables were highly correlated, as well as the assumption
of parallel lines, also known as the proportional odds
assumption, which states that the slope coefficients
in the model are the same across all response catego-
ries. The ordinal dependent variable was the use of
certified firewood (0=never to 3 =always). The inde-
pendent variables included for this analysis were: (i)
household income (total family income/residents in the
home); (ii) do you live with people over 60 years old?
(0=yes, 1 =not); (iii) do you pay attention to air qual-
ity? (0=always to 4=never); (iv) do you feel bothered
by air pollution? (0=yes, 1=no); (v) do you look for
information about air quality? (0 =yes, 1 =no); (vi) do
you feel concerned about the effects of air pollution
on your health? (O=very to 4=not at all); and (vii)
when can we observe the health effects of air pollution?
(0 =long term, 1 = medium term, 2 =short term).
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Results

Descriptive analyses show that half of the participants
use certified firewood in their homes “often” or “always”
(50.4%). When asking those who “never” (37.7%) or
“almost never” (11.9%) use certified firewood for their
reasons for not using this type of firewood, most of the
participants mention that it is very expensive (66.3%),
followed by not knowing accessible suppliers (18.0%), or
because of the perception that wet firewood lasts longer
(1.1%). On the other hand, 14.6% of the participants men-
tion not using certified firewood for other reasons, high-
lighting access to firewood from personal private sources.

A comparison of certified firewood use according
to socio-demographic variables (see Table 2) showed
no significant differences according to sex (y*=0.081;
p=0.776), belonging to an indigenous people (y*>=0.829;
p=0.362) or presence of chronic respiratory diseases
(X2=2.244; p=0.134). However, there are significant dif-
ferences according to family income level, where those
with higher incomes use certified firewood more often
(x*=10.503; p =0.005).

With respect to the Ordinal Regression to predict the
use of certified firewood (see Table 3), it is observed that
the model is significant (y*> = 744.690; p <0.001), showing
an adequate goodness-of-fit according to Pearson’s indi-
cators (*=854.524; p=0.164), deviance, (y*=713.825;
p=0.995) and Nagelkerke’s pseudo-R*=0.167. In
addition, this model fulfills the assumption of paral-
lel lines (y*=32.401; p=0.180) and reports that multi-
collinearity is not a concern (Tolerance=0.641-0.930;
VIF=1.075-1.561). Regarding the association between

Table 2 Comparison of the use of certified firewood according
to socio-demographic variables

Use of certified firewood

No Yes
n (%) n (%)
Sex
Men 76 (36) 135 (64)
Women 54 (38) 90 (62)
Indigenous people
Yes 27 (42) 38 (58)
No 103 (36) 187 (64)
Respiratory diseases
Yes 12(27) 33(73)
No 118 (38) 191 (62)
Family income (USD)
<640 85 (43) 111 (57)
640-1300 24 (25) 71(75)
>1300 15(29) 37(71)
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Table 3 Ordinal regression model for the use of certified firewood
Coefficient Standard error p value 95% Cl

Threshold

Certified wood use
(x=0) Never 0.709 0.450 0.115 [—0.172; 1.590]
(x=1) Almost never 1.117 0450 0.013 [0.236; 1.999]
(x=2) Often 1676 0453 <0.001 [0.788; 2.564]

Location
Household income 0.104 0482 0.031 [0.096; 0.198]
(x=0) Yes 0429 0.152 0.005 [0.131,0.727]
(x=1)No Ref

Attention to air quality
(x=0) Always 0.729 0.284 0.010 [0.173;1.285]
(x=1) Often 0457 0.277 0.098 [— 0.085; 1.000]
(x=2) Almost ever 0382 0312 0.221 [—0.229;0.993]
(x=23) Never Ref

Look for air quality information
(x=0) Yes 0488 0.157 0.002 [0.179;0.797]
(x=1) No Ref

Bothered by air pollution

(x=0) Yes 0516 0.235 0.028 [0.055;0977]

(x=1)No Ref

Concern about the health effects
(x=0) Very 0.729 0.369 0.049 [0.005; 1.452]
(x=1)Alot 0414 0.366 0.259 [—0.304;1.132]
(x=2) Somewhat 0.575 0.364 0.114 [—0.138; 1.289]
(x=13) Almost none 0.015 0430 0.972 [—0.828;0.858]
(x=4) None Ref

Health effects are observed in
(x=0) Long term 0.461 0177 0.009 [0.115;0.807]
(x=1) Medium term 0.540 0.168 0.006 [0.158; 0.922]
(x=2) Short term Ref

the independent variables and the dependent variable,
the regression model indicates that the respondents
with a higher household income reported using certi-
fied firewood more frequently (5=0.104; p=0.031). On
the other hand, those who pay more attention (5=0.729;
p=0.010) and look for information about air quality
(5=0.488; p=0.002) use more certified firewood. Finally,
it is observed that those who are bothered by air pollu-
tion (8=0.516; p=0.028), concerned about its effects
on health (8=0.729; p=0.049), and consider that these
effects can occur in the long term (5=0.461; p=0.009)
use more frequently certified firewood.

