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ver 10 million people in Chile are exposed to concentrations of Particulate

Matter 2.5 and 10 (PM,, — PM,_ ) in excess of the acceptable levels. The

main source of emissions in the southern cities is the extensive use of
firewood in the residential sector for cooking and heating. Low energy efficiency
in buildings and inefficient heating appliances increase firewood combustion
intensity and atmospheric pollution. This has led to many cities being declared
saturated zones of particulate matter, requiring the implementation of various
policies under an Atmospheric Decontamination Plan (ADP). The present research
focuses on comparing three housing groups having different implemented
strategies and subsidies for improving the energy efficiency of dwellings. A survey
was designed to analyze occupants’ fuel consumption patterns and their comfort
perception before and after subsidies was applied. Also, it was registered the
dwelling intervention to analyze the effectiveness of housing thermal retrofitting.
Results showed that thermal retrofitting in housing is random, and does not
respond to an accurate study of the interventions’” energy efficiency.

Keywords: environmental policies,
firewood consumption, building code.

energy efficiency, housing retrofitting,

Resumen:

Mds de 10 millones de personas en Chile estan expuestas a concentraciones de
material particulado 2.5y 10 (MP2.5 — MP10) por sobre los niveles aceptables.
La principal fuente de emision en las ciudades del sur del pais, es el intensivo uso
residencial de lefia para cocina y calefaccion. La baja eficiencia energética de las
viviendas y el uso de artefactos ineficientes aumenta la demanda de uso de la lefia
y la contaminacion atmosférica. Esto ha llevado a declarar varias ciudades como
zonas saturadas de material particulado requiriendo la implementacién de Planes
de Descontaminacion Atmosférica (PDA). La presente investigacion se enfoca en
comparar tres grupos de vivienda con diferentes subsidios y estrategias de mejora
en la eficiencia energética de la vivienda. Una encuesta fue disefiada para analizar
los patrones de consumo de combustible y la percepcién de confort antes y
despuésde laaplicacion de los subsidios. También se registraron las intervenciones
en las viviendas para analizar la efectividad del reacondicionamiento térmico. Los
resultados muestran que las intervenciones en las viviendas son aleatorias y no
responden a un exhaustivo analisis de su eficiencia energética.

Palabras clave: politicas ambientales, eficiencia energética, reacondicionamiento
térmico, consumo de lefia, cddigos de construccion.
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1. Introduccion

In south Chile, over 80% of its urban households
and almost 100% of rural households consume
firewood, probably because it is four to seven
times cheaper than other energy sources. The
main use of residential firewood is for heating,
followed by cooking (Gémez-Lobo, Lima, Hill
& Meneses, 2005). The combustion of humid
firewood in inefficient appliances is currently
responsible for atmospheric pollution in many
southern cities, leading to severe health problems
(Comisiéon Nacional de Energia [CNE], 2008).

A growing number of the southern cities have
declared saturated zones for PM, or PM,,, or
for both. Saturated zones are declared when at
least one air quality safety regulation has been
exceeded, based on measurements performed for
a period of at least three years. This declaration
triggers the requirement to design and implement
an Atmospheric Decontamination Plan (ADP).

The Ministry of Environment has declared that over
10 million people are exposed to concentrations of
PM, . that exceed acceptable levels. The primary
source of emissions in the southern cities of the
country is residential firewood combustion for
cooking and heating. Thus, the ADP strategies are
focused on replacing old and inefficient firewood
appliances, certification of the firewood trade
to ensure dryness and origin, and improving the
insulation of the housing stock, to reduce the
energy demand for heating (Ministerio del Medio
Ambiente [MMA], 2014a).

The city of Temuco was declared a saturated zone
for PM, in 2005, and until then there had been
no precedents of cities whose main sources of
emission strength were firewood combustion for
heating and cooking. The ADP for PM, has been in
effect since 2010, following the city’s declaration
as a saturated zone in 2005. Over 10 years after
the city was declared a saturated zone, this study
aims to analyze, based on three different case
studies, the ADP’s implementation and impacts on
Temuco.

The present research focuses on comparing three
housing groups having different implemented
strategies and subsidies for improving the energy
efficiency of dwellings. The objective is to evaluate
the impacts of the implemented ADP.

