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ABSTRACT: Currently, 75% of existing homes were built before the creation of the Chilean Thermal Regulation 

(TR); hence, these are responsible for the increase in energy consumption in the residential sector. The user pays 

the cost of energy consumption which supposedly keeps their homes in comfortable conditions, affecting the most 

vulnerable sectors, where people mostly live in 40 m² dwellings which were built without considering any energy or 

environmental aspects. The energy and environmental retrofitting of this existing housing stock would reduce energy 

consumption for heating, cooling and other aspect, and it would allow achieving the expected comfort. The aim of this 

study is to develop performance-based strategies for energy and environmental retrofitting of existing social housing 

in Chile. It proposes to consider performances which normally are not included in refurbishment programs, such as: 

hygrothermal behavior of the envelope, reduction of heating demand, air permeability and indoor air quality. In this 

paper it is explained how a representative sample of houses was selected. Also, it details one of three methods (the 

experimental one) and its results, to understand the real situation of the existing social housing stock.  
Keywords: retrofitting, post occupancy evaluation, social housing 

 

 

INTRODUCTION  

On a global level, the heating involves between 40 and 

60% of the average consumption of a dwelling. The 

residential sector is responsible for 40% of CO2 

emissions received by the planet [1]. In the Human 

Development Report 2007/2008 it has been declared that, 

in the last two decades, Chile has had a CO2 level 

emissions increase [2]. Chile, being a small country in 

the global context, does not have important Greenhouse 

Gases emissions. However, the continued growth of the 

country and its future promise a relative contribution in 

terms of emissions per capita. The International Energy 

Agency and the International Monetary Fund [3, 4] 

ranked Chile in the 2
nd

 place in the world of CO2 

emissions increase. It is noted that by 2030, there would 

be an emission level 2.5 times higher than the current one 

[5].  
 

Energy dependent countries, as Chile is, should ensure an 

optimal use of energy resources. They must use less 

energy without sacrificing comfort or economic activity 

[6]. 
 

Since the 90´s, the electrical energy demand in Chile has 

shown a sustained growth [7]. According to the National 

Energy Balance [8], the CPR sector (Commercial, Public 

and Residential) represents 27% of the national energy 

consumption. The residential sub-sector is responsible 

for 84%, followed by the commercial sub-sector (13%) 

and, in the last place, the public one (3%). In other 

words, the residential sector consumes 23% of the total 

energy.  
 

The Chilean Government has made several 

decisions to promote energy efficiency. In 2000, it 

established the Thermal Regulation (TR) [9] to improve 

thermal comfort and to reduce and optimize energy 

consumption, for heating purposes, in new houses.  
 

Reducing energy consumption in a building is essential 

to reduce the dependence on imported energy. If a house 

uses natural ventilation, it will save more energy than by 

using mechanical ventilation [10].  
 

The effort to conserve energy and maintain an optimal 

environment in the inside is a continuous struggle, which 

aims to minimize the conventional energy dependence. 

Also, it seeks to ensure energy balance while reducing 

the environmental impact of fossil fuels [11].  
 

In the Chilean residential sector, heating uses 56.3% of 

the total energy consumption, followed by the use of hot 

water (17.6%) (Refer to Fig. 1) [12].  
 

The significantly higher consumption to heat a house 

shows the need to reduce the demand for fuel for heating. 

Different strategies should be proposed to achieve indoor 

comfort without the need to assume high economic costs 

to achieve this. 

http://www.postoccupancyevaluation.com/
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Figure 1: Distribution of residential energy consumption.   
 

In Chile, thousands of families are living below the line 

of “fuel poverty”. This is caused by a combination based 

on low-income and high costs of energy. Also, it 

considers the energy inefficiency and the poor quality of 

the house's thermal envelope [13].  Jenkins [14] states 

that the use of fuel affects the family and the house. It 

will depend on several factors, such as: the temperature 

during the winter, the cost of fuel, the subsidies provided 

and the average household income.  
 

The energy and environmental retrofitting of the existing 

housing stock will reduce energy consumption for 

heating, cooling and other aspects.  
 