Ordinal Logistic Regression’s thresholds show us a
division of the model line into three different segments.
Each of them is associated with a coefficient that repre-
sents the needed amount to jump from one category to
another. This is, from the category “never” to “almost
never” (6=0.709), “almost never” to “often” (0=1.117)

and “often” to “always” (6=1.676). On the other hand,
the coefficients of the independent variables at their dif-
ferent levels show us how much each of them contributes
to approach the next leap between the categories of the
dependent variable. Therefore, for instance, when par-
ticipants report living with people over 60 years old, they
add 0.429 to the equation. If we then add that they feel
bothered by air pollution, which would give us an extra
0.516 points, adding a total of 0.945 to the use of certified
firewood coefficient. With the total coefficient generated
by these two variables, and hypothetically considering
that all the other coefficients remain constant, we could
say that the participant would jump from the category
“never” to “almost never”.

The categorical variables that most contribute to this
equation are “always paying attention to air quality” and
being “very concerned about air pollution’s effects on
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health” (8=0.729 in both cases). The household income,
as a co-variable of the model, adds 0.104 every time its
values go up. Therefore, the participant who has the min-
imum income value of this sample (37.72 USD), would
add 0.104 to the final coefficient, but for someone who
has 20 times more than that income (754.4 USD), we
would add 2.080 to the equation, jumping straight to the
“always” category. Thus, this model shows us that the
household income is the variable that most explains the
use of certified firewood coefficient variance.

Discussion

Our study is designed to characterize the use of certified
firewood in cities in southern Chile and identify variables
associated with its use. Almost half of the users of wood-
burning stoves participating in the study declared that
they “never” (37.7%) or “almost never” (11.9%) use cer-
tified firewood to heat their home. Among the respond-
ents, the main reason to justify the non-adoption of this
fuel is the price, followed by the lack of known distribu-
tion channels. These results are in line with the findings
of several studies on responsible consumption [26-32],
where situational and product-related factors, such as
price, availability, convenience and time are fundamental
to people’s purchase behavior.

In Temuco and Padre Las Casas, a cubic meter of cer-
tified firewood costs between 32 and 42 USD, whereas
it can be found uncertified for 25-33 USD. In spite of
information campaigns warning that wet firewood pol-
lutes more, releases less caloric energy than dry firewood
and has less efficient combustion, resulting in greater
consumption, the price of the product continues to be a
dissuasive factor in the users’ purchase decision. In addi-
tion, respondents’ state they do not know which stores
sell certified firewood despite the efforts made by the
National Consumer Service (SERNAC) to provide up-to-
date listings of the stores with a stock of dry firewood and
pellets in Temuco and Padre Las Casas. However, it is
worth noting that only 16% of the stores that appeared on
the list in June 2020 sold certified firewood. Although all
of them had home delivery service, the shortage of certi-
fied suppliers is consistent with the responses of the users
in our survey.

Another important factor in not using certified fire-
wood is access to firewood from one’s own property or
through friends and/or acquaintances that have pri-
vate fields. In this sense, the purchase of firewood from
small proprietors promotes the personal interaction and
friendship between the country and the city, something
that many users value beyond the quality and energy effi-
ciency of the fuel they acquire [7]. Finally, a small group
(1.1%) still thinks that green firewood (uncertified) lasts
longer than dry firewood. Nevertheless, in the last decade
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there has been a clear increasing trend in the consump-
tion of certified firewood in homes; therefore, these
results suggest that the myth that wet firewood lasts
longer is being debunked. Indeed, these circumstances
pose barriers to the mass adoption of certified firewood
or other clean fuels in southern Chile.

When analyzing the factors that affect greater con-
sumption of certified firewood, household income, the
practice of becoming informed about air quality and the
attention participants pay to this problem are consistently
statistically significant predictor variables of the ordinal
regression model. In addition, the multivariate analysis
identified other factors that can aid in understanding the
low involvement in the purchase of certified firewood
that, according to some previous studies [33], tends to
characterize southern Chile. In particular, the presence of
adults over 60 years old and some psycho-social variables
of perception, such as feeling annoyed about air pollution
levels and being concerned about their effects on health,
considering that their consequences could be long-term,
is key to understanding why some users decide to buy
certified firewood.

The socio-demographic variables have shown hetero-
geneous effects in previous studies conducted in devel-
oping countries; hence, it is difficult to draw conclusions
about which factors favor the adoption of clean ener-
gies at home [34]. For example, the size of the house or
the age of the family head has been analyzed by several
studies with mixed results. However, various studies that
consider economic status as an explanatory factor for the
adoption of clean fuels indicate that the demand for these
fuels is usually strongly linked to the income level [35-
38]. The results of the present study add to the weight of
evidence that increasing a household’s income can lead to
arise in the adoption of certified firewood products.