Results of this investigation reveal the program'’s
performance and offer insight on possible failures/
limitations.
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2. Actions and policies

developed in Chile

2.1 Current policies in force under the ADP

Today in Chile, air pollution is measured in more than 25
cities. When the limits of pollutant concentration are ex-
ceeded, the city is declared a saturated zone as per the
different pollutants that have exceeded the permissible
concentrations. A process then follows in which local au-
thorities design and approve an Atmospheric Decontami-
nation Plan (ADP). The Plan usually contains a diagnostic
of the main pollutant emission sources and various poli-
cies to be implemented. Implementation of ADPs started
in 1992 with the aim of lowering pollutant concentra-
tions to acceptable levels, to comply with the national
norm (MMA, 2014a).

Since 2012, the Ministry of the Environment has operated
monitoring stations. Due to the importance of the issue,
it has been deemed necessary to improve and increase
the amount of air quality monitoring equipment, mainly
for PM, , in cities with more than 100 thousand inhabi-
tants, in order to strengthen the monitoring system in
accordance with the country’s needs. At the same time,
one of the priority objectives of this work is to enable
public online access to the recorded information (MMA,
2012). Considering a compensation of particulate matter
and the type of emission sources in different parts of the
country, it is assumed that, on average, 14% of PM, co-
rresponds to PM, _ in the northern zone, 50% of PM, S co-
rresponds to PM, . in the central zone, and 70% of PM_
corresponds to PM, _ in the southern zone. In large urban
areas such as the city of Concepcion, it is assumed that
50% of PM_  corresponds to PM, . (MMA, 2012).

Upon reviewing all the official decrees of ADPs issued by
the Ministry of Environment and in effect (Fig. 1), it was
observed that in the northern part of the country, the
main decontamination policies were focused on the in-
dustry as the main source of emissions (mostly mining),
with PM and SO2 as the pollutants exceeding the norms
(Ministerio Secretaria General de la Presidencia- Comi-
sion Nacional del Medio Ambiente [Minsegpres-Cona-
ma] 1998a; 1999; Minsegpres, 1999; 2001; MMA, 1992;
2010; MMA, 2014b). In Santiago, the capital city, where
almost half of the nation’s population lives, the main po-
licy actions are focused on transport (public and private),
industry, and the residential sector (Minsegpres, 2010a;
MMA, 2003; Minsegpres-Conama 1998b). The southern
cities follow the same policy pattern, with the residen-
tial sector as the leading source of PM, and PM, . emis-
sions (Minsegpres, 2010b; MMA, 2013a, 2013b; 2016a;
2016b; 2016c; 2016d).

The Ministry of Environment acknowledges that the sou-
thern cities are a major challenge, since pollution rises
as they grow. Despite there being many ADPs implemen-
ted and others in development process, in many cities
the PM, . concentrations still exceed the norm (MMA,
2014a). Moreover, it is likely that cities with under 100
thousand inhabitants that have not yet been monitored
have the same problems of air pollution.
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Temuco is an emblematic case, as it was declared a sa-
turated zone for PM, in 2005, and there were no pre-
cedents of cities whose main emission source strength
was firewood combustion for heating and cooking. Ac-
cording to data from recent studies, in the city of Temu-
co, 93.6% of PM, , comes from wood fuel combustion in
the residential sector (MMA, 2013a), and other studies
have considered the city a mono source contamination
case (Cereceda-Balic, et al., 2012). In 2013 the city was
declared a PM,, saturated zone, and since 2015, a new
and updated ADP has been in force for the city, for both
PM, and PM, ..