To incorporate measures, such as increasing the level of 

envelope thermal insulation, the most vulnerable families 

will not get significant monetary savings. They will 

probably spend the same amount of earmarked money 

for heating, which was not a high amount [15]. But these 

families will be able to achieve a greater comfort inside 

their homes, a better air quality and a decrease in health 

problems.  And because of the pathologies reduction, the 

lifespan of the house would be extended.  
 

But it would be not enough to insulate the walls, because 

while different variables (hygrothermal envelope 

insulation, heating energy decrease, air permeability and 

indoor air quality) are not considered in a housing 

retrofitting, the effort required to improve the thermal 

transmittance (TR required standard) will be affected.  

 

 

POST OCCUPANCY EVALUATION 

The post occupancy evaluation (POE) is a correct 

approximation to the real state of existing cases and to 

their consequences. It helps to learn from experience in 

order to improve the next creation of buildings; it is 

control on a large scale [16]. 
 

The POE is a tool designed to get more information on 

an ended project. With this information, it is possible to 

propose solutions that will be beneficially applied in 

future projects [17]. In this research, POE is a technique 

used to understand and learn from the current state of the 

social housing. As a result of this, it would be possible to 

propose performance based improvements, based on real 

data.    
 

In different retrofitting studies done in Chile [18, 19, 20, 

21], the methods and analysis techniques for POE are 

done according to manual calculations or simulations, 

but these are only to achieve the TR requirements. 

Namely, the “feedback” provided by the building 

through the user does not have to be integrated into the 

POE.  
 

Defra [22] puts forward that it is important to consider 

the user behavior during the proposal of strategies, which 

looks to avoid the loss of energy and resources in 

housing.  
 

Traditionally, the evaluation of housing performance has 

been measured by monitoring and by user satisfaction 

[23], but it is strange to find an evaluation that covers 

both. Normally, these evaluations are considered 

separately. But if the study covers this evaluation, it 

could deal with different disciplines, which suggests that 

it would provide more useful and enlightening results. 

This could be feedback between the correlation of data 

provided by the users and other information obtained by 

monitoring.  
 

It is important to know the reality of the studied houses 

to propose strategies for refurbishment, because there are 

other studies [24] that propose strategies and systems 

based on the use of past cases and past experiences, such 

as the Case-Based Reasoning (CBR). The main task of 

this system is to identify the current problematic situation 

to then find a previous similar case and, from this, the 

proposed solution; it takes these proposals as part of a 

future study.  
 

However, the aim of this research is not to create a guide 

to design replicable strategies, like prescriptive solutions. 

It searches to establish strategies based on performances, 

which are not considered by the present situation. These 

performances may be applicable and enforceable in other 

regions of the country. But for purposes of this study we 

will focus on the city of Hualpén (Región del Bío – Bío).  
 

In the present study we determined that there is a need to 

incorporate quality concepts, which can achieve a higher 

standard of housing habitability. This will allow 

extending the useful life of the houses and having greater 

user comfort. The houses studied were those that were 

built without thermal considerations and that have more 

than a decade of use. So, the refurbishment would be a 

direct benefit for families who are living under the 

“energy poverty” line. 
 

A good reason to take the heating energy consumption as 

the main focus when the house evaluation happens is that 

this consumption is a high demand and it is also easily 

reduced [25].  On the other hand, different energy 
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demand sources, such as the stove or hot water, depend 

on users and their lifestyle.  
 

 

METHODOLOGY 

Using a theoretical simulation method only, it can 

present notable differences with the reality of the studied 

object. For example, the fact of simulating with 1 ACH 

or with 10 ACH could generate different results.  A study 

from the UBB Building Laboratory [26] has made in-situ 

measurements of envelope air permeability in the Bio-

Bio Region. They obtained values ranged from 1.98 

ACH in brick houses and up to 8.36 ACH in timber 

dwellings. It concluded that the use of 1 ACH, as a 

constant infiltration, can get unrealistic results, obtaining 

unfavorable consequences.  So, to consider the 

measurements of this performance, it would be beneficial 

to know the reality of the existing stock.  
 

In Chile, there is almost no research in observing the 

behavior of air permeability in housing envelopes 

belonging to different regions [19].  
 