The findings also show that education could be key to
encouraging the purchase of certified firewood. Those
users who state feeling informed about air quality in the
city tend to buy certified firewood more frequently. The
provision of information about the importance of using
dry firewood, the social, economic and ecological ben-
efits of certification programs or a better dissemination
of the points of sale could improve the adoption levels of
the product. Based on our results and consistent with the
findings reported by previous studies [6, 39], informing
the user of pollution levels inside and outside the home
to which they are exposed daily could be a good com-
munication strategy to stimulate the purchase of certi-
fied firewood. However, although education campaigns
usually help (especially in changing attitudes and certain
beliefs), they are rarely enough to promote pro-environ-
mental behaviors [39-42]. Education approaches usually
work when the main barriers to the action are internal.
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In urban southern Chile, where instances of energy pov-
erty are frequent, the information must be combined
with other types of interventions aimed at confronting
the resource constraints for material subsistence that the
most vulnerable homes experience.

Be that as it may, we found that those most likely to
buy certified firewood are those who are most aware of
the risks to their own health that exposure to air pol-
lution entails (or to that of their most vulnerable rela-
tives). These results are in line with the findings of several
studies that highlight the importance of risk percep-
tion and concern for improving air quality [43—45]. This
leaves room to work on the communication strategies
to increase information levels and awareness among the
population. In this sense, it is important that people con-
nect air pollution exposures to adverse health outcomes.

To do that, a study in Kenya found that public con-
cern, mobilization of civil society and pressure from local
experts are key, along with data to show the health impli-
cations of air pollution [46]. From these findings, we are
persuaded that participation in conducting and interpret-
ing air quality studies might help residents in Temuco
and Padre Las Casas improve their understanding of air
pollution and also help them develop responses to it.
This strategy might as well help to support local action
addressed by public health officials. On the other hand,
based on the findings reported by previous studies, pub-
lic awareness campaigns should be tailored explicitly to
target vulnerable populations [45]. The results show that
a timely combination of economic incentives and infor-
mation campaigns sensitive to the living conditions of the
most vulnerable segments of the population could help
improve the levels of adoption of certified firewood.

This study has certain limitations that should be noted.
First, our study shows suggestive results, but the small
number of responses affects their confidence. Similarly,
non-probabilistic surveys cannot be directly extrapolated
to the population. Although the sample is not statisti-
cally representative of the entire population of the cities
of Temuco and Padre las Casas, the surveyors collected
data in all macro-sectors of the city. In this way, people
who are usually underrepresented in survey studies were
interviewed, with the objective of minimizing potential
selection bias. If we compare our sample with national
data (CASEN 2017), we can see similar distribution pat-
terns in all our demographic variables, except for educa-
tional level, where we have more people with university
studies, although this is expected, since we are work-
ing in urban areas. On the other hand, self-reports of
certified-firewood adopting behavior rather than direct
observations were the dependent variable in our ordi-
nal regression model. Although this is typical in the lit-
erature on the subject, the findings here need to be taken
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cautiously. Furthermore, the cross-sectional nature of the
study limits our ability to infer causal association. Finally,
the conclusions could be in some way specific to the area
of study (i.e., Temuco and Padre las Casas, Chile). New
research is needed to test the consistency of our find-
ings in other Chilean cities or other geographical settings
sharing the same environmental problem. Despite these
limitations and taking into account the scare literature on
certified firewood adoption, the particular approach of
our study may be valuable for both policy planners and
academics.

Concluding remarks

We have presented the results of a localized study aimed
at enhancing our understanding of the connections
between household characteristics, psycho-social vari-
ables and the adoption of clean fuel. Our study aimed to
identify crucial factors in the adoption of certified fire-
wood in urban southern Chile, a region that includes
some of the most polluted cities in Latin America. An
ordinal regression analysis revealed the significant
impacts of family income, the presence of elderly people
in the household, air pollution information and aware-
ness, in certified firewood adoption.

Our findings may help policymakers to ascertain a
clearer understanding of some of the most important
gaps between the interventions set by the government
and individual behavioral responses. First, household
income was the most important variable predicting the
adoption of certified firewood. Therefore, awareness
campaigns will tend to be less effective in deprived neigh-
borhoods. For the most socially vulnerable segments, it
seems essential to combine the provision of information
on the hazards of air pollution with economic incentives
to facilitate the purchase of certified firewood. Second,
it is necessary to implement measures to ensure the dis-
tribution channels of certified firewood in the different
neighborhoods of the cities. Certified firewood is not the
only, nor perhaps the best strategy to control urban air
pollution and promote the sustainable energy transition
in southern Chile.

However, its promotion may be complementary to a
more expensive long-term solution such as the improve-
ment of energy efficiency in the construction of houses,
or more popular than restrictions on the use of stoves.
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