The same diagnostic and policies to be implemented are
set out in other ADPs for PM, and PM,__ in the southern
cities. It is acknowledged that the four factors contribu-
ting to emissions of residential firewood combustion as
the main source of pollution are a) the commercializa-
tion and use of firewood that does not comply with the
minimum standards; b) the use of wood in old appliances
with lack of appropriate technology; c) the high demand
for firewood for heating due to poor building insulation;
and d) the behaviour of firewood consumers (burning
preferences, opening-closing air flow, volume of wood
combusted etc.). In relation to residential combustion,
the main actions are:

- Regulation of the use, trade and quality of firewood

- Regulation of the quality of residential appliances that
use firewood

- Regulation of the thermal efficiency of the housing stock
- Education and information for firewood consumers

2.2 The Firewood Trade

The preference for firewood as heating fuel is explained
to a large extent by its low price compared to alternati-
ve fuels; moreover, the informal firewood trade makes
it even cheaper. It is estimated that if tax evasion in this
market were eliminated, it would mean additional reve-
nues for the government of over USD $15 million a year
(MMA, 2012). In the region extending south from 36°
latitude south (Biobio Region), firewood purchases in
the urban residential sector could total over 500 thou-
sand cubic meters a year on average (Gémez-Lobo et al.,
2005).

To address these problems, in 2007 the government
created a private-public initiative, with support from the
European Union, called the National System of Firewood
Certification (Sistema Nacional de Certificacion de Lefia
— SNCL) which has set quality standards for the firewood
trade. This initiative strives to reduce forest degradation
and environmental pollution.

The challenge is to control the informality of the market,
as this is the main obstacle for achieving sustainable fi-
rewood use. The four main targets are: a) compliance
with the forestry law, to guarantee that the wood is pro-
duced through a process of sustainable exploitation ma-
nagement; b) information on the origin of the firewood;
¢) 20% humidity; and d) adequate customer information
(species, humidity and volume).

It is very difficult for distributors to perform the drying
process in a short period of time, mainly because of the
humid climate in the region.
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Figure 1: ADPs Implemented in Chile until 2016
Source: Authors

Distributors need to store the dry wood inside covered
spaces and wait to sell it, which drives up the final selling
price and discourages retailing of certified wood.

Currently, 86% of the firewood is extracted from native
forests; this is therefore a very important aspect to re-
gulate. It is not mandatory to use certified firewood and
there are as yet few certified suppliers (Schueftan & Gon-
zélez, 2015). According to the data managed by the SNCL
(ElI Mercurio, 2014a), only 23% of firewood consumption
in big cities is certified. This figure could be lower in rural
areas, where distributors are more difficult to find.

2.3 Appliance Replacement

The upgrading of appliances was being done through
the certification of all new appliances installed in the
city and through the promotion of voluntary changes of
the old stock, with the support of a government subsidy.
The subsidies for stove replacement mainly considered
heating and cooking appliances. The beneficiaries of a
subsidy were required to attend a training workshop to
learn adequate stove operation. It was compulsory to
relinquish the old appliances upon installation of their
replacements.
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The Ministry of Environment approved the standard of
particulate matter emissions for appliances that com-
bust firewood and pellets (2014 and 2016, respectively),
to improve the technology market of heaters, enhance
energy efficiency and reduce emissions. With the entry
into effect of the standard, all heater manufacturers or
importers need to certify their products before they can
be marketed. The certification accredits that the product
complies with the requirements for PM emissions, ener-
gy efficiency and safety (MMA, 2017).

Some studies have foreseen that the removal of cook
stoves in low-income households may pose significant
difficulties. First, because the cook stove is used for
both, cooking and heating, hence its removal implies its
replacement with two new appliances, thus increasing
household expenditures. Results of economic forecasts
indicate that, despite the subsidy, the resulting savings in
operating costs are low and even negative in the low-in-
come group (Universidad de la Frontera [UFRO], 2009). In
addition, the replacement subsidy only applies to houses
and excludes apartments. Thus, appliance replacement
can dramatically change the cost of domestic energy
consumption. This change in the price dynamic has not
been considered in the current programs (Schueftan &
Gonzalez, 2015).

2.4 Building Code

The Urban Planning and Housing Ministry began enfor-
cing an Energy Building Code in 2000 for new residential
constructions, based on seven thermal zones defined ac-
cording to location and altitude. At this first stage, the
Code covered just loft insulation. Since 2007, the Code
has been extended to a second stage to cover exposed
floors, external walls and windows. The regulations speci-
fy maximum U values as W/m2K, but do not as yet speci-
fy values for ground heat transfer, air infiltration, ventila-
tion or heating (Collados & Armijo, 2009). In addition, the
thermal insulation standards stipulated in the regulations
do not compare well with European ordinances for simi-
lar weather conditions, neither with the recommended
standards in several studies performed in Chile.