That is why this research integrates three prediction 

methods for housing performance: numeral technique, 

experimental technique and user perception. 

Furthermore, it incorporates performance measures, 

which have not been considered before. These will allow 

creating a valid support of the current state of the 

diagnosed social housing stock.  
 

In this paper, we exhibit only the experimental technique.  
  

The first stage of the study was to determine the houses 

that would be considered as representative samples. It 

used the building acceptance certificates of homes that 

were built before 2000 (First stage of TR) in Hualpén.  
 

In this way, a plane of reference of the town was created, 

indicating the sectors. This was used to organize the 

information in a chart, where the following was 

indicated: the name of the neighborhood, the year of the 

acceptance certificate, the housing type (semi-detached, 

detached or terraced), total surface, number of floors, 

materiality, number of copies of the same house, 

valuation and classification (social or private housing).     
 

The item “numbers of copies” is to know how many 

times the same type of house is repeated. With this 

information, those homes that are repeated in bulk are 

considered. This was done in order to select the housing 

that had most impact in the built context. It is important 

to point out that the idea and what this research looks for 

is not the repetition of successive improvement 

strategies, but to find these strategies by objectives 

through performance, which have not been considered 

before. 
 

15.897 houses were considered. Blocks and multifamily 

apartments were not included in this research. 
 

The completed chart concluded that:  
 

- The social housing in Hualpén represents 81.80% of 

the existing housing stock. Private housing (not 

subsidized) represents 16.33%. The rest are spaces with 

basic sanitary conditions, which were the beginning of 

self-built homes, which have not been legalized as a 

house. With these results, the hypothesis that the town 

has a high social housing stock could be verified.  
 

- Until the year 2011, the social housing stock built 

before the implementation of TR corresponded to 

84.86%. Working with this kind of houses considers not 

only those without TR, but also a total represented in the 

town.  
 

- With respect to the years of construction, the housing 

sample was separated into groups, by decades, from 

1961. This was considered as the initial one, because the 

preceding information was poor and many of the houses 

built in those years no longer exist.  
 

Dwellings built during the 60´s represent 34.44%. Those 

houses are followed by those that were built during the 

70´s (20.33%).  In the third place are the houses 

constructed between the 1981 and 1990, which constitute 

18.24% of the total sample. In the following decade the 

housing construction experienced a considerable decline. 

It is represented with just 11.86% and it is justified by 

the change in the Chilean government, which manifested 

itself with housing policy changes, along with a serious 

global financial crisis during the 90´s.  
 

- The manner of housing grouping is strongly 

represented by the semi-detached type (82.63%). The 

second sort is terraced houses (12.97%). And the last 

kind of existing houses is the detached one (4.4%). 
 

- To define which surface area was the most 

representative, it was decided to separate into groups of 

10 m² each growth. The results were that most dwellings 

have between 30–40 m² and 40-50 m²; these represented 

39.65% and 38.49% respectively.   
 

- Most of social housing built before 2000 were 

designed with a single story (72.27%).  
 

-  Specifying the material used for these two kinds of 

housing (one or two floors), it is obtained that for one 

level, the implemented material is wood (52.45%) 

followed by brick construction (35.90%). In contrast to 

this, two floor dwellings were constructed with bricks 

(44.35%), and for these types of houses, the second 

majority materiality was a mix technique. This is with 

brick construction on the first floor and with a timber 

construction on the second one (34.94%).  
 

- Finally, in terms of assessment price, it has 

considered the houses that were under US$30 thousand, 

because this is the limit that the government accepts to 
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bring in a subsidy. These houses correspond to 89.95% 

of social housing built in Hualpén.  
 

These conclusions did not allow crossing the data to 

know which the most representative housing is. Hence, 

the next step was to combine the information in a 

factorial experiment.   
 

Three categories were established: (a) type of dwelling; 

(b) numbers of floors; (c) materiality, for each category 

(different levels were established (Table 1)). 
 

Finally, it got four representative housing types (Table 2,  

and Figs. 2, 3, 4, 5).  