The necessary demand for heating residential buildings
is considered excessively high and the thermal insu-
lation standards are clearly not adapted to the climate
solicitations in every locality (Bobadilla, Diaz, Figueroa
& Arriagada, 2014). The third stage is still pending and
contemplates a thermal energy certification process. The
certification system would evaluate the energy perfor-
mance of housing, classified according to seven levels:
from A to G, G being the least efficient housing. Level
E would represent the standard of a house built under
the current energy building code, mandatory since 2007.
Specifically, the levels are:

- Level A, with an 80% energy demand reduction from
baseline

- Level B, with a 60% energy demand reduction from ba-
seline

- Level C, with a 50% energy demand reduction from ba-
seline

- Level D, with a 30% energy demand reduction from ba-
seline
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- Level E is the baseline, representing a house in com-
pliance with the 2007 Building Code

This certification is a voluntary tool for introducing ener-
gy efficiency into the construction market. Today, new
buildings are granted building permits without provision
for a heating system, and consequently the most com-
mon appliances used in the southern cities are old and
inefficient wood burning heaters. Tenants must manage
their own heating needs and there is no technical or fi-
nancial support available. Evidence from other research
studies has shown that the 2007 Energy Building Code
was quite deficient compared to the standards of deve-
loped countries whose climate is similar. The reduction
potential evaluated in such studies reached 62% heating
energy consumption compared to the Chilean standard
(Schueftan & Gonzélez, 2013). The Chilean standard is sti-
Il lacking in aspects such as thermal bridges, airtightness,
condensation, ventilation, vapor and humidity barriers,
among others.

Energy efficiency in the residential sector is a priority of
the European Union, with its target of achieving a 27%
energy savings in buildings in the residential sector in EU
countries by 2020 (Pérez, Flores & Calama, 2015). The
restoration of housing is emerging as a potential key area
for the reduction of energy consumption in most coun-
tries. In Chile, the Urban Planning and Housing Ministry
developed a subsidy that funds the refurbishment of the
building envelope.

Improvements in the thermal efficiency of the housing
stock have been implemented through an already exis-
ting subsidy programme developed by the Urban Plan-
ning and Housing Ministry that is focused on financial
assistance for retrofitting existing buildings, consisting of
insulating the thermal envelope of housing to improve
energy performance, and thus meet the 2007 Building
Code. This program, called “Programa de Proteccién del
Patrimonio Familiar” (Family Equity Protection Program-
me), provides for the refurbishment of social housing
with an appraised value equal to 650 UFst. The funding
ranges from 100 to 130 UFs to improve the building en-
velope (walls, ceiling, roof, floor, infiltrations, and so on).
Funding is calculated based on the families’ socioecono-
mic status.

3. Materials and Methods

In Chile, each municipality has the authority to issue
housing construction permits in accordance with its own
regulation and urban planning system. Subsidies are
granted by the regional authority of the Urban Planning
and Housing Ministry. It is not a requirement to publish
information on private or public projects, nor to publish
statistical information on housing type, socioeconomic
income of subsidy recipients, or any other information
regarding residential growth. It is common for the infor-
mation to be dispersed, or even to simply be unavailable.
This state of affairs in fact became even worse after the

1 The Unidad de Fomento (UF) is an indexed unit of account used
in Chile. The exchange rate between the UF and the Chilean peso
is adjusted daily for inflation, so that the value of the Unidad de
Fomento remains constant on a daily basis during periods of low
inflation.



Alejandra Cortés / Behzad Rismanchi

D
Residential energy efficiency in Chile: Policies to reduce firewood dependency T.

Chilean National Statistical Institute declared the 2012
Census invalid.

The present research focuses on comparing three hou-
sing groups having different implemented strategies
for improving the energy efficiency of dwellings. A case
study is an empirical inquiry which, in the social scien-
ces, enables investigating a contemporary phenomenon
within its real-life context (Platt, 1992). The “case study”
methodology was chosen since Temuco is currently the
only city with a middle-income housing group that recei-
ved financial support for thermal housing retrofit (Minis-
terio de Vivienda y Urbanismo Minvu [Minvu], 2015). The
chosen cases are located in the urban area, because the
ADP has a limited implementation area, which is urban.

To locate the three cases, it was necessary to carry out
fieldwork and interviews with local public services. Thus,
at the time of the research, Temuco had two emblematic
and unique cases: a middle-income group with subsidies
for thermal retrofit (not the case elsewhere, as subsidies
are normally given to social housing only), and a midd-
le-income group with energy certified housing (the only
group of this kind in the city, as certification is voluntary).
The kind of heating or cooking appliance was not a crite-
rion for choosing the case studies, as the building enve-
lope quality was the main focus of this study. In addition,
this information had to be collected in the fieldwork, as
there is no public available information of the families
that have replaced their appliances with an ADP subsidy.

Thus, results are based on qualitative data gathered
through surveys performed in the following three diffe-
rent housing groups:

- Ten social housing units, with financial support for buil-
ding retrofitting to install insulation in the thermal enve-
lope (units built between 2013 and 2015).

- Ten middle-income housing group units, with financial
support for building retrofitting to install insulation in the
thermal envelope (units built between 2014 and 2015).

- Seven middle-income housing units with thermal ener-
gy certification (units built in 2012).

The survey was designed as a semi-structured instru-
ment and based on occupants’ consumption patterns
and perception. It gathered the following information:

- Type of intervention performed with the subsidy for
building retrofitting (insulation of walls, roof, window
replacement and so on). This was queried in the social
and middle-income housing groups, as both received the
subsidy.

- Type of heater used before and after dwellings received
the subsidy for appliance replacement.

- Firewood consumption in m3, before and after the sub-
sidies.

- Residents’ perception of indoor thermal comfort. This
question was to determine whether residents could per-
ceive changes after the refurbishment.

The energy certified housing group, which did not receive
subsidies, was asked about the type of heater, firewood
consumption, and the residents’ perception of indoor
thermal comfort. The survey data was used to calcula-
te average PM, emissions for each of the three groups.
Data were disaggregated based on the information co-
llected on each dwelling for the social and middle-inco-
me groups to estimate the emissions before and after the
subsidy for retrofitting, as well as with and without sub-
sidies for heating appliance replacement. Although the
average yielded from the groups cannot be considered
statistically representative of the entire universe of dwe-
llings in the city, it does offer insights into possible trends
following subsidy implementation. Moreover, the compa-
rison of three different groups can help to identify energy
efficiency patterns. The energy certified group received
no subsidies since they were designed and built accor-
ding to high insulation standards. Subsidies are given for
housings without minimum insulation standards. This
group was therefore the benchmark for evaluating the
impacts of the subsidies applied in the other two groups.
Calculations also considered the variable of humidity of
the firewood, as the emission factor is significantly higher
in humid firewood for all classes of appliances (see emis-
sion factor in Fig. 3). The present research found the ave-
rage PM,  emissions for each group considering:

- Baseline Emissions: The average PM, emissions befo-
re application of the subsidy for building retrofitting for
each housing group. This was calculated using the in-
formation collected in surveys, in relation to the m* of
firewood used before the refurbishment. For the energy
certified housing group, the information was based on
current patterns of firewood combustion.

- Emissions After Retrofit: The average PM,  emissions
after application of the subsidy for building retrofitting in
each housing group, but only for dwellings that have not
replaced their heating appliances. This disaggregation
enables analyzing the emissions reduction exclusively
resulting from the building retrofit and making a compa-
rison with the benchmark group.

- Emissions After Retrofit and Heater Replacement: The
average PM_ emissions after application of the building
retrofitting subsidy and appliance replacement in each
housing group. This average is the current status of each
group and considers the current m* of firewood being
used.

To calculate average emissions per group it was neces-
sary to consider the number of houses surveyed; socioe-
conomic strata; type of firewood combustion applian-
ce; months of use; emission factor with dry and humid
wood; efficiency reduction factor; average firewood con-
sumption; firewood density (Fig. 2).