 

 

 
Figure 2: House number 1 – Cabo Aroca 

 
Figure 3: House number 2 – Peñuelas II 

 
Figure 4: House number 3 – Presidente Patricio Aylwin 

                  
Figure 5: House number 4 – El Triangulo 
 

 

To choose these houses, the priority was given to those 

which have not been modified, or have not had 

extensions. And if they have them, these must have less 

impact on the total construction. 
 

 

EVALUATION OF THE SELECTED HOUSING 

The experimental study (physical-construction 

measurements) is part of the POE of existing social 

housing. This technique provides energy and 

environmental evaluation, and a real state of the house. 

These measurements specify a documentation of the 

physical conditions, to which the construction responds 

[27]. 
 

Measurements made in the four houses were of three 

types: Thermal Flow meter of a wall, indoor and outdoor 

temperature, and air-tightness through the Blower Door 

Test.   
 

The aim of measuring both temperatures is to have the 

necessary guidelines for the demands of heating or 

cooling the interior of the dwelling. In addition, it is to 

estimate the U value of the wall. The data obtained is 

good to make real the energy simulation and then, to 

complement both sets of information. This complement 

tempts to approach the real consumption and demand, 

moving away from the estimates [28].     
 

A housing wall was selected, which was in the main front 

for all the studied cases. This wall enclosed the dinning 

space, where the family spent most of the day.  
 

Besides, the dwellings were subjected to another 

measurement to determine the air infiltration. This was 

with the “Blower Door Test”, whose goal is to measure 

and evaluate the housing tightness, determining heat loss 

through gaps or different situations.  
 

The procedure was to locate air leaks in the housing 

envelope and to find out the air volume renewal (m3/h) 

Using a depressurization technique, a wind constant 

extraction load acting on the housing was simulated. The 

Blower Door Test was at 50 Pascals. 
 

The tightness of the envelope is not considered by the 

current Chilean regulations, but it should be a 

requirement, because it has a high influence when you 

want to heat or cool your dwelling. We can be drastic  

 
Table 1: Multi-factorial study 

 
 

Factors Categories Levels 

 

 

a. Housing Type 

  

  

Terraced                                  (a1) 

 

 
Semi – Detached                     (a2) 

 
 

Detached                                 (a3)  

 
 

b. Number of Floors 

  

One                                         (b1) 

 
 

Two                                        (b2) 

 

 
c. Materiality  Brick Construction                 (c1) 

 

 
  Timber Construction              (c2) 

 

 
  

Mix Construction (Brick and 

Wood)                                     (c3) 
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and say that by only removing the infiltrations, it would  

 

be possible to satisfy the energy savings requirements, 

which have a multi-variant character, and that can 

influence in any housing improvement.  
 

By improving the tightness of the envelope, the house 

will not only save much energy, but it can also prevent 

the production of the putrefaction process and mildew 

inside the home. Hence, it will be an investment for the 

health of the users. 
 

 

EXPERIMENTAL RESULTS OF TWO HOUSES 

1. CABO AROCA 

1.1 Thermal Flow Meter 

On 11.07.2012 (Winter) 

Outside Temp.: 7.21°C / Inside Temp.: 12.56°C 

Flow and Thermal Transmittance average values of the 

Wood Stud: 5.22 W/m2 - 0.98 W/m²K  

Flow and Thermal Transmittance average values of the 

Wall (between the Studs): 10.09 W/m2 - 1.88 W/m²K 

Flow and Thermal Transmittance average values of the 

Glass: 29,56 W/m2 - 5,54 W/m²K 
 

1.2 Blower Door Test 

On 26.11.2012 (Spring) 

Previous information: 

Inside Temp.: 20 °C / Outside Temp.: 17 °C 

Volume: 93 m³ / Wind Class: 2 Light Breeze 
 

n50: Air Changes per Hour (1/h) 51.86 

w50: m³/(h*m² Floor Area) 122.06 

q50: m³/(h*m² Surface Area) 79.11 
 

 

2. EL TRIANGULO 

2.1 Thermal Flow Meter 

On 26. 07.2012 (Winter) 