This research considered the maximum Emissions Fac-
tor for each appliance registered in various studies (Co-
mision Nacional del Medio Ambiente [Conama], 2004).
The available information is only given in PM_ and not in
PM, , reason why the evaluation of this study are done
in PM_ . However, several studies have shown that 70%
of PM, corresponds to PM, _ in the southern zone of the
country (MMA, 2012).
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Figure 2: General Procedure for Calculating MP_ |
Emissions
Source: Authors with data from Conama 2004

The Emission Factor varies depending on firewood humi-
dity content. Dry firewood is considered as having humi-
dity content equal to or less than 20%, while anything
above this figure is humid firewood. Firewood density
also varies according to humidity: dry firewood has an
average density of 700kg/m?, while humid firewood has
an average density of 800 kg/m? (Conama, 2004).

The Efficiency Reduction Factor (ERF) is based on the fi-
rewood combustion of each type of appliance (see type
of appliance in Fig. 3). Based on prior research the factors
are: Salamandra (Franklin stove) 35%, Cook stove 35%,
Simple Combustion 60%, and Double Chamber Combus-

Residential energy efficiency in Chile: Policies to reduce firewood dependency

tion 70% (Ministerio de Energia [Minergia], 2014; Car-
denas, Araneda & Beaumont, 2014). With this data, it
was possible to calculate the emission of each surveyed
house with the following formula (Cérdenas et al., 2014):

Ei= EF*AL*(1-ERF/100)

The formula expresses the product of the Emission Fac-
tor (EF in Fig. 3), Activity Level (m?* of firewood*density)
and the Efficiency Reduction Factor (ERF).

3. Results

Type of Building Retrofitting: As shown in Figure 4, befo-
re the implementation of subsidies, just one home had
thermal insulation in the roofing, which corresponds to
a middle-class dwelling. Following the intervention, all
of the middle-class houses had improved, but not all of
the social housing units. The material most often used
turned out to be glass wool, and for the energy certified
house, the material used as the initial design solution was
mineral wool insulation. However, during the fieldwork,
technical details were not obtained, such as the insta-
llation solution, density and thickness of the insulating
material.

Wall Insulation: Figure 5 shows that just one of the hou-
sing units has thermal insulation on the walls, installed
when it was first constructed. After application of the
subsidy, wall insulation was installed attached to the wall.

Where the partition walls were of wood, glass wool in-
sulation was used, and in the houses with brick masonry

Type of heater
Chimney Salamandra Simple Combustion | Double Chamber
Combustion
Emission Factor PM1o (EF)
Dry firewood 16,6 8,5 8,1 8,1
Humid firewood 17,3 15,9 15,3 10,2
Figure 3: Maximum MP10 Emissions Factor per Appliance
Source: Authors with data from Conama 2004
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Figure 4: Roof Insulation
Source: Authors
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Figure 6: Windows replacement
Source: Authors

expanded polystyrene. The energy efficiency certified
dwelling had expanded polystyrene insulation.

Window Replacement: As Figure 6 illustrates, most of
the social housing units initially had single-glass windows
with wood frames.

After the application of the subsidy, the wood frames
were replaced with aluminum frames to prevent heat
loss from air infiltration. In the middle-class dwellings, the
change of windows was infrequent, but there were cases
in which they were replaced with double-glass windows
with PVC frames (financed privately). This same window
typology was used for the energy certified dwellings in
their initial design solution. The double glass allowed for
better benefits of thermal insulation and energy savings,
as well as the PVC reducing the thermal bridges, compa-
red to the aluminum frames.

Type of Heater Used: Figure 7 shows that all social hou-
sing owners surveyed used wood as their primary hea-
ting fuel. The middle-class housing units were observed
to have more variety in typologies of heating, such as gas,
paraffin and electric heaters, mirroring the case of the
energy certified dwelling. After the subsidy was applied
for thermal retrofitting, there were instances of users
applying in parallel for the subsidy for heating appliance
replacement, applying both interventions.

The results of the survey showed that just one out of the
10 social housing units implemented a heater replace-
ment with the available subsidy, while in the 10 midd-
le class housing units, four applied the same subsidy to
replace their old technology. The reason could be that
there are some advantages of the cook stove more diffi-
cult to quantify, i.e., their indirect use for hot water and
clothes drying. In addition, the cook stove has strong cul-
tural roots and it is estimated that the acquisition and use
of cook stoves does not answer to the typical economic
factors of the markets- price, cost and competitiveness
- but to maintain the traditional habits of use (Ambiente
Consultores, 2007).

Firewood Consumption: Firewood is the fuel most used
for heating dwellings. In Temuco, 88.9% of the total num-
ber of houses in the residential sector are consumers of
firewood (Corporaciéon de Desarrollo Tecnoldgico [CDT],
2015).

As Figure 8 shows, according to the survey results, the
consumption of firewood dropped 43% in the social hou-
sing group and 58% in the middle-class housing group.
This reduction was higher in the middle-class housing
group with more acceptance of replacing wood heaters
with ones that use pellets. However, the cost of the pe-
llets cannot be absorbed by the social housing group, as
pellets are much more expensive compared to the cost of
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firewood. The average consumption of firewood in the
energy certified housing group was considerably lower
since the group used a more varied typology of heaters
and just two of the houses used firewood combustion.

Perception of Thermal Comfort: The average thermal
comfort perception in the various types of housing was
based on the value ranges indicated by each survey res-
pondent. This value range fluctuates between 1 and 10,
where 10 indicate the optimum perception. Perception
in social housing increased positively from 3.6 to 7.2,
before and after retrofit correspondingly. The same oc-
curred in the middle-income housing, increasing the
thermal comfort perception from 3.9 to 7.9. The energy
certified housing had a 7.7 grade.

It was observed that for both subsidized groups, the per-
ception of thermal comfort was deficient before applica-
tion of the subsidy and that after its application all the
residents’ evaluations improved.

As shown in Figure 9, the baseline emissions of PM,,in
the social housing group were the highest of the three
groups surveyed. This is directly proportional to the m?
of firewood consumed and the appliance type. The social
housing group had the most number of cook stoves and
salamandras (Franklin stove). The middle-income hou-
sing group registered more frequent use of simple and
double-chamber stoves, as well as gas or paraffin stoves.
The energy certified housing group made more frequent
use of double-chamber stoves and required fewer hours
to keep their homes comfortable.

Residential energy efficiency in Chile: Policies to reduce firewood dependency

When calculating the average PM,  emissions after appli-
cation of the subsidies for building retrofit, annual avera-
ge emissions were reduced by 31.8% in the middle-inco-
me group and by 26.6% in the social housing group.

There is an even more significant reduction of PM
emissions when appliance replacement is factored into
the calculations. This is especially true because all re-
placements included a new pellet stove, which reduced
emissions by up to 10% more than traditional appliances.
Social housing units reduced their emissions by 43.1%,
while middle-income units reduced emissions by 52.6%.
This is primarily true because more houses in this group
applied the subsidy for appliance replacement.

4. Discussion

Policies implemented with the ADPs require critical
in-depth evaluation. The reduction potential in energy
consumption for heating in social housing is shown to
be very large, reaching 62% reduction compared to the
current Chilean Norm from 2007 and 77% if stricter regu-
lations would be targeted (Schueftan & Gonzalez, 2013).

The authorities of environment, housing, energy and
health are strongly focusing firstly on enforcing firewood
certification, and secondly on stove replacement. The fact
that substantial potential for reduction lies on thermal re-
furbishments, have not yet been recognized (Schueftan &
Gonzélez, 2015). In addition, the subsidies for housing re-
trofitting have not been monitored in order to show the
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energy efficiency achievements. The results of this study
show that there is a lack of information, both social and
technical, in the implementation of the solutions.

More investments should be made to monitor and co-
llect in situ information regarding the energy behaviour
of different socioeconomic groups, the acceptance of the
implemented policies and subsidies, and building energy
performance after thermal retrofits. Some studies have
demonstrated lack of public awareness (Hofflinger et
al., 2019) and the importance of sociodemographic and
psychological factors in the decision to replace heating
systems (Boso, Oltra & Hofflinger, 2019).

The social housing group, after subsidies, kept non-insu-
lated roofs and continued using firewood as their primary
energy source. Today, there is no available data on the
technical aspects of how building retrofit is performed
(design, construction, materials, cost and efficiency, etc.).
Also, it is important to gather sufficient information on
indoor air quality and temperature after the application
of subsidies. As well as to implement massive surveys to
study the main appliances used for heating in rural and
urban areas, firewood consumption and trade, available
fuels, peoples’ thermal comfort, etc.