Outside Temp.: 2.69°C / Inside Temp.: 8.75°C 

Flow average value and Thermal Transmittance average 

value of the Wood Stud: 7.44 W/m2 – 1.22 W/m²K  

Flow average value and Thermal Transmittance average 

value of the Wall (between the Studs): 8.91 W/m2 - 1.48 

W/m²K 

Flow average value and Thermal Transmittance average 

value of the Glass: 32.31W/m2 - 5,33 W/m²K 
 

 

 

 

 

 

 

 

 

 

 

 

2.2 Blower Door Test 

Previous information: 

Inside Temperature: 19 °C / Outside Temperature: 17 °C 

Volume: 115 m³ / Wind Class: 2 Light Breeze 
 

n50: Air Changes per Hour (1/h) 33.56 

w50: m³/(h*m² Floor Area) 66.03 

q50: m³/(h*m² Surface Area) 27.61 
 

 
 

CONCLUSION 

The use of strategies under the philosophy of 

performance based and not prescriptive techniques, will 

allow increasing the innovate development of 

improvements in existing social housing in Chile.   

Nationwide, the project managers will not repeat 

previous techniques without fully studying the houses 

that require refurbishment. This will make them take into 

account factors that are not considered today, such as the: 

location of the dwelling, user perception and internal 

temperature. The aim is that the house will be studied as 

a unit. Although it is a common and “repeated” typology, 

it has its own characteristics. 
 

Considering different performances, such as the 

hygrothermal behavior of the envelope, reduction of 

heating demand, air permeability and indoor air quality, 

will allow increasing the effort to reduce transmittance 

losses, which is the objective of the Chilean TR. 

Currently, this regulation establishes only requirements 

for envelope transmission losses. In Chile it is not a 

practice or requirement oriented to regularize and control 

the thermal losses due to air infiltration, which may void 

any progress made with the provisions regulation.  
 

To subject the houses, which are searching different 

improvements, to a post occupational evaluation (POE), 

will make knowing the real state of housing possible. For 

example, to know the tightness of the housing is a factor 

that until now is not considered and which substantially 

affects the different performances already mentioned.   

Part of the POE is to consider the user perception. The 

information that it provides must be complemented with 

the results of the numerical and experimental techniques. 

After that, we can have a wide spectrum of housing 

behavior and then it will be possible to increase the 

quality of their performance.  
 

The results shown in this paper only belong to one of 

three parts of the POE. They indicate that dwellings 

exhibit serious air infiltration problems. The wood 

construction of one floor presents the highest infiltration 

Table 2: Results of the most representative houses 

House Neighborhood 
Year of 

Acceptance 
Housing Type 

Total 

Surface (M²) 

N° of 

Floors 
Materiality 

N° of 

Houses 
Price Classification 

H. 1 Cabo Aroca 1989 Semi-Detached 30.36 1 Timber  207 < US$30 t.  Social  

H. 2 Peñuelas II 1990 Semi-Detached 44.42 1 Brick 446 < US$30 t.  Social 

H. 3 Pres. Aylwin 1993 Terraced 40.38 2 Brick 249 < US$30 t.  Social 

H. 4 El Triangulo 1991 Semi-Detached 36.00 2 Timber 214 < US$30 t.  Social 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture. Lima, Perú 7-9 November 2012 

 

per hour, which is not controlled. This is happening due 

to different situations, such as: 
 

- Construction problems: bad finishing, execution and 

material choice.  

- Year of construction: the houses are over 18 years old 

and these have not been improved. And if they have 

been, the refurbishments were built by the users and were 

badly done.  

- User behavior: as they do not have good 

infrastructure, they have to dry their clothes inside the 

house for example. Therefore, this habitat increases the 

condensation.  
 

In the case of brick construction in two-storeys, this has a 

better result in terms of infiltration (12.51ACH). But if it 

is compared with existing strict standards, this result 

quadruples that allowed. In Germany, for example, a 

house with natural ventilation must have a maximum of 

3.0 ACH. But we must make it clear that the comparison 

cannot be made directly, it is used as reference only. For 

its effectiveness one must contextualize the climate, the 

user behavior and other variables that differ from country 

to country.  
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