This research project collected data through surveys on
dwellings that different subsidies had been applied to,
and results show that appliance replacement has been
better received by middle-income families. Low-income
people can be drastically affected if the new heating
system requires more expensive fuel and if certified fi-
rewood prices rise. This is more evident in those fami-
lies using a cook stove, which allows heating and cooking
with the cheapest available fuel. A large percentage of
people live on the minimum or nearly minimum wage
(around US$400 per month in 2013), and if firewood
prices increase, a large number of people would suffer
a significant drop in their heating budget capacity and,
consequently, their thermal comfort and quality of life
would fall as well (Schueftan & Gonzélez, 2013).

Heater replacement needs to be thoroughly evaluated,
in relation to price and availability of other fuels. In sou-
thern cities, heating with pellets has been a very popular
option among middle- and high-income families. Howe-
ver, in the winter of 2014 the demand for pellets had
doubled compared to the previous year and producers
failed to meet the market demand (El Mercurio, 2014b).
Compared to other fuels, the cost of firewood is around
4 to 5 times cheaper than kerosene, LPG or electricity per
unit of energy (Reyes, et al., 2019)

For this reason, a large number of people use and prefer
firewood as their main energy source. Also, it is a readily
available natural resource in southern Chile (CDT, 2010).
A policy to apply pressure to raise firewood prices would
affect mainly rural and low-income families.

5. Conclusions

In the last decades, Chile has been showing an increa-
sing problem of atmospheric pollution due to residen-
tial firewood combustion in most of the southern cities.
The main reason for this huge firewood demand, is the
poor insulations of houses which demand more energy
for heating, bad quality and inefficient heater applian-
ces, and an informal market that trades humid firewood.
Atmospheric pollution has also increased health risks in
the population. This has caused constant atmospheric
emergency decree in the last years, which results in cities
declared as saturated zone by particulate matter.

The Atmospheric Decontamination Plan, which is desig-
ned for each city, has had similar answers for the same
problem along the southern cities of the country. Such
as increasing the number of subsidies for thermal retro-
fit in housing, supporting the replacement of old heater
appliances and regulating the market of humid firewood.
However, there is no enough evidence to show how
much these strategies can contribute to reduce pollutant
emissions.
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The results of this research are based on surveys, which
collected data about household firewood consumption
patterns, before and after the subsidies. This allowed,
among other results, having an average emission for
each socioeconomic groups that was surveyed, as a ba-
seline to compare emission after subsidies were applied.
Results have shown that after the building retrofit, par-
ticulate matter emission can be reduced in around a
third compared with the baseline. While after the heater
appliance replacement, can reach almost half of emission
reduction.

Baseline emissions projected only to the 52,000 subsi-
dies considered in the ADP, were calculated by taking a
baseline average emission from both groups, social and
middle class housing. Although there is an important
emission reduction with both strategies, projections
done in this research suggest that, even if both strategies
are applying to the 52,000 houses for building refurbish-
ment, is not enough to comply with the target reduction
set by Conama (2004) estimated of 2,400 tons/year. But,
in an ideal scenario, if buildings reach the energy certified
standard, and dry firewood is used, reductions can reach
even half of the target.

The results of this study have shown the different im-
pacts on emission reduction that the three case studies
have had. Despite the reduction produced by subsidies
for housing retrofit, the energy certified house has bet-
ter energy performance. This is significantly important,
as results have shown that the thermal retrofitting of the
surveyed houses falls somewhat short of being the most
efficient solution. At the same time, the results demons-
trate that more efficient housing construction with high
insulation standards are required to be put in place from
the beginning, rather than having to perform refurbish-
ments later.

Improving the construction code and building retrofitting
standards can then have a significant impact on emis-
sion reductions in Chile’s southern cities. All these points
need to be evaluated for the future design and imple-
mentation of ADPs in the southern cities, so as to elimi-
nate prescriptive policies and focus public investments
on strategies that will exert higher positive impacts on
the environment and societal well-being.
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